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Re: Warning Letter No. 285519 (April 24, 2012)

Dear Mr. Tien:

This letter responds to the warning letter from Michael W. Roosevelt (the Roosevelt
letter) dated April 24, 2012, regarding the marketing of our dietary supplements that contain the
dietary ingredient, 1,3-dimethylamylamine HCl (DMAA). The Roosevelt letter states that (1)
FDA knows of no information demonstrating that DMAA is a dietary ingredient, (2) assuming
DMAA is a dietary ingredient, it is a new dietary ingredient (NDI) for which a notification has
not been submitted, and (3) FDA knows of no evidence demonstrating the safety of DMAA as a
dietary ingredient. This letter and its appendices demonstrate that DMAA complies with the
applicable requirements of the Federal Food, Drug, and Cosmetic Act (FD&C Act) for a lawtul
dietary ingredient and does not present a significant or unreasonable rilsk of illness or injury to

consumers under the conditions of use recommended or suggested in the labeling.
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1. DMAA is a Dietary Ingredient

The intent of Congress to authorize the marketing of a wide range of dietary
ingredients is evident in its broad and comprehensive definitions of a “dietary supplement” and a
“dietary ingredient.” Section 201(ff)(1) of the Federal Food, Drug, and Cosmetic Act (FD&C
Act) defines a dietary supplement as:

a product (other than tobacco) intended to supplement the diet that

bears or contains one or more of the following dietary ingredients:

(A) a vitamin; (B) a mineral; (C) an herb or other botanical; (D) an

amino acid; (E) a dietary substance for use by man to supplement

the diet by increasing the total dietary intake; or (F) a concentrate,

metabolite, constituent, extract or combmatlon of any mgredlent
- described in clause (A), (B), (C); (D), or (E).' S

The dietary substance involved here, DMAA, satisties the statutory definition of a dietary
ingredient in two ways: (1) under Sections 201(ff)(1)(C) and (F), as a constituent of a botanical
-- the geranium plant -- and (2) under Section 201(ff)(1)(E), as a dietary substance for use to

supplement the diet.

A. Geranium is a Botanical

The FD&C Act does not define the word “botanical.” According to the Concise
Oxford English Dictionary, the word “botanical” means “a substance obtained from a plant and
used as an additive.”* Geranium (Pelargonium graveolens), as described in The Oxford

Companion to Food, is a popular garden plant, i.e., a botanical.’ DMAA is a substance obtained

' FD&C Act § 201(f)(1).
? Concise Oxford English Dictionary 162 10th ed. (2002) (Appendix 1).

> Alan Davidson, The Oxford Companion to Food 336 (Tom Jaine ed., 2d ed. 2006) (Appendix
2).
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from the geranium plant. It is found in the oil obtained from the steam distillation of or

extraction from geranium stems and leaves and is used as an additive.

B. DMAA is a Constituent of Geranium

Three independent scientific studies have verified the presence of DMAA as a
constituent in geranium stems and leaves.

1. The Ping Study

The first of these studies was conducted by Ping et al., and was published in the
Journal of Guizhou Institute of Technology in 1996.* The Ping study performed capillary
- gas/chromatography-mass spectrometry analysis of geranium oil, which-they obtained after they -
procured fresh air-dried stems and leaves from the Rongjiang region of the Guizhou province in
China. The report of the Ping study identified DMAA as a constituent of the geranium plant
grown in that region.

Critics of the Ping study erroneously cite published papers reporting studies that
fail to find DMAA in geranium oil. The primary limitations of these studies are that (1) they
were designed to detect major constituents of geranium, but not constituents that appear in small
amounts (none of these studies accounted for all constituents of the geranium they analyzed), (2)
the analytical methods they used were not well suited for detecting DMAA in a complex matrix
like geranium oil that contains hundreds of constituents, and (3) they did not use geranium oil
from the Rongjian region of the Guizhou province in China, or from China at all, despite the fact

that geranium oil from China is different from other types of geranium oil.

* Ping Z, Jun Q, and Qing L, 4 Study on the Chemical Constituents of Geranium Oil, J. of
Guizhou Institute of Technology, volume 25, at 82-85 (February 1996) (the Ping Study)
(Appendix 3). A copy of the article as published in Chinese is attached in Appendix 4.




Quyen Tien
Warning Letter No. 285519
May 15, 2012

2. The Intertek Study

Intertek Health Sciences International, a leading scientific consulting firm that
specializes in food science, has conducted a laboratory analytical study that documents in detail
the presence of DMAA in geranium.’ In its assessment of the results of the Intertek study,
Cantox definitively concluded that DMAA exists in geranium oil and geranium plant tissues.’

3. The Simone Study

A third study, by Dr. Paul Simone of the University of Memphis, to determine
whether DMAA is present in the geranium plant has just been completed, and an abstract of the
results-of the study-is now available.” The study first retested-a sample-that had been tested by -~
Intertek, and confirmed that it contained DMAA. They then tested samples from three
geographically different areas. One sample had detectable DMAA and two did not. Because the
presence and level of DMAA in geranium varies in different geographical areas, this is not a

surprising result.

As these three independent scientific studies show, DMAA is a constituent of

geranium, which makes DMAA a dietary ingredient under Section 201(ff)(1)(C) and (F).

> Intertek Health Sciences International, DMAA: Review of Safety Data and Occurrence in the
Geranium Plan and lts Essential Oil (February 6, 2012) (Appendix 5); Barry Lynch,
Memorandum (September 6, 2011) (Appendix 6)

6 Intertek Health Sciences International, supra n. 5, at 13.

7 Fleming HL, Ranaivo PL, and Simone PS, Analysis of 1,3- and 1-4 Dimethylpentylamine in
Geranium Herb by LC-MS/MS (Abstract) (May 2012) (Appendix 7).
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C. DMAA is a Dietary Substance for Use to Supplement the Diet

DMAA is a dietary ingredient under Section 201(£f)(1)(E) because it is a “dietary
substance for use by man to supplement the diet by increasing the total dietary intake.,” DMAA,
as part of the geranium plant, has been consumed as a dietary substance for over a century.®
Geranium leaves are intused for use as a tea and are added to desserts and confections.” DMAA
has been consumed in geranium oil that is used as a flavoring agent.'” Even FDA has recognized
the use of geranium ingredients in food by classifying geranium as generally recognized as safe
(GRAS) for use in food.'' And DMAA is marketed specifically to increase the dietary intake of
--DMAA, the necessary prerequisite-to qualifying as a dietary-ingredient under Sectiofi
201(tH(1)(E). As such, DMAA qualifies as a dietary ingredient under Section 201(fD)(1E), in
addition to qualifying as a dietary ingredient under Section 201(tf)(1) (C) and (F).

IL Both Natural and Synthetic DMIAA Qualify as a Dietary Ingredient

The Roosevelt letter states that synthetic DMAA is not a dietary ingredient. As
explained below, the position taken in the Roosevelt letter that a synthetic ingredient that is
chemically identical to a dietary ingredient found in nature cannot be a dietary ingredient is
contrary to the statutory language and the intent of Congress in enacting the Dietary Supplement

Health and Education Act (DSHEA).

8 The Oxford Companion to Food, supran. 3, at 336.

? Deni Brown, Encyclopedia of Herbs & Their Uses 324 (1995) (Appendix 8).
1 The Oxford Companion to F ood, supra n. 3, at 336.

21 C.F.R. §§ 182.10 and 182.20.
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Al FDA Has Long Determined that There is No Difference
Between a Natural Substance and [ts Synthetic Counterpart

Synthetic ingredients that are chemically identical to naturally derived
ingredients, such as DMAA, may be marketed under both Sections 201(t)(1)(C) and (F) and
Section 201(ff)(1)(E) of the FD&C Act. No distinction is made in the statute between natural
and synthetic dietary substances, and FDA has never previously established such a distinction. If
such a distinction were to be established in the future, it must be made through notice-and-
comment rulemaking under the Administrative Procedure Act,'? not in a letter.

FDA has a long history of recogmzmg that synthetlc mgredlents 1dentlcal to )
naturerlil‘mérerdlents should be treated the same. FDA’s nutrition labeling regulation states that a
food is deemed misbranded if its labeling states or implies “That a natural vitamin in a food is
superior to an added or synthetic vitamin.”'® This prohibition dates back to the late 1960s, when
the agency vigorously defended its position on this issue during two years of public hearings on
special dietary food regulations.'* At the end of that formal rulemaking process, FDA concluded
that “There is no nutritional difference between a vitamin provided by a synthetic source and the
same vitamin provided by a natural source . . . .”"?

As recently as the late 1990s, FDA reaffirmed the validity of the prohibition on

distinguishing between natural and synthetic ingredients, stating that it is “aware of nothing that

establishes that a claim of difference between the natural and synthetic version of the same form

25U.8.C. §553.
21 C.FR. § 101.9(k)(4).

'* These hearings took place between 1968 and 1970. See 38 Fed. Reg. 2143, 2147, 2150
(January 19, 1973).

5 1d at2147.
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of a nutrient is not misleading,”'® Denying the validity of synthetic botanical extracts would
suggest that FDA now views a material distinction between synthetic and natural versions of
identical ingredients. This radical shift makes no sense in light of the agency’s consistent
historical policy.

B. FDA Has Approved Both the Natural and the Synthetic
Sources of Essential Vitamins

Several concrete examples illustrate that FDA recognizes the equivalence of
naturally extracted sources and synthetic counterparts of dietary ingredients. FDA has affirmed
as GRAS both natural and synthetic riboflavin,'” vitamin A,'® and vitamin D.'f' FDA apprpyed
the t“oc;d addmve V\VIitaﬁlirﬁ‘D3 in both Vnatural and synthetic forms.”> And FDA has acknowledged
new dietary ingredient (NDI) notifications for nature-identical synthetic botanical ingredients
without objection in the past. For example, in March 2001 FDA determined that “Roche
synthetic zeaxanthin is identical to natural zeaxanthin.” !

C. Distinguishing Between Natural and Synthetic Versions of
Dietary Substances is Inconsistent with FDA Policy on

Genetically Engineered Food

As evinced in the domain of genetically engineered food, FDA has long

maintained that the method of a product’s manufacture is not a material fact unless it renders a

'° 62 Fed. Reg. 49826, 49841 (September 23, 1997).
721 C.F.R. § 184.1695(a).

21 C.F.R. § 184.1930(a).

21 C.F.R. § 184.1950(a).

221 C.F.R. § 172.380(a).

2! Letter from A. Davidovich, Roche Vitamins, to Office of Nutritional Products, Labeling, and
Dietary Supplements, CFSAN, submitting Rpt. 96, Docket No. FDA-1995-S-0039 (March 22,
2001).




Quyen Tien
Warning Letter No. 285519
May 15, 2012
substantive change in the product itselt.”* With regard to genetically engineered foods, FDA has
repeatedly concluded that a genetically engineered food does not differ in any material respect
from a traditional food. FDA has therefore concluded that it lacks the statutory authority to
require any special labeling for genetically engineered food. The agency’s position has been
upheld in court.”?

Here, synthetic DMAA is indistinguishable from naturally occurring DMAA. As
discussed above, DSHEA draws no distinction between two chemically identical dietary

ingredients. FDA'’s conclusion to the contrary is unsupported by the statutory text, is contrary to

- Congress’s goal that consumers have access to a wide variety of dietary supplements, is contrary =~

to the agency’s position on genetically engineered foods, and is not grounded in any scientific or
public health basis. Indeed, if FDA were to adopt the position espoused in the Roosevelt letter
the agency would inherently reopen its longstanding policy on the approval and labeling of

genetically engineered food.

22 57 Fed. Reg. 22984, 22991 (May 29, 1992). The agency reatfirmed this policy in developing
its 2001 guidance on genetically engineered foods. FDA, Draft Guidance for Industry:
Voluntary Labeling Indicating Whether Foods Have or Have Not Been Developed Using
Bioengineering (January 2001) (stating that “The agency is still not aware of any data or other
information that would form a basis for concluding that the fact that a food or its ingredients was
produced using bioengineering is a material fact that must be disclosed under sections 403(a) and
201(n) of the act.”).

® Alliance for Bio-Integrity v. Shalala, 116 F. Supp. 2d 166, 178-78 (D.D.C 2000) (concluding
that FDA’s assertion that it lacks the statutory authority to require special labeling for genetically
engineered foods was not arbitrary or capricious); Stauber v. Shalala, 895 F. Supp. 1178 (W.D.
Wis. 1995) (holding that FDA did not act arbitrarily and capriciously in not requiring the
labeling of dairy products derived from cows treated with bovine somatotropin).
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D. FDA Has Determined that Synthetic Dietary Substances are
Dietary Ingredients

The breadth of Section 201(ff)(1)(E) demonstrates Congress’s goal of securing
consumer access to a wide variety of sate and beneficial dietary supplements and dietary
ingredients.”* The only prerequisite to being considered a dietary ingredient under Section
201(fH)(1)(E) is that the dietary ingredient be used to supplement the diet.

FDA has previously acknowledged the breadth of Section 201(fH)(1)(E) in the
preamble to its regulation on requirements for nutrient content claims, health claims, and
statements of nutritional support for dietary supplements.? There, the agency stated in a Federal
[iégisfér rpr.erar‘nble -- whiéh constituieg ;1 formal agency adviS(;ry opiinioné6 -- fhét a substance
such as CoQ10 -- which is commonly synthesized -- falls within the broad range of dietary
ingredients that Congress contemplated.”” FDA’s acceptance of a broad range of dietary
ingredients is consistent with the fact that neither the language of DSHEA nor its legislative
history reveals any congressional intent to exclude synthetic versions of natural botanical

extracts from the definition of a “dietary ingredient.”

2 “Legislative action that protects the right of access of consumers to safe dietary supplements
is necessary in order to promote wellness.” DSHEA, Pub. L. No. 103-417, § 2(15)(A), 108 Stat.
4325, 4326 (1994).

% 62 Fed. Reg. 49859, 49860 (September 23, 1997),
%21 C.F.R. 10.85(d)1).

21 1d (quoting from the legislative history of “other nutritional substances” -- a precursor to
“dietary ingredients” -- statements that numerous ingredients not traditionally or historically
viewed as food substances would be included, such as primrose oil, black currant seed oil, amino
acids, and hydrogen peroxide).
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E. Common Use in Food is not a Statutory Requirement for a
Dietary Ingredient

The Roosevelt letter suggests that synthetic DMAA may not be considered a
dietary ingredient under Section 201(ff)(1)(E) because synthetic DMAA has not been commonly
used as a food or drink. But neither the text of Section 201(tH)(1)(E) nor any legislative history
contains or implies any such historical-use requirement. Section 201(tH)(1)(E) requires only one
prerequisite for a dietary ingredient: that the dietary ingredient be used to supplement the diet.
Where Congress intended to impose a historical-use requirement in DSHEA, it did so
expressly.” The absence of a historical-use requlrement in Sectlon 201 (tH(1)E) makes clear
that Congress mtended to z;pply no such limitation on the dietary ingredients encompassed by
Subparagraph (E). Section 201(ff)(1)(E) contains only a forward-looking assessment. FDA’s
attempt to read a historical-use requirement into Subparagraph (E) is contrary to a fundamental
canon of statutory construction: “expressio unius est exclusio alteriys” (the inclusion of one is
the exclusion of others). Finally, even if such a requirement had been included in the statute, the

use of geranium in the food supply for more than a hundred years would satisfy it.

F. Distinguishing Between Natural Dietary Substances and their

Synthetic Counterparts Represents Detrimental Public Policy

As a practical matter, if FDA’s interpretation of Section 201(tH(1)(E) were
correct, and synthetic botanicals were disqualified from being “dietary ingredients” altogether,
such an interpretation would have a serious unintended public consequences. Manufacturers

typically have more control over synthetic processes than over natural extraction processes, and

 Eg., FD&C Act §§ 413(a)(1), (d).
» See Part I(C) of this letter.

10
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this control can yield tangible safety and quality benefits for consumers. Synthetic processing
can eliminate potentially harmful variables such as pesticide contamination, the presence of
foreign materials, and the uptake of heavy metals and toxins from the soil. Chemical synthesis
also ensures greater consistency in output quality, as variations in climate or geographic region
no longer pose concerns.

Discouraging the industry’s use of synthetic processing can also negatively affect
the environment. [f a chemical component of a plant has beneficial health effects, but turns out
to be difticult to extract from its natural source on a commercial scale, the position taken in the
‘Roosevelt letter would force industry to destroy botanicals on a large scale in order to obtaina
commercial supply. The result would be to require a manufacturer to produce it in an
unsustainable or environmentally irresponsible manner.® This simply is not what Congress
intended.

IIL. Because DMAA Is Found In Food, No NDI Notification Is Required

The Roosevelt letter asserts that, even if DMAA is a “dietary ingredient” --

which, for the reasons explained above, it is -- DMAA must be the subject of an NDI notification

3% The detrimental impact that the agency’s policy would have on the environment has been
demonstrated previously with regard to taxol, which is derived from the bark of the Pacific yew
tree. The production of small amounts of natural taxol required use of large numbers of Pacific
yews. Congress became concerned with the detrimental effect that the development of taxol had
on the Pacific yew and therefore passed the Pacific Yew Act. Pub. L. 102-335, 106 Stat. 859
(1992). In the Act, Congress specifically stated that “appropriate management guidelines must
be implemented promptly in order to prevent any wasting of the Pacific yew . . . while successful
and affordable alternative methods of manufacturing taxol are being developed.” By the end of
1994, Bristol-Myers Squibb discontinued selling taxol derived from the Pacific yew, and began
selling only taxol that was developed through a semisynthetic alternative method of manufacture.
New Version of Taxol is Approved by F.D.A., N.Y. Times, December 13, 1994, available at
http://www.nytimes.com/1994/12/13/science/new-version-of-taxol-is-approved-by-fda.html.

11
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under Section 413(a)(2) of the FD&C Act. The Roosevelt letter’s reliance on Section 413(a)(2) is
misplaced.

Section 413(d) of the FD&C Act detines an NDI as a dietary ingredient that was
not marketed in the United States before October 15, 1994, and which does not include any
dietary ingredient that was marketed in the United States before that date.’! Under Section
413(a), a dietary supplement containing an NDI will be deemed adulterated unless it meets one
of the following two requirements: (1) it contains only dietary ingredients that have been present
in the food supply as an article used for food in a form in which the food has not been chemically
altered, or (2) notification is submitted to FDA by the manufacturer or distributor of the dietary
ingredient or dietary supplement that there is a history of use or other evidence of safety
establishing that the dietary ingredient, when used under the conditions of use recommended or
suggested in its labeling, will reasonably be expected to be safe.’?> An NDI that satisfies Section
413(a)(1) is exempt from the NDI notification requirement found in Section 413(a)(2).

Under Section 4l3(d); DMAA is an NDI because it was not marketed in the
United States prior to October 15, 1994. But as explained in Part I(C) of this letter, DMAA has
been present in the international food supply for over a century in a variety of ways and synthetic
DMAA is chemically identical to naturally occurring DMAA. The presence of DMAA in the
international food supply is sufficient under Section 413(a)(1) because Congress did not limit the

geographic scope of the food supply criterion found in that provision. Where Congress wanted

U Id§ 413(d).
2 1d § 413(a).

12
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to place a geographic limitation in the statute, it did so expressly.” As such, DMAA has been
present in the food supply and is extracted from geranium without chemical alteration. Thus,
DMAA falls under Section 413(a)(1), and not Section 403(a)(2). We are therefore not required

to submit an NDI notification to FDA for the DMAA contained in our dietary supplements.

IV.  Substantial Data and Analyses Establish A Reasonable Assurance That DMAA
Does Not Present A Significant Or Unreasonable Risk Of Illness Or Injury

As FDA recently stated, the DMAA letters were sent only because the recipients
of the letters, according to FDA, were required to but “had not submitted NDI notifications for
their DMAA supplements.”* The Roosevelt letter nonetheless states that “To the best of FDA’s
kVnowledgé,- th.ér‘eris no history of user or otﬁér éviden(;e of safety establishing that [DMAA] will
reasonably be expected to be safe as a dietary ingredient.” The letter speculates as to the
potential for adverse etfects on human health, but references no scientific or medical evidence
that DMAA is unsate or causes harm when consumed in accordance with the labeled Directions
for Use and Wamings. The published literature, together with the evaluations conducted by
highly respected experts in toxicology and pharmacology, demonstrate the safety of DMAA
when used as directed.

Congress’s statutory presumption of the safety of dietary ingredients is evident in

its explicit pronouncement that “dietary supplements are safe within a broad range of intake, and

3 E.g., FD&C Act Section 413(d) (defining an NDI based on its presence in the United States
market prior to October 15, 1994).

3 Elaine Watson, AHPA: If DMAA is in geranium, synthesized version is lawful dietary
ingredient (April 30, 2012), available at http://www.nutraingredients-

usa.com/Regulation/ AHPA-If-DMA A-is-in-geranium-synthesized-version-is-a-lawful-dietary-
ingredient.

13
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safety problems with the supplements are relatively rare.”™ All dietary supplements and dietary -
ingredients, new and old, are subject to an adulteration provision prohibiting products that

present a “significant or unreasonable risk of illness or injury.”*® For a dietary supplement
containing an NDI, there must exist adequate information “to provide a reasonable assurance that
such ingredient does not present a significant or unreasonable risk of illness or injury.”’ In the
case of DMAA, there is no question that adequate information provides reasonable assurance

that DMAA does not present a significant or unreasonable risk of illness or injury.

A. Several Human Studies Support the Safety of DMAA

Seven clinical studies have been conducted to evaluate the satety of DMAA. -
These studies evaluated the safety of DMAA atter single-dose administration and repeat-dose
administration over periods of 2, 8, and 10 weeks. Each study has shown that, although DMAA
can produce a mild and transient increase in systolic blood pressure, no other safety variables
were affected. All seven studies, which are described below and appended to this response,
confirm that DMAA is safe when used according to the labeled Directions for Use and
Warnings.
o Bloomer et al. (2011a), Effects of 1,3-Dimethylamylamine and Caffeine Alone
or in Combination on Heart Rate and Blood Pressure in Healthy Men and
Women: This study investigated the addition of DMAA and caffeine on
resting hemodynamic properties and endogenous sympathetic catecholamine

(epinephrine and norepinephrine) levels of volunteers (5 female/5male) for up
to 2 hours after dosing. Results: Acute ingestion of DMAA alone and in

35 pub. L. No. 103-417, § 2(14).
3 FD&C Act § 402(H)(1)(A).

3T FD&C Act § 402(f)(1)(B).

14
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combination with caftfeine results in an increase in systolic blood pressure,
diastolic blood pressure, and rate pressure product without an increase in heart
rate. (Appendix 9.)

Bloomer et al. (2011b), Effect of Caffeine and 1,3- Dimethylamylamine on
Exercise Performance and Blood Markers of Lipolysis and Oxidative Stress in
Trained Men and Women: Twelve exercise-trained subjects ingested placebo,
catfeine, or catfeine plus DMAA 60 minutes before running 10km. Results:
A combination of Img DMAA/kg and 4mg caffeine/kg, a dose level
approximately equivalent to the maximum product label dose, did not
significant change physical performance, level of exertion, subject mood or
vigor, heart rate, or blood pressure endpoints, compared to placebo, following
a very strenuous physical activity. (Appendix 10.)

Farney et al. (2012), Hemodynamic and Hematologic Profile of Healthy
Adults Ingesting Dietary Supplements Containing 1, 3- Dimethylamylamine
and Cdffeine: This.study investigated hemodynamic, hematological, and =
clinical chemistry effects of Jack3d after single and 14-day dosing in seven
health adult males. Results: After dosing on days 1 and 14, systolic blood
pressure increased (122-12 mm Hg) over pre-ingestion values (109 mm Hg)
beginning at 30 minutes. There were not significant differences in acute
changes in heart rate, diastolic pressure, or rate pressure product on days 1 or
14, After 14 days of dosing, no significant changes in hemodynamic
endpoints compared to day 1 were reported. Fourteen days of dosing did not
affect results of blood tests, including complete blood counts and lipid and
metabolic panels. (Appendix 11.)

Farney et al. (2012), Hemodynamic and Hematologic Profile of Health Adults
Ingesting Dietary Supplements Containing 1, 3- Dimethylamylamine and
Caffeine: This study investigated hemodynamic, hematological, and clinical
chemistry effects of OxyElite Pro after singe and 14-day dosing in four
healthy adult males and two females. Results: After dosing on day 1, systolic
blood pressure increased (116-119 mm Hg) over pre-ingestion values (103
mm Hg) beginning at 60 minutes. There were no significant differences in
acute change in systolic pressure on day 14, or in heart rate, diastolic pressure,
or rate pressure product on days 1 or 14, After 14 days of dosing, no
significant changes in hemodynamic endpoints compared to day 1 were
report. Fourteen days of dosing did not affect results of blood tests, including
complete blood counts and lipid and metabolic panels. (Appendix 11.)

McCarthy et al. (2012a), 4 Finished Dietary Supplement Stimulates Lipolysis
and Metabolic Rate in Young Men and Women: This study examined the
effect of a single dose of OxyElite Pro on hemodynamics of healthy adults for
up to two hours after treatment. Six males and 6 females were administered

15
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B.

two capsules of OxyElite Pro or placebo on two separate days in a cross-over
study design. Results: An increase in heart rate of 8-11 beats/min was
reported in the treated group beginning at 60 minutes. Systolic blood pressure
increased (112-118 mm Hg) in the treated groups, compared to placebo (101-
104 mm Hg) beginning at 30 minutes after dosing. The rate pressure product
increased in the treated group at 60 minutes after dosing. There was no
increase in diastolic pressure. (Appendix 12.)

McCarthy et al. (2012b), Biochemical and Anthropometric Effects of a Weight
Loss Dietary Supplement in Health Men and Women: This study examined
the etfect of an 8-week exposure of OxyElite Pro on hemodynamic,
hematological, and clinical chemistry end points. Groups of 16 health adult
males and females consumed 1-2 capsules of OxyElite Pro or two placebo
capsules daily for 8 weeks. Results: In the treated group, resting heart was
slightly, but statistically significantly, higher (69.4 BPM) at the end of the
study compared to the beginning (63.3 BPM), but were not different from

~ placebo control values. There were no differences in systolic or diastolic =~~~

blood pressure between treatment groups. There were also no clinically
relevant differences between treatment groups across time in hematology,
lipid, or metabolic panel endpoints. (Appendix 13.)

Whitehead et al. (2012), Impact of a Dietary Supplement Containing 1, 3-
Dimethylamylamine on Blood Pressure and Bloodborne Markers of Health: a
[ 0-week Intervention Study: This study examined the effect of a 10-week
exposure of Jack3d on hemodynamic, hematological, and clinical chemistry
endpoints in groups of 12 to 13 healthy adult males. Results: Ten weeks of
Jack3d use resulted in reported heart rate and systolic and diastolic blood
pressure values similar to placebo controls. There were no clinically relevant
differences between treatment groups across time in hematology, lipid, or
metabolic panel endpoints. (Appendix 14.)

Animal Studies Support the Safety of DMAA

DMAA toxicology has been studied in mice by intraperitoneal and intravenous

administration.”® These data were compared with data in mice for other naturally occurring and

commonly consumed compounds (caffeine and phenethylamine). The results of this comparison

3% Marsh DF, Howard A, Herring DA, The Comparative Pharmacology of the Isomeric Nitrogen
Methyl Substituted Heptylamines, Journal of Pharmacology and Experimental Therapeutics,
volume 103, at 325-329 (November 1951) (Appendix 15).

16
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showed that DMAA has similar toxicity to catteine (a commonly consumed and safe dietary
ingredient) as well as phenethylamine (a constituent of chocolate).*® In a recently completed
toxicology study, the oral LD-50 of DMAA was determined to be approximately 481 mg/kg in
rats and 324 mg/kg in rabbits -- showing less than half the toxicity of caffeine, which has an oral
LD-50 of approximately 192 mg/kg in rats and 224 mg/kg in rabbits. An oral subchronic 90-day

study in rats is scheduled to be completed within the next 60-90 days. Formal reports of both

studies will be sent to you as soon as they are available.

C. FDA Has Previously Reviewed the Safety of DMAA as an
“Active Ingredient in a Drug Under an NDA and Authorized the
Marketing of the Product for 30 Years Until It Was
Yoluntarily Withdrawn by the NDA Holder

On March 22, 1948, Eli Lilly submitted a new drug application (NDA) to FDA
for a nonprescription drug, Forthane, with DMAA as the active ingredient. At that time, drug
companies were required to submit an NDA demonstrating only that a drug was safe. On April
12, 1948, 39 days before the end of the 60-day statutory period for FDA review, FDA
affirmatively authorized Lilly to begin marketing Forthane in the United States as a safe nasal

decongestant.*® Following FDA authorization, Lilly marketed Forthane from 1948 until it

3 Senda S, Hirota K, Pyrimidine Derivatives and Related Compound. XXII, Synthesis and
Pharmacological Properties of 7-deazaxanthine Derivatives, Chemical and Pharmaceutical
Bulletin (Tokyo), volume 22, at 1459-1467 (July 1974) (Appendix 16); Jackson DM, The
Interaction Between Beta-phenethylamine and Agents which Affect the Cholinergic Nervous
System on Locomotor Activity and Toxicity in Mice, Arzneimittelforschung, volume 24, no. 1, at
24-27 (January 1974) (Appendix 17).

0 FD&C Act Section 201(ff)(3)(B) excludes from the definition of a dietary supplement a
product that contains an article that is approved or authorized for investigation as a new drug.
Section 201(f£)(3)(B) does not apply to DMAA because DMAA is not approved or authorized
for investigation as a new drug.

17




(Quyen l'ien

Warning Letter No. 285519

May 15,2012

voluntarily discontinued the product in 1978. DMAA was thus on the market for 30 years,
There is no published literature suggesting that Forthane was unsafe. Even after Lilly withdrew

Forthane from the market for its own commercial reasons, FDA did not take the technical step of

withdrawing approval of the NDA until five years later.

D. An Independent Evaluation of DMAA by Environ Corporation
Supports the Safety of DMAA

Environ International Corporation, a leading scientific consulting firm, reviewed
all of the available data relevant to the assessment of human health and safety regarding the use
of DMAA as a dietary ingredient. The company-prepared a safety evaluation®' authored by, -
among others, Joseph V. Rodricks, Ph.D., DABT, who is a founder of Environ and an
internationally recognized expert in toxicology and risk analysis. Before founding Environ, Dr.
Rodricks served as a scientist for FDA for 15 years, where he began as a toxicologist reviewing
the safety of food ingredients. During his last four years at FDA, Dr. Rodricks served as
Associate Commissioner for Health Affairs. Dr. Rodricks is a member of the Institute of

Medicine of the National Academy of Sciences.

The Environ assessment concludes that “there is no scientific evidence that the
labeled use of [DMAA products] by healthy adults will compromise individual health or increase
susceptibility to heat-related injuries.” In developing the safety assessment, Environ reviewed
the following data: a literature search performed by Environ of the PubMed database and

ToxNex search engine for published studies of DMAA (and chemical nomenclature synonyms),

il

*! Joseph V. Rodricks et al., Safety Evaluation of 1,3-Dimethylamylamine (DMAA) in Dietary
Supplement Products (May 2012) (Appendix 18).
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and our dietary supplements containing DMAA; six publications (seven studies total) of human
clinical studies of DMAA in healthy men and women; four studies in animals and humans
published tfrom 1927 to 1953; the U.S. patent for aminoalkanes; a safety assessment of DMAA

performed by Cantox Health Sciences International; and FDA adverse event reports on dietary

supplements. The Environ Report concludes that:

hemodynamic effects (heart rate and blood pressure), or lack
thereot, were similar across the studies regardless of whether
subjects ingested DMAA, caffeine, DMAA and caffeine, [or our
DMA A-containing dietary supplements].

. Specitically, the Environ Report concluded that.the blood pressure changes.associated with
DMAA and caffeine “are offset by reduced heart rate (4-5 bpm) to maintain consistent

cardiovascular load.”

Environ was unable to find any scientific or medical evidence that DMAA is
unsafe when used according to the labeled Directions for Use and Warnings. Environ’s
exhaustive review of all of these materials and its conclusion that DMAA is a safe dietary
ingredient provides strong support for determining that DMAA does not present a significant or

unreasonable risk of illness or injury when taken as directed.

E. An Independent Evaluation of DMAA by Cantox Health
Sciences Corporation Supports the Safety of DMAA

Cantox, another leading scientific consulting tirm, also undertook an independent

safety review of DMAA.* Cantox’s conclusions are the same as those detailed in the Environ

2 Intertek Health Sciences International, supra n. 5.
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assessment: Used as directed, “it is unlikely that DMAA consumption from these products
would cause adverse etfects when used . . . by the appropriate population.” The Cantox Report

evaluated the publicly available data on DMAA, which included metabolic data,

pharmacological data, animal data, and human clinical studies.

F. The Stimulant Effect of DMAA When Used as Directed is
Comparable to the Stimulant Effect of 2 to 3 Cups of Coffee

The safety of DMAA as a dietary ingredient is further supported by the fact that
the stimulatory hemodynamic effects, including short term increases in blood pressure, when
- used.-as directed, are statistically identical to those from the amount of caffeine in 2 to 3 cups of
coffee.”® Environ has documented the comparable effects of caffeine and DMAA in the attached
analysis.** As Environ concludes, “caffeine and DMAA have both exhibited very good tolerance
by adults,” and the clinical trials using the combination of both substances “do not indicate that
consumption of both compounds...would increase the susceptibility of adults to adverse

cardiovascular events while exercising.”

G. The Adverse Event Reports Received by FDA and the
Company for DMAA Do Not Reveal a Single Serious Adverse
Event Resulting from use in Accordance with the Labeled
Directions for Use and Warnings

We have a robust system in place to receive and analyze consumer complaints
and adverse event reports alleged to be associated with our products. Analyses of all such data

and information we received as of the date of the Roosevelt letter reveals not one serious adverse

43 Joseph V. Rodricks, supra note 33, at 9.

* Environ International Corporation, 4 Comparison of the Physiological Ejfects of Caffeine and
Dimethylamylamine (DMAA) (May 8, 2012) (Appendix 19).
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event report associated with the use ot the company’s products under the conditions of use

recommended or suggested in the labeling.

1. Mandatory Adverse Event Reports Made by Us

As a preliminary matter, we emphasize that both the governing law* and FDA
guidance'® make clear that the submission of a serious adverse event report to the agency is not
an admission that the dietary supplement involved caused or contributed to the adverse event
being reported. The manufacturer, packer, or distributor whose name appears on the label of a
dietary supplement marketed in the United States is required to submit to FDA all reports it
““receives alleging that'a serious adverse event was associated with the use of'a dietary supplement~ - -
product, whether or not the alleged events are in fact causally related to its product.*’ Thus, in
accordance with the law, upon receiving three reports alleging serious adverse events, we
torwarded those reports to FDA. We do not believe, however, that any of the three incidents are
evidence of a genuine safety issue associated with the product.

First, in all three cases, the consumers failed to use the product as labeled in the
Directions for Use, failed to follow the label Warnings, or both. For example, a mandatory
report submitted in March 2010 involved the use by a 16-year-old of a product with a black box
warning prominently displayed on the principal display panel and other warnings repeated in

dosing instructions stating that the product is not for use by individuals 18 years or younger.

B FD&C Act § 761(g).

® FEDA/CFSAN, Guidance Jor Industry: Questions and Answers Regarding Adverse Event
Reporting and Recordkeeping for Dietary Supplements as Required by the Dietary Supplement
and Nonprescription Drug Consumer Protection Act (Revised June 2009).

T FD&C Act § 761(b).
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Similarly, the other two reports involved consumption of caffeine at the same time as use of the
product, in spite of the labeled warnings that clearly state that it should not be used with any
other stimulants or combined with other products containing caffeine.

More importantly, it is unclear that the ingestion of the product played a role in
any of the three incidents. Indeed, in one of the three incidents, the person reporting the incident
“believed” the subject had been taking the product for a period of time prior to the incident, but
could not confirm whether the subject had consumed the product prior to the incident and did not
state that the product played a role in the events that transpired. In another incident, the subject
~~was performing exercise’in exireme heat. In-another, the consumer was taking a powerful--- -~
prescription medicine that has been associated with sudden cardiac death and cardiac arrhythmia.
The subject was also obese, based on his reported body weight and height. These reports do not
provide data or information to suggest that DMAA was responsible for the incidents.

More fundamentally, and as discussed more fully above, the safety of DMAA has
been well documented in seven clinical studies, none of which involved any serious adverse
events and none of which demonstrated any statistically significant effect of the product upon
cardiovascular risk factors such as those alleged to be linked to the product in two of the serious
adverse event reports. As such, we do not believe that any of the mandatory adverse event
reports submitted to FDA constitute evidence of a genuine safety issue caused by the product.

Finally, it has been brought to our attention that a serious adverse event report
was made to FDA by another dietary supplement company, lovate, regarding an incident that
involved the ingestion of the same product in addition to numerous other supplements.

However, the incident did not meet the statutory definition of a “serious adverse event,” in
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Section 761(a)(2) of the FD&C Act. A serious adverse event is defined as one that results in
death, a life-threatening experience, inpatient hospitalization, a persistent or significant disability
or incapacity, or a congenital anomaly or birth defect.”® The subject of the lovate report claimed
to have experienced chest pain and heart fluttering, but did not seek a medical evaluation and
was not admitted to the hospital. The incident therefore did not constitute a serious adverse
event as defined by the statute. In addition, the consumer took the product in clear violation of
the labeled Directions for Use and Warnings. He consumed it while taking other supplements
and while consuming caffeine. In light of these facts, the report submitted by Iovate does not

"~ suggest that DMA A poses-a safety issue when usedin accordance with its labeled conditions of -
use.

2, Voluntary Adverse Event Reports Made By Other Parties

As of the date we received the Roosevelt letter, we were aware of 21 voluntary
adverse event reports filed with FDA regarding events allegedly associated with the use of
DMAA. These 21 reports were made between the years 2009 and 2012, during which time an
estimated one billion servings of dietary supplements containing DMAA were sold by the dietary
supplement industry in the United States. These reports do not support a causal relationship of
DMAA with serious health risks for a number of reasons.

First, 12 of the 21 reports involved use of the product in violation of its labeled

Directions for Use and Warnings, including dosages greater or more frequent than those in the

B FD&C Act § 761(a)(2). In addition, a serious adverse event could be one that required, based
on reasonable medical judgment, a medical or surgical intervention to prevent the
aforementioned serious outcomes.

23




Quyen Tien
Warning Letter No. 285519
May 15, 2012
labeled dosage instructions and uses in conjunction with other supplements, stimulants, and
medications. |

Second, at least nine of these incidents did not meet the statutory definition of a
“serious adverse event.” As noted above, a “serious adverse event” is defined in Section
761(a)(2) of the FD&C Act as one that results in death, a life-threatening experience, inpatient
hospitalization, a persistent or significant disability or incapacity, or a congenital anomaly or
birth defect.” A number of the voluntary reports alleged reactions falling far below that
standard, including allegations of acne breakouts, tongue numbness, and pupil dilation.
~ ~ ~Finally, the:information included-inthese voluntary reports do not-establish-a- -
causal relationship with the use of our products. A number of the voluntary reports variously
included no information as to duration of use or dosage of our product, age of the consumer
involved, or any relevant diagnostic values. More significantly, as discussed above, clinical
trials demonstrate no adverse events or statistically significant alterations in cardiac function or
blood pressure from the administration of DMAA. As such, the voluntary adverse event reports

demonstrate no evidence of genuine safety concerns associated with our DMAA products.

V. Conclusion

For the reasons set forth in this letter, DMAA is a lawful dietary ingredient that is

used in compliance with the requirements of the FD&C Act, as amended by DSHEA.

Y FD&C Act § 761(a)(2).
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VI.  Confidentiality

The information in this submission constitutes trade secrets and confidential
information that is exempt from public disclosure under 5 U.S.C. § 522. FDA is prohibited from
disclosing this information pursuant to 18 U.S.C. § 1905 and Section 301(j) of the Federal Food,

Drug, and Cosmetic Act, 21 U.S.C. § 331(j).

Sincerely yours,

Jonathan V. Doyle
President
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boronia | bother

—- ORIGIN C19: from Borax',
(which it resembles).

boronia /baraunia/ en. a sweet-scented Australian
shrub, cultivated for its perfume-and flowers. {Genus
Boronia.].

~ oriGIN.mod. L., named after the Ital. botanist Francesco
Borone.

horosilicate glass /bowrou'silikert/ @ n. a low-melting
glass made from a mixture of silica and-boric oxide.

horough ['bara/ en. 1 Brit. a town (as distinct from a city)
with a corporation and privileges: grantéd by a royal
charter. » hislorical a town sending representatives to Par-
liament. » an administrative division of London. 2 a mu-
nicipal corporation in certain US states. »each of five
divisions of New York City: .

- ORIGIN OE burg, burh ‘fortress, citadel’, later ‘fortified
town’, of Gmc origin, cf. BURGH.

borrow. ev. 1. take and use (something belonging -to
someone else) with the intention of returning it. »take
and use (money) from a person or bank under agreement
to pay it back later. 2 Goif allow (a certain distance) when
playing a shot to compensate for a slope or other irregu-
larity. en. Golf a slope or: other irregularity on a golf
course.

- PHRASES be (living) on horrowed. time be surviving
against expectations. borrow trouble N. Amer. take need-
less action that may. have detrimental effects.

~ DERIVATIVES borrower n,_borrowing n.

- oriciN OB borgian, of Gme origin.

borrow pit en. a pit resulting from the excavation of
material for use in embankments.

Borsalino /bosa'limav/ en. (pl. -os) irademark a man’s
wide-brimmed felt hat.

- oRrIGIN C20: from the name of the manufacturer.

borscht /bo:Jt/ (also borsch [bo:f/) @ n. a Russian or Pol-
ish soup made with beetroot.

— ORIGIN from Russ. borshch.

horstal ['boist(e)l/ e n. Bril. historical a custodial institution
for young offenders.

~ ORIGIN C20: named after the village of Borstal in south-
ern England, where the first of these was established.

hort /bo:t/ (also hoart) @ n. inferior diamonds-used in cut-
ling tools. -

~ ortoiN-C17: from Du. boort,

horzol /'b3zo1/ en. (pl. borzols) a large Russian wolf-
hound of a breed wiih a narrow head and silky coat. '

- oRIGIN C19: from Russ. borzof (adj.), borzaya (n.), from
horzyl 'swift’,

boscage /bnsk1d3/ (also boskage) en. a mass of trees
or shrubs:

- ORIGIN ME:! h'o'm OFr, ult, of Gme origin,

bosh e n, informal nonsense.

-~ orrGiN C19: from Turk. bos ‘empty, worthlesy’.

bosky [boski/ ead). poelic/lilerary covered by trees or
bushes.

~ ORIGIN C18: from ME bosk, var. of ausk®.

Bosnian /'boznien/ en. a native or inhabitant of Bosnia.
@ ad]. of or relating to Bosnia or its people.

hosom en. 1 a woman's breast or chest. 2 the breast as
the seat of ‘etilotions: quivering dread was settling in her
hosom. »a person's:loving care or protection: Bruno
went home each night to the bosom of his famtly o adj. (of
a friend) very close.

- DERIVATIVES -bosomed ad|. bosomy adl.

— ORIGIN OE'bdosm, of W, Gmc origin,

boson ['bauzon/ e n. Physics a subatomic particle, such’ as
a photon, which has zero or integral spin.

-~ ORIGIN 1940s: named after the Ind. physicist S, N. Bose +
-ON,

boss?' informal en. a person who is in charge of an em-
ployee or organization, e v: give orders in a dommeermg
nianner. @ adj. N. Amer. excellent.

-~ ORIGIN C19 (orig. US): from Du. baas ‘master’.

hoss? en. 1 astud on the centre of a shield. 2 Archilecture an
vrnamental carving at the point where the ribs in a ceil-
ing cross.- 3 the. central part of a propeller. 4 Geology a
large mass of igneous rock protrudmg through other
strata.

on the pattern of carbon

— ORIGIN ME: from OFr. boce.

hoss? en. US informal a cow.

~ ORIGIN C19: of unknown origin. .

hossa nova /,buss 'nsuva/ en. a dance like the samba,
originating in Brazil. »a piece of music for this dance:

— ORIGIN 1960s: from Port., from bossa ‘tendency’ and nova-
(fem. of novo) ‘new’,

boss-eyed e ad]. Brit. informal.cross-eyed; squinting.

— oRrIGIN C19: cf. dial. boss ‘miss, bungle’, -

hossism en. US the controlling of a political party by
party managers. . .

boss-shot e n. dilect or informal a bad shot or aim.

— oriGIN C19: from dial boss ‘miss; bungle'.

hossy' ead). (-ier. -iest) informal fond' of giving ordersi:
domineering.

— DERIVATIVES hossily adv. bossiness n.

bhossy? en. (pl. -ies) N. Amer. informal 2 cow or caif,

— ORIGIN C19: of unknown origin:

bossyboots en. Brit. informal a bossy person.

Boston en. 1 a card game resembling solo whist. 2 a
variation of the waltz or the two-step. )

Boston crab en. Wreslling a hold in which a wrestler sits-.
astride a prone opponent and pulls upwards on the op- .3
ponent's legs:

Bostonian en. a native or inhabitant of Boston, the
state capital of Massachusetts., @ adj. of or relating to-.-
Boston.

Boston ivy en. a Virginia creeper with three-lobed:--
leaves, -culfivated for its foliage. (Parthenocissus -
tricuspidata.]

Boston terrier en. a small terrier of a breed Ol‘lgn‘P :
ating in Massachusetts from a crossing of the bulldog':
and terrier.

hosun /'baus(a)n/ (also bo'sun) en. variant spelling of- -
BOATSWAIN, )

bot! en. the larva of a botfly,

— ORIGIN C16: prob. of Low Ger. origin: .

hot? en, Computing an autonomous program on a network
which can interact with systems or users, especlally in
ihe manner of a player it some computer games. i
~ ORIGIN 1980s: shortening of rosoT.:

bot. eabbrev. t botanic; botanical; botany 2 bottle; 3" -.
bought.

hotanical e adj, of or relating to botany. @ n. a substance
obtained from a plant and used as an additive.

- DERIVATIVES botanically adv.

hotanic garden (also hotanical garden) en. a place:-
where plants are grown for scientific study and dlsplay 1o
the public,

botanizing (also islng) e n. the studying of plants ins
their natural habitat.

~ DERIVATIVES botanize v.

Botany /bot(s)ni/ (also Botany wool) on.:
wool.

- ORIGIN C19: named' after- Botany. Bay in Australia, from:
where the wool orig. came.:

hotany  /‘bot(a)nl/ en. the sclentific study of the strites
ture, ecology, distribution, classification, and economi
importance of plants. » the plant life ot‘ a partlcular re¥ -
gion or geological period. -

~ DERIVATIVES botanlc adj, botanlst n T e

- ORIGIN C17: {rom earller bofanic-(from Fr. botanique;
hased on Gk bofanikos, from botané:‘plant'). + -y N

bhotch informal: @v. carry out (a task) badly or cavelesst
® n. (also botch-up)a badly carried out task

- DERIVATIVES hotcher n,

- ORIGIN- ME' (in the sense ‘repair’ but orlg not hnplymg
clumsiness): of unknown origin. -

botel e n. variant spelling of soAaTEL.

hotfly jbotflal/ en. (pl. -flies) a stout halry- bodled fly.
whose larvae are internal pavasites: of horses and oth
mammals. [Gasterophilus and other genera;}

both e predet,, det., & pron. two people or things; regarded
and identified together. ® adv. applying’ equally to e'lch of
two alternatives. u

~ ORIGIN ME: from ON hdthir.

bother ev: 1 (wilh neg.] take the trouble to do something: 2-

“mering’

CONSONANTS b but| d dog| ffew | gaget|h he

|jyesfkecal[lleg|m manjnnoe}ppenir reds=

- beaked:

i3

worry, disturb; or upset (sor

- voncern about or interest in.
uf trouble or fuss. ® exclam, chi
writation.

oRIGIN C17 (as a noun in the.

off Anglo-Ir origin; prob. 1t

hodhraim ‘deafen, annoy’.
hotheration informal, dated @ r

axpress irritation.
_ bothersome e adj. annoying
hoth. ways e adv. & ad]. anott
= VHRASES have it both ways
- lble ways of thinking or beha
ltothy- /'bndi/ (also bothie) &
small hut for farm labourers
E ORIGIN CI8* obscurely rel. t
~hothan, and perh. to sooTH.
hato en. variant speiling of s

Botox. [bavivks/ en. tradema

botulin, uised medically to tr

ditions and cosmetically to re
urily paralysing facial muscle
- ORIGIN from BOTULINUM TOXI

0. tree /bau/ (also bodh tre
~ .. India and SE. Asia, regardec
Y lcus religiosa.]

- DRIGIN C19: representing Siih
ledge’ (Buddha's enlightenmel
sich a tree), from b3 (from §
thoroughly’) + gaha ‘tree’,
botryoidal- | botrr'ord(a)l/ e
:. shaped like a cluster of grape:

= oRriGIN C18: [rom Gk botruoei
" . yrapes’) + -At.
hotrytis ba'trartis/ en. a gre

erately cultivated on the grap
= ORIGIN: mod. -L.. (name of a g
_ hotrus ‘cluster of grapes”.
Batswanan /bn'tswamaon/ e
Botswana, a country of south
lnting to Botswana
‘hotte jbot/ en. Fencing an attac
- QRIGIN from Fr.
hottlé en. 1 a container witt
_ #loring liquids. » a large metal
_uas, »a baby's feeding bottle.

or confidence. @v. 1 place.in b

something up) repress or ¢

out) Brit. informal lose one's ne
- something. 4 Informal hit with a

*-+'PHRASES hottle and glass Bt

bottlé informal start to drink alr
"= DRIGIN ME: from OFr. boteill
" dimin. of late L. buttis (see Bu .
hottle bank en. Bl a place
- 1nay be deposited for recycling
‘hottle blondé e adj. (of a2 we

“- blonde that looka dyed. @n. a

boﬂlehrush on. 1 a cylindri
. slde bottles. 2 an - Australian”

. spikes of scarlet or yellow f

brushes. [Genus Callisternon.}
bottle-feed o, foed (a baby)
hottle green en. dack green,
bottle jack en. Nz a large jacl
bottleneck. en. 1 the neck.(

- narrow section of road where |

# device worn on a guitarist’s {
_ sliding effects on the strings.

- iottlenose dolphin (also be

a stout-bodied dolphin with a.
_in tropical. and temperate ¢

truncatus.|. )
hottlenose: whale (also hof
whale -with - a_ bul

-Hyperoodon: two species. |
hottler en: 1 a person who bo

s sit | t top | v voice | w we
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[

geranium

Caucasus, but incorporated in dishes rather
than served as a sauce,

Walnauts ate liberally used. Georgia is
almost the only countty in the world where
this rich, oily nut is used as an integral part of

Meat is often cooked in chunks on skewers,
i.e. as the shashlyk or shish kebab (see KEBAB)
which is ubiquitous in the region; or in the
stew called Chankhi where a little meac is
cooked with alot of vegetables and often with
rice too; ot cooked by fiying to go into the
sort of stew called chakbokbbili (often made
with chicken).

Among vegetables, there is a noticeable
enthusiasm for beans, especially lubia (LanLAB
BEANS). These are prepared with plenty of
spices and herbs, e.g, the following collection:
cardamonm, parsley, celery, leek, mint, basil or
dill, coriander, cinnamon, cloves or saffron,
and black pepper. Liberal use of such
flavourings is characteristic of Georgian
cuisine generally,

The numerous rice dishes called ploy are
patently related to PILAF, and equally
variegated, However, although rice is
important, there is no doubt about what is
the real staple for Georgians, and that is
bread. It has been said that for all Caucasians
a meal without bread is unthinkable, The
oldest bread is the thin, crisp, cracker-like
bread known as LAvasH baked in a TANDOOR
(known as toné to Georgians). The numerous
other breads include peds (like prrra bread),
and Georgian specialities such as mchadi (a
round flat corn bread), kachapari (bread
stuffed with cheese before being baked), and
deda’s puri (meaning mother’s bread),

Cheeses in great variety constitute another
strength of the Georgian kitchen. Brynza, a
brine cheese, is popular and may be fiied and
setved with the corn bread mentioned above
and herbs. However, most cheese is probably
eaten in the form of ZAXUSKI

geranium the common and familiar
name of popular garden plants of the genus
Pelargoninm (there is a genus Geranium, to
which some small-flowered plants like the
cranesbiil geranium belong, but most gatden
geraniums are Pelargonium spp).

Geraniums, which are native to southern or
tropical Africa, were introduced to Burope in
1690. The leaves (not the flowers) of a number
of species, especially Pelargonium capitatum
and P. odoratissimym, have a toselike scent,
This is because they contain the same
essential oils, geraniol and citronellol, as attar
of roses (see RosEs). The proportions of these
vaty with the strain of the plant, soil
conditions, and degree of maturity; and other
essential oils are often present. So the scent of
geraniums may be lemony, ot like orange,
apple, or nutmeg, besides resembling rose,
Since the mid-19th century the rose-scented

geranium has been cultivated for the
production of ‘rose geranium oil’, which is
used in perfurmes but also for flavouring and
scenting food, in the manner of rosewater, In
Tunisian confectionery getanium waver

The addition of geranium leaves, in small
quantity, to fruit desserts or to confections
such as creams and sorbets is effective,

German cheeses viewed collectively,
ave a disappointment, Before the
reunification of the country, W, Germany
alone ranked fourth of the countries of the
world in cheese production; but the
originality and variety of German cheeses
does not match this lofty position.

Many Getman cheeses have external
inspiration, like the EMMENTAL which has
been made with success ever since Swiss
experts were summoned in the 1840s to give
advice on it to the cheese-makets of the
Allgiu region. The same applies to
LIMBURGER, the best known of the strong-
smelling cheeses for which Germans seem to
have a special liking; it had its origin in
Belgium (although ROMADUR, its odoriferous
partner, came from Bavaria), And the German
Miinster is a version of the Prench MUNSTER,
The origins of TILSITER ate more confusing, It
was first made at Tilsit, when that city was in
B. Prussia, but by Dutchmen.

Other points of interest in the German
cheese list include the innovative Camboloza
(resembling but not to be confused with
Bavarian blue); the range of HAND CHEBSES;
and, most popular of all, the multiple forms
of QUARK,

One way in which German cheeses have
been important is in their influence on
American cheeses, which has been greater
than one might expect; this is mainly due to
the large numbers of faymers of German
descent who have played a prominent part in
the American dairy industry of the Mid-
westetn States,

German cookery books have a
distinguished history, Fiom the late 15th to
the 17th centuries they were more nutmerous
and impressive than French ones, and rivalled
those of Italy, The earliest and possibly the
most famous is the Kéchenmeisterei. This was
first published in 1485 and, amazingly, had
appeared in mote than a dozen editions by
1500, No other printed cookery book of the
15th century had such an impressive record,
And this book continued to sell well for more
than a century afterwards, Uta Schumacher-
Voelker (1980), in her admirable essay on
printed German cookery books up to 1800,
relates it to the political and economic
context in which it was compiled, and
explains why it seems almost certain that the
compilation was first made in a S, German
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monastery, citing the importance placed on.
Lenten food and other relevant features:

the complete lack of hare despite othet game
recipes (hare was regarded as unchaste); the lack of
almost all saltwater fish (as monasterles mainly

——duaily cockingmird-notjust-asagarmtshr———targely-replacesrosewaterr—————————wed cheirowm products)y tive tack of suga; which

was vety much in fashion at the time for the rich,
and its substitution by honey (for whose
production monastéries were famous); and the use
of home-grown herbs rather than an abundance of
expensive spices.

About a century later came Max Rumpoldt’s
Ein neues Kochbuch (1581), a finely produced
and extensive work which contained
something like 2,000 recipes, intended mainly
for the upper class. Only one other cookety
book of the century (Prantz de Rontzier's
Kochbuch, 1598) displayed a comparable wealth
of ingredients.

In the 17th century there was a period,
corresponding to the Thirty Years War, when
book production almost ceased. However,
even before the end of the war some
translations of foreign cookery books began
to appear, including several from France and
wortks by Sir Kenelm pigpy and Hannah
wolLLEY from England, The especially
important work by Massialot appeared in
Getman translation in 1739, and Menon
followed in 1766. By this time many foreign
culinary terms were being used in German
works, Also, the first books with a regional
emphasis had begun to appear. Maria
Schellhammer (1692) was from N. Germany,
while Conrad Hagger’s book of Saltzbutg
cookery embodied recipes from what is now
Austria. And there were many others in the
18th century; Schumacher-Voelker lists a
selection of fifteen, in which Hamburg,
Berlin, Nuremberg, Augsburg, Leipzig, and
Magdeburg were among the cities
represented,

Regional cookery books have continued to
be important up to the present time, During
the roth and 20th centuries the appeatrance of
cookery books in new gentes matched what
was going on in other Buropean countries
rather than, as in thig instance, anticipating,
A tribute must, however, be paid to the
pioneering aspects of the gastronomic work
by RUMOHR (1822),

ReapING: Adamson (2000, 2002),

German regional cookery is, asthe
succeeding entry makes clear, the essence of
the national kitchen. Germany unified late
and its food remains intensely regional: there
is no national food, Certain elements,
however, create the Teutonic nuance: rye
bread, sour and skimmed milk cheeses,
sausages and ham from the ubiquitous pig,
Certain prejudices ate as good as myths: you
will see more SAUBRKRAUT in Prance.
Germans observe the seasons, They
consume asparagus from 1 May to 24 June;
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A STUDY ON THE CHEMICAL CONSTITUENTS OF GERANIUM OIL

Zang Ping Qing Jun Lu Qing
(Physical and Chemical Analysis Research Center)

Abstract In this paper, the chemical constituents of geranium oil, collected
from Rong Jiang, Guizhou, are studied by means of capillary gas
chromatography-mass spectrometry. Over 40 constituents are separated, of
which 31 components consisting 95.07% of the oil, have been identified. The
main ingredients are citronellol (24.73%), garaniol (8.79%), &-guaiene (8.97%),
p-menthone (7.18%), and linalool (4.16%).

Keywords  geranium oil, capillary gas chromatography-mass spectrometry

Introduction

Pelargonium graveolens is a perennial herb within the Geraniaceue family. It is
produced in regions such as France, Egypt, La Reunion, Morrocco, the former
USSR, and Japan. It is also grown all over China, with the volume grown in
Yunan and Sichuan provmce being the largest. In Guizhou it is grown in Guiyang,
Wangmo, and Rongjiang™. Germanium oil is obtained from fresh geraniums,
pelaronium graveolens, rose germaniums and their subspecies. The harvesting
period is determined by climate conditions in the production location. The
processing period is usually from the middle of July to October. The essential oil
yield is around 0.1-0.3%. Geranium oil has a rose and germanium aroma and a
peppermint tinge. Its color ranges from light yellow to dark yellow. It is mainly
used for adding scent to high-grade cosmetics, and for other rose essences.
When used this way, it is rather economical®.

In order to provide a scientific basis for breed selection and essential oil quality
evaluation, we used capillary gas chromatography-mass spectrometry (GC-MS)
to perform a qualitative and quantitative analysis of of the main components and
determine the physical and chemical parameters of the geranium oil obtained
from the Rongjiang Region of Guizhou Province. This will have certain
significance for the development and utilization of Guizhou’s fragrant plant
resources, and will help increase the depth of understanding of essential oils.

1. Summary of Principles

Perfume essential oil components are extremely complex. They are compounds
formed from organic compounds such as terpene, sesquiterpenes, aromatics,
alicylics, and aliphatics. Previously, investigation into scents and essential oils
was performed with standard physical and chemical methods. Not only was this
slow but it was also difficult to accurately determine the compositions using these
methods.
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Gas chromatography (GC) uses the matching of volatile substances in high
molecular weight liquid and carrier gas to begin chemical separation, and then
the spectrum can be determined with a detector. Since perfumes are formed
from highly-volatile chemical compounds, gas chromatography is the most
suitable method. Furthermore, since each organic compound has its own mass
spectrum, mass spectrometry has strong qualitative capacity®®. This experiment
uses a combined capillary gas chromatography-mass spectrometry method.
Each component in the mass spectrum will be separately input in order into a
spectrograph to undergo mass spectrography analysis. At the same time, this will
achieve the quantitative and qualitative objects of this experiment. Furthermore,
complex quantitative operations such as spectrum temperature control, collection
of spectrum data, data storage and mass spectrum image examination will be
performed by a computer. Micro-technology has thus been applied to the process
of perfume component analysis, from compound separation to chemical structure
determination in a way that is fast and accurate.

2. Samples

Air-dry fresh pelargonium graveolens stem and leaves. Cut, and use the steam
distillation method to retrieve the dark-yellow volatile oil, the oil yield is 0.15%,
and the denstity is d*%= 0.895, and the index of refraction is n*°=1.465-1.473,
optical rotation is a*°p= 7°30" ~ —10°16".

3. Equipment
The HP 5890 Gas Chromatography System Series | HP5989A MS Engine.

The main technological specifications are: mass range 10-1000amu (can be
extended to 2000amu); sensitivity, EI hexachlorobenzene s/N >20, Cl (chemical
source) 100pg = Benzophenone s/N > 10; scan speed: maximum of 2000amu/s,
resolution > 2500; ionization energy 10-250eV adjustable; mass stability
0.1amu/8hr.

4. Experimental Conditions

4.1 Gas Spectrometry Conditions

Crosslink 5% benzyl polysiloxane fused silica capillary column 30m x 0.25m;
carrier gas: He 50mL/min; column pressure 12.0kPa; temperature of boil room:
240°C; Column temperature starts at 50°C, and raises 25°C/min up to 125°C,
than a 10°/min increase to 250°C; stop for 7 minutes; Sample volume: 1iL

( Acetaldehyde solution dilute); diversion ratio 50:1.

4.2 Mass Spectra Conditions
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lon source temperature 250°C; separation method El; electric potential 70eV;
resolution 2500; connection temperature 280°C; scan speed 0.9s/full process;
sweep mass range 40-500amu.

5. Results and Discussion

Using the GC-MS method more than 40 components were separated from the
geranium oil. After MS analysis 31 chemical components have been determined
as shown in the Figure. Using the surface chemical method to calculate their
relative percentage content, the results are shown in Table 1.

Figure — Geranium oil GC-MS Spectrum
Table 1 — Geranium oil chemical composition

Number/English compound/Chinese name/Molecular formula/Molecular
weight/relative content (%)
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Total surface cote which i currntl dtrmined - 95.07
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A STUDY ON THE CHEMICAL CONSTITUENTS
OF GERANIUM OIL

Zang ping Qing Jun Lu Qing
(Physical and Chemical Analysis Research Center)

Abstract In this paper,the chemical constituents of geranium oil, collected from
Rong Jiang, Guizhou, are studied by means of capillary gas chromatography-mass
spectrometry. Over 40 constituents are separated, of which 31 components,
constituting 95. 07% of the oil, have been identified. The main ingredients are
citronellol (24. 73%), garaniol (8. 79%), -guaiene (8. 97% ), p-menthone (7. 19%)
and linalool (4. 16 %) ,etec.

Key Words geranium oil, capillary gas chromatography-mass spectrometry
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DMAA: Review of Safety Data and Occurrence in the Geranium Plant
and its Essential Oil

February 6, 2012

USPlabs, LLC

10761 King William Drive
Dallas, Texas

75220

At the request of USPlabs, LLC, Intertek Cantox has reviewed and assessed the safety data
that is publicly available for 1,3-dimethylamylamine (DMAA, also known as 2-hexanamine-4-
methyl), as well as data, both published and unpublished pertaining to the occurrence of DMAA
in the geranium plant (Pelargonium graveolens) and its essential oil. Intertek Cantox was also
requested to review recent work (confidential, unpublished report) indicating the DMAA is in fact
present in samples of the tissues and essential oil of geranium plants,

DMAA is a component of two of USPlabs’ dietary supplement formulations; (OxyELITE Pro™),
a weight loss aid, and Jack3d™", a “pre-workout" supplement targeted to assist athletic training.
The chemical structure of DMAA is shown in Figure 1.

NH

The amount of DMAA in each serving of these products was likely in the range of Illlto [limg.
Itis our understanding that the suggested dosing rate is 2 to 3 servings per day. Itis also our
understanding that labels on each of OxyELITE Pro™ and Jack3d™ state the need for
mandatory clearance from a physician, incorporation of an initial tolerance dosing period;
maximum duration of use of 8 weeks; the requirement for the individual to be healthy, and avoid

www.intertek.com/green www.cantox.com
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using the product if they have various medical conditions, take certain medications, other dietary -
supplements, or if they wish to avoid caffeine. Intertek Cantox was requested to assess the B
safety of DMAA in general, and specifically within the context of its presence in the two
formulations currently marketed by USPlabs.

The safety data on DMAA are reviewed in the order of data pertaining to DMAA alone, DMAA
within USPlabs dietary supplement formulations OxyELITE Pro™ and Jack3d™, and DMAA in
combination with caffeine. Following the discussion of the safety data, the occurrence of DMAA
in the geranium plant (Pelargonium graveolens) is reviewed and assessed.

Safety of DMAA
Safety of DMAA Alone:

The publicly available safety data on DMAA was limited to general pharmacology and acute
toxicity data in animals, and clinical trial and case report type data in humans. No metabolic
data or long-term animal toxicity studies were found in the literature.

While no metabolic data were available for DMAA, its metabolism can be predicted from what is
known about the metabolism of aliphatic amines in general. Once absorbed into the body,
aliphatic amines in mammalian systems are metabolized by enzymes called flavin-containing
monooxygenases. These enzymes insert an oxygen atom onto the carbon adjacent to the
amine function to give an unstable compound called an imine. This imine is hydrolyzed to the
aldehyde which is subsequently metabolized to a carboxylic acid and excreted in the urine
(JECFA, 2006). The reaction sequence described above is referred to as oxidative
deamination. While DMAA is likely to undergo some form of oxidative deamination, there are
insufficient data to assess the bioavailability (i e., the amount of DMAA that actually enters
systemic circulation following consumption) and whether or not DMAA retains pharmacologic
activity following consumption.

Limited pharmacology data exist for DMAA. The relative potency of DMAA with respect to
specific receptor activity is unknown. It has about 1/250th the potency of epinephrine with
respect to pressor effects in pithed dogs (Swanson and Chen, 1946). DMAA was reported to
have 35.2% less pressor activity relative to ephedrine, and 1/200" the activity of epinephrine, in
pithed cats (Rohrmann and Shonle, 1944).

The acute toxicity of DMAA has been tested by the intraperitoneal route of exposure (i.e.,
injection into the abdominal cavity) (Merck, 1989). The LDsq value was reported to be

185 mg/kg body weight in mice (Merck, 1989). This value has little relevance to oral
consumption of DMAA. Normally, the LDs, value for the oral route of exposure would be greater
(i.e., less toxic) as compared to intraperitoneal injection. Oral LDsgvalues for aliphatic amines
similar in structure to DMAA include: 545 mg/kg body weight for sec-butylamine and 200 to

500 mg/kg body weight for octanamine (Greim ef al., 1998). An oral LDsg value of 670 mg/kg
body weight has been reported for hexaneamine (not having the 2 methy! branches that DMAA
has) (Anonymous, 1954). Based on this information, DMAA would appear to be of moderate
acute toxicity.

Acute ingestion of DMAA at a dose of 3 mg/kg body weight (i.e., about 180 to 250 mg or more
thanllllllithe maximum recommended serving of DMAA contained in OxyELITE Pro™ and
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Jack3d™) by 5 young men was reportedly associated with an increase in systolic blood
pressure (possibly by 20 to 30 mmHg) within about 1 hour of dosing. Lesser increases were
noted on diastolic blood pressure. A slight decrease in heart rate was also noted (Marsh et al.,
1951). There was no indication that any of the test subjects suffered serious adverse reactions
or events.

Aliphatic amines, particularly the primary alkyl amines, are generally considered to be
non-genotoxic (i.e., do not damage DNA) (Greim ef al., 1998).

The available metabolic, pharmacological, and animal data on DMAA however, suggest there is
no indication that consumption of low doses (e.g., 10 mg to 20 mg) of DMAA would be harmful
in otherwise healthy subjects not taking medication. There exists a published case report of an
individual who suffered a cerebral hemorrhage shortly after consuming two “party pills” that
each may have contained 278 to 300 mg of DMAA (Gee et al., 2010) for a total of 556 to

600 mg. However, this person may have consumed caffeine, alcohol and/or other recreational
drugs at the time they ingested the “party pills”. As a result, a definitive causal association
between DMAA and this case report cannot be made. In any case, this individual likely
consumed 5 to 10-foild more DMAA than would be consumed through use of OxyELITE Pro™
and Jack3d™ at the maximum rate indicated on the label,

Safety of DMAA in USPlabs Formulations:

A number of small-scale clinical trials have been published that pertain to the safety of DMAAas ..~ !
present in 2 of USPlabs’ dietary supplement formulations. These include the results of three e
clinical trials on OxyELITE Pro™ (Farney et al., 2012; McCarthy et al., 2012a,b) and two on
Jack3d™ (Bloomer et al., 2012; Farney ef al., 2012).

In an acute, double-blind, placebo-controlled, crossover study (McCarthy et al., 2012a), the
effects of consumption of OXxyELITE Pro™ by 12 exercise-trained subjects on indices of lipolysis
and metabolic rate were examined. Six men (24.8+4.3 years of age; 81.1+11.6 kg in weight;
and average BMI of 25.5+5.0 kg/m?) and 6 women (22.8+0.4 years of age; 62.3+12.6 kg in
weight; and average BMI of 22.412.6 kg/m?) participated in the study.

Subjects were evaluated through conduct of 2 tests separated by 3 to 4 days. At the beginning
of each test, heart rate and blood pressure were measured. A blood and a 5-minute breath
sample were also collected. Subjects then ingested 2 capsules of OxyELITE Pro™ or placebo,
followed by the collection of the same aforementioned data at 30, 60, 90, and 120 minutes
post-ingestion. Blood was only collected at 60 and 120 minutes post-ingestion. During this time
subjects were inactive. Subjects recorded food and drink intake during the 24 hours preceding
each test. Metabolic rate was determined by indirect calorimetry via breath-by-breath collection,
and the respiratory exchange ratio was determined from gas collection data and used as a
measure of substrate utilization.

Plasma glycerol (area under the curve) increased in the OxyELITE Pro™ group compared to
baseline (p<0.05) and placebo (p=0.001). Serum free fatty acid concentration (area under the
curve) also increased in the supplement group (p<0.0001). Kilocalorie expenditure also was
greater in the OxyELITE Pro™ group (p=0.005). Percent change in heart rate was increased in
the supplement group over time compared to placebo (p<0.0001). In the supplement group,
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systolic blood pressure was increased (p<0.0001) when compared to placebo controls. The
increase was moderate in nature at 10 to 20 mmHg. Less discernible effects were noted on
diastolic blood pressure. These results indicated that acute OxyELITE Pro™ supplementation
increased markers of lipolysis and metabolic rate and may aid in weight loss over time.
Hemodynamic measurements also indicated increased myocardial work. Adverse effects noted
in the report included subjects feeling "jittery”, "on-edge”, “sweaty”, and shaky”, and subjects
having cold sweats, poor sleep quality on the night of treatment, and a racing heart beat. The
authors noted that the effects on heart rate and blood pressure should be a source of caution
and that subjects with increased blood pressure, especially those with resting blood pressure . B
greater than 140/90 mmHg, should be careful in their use of OxyELITE Pro™, as they would be o . -
with any stimulant including caffeine. Depending upon the individual's tolerance to and regular '

use of caffeine, consumption can acutely increase systolic blood pressure by 3 to 5 mmHg and

diastolic blood pressure by 4 to 13 mmHg (Mort and Kruse, 2008). This is in the range of the

effect noted for OxyELITE Pro™

The hemodynamic and hematological effects of OxyELITE Pro™ were further explored in a
2-week study conducted with 6 exercise-trained men and women (Farney et al,, 2012). Four
non-smoaking, healthy men and 2 non-smoking, healthy women (combined means of 22.5+1.8
years of age; 65.948.6 kg in weight; and average BMI of 21.9+2.1 kg/m?) were enrolled in the
study. Unfortunately, sex-specific data were not provided. In any case, stratification by sex
would be of little value given the small number of subjects (i.e., 4 males and 2 females).
Subjects were provided with 2 capsules of OxyELITE Pro™ per day for 14 days. No placebo
was included in the study. On Days 1 and 15 (pre- and post-intervention), assessments were
made pertaining to heart rate, systolic blood pressure, diastolic blood pressure, and rate
pressure product. A blood sample was obtained, following which subjects ingested 2 capsules
of OxyELITE Pro™. At 30, 60, 90, and 120 minutes post-consumption of the supplement, the
above noted cardiovascular parameters were measured. Following testing on Day 1, subjects
were provided with OxyELITE Pro™ and instructed to ingest 2 capsules a day, preferably 26
hours prior to bedtime. Subjects were asked to maintain their usual diet and physical activity
patterns, but refrain from strenuous activity during the 24 hours prior to each test day. Subjects
also were asked to rate their overall appetite before and after the intervention.

Four subjects (3 women, 1 man) discontinued the study due to dislike for the supplement or
academic/work-related commitments, noting sleeplessness, inability to focus, nausea,
headaches, and jitters. These subjects were replaced with 4 additional subjects. The authors
also mention that no serious adverse events occurred.

Appetite was noted to be lower from pre- to post-intervention (from 6.3 to 4.3 on the visual
analog scale; p=0.04). Heart rate measurements taken post-intervention tended to be slightly
lower than pre-intervention (i.e., day 15 vs. day 1) (p=0.008). This correlated with a decrease in
the measured rate pressure product. There were no significant differences in systolic or
diastolic blood pressure following 2 weeks of supplement use. Systolic blood pressure was
higher by about 15 to 16 mmHg at 60, 90, and 120 post-ingestion when compared to pre-
ingestion (p=0.03) of the supplement at each of days 1 and 15. This effect also translated into
slightly higher rate pressure product values 60 to 120 minutes post ingestion on these treatment
days. These findings were consistent with the previous study in which myocardial work was
increased following acute ingestion of OxyELITE Pro™. However, intake of OxyELITE Pro™
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over a 14-day period did not induce any elevation in the cardiovascular parameters examined :
and did not resulf in changes in the complete blood count, lipid panel, and metabolic panel. The
authors noted that the absence of a placebo control and the small sample size were limitations
to this study. As in the acute study, Farney et al. (2012) cautions against the use of OxyELITE
Pro™ by persons with elevated blood pressure, including those that may be pre-hypertensive
(i.e., blood pressure 2120/80 mmHg), and particularly those with 2140/90 mmHg.

The findings of Farney et al. (2012) were essentially corroborated in an 8-week randomized,
double-blind, placebo-controlled study (McCarthy et al., 2012b). Thirty-two exercise-trained
subjects (16 men, 16 women) were assessed for efficacy outcomes (body weight, body
composition, skin-fold thickness, serum lipids, and appetite) and safety variables (complete
blood count, comprehensive metabolic panel, resting heart rate, and blood pressure) in
response to consumption of OxyELITE Pro™. Subjects were randomly assigned to consume
either a placebo or OxyELITE Pro™ and were instructed to ingest 1 capsule daily for the first 3
days, and increase the dose to 2 capsules per day for the remainder of the study if the single
capsule was well-tolerated. Anthropometric measurements and a blood sample were obtained
at pre-intervention (Day 1) and post-intervention. The pre-intervention anthropometric and
hemodynamic characteristics of the placebo group were not statistically significant from the
OxyELITE Pro™ group. However, when comparing pre- and post-intervention values for the
OxyELITE Pro™ group, significant decreases were noted in body weight, BMI, waist
circumference, waist-to-hip ratio, total body fat percentage, fat mass, fat-free mass, and skin-
fold thickness (p<0.05).

An increase in resting heart rate was also noted in the treated group (from 63.3+1.9 to 69.412.2;
p<0.01). Based on this the authors concluded that it may be wise for hypertensive individuals to
avoid the use of this supplement. A similar caution would pertain to the use of other stimulants
such as caffeine. No significant changes in blood pressure measurements were noted following
8-week so treatment with OxyELITE Pro™,

In the OxyELITE Pro™ group, significant increases were noted in total cholesterol, high-density
lipoprotein (HDL)-cholesterol, and malondialdehyde, and a decrease was noted in the ratio
between low-density lipoprotein (LDL)-cholesterol:HDL-cholesterol when comparing pre- and
post-intervention values (p<0.05). Statistically significant changes in red blood cells, mean ceil
volume, mean cell hemoglobin, mean cell hemoglobin concentration, platelets, neutrophils, and
monocytes were noted, however, ail were minimal in nature and of no biological significance.
There were no adverse changes in serum concentrations of AST, ALT, GGT, alkaline
phosphatase or bilirubin. These parameters are indices of hepatobitiary function,

With respect to Jack3d™, there exists two published clinical trials, that being the studies of
Farney ef al. (2012) described above which also assessed OxyELITE Pro™, and a 10 week
clinical trial of Jack3d™ (Bloomer et al., 2012).

Farney ef al. (2012) explored the potential hemodynamic and hematological effects of Jack3d™
in a 2-week study with healthy active non-smoking adults. Seven men (24.9+4.2 years of age;
83.8+9.4 kg in weight; and average BMI of 26.5+3.3) consumed 2 servings of Jack3d™ (powder
mixed in water) for 14 consecutive days. The design and conduct of this study was discussed
above. After 14 days of intake of Jack3d™, no effects on resting hemodynamic variables could
be detected. This would suggest that the consumption of Jack3d™ for 2 weeks does not lead to
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permanent alterations of cardiovascular function. Shortly after (30 to 120 minutes) consumption
of Jack3d™ there was a tendency for an approximately 5 to 15% increase in systolic and
diastolic blood pressure, and in the calculated rate pressure product, afthough these values
failed to achieve statistical significance. Analysis of the hematological data revealed no adverse
effects on any of the parameters measured. Blood glucose was higher (94.64+2.0 mg/dL
compared 86.44+2.3 mg/dL; p=0.02) after 2 weeks of consumption of Jack3d™, however, the
authors did not ascribe any clinical significance to this finding. These data indicate that beyond
transitory acute effects on cardiovascular variables, no overt toxicity is associated with the
consumption of Jack3d™ for a period of 2 weeks. The study authors did note that the study
was limited by the use of few subjects. Farney et al. (2012) caution against the use of Jack3d™
by persons with elevated blood pressure, including those who may be pre-hypertensive (i.e.,
blood pressure 2120/80 mmHg).

In the 10-week, randomized, placebo-controlled study (Bloomer ef al., 2012), 25 healthy men
were randomly assigned to either a placebo (n=13) or treated group (n=12) (1 to 3 servings of
Jack3d™ per day on “workout” days, 30 minutes prior to an exercise session) (n=12) for a
period of 10 weeks. Resting blood pressure and heart rate were measured, and blood samples
were collected, prior to the start and at the end of the 10-week intervention period. Subjects
were asked to maintain their usual physical activity and dietary habits during the 10-week
period. Food and drink consumed the week before each lab session was recorded by each
subject.

No subject reported any adverse events that could be ascribed to either Jack3d™ or placebo
treatment. After 10 weeks of study, no statistically significant differences were noted between
the placebo and treatment groups with respect to blood pressure (p>0.05), although systolic
blood pressure increased approximately 6 mmHg, and diastolic blood pressure decreased
approximately 4 mmHg, with the use of the supplement. Heart rate decreased slightly (3 to

6 bpm), but significantly, in both the treated and placebo groups. Rate pressure product was
unaffected by 10 weeks of treatment with Jack3d™, Analyses of the blood samples revealed
several statistically significant changes (e.g., creatinine increased from pre- to post-intervention;
alkaline phosphatase decreased from pre- to post-intervention). There were no changes in
serum enzymes (e.g., AST, ALT, and GGT) indicative of altered liver function. The authors
concluded that these data showed that the consumption of a dietary supplement containing
DMAA for a period of 10 weeks did not result in a statistically significant increase in resting
blood pressure or heart rate in this sample of healthy men. A non-significant increase in mean
systolic blood pressure was noted, hence, it was considered wise for those with hypertension to
not use dietary supplements containing DMAA,

Safety of DMAA in Combination with Caffeine;

The same group of researchers who studied USPIlab’s two formulations has also conducted
human trials with specific combinations of DMAA and caffeine, either alone or in combination
(Bloomer et al., 2011a,b).

In a double-blind, randomized, crossover design acute study, 10 young healthy, exercised-
trained, non-smoking men (n=5, age 2645 yrs, weight 88+11 kg) and women (n=5, age

2343 yrs, weight 73+17 kg) ingested 1 of 5 different combinations of caffeine and DMAA on
different days (Bloomer et al., 2011a). The following were ingested as a single dose after a 10-
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hour overnight fast: 250 mg caffeine, 50 mg DMAA, 75 mg DMAA, 250 mg caffeine + 50 DMAA,
and 250 mg caffeine + 75 mg DMAA (Bloomer et al., 2011a). There was no placebo group. The
doses in this study were higher than the doses from single servings of either OxyELITE Pro™ or
Jack3d™, Also, the 75 mg dose was greater than the maximum daily recommended dose of
DMAA that could be achieved by use of these supplements according to label instructions.

Heart rate, systolic blood pressure (SBP), diastolic blood pressure (DBP), and rate pressure
product (RPP) were measured pre-ingestion and at 30, 80, 90, and 120 minutes post-ingestion.
Subjects were insfructed not to exercise 24 hours prior to visiting the laboratory. Plasma
norepinephrine (NE) and epinephrine (EPI) were measured pre-ingestion and at 60 and 120
minutes post-ingestion. Following ingestion of the various combinations of DMAA and caffeine,
there was no indication of an increase in heart rate. A slight tendency for a decrease in heart
rate was actually noted in most of the groups. In contrast, systolic blood pressure was found to
increase in a dose-dependent manner with the greatest increases in the 250 mg caffeine +

75 mg DMAA group (i.e., systolic blood pressure of 143415 mmHg 60 minutes post-ingestion vs.
11943 mmHg pre-ingestion). Smaller increases in systolic blood pressure were noted with

250 mg caffeine + 50 mg DMAA (ie., 13314 mmHg at 90 minutes post-ingestion vs.

119+4 mmHg) and 50 mg DMAA alone (ie., 128+4 mmHg 90 minutes post-ingestion vs.

1214 mmHg). Fifty mf DMAA alone had a similar effect as 250 mg caffeine alone (i.e.,

12345 mmHg 120 minutes post-ingestion vs. 11743 mmHg). Rate pressure product was
increased in the high dose DMAA and caffeine group compared to the caffeine alone group.
Diastolic blood pressure tended to increase by about 5 to 10 mmHg in all of the groups
regardiess of dose. Plasma NE and EP| were relatively unaffected by treatment. The authors
concluded on the basis of their data that acute dosing with DMAA alone and in combination with
caffeine results in an increase in systolic and diastolic blood pressure, and in the rate pressure
product, without a concomitant increase in heart rate. The authors speculated that some of
these effects may be associated with vasoconstricting activity of DMAA. They also noted the
relatively greater potency of 75 mg DMAA and 75 mg DMAA and 250 mg caffeine (as a single
dose) compared to the other treatment groups. The 50 mg dose of DMAA reportedly produced
similar effects as 250 mg of caffeine.

In another, double-blind, cross-over design study (Bloomer ef al., 2011b}, 6 exercise-trained
(regular runners) subjects (avg. age 21.9 years, weight 67.6 kg) of each sex consumed either a
placebo, 4 mg/kg body weight of caffeine (~200 to 300 mg), 1 mg/kg/body weight DMAA (~50 to
70 mg), or a combination of these treatments, 1 hour prior to physical activity in the form of a

10 km run. All subjects were asked to complete the run as fast as possible. Each subject
completed the run using each of the treatment conditions. The runs were each separated by 1
week, Blood was collected prior to the run and 5 and 30 minutes after the run and analyzed for
markers of lipolysis and oxidative stress (ie., glycerol, free fatty acids, malondialdehyde,
nitrate/nitrite). At these times, systolic and diastolic blood pressure was also measured and rate
pressure product calculated. Heart rate was measured every 2 km during the run.

The consumption of caffeine or DMAA alone and in combination had no statistically effects on
run times, subjects’ perceived amount of exertion or mood or sense of vigor. Heart rate during
the run was unaffected by either caffeine or DMAA, alone or in combination. Blood
concentrations of glycerol and free fatty acids were increased following the run in all treatment
groups. Ingestion of DMAA alone had a greater effect on these parameters compared to
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caffeine alone or in combination with DMAA. Prior to the run, systolic blood pressure was found
fo be increased (15 to 30 mmHg) in subjects 60 minutes following consumption of either DMAA
or caffeine alone relative to the placebo and caffeine and DMAA in combination treatments.
This difference appeared to persist through to 30 minute post exercise. The similar values
noted between the caffeine and DMAA in combination freatment vs. placebo was in contrast to
the findings of Bloomer ef al. (2011a). No biologically significant differences between the
treatment groups were noted with respect to diastolic blood pressure.

Discussion and Conclusions with Respect to the Safety of DMAA in USPlabs Formulations

There are no long-term animal data to support the safety of DMAA for use in dietary supplement
products. DMAA is expected to be of moderate acute toxicity. It is known to have both a and B
adrenergic activity. The limited metabolic, pharmacological, and animal data on DMAA provide
no direct indication that consumption of low doses (e.g., 10 mg to 20 mg) of DMAA would be
harmful in otherwise healthy subjects not on medication.

The most relevant safety data pertaining to the use of DMAA in dietary supplements comes
from the results of small-scale, short- and medium-term clinical trials in healthy subjects who
consumed either dietary supplements containing DMAA, namely OxyELITE Pro™ (Farney et al.,
2012; McCarthy et al., 2012a,b;) and Jack3d™ (Bloomer et al., 2012; Farney et al., 2012;), or
DMAA either alone or in combination with caffeine (Bloomer et al., 2011a,b). It should be noted
that each of these clinical trials were limited by the inclusion of small numbers of subjects, lack
of stratification by sex, and study only in healthy subjects. Doses of DMAA in these clinical trials
ranged from 20 to 75 mg/day, often in combination with caffeine (250 to 375 mg/day) and/or
other constituents.

The resuits of the clinical trials indicate that the main effect of DMAA when administered alone,
in combination with caffeine, and or as part of multi-component dietary supplement products, is
a moderate elevation (10-20 mmHg) in systolic blood pressure within 30 to 60 minutes of
ingestion (Bloomer et al., 2011a,b; Farney et al., 2012; Bloomer et al,, 2012; McCarthy et al.,
2012a). The effect may last for 2 or more hours and appeared dose-dependent. A 50 mg dose
of DMAA reportedly produces similar effects as 250 mg of caffeine (Bloomer ef al., 2011a).
Also, as stated previously, consumption of caffeine from coffee can acutely increase systolic

blood pressure by 3 to 5§ mmHg and diastolic blood pressure by 4 to 13 mmHg (Mort and Kruse,
2008).

There is no indication that longer-term use results in an increase in resting systolic blood
pressure. The study authors cautioned against the use of DMAA or supplements containing
DMAA by persons with elevated blood pressure (i.e., >120/80 mmHg).

There were no reports of any serious adverse events in the human trials. Some subjects noted
feeling jittery, sweaty, on edge, or euphoric in response to treatment with DMAA alone or in
combination with caffeine, and/or with DMAA as part of dietary supplement products. These
responses are typical and often noted with consumption of stimulants. There were no
indications of potential target organ toxicity based on the results of serum biochemistry and
haematological analyses (Bloomer et al,, 2012; Farney ef al., 2012; McCarthy ef al., 2012b).

In regards to safety of DMAA, a point of consideration is the pharmacological activity (i.e.,
vasoconstriction) of this substance. The available clinical frial data do indicate a mild, transient
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and acute blood pressure increasing effect of DMAA, and its associated supplement products.
Use of DMAA would be contraindicated in persons with hypertension or those with marginal
hypertension who may use the product under conditions which could further elevate blood
pressure (i.e., strenuous exercise). The limited data indicate that following exercise DMAA
increases systolic blood pressure moderately in trained individuals (Bloomer ef al., 2011b).

Based on information provided by USPlabs, there have been inquiries regarding a possible
association between DMAA consumption and occurrences of liver and/or renal toxicity,
seizures, and rhabdomyolysis. Details of these case reports were not available. !t should be
noted that with any “case-report’, it is not possible to conclusively disprove such associations
(i.e., it is not scientifically possible to prove a “negative”). However, based on the results of the
clinical trials, such effects would appear unlikely to occur at DMAA doses associated with the
recommended servings of OxyELITE Pro™ and Jack3d™. Biochemical data from the clinical
trials show no adverse effect on hepatorenal function and no adverse events suggestive of
seizure activity or rhabdomyolysis were observed.

In the case of the DMAA-containing products OxyELITE Pro™ and Jack3d™, it is our
understanding that the label states or indicates: a maximum dose limit of 1 to 3 servings, the
need for mandatory clearance from a physician, and a recommendation for the incorporation of
an initial tolerance dosing period (this is important for first time users so as to detect any
cardiovascular sensitivities to the combination of caffeine and DMAA. The label also provides
that the maximum duration of continuous use should be 5 days per week (or only on “workout"
days in the case of Jack3d™) for 8 weeks, and that the individual be healthy and to avoid using
the products if they have various medical conditions, taking certain medications, other dietary
supplements or wishing to avoid caffeine. The servings should also not be consumed less than
4 hours apart. Based on these labeling conditions, it is unlikely that DMAA consumption from
these products would cause adverse effects when used as directed by the appropriate
population.

Overall, under the intended conditions of use, and adherence to the labeling instructions as
discussed above, it is concluded that it is unlikely that adverse effects would occur from the
consumption of DMAA as part of the dietary supplements OxyELITE Pro™ or Jack3d™. Use
of DMAA, either alone or as part of dietary supplement products, at excessive doses, or by
persons with certain medical conditions and/or sensitivities, could theoretically lead to adverse
cardiovascular events. This though is true with respect to the consumption of any substances,
including caffeine, alcohol, nicotine, cold medications, efc., that have pharmacological activity
on the cardiovascular system.

Occurrence of DMAA in the Geranium Plant (Pelargonium graveolens) and Essential Oil

From a safety standpoint, whether or not DMAA is synthesized or extracted from natural
sources is of no consequence. However, questions have been raised as to whether DMAA is
naturally occurring in geranium. Initially the presence of DMAA in geranium oil was fargely
based on the results of an analytical study conducted by researchers at Guizhou Institute of
Technology in Guizhou China (Ping ef al., 1996). Other, more recently published studies (Jain
et al., 2001, Rao et al., 2002; Shellie and Marriott, 2003; Jalali-Heravi ef al., 2006; Fayed, 2009),
however, have not identified the presence of DMAA in either the essential oil or in the plant

tissue. This has led to some controversy regarding the occurrence of DMAA in geranium oil and
plant tissue. '
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First, it is worth reviewing in some detail the results of the Ping ef al. (1996) study. Based on a
translated version of the study provided to Intertek Cantox, these researchers assessed air-
dried samples of fresh Pelargonium graveolens stems and leaves. The stems and leaves were
reportedly cut and subject to steam distillation to yield a dark-yellow volatile oil (0.15% w/w).

The oil was then analyzed by gas chromatography (GC) coupled with mass spectroscopy (MS)
(ie., GC-MS).

Analysis of the MS spectra was reported to result in the identification of 31 chemical
components. The relative quantity of each component present was estimated through the
“surface chemical method”. With this method Ping et al. (1996) accounted for 95.07% of the
constituents of the oil extract.

The identity and specific concentrations of the 31 chemicals identified in the oil were reported by
Ping et al. (1996) in a tabular format, documenting chemical name (English), chemical name
(Chinese), chemical formula, molecular weight, and concentration detected. A copy of this table
as provided by USPIlabs is shown in Figure 2.
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Figure 2 Table From Original Ping et al. (1996) Study «--=-{ Formatted: Keeﬁ with next

In the table presented in Figure 2, compound 30 is circled. It has been identified in the table as

2-hexaneamide-4-methyl. However, a review of that row of the table clearly indicates that the IR : ) .
chemical referred to was 2-hexanamine-4-methyl (i.e., DMAA). Both the chemical formula (i.e., o :
C;H47N) and the molecular weight (i.e., 115) denote the amine, not the amide. If the chemical

were the amide, it would contain an oxygen atom, which is clearly not present in the chemical
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formula. In all probability the authors referred to the amine, however, the amide term was
introduced into the table likely as a result of English not being their primary language or the
primary language of the journal editors and/or referees. This interpretation of the inconsistency
in the table is further bolstered by the fact that in the Chinese name, the character used is "B&”.
This denotes the amine, not the amide which would have been "Eif#*“. Given the foregoing, it is
evident that based on the methodology employed (GC-MS) and the specimen analyzed (steam
distillation oil extract from Pelargonium graveolens stem and leaves, obtained from the
Rongjiang Region of Guizhou Province) that Ping et al. (1996) did in fact identify the presence
of DMAA. Ping et al. (1996) reported the relative concentration present to be 0.66%.

To further document the presence of DMAA in geranium oil extract and plant tissues, USPlabs
provided Intertek Cantox with the results of an analytical study conducted by a well respected
testing laboratory. To the knowledge of Intertek Cantox, these results are in the process of
being published.

In this study, geranium oil samples sourced from China were tested by liquid chromatography
and mass spectroscopy (L.C-MS-MS) specifically for the presence of DMAA. The method
developed by the analytical laboratory was subject to a method validation protocol as prescribed
by USP 33 <1225>, This validation method assessed the analytical test's capabilities and
adherence to standards with respect to linearity and range, accuracy, precision, detection limit
and quantification limit, and specificity. The results of these procedures demonstrated that the
testing methodology (L.C-MS-MS) was accurate, precise, and specific for the determination of
DMAA in geranium oil. The initial sample of geranium oil tested in the validation assay was
found not to contain detectable quantities of DMAA.

The subsequent analytical testing of another sample of geranium oil sourced from different lot
was reported by the testing laboratory to contain DMAA. This analyte was assessed using the
validated analytical methodology. Testing of samples of geranium oil by the validated method
yielded DMAA concentrations in the range of <1 to greater >10,000 ppb. The amounts detected
in the geranium oil samples using the validated methodology were orders of magnitude lower
than the levels (i.e., 0.66% or 6,600,000 ppb) reported in the original Ping ef al. (1996) study.
Additional study of geranium plant tissues revealed the presence of DMAA at concentrations of
10s to 100s of ppb.

The achieved limits of detection and/or quantification associated with different methods of
analyses may in part explain the lack of finding of DMAA in other publications reporting on the
constituents present in geranium oil (Jain et al., 2001; Rao ef al., 2002; Shellie and Marriott,
2003; Jalali-Heravi et al., 2006; Fayed, 2009). In these publications, each of which employed
GC-MS type methodologies in their analysis, the limits of detection/quantification were not
specifically stated, however, the “peak areas” were reported to only the tenths or 1/100s of
percent. In those publications which did not detect DMAA, its possible presence cannot be
ruled out given that not all of the samples’ constituents were specifically identified.

Itis critically important that one understand that the Jain et al. (2001), Rao et al. (2002), Shellie
and Marriott (2003), and Jalali-Heravi ef al. (2006) studies were conducted to identify the major
components (i.e., those comprising 0.01% to 0.1% [i.e., 100,000 to 1,000,000 ppb] or more) of
the essential oil from geranium plants from specific regions of the world. These studies were
not designed to assess the presence of compounds at trace levels (ie., ppb range). The
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assessment of such compounds requires the development of specific validated analytical
methodologies that can reliably detect the compounds of interest. Such methods were used to
detect DMAA in a sample of geranium oil from China. Since the purpose of the studies which
did not report the presence of DMAA in geranium oil was not to assess specific trace
constituents, it may be inappropriate to cite these as examples to indicate that such trace
constituents are not there.

That DMAA would not be present in every sample of geranium oil and/or plant tissue is not
unexpected. This appears to be borne out in the analyses conducted recently for USPlabs
whereby the geranium oil sample used in the validation protocol had no detectable amounts of
DMAA while another sample contained >100 ppb DMAA. Moreover, it is apparent that
geranium oils from plants sourced from differing locales show qualitative and/or quantitative
differences with respect to their constituent makeup (Jain et al., 2001; Rao et al., 2002; Babu
and Kaul, 2005; Jalali-Heravi et al., 2006; Fayed, 2009). Significant quantitative and/or
qualitative variance in the constituents, including major constituents, of herbal plants is to be
expected (Canigueral et al., 2008; Chizzola, 2010; Medini et al., 2010; Sahoo et al., 2010; Smith
et al., 2010). These variances occur as a result of differing geographical location, weather
conditions/climate, harvesting practices, soil, photoperiod, efc.

Analysis of the oil extract form geranium plants of differing geographic origin, as would be
expected, shows significant differences in the concentrations, and even the presence, of the
various compounds found in the essential oil at concentrations of 0.01% to 0.1% or more (Rao
et al., 1995; Jain et al., 2001; Rao, 2002; Shellie and Marriott, 2003; Babu and Kaul, 2005;
Verma ef al., 2010). Given that there are both qualitative and quantitative differences in the
“major” constituents of geranium plants sourced from different locations throughout the world, it
is not surprising that such differences would also exist with respect to trace constituents such as
DMAA.

In summary, it is concluded that the analytical study provides definitive identification of trace
levels (ppb) of DMAA in specific samples of geranium oil and geranium plant tissues. DMAA
may not be identified or detected in some geranium oils samples due to limitations of analytical
methodologies employed and/or variations in the chemical makeup of plants sourced from
different locales and/or suppliers.

Sincerely,

brcce .

Barry Lynch, B.Sc., DABT
Associate Director
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=

Barry Lynch, B.Sc., DABT, ERT
Associate Director

Cantox Health Sciences Internationa
An Intertek Company -




Analytical Chemistry Insights ﬂ T——

OPEN ACCESS
Full open access to this and
thousands of other papers at

ORIGINAL RESEARCH .
http://www.la-press.com.

Analysis and Confirmation of 1,3-DMAA and 1,4-DMAA
in Geranium Plants Using High Performance Liquid
Chromatography with Tandem Mass Spectrometry

at ng/g Concentrations

Heather L. Fleming, Patricia L. Ranaivo and Paul S. Simone

Department of Chemistry, The University of Memphis, Memphis, TN, USA.
Corresponding author email: psimone@memphis.edu

Abstract: 1,3-Dimethylamylamine (1,3-DMAA) is a stimulant commercially sold in a variety of dietary supplements as a chemical spe-
cies derived from geranium plants (Pelargonium graveolens). Whether 1,3-DMAA naturally occurs in geranium plants or other dietary
ingredients, it has important regulatory and commercial ramifications. However, the analysis of 1,3-DMAA in geranium plants is not
trivial due to low concentrations and a complex environmental matrix, requiring high selectivity and sensitivity. An extraction method
combined with high performance liquid chromatography and tandem mass spectrometry is used to determine 1,3-DMAA and 1,4-dim-
ethylamylamine (1,4-DMAA) concentrations in geranium plants with both external calibration and standard addition method. Samples
from the Changzhou, Kunming, and Guiyang regions of China during both winter and summer were analyzed for 1,3-DMAA and
1,4-DMAA. The diastereomer ratios of the 1,3-DMAA stereoisomers of a racemic standard and the extracted plant were also
quantified.

Keywords: DMAA, geranium, natural product analysis, HPLC, mass spectrometry

Video Abstract Available from http://la-press.com/t.php?i=10445
Analytical Chemistry Insights 2012:7 59-78

doi: 10.4137/ACI.S10445

This article is available from http://www.la-press.com.
© the author(s), publisher and licensee Libertas Academica Ltd.

This is an open access article. Unrestricted non-commercial use is permitted provided the original work is properly cited.

Analytical Chemistry Insights 2012:7 59


http://dx.doi.org/10.4137/ACI.S10445
http://www.la-press.com
http://www.la-press.com
http://www.la-press.com/analytical-chemistry-insights-journal-j1
http://www.la-press.com
mailto:psimone@memphis.edu
http://la-press.com/t.php?i=10445

Fleming et al

\

Introduction

There has been significant discussion of 1,3-dim-
ethylamylamine (1,3-DMAA) in the literature con-
cerning the presence of 1,3-DMAA in geranium
plants (Pelargonium graveolens)."° 1,3-DMAA, also
known as 4-methyl-2-hexaneamine (MHA), 1,3-dim-
ethylpentylamine, or 2-amino-4-methylhexane can be
labeled as geranium extract in dietary supplements.
Confirming the presence or absence of 1,3-DMAA
as a natural product in geranium plants has important
regulatory and commercial consequences for many
dietary supplement companies.’

The chemical properties and concentrations of 1,3-
DMAA and the associated matrix do not allow for
simpler LC detection methods (UV-visible absorp-
tion or refractive index). Typically, GC-MS analysis
requires derivatization to a higher molecular weight
to increase boiling point and retention time. The gera-
nium oil and plant matrix are sufficiently complex
that most universal detectors, such as refractive index
and flame ionization detectors, are likely to encounter
significant matrix interferences. Thus, research and
analytical effort for 1,3-DMAA analysis has focused
on GC-MS'*3 and LC-MS/MS 246 analysis proto-
cols for matrices, such as urine, geranium oil extracts
and geranium plants.

The World Anti-Doping Agency requires that
compounds with chemical structure and biological
activity similar to banned substances must be ana-
lyzed by anti-doping laboratories. 1,3-DMAA and
2-aminoheptane (a banned stimulant) have simi-
lar chemical structures and physiological stimulant
effects (Fig. 1). The laboratory of Saudan' developed
a high performance liquid chromatography-tandem
mass spectrometry (LC-MS/MS) method for detec-
tion of 1,3-DMAA in urine samples. The method was
calibrated over the range of 50 to 700 ng/mL with
excellent intraday precision and accuracy of less than
6%. The results from the Saudan laboratory found
that 1,3-DMAA could be detected in urine samples
up to 105 hours after administration of a 40 mg dose.

Subsequent research by Vorce et al*> used LC-MS/MS
to confirm 1,3-DMAA as the cause of false positives in
amphetamine screening kits used by the United States
Department of Defense drug screening laboratories.
1,3-DMAA was suspected due to its inclusion in
bodybuilding energy supplements available over the
counter. Vorce et al reported that 1,3-DMAA would

1,3-dimethylamylamine

NH, NH

(1R, 3R)

*

*
*
*

(1S, 3R) (1R, 38)

1,4-dimethylamylamine

% :
NH, NH,

(1R) (1S)

2-aminoheptane

/\/\/L
NH, ,

NH
(1R) (1S)

§

Figure 1. Chemical structures of the stereoisomers of 1,3-DMAA, 1,4-
DMAA, and 2-aminoheptane with stereogenic carbons labeled (*) and
their respective (R,S) configurations.

cause false positives at urine concentrations above
6.0 mg/L and confirmed the presence of 1,3-DMAA
concentrations over the 6.0 mg/L limit in 92.3% of
the false positive results for amphetamines.

The laboratory of Lisi* conducted an analysis of
five geranium oils which had origins in France, Egypt,
and New Zealand. The geranium oils were analyzed
using a derivatization and extraction procedure for
1,3-DMAA. None of these samples were reported
to have 1,3-DMAA, but no limit of detection (LOD)
was reported for the method. Supplements contain-
ing 1,3-DMAA were then administered and tested in
a urine excretion study using a GC with a nitrogen-
phosphorous detector. The results showed that 1,3-
DMAA is excreted for at least 29 hours in agreement
with a previous report.'

The research team of ElSohly et al* used GC-MS,
LC-MS/MS, and high resolution ultra-performance
LC with quadrupole-time of flight-MS (UPLC-QTOF-
MS) to analyze geranium oils and leaves from India as
well as geranium leaves, stems, and freshly extracted
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oil from plants grown in Oxford, Mississippi. The
GC-MS and LC-MS/MS-based methods used similar
extraction procedures with a reported extraction effi-
ciency of 35% (which is relatively low). However,
the extraction was shown to have excellent accuracy
(75%) and precision (less than 5%) on the control
sample using GC-MS analysis. The limits of detection
for the GC-MS, LC-MS/MS, and UPLC-QTOF-MS
were 0.1 ppm, 2.5 ppb, and 10 ppb, respectively. The
GC-MS analysis of the 0.1 ppm spikes of 1,3-DMAA
in the geranium oil clearly showed the characteristic
double peaks of the 1,3-DMAA diastereomer pairs.
The authenticated geranium plant material showed a
similar pattern to the spiked geranium oil, whereas the
negative geranium oil and authenticated geranium oil
did not. The GC-MS chromatograms of the authenti-
cated geranium plant material suggested the presence
of the 1,3-DMAA. However, the two more sensitive
LC-MS/MS methods did not detect 1,3-DMAA in
any of the samples analyzed. The LC-based methods
do not exhibit the characteristic diastereomer double
peak—possibly due to the chromatographic separa-
tion conditions.>>

Zhang et al’ recently reported the analysis of eight
different geranium oils, four from China and four from
Egypt, and analysis of thirteen dietary supplements
containing 1,3-DMAA. The goal of their paper was to
determine whether the 1,3-DMAA in dietary supple-
ments had synthetic or natural origins. The supple-
ments were analyzed using GC-FID analysis with a
chiral column. The 1,3-DMAA in the standards and
supplements were derivatized by pentafluoropropi-
onic anhydride (PFPA). The derivatized stereoisomer
separation of 1,3-DMAA by GC-FID was excellent,
showing all four stereoisomers present. The GC-FID
analysis protocol did not have an LOD reported; how-
ever, the calibration curve range was 0.2 to 0.8 mg/
mL of 1,3-DMAA. The dietary supplements were
reported to contain the same stereoisomer ratios as
the synthetic standards.

Zhang et al then used two LC-MS-based meth-
ods to analyze the geranium oils for 1,3-DMAA.’
The LOD of the linear ion trap method (HPLC-ESI-
LIT) was 50 ppb and the LOD of the triple quadru-
pole instrument (HPLC-ESI-QQQ) was 10 ppb for
derivatized 1,3-DMAA. The HPLC-ESI-LIT used a
chiral-phase HPLC separation column. The HPLC-
ESI-QQQ used a standard C18 separation phase. In

both methods, 1,3-DMAA was not detected above the
LOD, and both lacked the characteristic diastereomer
double peak as expected (both possibly due to chro-
matographic separation choices).

Finally, the research team of Li et al® developed
an extraction and LC-MS/MS-based method for the
analysis of 1,3-DMAA and 1,4-DMAA in geranium
plants and oils (three distinct samples of each). The
method validation was detailed and conducted accord-
ing to United States Pharmacopeia guidelines. The
traditional instrument LOD? reported was 1 to 2 pg/g
with a reported method quantification limit (LOQ) of
1 to 2 ng/g in the geranium sample. Li reported con-
centrations of 1,3-DMAA and 1,4-DMAA as present
in three samples of geranium plants ranging from 13
to 365 ng/g and 3 to 35.3 ng/g, respectively. In the
geranium oil, Li et al reported all three samples con-
tained 1,3-DMAA ranging from 167 to 13,271 ng/g.
In the sample containing 13,271 ng/g of 1,3-DMAA,
1,4-DMAA was detected at 220 ng/g. The other two
geranium oil samples did not contain 1,4-DMAA
above the LOD.

The research and sample analysis presented here
used an adapted extraction and LC-MS-MS analy-
sis®® to analyze both 1,3-DMAA and 1,4-DMAA in
geranium plants. Linearity, method detection limit
(MDL), accuracy, and precision studies were carried
out followed by analysis of geranium plants from 3
distinct regions in China (Changzhou, Guiyang, and
Kunming) during winter and summer months. An
improved analysis protocol was developed that used
standard addition analysis to re-analyze samples and
confirm the reported concentrations of 1,3-DMAA and
1,4-DMAA. One of the Changzhou, China, samples
was analyzed by another laboratory,’ and to the best of
the authors’ knowledge, this represents the first inter-
laboratory analysis and confirmation of 1,3-DMAA
in an identical geranium sample. Additionally, the
diastereomer ratio of 1,3-DMAA in geranium plants
was measured and compared with synthetic standards
and previously reported research.’

Experimental

Chemicals and reagents

All chemicals and reagents have a purity of 97% or
greater. All standards and eluent were prepared in
reagent-grade water with a resistivity of 18.2 MQ-cm
produced by a Barnstead e-pure four cartridge system.
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Glassware was cleaned with concentrated detergent
and rinsed with reagent-grade water three times. 1,3-
DMAA was purchased from 2A PharmaChem USA
(purity confirmed by NMR) and 1,4-DMAA was
purchased from Sigma-Aldrich. LC-MS grade ace-
tonitrile and formic acid, HPLC grade ethanol and
hexane, and ACS Certified Plus concentrated hydro-
chloric acid were purchased from Fisher Scientific.

Standard preparation

A combined stock solution was first prepared contain-
ing both standards (1,3-DMAA and 1,4-DMAA) with
a concentration of 1000 mg/L each in ethanol. An
intermediate standard solution is then diluted from
the stock to prepare a standard with a concentration
of 1000 ug/L in 0.5 N HCI for both 1,3-DMAA and
1,4-DMAA. Two external calibration curves were
prepared for each analysis due to the unknown con-
centrations of 1,3-DMAA. The low range calibration
was 1 to 20 ug/L, and the high range calibration was
3 to 100 pg/L. The standard addition spikes curves
were prepared by analyzing sample spikes of 1,3-
DMAA and 1,4-DMAA at 15.0 ug/L and 25.0 ug/L
for each sample.

Sample preparation

Preliminary homogenization and extraction
protocol

The preliminary extraction method was adapted from
a standard analysis method.” The method was scaled
from 200 g to 50 g of geranium plant for analysis, and
each subsequent step was appropriately scaled by a
factor of four. The geranium plants were first cut into
pieces having a mass ranging from 40 to 50 g and sub-
sequently placed into a blender. A solution of 15 mL
of 0.5 N HCl was added to extract the 1,3-DMAA and
1,4-DMAA analytes present in the plants. The mix-
ture was homogenized at high speed for two minutes,
filtered, and re-extracted with 7.5 mL of 0.5 N HCI.
Both extracts were combined and diluted to a final
volume of 25.00 mL. The solution was then soni-
cated, filtered, and analyzed by LC-MS/MS. A blank
(no geranium plant) and spiked samples contain-
ing an additional 10.0 pug/L of the standard solution
were also prepared by following the same procedure
as those of the plant preparation. The spiked sample
provides a percent recovery estimate for each sample
matrix.

Optimized homogenization and extraction
protocol

The preliminary analysis method was further modi-
fied® to reduce matrix effects by adding a hexane par-
titioning step (hexane clean-up step). The geranium
samples remained frozen at —20 °C prior to analysis
and thawed for sample preparation. The wet gera-
nium leaves and stems were cut into 1 to 2-cm pieces
and subsequently ground with a high-speed grinder
into finely chopped pieces. Then, 10 g of the chopped
sample were weighed and placed into a standard
food blender with 80 mL of 0.5 N HCI and homog-
enized at the highest blend setting for two minutes.
The blended mixture was transferred into a 100-mL
volumetric flask, and the blade and blender cup were
rinsed with 15 mL of 0.5 N HCI and poured into the
100-mL volumetric flask. The blended geranium
mixture was extracted by sonication for one hour at
50 °C. This solution was centrifuged at 3700 x g for
ten minutes after cooling and filling to volume with
0.5 N HCI. Four mL of the supernatant and 2 mL of
hexane were added to a 15-mL glass centrifuge tube
with screw cap. This mixture was shaken by a vortex
mixer for thirty seconds. The mixture was then cen-
trifuged at 2000 x g for five minutes. The aqueous
layer was filtered and analyzed by LC-MS/MS. For
all sample analyses, a blank was analyzed with each
sample to verify no carryover occurred from the pre-
vious analysis. For standard addition analysis, spiked
samples were prepared by spiking standard prior to
the blending process, such that the final added con-
centration was 15.0 and 25.0 ug/L in the volumetric
flask.

This optimized method added and modified exist-
ing steps (grinding, sonication, and centrifuging)
to the original extraction protocol to maximize the
extraction efficiency of 1,3-DMAA and 1,4-DMAA
from the plant matrix. The reduction of plant mate-
rial extracted and increased volume of extractant
resulted in a more practical extraction procedure and
minimized sample handling errors. The sonication
temperature was increased to 50 °C to increase the
breakup and dissolution of the plant material in the
acid extract and increase solvation of the analytes.
The additional hexane extraction step minimized
concentrations of the non-polar plant material in the
0.5 N HCI extraction solution. The non-polar plant
material likely caused matrix effects during analysis
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by causing ion suppression in the ESI source. The
combination of these steps provides an extract that
contains a more representative concentration of 1,3-
DMAA and 1,4-DMAA and a reduction of matrix
effects. This means that the performance of the extrac-
tion method improves and this is demonstrated by the
large improvement in percent recovery.

HPLC-MS/MS instrumentation
The LC-MS/MS system consists of an Agilent 1100
HPLC system equipped with an autosampler, coupled
to a triple quadrupole mass spectrophotometer
(Waters Quattro Ultima) operated in ESI+ mode. The
injection volume was 100 uL with separation per-
formed on a Phenomenex Kinetex C18 phase column
(4.6 X 150 mm, 2.6 um) with a column temperature
set at 25 °C and flow rate at 0.4 mL/min. The HPLC
eluent ratio was 82:18 of mobile phase A (1% of for-
mic acid in reagent water) to mobile phase B (ace-
tonitrile). The column effluent was split at a ratio of
1:1 prior to introduction to the mass spectrometer.

The mass spectrometer operating conditions were
as follows: the capillary voltage was 3.0 kV, the cone
voltage was 20 V, the source temperature was set at
120 °C with a flow of 108 L/hr, and the desolvation
temperature was 350 °C with a flow of 635 L/hr. The
dwell time was 0.5 second and the interscan delay was
0.1 second. The collision voltage was set to 8 eV with
a collision gas (argon) pressure at 7 psi. The detec-
tion of the analytes was done using the MRM func-
tion with a pair of mass transitions of 116/99.7 m/z
and 116/57 m/z to produce a single chromatogram for
both 1,3-DMAA and 1,4-DMAA.

All chromatogram integrations were performed with
Waters MassLynx MS software. Each chromatogram

DMAA 20 ppb
FHLFAB1_17 Sm (SG, 2x3)

100+

was prefiltered with a peak-to-peak noise amplitude of
2000. Chromatograms were submitted to a Savitzky
Golay'* smoothing method within the MassLynx soft-
ware. The Savitzky Golay method takes an average of
the intensities of the data points weighted by a qua-
dratic curve.

The LC-MS/MS total analysis time was
10 minutes. Figure 2 presents a typical standard chro-
matogram of a 20 pug/L standard of 1,3-DMAA and
1,4-DMAA. Additional standards are presented in the
supplementary materials (Figs. S1-S3). It is impor-
tant to mention that the compound 1,3-DMAA has
two chiral centers that result in four stereoisomers
(Fig. 1). These stereoisomers include two diastere-
omers that have different physical properties and
can be separated. Therefore, 1,3-DMAA is detected
as two peaks in the chromatogram. All values refer-
enced to 1,3-DMAA _total or 1,3-DMAA are calcula-
tions based on the summation of both peak areas.>®’
The compound 1,4-DMAA exists as two enantiomers
which cannot be separated. Therefore, only one peak
was detected for 1,4-DMAA.

Results and Discussion
Detection limits, accuracy, precision,

and linearity studies

Before sample analysis was conducted, detection
limit,"""* accuracy,'* precision,'* and linearity® stud-
ies were conducted to evaluate and ensure accept-
able instrument performance. The typical practice
for United States Environmental Protection Agency
(USEPA) MDL studies in the laboratory is to con-
struct a 5-point calibration curve and analyze a check
standard halfway between the two lowest calibration
points. The USEPA MDL reported here represents the

MRM of 2 Channels ES+
TIC

2.27e4

Area

1,3-DMAA
7.53
2154 1,3-DMAA
7.83

5.50 6.00 6.50 7.00

7.50

8.00 8.50 9.00 9.50

Figure 2. Typical MRM Chromatogram at 20 ng/L each for 1,3 and 1,4-DMAA analytes.
Note: The retention times for the 1,3-DMAA diastereomers are 7.53 and 7.83 minutes, and 1,4-DMAA retention time is 8.17 minutes.
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lowest concentration distinguishable from noise and
determined on the variation of the analytical signal of
a check standard expected to be within a factor of 2 to
5 of the detection limit. At these analytical conditions,
the MDL study provides a worst-case estimate of the
analyzer performance. The accuracy of the analysis
is estimated using the mean percent recovery of the
check standard analysis.'* The precision is estimated
as the percent relative standard deviation (% RSD).!*

Another estimate for the detection limit is the prop-
agation of uncertainty MDL (Unc. MDL)."* The Unc.
MDL is determined using the standard deviations of
the slope (m), y-intercept (b), and signal (y) as deter-
mined by the LINEST function in Microsoft Excel.
These standard deviations are then used to propagate
and determine the error on “x” in the linear regres-
sion line." The propagated error represents the lowest
concentration of analytical significance.

Detailed MDL, accuracy, and precision studies of
1,3-DMAA and 1,4-DMAA are presented in Tables 1
and 2, respectively, for all sample analysis con-
ducted (Analysis Sets 1 to 3). The reported values for
Analysis set 1 were based on the preliminary extrac-
tion protocol. Analysis Sets 2 and 3 were conducted
using a hexane clean-up step as well as standard addi-
tion analysis. Typically, an MDL, accuracy and preci-
sion study was conducted with two different check
standard concentrations prior to each set of sample
analysis. For Analysis Sets 1 and 2, the MDLs at
3.0 ug/L were based on the calibration curves from
1 to 20 ug/L (low range calibration). The MDLs at
8.0 ug/L were based on the 3 to 100 pug/L calibration
curves (high range calibration). In Analysis Set 3,
the calibration curve for the 2.0 pg/L check standard
was 1 to 100 ug/L, and the calibration curve for the
3.0 ug/L check standard was 2 to 100 pug/L. The R?

values for all studies with both DMAA species were
greater than 0.99.

The MDL values!*'? for 1,3-DMAA range from
0.6 to 3.2 ug/L and for 1,4-DMAA, range from 0.8 to
2.7 ug/L. Accuracy' for 1,3-DMAA ranges between
60% and 126% and for 1,4-DMAA, ranges between
48% and 127%. The precision (estimated as % RSD)"
for 1,3-DMAA is in the range of 9% to 35%, and for
1,4-DMAA, precision ranges between 10% and 30%.
With the exception of one mean percent recovery
analysis in Analysis Set 2, the reported mean per-
cent recoveries and % RSD are within the guidelines
set by the USEPA' for check standard analysis. The
USEPA reports that mean percent recovery can range
from 50% to 150%, and the % RSD can be up to 30%
when samples are analyzed within a factor of 2 to 5 of
the MDL.'"* As the MDL factor decreases, the % RSD
of the check standard analysis increases, and below
an MDL factor of 2, the % RSD can dramatically
increase beyond 30%. '

Ideally, MDL, accuracy and precision studies should
provide estimates that are similar to each other.'>"'” Fur-
ther confidence of these MDL values is gained when
the USEPA MDLs are compared to the Unc. MDL.
Both sets of detection limit values are within 2 pg/L
of each other in absolute terms and within a factor of
5 in all cases. This similarity indicates the MDL values
for the calibration and analysis protocols are realistic
estimates for both 1,3-DMAA and 1,4-DMAA.

A linearity study was conducted to estimate the
upper limit of linearity for the LC-MS/MS analysis.®
A calibration curve was prepared and analyzed over
the range of 1 to 250 ug/L for 1,3-DMAA and 1,4-
DMAA, with both species being linear over the entire
range as evidenced by the excellent R? values (>0.99).
The linearity study resulted in a linear regression

Table 1. Detection limits, accuracy, and precision studies for 1,3-DMAA for all sample analysis.

Analysis Check standard USEPAMDL Unc.MDL Mean% % RSD MDL Equation of linear r
Set (ug/L) (ug/L) (ug/L) recovery factor regression
Analysis 3.0 1.1 0.4 126 9 2.8 y=195.81x-19.049 0.999
Set 1 8.0 1.8 3.4 73 10 4.5 y=148.84x +420.8  0.999
Analysis 3.0 2.3 0.5 71 35 1.3 y=121.94x +72.43  0.998
Set 2 3.0 1.8 0.8 95 20 1.7 y =90.587x —43.177 0.994
8.0 25 1.5 62 16 3.2 y=114.66x +199.46 0.999
8.0 3.2 1.4 60 21 2.5 y=78.45x+131.18  0.999
Analysis 2.0 1.4 2.6 103 21 1.5 y=111.83x +60.259  0.996
Set 3 3.0 0.6 1.4 63 10 4.9 y =135.07x +190.33  0.999
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Table 2. Detection limits, accuracy, and precision studies for 1,4-DMAA for all sample analyses.

Analysis Check standard USEPAMDL Unc.MDL Mean% % RSD MDL  Equation of linear r
Set (ng/L) (ug/L) (ug/L) recovery factor regression
Analysis 3.0 1.4 0.7 127 12 21 y=201.78x — 78.268 0.996
Set 1 8.0 27 46 60 18 2.9 y=147.57x + 552.07 0.998
Analysis 3.0 2.0 0.6 73 30 1.5 y =130.39x + 31.787 0.996
Set 2 3.0 0.9 0.6 93 10 3.4 y=85.06x —38.131  0.997
8.0 24 2.9 48 20 3.3 y=109.18x + 340.17 0.995
8.0 2.1 0.9 81 10 3.9 y=79.501x —7.9734 0.999
Analysis 2.0 0.8 2.6 98 13 24 y=95.314x + 76.382 0.996
Set 3 3.0 0.8 1.6 76 1 3.7 y=121.63x + 118.7  0.999

equation for 1,3-DMAA of y = 149.08x + 380.91 and
for 1,4-DMAA of y = 148.05x + 473.94.

DMAA concentrations in the plant

material

The reported concentration of the DMAA species in
the geranium herb was determined using the calculated
concentration from the calibration curve, final extrac-
tion volume, and mass of geranium (Equation 1, below).
The MDL, accuracy, and precision studies (Tables 1
and 2) were conducted with prepared standards in solu-
tion (no extraction). However, the MDLs in the ana-
lyzed plant would vary with the amount of plant mass
used and the final extracted volume. For Analysis Set 1,
the amount of plant material used was 50 g extracted
into 25.00 mL. This resulted in MDLs that ranged
from 0.6 to 1.4 ng DMAA/g geranium. In Analysis
Sets 2 and 3, 10 g of plant material were extracted into
100.00 mL, which resulted in MDLs ranging from 6 to
32 ng DMAA/g geranium. While the MDLs increased
for the second extraction method, the percent recovery
of DMAA analysis also increased for all samples. The
increase in percent recovery is likely due to the hexane
clean-up step as well as a more practical increase in the
extraction solvent volume. If the mass of plant material
were doubled, the MDLs of the optimized extraction
protocol would likely increase by a factor of two.

DMAAgeranium(ng/ g) = [[DMAAcalAcurve (M g/L)
x Extraction volume (L)] + Geranium mass (g)] x 1000

(1

Authenticated Pelargonium graveolens

samples
The Pelargonium graveolens (geranium) samples
were collected and authenticated as all belonging to

the genus and species Pelargonium graveolens by
Xu YouKai of the Xishuangbanna Tropical Botani-
cal Garden, Chinese Academy of Sciences. Sam-
ples were collected from three regions in China:
Changzhou, Guiyang, and Kunming, during three
different harvest seasons. The Chinese Academy
received the geranium herbs as potted plants origi-
nally grown in the field. Multiple plants (ranging
from two to ten in number) were collected from
each location. The plants from each location were
combined prior to shipment to The University of
Memphis. Therefore, concentrations of 1,3-DMAA
and 1,4-DMAA in individual plants and variations
thereof are not reported here. The samples were
sent by express airmail from Dr. Yi Jin of Yunnan
University directly to the University of Memphis
where the samples were immediately stored at
—20 °C. Analysis Sets 1 and 2 consisted of a Chang-
zhou sample collected on June 9, 2011 (Changzhou
S11-1 and Changzhou S11-2), a Kunming, China,
sample collected March 20, 2012 (Kunming 1
and 2); a Guiyang, China, sample collected March
16, 2012 (Guiyang 1 and 2); and an additional
Changzhou, China, sample collected on March 10,
2012 (Changzhou 1). Analysis Set 3 consisted of
a Changzhou sample collected on May 18, 2012
(Changzhou 3), a Guiyang sample collected May
20, 2012 (Guiyang 3), and a Kunming sample col-
lected May 23, 2012 (Kunming 3). The Changzhou
S11 sample was received from Intertek Labs
(Detroit, MI, USA) and frozen upon arrival. The
Changzhou S11 sample is an identical sample pre-
viously analyzed and reported by Li,® providing an
inter-laboratory analysis of a sample. The numbers
for each region identifier signify the various Analy-
sis Sets.
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Sample Analysis set 1: preliminary

extraction protocol

The concentrations of 1,3-DMAA and 1,4-DMAA in
the three winter geranium samples and Changzhou
S11 sample are presented in Table 3. The Changzhou
S11-1 analysis was conducted in duplicate and the
winter samples were analyzed in singlet. A spike sam-
ple was analyzed to determine the percent recovery
for that particular plant sample. There is no reported
spike analysis for Changzhou 1 due to a sample loss
during analysis. No additional sample was available.
The percent recovery of the spike was calculated
using equation 2:"

Percent Recovery = [[Spike conc. (ugL)
— Unspiked conc. (uglL)] +10(ugl)] x 100%

(2)

Of the four samples in Analysis Set 1, only the
Changzhou S11-1 and Changzhou 1 sample contained
1,3-DMAA and 1,4-DMAA above the MDLs of the
method (Table 3). Figures 3 and 4 present an MRM
chromatogram of Changzhou S11-1 and Changzhou
1 samples, respectively. Additional sample and spike
chromatograms are presented in the supplementary
materials (Figs. S4-S8). The average concentration
of 1,3-DMAA in the Changzhou S11-1 sample was
94.7 = 15.1 ng/g geranium, with a percent recov-
ery of 19% on the 10 ug/L spike. The average con-
centration of 1,4-DMAA in Changzhou S11-1 was
13.5 £ 1.8 nug/L with a 65% recovery on a 10 ug/L
spike. The concentrations of 1,3-DMAA and 1,4-
DMAA in Changzhou 1 samples were 213 and 52 ng/g
respectively. The reported 1,3-DMAA concentrations
for Changzhou S11-1 and Changzhou 1 samples were
outside the calibration range but within the linearity of

the analyzer. A 1:1 dilution of both samples was ana-
lyzed and resulted in calculated concentrations within
9% of the original concentration reported in Table 3.

While the percent recovery of the DMAA species
is not ideal, the relative concentrations should be con-
sidered for the spike. For Changzhou S11-1 sample,
the concentrations of 1,3-DMAA in volumetric flask
after extraction averaged 190 ug/L. The % RSD error
of analysis from the MDL study was of 9% to 10%
for Analysis Set 1 and translates to ~18 ug/L error.
This is more than twice the 10 pug/L spike and thus a
likely contributor to the low percent recovery (high
error). When 1,4-DMAA was examined, the 10 pug/L
spike addition was outside the error of analysis
(2.7 ng/L) and gave a more reasonable 65% recov-
ery. Additionally, the low percent recoveries across
all samples indicated the presence of a matrix effect.
Previous reports® have suggested that extraction pro-
tocols are likely to be extracting lipids from the cell
membranes and contributing to ion suppression in the
ESI source.

Analysis Set 2: optimized extraction
protocol analysis of Changzhou S11 and

winter geranium samples

The matrix effect identified in Analysis Set 1 was
minimized by the addition of a hexane clean-up step.
Additionally, the optimized method was more effi-
cient as it used less plant sample mass per extraction.
This efficiency provided an opportunity to re-analyze
Changzhou S11, Kunming, and Guiyang winter
samples. Each sample was extracted and analyzed
with two different spike concentrations (15.0 pug/L
and 25.0 ug/L) for both 1,3-DMAA and 1,4-DMAA
and in duplicate. The spiked samples were analyzed
concurrently with the unspiked ones, and the percent

Table 3. Analysis Set 1: preliminary extraction protocol results of geranium samples from Changzhou, Kunming, and

Guiyang.
1,3-DMAA 1,4-DMAA
Sample Spike level Percent Sample Spike Percent
(ng/g) (ng/L) recovery (%) (ng/g) level (ng/L) recovery (%)
Changzhou S11-1 94.7 £+ 15.1 10.0 19 13.5+1.8 10.0 65
Kunming 1 <0.5* 10.0 44 <0.7* 10.0 32
GuiYang 1 <0.5* 10.0 36 <0.7* 10.0 23
Changzhou 1 213 N/A N/A 52.0 N/A N/A

Note: *The results are less than the MDL values.
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Geranium #1 Unspiked
FHLFAB1_46 Sm (SG, 2x3)

100 - 7.51

MRM of 2 Channels ES+

TIC

7.81 1.07e5
15844 Area, Height

Figure 3. A MRM chromatogram of Changzhou S11-1 sample.

T T T T T T T T T
5.50 6.00 6.50 7.00 7.50

Notes: The first two peaks are 1,3-DMAA diastereomer pairs with retention times of 7.51 minutes and 7.81 minutes. The 1,4-DMAA peak retention time is
8.15 minutes. The chromatogram is produced using two mass transitions 116/99.7 m/z and 116/57 m/z.

recovery was subsequently calculated.”® Detailed
analysis results are presented in Table 4.

Changzhou S11 concentrations were expected to
be high and thus analyzed on the high range calibra-
tion of 3 to 100 ug/L of both DMAA species. The
concentrations of 1,3-DMAA and 1,4-DMAA were
254 ng/g and 39.8 ng/g, respectively, and an opti-
mized extraction chromatogram of Changzhou S11-2
is presented in Figure 5. The percent recovery'® for
1,3-DMAA was approximately 55% for both spike
levels. Both Kunming and Guiyang (Fig. 6) samples
were analyzed using the low range calibration curves
(1 to 20 ug/L of each DMAA species). The concentra-
tions of 1,3-DMAA and 1,4-DMAA are reported in
Table 4. All are less than the MDL of the analysis. The
percent recovery for all remaining samples ranged
from 63% to 107%, indicating that the matrix effect
previously identified was substantially mitigated by
the optimized extraction protocol. The chromato-
grams for samples and 15.0 ug/L spikes of Analysis

Geranium # 2
FHLFA71_85 Sm (SG, 2x3)

7.53
100 2499

Set 2 are also presented in the supplementary materi-
als (Figs. S9-S14).

A comparison of the two extraction protocols using
Changzhou S11 geranium sample demonstrates that
the preliminary extraction protocol underestimated
the concentrations of both DMAA species as indicated
by the percent recovery results. However, it is clear
that Changzhou S11 geranium samples contain 1,3-
DMAA species and the concentrations are well above
the MDL of both analysis. In contrast, Kunming and
Guiyang samples did not contain 1,3-DMAA or 1,4-
DMAA species at significant concentrations above
the MDL of analysis (20 ng/g).

Analysis set 3: optimized extraction
protocol of summer geranium samples
An additional round of samples was collected from a
summer harvest of geranium plants and analyzed using
the same protocols from Analysis Set 2 (with two spike
levels, in duplicate). The Changzhou 3 sample (Fig. 7)

MRM of 2 Channels ES+
TIC

7.81 1.62e5
24397
130163

Area, Height

0 T T T T

5.50 6.00 6.50 7.00

Figure 4. A MRM chromatogram of the Changzhou 1 sample.

Notes: The first two peaks are 1,3-DMAA diastereomer pairs with retention times of 7.51 minutes and 7.81 minutes. The 1,4-DMAA peak retention time is

8.15 minutes. The mass transitions used are 116/99.7 m/z and 116/57 m/z.

Analytical Chemistry Insights 2012:7

67


http://www.la-press.com

Fleming et al ﬂ

Table 4. Analysis set 2: optimized extraction protocol results of geranium samples from Changzhou S11, Kunming, and
Guiyang.

1,3-DMAA 1,4-DMAA
Sample Spike level Percent Sample Spike level Percent
(ng/g) (ug/L) recovery (%) (ng/g) (ug/L) recovery (%)
Changzhou S11-2 254 £ 17 15.0 54+5 39.8** 15.0 76+2
25.0 55+ 8 25.0 65+ 1
Kunming 2 <20 + 4* 15.0 83+ 11 <14 +8 15.0 78+ 10
25.0 67 + 1 25.0 63+5
Guiyang 2 <20 + 4* 15.0 107 £ 23 <14 +8 15.0 82+ 16
25.0 81+2 25.0 78+6

Notes: *The results are less than the MDL values; **one duplicate was less than MDL for the sample (23.9 ng/g).

contained 1,3-DMAA and 1,4-DMAA concentrations 1,3-DMAA or 1,4-DMAA species above the MDLs
of 68.8 + 36.5 ng/g and 118 £ 45 ng/g, respectively of the analysis. However, Changzhou sample resulted
(Table 5). Both Kunming 3 and Guiyang 3 had con- in similar concentrations of 1,3-DMAA and 1,4-
centrations of 1,3-DMAA and 1,4-DMAA below the DMAA in the June 2011 and March 2012 samples.
MDL (less than 10 ng/g). These results are consistent From March 2012 to May 2012, 1,3-DMAA resulted

with the previous winter sample analysis. Both DMAA in a factor of 3 decrease in concentration while 1,4-
species were detected and quantified in the Changzhou DMAA about doubled in concentration. These results
samples, but no DMAA species were detected above indicate a potential seasonal effect of 1,3-DMAA and
the MDL in Kunming and Guiyang samples (See 1,4-DMAA concentrations in agreement with previ-
Supplementary materials Figs. S15—S20). The percent ously reported research discussing environmental
recovery for all samples was excellent and ranged effects on chemical composition.'®! It is also possible
between 64% and 86%. the concentrations of 1,3-DMAA in Changzhou winter

samples were higher due to an apparent underestima-
Winter versus summer sample analysis tion of 1,3-DMAA concentrations by the preliminary

extraction protocol as evidenced by Changzhou S11
analysis.

Previous research has shown that concentrations of
chemical species in natural products can be highly vari-
able.'®"” A seasonal comparison is possible between - )
the winter harvest (March 2012) and the summer har- Standard addition analysis of 1,3-DMAA

vest (May 2012) for Kunming, Guiyang and Chang- and 1,4-DMAA

zhou samples. Neither the winter nor summer harvest A standard addition analysis protocol was devel-
samples of Kunming and Guiyang samples contained oped for sample analysis. Standard addition analysis
Intertek unspiked
FHLFA91_67 Sm (SG, 2x3) 7.42 MRM of 2 Channels ES+
100 i 772 Tic
1332 1.07e4
7529 Area, Height

0

520 540 560 580 6.00 620 640 6.60 680 7.00 720 740 7.60 7.80 8.00 820 840 860 880 9.00 9.20 940 9.60 9.80

Figure 5. A MRM chromatogram of the optimized extraction protocol for Changzhou S11-2 showing the presence of 1,3-DMAA diastereomers (peaks 1
and 2) and 1,4-DMAA (peak 3).
Note: The mass transitions used are 116/99.7 m/z and 116/57 m/z.
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GuiYang unspiked
FHLFA91_35 Sm (SG, 2x3)
100 5.03

MRM of 2 Channels ES+

7.497.63 8,62 925 1.81e3

520 540 560 580 6.00 6.20 640 6.60 6.80 7.00 7.20 740 760 7.80 800 820 840 860 880 9.00 9.20 940 9.60 9.80

Figure 6. A typical MRM chromatogram of the Guiyang 2 sample demonstrating the absence of 1,3-DMAA and 1,4-DMAA in the geranium plant.

Note: The mass transitions used are 116/99.7 m/z and 116/57 m/z.

compensates for matrix effects found in geranium
plants caused by chemical species other than
DMAA affecting analytical signal (either positive or
negative)."® In the standard addition method, known
quantities of the 1,3-DMAA and 1,4-DMAA stan-
dards are added to the sample extract. This is termed
“spiking” the sample. The added standard is affected
by matrix effects just as the analyte in the sample.
The unknown concentration can then be derived from
a plot of signal versus spike concentration as long as
the analyte has been previously established to have
a linear signal response. Thus, the standard addition
method resolves matrix interferences present in the
complex geranium sample composition.'?

The standard addition protocol was applied to
both Analysis Sets 2 and 3 (Changzhou S11, Kun-
ming, and Guiyang winter samples and Changzhou,
Kunming, and Guiyang summer samples). For this
study, a three-point standard addition plot was con-
structed using the unspiked sample, a 15.0 pg/L spike
each of 1,3-DMAA and 1,4-DMAA, and a 25.0 pug/L
spike each of 1,3-DMAA and 1,4-DMAA. The signal

Changz2 Unspiked
FHLFA109_157 Sm (SG, 2x3)
100 4

was plotted against the spike concentration (0, 15,
and 25 pg/L), and a linear regression analysis was
performed. The slope (m) and y-intercept (b) of the
calibration curve were used to calculate the concen-
tration of analyte (x) in the sample.”® The equation
for determining the x-intercept is X = —b/m, and in
standard addition, the negative of the x-intercept is
the concentration present in the unspiked sample.
The standard addition analysis results showed
some matrix effects were still present in the optimized
procedure and the external calibration analysis likely
underestimated DMAA concentrations. However,
the standard addition analysis agreed overall with
the external calibration results. Samples reported to
contain 1,3-DMAA by external calibration also con-
tained 1,3-DMAA by standard addition. Concentra-
tions of 1,3-DMAA species were quantified in both
Changzhou SI11-2 and Changzhou 3 samples at
496 t 46 ng/g and 97 £ 20 ng/g, respectively. The
concentrations of 1,4-DMAA in Changzhou S11-2
and Changzhou 3 samples were 68 + 7 ng/g and
162 * 48 ng/g, respectively. All concentrations were

MRM of 2 Channels ES+

8.15 TIC
1447 8.27e3
Area

520 540 560 580 6.00 620 6.40 6.60 6.80 7.00 720 7.40 7.60 7.80 800 820 840 860 880 9.00 9.20 9.40 9.60 9.80

Figure 7. AMRM chromatogram of Changzhou 3 sample showing the presence of 1,3-DMAA at a lower concentration than 1,4-DMAA.

Note: Mass transitions are 116/99.7 m/z and 116/57 m/z.
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Table 5. Analysis set 3: optimized extraction protocol results of geranium summer samples from Kunming, Guiyang, and

Changzhou.
1,3-DMAA 1,4-DMAA
Sample Spike level Percent Sample Spike level Percent
(ng/g) (ug/L) recovery (%) (ng/g) (ug/L) recovery (%)
Kunming 3 <10 + 6* 15.0 68+ 3 <8.2+0.3% 15.0 64 +2
25.0 74+6 25.0 75+9
Guiyang 3 <10+ 6* 15.0 75+4 <8.1+£0.2* 15.0 78 + 1
25.0 81+8 25.0 84 +6
Changzhou 3 68.8 + 36.5 15.0 76 +13 118 + 45 15.0 86 +4
25.0 79+13 25.0 77+7

Note: *The results are less than the MDL values.

well above the MDL of the analysis and clearly dem-
onstrated 1,3-DMAA and 1,4-DMAA were present in
geranium herbs from the Changzhou region.

The standard addition results for winter and sum-
mer samples of Kunming and Guiyang agreed with
the external calibration results. Concentrations of 1,3-
DMAA and 1,4-DMAA were all less than the MDL
previously reported, or so close to the MDL that the
confidence of analysis was extremely low. One of
the Kunming 3 duplicates resulted in a 1,3-DMAA
concentration of 21 ng/g, while the other duplicate
was below the MDL of 14 ng/g. Similarly, one of the
Kunming 2 duplicates resulted in a 1,4-DMAA con-
centration of 10 ng/g, whereas the other duplicate had
concentrations less than the 20 ng/g MDL of that par-
ticular analysis.

Measurement of the diastereomer ratios
of 1,3-DMAA in the Changzhou geranium

samples

Zhang et al’ measured the diastereomer ratios
(reported as first peak/second peak) of synthetic stan-
dards and dietary supplements containing 1,3-DMAA
using GC-FID analysis. The reported results showed
the diastereomer ratio of a Sigma-Aldrich standard
of 1,3-DMAA was 1.22 £ 0.06 and the ChromaDex
standard ratio was 1.42 £ 0.09. The dietary supple-
ments had identical ratios to those of the standards
suggesting that both standards and supplements were
of synthetic origin.

In this report, both pairs of diastereomers were
detected in the Changzhou region samples as well
as the synthetic calibration standards. By inspec-
tion of the chromatograms (Figs. 3, 4, 5, and 7),
both standards and geranium samples present

similar diastereomer ratios. Quantitatively, the aver-
age ratio of 1,3-DMAA diastereomers (first peak/
second peak) in typical 20, 50 and 100 pg/L cali-
bration standards is 1.14 = 0.08. The diastereomer
ratio of Changzhou S11-1 sample was 1.10 £ 0.01,
Changzhou 1 was 1.02, Changzhou S11-2 was
1.25 £ 0.03, and Changzhou 3 was 1.16 = 0.10. The
results of the geranium plant diastereomer ratios are
similar to the ratios of the synthetic standards pre-
sented here, as well as the standards and supplements
analyzed by Zhang et al. This indicates that supple-
ments containing both 1,3-DMAA diastereomer pairs
couldbenaturallyproducedandextracted fromgeranium
plants.

Conclusion

In conclusion, geranium plants (Pelargonium graveo-
lens) from three different regions of China (Kunming,
Guiyang, and Changzhou) and three different har-
vests (June 2011, March 2012, and May 2012) were
analyzed for 1,3-DMAA and 1,4-DMAA. An extrac-
tion and HPLC-MS/MS analysis method was used
to determine concentrations of 1,3-DMAA and 1,4-
DMAA with both external calibration and standard
addition analysis. The extraction and external calibra-
tion analysis likely suffered from matrix effects and
thus underestimated concentrations of 1,3-DMAA
and 1,4-DMAA in geranium plants. The matrix effects
were largely solved by the standard addition analy-
sis, as expected. This demonstrates that future analy-
sis should use standard addition to minimize matrix
effects and increase confidence of analysis with little
additional labor. All extraction and calibration proto-
cols reported 1,3-DMAA and 1,4-DMAA concentra-
tions in geranium plants from the Changzhou region

70

Analytical Chemistry Insights 2012:7


http://www.la-press.com

/ HPLC-MS/MS analysis of 1,3-DMAA in geranium plants at ng/g concentrations

of China above the reported MDLs. The reported con-
centrations of 1,3-DMAA ranged from 68 to 496 ng/g
and 1,4-DMAA ranged from 13 to 162 ng/g. Simi-
larly, 1,3-DMAA and 1,4-DMAA were not detected
above the MDL in samples from Guiyang and Kun-
ming regions. To the best of the authors’ knowledge,
this is the first reported inter-laboratory analysis con-
firming the presence of 1,3-DMAA in a geranium
plant (specifically Changzhou S11 sample). Finally,
the diastereomer ratios of the 1,3-DMAA in geranium
plants from Changzhou are similar to those of the syn-
thetic standards. This indicates that 1,3-DMAA could
be a natural product extract, fulfilling a requirement
of the Dietary Supplement Health and Education
Act.®

The results reported here provide evidence that 1,3-
DMAA naturally occurs in geranium plants in agree-
ment with Li et al,® but clearly in disagreement with
other previously reported articles by well-respected
chemists and organizations.*> However, this may not
be a case of right or wrong. In analytical chemistry,
the critical review of data is important for explaining
differences in reported results. These differences can
also provide insight into why analysis of seemingly
identical plant species can result in very different
outcomes. Khan has published an extensive review
showing that it is not uncommon for plants of differ-
ent locations to exhibit variations in their chemical
compositions.'® For example, studies show that fluc-
tuating geographical dynamics such as water stress
and nutrient availability in the soil are associated with
the variations in cyanide concentration in the cassava
plant."”

The published research to date includes a sub-
stantial amount of geranium plant and oil analy-
sis.'® However, until now, none of the samples
analyzed have been identical or reported as from
the same region. Thus, regional environmental
variations'®!” could explain the presence of 1,3-
DMAA in the Changzhou S11, Changzhou March
2012, and Changzhou May 2012 samples and the
absence of 1,3-DMAA concentrations in Kunming
and Guiyang geranium samples reported here; the
Indian and Mississippi samples reported by E1Sohly
et al,* the France, Egypt, and New Zealand samples
reported by Lisi et al,’ and the China and Egypt sam-
ples reported by Zhang et al.> A possible solution
to this discrepancy would be a multiple laboratory

and blind analysis of identical samples expected
to have 1,3-DMAA (such as Changzhou region
samples) as well as samples that are not expected
to contain 1,3-DMAA. Using this approach, a sat-
isfactory answer for the national regulatory agen-
cies as well as the commercial interests could be
provided.
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Supplemental Materials
Chromatograms of typical blanks,

standards, and sample spikes

Figure S1 is an example of a typical, original (bot-
tom) and smoothed (top) chromatogram for a sample
blank. Figures S2 and S3 are examples of 1,3 and 1,4-
DMAA standard chromatograms. Two concentrations
are shown: 3 (Fig. S2) and 20 (Fig. S3) pg/L each
DMAA. 1,3-DMAA clutes as the first two peaks, fol-
lowed by 1,4-DMAA as the third peak. Figures S4 to
S20 are chromatograms for each geranium herb sam-
ple. Unspiked and spiked chromatograms are shown
for each sample where possible. Each chromatogram

Cui Blank
FHLFA129_055 Sm (SG, 2¢3)
100

0

is labeled by the corresponding table number found in
the paper. As with the standards, 1,3-DMAA elutes as
the first two peaks followed by 1,4-DMAA as the third
peak. Figures S4 to S8 are typical chromatograms from
Analysis set 1 and were used to determine the con-
centration of Guiyang 1, Kunming 1, and Changzhou
S11-2 in Table 3. Figures S9 toS14 are typical chro-
matograms from Analysis set 2 and were used to deter-
mine the concentration of Guiyang 2, Kunming 2, and
Changzhou S11-2 in Table 4. Figures S15 to S20 are
typical chromatograms from Analysis set 3 and were
used to determine the concentration of Guiyang 3,
Kunming 3, and Changzhou 3 in Table 5.

MRM of 2 Channels ES+
958 Tic

21163

FHLFA129_055
100

631 636
584 606 612 ||625

516 52 548 . 640 650
7 565569
55 599 6.4
ks 580
ls.25 b

0

9.60
MRM of 2 Channels ES+
T

Figure S1. An example of a blank chromatogram.

Notes: The blank sample is prepared in the same way as an unspiked sample but there is no addition of geranium herb to the blender. The original chro-
matogram is presented on the bottom and the smoothed chromatogram is presented on the top.

DMAA 3 ppb
FHLFA129_009 Sm (SG, 2x3)
1004

MRM of 2 Channels ES+
TIc

812

32403
‘Area

Figure S2. Typical MRM chromatogram of 3 pug/L 1,3-DMAA and 1,4-DMAA.

1000 1050 1160 1150 1200 1250 1300

Analytical Chemistry Insights 2012:7

73


http://www.la-press.com

Fleming et al

DMAA 20 ppb
FHLFA129_017 Sm (SG, 2x3) MRM of 2 Channels ES+
Tic

100

15264
rea

Figure S3. Typical MRM chromatogram of 20 pg/L 1,3-DMAA and 1,4-DMAA.
Geranium #1 Unspiked
FHLFA61_46 Sm (SG, 2x3) MRM of 2 Channels ES+
100+ 7.51 TIC
16942 781 1.07e5
Area, Height

102137 15844

[ ]
%

5.50 6.00 6.50

Figure S4. Analysis set 1—Changzhou S11-1, unspiked.

Geranium #1 Spiked
FHLFA61_42 Sm (SG, 2x3) MRM of 2 Channels ES+
100+ 7.51 TIC
17396 1.11e5
106463, 7.81 Area, Height

15934

u
%

Figure S5. Analysis set 1—Changzhou S11-1, spike 10 ug/L.

Geranium # 4 Unspiked
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Figure S6. Analysis set 1—Guiyang 1, unspiked.

Analytical Chemistry Insights 2012:7

74


http://www.la-press.com

HPLC-MS/MS analysis of 1,3-DMAA in geranium plants at ng/g concentrations

Geranium # 4 Spiked
FHLFA61_80 Sm (SG, 2x3) MRM of 2 Channels ES+
100 783 8155233033 TIC

368 5.86e3
7.55:430,2473 1

Area, Height

5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50

Figure S7. Analysis set 1—Guiyang 1, spike 10 ug/L.

Geranium # 2

FHLFA71_85 Sm (SG, 2x3) MRM of 2 Channels ES+
100+ 7.53 TIC
24999 7.81 1.62e5
157581 24397 Area, Height

130163

[ ]
%

Figure S8. Analysis set 1—Changzhou 1, unspiked.

GuiYang Unspiked
FHLFA91_35 Sm (SG, 2x3)

MRM of 2 Channels ES+
o 862 925 e

1.81e3

Figure S9. Analysis set 2—Guiyang 2 unspiked.

GuiYang Spiked 15 ppb
FHLFA91_39 Sm (SG, 2¢3)
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Figure S10. Analysis set 2—Guiyang 2, spike 15 ug/L.
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KunMing Unspiked
FHLFA91_53 Sm (SG, 263) MRM of 2 Channels ES+

o0 20083

Figure S11. Analysis set 2—Kunming 2, unspiked.

KunMing Spiked 15 ppb

FHLFA91_55 Sm (SG, 23) MRM of 2 Channels ES+
800 i
100 1921 9.16e3
76t Area, Height

Figure S12. Analysis set 2—Kunming 2, spike 15 pg/L.

Intertek Unspiked

FHLFAS1_67 Sm (SG, 2 MRM of 2 Channels ES+
100 142 Tic
1599 1.07e4
914 m Area, Height

Figure S13. Analysis set 2—Changzhou S11-2 unspiked.

Intertek Spiked 15 ppb
FHLFA1 71 Sm (SG, 263) MRM of 2 Channels ES+
Tic
100 s
Tatst Area, Height

Figure S14. Analysis set 2—Changzhou S11-2, spike 15 ng/L.
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Figure S15. Analysis set 3—Guiyang 3, unspiked.
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Cui2 15 Spike
FHLFA109_109 Sm (SG, 2x3)
813
1004 1163 8.4263
Area

MRM of 2 Channels ES+
Tic

5.40 560 5.80 6.00 620 6.40 6.60 6.80 7.00 7.20 7.40 760 7.80 800 820 840 8.60 8.80 9.00 9.20 9.40 9.60

520
FHLFA109 109 MRM f2Ch | ES

Figure S16. Analysis set 3—Guiyang 3, spiked 15 ug/L.

KunMing3 Unspiked
: MRM of 2 Channels ES+
T

23703

Figure S17. Analysis set 3—Kunming 3, unspiked.

KunMing3 15 Spike
FHLFA109_177 Sm (SG, 2x3) MRM of 2 Channels ES+
1004 813, TIC
6.41e3
Area

Figure S18. Analysis set 3—Kunming 3, spiked 15 ug/L.

Changz2 Unspiked
FHLFA109_157 Sm (SG, 2x3) MRM of 2 Channels ES+
1004 815 Tic
8.2763
Area

Figure S19. Analysis set 3—Changzhou 3, unspiked.

Changz2 15 Spike
FHLFA109_159 Sm (SG, 2¢3)
100
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1.4504
Area
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5.2 9.80
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Figure S20. Analysis set 3—Changzhou 3, spiked 15 pg/L.
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Supplementary data

A video abstract by the authors of this paper is
available. video-abstract10445.mov
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Abstract

Background: The use of | 3-dimethylamylamine (geranamine), alone and in combination with
caffeine, is becoming widespread within the dietary supplement industry. To our knowledge,
no data are available concerming the effects of oral geranamine intake on heart rate (HR) and
blood pressure in individuals. Methods: Ten young healthy men and women ingested 1 of §
conditions on different days using a double-blind, randomized, crossover design. The following
were ingested after a [ 0-hour overnight fast: 250 mg caffeine (C), 50 mg geranamine (G 50 mg),
75 mg geranamine (G 75 ing), 250 mg caffeiné + 50 mg geranamine (C + G 50 mg), and 250 mg
caffeine + 75 mg geranamine (C+ G 75 mg). Heart rate, systolic blood pressure (SBP), diastolic
blood pressure (DBP), and rate pressure product (RPP) were measured pre-ingestion and at 30,
60, 90, and 120 minutes post-ingestion. Plasma norepinephrine (NE) and epinephrine (EPI)
were measured pre-ingestion and at 60 and 120 minutes post-ingestion. Results: Heart rate was
unaffected by treatment, but blood pressure and RPP were higher with geranamine, generally in
a dose-dependent manner. The peak percent change from pre-ingestion in SBP (~20%), DBP
(~17%), and RPP (~9%) was noted with C+ G 75 mg at 60 minntes post-ingestion. Plasma NE and
EPI were relatively unaffected by treatment. Conclusion: We report for the first time that acute
ingestion of 1,3-dimethylamylamine alone and in combination with caffeine results in an increase
in SBP, DBP, and RPP without an increase in HR, The largest increase is observed at 60 minutes
post-ingestion of C + G 75 mg, These changes cannot be explained by circulating NE and EPL

Keywords: caffeine; geranamine; blood pressure; heart rate; catecholamines

Introduction

Regardless of economic conditions, dietary supplements are a multimillion-doliar-per
year industry, according to the Nutrition Business Journal.! Many products contain
natural (ie, herbal) and synthetic stimulants, such as guarana, ma huang, Xola nut,
phenylethylamine, and caffeine. One recent addition to the stimulant category is gera-
nium extract, which has been noted to be present in small amounts in geranium oil.2
This ingredient has received a great deal of attention in recent years and is included in
multiple dietary supplements targeting weight/fat loss, as well as enhanced physical per-
formance. Although anecdotal reports of improved focus and mood, enhanced exercise
performance, and decreased appetite are common, to our knowledge, no studies have
attempted to verify these claims using controlled laboratory procedures. Moreover,
while only scant data are available pertaining to the hemodynamic effects of intrave-
nous and nasal inhalation delivery of this ingredient in animals® and humans (as noted
in documentation from Eli Lilly & Co. regarding methylhexamine [Forthane™]),

© The Physician and Sportsmedicine, Yolume 39, Issye 3, September 2011, 1SSN — 0091-3847 111
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respectively, no studies to our knowledge have determined
the effect of acute oral intake of geranium extract on heart
rate (HR) and blood pressure in human subjects, This is
important information to obtain considering the widespread
use of this ingredient in many diclary supplements that are
currently sold on the worldwide market.

A review of information obtained from various-online
sources, including 1 scientific article,? indicates that gcranium
extract may be a component of the Pelargonium graveolens
plant, with anecdotal health benefits noted on various Web
sites, as well as antioxidant® and other potential health
benefits noted in the scientific literature.® In much the same
way as caffeine is associated with both positive”'® and poten-
tially negative''-"’ effects on human health and function, the
same may be true for geranium extract,

The action of geraniwm extract appears as a simple
aliphatic amine functionil';g as a norepinephrine (NE) reup-
take inhibitor and/or NE-releasing agent. According to pat-
ent data available via the US Patent and Trademark Office
(document 2,350,318) entitled “Aminoalkanes” (dated Aprit
9, 1942), geranium extract (noted as 2-amino-4-methylhex-
ane) stimulates smooth muscle and may act as a vasoconstric-
tor. In addition to 2-amino-4-methylhexane, other common
chemical names of'this agent include 1,3-dimethylamylamine,
1,3-dimethylpentylamine, methylhexaneamine, 4-methyl-2-
hexylamine, and geranamine (Proviant Technologies, Inc.,
Champaign, IL), which was trademarked in 2005 (US trade-
mark number: 78542697).

Aside from the above information and the anecdotal reports
from individuals using geranamine, very little is known about
this ingredient, despite its widespread availabilitj/ and use.
Therefore, the purpose of this investigation was to determine
the effect of geranamine intake at 2 different dosages of
practical relevance, with and without the addition of caffeine
(as caffeine is commonly combined with geranamine in
many dietary supplements), on HR and blood pressure, We
included a caffeine-only condition for comparison purposes,
as the effects of caffeine on HR and blood pressure are well
described.' Based on the potential vasoconstrictor properties
of geranamine, we also measured plasma NE and epinephrine
(EPI) in response to treatment. The study involved a single
oral serving of each condition by healthy men and women,
with observation for a 2-hour post-ingestion period.

Materials and Methods

Subjects
Young, healthy, exercise-trained men (n= 5) and women (n=5)
participated in this investigation. All subjects completed a

medical history and physical activity questionnaire in order
to determine eligibility. No subject was a smoker, used
smokeless tobacco products, or had diagnosed cardiovascular
(eg, hypertension) or metabolic disease. Six subjects reported
using caffeine daily through consumption of coffee (n = 5)
or soda (n = 1). The mean intake for these 6 subjects was
estimated at 220 mg per day. Three other subjects reported
occasional use of caffeine through consumption of coffee
or soda (eg, once per week). One subject reported never
using caffeine. Men and women were considered exercise
trained, as they performed combined aerobic and anaerobic
exercise for 6 + 3 and 7 + 3 hours per week, respectively,
for the past several years. Subject descriptive characteristics
are presented in Table 1. A experimental procedures were
performed in accordance with the Declaration of Ilelsinki.
The University of Memphis Human Subjects Committee
approved all experimental procedures (H10-45), and subjects
provided verbal and written consent prior to participating
in this study.

Testing and Conditions

All testing procedures described below were identical for all
5 test days. Subjects reported to the laboratory in a 10-hour
fasted state, and all testing was completed in the morning
hours. The time of testing was matched for subjects for
all conditions. Subjects were instructed to not exercise
for the 24 hours prior to each test day. On arrival to the
laboratory, subjects were asked to void and then rest quietly
for 10 minutes in a seated position. Following this quiet
rest period, HR (via radial artery palpation for 60 seconds
by 2 trained technicians) and systolic blood pressure (SBP)
and diastolic blood pressure (DBP) were measured via
auscultation using a dual earpiece stethoscope, and a blood

Table |, Demographics of Study Participants

Yariable Men Women
Age.y 265 23%3
Height, cm 174+ 4 1677
Weight, kg 88+ |1 73+17
BMI, kg/m? 2943 266
Body fat, % 16%6 24+8
YYaist, cm 90+9 76+ 12
Hip, em 1066 102+ 10
Resistance exercise trainlng, y 8+7 4+3
Resistance exercise, hiwk 5%3 2&1
Aerobic exercise training, y 3+4 33

Aerobic exercise,* hiwk (=4 5t4

Data are mean 1 standard deviation,
*Nao statistically significant differences noted in any variable (P > 0.05) except for hours
per week aeroblc exercise (P = 0.05).
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sample was obtained pre-ingestion. Subjects were then pro-
vided their assigned condition and ingested it in the presence
of an investigator. Heart rate, SBP, and DBP were recorded
again at 30, 60, 90, and 120 minutes post-ingestion. Rate
pressure product (RPP) was calculated as an indication of
myocardial work, using the equation: HR x SBP. Blood
wag again obtained at 60 and 120 minutés post-ingestion.
During and following each condition, subjects were asked
to report any effects that were felt. Subjects rested quietly
during the entire 2-hour period of data collection and con-
sumed no food. However, water was allowed ad libitum and
matched for subjects on the days of testing (mean intake,
517 mL).

The 5 conditions were provided in random order,
using 4 double-blind, crossover design. The conditions
were encapsul‘z‘l.ted, taken with water, and consisted of:
250 mg caffeine (C), 50 mg geranamine (G 50 mg), 75 mg
geranamine (G 75 mg), 250 mg caffeine + 50 mg geranamine
(C + G 50 mg), and 250 mg caffeine + 75 mg geranamine
(C + G 75 mg). The dosages used in the present design are
common for both caffeine and geranamine, as determined via
current dietary supplement product labels and human subject
reports assessed via various internet sites. The geranamine
(1,3-dimethylamylamine HCL) was purchased from Waseta
International Trading Co., Ltd. (Shanghai, China), and the
caffeine (caffeine anhydrous) was purchased from Hi-Tech
Pharmaceuticals, Inc. (Notcross, GA). Certificates of analysis
for each ingredient indicated purity.

It should be noted that no placebo condition was included
in the present design, which may be considered to be a
limitation. However, we justify our omission of a placebo
condition in the following manner. First, we know from our
prior wotk and from the work of others that our measured
variables are very stable in men and women when they are not
receiving an active condition.'' That is, little to no change in
HR or blood pressure is noted when men and women simply
rest quietly in a controlled environment. Second, our main
objective in the present design was to determine the acute
effect of geranamine alone and when combined with caffeine
on HR and blood pressure, and to compute the percent change
from pre-ingestion in these variables. We believe that the
present design adequately provides these data. It should also
be noted that the present design only attempted to investigate
the acute (2-hour) effects of caffeine and geranamine alone or
in combination, and at the dosages provided. Therefore, data
from the present investigation do not provide information
related to the effects of these conditions at times distant to
2 hours post-ingestion, or in regards to dosages less than or

greater than what was provided here. Moreover, our data
relate only to a single ingestion and do not provide clinical
information refated to long-term use of either ingredient alone
or in combination—in particular in regards to the develop-
ment of hypertension over time, It is paossible that attem-
ation in response might be observed following long-term
use, as a “tolerance” to regular treatment may be observed.
This is known to occur in some but not all individuals who
regularly consume caffeine—in terms of selective outcome
measures.” Likewise, a tachyphylaxis has been demonstrated
for gerananiine.?

Blood Collection and Biochemistry

A total of 3 venous blood samples (7 mL per draw) were
taken from subjects’ forearm via needle and Vacutainer® (BD
Diagnostics, Franklin Lakes, NJ). Blood was immediately
processed in a refrigerated centrifuge to obtain plasma (4°C
for 15 minutes at 2000 X g). Plasma samples were then stored
at—70°C. Norepinephrine and EP1 were determined using an
enzyme-linked immunosorbent assay (2-CAT ELISA, BA
10-1500; Rbcky Mountain Diagnostics, Colorado Springs,
CO) following the instructions of the manufacturer (Labor
Diagnostika Nord GmbH & Co., Nordhorn, Germany). In this
competitive ELISA, NE and EPI were extracted by using a
cis-diol—speéiﬁc affinity gel, acylated, and then derivatized
enzymatically. Standards were used to calculate unknown
values of NE and EPI within each plasma sample, and con-’
trols were used to verify assay precision,

Statistical Analysis

Heart rate and blood pressure data were analyzed using a
5 (condition) x 5 (time) analysis of variance (ANOVA).
Analysis of variance was also performed for change from
baseline (pre-ingestion) for HR and blood pressure, and
data are presented in figure format to provide a visual
representation of the overall response for each variable
measured. Epinephrine and NE data were analyzed using a 5
(condition) x 3 (time) ANOVA. Tukey’s post-hoc tests were
performed when necessary. Due to our sinall sample size and
the novelty of this initial work focused on geranamine, no
major attempt was made to detennine sex-specific differences
in the response to treatment. However, we did perform a
correlation analysis (for each condition independently) on
sex, body weight, and the percent change in SBP and DBP
at 60 minutes post-ingestion (the time of peak response for
most conditions). Statistical significance was set at P < 0.05.
The analyses were done using JMP statistical software
version 4.0.3 (SAS Institute, Cary, NC). Data are presented
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at mean * standard error of mean (SEM), except for subject
characteristics, which are presented as mean + standard
deviation (SD).

Results

Subject Comments

All 10 subjects successfully completed all test days. The
conditions were generally well tolerated; however, the fol-
lowing comments were provided by subjects: For C, 1 of
10 subjects reported feeling fatigued. For G 50 mg, 1 of 10
subjects reported feeling cold; 1 of 10 subjects reported feeling
fatigued; and 2 of 10 subjects reported feeling lightheaded.
For G 75 mg, | of 10 subjects reported that his/her nose and
face felt “tingly.” For C+ G 50 mg, 1 of 10 subjects reported
alack of appetite and feeling very “awake.” For C+G 75 mg,
1 of 10 subjects reported feeling lightheaded with somewhat
labored breathing; 1 of 10 slibjects reported that his/her ears
felt “stopped up”; 1 of 10 subjects reported feeling “buzzed”
with some chest tightness; 1 of 10 subjects reported that his/
her nose had “cleared up™ following ingestion.

Heart Rate and Blood Pressure Data

(Absolute and Percent Change)
With regards to absolute data for HR, no interaction
(P=1.00), condition (P =0.95), or time effect (P=0.11) was
noted, with values decreasing slightly following ingestion
of the conditions. Absolute data are presented in Table 2.
Regarding the percent change data for HR (Figure 1), no
interaction effect (P = 0.99) was noted. However, a condition
effect (P = 0.02) was noted, with C + G 50 mg higher than
Cand C+ G 75 mg (P < 0.05). A time effect (P = 0.0004)
was also noted, with 30, 60, 90, and 120 minutes lower than
pre-ingestion (P < 0.05).

With regards to absolute data for SBP, no interaction
effect (P = (.75) was noted. However, a condition effect
(P = 0.0001) was noted, with G 75 mg and C+ G 75 mg

greater than C, and C + G 75 mg greater than G 50 mg
(P < 0.05). A time effect (P < 0.0001) was also noted, with
60, 90, and 120 minutes > 30 minutes and pre-ingestion
(P < 0.05). Absolute data are presented in Table 3. Regarding
the percent change data for SBP (Figure 2), no interaction
effect (P = 0.21) was noted. However, a condi;ion effect
(P < 0.0001) was noted, with G 75 mg and C+ G 75 mg
greater than C; C+ G 75 mg greater than G 50 mgand C+ G
50 mg; and G 75 mg greater than G 50 mg (P < 0.05). A time
effect (P < 0.0001)-was also noted, with 60, 90, and 120 min-
utes greater than 30 minutes and pre-ingestion (P < 0.05).

With regards to absolute data for DBP, no interaction
effect (P = 1.00) or condition effect (P = 0,19) was noted.
However, a time effect (P = 0.0004) was noted, with 60,
90, and 120 minutes greater than pre-ingestion (P < 0.05).
Absolute data are presented in Table 4. Regarding the
percent change data for DBP (Figure 3), no interaction
effect (P = 1.00) or condition effect (P = 0.38) was noted.
However, a time effect (P < 0.0001) was noted, with 60, 90,
and 120 minutes greater than pre-ingestion (P < 0.05).

With regards to absolute data for RPP, no interaction
(P = 1.00) or time effect (P = 0.26) was noted. However, a
condition effect (P = 0.04) was noted, with C+ G 75 mg greater
than C (P < 0.05). Absolute data are presented in Table 5.
Regarding the percent change data for RPP (Figure 4), no
interaction effect (P =0:65) was noted. However, a condition
effect (P < 0.0001) was noted, with G 75 mg, C+ G 50 mg,
and C + G 75 mg greater than C; C + G 50 mg greater
than G 50 mg (P < 0.05). A time effect (P = 0.006) was
also nated, with 120 minutes greater than 30 minutes and
pre-ingestion; 60 minutes was greater than 30 minutes
(P < 0.05).

The correlation analysis indicated a significant negative
correlation between body weight and percentage change in
SBP for G SO0 mg (r=—0.85; P =0.002). No other significant
correlations were noted for any other condition with regards

Table 2. Heart Rate (bpm) Pre- and Post-Ingestion of Caffeine and Geranamine Alone or in Combination

Time Caffeina Geranamine Geranamine Caffeine 250 mg + Caffeine 250 mg +
250 mg 50 mg 75 mg Geranamine 50 mg Geranamine 75 mg

Pre-ingestion 60+3 60+£2 59+3 59+3 62+2

30 min 56+3 56+12 56+2 58+2 ' 58+2

60 min 5543 57+2 563 57+2 563

90 min 5543 563 5643 56+2 5643

120 min 5643 573 57+2 58+%2 57 %3

Data are mean 1 standard error of mean.

No condition x time interaction effect (P = 1.00).

No condition effect (P = 0.95).

No time effect (P =0.11).
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Figure |, Percent change in hearc rate from pre-intake of caffeine and geranamine alone or In combination,
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Data are mean * standard ervor of mean,

No condition X tme interaction effect (P = 0.99).

Condition effect (P=0.02); caffeine 250 mg -+ geranamine 50 mg different than caffaine 250 mg and caffelne 250 mg + geranamine 75 mg (P =0,05).

Time effect (P = 0,0004): 30 min, 60 min, 90 min, 120 min different than pre-ingestion (P << 0.05).

Abbreviations: C, caffeine 250 mg; G 50 mg, geranamine 50 mg; G 75 mg, geranamine 75 mg; C + G 50 mg, caffelne 250 mg + geranamine 50 mg; C + G 75 mg, caffeine
250 mg + geramamine 75 mg. '

Discussion

Data from the present study indicate that oral geranamine
intake by healthy men and women results in an increase in
SBP, DBP, and RPP without impacting HR. This is supported
by observed changes in both absolute (SBP, DBP) and percent
change values (SBP, DBP, RPP). The addition of caffeine
to geranamine (at a dosage of 50 mg) results in an additive

to body weight or sex (P > 0.05). No significant correlations
were noted for body weight or sex, for any condition, in
relation to percentage change in DBP (P > 0.05).

Catecholamine Data
With regards to NE, no interaction (P = 0.99) or condition
effect (P =0.99) was noted. However, a time effect (P=0.01)

was noted, with 60 minutes lower than pre-ingestion and
120 minutes (P < 0.05). For EPI, no interaction (P = 0.59),
condition (P = 0.20), or time effect (P = 0.06) was noted,
but values generally increased at 60 minutes (6%) and
120 minutes (23%) compared with pre-ingestion. Data are

effect on the percent increase in RPP (Figure 4), but does
not increase the response for any other variable, assuming
the same dosage, in a statistically significant manner. The
greatest increase in SBP and DBP is observed between
60 minutes and 90 minutes post-ingestion, in particular

presented in Table 6. with the C + G 75 mg condition, These changes cannot be

Table 3. Systolic Blood Pressure (mm Hg) Pre- and Post-Ingestion of Caffeine and Geranamine Alone or in Combination

Time* Caffeine Geranamine Geranamine Caffeine 250 mg + Caffeine 250 mg +
250 mg 50 mg 15 mg* Geranamine 50 mg Geranamine 75 mg*

Pre-ingestion H7+£3 1214 18 x4 119+ 4 11943

30 min 120 + 4 122+ 4 120+ 3 122+ 4 126 + 4

60 min 122£ 4 128+ 4 1335 131+ 4 143+ 5

%0 min 12243 128 + 4 134 + 4 133+ 4 136 + 4

120 min 1235 1286 £ 4 1324 13244 141 £5

Data are mean £ standard error of mean,

No condition X time interaction offect (P = 0.75),

*Condition sffect (P = 0.0001); geranamine 75 mg and caffeine 250 mg + geranamine 75 mg different than caffeine 250 my; caffelne 250 mg + geranamine 75 mg different
geramamine 50 mg (P < 0.05).

*Thme effect (P < 0.0001): 60, 90, and 120 minutes different than 30 minutes and pre-ingestion (P < 0.05),
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Figure 2, Percent change in systolic blood pressure from pre-intake of caffeine and geranamine alone or In combinadion,
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Darta are mean £ standard error of mean,
No condition X time interaction effect (P = 0.21).

Condidion effect (P < 0.0001); geranamine 75 my and caffelne 250 mg -+ geranamine 75 mg different than caffeine 250 mg; caffeine 250 mg + geramamine 75 mg different
than geranamine 50 my and caffelne 250 mg + garanamine 50 mg: geranamine 75 mg different than geranamine 50 mg (P < 0.05).

Time effece (P < 0.0001); 60, 90, 120 minutes different than 30 minutes and pre-Ingestion (P < 0.05).

Abbreviations: C, caffelne 250 mg; G 50 mg, geranamine 50 mg G 75 mg. geranamine 75 mg: C + G 50 mg, caffeine 250 mg + geranamine 50 mg; C + G 75 mg, caffelne

250 mg + geranamine 75 mg; SBP, systolic blood pressure.

explained by the increase in NE and EP], as the caffeine and
geranamine appear to drive this response directly, as opposed
to indirectly by increasing NE and EP. Finally, there does not
appear to be any significant influence of sex or body weight
on these changes, with a possible exception of body weight
being negatively correlated to the change in SBP following
ingestion of G 50 mg. To our knowledge, these are the first
data in human subjects to describe the effects of oral ger-
anamine intake on HR and blood pressure.

Other studies involving caffeine alone,'s? ag well as
caffeine combined with agents such as yohimbine and PEAY

have noted similar findings for HR, SBP, and DBP as in
the present study. Although we were somewhat surprised
by a decrease in HR with all treatments (when expressed
as a percent change from pre-ingestion), some prior studies
involving caffeine have noted similar findings.?* Based
on the lack of an observed increase in HR, it is likely that
the explanation for the increase in blood pressure involves
an increase in total peripheral resistance and/or an increase
in stroke volume. Indeed, the vasoconstriction effect of
geranamine is supported by Eli Lilly’s trademark application
for Forthane™, which states “vasoconstrictor preparation.”

Table 4. Diastolic Blood Pressure (mm Hg) Pre- and Post-Ingestion of Caffeine and Geranamine Alone or in Combination

Time* Caffeine Geranamins Geranamina Caffeine 250 mg + Caffeine 250 mg +
250 mg 50 mg 75 mg Geranamine 50 mg Geranamine 75 mg

Pre-ingestion 70+3 69£4 70+ 4 683 UET ’

30 min 74+ 4 7514 762 7543 77%3

60 min 76+3 764 77%3 76£3 . 833

90 min 763 764 79%3 78%3 71£3

120 min 753 7744 78%3 77+3 804

Data are mean + standard error of mean,

No condition X time Interaction effect (P= 1.00).

No condition effect (P =0.19).

*Time effect (P = 0.0004); 60, 30, and 120 minutes different than pre-Ingestion (P < 0.05).
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Figure 3, Percent change In diastolic blood pressure from pre-intake of caffeine and geranamine alone or in combination.
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Data are mean * standard error of mean.

No condition x time interaction effect (P = 1.00).

No condition effect (P = 0.38).

Time effect (P < 0.0001); 30, 60, 90, and 120 min different than Pre (P < 0.05).

Abhbreviations: C, caffaine 250 mg; G 50 mg, geranamine 50 mg; G 75 mg, geranamine 75 mg; C + G 50 myg, caffeine 250 mg + geranamine 50 mg: C + G 75 myg, calfeine

250 mg + geranamine 75 mg; DBP, diastolic blood pressurs.

It is well accepted that an increase in catecholamine hor-
mones inay promote an increase in both vasoconstriction and
cardiac contractility (promoting the above-mentioned effects).
However, the greatest increase in NE and EPI was noted
with caffeine intake alone, which was also associated with
the smallest increase in blood pressure. Therefore, other
mechanisms aside from circulating catecholamines must
be responsible for our findings. This is likely mediated by a
direct effect of geranamine on SBP as opposed to an indirect
effect mediated by increasing NE and EPL. Although it has
been reported that geranamine is less active than EPI in
elevating blood pressure in animals,’ the comparative effects
in human subjects is unknown. Aside from a direct effect of

geranamine, it is possible that an increase in sympathetic
nervous system activity could be observed, irrespective
of circulating catecholamines. Finally, it is also possible
that catecholamine secretion at times other than 60 and
120 minutes post-ingestion could have influenced our
findings. For example, we noted the peak increase in both
SBP and DBP between 60 and 90 minutes post-ingestion,
but we also measured blood NE and EPI at 60 minutes post-
ingestion. Perhaps NE and EPI were peaking at times prior to
the 60-minute post-ingestion measure, and hence mediating
the increase in SBP and DBP observed at the 60-minute
post-ingestion time. Considering our limited blood sampling,
this possibility cannot be ruled out, Future studies attempt-

Table 5. Rate Pressure Product Pre- and Post-Ingestion of Caffeine and Geranamine Alone or in Combination

Time Caffeine Geranamine Geranamine Caffeine 250 mg + Caffeine 250 mg +
250 mg 50 mg 75 mg Geranamine 50 mg Geranamine 75 mg*

Pre-ingestion 7015+ 376 7294 + 459 6996 376 6993 + 443 73561 380

30 min 6817 £ 472 6824 1 406 6776 +338 71224433 7271 £ 375

60 min 6669 + 381 7348 1 349 7539 % 489 7427 + 401 7995 1 338

90 min 6770 + 426 7157 £355 . 7492 1385 7420 % 355 7595 + 254

120 min 6897 + 443 7247 £ 331 7567 1366 7688 + 496 7929 + 387

Data are mean * standard error of mean.
No conditlon X time interaction effect (P = [.00).

*Condition effect (P = 0.04); caffeine 250 mg + geranamine 75 mg different than caffeine 250 mg (P < 0.05).

No time effect (P = 0.26).
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Figure 4. Percent change in rate pressure product from pre-Intake of caffeine and geranamine alone or in combination,
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Daa are mean t standard error of mean.
No condition X time interaction effect (P = 0.65),

Condition effect (P < 0.0001); geranamine 75 mg, caffeine 250 mg + geranamine 50 mg,

250 mg + geramamine 50 mg different than geranamine 50 mg (P < 0.05).

and caffeine 250 mg + geramamine 75 g is different than caffeine 250 mg; caffeine

Time effece (P = 0.006); 120 min different than 30 min and Pre; 60 min different than 30 min (P < 0.05).
Abbraviations: C, caffeine 250 mg; G 50 mg, geranamine 50 mg: G 75 mg, geranamine 75 mg; C + G 50 mg, caffeine 250 myg + geranamine 50 mg; C + G 75 mg, caffeine

250 mg + geramamine 75 mg; RPP, rate pressure product.

ing to describe the mechanistic effects of geranamine in
relation to blood pressure may consider multiple and frequent
sampling times for a more complete analysis of circulating
catecholamines,

Inthe lay press, ithasbeen suggested that geranamine may
have similar functional properties as ephedrine. Ephedrine
has been studied previously and noted to exhibit mixed results
in terms of HR and blood pressure, with most work indicating

a moderate increase in these variables.? 2 For example, a
study by Haller et al*” noted an increase in SBP of 14 mm Hg
at 90 minutes post-ingestion with a combination of caffeine
(200'mg) and ephedrine alkoloids (20 mg).?” Interestingly,
the HR peaked by 15 beats per minute above baseline at
6 hours post-ingestion. This is an important consideration
in relation to the present data, as we ceased measurement
at 2 hours post-ingestion. Although it is possible that HR,

Table 6. Plasma NE and EPI Pre- and Post-Ingestion of Caffeine and Geranamine Alone or In Combination

Time Caffeine Geranamine Geranamine Caffaine 250 mg + Caffeine 250 mg +
250 mg 50 mg 75 mg Geranamine 50 mg Geranamine 75 mg
NE (pg:mb)
Pre 306 * 34 33947 328+ 46 327 £ 46 321 £ 41
60 min® 254 + 32 267 132 275+ 49 272 +£37 293 + 41
120 min 383 + 44 33540 340+ 49 338+38 340+ 27
EP{ (pg-mL™")
Pre 51+8 72+ 10 70+8 47 %9 718
60 min 56+8 63112 739 69110 71+9
120 min 84+7 - 80t 12 83 %11 6010 77100
Data are mean  standard error of mean,
No condition X time Interaction effect for NE (P = 0.99) or EPI (P = 0.59).
No condition effect for NE (P = 0.99) or EPI (P = 0.20).
‘Time effect for NE (P = 0.01); 60 min lower than pre-ingesclon and 120 min (P < 0.05).
No time affect for EP{ (P = 0.06).
Abbraviations: EPI, epinephrine; NE, norepinephrine.
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SBP, or DBP could have been increased at times beyond our
2-hour post-ingestion period, percent change data presented
in Figures I to 3 indicate that values (for the most part) were
stable or returned toward baseline by 120 minutes. Indeed,
future work is needed to determine the longer-term effects of
geranamine alone and in combination with caffeine on HR
and blood pressure. Investigators interested in this area of
research are encouraged to pursue additional studies, as very
few data are currently available pertaining to this ingredient,
despite its widespread use.

Of potential concern in relation to our findings for
geranamine is the increase in blood pressure in response
to treatment, in particular at a dosage of 75 mg. Even when
combined with 250 mg of caffeine, a dosage of 50 mg of
geranamine did not result in as significant an increase in
SBP, and a similar increase in DBP, as compared with
75 mg of geranan‘i'ine alone (when presented as percent
change from pre-ingestion; Figures 2, 3). This finding for
geranamine was rather uniform, although the magnitude
of effect varied across subjects, which is typical for many
nutrients and drugs. Although acute ingestion of geranamine
does appear to increase blood pressure, it should be made
clear that data from this study do not provide us with the
needed evidence to comment on the effect of chronic ger-
anamine ingestion with regards to blood pressure elevation.
That is, at present there is no evidence to indicate that
routine use of this agent results in hypertension. This is
underscored by the reported tachyphylaxis for this agent.?
Despite this, based on the acute elevation in blood pressure
observed following intake of geranamine by healthy men
and women, it would likely be prudent for individuals with
known hypertension to avoid use of this agent. Additional
work is needed to determine the potential impact of regular
geranamine ingestion on HR and blood pressure over time,
in addition to the clinical relevance that any noted changes
in these variables might have.

Conclusion

We report for the first time that acute oral geranamine intake
by healthy men and women results in a significant increase
in blood pressure, without impacting HR. The effect appears
dose dependent, in particular for SBP, with a greater increase
at 75 mg compared with 50 mg. The addition of caffeine to
geranamine (at a dosage of 50 mg) increases the percent
change from pre-ingestion in RPP, but does not influence
other variables in a statistically significant manner. The
changes in HR and blood pressure cannot be explained by cir-
culating NE and EPI. Future studies are needed to determine

what, if any, change in resting HR and blood pressure may
be noted with chronic ingestion of geranamine.
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Effect of Caffeine and 1,3-DimethylamYIamine on Exercise
Performance and Blood Markers of Lipolysis
and Oxidative Stress in Trained Men and Women

Richard J. Bloomer, Cameron G. McCarthy, Tyler M. Farney,.and innocence C. Harvey

Background: Caffeine is one of the most widely used ergogenic aids worldwide. Recently, caffeine has been com-
bined with 1,3-dimethylamylamine (1,3-D) in an attempt to improve exercise performance and related variables.
We investigated the effect of caffeine and 1,3-D alone and in combination on exercise performance and blood
markers of lipolysis and oxidative stress.

Methods: Twelve exercise-trained subjects ingested placebo, caffeine (4mg-kg™),1,3-D (1 mg-kg™"), or caffeine +
1,3-D, 60 minutes before completing a 10km run. Blood was collected before intake, immediately pre-exercise,
and at 5 and 30 minutes postexercise. Samples were analyzed for glycerol, free fatty acids (FFAs), malondialde-
hyde, nitrate/nitrite, and trolox equivalent antioxidant capacity (TEAC).

Results: Run time (minutes) was not different for placebo (52.55+1.96), caffeine (52,00 +1.88), 1,3-D (52.02 1.86),
or caffeine+ 1,3-D (52.46 +1.94) (p>0.05). Glycerol and FFA were higher 5 and 30 minutes postexercise compared
with pretreatment and pre-exercise (p <0.05). A condition effect was noted for glycerol (p=0.01), with higher val-
ues for 1,3-D compared with caffeine + 1,3-D (p <0.05). A condition effect was noted for TEAC (p=0.0001), with
higher values for placebo compared with caffeine and caffeine+ 1,3-D, and higher values for 1,3-D compared
with caffeine (p<0.05). No other effects were noted for any measured variable (p>0.05).

Conclusion: We report for the first time that caffeine+ 1,3D does not improve exercise performance as measured
by run time. Isolated ingestion of 1,3-D results in the greatest increase in postexercise glycerol and FFA. Caffeine

or 1,3-D alone or in combination does not differently affect oxidative stress biomarkers.

Introduction

CAFFEINE IS ARGUABLY one of the most widely used ergo-
genic aids in the world’—included within hundreds of
different encapsulated, pilled, and powdered dietary supple-
ments. One recent addition to the ergogenic supplement cat-
egory is a component of the Pelargonium graveolens plant
(1,3-dimethylamylamine [1,3-D]),> which has anecdotally
been noted to possess a powerful stimulatory effect. The com-
bination of caffeine and 1,3-D is becoming increasingly pop-
ular among athletes due to the potential for performance
enhancement, as well as related effects. Specifically, caffeine
has been described as a lipolytic agent,> allowing for the re-
lease of free fatty acids (FFAs) from storage depots. However,
data pertaining to the lipolytic effects of caffeine are mixed,
with some studies reporting no increase in lipolysis after caf-
feine ingestion®” or a derivative of caffeine.® The literature
pertaining to the use of 1,3-D is scant; however, this agent
is a simple aliphatic amine that functions as a norepinephrine
reuptake inhibitor and/or norepinephrine releasing agent.’
Based on these effects, 1,3-D may lead to enhanced hormone

sensitive lipase activity, ultimately allowing for the release of
FFA to undergo oxidation for energy production purposes.’

Apart from the potential lipolytic effects of these agents,
both caffeine and 1,3-D appear to enhance focus and attention
during exercise. Although scientific evidence is available to
support this effect for caffeine,’'? only anecdotal reports
are available for 1,3-D. Considering what has been just stated,
the combination of these two agents may aid exercise perfor-
mance due to a potential lipolytic effect, thus allowing for in-
creased FFA to be available as a fuel source during moderate
duration exercise, potentially sparing muscle glycogen, while
also enhancing focus during training.

Beyond what has been just stated, evidence from nonexer-
cising humans indicates that caffeine may provide antioxidant
benefits, "> thus potentially attenuating oxidative stress, This
antioxidant effect has also been noted for 1,3-D.5 The im-
provement in antioxidant status may be attractive to exercise
enthusiasts, as increased oxidative stress is often noted in
response to strenuous physical work.’® It is possible that
the use of caffeine and 1,3-D alone or in combination may
serve to minimize the oxidative stress resulting from an
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acute bout of strenuous exercise. To date, no studies have de-
termined this.

Although both 1,3-D and caffeine are known to acutely
elevate blood pressure,'” caffeine has also been noted to in-
duce vasorelaxation by stimulating the production of nitric
oxide.'® Collectively considering the above, we investigated
the effect of caffeine and 1,3-D on exercise performance and
blood markers of lipolysis and oxidative stress in a sample
of exercise-trained men and women. We also measured
plasma nitrate/nitrite (NOx) and hemodynamic variables
before and after treatment with these agents.

Materials and Methods
Subjects

Young and healthy, exercise-trained men (n=6) and
women (1=6) participated in this investigation. All subjects
completed a medical history and physical activity question-
naire to determine eligibility for participation. No subject
was a smoker or had diagnosed cardiovascular (e.g., hyper-
tension) or metabolic disease. All subjects were regular run-
ners. Three subjects reported using caffeine daily, through
consumption of coffee or espresso (n=2), or green tea
(n=1). The mean daily caffeine intake for these subjects was
230mg-day ™. Three subjects reported using coffee infre-
quently throughout the week. Subjects’ heart rate and blood
pressure, height, weight, waist and hip circumference, and
skinfold thickness (seven site) for estimation of body fat per-
centage were measured and used to describe the subjects.
These descriptive characteristics, including exercise training
history, are presented in Table 1. After screening procedures,
the subjects performed a 3 km familiarization run on an out-
door track—that used for the experimental test days. All ex-
perimental procedures were performed in accordance with
the Helsinki Declaration. The University of Memphis
Human Subjects Committee approved all experimental pro-
cedures (F10-49), and subjects provided verbal and written
consent before participating in this study.

Testing

All testing procedures described next were identical for all
four test days. Subjects reported to the laboratory in a 10
hours fasted state, and all testing was completed in the
moming hours (0500-0900). The time of testing was matched

TaBLE 1. CHARACTERISTICS OF 12 EXERCISE-TRAINED SUBJECTS

Variable Value
Age (years) 21.94+29
Height (cm) 17321107
Weight (kg) 67.6+11.9
Body mass index (kg-m~%) 224125
Body fat (%) 15.6+7.8
Waist (cm) 72.7+6.8
Hip (cm) 96.8+4.8
Waist:Hip 0.75+:0.04
Years of anerobic exercise training 45+28
Hours per week of anerobic exercise 3.0£1.6
Years of aerobic exercise training 52+37
Hours per week of aerobic exercise 63+43

Data are mean t standard deviation.
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for subjects for all four conditions. Subjects were instructed
not to exercise for the 24 hours before each test day. On ar-
rival to the laboratory, the subjects were asked to void and
then rested quietly for 10 minutes in a seated position,

‘After this, the subjects’ heart rate (HR: via radial artery pal-

pation for 60 seconds by two trained technicians) and sys-
tolic (SBP) and diastolic (DBP) blood pressure (via
auscultation using a dual earpiece stethoscope) were mea-
sured, Rate pressure product (RPP) was calculated as an in-
dication of myocardial work by using the equation:
HRXSBP. A blood sample was then collected. Subjects
were then provided their assigned condition and ingested
this in the presence of an investigator. After the ingestion
of the assigned condition, the subjects rested for 60 minutes
and then began the exercise bout. Before starting the exercise
bout, HR and blood pressure were measured, and a blood
sample was collected. This same collection (HR, blood pres-
sure, and blood) was repeated at 5 and 30 minutes postexer-
cise., Subjects consumed no food during the entire testing
period; however, water was allowed ad libitum and matched
for subjects on the days of testing.

The exercise bout consisted of a 10 km run on an outdoor
track. For all bouts, subjects were encouraged to complete
the run as quickly as possible. HR was monitored by using
a HR monitor. The Borg (6-20) scale of exertion was used to
allow subjects to indicate their level of perceived work. Sub-
jects were also asked to rate their overall mood/vigor by
using a 0-10 point scale. HR, perceived exertion, and
mood/vigor were recorded at the end of each 2km period.
At the end of exercise, run time was recorded, and the sub-
jects returned to the lab for the postexercise measures. It
should be noted that the walk from the track to the lab is es-
timated to be <150 feet, Test days were separated by 1 week.
The environmental conditions for each test day were
recorded and noted to be very good for running. For example,
starting run temperatures ranged- from 44°F to 68°F, with
mostly clear skies on all test days and wind noted only on
three of the 18 days on which the subjects ran.

Conditions

Conditions were received in a random order by using a
double-blind design: placebo (30 g of carbohydrate); caffeine
(30g of carbohydrate +caffeine at 4mg-kg body mass™);
1,3-D (30 g of catbohydrate+ 1,3-D at 1 mg-kg body mass™Y);
or caffeine+ 1,3-D (30g of carbohydrate+ caffeine at
4mg-kg body mass™! and 1,3-D at 1mg kg body mass™?).
The dosage of caffeine used in the current design was based
on previous studies using caffeine for an ergogenic benefit—
in particular, one study using caffeine at a dosage of 3mg-kg
body mass™ and noting an improvement in 8km run perfor-
mance.'® However, it should be noted that many studies have
used caffeine at a dosage >4 mg-kg body mass™'.*** Our use
of a relatively low dosage of caffeine was based on our inclu-
sion of 1,3-D in the current design, and our concern over exces-
sive stimulation with higher dosing. The dosage of 1,3-D was
based on anecdotal reports of individuals using this ingredient,
coupled with a review of nutritional panels of dietary supple-
ments containing this ingredient.

The 1,3-D (1,3-dimethylamylamine HCL) was purchased
from Waseta International (Shanghia, China), and the caffeine
(caffeine anhydrous) was purchased from Hi Tech
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TaBLE 2. D1ETARY DATA OF EXERCISE-TRAINED SUBJECTS RECEIVING PLACEBO, CAFFEINE, 1,3-DIMETHYLAMYLAMINE,
OR CAFFEINE+ 1,3-DIMETHYLAMYLAMINE

Variable Placebo Caffeine " 1,3-Dimethylamylamine Caffeine+ 1,3-dimethylamylamine
Kilocalories 23584209 2083212 2294 £247 2070+238

Protein (g) 104+14 100£13. 109417 97+17
Carbohydrate (g) 329438 331+44 320+45 283142

Fat (g) 7748 74%11 69+10 66+10.

Vitarhin C (mg) 9031 90428 96425 81+21

Vitamin E (mg) 7+4 1245 - 9%3 7+2

Vitamin A (RE) 417 +146 5514164 6434191 4634135

Data are meantSEM. No statistical difference was noted between conditions in kilocalories (p=0.94), protein (p=0.76), carbohydrate
(p=0.91), fat (p=0.44), vitamin C (p=0.99), vitamin E (p=0.77), or vitamin A (p=0.92).

RE, retinol equivalents; SEM, standard error of the mean.

Pharmaceuticals, Inc. (Norcross, GA). Certificates of analysis
for each ingredient indicated purity. All conditions were
mixed into 500mL of water and, the beverage was fruit-
punch flavored. The carbohydrate source was maltodextrin,
and our dosage of 30 g was selected to provide 120kcal, an
amount similar to what is provided within many commonly
consumed sport drinks.

Blood collection and biochemistry

A total of four venous blood samples were taken from sub- -
jects’ forearm veins via needle and Vacutainer®, Blood for col-

lection of serum was allowed to clot for 30 minutes at room
" temperature and then processed in a refrigerated centrifuge

(4°C for 15 minutes at 1500g). Blood for collection of plasma -

was immediately processed in a refrigerated centrifuge (4°C
for 15 minutes at 1500g). Samples were stored in multiple al-
iquots at —70°C. Glycerol was analyzed in plasma by using
the Free Glycerol Determination Kit (FG0100) and Glycerol
Standard (G7793), following the manufacturer’s instructions
(Sigma Aldrich). FFAs were analyzed in plasma by'using
the Free Fatty Acid Quantification Kit (K612-100), following
the manufacturer’s instructions (BioVision). As a measure of
lipid peroxidation, malondialdehyde (MDA) was analyzed
in plasma by following the procedures of Jentzsch et al,
using.?* reagents purchased from Northwest Life Science Spe-
cialties (Vancouver, WA). As a surrogate measure of nitric
oxide, NOx was analyzed in plasma by using a commercially
available colorimetric assay kit (Cayman Chemical, Ann
Arbor, MI) according to the procedures provided by the man-
ufacturer. Antioxidant capacity was analyzed in serum by
using the trolox equivalent antioxidant capacity (TEAC)
assay using procedures outlined by the reagent provider
(Sigma Chemical, St. Louis, MO). All samples were analyzed
on first thaw.,

Dietary records

All subjects were instructed to maintain their normal diet dur-
ing the study period and to record all food and drink consumed

.during the 24 hours before each test day. Records were reviewed

with each subject for accuracy and then analyzed using Food
Processor SQL, version 9.9 (ESHA Research, Salem, OR).

Statistical analysis

Exercise performance and dietary data were analyzed by
using an analysis of variance (ANOVA). All other data were an-

.alyzed by using a 4 (condition) x4 (time) ANOVA. Tukey post

hoc tests were performed when necessary. Statistical significance
was set at p<0.05. The analyses were done using JMP statistical
software (version 4.0.3, SAS Institute, Cary, NC). Data are pre-
sented as mean *standard error of the mean, except for subject
characteristics that are presented as mean +standard deviation.

" Results

All subjects successfully completed all test days. The condi-
tions were generally well-tolerated; however, the combina-

. tion of caffeine+-1,3-D resulted in-extreme feelings of

euphoria in many subjects, some of whom claimed that
their exercise performance may have been better if not receiv-
ing the condition: Dietary data during the day before each test
day were not different between conditions (p>0.05). Data are
presented in Table 2. '

Performance data

With regard to the performance data, run time (p=0.99),
perceived exertion (p=0.71), mood/vigor (p=0.41), and
HR (p=0.91) were not different between conditions. Data
are presented in Table 3.

TABLE 3. RUN TIME, PERCEIVED EXERTION, MOOD/VIGOR, AND. HEART RATE OF EXERCISE-TRAINED SUBJECTS RECEIVIN
Praceso, CAFFEINE, 1,3-DIMETHYLAMYLAMINE, OR CAFFEINE+ 1,3-DIMETHYLAMYLAMINE :

Variable Placebo Caffeine 1,3-Dimethylamylamine  Caffeine+ 1,3-dimethylamylamine
Run time (minutes) 52554196  52.00+1.88 52.02+1.86 52.46+1.94
Perceived exertion (6-20 scale) 13.70+047 . 14.17£0.36 13.93+0.65 14,46 +0.40
Mood/vigor (0~10 scale) 5.02+0.31 5.10+0.41 5.57£0.50 4.581.0.39
Heart rate (bpmy) 180.61+3.23  178.53+3.94 181.83+2.84 179.43+3.62

Data are mean*SEM. No statistical difference was noted between conditions in run time (p=0.99), perceived exertion (p=0.71), mood/

vigor (p=0.41), or heart rate (p=0.91). Perceived exertion, mood /vigor, and heart rate were recorded every 2kin, Data were averaged across
all times for each subject, and mean data are presented in the table.
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Biochemical data

With regard to the biochemical data, results were as fol-
lows. For glycerol, a condition effect was noted (p=0.01),
with 1,3-D greater than caffeine+ 1,3-D (p <0.05). A time ef-
fect was noted (p <0.0001), with 5 minutes postexercise and
30 minutes postexercise greater than pretreatment and pre-
exercise; 5 minutes postexercise >30 minutes postexercise
(p<0.05). No conditionxtime interaction was noted
(p=0.23); however, values were highest for 1,3-D and lowest
for caffeine+ 1,3-D at the 5 and 30 minutes postexercise
times. For FFA, no condition effect was noted (p=0.06). A
time effect was noted (p <0.0001), with 5 minutes postexer-
cise and 30 minutes postexercise greater than pretreatment
and pre-exercise; pretreatment greater than pre-exercise;
and 5 minutes postexercise >30 minutes postexercise
(p<0.05). No conditionxtime interaction was noted
(p=0.14); however, values were highest for 1,3-D at the 5
and 30 minutes postexercise times. Data for glycerol (A)
and FFA (B) are presented in Figure 1.

For MDA, no condition (p=0.84), time (p=0.83), or condi-
tion x time interaction effect wasnoted (p=0.98). For NOx, no
condition (p=0.16), time (p=0.91), or condition x time inter-
action effect was noted (p=0.99). For TEAC, a condition ef-
fect was noted (p=0.0001), with placebo greater than
caffeine and caffeine+ 1,3-D; 1,3-D greater than caffeine
(p <0.05). No time (p=0.10) or condition x time interaction ef-
fect was noted (p=0.96). Data for MDA (A), NOx (B), and
TEAC (C) are presented in Figure 2.

Hemodynamic data

With regard to the hemodynamic data, results were as fol-
lows. For HR, a condition effect was noted ( p=0.02), with caf-
feine+ 1,3-D greater than 1,3-D (p<0.05), A time effect was
noted (p<0.0001), with 5 minutes postexercise and 30 min-
utes postexercise greater than pretreatment and pre-exercise
(p<0.05). No conditionxtime interaction was noted
(p=0.94). For SBP, a condition effect was noted (p<0.0001),
with caffeine and 1,3-D greater than placebo and caffeine+
1,3-D (p<0.05). A time effect was noted (p<0.0001), with
pre-exercise and 5 minutes postexercise greater than pretreat-
ment and 30 minutes postexercise (p<0.05). A condi-
tionx time interaction was also noted (p<0.0001). For DBP,
a-condition effect was noted (p=0.03), with 1,3-D greater
than caffeine+ 1,3-D (p<0.05). A time effect was noted
(p<0.0001), with pre-exercise greater than all other times
(p<0.05). No conditionxtime interaction was noted
(p=0.23). For RPP, no condition effect was noted (p=0.33).
A time effect was noted (p <0.0001), with pretreatment less
than all other times; 5 minutes postexercise and 30 minutes
postexercise greater than pre-exercise; and 5 minutes post-
exercise >30 minutes postexercise (p<0.05), No condition X
time interaction was noted (p=0.95). Data are presented in
Table 4.

Discussion

Data from the current investigation indicate that (1) in-
gestion of caffeine or 1,3-D alone or in combination does
not improve exercise performance as measured by run
time; (2) ingestion of 1,3-D results in the greatest increase
in postexercise glycerol and FFA concentrations; (3) caffeine
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FIG.1. Plasma glycerol (A)and free fatty acids (B) of exercise-
trained subjects receiving placebo, caffeine, 1,3-dimethyla-
mylamine, or caffeine+ 1,3-dimethylamylamine. Glycerol:
*A condition effect was noted (p=0.01); 1,3-D> caffeine +
1,3-D (p<0.05). *A time effect was noted (p<0.0001); 5 min-
utes postexercise and 30 minutes postexercise > pretreatment
and pre-exercise; 5 minutes postexercise >30 minutes postex-
ercise (p<0.05). No conditionxtime effect was noted
(p=0.23). Free fatty acids: No condition effect was noted
(p=0.06). **A time effect was noted (p<0.0001); 5 minutes
postexercise and 30 minutes postexercise > pretreatment and
pre-exercise; pretreatment > pre-exercise; and 5 minutes post-
exercise>30 minutes postexercise (p<0.05). No condi-
tion x time effect was noted (p=0.14).

or 1,3-D alone or in combination does not differently effect
oxidative stress biomarkers pre- or postexercise; and (4) caf-
feine and 1,3-D alone increase SBP. This is the first study to
investigate the effect of 1,3-D alone and in combination
with caffeine on exercise performance and related variables.
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Our outcome of greatest interest in this investigation was
that of exercise performance (run time), We noted no statisti-
cally significant effect of condition on run time, although
times for both caffeine and 1,3-D were approximately 30 sec-
onds lower than for placebo (Table 3). Although not statisti-
cally different, it is possible that such a subtle difference in
run time might prove beneficial in competition. It is also pos-
sible that these ingredients may benefit performance during
other exercise challenges (e.g., resistance exercise). Additional
work is needed to determine this.

The combination of caffeine+ 1,3-D did not result in as fa-
vorable of an outcome with regard to run time as compared
with the two agents alone. We believe that the dosage of
each agent was too high when delivered in combination, as
many subjects reported feeling too euphoric before and dur-
ing the exercise bout. Perhaps a lower dosage would have
yielded more positive results. Our findings of no significant
improvement in exercise performance for caffeine compared
with placebo agree with several reports®=% however, they
are in conflict with others.>'922134 Multiple factors are
likely involved in the discrepancy across studies, including
caffeine dosage, the combination of caffeine with other die-
tary nutrients and stimulants, the inclusion of a pre-exercise
meal, the type of exercise test being performed, the time of
day of the exercise test relative to subjects’ usual exercise
time, where the exercise test is being performed, climatic tem-
perature and conditions (assuming outdoors), and training
status of subjects.

Beyond the measure of run time, no other performance-
related measure was different between conditions (perceived
exertion, mood/vigor, and HR). In support of subjects’ com-~
ments, the combination of caffeine + 1,3-D yielded the highest
perceived exertion and the lowest mood/vigor. Again, it is
likely that the combined dosage of these two agents was sim-
ply too high, and subjects did not tolerate this condition
well. Future work should seek to determine whether a
lower dosage of each agent would result in a more favorable
response—as has been frequently cited in anecdotal reports
using a combination of these two agents. In agreement with
the pre- and postexercise measure of HR, the exercise HR
data were not different for caffeine or 1,3-D alone or in com-
bination, as compared with placebo. These findings confirm
that the treatment dosages used in the current study do not
cause an exercise-induced exacerbation in HR.,

As expected, we noted an increase in both glycerol and
FFA in response. to exercise (Fig. 1). These findings are well
suppotted by the exercise literature, in particular with regard

<4—

FIG. 2. Plasma malondialdehyde (A), nitrate/nitrite (B), and
trolox equivalent antioxidant capacity (C) of exercise-trained
subjects receiving placebo, caffeine, 1,3-dimethylamylamine,
or caffeine+ 1,3-dimethylamylamine. Malondialdehyde: No
condition effect was noted (p=0.84). No time effect was
noted (p=0.83). No conditionxtime effect was noted (p=
0.98). nitrate/nitrite; No condition effect was noted (p=
0.16). No time effect was noted (p=0.91). No condition x time
effect was noted (p=0.99). Trolox equivalent antioxidant ca-
pacity: *A condition effect was noted (p=0.0001); place-
bo> caffeine and caffeine+ 1,3-D; 1,3-D > caffeine (p<0.05);
No time effect was noted (p=0.10). No condition x time effect
was noted (p=0.96).
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TaBLE 4.
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HeMopynamic DaTa or EXErcise-TRAINED SuBjeECTS RECEIVING PrAcEBO, CAFFEINE,

1,3-DIMETHYLAMYLAMINE, OR CAFFEINE+ 1,3-DIMETHYLAMYLAMINE

Heart Systolic blood Diastolic blood Rate pressure

Variable rate (bpm) pressure (mmHg) pressure (mmHg) product
Placebo

Pretreatment 5713 113+1 64+3 6394 1+289
Placebo

Pre-exercise 60+2 12143 67+3 7202 +£286
Placebo

5 minutes postexercise 109+3 12643 64+2 13,711 +£505
Placebo

30 minutes postexercise 85+4 11243 67+2 9543 +532
Caffeine

Pretreatment 59+2 113+2 65+2 6670+259
Caffeine

Pre-exercise 59+2 140+3 755 82654339
Caffeine

5 minutes postexercise 104+6 1414 65+3 14,596 £939
Caffeine

30 minutes postexercise 79+5 125+4 65+3 99134696
1,3-D

Pretreatment 55+2 11343 66+2 61751247
1,3-D

Pre-exercise 5342 15045 81+£3 80334420
1,3-D

5 minutes postexercise 100+5 147 +4 6613 14,787 £944
1,3-D

30 minutes postexercise 7814 128+4 6943 10,014 £725
Caffeine+ 1,3-D

Pretreatment 58+3 117+£3 63+2 6845 +417
Caffeine+ 1,3-D

Pre-exercise 62+3 12042 6713 73511340
Caffeine+ 1,3-D

5 minutes postexercise 1125 126+3 61+£2 14,181 £780
Caffeine+ 1,3-D

30 minutes postexercise 8343 111+3 69+3 92561438

Data are mean SEM. Heart rate: Condition: p=0.02; caffeine+ 1,3-D>1,3-D (p <0.05). Time: p <0.0001; 5 minutes postexercise and 30 min-
utes postexercise> pretreatment and pre-exercise (p <0.05). Condition x Time: p=0.94. Systolic blood pressure: Condition: p < 0.0001; caffeine and
1,3-D> placebo and caffeine+ 1,3-D (p <0.05). Time: p <0.0001; pre-exercise and 5 minutes postexercise > pre-treatment and 30 minutes post-
exercise (p<0.05). ConditionxTime: p<0.0001. Diastolic blood pressure: Condition: p=0.03; 1,3-D> caffeine+ 1,3-D (p<0.05). Time:
p<0.0001; pre-exercise > all other times ( p < 0.05). Condition X Time: p=0.23. Rafe pressure product: Condition: p=0.33. Time: p <0.0001; pretreat-
ment<all other times; 5 minutes postexercise and 30 minutes postexercise > pre-exercise; 5 minutes postexercise>30 minutes postexercise

(p <0.05). Condition x Time: p=0.95.
1,3-D,-1,3-dimethylamylamine,

to aerobic exercise®>*% However, we found no interaction

effects for either glycerol or FFA, with a relatively similar re-
sponse curve noted for all conditions. Some studies using caf-
feine as a lipolytic agent have noted increased lipolysis at
rest®®” and with exercise.®®*®? However, others have
not, 226353839 egsentially corroborating our findings or little
difference between the caffeine and placebo conditions either
pre- or postexercise.

A condition effect was noted for glycerol, with 1,3-D exhib-
iting the greatest increase postexercise—statistically higher
than the combination of caffeine+ 1,3-D. The same general
finding was noted for FFA, with 1,3-D demonstrating the
highest overall values; however, the condition effect failed
to reach significance (p=0.06). Interestingly, the combination
of caffeine+ 1,3-D demonstrated the lowest values for both
glycerol and FFA, which somewhat helps explain the low-
performance-related findings. Based on the assumed lipolytic
properties of both caffeine and 1,3-D, we do not have a clear

explanation as to why both glycerol and FFA concentrations
were lowest in the combined condition—although this may
be related to the hormonal response to treatment, For exam-
ple, if a hormone such as insulin was elevated to a greater ex-
tent with the combined treatment, then this may help explain
our findings for lower FFA and glycerol, as elevations in insu-
1in®® are known to suppress fatty acid release and oxidation.
Of course, we have no evidence to support this hypothesis, in
particular when considering that greater insulin release is not
observed with caffeine intake alone.*! Clearly, neither caf-
feine or 1,3-D alone resulted in an impairment in FFA and
glycerol release (Fig. 1). Therefore, if our hypothesis just sta-
ted were confirmed, then there would need to be some syn-
ergy between the two freatments to promote this
suppression in response.

The increase in glycerol and FFA with 1,3-D may be sup-
ported by the physiological effect of this agent as a norepi-
nephrine releasing agent or norepinephrine reuptake
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inhibitor. It is well described that norepinephrine has an effect
on lipolysis,* which seems to occur via activation of hormone
sensitive lipase, as well as through hormone sensitive lipase
translocation from the cytosol to the lipid droplets within
fat cells.’® As just discussed, the reason that the addition of
caffeine to the 1,3-D did not enhance this effect, but rather
inhibited this effect, remains to be determined.

Despite some literature suggesting a potential antioxidant
effect of caffeine’®* and 1,3-D,™ we did not observe anything
different in either MDA or NOx between conditions pre- or
postexercise. However, it should be noted that the exercise
itself did not result in an increase in these measures, thus
making it difficult to detect any potential antioxidant benefit
of either agent. As has been clearly presented in the literature,
exercise has the potential to induce an oxidative stress, but
this certainly does not occur in all circumstances.’® In fact,
many studies including exercise-trained subjects fail to note
a significant increase in oxidative stress biomarkers. This
was the case in the current investigation, despite the perfor-
mance of a 10km performance run. Our findings highlight
the adaptive nature of the human body, with our exercise-
trained subjects experiencing very little oxidative stress in a
manner consistent with the principle of hormesis,*®

Although no condition differences were noted for MDA or
NOx, a condition effect was noted for TEAC, with the lowest
values observed during the caffeine condition. However, it
should be noted that the condition effect for TEAC appeared
to be most influenced by pretreatment TEAC values (which
were highest for the placebo condition and lowest for the caf-
feine condition), rather than by TEAC in response to treat-
ment and exercise. In fact, the overall response curve for
TEAC was very similar for all conditions (Fig. 2C). Although
a decrease in TEAC may indicate an oxidative stress, consid-
ering the relatively minor change in this variable in response
to exercise for all conditions, from a physiological point of
view, we do not believe that the subtle condition differences
noted for TEAC have significant meaning, This is under-
scored by the very similar TEAC values observed for all con-
ditions at the 30 minute postexercise time, which were similar
to or greater than pretreatment values for all conditions.

As expected, we noted an increase in all measured hemo-
dynamic variables from pre- to postexercise. In addition, we
noted a higher SBP with both the caffeine and 1,3-D condi-
tions compared with placebo. Interestingly, the combination
of caffeine+ 1,3-D did not result in a higher SBP compared
with placebo. In fact, the response was nearly identical to
that of placebo—for both SBP and HR. At present, we
admit that we have no explanation for these findings, with
the possible exception of the following: Although 1,3-D is
thought to promote vasoconstriction, caffeine may act to in-
duce vasorelaxation.'® It is possible that the combination of
the two agents produced an acute vasorelaxation effect to
allow for blood pressure to be reduced (in particular, consid-
ering that HR remained elevated above that for caffeine or
1,3-D alone). Future study is needed to further determine
the independent and combined effects of these two agents
on HR and blood pressure.

Although not identical in structure, it has been suggested
that 1,3-D may have similar functional properties as ephed-
rine, which has been noted to exhibit mixed results in terms
of HR and blood pressure, with the majoriz_gf work indicat-
ing a moderate increase in these variables.**” Our previous
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work with 1,3-D and caffeine alone, while subjects remained
at rest, have noted similar findings for SBP.'” However, we
noted an additive effect of the two agents when combined.
This is in opposition to the findings of the current study,
which obviously incorporated exercise into the design. Per-
haps the alteration in vascular tone as a result of an acute ex-
ercise bout impacts the overall hemodynamic effects of
subjects using a combination of caffeine+ 1,3-D.

Finally, it should be reiterated that subjects were tested in a
10 hour fasted state, with the exception of the 30 g of malto-
dextrin provided within the conditions. It is possible that
the hemodynamic effects could be attenuated if the condi-
tions were ingested in a fed state, as may be typical for indi-
viduals using dietary supplements such as caffeine and 1,3-D.
Moreover, the ingestion of a small standardized meal and/or
the performance of testing later in the day may have allowed
for better exercise performance, as such conditions may better
mimic subjects’ usual exercise routine, Of course, by incorpo-
rating this into the design, more variability would be intro-
duced into the experiment.

Conclusions

We report for the first time that acute oral ingestion of caf-
feine and 1,3-D alone or in combination does not significantly
improve exercise performance as measured by run time, Fur-
ther, ingestion of either 1,3-D or caffeine alone results in the
greatest increase in postexercise glycerol and FFA concentra-
tions, whereas the combination of the two agents results in
concentrations that are more similar to placebo. Neither
agent has an impact on oxidative stress biomarkers, either be-
fore or after exercise, Finally, caffeine or 1,3-D alone increases
SBP, without adversely impacting other hemodynamic vari-
ables. Future studies are needed using different dosages of
these agents, as well as different exercise tests—possibly at a
time of day more similar to subjects’ usual training time, to de-
termine whether more favorable effects can be observed after
acute intake of caffeine or 1,3-D alone and in combination.
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Abstract

Background: 1,3-dimethylamylamine (a constituent of geranium), alone and in combination with caffeine, is widely used within dietary
supplements. We have recently determined the hemodynamic effects of 1,3-dimethylamylamine and caffeine alone and in combination,
using a single ingestion study. However, no study has determined the hemodynamic effects of these ingredients following chronic use.
Moreover, no study has determined the effects of these ingredients on bloodborne variables related to health and safety. Therefore, the
purpose of this investigation was to assess the hemodynamic and hematologic profile of two different dietary supplements containing
1,3-dimethylamylamine and caffeine (in addition to other ingredients), before and after two weeks of daily intake.

Methods: 7 men (24.9 £ 4.2 yrs) ingested the dietary supplement Jack3d™, while 4 men and 2 women (22.5 £ 1.8 yrs) ingested the
dietary supplement OxyELITE Pro™ once per day for two weeks. On days 1 and 15, resting heart rate (HR), systolic (SBP), and dia-
stolic (DBP) blood pressure were measured and rate pressure product (RPP) was calculated. Fasting blood samples were analyzed for
complete blood counts, comprehensive metabolic panel, and lipid panel. These tests were done prior to ingestion of supplement, On
days 1 and 15 following blood collection, subjects ingested the assigned supplement (2 servings) and HR, SBF, DBP, and RPP were
recorded at 30, 60, 90, and 120 minutes post-ingestion,

Results: After 14 days of treatment, resting HR, SBP, DBP, and RPP were not increased (P > 0.05). No significant changes were noted
in any measured bloodborne variable, with the exception of an increase in fasting blood glucose with ingestion of Jack3d™ (P = 0.02).
In response to acute intake of the supplements, HR, DBP, and RPP were not increased statistically (P > 0.05). SBP was increased with
OxyELITE Pro™ (P = 0.03), but not with Jack3d™ (2 =0.09). Compared to pre-ingestion and in general, both supplements resulted in
an increase in SBP, DBP, and RPP from 5%—15%, with a peak occurring at the 60 or 90 minute post-ingestion time.

Conclusion: Acute ingestion of OxyELITE Pro™, but not Jack3d™, results in an increase in SBP. Chronic intake of two servings per
day of OxyELITE Pro™ or Jack3d™ over a 14 day period does not result in an elevation in resting HR, SBP, DBP, or RPP. No signifi-
cant changes are noted in any measured bloodborne variable following 14 days of ingestion, with the exception of blood glucose with
Jack3d™, Longer term intervention studies inclusive of larger sample sizes are needed to extend these findings.
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Background ,
The use of nutritional supplements by the general
population continues to rise, despite little direct
scientific evidence in support of the use of many
products.! Perhaps more importantly, few safety data
are available pertaining to several of the ingredients
commonly contained within finished products.? One
such ingredient of interest is 1,3-dimethylamylamine,
often combined with caffeine and other agents in
an attempt to provide a stimulant “cocktail.” The
popularity of 1,3-dimethylamylamine continues to
increase, as evidenced by its widespread use within
many performance and lipolytic dietary supplements.
Suggested to be found within geranium,® 1,3-
dimethylamylamine is widely used within the dietary
supplement industry, in particular as a component of
weight/fat loss products, as well as those targeting
enhanced exercise performance. Unfortunately, very
little is known about this ingredient, in particular as
it pertains to oral ingestion by human subjects; some-
thing that we describe in detail in our recent report.*
In our prior work, we determined the effect of
1,3-dimethylamylamine alone (at two different
dosages) and in combination with caffeine on the
hemodynamic response to acute intake (2 hours post-
ingestion).* In particular, we measured heart rate
(HR), as well as systolic (SBP) and diastolic (DBP)
blood pressure, and calculated rate pressure product
(RPP) as an indicator of myocardial work. Our results
indicated an increase in SBP in particular, with acute
ingestion of 1,3-dimethylamylamine alone and in
combination with caffeine. However, replication of
this work is necessary. Moreover, to our knowledge,
no study has determined the hemodynamic effects
of 1,3-dimethylamylamine combined with caffeine
following chromic use, which may differ from that
observed with only single ingestion. Nor has any study
determined the combined effects of these ingredients
on bloodborne variables related to health and safety.
Considering that many finished products now contain
a combination of 1,3-dimethylamylamine and caf-
feine, and individuals using such products do so daily
or semi-daily, we sought to determine the hemody-
namic and hematologic profile of two different dietary
supplements containing these ingredients before and
after two weeks of daily intake. This was performed
using an open label study design, with measure-
ment of resting HR and blood pressure, in addition

to bloodborne variables, on days 1 and 15. We also
included a measurement of hemodynamic variables
following acute intake of the supplements on days
1 and 15. In terms of acute intake, we hypothesized
that the supplements would increase blood pressure,
in particular SBP, as noted in our previous work. In
terms of chronic intake, we hypothesized that no
significant changes would be noted in any measured
variable, due to the acute nature of the stimulant effect.

Methods

Subjects

Healthy 'men and women participated in this study.
All subjects completed a medical history and physi-
cal activity questionnaire to determine eligibility. No
subject smoked cigarettes or had self reported diag-
nosed disease of cardiovascular or metabolic origin.
Subjects were active and considered to be exercise-
trained, as they performed aerobic (eg, jogging, run-
ning, cycling, swimming) and anaerobic (eg, sprinting,
resistance training) exercise for the past several years
(based on self report). Subject descriptive charac-
teristics are presented in Table 1. All experimental
procedures were performed in accordance with the
Helsinki Declaration. The University of Memphis
Human Subjects Committee approved all experimen-
tal procedures (H10-77 and H10-78). Subjects pro-
vided verbal and written consent prior to participating
in this study.

Conditions and testing

Following all screening procedures, subjects reported
to the lab in the morning hours (0600-0900) on two dif-
ferent occasions separated by 14 days. The time of day
for testing was matched for each subject. Procedures
described below were identical for both test sessions
(and for both supplements tested). The dietary sup-
plements used in this investigation were provided by
USPlabs (Dallas, TX) and contained a combination of
1,3-dimethylamylamine and caffeine, in addition to
other ingredients which may have contributed to the
measured effect. Specifically the two supplements used
were: (1) OxyELITE Pro™ (containing a propri-
etary blend of bauhinia purpurea, bacopa monniera,
1,3-dimethylamylamine, cirsium oligophyllum, rau-
wolscine extract, and caffeine [100 mg per capsule]) and
(2) Jack3d™ (containing a proprietary blend of arginine
alpha-ketoglutarate, creatine monohydrate, beta alanine,

2
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Table 1. Characteristics of subjects using OxyELITE Pro™ and Jack3d™,

Variable OXyELITE Pro™ Jack3d™
(N =6: 4 men and 2 women) (N =7 men)
Age (yrs) 225+1.8 249+42
Height (cm) 173.8+£12.5 178.2+8.6
Weight (kg) 65.9+8.6 83.8+94
BMI (kg-m-2) 21.9+21 265+3.3
Body fat (%) 13.8+9.7 143+5.2
Waist (cm) 72.8+3.8 864179
Hip (cm) 954+52 103.7+5.5
Waist:hip 0.76 £ 0.04 0.83+£0.05
Resting heart rate (bpm)* 67.6 9.7 60.1x52
Resting systolic blood pressure (mmHg)* 104.0+5.5 1126 £ 13.8
Resting diastolic blood pressure (mmHg)* 63.8+9.7 64.3+8.0
Years anaerobic exercise training 16+1.9 7.1+86.5
Hours per week anaerobic exercise 1.8+£21 68124
Years aerobic exerciseg training 58+56 41152
Hours per week aerobic exercise 3.5+18 1.5+1.3

Notes: Data are mean + SD, *Measured during screening visit; prior to pre (day 1) testing. .

caffeine, 1,3-dimethylamylamine, and schizandrol A).
Supplements were produced in accordance with Good
Manufacturing Practices. For OxyELITE Pro™, sub-
jects ingested two servings/capsules of the dietary sup-
plement (both during the acute intake assessment [on
days 1 and 15] and each day during the chronic intake
period). For Jack3d™, subjects ingested two servings/
scoops of the dietary supplement mixed in water (both
during the acute intake assessment Jon days 1 and 15]

- and each day during the chronic intake period). This
was an open label study. No placebo conditions were
included in this initial investigation, as we were mainly
interested in potential changes in our measured vari-
ables across time (both with the acute intake study and
with the chronic intake study). This lack of a placebo
condition is indeed a limitation of the present design.
Subjects’ self-report of daily intake, coupled with our
collection of remaining supplements at the conclusion
of the 14-day supplementation period, determined com-
pliance to supplementation.

On days 1 and 15 (pre and post intervention),
subjects reported to the laboratory in a fasted state
(=10 hours), without caffeine consumption during
the past 10 hours, Subjects were asked not to exer-
cise or to perform any strenuous physical activity
for the 24 hours prior to each testing day. Following
a 10 minute rest period, HR (via 60 second palpation
of the radial artery), as well as SBP and DBP
(via auscultation using a dual-earpiece stethoscope

by two trained technicians) were measured. RPP
was calculated as: HR x SBP. A blood sample was
then obtained. These tests (HR, blood pressure,
and blood) were done prior to ingestion of the
supplements. Subjects then ingested the assigned
supplement in the presence of an investigator.
At 30, 60, 90, and 120 minutes post-ingestion,
HR, SBP, and DBP were measured, and RPP was
calculated. Subjects remained in the lab and rested
during this time (read, watched television, worked
on the computer, listened to music) and no food was
allowed during the two hour post intake period.
However, water was allowed ad libitum, and was
measured and matched for each subject on both days
of testing. Following testing on day 1, subjects were
provided with their assigned supplement and given
instructions on how/when to ingest (ie, 2 capsules
or 2 scoops daily—preferably =6 hours prior to
bedtime).

Blood collection and biochemistry

A total of two venous blood samples were taken
from subjects during the course of the study: day 1
and day 15. Blood was processed and sent to Labora-
tory Corporation of America for analysis of complete
blood count, comprehensive metabolic panel, and
lipid panel. These measures were included for a com-
prehensive assessment of bloodborne variables, as is
routinely performed as part of a physical examination.

Nutrition and Metabalic Insights 2012:5
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They were also included within the design, as this is
common practice within many dietary supplement
studies focused on blood related “safety” variables.
We had no directional hypotheses related to the
impact of the supplements on these measures. The
complete blood count was determined using an auto-
mated cell counter (Coulter LH750). The comprehen-
sive metabolic panel was determined using automated
procedures (Roche/Hitachi Modular). The lipid panel
was determined using enzymatic procedures (Roche/
Hitachi Modular).

Dietary intake and physical activity
Subjects were asked to maintain their usual diet
and physical activity patterns over the course of the
entire two week study period. However, they were
asked to refrain from strenuous activity during the
24 hours prior to each test day. As the tested dietary
supplements have been noted anecdotally to result
in appetite suppression, subjects were asked to rate
their overall appetite before and after the interven-
tion using a visual analog scale (0 = no hunger at all;
10 = extreme hunger).

~ Statistical analysis

Resting, pre/post intervention data (hemodynamic,
bloodborne, and appetite) for both supplements
were compared using a one way analysis of variance
(ANOVA); a statistical technique used to evaluate
whether there are differences between the mean val-
ues across different groups. In regards to the acute
intake study, a 2 (pre/post intervention) x 5 (time)
ANOVA was used. For the pre/post intervention effect
to be significant (P = 0.05), a measureable difference
was observed between day 1 and day 15 data. Like-
wise, for the time effect to be significant (P = 0.05),
a measureable difference was observed between data
collected at the various times before and following
acute intake of the supplements (Pre, 30, 60, 90, and
120 minutes post-ingestion). Percent change values
for all hemodynamic data were also calculated and
compared using a 2 (pre/post intervention) X 5 (time)
ANOVA. Tukey post hoc testing was used when
needed, to determine where specific differences may
have existed. No attempt was made to compare data
between the two supplements, as we were attempting
to characterize the effects of using supplements con-
taining 1,3-dimethylamylamine and caffeine, and not

make direct comparisons between such supplements.
All analyses were performed using JMP statistical
software (version 4.0.3, SAS Institute, Cary, NC).
Statistical significance was set at P =< 0.05. The data
are presented as mean + SEM, except for subject
descriptive characteristics (mean * SD).

Results

Appetite data

Appetite was lower from pre (6.3 % 0.5) to post
(43 % 0.6) intervention for OxyELITE Pro™
(P =0.04). However, appetite was not different from
pre (6.1 & 0.1) to post (6.1 + 0.5) intervention for
Jack3d™ (P = 1.00). It is possible that ingredients
aside from 1,3-dimethylamylamine and caffeine,
which are present within OxyELITE Pro™ but not
within Jack3d™, may have contributed to these
findings.

Resting data (pre-supplementation):
hemodynamic and biochemical

When determined prior to the acute intake of the sup-
plements, no change from pre (day 1) to post (day
15) intervention was noted for HR (Table 2), SBP
(Table 3), DBP (Table 4), or RPP (Table 5) for subjects
ingesting either supplement for the two week period
(P > 0.05). In fact, a slight (non-statistical) reduction
in HR, SBP, and RPP were observed following treat-
ment with OxyELITE Pro™. No significant changes
(P > 0.05) were observed in complete blood count
(Table 6) or lipid panel (Table 7) data for either sup-
plement. Likewise, no significant changes (P > 0.05)
were noted in comprehensive metabolic panel data
for either supplement (Table 8), with the exception of
blood glucose with ingestion of Jack3d™ (P = 0.02).

Acute intake of supplement:;
hemodynamics

Following acute intake of the supplements, with
regards to HR, the following effects were observed:
For OxyELITE Pro™, a pre/post intervention effect
was noted (P =0.008), with values lower post interven-
tion compared to pre intervention, No time (P = 0.46)
or pre/post intervention X time effect was noted
(P = 0.95). For Jack3d™, no pre/post intervention
(P =0.83), time (P = 0.22), or pre/post intervention X
time effect was noted (P = 0.88). When expressing

4
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Table 2. Heart rate (bpm) before and following ingestion of OxyELITE Pro™ or Jack3d™ pre (day 1) and post (day 15) daily
supplement use.

Time OxyELITE Pro™ Jack3d™

Pre (day 1)* Post (day 15) ~ Pre (day 1) Post (day 15)
Pre 64.8+2.9 60.9+26 58.3+27 60.4+25
30 min . 62.8+27 56.1+2.8 556+2.2 58.4+3.2
60 min 68.8 £ 6.1 61.7+2.4 61.4+21 59.1+2.2
90 min 714+6.9 60.9+3.6 59.7+£2.0 59.0+24
120 min 68.8 £ 4.8 61.9+3.1 62.1 £0.9 60.6 £2.3

Notes: Data are mean + SEM. OxyELITE Pro™: *Pre/Post intervention (P = 0.008; Pre intervention higher than Post intervention), Time (P = 0.46);
Pre/Post intervention x Time (P = 0.95). Jack3d™: Pre/Post intervention (P = 0.83), Time (P = 0.22); Pre/Post intervention x Time (P = 0.88).

Table 3. Systolic blood pressure (mmHg) before and following ingestion of OxyELITE Pro™ or Jack3d™ pre (day 1) and
post (day 15) daily supplement use.

Time OxyELITE Pro™ Jack3d™

Pre (day 1) Post (day 15) Pre (day 1) Post (day 15)
Pre 103.0£4.0 99.0+£5.4 109.0+2.9 109.3+3.3
30 min 106.94+7.5 104.1 £ 4.2 112.4+6.3 122.3+ 3.1
60 min* 118.1 £ 5.1 113.0+ 4.1 121.7+5.1 121.4+54
90 min* 119.2+3.6 110.2+5.8 115.7+4.8 122.7 £ 3.1
120 min* 1155152 110.0+£5.5 115.7+5.4 1221157

Notes: Data are mean £ SEM. OxyELITE Pro™: Pre/Post intervention (P = 0.11), *Time (P = 0.03; 60, 90, and 120 min Post-ingestion higher than
Pre [P < 0.05)); Pre/Post intervention x Time (P =0.98). Jack3d™: Pre/Post intervention (P = 0.12), Time (P = 0.09); Pre/Post intervention x Time (P =0.77).

Table 4. Diastolic blood pressure (mmHg) before and following ingestion of OxyELITE Pro™ or Jack3d™ pre (day 1) and
post (day 15) daily supplement use.

Time OxyELITE Pro™ Jack3d™

Pre (day 1) Post (day 15) Pre (day 1) Post (day 15)
Pre 63.0+3.8 62.0+1.5 63.3+3.3 64.6 £ 4.1
30 min 66.3+4.9 63.8+£2.0 68.9+5.3 740£22
60 min 69.2+5.1 68.3+2.2 71.7+£5.0 73.7+t4.8
90 min 67.1 6.1 65727 68.4+3.5 75.1+£1.8
120 min 66.1 4.2 652 £3.7 704 %52 72.7+36

Notes: Data are mean + SEM. OxyELITE Pro™: Pre/Post intervention (P = 0.59), Time (P = 0.62); Pre/Post intervention x Time (P = 0.99). Jack3d™:
Pre/Post intervention (P = 0.18), Time (P = 0.19); Pre/Post intervention x Time (P = 0.96).

Table 5. Rate pressure product before and following ingestion of OxyELITE Pro™ or Jack3d™ pre (day 1) and post (day 15)
daily supplement use.

Time OxyELITE Pro™ Jack3d™

Pre (day 1)* Post (day 15) Pre (day 1) Post (day 15) -
Pre 6634.3 + 193.4 6033.7 - 442.1 6381.3 4 398.9 6606.6 + 343.3
30 min 6778.3 +£733.9 5840.3 + 393.8 6309.3 + 545.9 6920.6 +£481.0
60 min 8228.7 + 1068.8 6938.8 + 245.0 7496.9 + 463.0 7209.7 + 470.2
90 min 8573.1 £977.9 6637.8 + 330.9 6935.1 + 432.5 7268.6 £ 413.4
120 min 8053.4 + 907.4 6766.8 1+ 363.5 72076 £411.2 7454.9 + 486.9

Notes: Data are mean + SEM. OxyELITE Pro™: *Pre/Post intervention (P = 0.004; Pre intervention higher than Post intervention), Time (P = 0.09);
Pre/Post intervention x Time (P = 0.88). Jack3d™: Pre/Post intervention (P = 0.44), Time (P = 0.20); Pre/Post intervention x Time (P = 0.91).
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Table 6. Complete blood count data pre (day 1) and post (day 15) daily intake of OXyELITE Pro™ or Jack3d™,

Variable OxyELITE Pro™ Jack3d™
Pre (day 1) Post (day 15) Pre (day 1) Post (day 15)

WBC (103-pl) 6.0+ 0.4 6.1£04 53+0.3 51%0.3
RBC (108-pL) 43x0.1 42+02 46 +0.1 46+0.1
Hemoglobin (g-dL) 134+04 132+04 146103 145+0.2
Hematocrit (%) 39.2+1.1 38.9+16 41.7+0.8 423107
MCV (fL) 92.0+1.1 93.0£1.7 90.0+1.7 92.34+1.3
MCH (pg) 314%£05 314+£06 31.5+0.5 317205
MCHC (g-dL™) 342+04 339104 35.0+0.2 343103
RDW (%) 13.3+£0.3 13.3+£0.3 129+0.2 13.56+0.3
Platelets (10° pL-") 196.2 + 14.8 198.3+£19.3 193.6 +12.9 198.4 £ 14.2
Neutrophils (%) 50.0+24 5156+ 3.8 50.6+2.6 470132
Lymphocytes (%) 40.3+2.2 38.714.0 364124 38.7+3.1
Monocytes (%) 72+06 6.7+£0.7 8.3x05 8.9+£07
Eosinophils (%) 2004 25+05 41+07 49+07
Basophils (%) 05+0.2 07+02 06+0.2 06+0.2

Notes: Values are mean = SEM. OxyELITE Pro™: No significant difference noted from pre to post for any variable (P > 0.05). Jack3d™: No significant
difference noted from pre to post for any variable (P > 0.05).

data as percent change from pre-ingestion, the
following effects were noted: For OxyELITE Pro™,
no pre/post intervention (P = 0,17), time (P = 0.41),
or pre/post intervention X time effect was noted
(P = 0.94). For Jack3d™, a pre/post intervention
effect was noted (P = 0.01), with a lower response
post intervention compared fo pre intervention,
A time effect was also noted (P = 0.01), with values
at 120 minutes different than values at 30 minutes
(P < 0.05). No pre/post intervention X time effect
was noted (P = 0.59). Heart rate data are presented in
Table 2 and Figure 1.

With regards to SBP, the following effects were
observed: For OxyELITE Pro™, no pre/post interven-
tion (P = 0.11) or pre/post intervention X time effect
was noted (P =0.98). However, a time effect was noted

(P = 0.03), with values higher than pre-ingestion at
60, 90, and 120 minutes post-ingestion (P < 0.05).
For Jack3d™, no pre/post intervention (P = 0.12),
time (P = 0.09), or pre/post intervention X time effect
was noted (P = 0.77). When expressing data as percent
change from pre-ingestion, the following effects were
noted: For OxyELITE Pro™, no pre/post intervention
(P = 0.84) or pre/post intervention X time effect was
noted (P = 0.92). However, a time effect was noted
(P = 0.0004), with values higher than pre-ingestion
at 60, 90, and 120 minutes post-ingestion (P < 0.05),
For Jack3d™, a pre/post intervention effect was noted
(P = 0.04), with a greater response post interven-
tion compared to pre intervention. A time effect was
also noted (P = 0.006), with values higher than pre-
ingestion at 60, 90, and 120 minutes post-ingestion

Table 7. Lipid panel data pre (day 1) and post (day 15) daily intake of OxyELITE Pro™ or Jack3d™,.

Variable OxyELITE Pro™ Jack3d™
Pre (day 1) Post (day 15) Pre (day 1) Post (day 15)

Cholesterol (mg-dL) 164.5 + 13.2 170.0+14.5 145.1+£8.1 1476+ 8.8
Triglycerides (mg- di-) 87.8+16.3 70.3£9.1 741+11.3 80.0+11.3
HDL-C (mg-dL) 66.8 £ 5.9 69.3+6.9 50.7 £ 4.7 523+ 3.5
VLDL-C (mg-dL) 175+ 3.2 14.2+1.8 147122 16.0+2.2
LDL-C (mg-dL-) 80.2+6.7 86.5+9.0 79.7+6.2 793177
LDL-C/HDL-C 1.2+0.1 1.3+£0.1 1.6 +0.1 1.6+0.2
Total:HDL-C 25+0.1 25+0.2 29+0.2 2902

Notes: Values are mean + SEM. OxyELITE Pro™: No significant difference noted from pre to post for any variable (P > 0.05). Jack3d™: No significant
difference noted from pre to post for any variable (P > 0.05).
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Table 8. Metabolic panel data pre (day 1) and post (day 15) daily intake of OxyELITE Pro™ or Jack3d™.

Variable OxyELITE Pro™ Jack3d™
Pre (day 1) Post (day 15) Pre (day 1) Post (day 15)

Glucose (mg-dL) 78.2+44 77.0+3.1 86.4 +2.3* 946+20
BUN (mg-dL") 18.8+3.9 17025 14,9+ 1.1 16.9+0.9
Creatinine (mg-dL-) 1.0+01 1.0+0.1 1.1+£0.0 12+0.0
BUN:creatinine 16.3+2.8 172425 13.1+£1.8 13.9+0.7
Sodium (mmol- L) 138.2+0.8 141.0+1.6 141.1+04 1407+ 04
Potassium (mmol- L) 47+0.2 48+04 47102 48+0.2
Chloride (mmol-L") 101.3+0.6 102.5+1.1 102.1+£0.5 103.3+£0.5
CO, (mmol-L™) 285+0.9 27.2+0.9 28.1+0.5 28.6+0.6
Calcium (mg-dL™") 9.1+0.1 9.3+0.2 9.3£0.1 9.4+0.1
Protein (g-dL™) 6.7+0.2 6.6+0.2 6.6+ 0.1 6.6 + 0.1
Albumin (g-dL") _ 44+0.2 44402 45+0.0 4.3+0.1
Globulin (g-dL™) 2.3+0.1 2.2%0.1 22101 2.3+£01
AG 2.0£0.1 2.1 £0.1 2.1+0.1 1.9+0.1
Bilirubin (mg- dL-*) 0.4+0.1 0.5%0.1 1.0£0.1 0802
Alk Phos (IU- L) 64.2+3.9 60.3+4.4 641179 63.6+8.4
AST (SGOT) (IU-LY) 21.0+2.2 257+5.3 251126 30.7£25
ALT (SGPT) (IU-L™) 19.0+1.9 16.8+1.9 23.7+28 276+33 "
GGT (IU-L™) 221429 206+£3.2 16.1+£1.2 19.9+£23

Notes: Values are mean + SEM. OxyELITE Pro™: No significant difference noted from pre to post for any variable (P > 0.05). Jack3d™: *Significant
difference noted from pre to post for glucose (P = 0.02). No other significant difference noted from pre to post for any variable (P > 0.05).

(P < 0.05). No pre/post intervention X time effect
was noted (P = 0.44). Systolic blood pressure data are

presented in Table 3 and Figure 2.

Withregards to DBP, the followingeffects were obser-
ved: For OxyELITE Pro™, no pre/post intervention
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(P =0.59), time (0.62), or pre/post intervention X time
effect was noted (P = 0.90). For Jack3d™, no pre/post

intervention (P = 0.18), time (P = 0.19), or pre/post
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Figure 1. Percent change from pre in heart rate for OxyELITE Pro™ and Jack3d™ pre (day 1) and post (day 15) daily supplement use.
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intervention x time effect was noted (P = 0.96). When
expressing data as percent change from pre-ingestion,

Notes: Data are mean + SEM. OxyELITE Pro™: Pre/Post intervention (P = 0.17), Time (P = 0.41); Pre/Post intervention x Time (P = 0.94). Jack3d™:
Pre/Post intervention (P = 0.01), Time (P = 0.01); Pre/Post intervention x Time (P = 0.59).
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Figure 2, Percent change from pre in systolic blood pressure for OxyELITE Pro™ and Jack3d™ pre (day 1) and post (day 15) daily supplement use.
Notes: Data are mean + SEM. OxyELITE Pro™: Pre/Post intervention (P = 0.84), Time (P = 0.0004); Pre/Post intervention x Time (P = 0.92). Jack3d™:
Pre/Post intervention (P = 0.04), Time (P = 0.006); Pre/Post intervention x Time (P = 0.44).

the following effects were noted: For OxyELITE Pro™, noted (P = 0.95). Diastolic blood pressure data are
no pre/post intervention (P = 0.71), time (P = 0.40), or presented in Table 4 and Figure 3.

pre/post intervention x time effect was noted (P =0.99). With regards to RPP, the following effects
For Jack3d™, no pre/post intervention (P = 0.34), time were observed: For OxyELITE Pro™, a pre/post
(P = 0.20), or pre/post intervention x time effect was intervention effect was noted (P = 0.004), with values
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Figure 3. Percent change from pre in diastolic blood pressure for OxyELITE Pro™ and Jack3d™ pre (day 1) and post (day 15) daily supplement use.
Notes: Data are mean + SEM. OxyELITE Pro™: Pre/Post intervention (P = 0.71), Time (P = 0.40); Pre/Post intervention x Time (P = 0.99). Jack3d™:
Pre/Post intervention (P = 0.34). Time (P = 0.20), Pre/Post intervention x Time (P = 0.95).

8 Nutrition and Metabolic Insights 2012:5




A\

1,3-Dimethylamylamine and Caffeine

45§

40

354

30

254

20

15 1

10 4

% change from pre in RPP

—4— OxyELITE Pro™ pre
~ M- OxyELITE Pro™ post
—k— Jack3d™ pre

- ®- Jack3d™ post

Pre “30mnin 60 min

=54

90 min 120 min

Figure 4. Percent change from pre in rate pressure product for OxyELITE Pro™ and Jack3d™ pre (day 1) and post (day 15) daily supplement use.
Notes: Data are mean  SEM. OxyELITE Pro™: Pre/Post intervention (P = 0.22), Time (P = 0.02); Pre/Post intervention x Time (P = 0.99). Jack3d™:
Pre/Post intervention (P = 0.85), Time (P = 0.001); Pre/Post intervention x Time (P = 0.48).

lower post intervention compared to pre intervention.
No time (P = 0.09) or pre/post intervention X time
effect was noted (P = 0.88). For Jack3d™, no pre/post
intervention (P = 0.44), time (P = 0.20), or pre/post
intervention X time effect was noted (P =0.91). When
expressing data as percent change from pre-ingestion,
the following effects were noted: For OxyELITE
Pro™, no pre/post intervention (P = 0.22) or pre/
post intervention X time effect was noted (P = 0.99).
However, atime effect wasnoted (P=0.02), with values
higher than pre-ingestion at 60, 90, and 120 minutes
post-ingestion (P < 0.05). For Jack3d™, no pre/post
intervention (P = 0.85) or pre/post intervention X
time effect was noted (P = 0.48). However, a time
effect was noted (P = 0.001), with values higher than
pre-ingestion at 60 and 120 minutes post-ingestion
(P < 0.05). Rate pressure product data are presented
in Table 5 and Figure 4.

Discussion

This study is the first to report the hemodynamic
and hematologic effects of acute and chronic intake
of dietary supplements containing a combination
of 1,3-dimethylamylamine and caffeine in human
subjects. Our data indicate that acute ingestion of the
tested dietary supplements results in an increase in

myocardial work (as measured specifically by SBP),
which agree with our prior work using the isolated
ingredients 1,3-dimethylamylamine and caffeine
alone and in combination.* It should be noted that
the present findings are specific to an ingested dos-
age of two servings of the supplements, As we have
noted in our prior work with 1,3-dimethylamylamine
and caffeine, the increase in SBP is dose dependent.*
Therefore, use of only one serving of the tested sup-
plements would likely result in less of a response as
compared to what we report here. This is underscored
by prior work indicating a dose-dependent effect for
caffeine.®’ Considering that 1,3-dimethylamylamine
and caffeine are chief ingredients within both of the
tested supplements, lowering the dosage would likely
result in a lowering of the blood pressure response
to acute ingestion. However, regardless of dose, if
an increase in SBP was observed following chronic
exposure to such dietary supplements, this may have
clinical relevance in terms of increasing the risk for
cardiovascular disease.’ We address this with our
results for the 14-day intervention period, which
indicate that no increase in resting HR or blood pres-
sure is observed, nor are bloodborne variables nega-
tively impacted with either supplement (with the
possible exception of blood glucose with Jack3d™,
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as discussed below). These findings are underscored
by our recent placebo controlled studies involving a
10-week intervention with Jack3d™ (with subjects
using the product only on exercise training days)
and an 8-week intervention involving daily intake
of OxyELITEPro™, indicating similar findings as
presented within for the 2-week intervention. That
is, similar effects were noted across the intervention
period for resting blood pressure and bloodborne
safety variables for supplements and placebo (unpub-
lished findings).

While no changes were noted in any bloodborne
variable within the complete blood count and lipid
panel, an increase was noted in fasting blood glu-
cose from pre to post intervention with Jack3d™
treatment (Table 8). While caffeine intake is known
to alter glucose homeostasis,® this finding cannot be
solely explained based on the caffeine (or the 1,3-
dimethylamylamine), as similar findings would also
be expected for subjects using OxyELITE Pro™
(unless other ingredients within OxyELITE Pro™
counteracted this effect). Therefore, it is possible
that the creatine monohydrate within the Jack3d™
may be responsible for this effect. In support of this
hypothesis, at least one published report documents
the influence of creatine on glucose homeostasis in
human subjects,® by noting that supplemental cre-
atine monohydrate at a daily dosage of 5 grams/day
for 42 days resulted in a trend (P = 0.07) towards
elevated fasting plasma glucose levels. If this were
the case, this may be expected for all products con-
taining creatine monohydrate, Aside from creatine,
we are unaware of any data linking ingestion of the
other ingredients contained within Jack3d™ (argin-
ine alpha-ketoglutarate, beta alanine, schizandrol A)
with impairments in glucose homeostasis. Moreover,
our recent 10-week intervention study involving
Jack3d™ did not result in an increase in fasting
blood glucose, suggesting that the results obtained in
the present study may have been influenced by con-
founding factors.

As noted in the Methods section, both of the sup-
plements tested in this study contain additional ingre-
dients that may be at least partly responsible for the
noted findings. However, when comparing the find-
ings for hemodynamic measures with those from
our prior study using 1,3-dimethylamylamine alone
and in combination with caffeine,* the results are

relatively similar. Coupled with the fact that many of
the other ingredients included within these products
are not known stimulants, it is likely that the simple
combination of 1,3-dimethylamylamine and caffeine
are responsible for the majority of the effect. It should
also be noted that 1,3-dimethylamylamine is clearly
responsible for some of the effect on the measured
parameters, as caffeine alone does not result in the
same magnitude of increase in SBP and RPP as com-
pared to what we observed here.*!° -

Although the effect of caffeine on cardiac rate
and systemic blood pressure is well described,'
the same is not true for 1,3-dimethylamylamine,
with only one published report documenting these
effects.® A suggested component of geranium,® 1,3-
dimethylamylamine is becoming increasingly popular
as a component of dietary supplements, in particular
those targeting weight/fat loss and enhanced exercise
performance. The action of 1,3-dimethylamylamine
is cited as a simple aliphatic amine, functioning as a
norepinephrine reuptake inhibitor and/or norepineph-
rine releasing agent. It is also suggested to stimulate
smooth muscle and act as a vasoconstrictor.* These
effects certainly help to explain the elevation in blood
pressure in response to acute ingestion. Anecdotal
reports indicate a potential effect on appetite sup-
pression, which is at least partially supported by our
findings of decreased appetite with OxyELITE Pro™
treatment. However, no effect was noted for appetite
in subjects using Jack3d™, Clearly, additional
studies are needed to confirm our findings and to
provide mechanistic data pertaining to the effect of
1,3-dimethylamylamine on hemodynamics, appetite,
and associated parameters.

As expected based on the pharmacologic profiles
of caffeine and of 1,3-dimethylamylamine, acute
intake of dietary supplements containing these agents
results in an increase in myocardial work. Specifically,
SBP is increased significantly in response to treat-
ment, while DBP, and RPP increase to a lesser extent.
While such changes are common with weight loss
supplements,''~'¢ in particular for those including caf-
feine and other stimulants, individuals using dietary
supplements  containing  1,3-dimethylamylamine
alone or in combination with other stimulants should
be advised to carefully follow label recommenda-
tions pertaining to dosing, and only use such products
under the guidance of a qualified healthcare provider.

10
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Based on our data, which admittedly involved a very
small number of subjects, it appears that such products
should be avoided by individuals who are hyper-
tensive (resting blood pressure =140/90 mmHg)
or those who are pre-hypertensive (resting blood
pressure =120/80 mmHg).

Finally, it is worth noting the various comments
provided by subjects involved in this study. Related
to the use of OxyELITE Pro™, comments included;
heightened sense of focus and energy, improved
workout intensity, sleeplessness, shakiness, feeling
anxious, feeling of chills, sweating, nausea, tingling,
and feeling of fatigue. Four subjects (3 women and
1 man) who began treatment with OxyELITE Pro™
decided not to complete the intervention period due
to dislike for the supplement (sleeplessness, inabil-
ity to focus, nausea, headaches, jittery). It should
be noted that 2 of these 4 individuals had newly
acquired employment obligations for which they
were not willing to interfere with. Hence, by their
own admission, any change in their usual daily rou-
tine which they may have attributed to intake of
the OxyELITE Pro™ was deemed unacceptable.
Four additional subjects were recruited in order to
replace these subjects. Data are available only for
those subjects who completed the study. Related to
the use of Jack3d™, comments included: talkative,
heightened sense of focus and energy, improved
workout intensity, sleeplessness, feeling anxious,
feeling of chills, tingling, and feeling of fatigue.
Subjects tolerated Jack3d™ well and all who began
treatment completed the entire two week interven-
tion. While no severe adverse events were noted
with either supplement, the above comments should
be considered along with the objective data pre-
sented, as some individuals may find such effects
unacceptable.

Conclusion

In conclusion, we report that the finished products
OxyELITE Pro™ and. Jack3d™, both of which
contain a combination of 1,3-dimethylamylamine
and caffeine, do not elevate resting HR, SBP, DBP,
or RPP when ingested daily for 14 days. Moreover,
no significant changes were noted in any measured
bloodborne variable following 14 days of ingestion,
with the exception of blood glucose with ingestion of
Jack3d™., Acute ingestion of these products results

in an increase in SBP, while leading to a statistically
insignificant increase in DBP and RPP. Considering
that these data were generated using two servings
of the supplements, it is likely that a single serving
would have resulted in a lesser change. Additional
acute studies are needed to replicate our findings. In
addition, intervention studies involving a larger sub-
ject sample monitored over an extended period of
time are needed to more fully elucidate the effects
of 1,3-dimethylamylamine and caffeine on hemody-
namic and hematologic variables.
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Abstract

Background: Dietary supplements are often marketed to increase lipolysis and thermogenesis, with the proposed end result being
weight loss and body fat reduction. It was the purpose of the present investigation to study the acute effects of a weight/fat loss
supplement within a sample of healthy human subjects.

Methods: Twelve subjects (men 24.8 + 4.3 yrs; women 22.8 % 0.4 yrs) ingested a dietary supplement (OxyELITE Pro™,) or a placebo,
on two separate days in a double-blind, cross-over design. Blood samples were collected immediately before ingestion, and at 60 and
120 minutes post ingestion, and analyzed for plasma glycerol and free fatty acids (FFA). Breath samples were collected immediately
before ingestion and at 30, 60, 90, and 120 minutes post ingestion, for a measure of kilocalorie expenditure using indirect calorimetry.
Area under the curve (AUC) was calculated. Heart rate and blood pressure were recorded at all times and rate pressure product (RPP)
was calculated.

Results: AUC was greater for supplement compared to placebo for glycerol (22.74 % 1.98 pig-mL-2 hr! vs. 15.76 + 1.36 pg-mL7-2 hr';
P=0.001), FFA(1.62%0.07 mmol - L™ - 2t vs.0.78 £0.12mmol . L - 2hr; P < 0.0001), and kilocalorie expenditure (149 + 7 kcal - 2 hr' vs.
122+ 8 keal-2 hr™; P = 0.005). Heart rate (P = 0.02), systolic blood pressure (P < 0.0001), and RPP (P = 0.002) were higher for supplement
compared to placebo.

Conclusion: Ingestion of OxyELITE Pro™ resulted in an increase in blood markers of lipolysis, as well as metabolic rate, during a
two-hour post ingestion time period. An increase in hemodynamic variables was also observed. These findings are in reference to a
sample of healthy men and women who were naive to treatment with the dietary supplement, Additional work is needed to determine if
the acute changes observed here would persist with chronic use of the supplement and passibly lead to weight/body fat loss over time..
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Background

Obesity and overweight status has increased signifi-
canfly in recent years, with an estimated 400 million
individuals classified as obese,'? and 1.6 billion
classified as overweight.? While the optimal treatment
plan for this epidemic likely includes increased
physical activity coupled with modification and
restriction in dietary intake, many individuals choose
rather to focus on the use of pharmaceuticals or dietary
supplements. In most industrialized nations, dietary
supplements are big business. In fact, the supplement
industry has been following an increasing sales trend
since 2004 and was worth $61 billion to the United
States economy in 2008, with an estimated 80 percent
of adults purchasing supplements at least once per
year.’ Dietary supplements designed to aid in body
weight/fat loss are one of the more popular classes
of products sold, estimated to be a 700 million dollar
industry in 2008.*

Unfortunately, most weight/fat loss supplements
have little to no scientific support, in particular as
pertaining to their use by human subjects. Moreover,
some have been reported to cause ill-health.® As with
many dietary supplements, those within the weight/
fat loss category are often formulated based on results
obtained from studies using isolated ingredients. While
this alone is not problematic, the concern lies in the
fact that most ingredients have only been studied in
animals and not in human subjects, and the dosages
used in such animal trials are often far greater than
those used in finished products marketed to humans.

OxyELITE Pro™ is a dietary supplement
marketed as a weight/fat loss aid. As with most dietary
supplements, this product contains a combination of
several ingredients purported to increase one or more
aspects of metabolic rate or lipolysis, some of which
have not yet been investigated in human subjects.
Specifically, this product contains a proprietary blend
of caffeine, bauhinia purpurea, bacopa monniera,
geranium stem extract (1,3-dimethlyamylamine),
cirsium oligophyllum, and rauwolscine exfract as the
active ingredients.

With the exception of caffeine, which has been
investigated extensively in human subjects,®’ to
our knowledge, little objective scientific evidence
is available pertaining to the other ingredients as
used by human subjects. It was our intention in the
present study to investigate the acute effects of this

supplement on blood markers of lipolysis, as well
as metabolic rate. While we understand the need to
conduct long-term intervention studies pertaining to
the potential effect of this supplement on weight/fat
loss over time, it was the purpose of the present
study to first determine if the product resulted in an
acute increase in our selected outcome measures.
If so, then follow-up intervention studies would be
warranted.

Methods

Subjects

Healthy, exercise-trained men (n = 6) and women
(n=6)participated in this study. All subjects completed
a medical history and physical activity questionnaire.
No subject smoked cigarettes or had diagnosed
disease of cardiovascular or metabolic origin. Men
and women were very active and considered to be
exercise-trained, as they performed combined aerobic
and anaerobic exercise for an average of 7 and 5 hours
per week, respectively, for the past several years.
Subject descriptive characteristics are presented in
Table 1. All experimental procedures were performed
in accordance with the Helsinki Declaration. The
University of Memphis Human Subjects Committee
approved all experimental procedures. Subjects
provided verbal and written consent prior to
participating in this study.

Table 1. Characteristics of 6 men and 6 women.

Variable Men Women
Age (yrs) 24.8+43 228+04
Height (cm)* 179.3£6.6 166.0 £9.0
Weight (kg)* 81.1+11.6 62.3+12.6
BMI (kg-m-2%) 25.5+5.0 224126
Body fat (%)* 147+76 255+ 3.1
Waist (cm) 846+12.1 77.2+6.8
Hip (cm) 1026 £8.6 95.7+6.6
Waist:hip 0.82+0.05 0.81+0.08
Years anaerobic 3.0+36 22+23
exercise training

Hours per week 35+£27 16%£1.9
anaerobic exercise

Years aerobic 16+£13 21+186
exercise training

Hours per week 3.2+20 3411

aerobic exercise

Notes: Data are mean + SD. *Statistically significant difference noted in
height (P = 0.01), weight (P = 0.02), and body fat (P = 0.01). No other
statistically significant differences noted (P > 0.05).
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Conditions and testing

Following screening procedures, subjects reported
to the lab in the morning hours (0600-0900) on two
different occasions separated by 3—4 days, to undergo
testing. The time of day for testing was matched foreach
subject. Procedures described below were identical
for both test sessions (supplement and placebo).
The dietary supplement used in this investigation
(OxyELITE Pro™; USPlabs, LLC; Dallas, TX)
contained a proprietary blend of caffeine, bauhinia
purpurea, bacopa monniera, geranium stem extract
(1,3 dimethlyamlamine), cirsium oligophyllum, and
rauwolscine extract as the active ingredients. Capsules
were from the same bottle and produced in accordance
with Good Manufacturing Practices. Subjects ingested
two capsules of the dietary supplement, or an identi-
cal looking placebo (microcrystalline cellulose). The
experiment was conducted as a double blind, cross-
over design. No other food was allowed during the two
hour post intake period. However, water was allowed
ad libitum, and was measured and matched for both
days of testing (mean intake for men = 525 mL; mean
intake for women =317 mL).

Subjects reported to the laboratory in a fasted
state (=10 hours), without caffeine consumption
during the past 10 hours. Subjects were asked not to
exercise or to perform any strenuous physical activity
for the 24 hours prior to each testing day. Following
a 10 minute rest period, heart rate (via monitor) and
blood pressure (via auscultation) were measured (rate
pressure product was calculated as: HR X SBP=RFPP),
a blood sample was obtained, and subjects provided a
five minute breath sample (for analysis of metabolic
rate). Subjects then ingested either the supplement or
placebo, in the presence of an investigator. At all other
measurement times (30, 60, 90, and 120 minutes post
ingestion), the same order of collection as described
above was followed; however, blood was only col-
lected at 60 and 120 minutes post ingestion. Subjects
remained inactive in the laboratory during the entire
two hour test period.

The measurement of metabolic rate was performed
using indirect calorimetry via breath-by-breath
collection (SensorMedics V__ 229 metabolic system;
Yorba Linda, CA). All gas collection took place in a
temperature and humidity controlled laboratory. The
flow sensor and gas analyzers were calibrated prior to
data collection each day. Total oxygen consumption

(L -min™) was determined from gas collection and
total kilocalorie expenditure was estimated from this
value. The respiratory exchange ratio (RER) was also
determined from gas collection data (VCO,/VO,),
and used as a measure of substrate utilization.

Blood collection and biochemistry

A total of three venous blood samples (7 mL per
draw) were taken from subjects’ forearm via needle
and Vacutainer® (pre ingestion, 60, and 120 minutes
post ingestion). Blood was immediately processed
in a refrigerated centrifuge in order to obtain plasma
(4 °C for 15 min at 2000 x g). Plasma samples were
then stored in multiple aliquots at —70 °C. Assays
were performed in duplicate on first thaw within four
weeks of sample collection. Glycerol was determined
using the Free Glycerol Determination Kit (FG0100)
and Glycerol Standard (G7793), following the instruc-
tions of the manufacturer (Sigma Aldrich; St. Louis,
MO). Free fatty acids (FFA) were determined using
the Free Fatty Acid Quantification Kit (K612-100)
following the instructions of the manufacturer
(BioVision; Mountain View, CA).

Dietary intake

Subjects were required to record all food and drink
consumed during the 24 hour period prior to the initial
test day. Records were then copied and returned to
subjects so that they could attempt to mimic this
intake during the 24 hour period prior to the second
test day. Records were analyzed for total calories,
protein, carbohydrate, fat, and a variety of micro-
nutrients (Food Processor SQL, version 9.9, ESHA
Research, Salem, OR).

Statistical analysis

Area under the curve (AUC) was calculated for
biochemical and metabolic data using the trap-
ezoidal method (AUC,) as described in detail by
Pruessner et al® Statistical comparisons for biochemi-
cal (AUC,) and metabolic data were made using a
2 (sex) % 2 (condition) repeated measures analysis
of variance (RMANOVA). Biochemical, metabolic,
and hemodynamic (% change) data were also com-
pared using a sex X condition X time RMANOVA.
Tukey’s post hoc testing was used when needed.
All analyses were performed using JMP statistical
software (version 4.0.3, SAS Institute, Cary, NC).
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Statistical significance was set at P < 0.05. The data
are presented as mean *+ SEM, except for subject
descriptive characteristics (mean % SD).

Results

Subiject characteristics, dietary data,

and subjective response to supplement
Expected differences were noted between men
and women for selected anthropometric variables
(Table 1). The same was true of dietary intake of
kilocalories (P = 0.0006), protein (P < 0.0001), car-
bohydrate (P = 0.008), and fat (P = 0.008), with men
consuming more than women.

Most importantly, no differences were noted
between conditions for total kilocalorie intake, pro-
tein, carbohydrates, fat, vitamin C, vitamin E, or
vitamin A consumption during the 24 hours prior to
each test day (P > 0.05). Dietary data are presented in
Table 2. In terms of subjective response to treatment
with the supplement, some subjects reported feeling
“jittery”, “on-edge”, “sweaty”, and “shaky”, some-
times involving cold sweats, a racing heart beat, and
poor sleep quality on the night of treatment.

Biochemical data

When consideringthe AUC analysis, no sex X condition
interactions were noted for glycerol (P = 0.53) or FFA
(P =0.08). However, a condition (P = 0.001) and sex
(P = 0.0007) effect was noted for glycerol, with val-
ues higher for supplement compared to placebo and
higher for women compared to men. Data are pre-
sented in Figure 1. A condition (P < 0.0001), but not
sex (P = 0.85) effect was noted for FFA, with values
higher for supplement compared to placebo. Data are
presented in Figure 2.

=+ Oxy men

* W+ Placebo men
—&— Oxy wormen

- ®= Placebo women
—a— Oxy combined

- @+ Placebo combined

Glycerol (ug-mL™)
3

T T
Pre 60 min 120 min

Figure 1. Plasma glycerol before and following ingestion of placebo and
OxyELITE Pro™ by men and women.

Notes: Data are mean £ SEM. Sex x Condition x Time: P = 0.43;
Sex x Time: P = 0.25; Condition x Time: P = 0.21; Sex x Condition:
P = 0.23; Time: P = 0.001 (60 min and 120 min higher than Pre;
P < 0.05); Condition: P < 0.0001; Sex: P < 0.0001; Area under the
curve. Sex x Condition: P= 0.563; Condition: P = 0.001; Sex: P=0.0007;
OxyELITE Pro™ Men: 18.4020.77 pg-mL'- 2 hr'; Placebo Men: 12.61+
1.12pg-mL - 2hrt; OxyELITE Pro™Women: 27,07+3.01ug-mL-'- 2hr;
Placebo Women: 18.90 + 1.73 pg-mL-'-2 hr-'; OxyELITE Pro™
Combined: 22.74 £ 1.98 ug-mL-"-2 hr'; Placebo Combined; 15.76 + 1.36
ug-mL-t-2 hrt.

Metabolic data

When considering the AUC analysis for kilocalories,
no sex X condition interactions were noted (P = 0.26).
However, a condition (P =0.005) and sex (P = 0.002)
effect was noted, with values higher for supplement
compared to placebo and higher for men compared to
women, Data for kilocalories are presented in Figure 3
and data for RER are presented in Figure 4,

Hemodynamic data

Several differences were noted for both absolute and
percent change data for hemodynamic variables.
Absolute data are presented in Tables 3, 4, 5, and
6. Percent change data are presented in Figures 5
and 6.

Table 2. Dietary data of 6 men and 6 women during the 24 hour period before ingestion of placebo and OxyELITE Pro™.

Variable Men Women Combined

OxyELITE Pro™ Placebo OxyELITE Pro™  Placebo OxyELITE Pro™  Placebo
Keal 2582 + 376 2972+ 353 1477 £ 245 1482+ 277 2030+ 271 2227 + 310
Protein (g) 124 + 18 131+£12 6317 63+ 11 93113 97 +13
Carbohydrate (g) 368 +74 394 + 69 207 +39 210+ 43 287 +47 302 + 48
Fat (g) 71%9 98+19 47 +10 47+ 9 59 +7 73113
Vitamin C (mg) 126 £ 50 90+ 37 451 16 48 + 11 85+28 69+ 19
Vitamin E (mg) 64 8+5 7+3 7x2 8+3
Vitamin A (RE) 638 + 245 588+ 246 380+ 139 360142 509+ 140 474 £ 140

Notes: Data are mean £ SEM. No statistically significant Sex x Condition or condition effects (P > 0.05). Sex effect for Kcal (P = 0.0006), protein

(P < 0.0001), carbohydrate (P = 0.008), and fat (= 0.008).
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Figure 2. Plasma free fatty acids before and following ingestion of pla-
cebo and OxyELITE Pro™ by men and women.

Notes: Data are Mean * SEM. Sex x Condition x Time: P = 0.37;
Sex x Time: P = 0.91; Condition x Time: P = 0.002; Sex x Condition:
P=0.004; Time: P < 0.0001; Condition: P < 0.0001; Sex: P=0.62; Area
under the curve. Sex x Condition: P = 0.08; Condition: P < 0.0001,
Sex: P = 0.85; OxyELITE Pro™ Men: 1.756 £ 0.11 mmol-L-2 hr;
Placebo Men: 0.65 + 0.16 mmol-L™*-2 hr'; OxyELITE Pro™ Women:
1.51£0.07 mmol- L-- 2hr'; Placebo Women: 0.94+ 0,15 mmol - L-'- 2 hr?;
OxyELITE Pro™ Combined: 1.62 + 0.07 mmol-L'-2 hr'; Placebo
Combined: 0.78 + 0.12 mmol-L-'-2 hr'.

Discussion

Our data indicate that the dietary supplement
OxyELITE Pro™, at a dosage of two capsules, results
in an increase in plasma glycerol and FFA, as well as
an increase in metabolic rate. This finding is observed
in both men and women who are young and healthy.
Future study may include a sample of older and/or
overweight individuals to determine if similar results
are observed.

Based on the findings for increased lipolysis and
metabolic rate, it might be hypothesized that the
supplement may aid in weight/fat loss over time. As
stated earlier, this product contains a combination of
caffeine, bavhinia purpurea, bacopa monniera, gera-
nium stem extract (1,3-dimethlyamylamine), cirsium
oligophyllum, and rauwolscine extract. Caffeine has
lipolytic and thermogenic effects due to its ability to
impair the degradation of cAMP as well as increase
cAMP production via beta-adrenergic receptor inde-
pendent and dependent mechanisms, respectively.®
The independent effects appear due to the ability of
caffeine to directly inhibit cAMP degradation, by
inhibiting the cyclic nucleotide phosphodiesterase!?
and blocking adenosine receptors. The direct effect
results from an increase in catecholamine release
following caffeine ingestion, which may be second-
ary to the previously described adenosine inhibition.’
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Figure 3. Kilocalorie expenditure before and following ingestion of
placebo and OxyELITE Pro™ by men and women.

Notes: Data are mean + SEM. Sex x Condition x Time: P = 0.81;
Sex x Time: P = 0.76; Condition x Time: P = 0.37; Sex x Condition:
P = 0.01; Time: P = 0.41; Condition: P < 0.0001; Sex: P < 0.0001;
Area under the curve. Sex x Condition: P = 0.26; Condition: P = 0.005;
Sex: P = 0.002; OxyELITE Pro™ Men: 158 + 10 kcal-2 hr'; Placebo
Men; 141 4 8 kcal- 2 hr'; OxyELITE Pro™ Women: 137 £ 3 kcal-2 hr;
Placebo Women: 101 + 6 kcal-2 hr'; OxyELITE Pro™ Combined:
149 £ 7 keal- 2 hr; Placebo Combined: 122 £ 8 keal-2 hr-'.

Findings of increased metabolic rate and circu-
lating markers of fatty acid degradation have been
reported previously for caffeine alone.!-'* Depending
on the dosage of caffeine used, our findings generally
appear similar or greater in magnitude, highlighting
the potential influence of the other ingredients
contained within this supplement. That being said,
little is known regarding the other active ingredients,
at least as pertaining fo use by human subjects. For
example, bauhinia purpurea has been reported to have
thyroid stimulating properties, with no signs of overt
toxicity."** Thyroid hormones play an important

—+— Oxy men
- u~ Placebo men
~—4&— Oxy women

0.95

Respiratory exchange ratio

0.9 4
~®+ Placebo women
.85 - —#~ Oxy comblned
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0.7

T T T 4 1
Pre 30min 60min 90 min 120 min

Figure 4. Respiratory exchange ratio before and following ingestion of
placebo and OxyELITE Pro™ by men and women.

Notes: Data are mean £ SEM. Sex x Condition x Time: P = 1.00;
Sex x Time: P = 0.97; Condition x Time: P = 0.86; Sex x Condition;
P =0.38; Time: P=0.85; Condition: P=0.61; Sex: P=0.27.
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Table 3. Heart rate (bpm) before and following ingestion of placebo and OxyELITE Pro™ by men and women.

Time Men Women Combined

OXxyELITE Pro™ Placebo OxyELITE Pro™ Placebo OxyELITE Pro™ Placebo
Pre 60+2 6713 7215 68+ 4 6613 68 +2
30 min 55+3 61+3 73+£10 6314 64+6 62+2
60 min 59+3 61+£3 79+ 10 61+4 69+6 6112
90 min 61+3 59+2 727 60+3 67+4 59 £ 2
120 min 62+3 58 +3 79+ 10 6114 705 59+ 2

Notes: Data are mean £ SEM. Sex x Condition x Time: P = 0.96; Sex x Time: P = 0.97; Condition x Time; P = 0.37; Sex x Condition: P = 0.002; Time:
P =0.77; Condition: P=0.02; Sex: P=0.0003.

Téble 4, Systolic blood pressure (mmHg) before and following ingestion of placebo and OxyELITE Pro™ by men and
women.

Time Men Women Combined

OxyELITE Pro™ Placebo OXyELITE Pro™ Placebo OXxyELITE Pro™ Placebo
Pre 1053 1056+ 4 102+ 4 973 103+2 101+ 3
30 min 1M1 +£4 106 +3 113+9 9512 112+£56 101£2
60 min 120+ 5 108+3 11246 97+2 116+ 4 1023
90 min 125+ 3 109+6 111+£5 99+2 118+ 3 1043
120 min 123+ 4 109+4 114+ 4 963 118+3 102+3

Notes: Data are mean + SEM. Sex x Condition x Time: P = 0.70; Sex x Tme: P = 0.62; Condition x Time: P = 0.16; Sex x Condition: P = 0.22; Time:
P =0.02 (30 min and 120 min higher than pre; P < 0.05); Condition: P < 0.0001; Sex: P < 0.0001.

Table 5. Diastolic blood pressure (mmHg) before and following ingestion of placebo and OxyELITE Pro™ by men and
women.

Time Men Women Combined

OxyELITE Pro™ Placebo OXyELITE Pro™ Placebo OxyELITE Pro™ Placebo
Pre 61+4 62+2 59+3 60+1 60+2 61 %1
30 min 71+3 67+4 66+4 59 +2 68+2 63+3
60 min 6714 66+ 4 59+ 3 56+ 2 63+ 3 61+3
90 min 6416 65+ 4 60+4 55+3 62+4 60£3
120 min 66+3 69+4 67+2 58+3 672 64+3

Notes: Data are mean + SEM. Sex x Condition x Time: P = 0.72; Sex x Time: P = 0.68; Condition x Time: P = 0.73; Sex x Condition: P = 0.14; Time:
P =0.14; Condition: P=0.21; Sex: P=0.0002,

Table 6. Rate pressure product before and following ingestion of placebo and OxyELITE Pro™ by men and women.

Time Men Women Combined

OxyELITE Pro™ Placebo OxyELITE Pro™ Placebo OxyELITE Pro™ Placebo
Pre 6258 + 348 7163 £ 508 7304 + 553 6594 + 402 6781 + 349 6878 £ 320
30 min 6083 + 421 6514 + 424 8615 + 1997 5991 + 441 7349 + 1045 6252 + 302
60 min 7132 + 541 6604 + 367 9035 + 1579 5897 £ 403 8084 + 846 6251 * 281
90 min 7661 £ 516 6421 £ 551 7947 £ 700 5926 + 288 7808 + 417 6174 + 306
420 min 7603 £ 453 6318 + 437 8993 + 1177 5848 + 422 8298 + 637 6083 + 298

Notes: Data are mean + SEM. Sex x Condition x Time: P = 0.85; Sex x Time: P = 0.88; Condition x Time: P = 0.24; Sex x Condition: P = 0.004; Time:
P =0.92; Condition; P=0.002; Sex: P=0,20.
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Figure 5. Percent change from pre in heart rate (A} and rate pressure
product (B) for placebo and OxyELITE Pro™,

Notes: Data are mean * SEM. Heart rate. Sex x Condition x Time:
P = 0.78;, Sex x Time: P = 0.88; Condition x Time: P = 0.02
Sex x Condition: P = 0.44; Time: P = 0.31; Condition: P < 0.0001; Sex:
P = 0.22; Rate pressure product. Sex x Condition x Time: P = 0.40;
Sex x Time: P = 0.66; Condition x Time: P = 0.006; Sex x Condition;
P=0.71; Time: P = 0.58; Condition: P < 0.0001; Sex; P=0.98.

role in metabolic rate, with an increase in thyroid
function possibly leading to an increase in energy
expenditure. Bacopa monniera has also been reported
to increase thyroid hormone.!¢ and clinical trials have
not found any adverse effects of bacopa monniera
when consumed at a dosage of 300 mg- day,"" or as
a component of a dietary supplement (BacoMind™)
delivered at 300450 mg- day™.'®

The action of 1,3-dimethlyamylamine appears
as a simple aliphatic amine, functioning as a
norepinephrine reuptake inhibitor and/or norepi-
nephrine releasing agent, which may help explain the
increase in circulating free fatty acids and glycerol
with supplement ingestion. Anecdotal reports indi-
cate a potential effect on appetite suppression and
suggestions of increased weight/fat loss. However, to
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Figure 6. Percent change from pre in systolic (A) and diastolic (B) blood
pressure for placebo and OxyELITE Pro™,

Notes: Data are mean # SEM. Systolic blood pressure. Sex X
Conditionx Time: p=0.50; Sexx Time: P=0.58; Condition x Time: P=0.07;
Sex x Condition: P=0.70; Time: P=0.003; Condition: P < 0.0001; sex:
P = 0.10; Diastolic blood pressure. Sex x Condition x Time: P = 0.69;
Sex x Time: P = 0.44; Condition x Time: P = 0.52; Sex x Condition:
P =0.22; Time: P = 0.02; Condition: P = 0.006; Sex: P=0.002.

our knowledge, no published reports are available
pertaining to these effects in human subjects.

Pharmacological studies of cirsium oligophyllum
reveal thatthe active constituent possesses [3-adrenergic
receptor agonist activity and stimulates lipolysis in
subcutaneous fat cells,'® possibly due to the uncou-
pling of protein in vitro. Uncoupling proteins are
known to be involved with thermogenesis and energy
dissipation. Hence, this may help explain our finding
of increased energy expenditure,

Finally, rauwolscine is a stereoisomer of yohimbine
and functions as an o-adrenergic receptor antagonist.
While rauwolscine is thought to have similar potency
as yohimbine at the o -receptor, which allows for
lipolysis, it appears to be approximately 50-fold less
active at the o -receptor,® which inhibits lipolysis.
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We are unaware of data pertaining to the efficacy and
safety of rauwolscine use in human subjects.

Aside from the effects on metabolic rate and lipolysis,
hemodynamic variables were altered in such as way as
toindicate increased myocardial work. Specifically, heart
rate and blood pressure were increased in response to
treatment, with the obvious increase in the calculated rate
pressure product. Although such changes are common
with weight loss supplements,?-% in particular for those
including caffeine and other stimulants, some caution
should be advised when using this and similar products,
This is particularly true for individuals who are hyper-
tensive (resting blood pressure =140/90 mmHg) or
for those who are pre-hypertensive (resting blood
pressure =120/80 mmHg). For these individuals, it
would be best to attempt weight/fat loss through both
increased energy expenditure and modified/restricted
dietary intake. As with the use of any weight/fat loss
aid, it is prudent for individuals to be monitored by a
qualified health care professional during the course
of use.

Conclusion

In conclusion, we report that the product OxyELITE
Pro™ ingested at a dosage of two capsules by young
and healthy men and women, resulted in an increase
in plasma glycerol and FFA, in addition to meta-
bolic rate. These results are apparent along with an
increase in heart rate and blood pressure. These latter
findings (increased systolic blood pressure in particu-
lar) may warrant caution, in particular in those with
pre-hypertension or hypertension. The use of a lower
dosage may attenuate this response. While this study
only provides acute data pertaining to the lipolytic
and thermogenic effects of this supplement, well-
controlled intervention trials are needed in order to
determine the chronic effects of the supplement on
body weight/fat loss and associated metabolic and
biochemical markers of health, in particular within a
sample of overweight or obese subjects.
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Abstract

Background: We have recently noted an acute increase in circulating free fatty acids and glycerol, as well as resting metabolic rate,
when men and women ingested the dietary supplement OxyELITE Pro™ in a single dose. We have also noted a reduction in appetite
when subjects were treated with this supplement for 14 consecutive days, It is possible that such findings may favor body weight and
fat loss over time. Therefore, the purpose of the present study was to determine the effects of this dietary supplement on weight loss and
associated markers using an eight week intervention.

Methods: Exercise-trained subjects were randomly assigned in double blind manner to ingest either the dietary supplement (n = 16;
aged 22.8 £ 0.7) or a placebo (n= 16; 22.5 £ 0.5) every day for eight weeks. Body weight, body composition, skinfold thickness, serum
lipids, and appetite were measured as the primary outcome variables. As measures of supplement safety, a complete blood count and
comprehensive metabolic panel were performed, and resting heart rate and blood pressure were measured (pre and post intervention).
Results: No interactions or main effects were noted for our primary outcome measures (P > 0.05). However, when comparing pre and
post intervention values for the supplement, significant decreases were noted in appetite, body weight, body fat percentage, and skinfold
thickness (P < 0.05), while increases were noted for total and HDL-C, as well as for resting heart rate (P < 0.05). No changes were
noted for placebo from pre to post intervention (P > 0.05), with the exception of an increase in HDL-C (P < 0.05). Blood pressure and
bloodborne safety variables were not differently impacted by supplement or placebo (P > 0.05), with the exception of monocytes, for
which an interaction effect was noted (P = 0.04).

Conclusion: These data indicate that the dietary supplement OxyELITE Pro™ may assist in weight and body fat loss in a sample of
exercise-trained men and women. The supplement does not result in any adverse effects pertaining to resting blood pressure or blood-
borne markers of safety; however a small increase in resting heart rate is observed.
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Background
The prevalence of obesity and overweight status
has increased to epidemic proportions within recent
years, with approximately 400 million individuals
classified as obese,'? and 1.6 billion classified as
overweight? While the ideal treatment plan for
this problem includes increased physical activity®
and modification and restriction of dietary intake,®
additional options exist. These include the use of
pharmaceuticals’ and/or surgical intervention,® as
well as the use of dietary supplements.®

With regards to the latter, dietary supplements
continue to increase in popularity, with 80 percent of
adults purchasing dietary supplements at Jeast once
per year,'® with an estimated worth of $61 billion to
the United States economy in 2008. One class of sup-
plement that appears in high demand is designed to
aid in body weight and fat loss." These products have
the potential not only to aid in reducing body weight
and fat, but also to improve the serum lipid panel.

We have recently studied the effects of the weight
loss dietary supplement OxyELITE Pro™, ysing both
an acute laboratory study focused on metabolic rate
and blood markers of lipolysis,'? as well as a 14 day
intervention study focused on appetite suppression
and clinical safety markers (eg, complete blood
count, metabolic panel, lipid panel)."* Both of these
studies involved young and healthy subjects. The
supplement has been noted to result in an increase
in circulating free fatty acids and glycerol, in addi-
tion to an increase in resting metabolic rate (when
delivered as a single dose). A slight reduction in
appetite has also been observed. No adverse effects
have been noted with regards to clinical safety mark-
ers (eg, blood chemistry). Despite these findings, no
scientific evidence is currently available pertaining
to the effects of this dietary supplement following
a longer term intervention period. This is true with
regards to anthropometric and safety data, as well as
other bloodborne variables of interest associated with
obesity such as serum lipids and markers of oxidative
stress (eg, malondialdehyde). Therefore, the purpose
of the present study was to determine the effects of
OxyELITE Pro™ on weight loss and associated mark-
ers following an eight week intervention, using a ran-
domized, placebo controlled, double blind design. We
hypothesized that subjects in the supplement group
would experience more favorable changes in weight

loss and associated parameters compared to subjects
in the placebo group.

Methods and Procedures
Subjects

Thirty-two recreationally exercise-trained men
or women (5.2 * 0.3 hours per week of exercise;
3.9 + 0.5 years of exercise) between the ages of
19 and 36 years participated. The indicated sample
of 32 subjects is similar to many other studies involv-
ing weight loss dietary supplements. Our inclusion
of men and women of younger age was done in an
attempt to mimic the subject population which repre-
sents the market for weight loss dietary supplements.
Traditionally, weight loss studies include only young
to middle aged obese subjects, typically women who
are inactive. One unique aspect of our study is the
inclusion of an equal number of men and women, all
who exercise regularly, and most who are not obese.
Such a sample has greater generalizability to the tar-
get market for weight loss supplements. Subjects
were nonsmokers and did not have any cardiovas-
cular or metabolic problems that might affect their
response to treatment and their ability to participate.
Health history, drug and dietary supplement usage,
and physical activity questionnaires were completed
by all subjects to determine eligibility.

Concerning human subjects, each was informed of
all procedures, potential risks, and benefits associated
with the study through both verbal and written form
prior to participation. This was done in accordance
with the Declaration of Helsinki and the procedures
approved by the University Institutional Review
Board for Human Subjects Research (H11-24). All
subjects signed an informed consent form prior be
being admitted.

Screening

During the initial visit to the laboratory, subjects
completed the informed consent form, health and
physical activity questionnaires. Subjects were pro-
vided with food logs and instructions regarding how
to complete these logs during the week prior to begin-
ning their assigned condition and during the final
week of the assigned condition (please see descrip-
tion below). Subjects received a detailed schedule for
the entire study period outlining all pertinent dates of
participation,

14
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Testing

For both visits to the laboratory (pre and post
intervention), subjects reported in the morning hours
(5:00-11:00 am) following a 10 hour overnight
fast. Upon arrival, food records were collected and
reviewed with subjects. Subjects were then asked
to void. Subjects then sat in a chair and rested for
10 minutes. Heart rate (via 60 second palpation of
the radial artery) and blood pressure (via auscultation
using a two-earpiece stethoscope) was then measured
and recorded. A blood sample was then obtained
(described below). Subjects were then asked to
record their overall appetite during the prior two weeks,
using a 10 point visual analog where the scale was
anchored with “0 = none at all and 10 = extreme.”
Following this, subjects’ height, weight, waist and
hip circumference, skinfold thickness (7 site using a
Lange caliper), and body composition was measured.
Body composition was determined by dual energy
x-ray absorptiometry (DEXA; Hologic QDR-4500W)
using a 6-minute fan array. Both total and regional
(trunk specific) body fat were determined, and fat and
fat free mass were calculated. The DEXA assessment
was performed by a licensed technician., These exact
procedures were followed for both test days (pre and
post intervention).

Blood collection and biochemistry

Blood was collected from subjects on two different
days throughout the course of the study: pre interven-
tion (day 1 of the study—the morning of the first day
of supplement or placebo use) and post intervention
(the day following the final day of supplementation).
On each occasion, venous blood samples (~25 mL)
were taken from subjects via needle and Vacutainer®.
All blood samples were collected in a fasted and
10 minute rested state. Following collection, sam-
ples were processed and immediately placed in the
refrigerator or the freezer, depending on the sample.
A portion of blood samples were sent to Laboratory
Corporation of America for analysis of lipid panel,
complete blood count, and comprehensive meta-
bolic panel. The lipid panel was determined using
enzymatic procedures (Roche/Hitachi Modular).
The complete blood count was determined using an
automated cell counter (Coulter LH750). The com-
prehensive metabolic panel was determined using
automated procedures (Roche/Hitachi Modular).

Remaining blood was stored at —70 °C until analyzed
for malondialdehyde, following the procedures of
Jentzsch et al,'* using reagents purchased from North-
west Life Science Specialties (Vancouver, WA).

Supplementation

Subjects were randomly assigned (via coin flip by an
investigator not involved in data collection) in double
blind manner to consume either a placebo (n = 16;
8 men and 8 women) or the supplement (OxyELITE
Pro™,; USPlabs, LLC, Dallas, TX; n = 16; 8 men and
8 women). None of the investigators involved in this
work have a financial interest in USPlabs, LLC. The
supplement contained a proprietary blend of caffeine,
bauhinia purpurea, bacopa monniera, geranium stem
extract(1,3 dimethlyamlamine), cirsium oligophyllum,
and rauwolscine extract as the active ingredients. Cap-
sules were produced in accordance with Good Manu-
facturing Practices and from the same lot number, The
placebo (microcrystalline cellulose) and OxyELITE
Pro™ capsules were identical in appearance and were
dispensed to subjects in identically labeled bottles, at
the start of the study and after four weeks. Neither the
subjects nor the investigators involved in data collec-
tion were aware of the assigned treatment.

Subjects were instructed to use the supplement
or placebo in the same manner as suggested on the
product label. Specifically, subjects were instructed to
“Ingest 1 capsule daily for the first three days. If the
single capsule each day is well-tolerated, then, start-
ing on day four, try ingesting an additional capsule,
5—6 hours after the first capsule. If this is well-
tolerated, then this will be your dosage throughout the
eight week study period. If, however, taking the second
capsule causes any adverse effects such as sleepless-
ness, then you should attempt to ingest 2 capsules at
once in the morning, provided that it is well-tolerated.
If ingesting 2 capsules at once in the morning is
not well-tolerated, then you should revert back to
1 capsule daily in the morning,” Therefore, subjects
were provided the option to use either 1 or 2 capsules
per day. This was done in an attempt to duplicate the
conditions in which individuals would use this dietary
supplement in a non-laboratory based setting. Subjects
reported their intake to investigators (when capsule
bottles were returned) and compliance to treatment
was determined by counting remaining capsules. For
both conditions, capsules were taken with water on an
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empty stomach in the early morning, and if taking a
second dosage, during the early-mid afternoon.

Dietary records and physical activity
Subjects were instructed to maintain their normal
diet (inclusive of food and beverages) during the
eight week study period and to record intake during
the week prior to each test day. Diet records were ana-
lyzed for total kilocalories, protein, carbohydrate, fat,
and a variety of other nutrients (Food Processor SQL,
version 9.9, ESHA Research, Salem, OR). Subjects
were asked to maintain their normal physical activity
habits and exercise training schedule during the study
period, with the exception of the two days (48 hours)
prior to each test day, in which they were asked not
to perform any strenuous exercise. Subjects were not
required to maintain activity logs.

Statistical analysis
Outcome measures were analyzed using a 2
(condition) X 2 (pre/post intervention) analysis of

variance (ANOVA). The primary outcome measures
were also analyzed using a paired #-test (comparing
pre and post intervention data independently for both
supplement and placebo). The data are presented as
mean + SEM. All analyses were performed using JMP
statistical software (version 4.0.3, SAS Institute, Cary,
NC). Statistical significance was set at P < 0.05.

Results

Subject compliance to treatment, appetite, descriptive
characteristics, anthropometric and hemodynamic
data are presented in Table 1. All subjects assigned to
the placebo ingested two capsules per day. Of the 16
subjects assigned to the supplement, 11 ingested two
capsules per day and five ingested only one capsule
per day. These five subjects indicated that the inges-
tion of two capsules was associated with increased
feelings of jitters and sleeplessness. None of the
remaining 11 subjects assigned to the supplement
noted any adverse effects of treatment. Due to sched-
uling conflicts, four subjects (three using supplement;

Table 1. Descriptive characteristics, anthropometric and hemodynamic data for 32 men and women assigned to

OxyELITE Pro™ or placebo for eight weeks.

Variable OxyELITE Pro™ Placebo
Pre Post P value** Pre Post P value**
(n=16) (n =16) (n =16) {n=16)
Compliance to NA 93.0+1.2 NA NA 94.6+1.9 NA
treatment (%)
Age (years) 22.8+1.0 NA NA 22.5+0.7 NA NA
Height (cm) 1729+2.6 NA NA 170.3+1.3 NA NA
Body weight (kg) 78.0+ 4.1 76.1+3.9 <0.01 75224 746+25 0.15
BMI (kg-m~?) 26.0%1.2 254+1.1 <0.01 25.9+0.7 257+0.7 0.14
Waist (cm) 83.8+£3.7 81.2+3.3 <0.01 81.2+2.0 80.5+2.2 0.14
Hip (cm) 103.4+2.0 102.3£1.6 0.10 101.8+14 101.7£1.4 0.96
Waist:Hip 0.81+0.02 0.79+£0.02 <0.01 0.80+£0.02 0.79%0.02 0.14
DEX}A total body 241+2.1 23.1%£20 0.02 251123 250+2.3 0.87
fat (%)
DEX/A)trunk body 226+24 21.8+23 0.09 243+22 240422 0.57
fat (%
Total fat mass (kg) 18.56+1.7 17.3+£1.6 <0.01 18.7+£1.8 18.5+1.8 0.51
Total fat free 59.5+3.8 58.8+3.7 0.03 56.6+2.7 56.1+2.7 0.14
mass (kg)
Skinfold 147.3+16.2 130.4 £ 14.9 <0.01 144.8 +15.4 138.0+14.8 0.06
thickness (mm)
Heart rate (bpm) 63.3+1.9 69.4+22 <0.01 65.1+£2.1 66.9+£2.9 0.35
Systolic blood 114.1 +3.2 117.2+3.5 0.35 112.3+£2.3 111.8+26 0.97
pressure (mmHg)
Diastolic blood 70.1+3.2 729121 0.29 70.7x26 700426 0.88

pressure (mmHg)

Notes: Values are mean + SEM. No condition x Pre/Post intervention interaction effects noted (P > 0.05). No condition effects noted (P > 0.05). No pre/post
intervention effects noted (P > 0.05). **P values obtained using paired f-tests for each condition.
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one using placebo) had their post intervention DEXA
scan performed one day prior to the end of the 8 week
intervention (after 55 days of treatment).

As can be viewed in Table 1, compliance to both the
placebo and the supplement was excellent and not dif-
ferent between conditions (P = 0.49). No interactions
or main effects were noted for any anthropometric or
hemodynamic variable (2 > 0.05). However, when
comparing pre and post intervention values for the
supplement, significant decreases were noted in body
weight, BMI, waist circumference, waist:hip, total
body fat percentage, fat mass, fat free mass, and skin-
fold thickness (P < 0.05), while an increase was noted
in resting heart rate (P < 0.01). No changes were noted
for placebo from pre to post intervention (P > 0.05).

Lipid panel and malondialdehyde data are pre-
sented in Table 2. With the exception of malondialde-
hyde, no interactions or main effects were noted for
any lipid specific parameter (P > 0.05). A condition
(P < 0.0001) and pre/post intervention (P = 0.02)
effect was noted for malondialdehyde, with val-
ues lower for supplement compared to placebo and
at pre intervention compared to post intervention,
respectively. When comparing pre and post interven-
tion values for the supplement, significant increases
were noted in total cholesterol, HDL-C, and malon-
dialdehyde (P < 0.05), while a decrease was noted
in LDL-C:HDL-C and total cholesterol:HDL-C
(P < 0.05). For placebo, significant increases were
noted in HDL-C and malondialdehyde (P < 0.05),
while a decrease was noted in LDL-C:HDL-C and
total cholesterol: HDL-C (P < 0.05).

Complete blood count data are presented in
Table 3. An interaction effect was noted for mono-
cytes (P = 0.04). A condition effect was noted for
MCH (P = 0.01), MCHC (P = 0.03), and neutro-
phils (P = 0.02). A pre/post intervention effect was
noted for RBC (P = 0.01), MCV (P < 0.0001), MCH
(P =0.002), MCHC (P =0.001), platelets (P = 0.002),
neutrophils (P = 0.01), and monocytes (P = 0.002).
No other interactions or main effects were noted for
complete blood count data (P > 0.05).

Metabolic panel data are presented in Table 4.
A condition effect was noted for glucose (P = 0.02),
potassium (P = 0.05), and alkaline phosphatase
(P = 0.01). A pre/post intervention effect was noted
for CO, (P = 0.0002). No other interactions or
main effects were noted for metabolic panel data
(P > 0.05).

Appetite and dietary intake data are presented in
Table 5. A pre/post intervention effect was noted for
appetite (P = 0.01), with values lower post interven-
tion compared to pre intervention. This was mostly
influenced by the supplement condition; appetite was
lower from pre to post intervention for supplement
(P =0.0006) but not for placebo (P > 0.05). No other
interactions or main effects were noted for dietary
data (P > 0.05).

Discussion

The findings from our investigation indicate that the
dietary supplement OxyELITE Pro™ may assist in
weight and body fat loss, while improving selected
markers of the blood lipid panel. At a daily dosage of

Table 2. Lipid specific data for 32 men and women assigned to OxyELITE Pro™ or placebo for eight weeks.

Variable OXyELITE Pro™ Placebo
Pre Post Pro™ Pre Post P value**
(n=16) {n=16) P value** {n=16) (n=16)
Cholesterol (mg- dL") 1476 £5.0 156.0 £ 4.7 0.05 153.9+4.3 15684+ 3.4 0.49
Triglycerides (mg-dL") 77.1+93 62.6 £ 8.1 0.07 81.3+8.1 87.3+10.8 0.39
HDL-C (mg-dL-) 50.0+2.9 58.6 £ 3.7 <0.01 544+ 3.0 58.3+3.8 0.03
VLDL-C (mg-dL") 154+1.8 126+ 16 0.08 16.3+1.6 17.5+2.2 0.41
LDL-C (mg-dL™) 826+4.4 848141 0.50 83.2+5.0 82.6+3.3 0.44
LDL-C/HDL-C 1.8+£0.2 1.6+0.2 0.04 1.6+£0.2 1.5+0.1 <0.01
Total:HDL-C - 3.1+£02 28+0.2 <0.01 3.0x02 29+02 0.03
Malondialdehyde 0.52+£0.04 0.58 £0.04 0.04 0.850.05 1.32+0.20 0.02
(umol - L-1yst

Notes: Values are mean + SEM. No condition x Pre/Post intervention interaction effects noted (P > 0.05); trend noted for malondialdehyde (P = 0.07).
*Condition effect noted for malondialdehyde (P < 0.0001). No other condition effects noted (P> 0.05); tPre/Post intervention effect noted for malondialdehyde
(P =0.02). No pre/post intervention effects noted (P > 0.05); **P values obtained using paired t-tests for each condition.
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Table 3. Complete blood count data for 32 men and women assigned to OxyELITE Pro™ or placebo for eight weeks.

Variable OxyELITE Pro™ Placebo

Pre Post Pre Post

(n=16) (n =16) (n =16) (n=16)
WBC (10%-pL) 6.4+£0.3 59+0.5 6.2+07 6.2+0.4
RBC (10°.puL-")* 471041 49+0.1 45+0.1 4.8+0.1
Hemoglobin (g-dL-") 14.1+£0.2 14.1£0.3 14.1+0.3 14.3+0.3
Hematocrit (%) 419107 41.1+£1.0 414107 413+0.9
MCV (fL)t 899112 843+1.1 919%1.2 86.6 £ 1.1
MCH (pg)** 30.3+£04 28.9+0.5 31.3+04 30.0+0.4
MCHC (g-dLMy*t 33.6+0.2 34.2+0.1 34.0£0.1 346102
RDW (%) 13.56+£0.3 13.2+0.2 13.31£0.2 13.0+0.2
Platelets (10%. uL-")* 183.8+11.3 2264+ 17.8 208.4£8.2 243.3+8.0
Neutrophils (%)*t 571+£25 48.8 £ 2.1 537+£29 499+1.5
Lymphocytes (%) 332124 379+23 348126 375+1.6
Monocytes (%)™t 6.5+04 9.1+06 81+£0.5 8.7+0.4
Eosinophils (%) 29+04 35+0.6 29+0.4 3.3+£056
Basophils (%) 04+0.1 0.5+0.1 0.4+0.1 0.5+0.1

Notes: Values are mean = SEM. *Condition effect noted for MCH (P =0.01), MCHC (P=0.03), and neutrophils (P=0.02); trend noted for MCV (P=0.07) and
platelets (P = 0.09). No other condition effects noted (P > 0.05); **Condition x Pre/Post interaction effect noted for monocytes (P = 0.04). No other condition x
Pre/Post intervention interaction effects noted (P > 0.05); 1Pre/Post intervention effect noted for RBC (P=0.01), MCV (P < 0.0001), MCH (P = 0.002), MCHC
(P=0.001), platelets (P = 0.002), neutrophils (P = 0.01), and monocytes (P = 0.002). No other pre/post intervention effects noted (P > 0.05).

one to two capsules, the supplement does not result in
any adverse effects pertaining to bloodborne markers
of safety (eg, liver function). However, the supple-
ment does result in an increase in resting heart rate
of approximately six beats per minute. Although this
increase in heart rate was not accompanied by a sig-
nificant increase in systolic or diastolic blood pres-
sure (~3 mmHg), it may be wise for hypertensive
individuals to avoid use of this supplement, as any
increase in these variables may be undesirable.
These data extend our prior work with this
supplement. Using an acute laboratory study involv-
ing single ingestion of the supplement or placebo in a
crossover design, we noted an increase in circulating
free fatty acids and glycerol, as well as an increase
in resting metabolic rate in men and women.'? Using
an open label design, we have also noted a reduc-
tion in appetite when subjects were treated with this
supplement each day for 14 consecutive days.'* Based
on these results, we hypothesized that chronic use of
the supplement might decrease appetite and overall
food intake, while also stimulate metabolic rate and
lipolysis—equating to body weight and fat reduction
over time. Our collective findings indicate this to be
the case; that is, when comparing pre and post inter-
vention data for subjects in the supplement condition.

From an efficacy point of view, the variables with
the greatest interest in this investigation are those
presented in Table 1. In terms of anthropometric
variables, although no interaction effects were noted,
when values were compared for each condition
independently from pre to post intervention, we
noted significant changes in many variables. For
example, body weight, waist circumference, skinfold
thickness, and body fat percentage were decreased.
However, it should be noted that a small portion of
the body weight lost was fat free mass, a common
finding in weight loss intervention studies. !>

In terms of blood lipids, although no interaction
effects were noted, when values were compared
for each condition independently from pre to post
intervention, we noted significant changes in many
variables, First, malondialdehyde was increased from
pre to post intervention in both conditions. This was
surprising, as lipid peroxidation and oxidative stress
are associated with levels of adiposity and an obese
state."” We hypothesized that if the supplement was
effective at inducing a weight loss, malondialdehyde
would be lowered. To the contrary, malondialde-
hyde was increased slightly in the supplement con-
dition from pre to post intervention despite the loss
in body weight and body fat, and more so in the
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Table 4. Metabolic panel data for 32 men and women assigned to OxyELITE Pro™ or placebo for eight weeks.

Variable OXyELITE Pro™ Placebo

Pre Post Pre Post
(n =16} (n =186) {n=16) {n=16)

Glucose (mg-dL-)* 87.8+1.2 88.3+1.6 85.4+1.2 83.8+2.1
BUN (mg-dL-") 13.8+1.0 14.6 £ 1.1 140+ 1.2 156.3+0.9
Creatinine (mg-dL-) 1.0+£0.0 1.0+ 0.1 1.0+0.0 1.0£0.0
BUN:creatinine 14.0+£1.0 14.4 + 1.1 13.8+1.0 15.8 £ 0.8
Sodium (mmol. L") 140.2+0.6 139.9+04 139.56+£0.7 140.1+ 0.4
Potassium (mmol. L-")* 4.3+0.1 4.3+0.1 44+0.1 4.7+01
Chloride (mmof- L) 103.4+0.5 103.0+0.5 103.1+0.7 1026+0.5
CO, (mmol- L)t 246105 274405 24607 261104
Calcium (mg-dL") 9.4+0.1 9.5 £0.1 9.3+0.1 9.3+0.1
Protein (g-dL-") 6.9+ 0.1 6.9+0.1 6.7 0.1 6.9+0.1
Albumin (g-dL-") 4.4 £0.1 44+0.1 4.3+0.1 44101
Globulin (g- dL-") 2.5+ 0.1 26+0.1 24101 25101
AG 1.8+ 0.1 1.7+ 0.1 1.7+0.1 1.8+£0.0
Bilirubin (mg- dL-") 05+0.0 0.5%0.1 06+0.1 06+0.1
Alk Phos (1U.L-")* 776158 73.8+6.0 62.1+54 60.8+4.4
AST (SGOT) (IU-L 243+23 224+19 239+22 231x26
ALT (SGPT) (IU-L) 209+2.1 20.5+2.2 19.61£2.1 19.0+1.5
GGT (lU-L 179+ 36 17.0+£ 20 134+1.2 14.8+1.0

Notes: Values are mean + SEM. No condition x Pre/Post intervention interaction effects noted (P > 0.05). *Condition effect noted for glucose (P=0.02),
potassium (P = 0.05), and alkaline phosphatase (P = 0.01); trend noted for calcium (P = 0.08). No other condition effects noted (P > 0.05); iPre/Post

intervention effect noted for CO, (P = 0.0002). No other Pre/Post intervention effects noted (P > 0.05).

Table 5. Appetite and dietary intake for 32 men and women assigned to OxyELITE Pro™ or placebo before and during the
final week of an eight week intervention, :

Variable OxyELITE Pro™ Placebo

Pre Post Pre Post

(n=16) (n=16) (n=16) {n=16)
Appetite (1-10 scale)t 6.3+0.3 48+0.5 6.0+0.2 57+0.2
Kilocalories 2359.0 +284.2 1930.0 £ 203.7 2419.5+218.4 1964.8 £ 202.7
Protein (g) 99.6 £13.3 89.5+9.7 106.5+13.1 90.6+10.3
Carbohydrate (g) 276.6 £28.9 229.1 £ 20.9 2848+ 327 2412+26.7
Fiber (g) 164114 16.6+2.7 204 +£3.0 16.1+£1.7
Sugar (g) 101.7 £ 14.1 77.9+87 114.7 £19.8 99.1+£17.3
Fat (g) 70.1£9.3 70.9+10.6 89.2+9.6 67.2+8.4
Saturated fat (g) 224+28 21.7+28 28.0+3.3 22.1+3.0
Monounsaturated fat (g) 108 £1.7 123121 16.6 £3.7 13.2+25
Polyunsaturated fat (g) 50+0.8 6.1+0.9 82+16 54+09
Trans fat (g) 09%0.2 1.4+0.5 1.5+04 1.4+£04
Cholesteroi (mg) 323.3+£54.3 365.9 £69.9 315.0+£62.0 306.5 +64.8
Vitamin C (mg) 63.9+9.8 53.0+11.0 79.2+14.1 51.4+£9.0
Vitamin E (mg) 45422 51+1.7 50£1.8 3.8+1.2
Vitamin A (RE) 369.7 £98.0 335.3+77.5 265.5+50.9 345.0+73.2
Selenium (1g) 35.8+6.4 52.1+£9.8 474+7.9 59.7+104

Notes: Values are mean + SEM. No significant condition x Pre/Post intervention interaction effects noted (P > 0.05); trend noted for appetite (P = 0.08).
No significant condition effects noted (P > 0.05); *Pre/Post intervention effect noted for appetite (P = 0.01); appetite lower from pre to post intervention for
OxyELITE Pro™ (paired t-test; P =0.00086); trend noted for kilocalories (P = 0.06); total kilocalories lower from pre to post intervention for placebo {paired
t-test; P=0.004); No other significant pre/post intervention effects noted (P > 0.05).
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placebo condition. This may be at least partly due to
the lowering of kilocalories from pre to post interven-
tion (Table 5), a suggestion supported by recent work
indicating an increase in malondialdehyde following
caloric restriction in mice.'® Aside from this, potential
changes in subjects’ activity profile during the days
leading up the test days, coupled with the possibility
of variation in sample processing and analysis may
have contributed to the noted differences.

Second, total and HDL-C was increased in the
supplement condition from pre to post interven-
tion. Despite the increase in total cholesterol, the
LDL-C:HDL-C and total cholesterol:HDL-C were
lowered. Considering the benefits of HDL-C," an
improvement in this measure, and in particularthe mea-
sures of LDL-C:HDL-C and total cholesterol: HDL-C,
is welcome. This finding, coupled with the reduction
in adiposity may suggest a cardioprotective effect
of the supplement. It should be noted that a signifi-
cant increase was also observed in HDL-C for the
placebo condition, while a decrease was noted in

LDL-C:HDL-C and total cholesterol:HDL-C. It is
~ possible that these findings were due to changes in
dietary intake over the course of the study (eg, reduc-
tion in kilocalorie intake). While no statistically sig-
nificant interactions or main effects were noted for
any dietary variables, total kilocalories were lower
for placebo when comparing pre and post intervention
data. A similar trend for lower kilocalorie intake was
observed for the supplement condition, highlighting
the possibility that overall dietary intake may have
impacted the findings for serum lipids.

It should be understood that although subjects com-
pleted seven day food logs during the week before
starting the intervention and during the final week of
the intervention, they did not record all food and bev-
erage consumed during the entire study period. While
subjects were instructed to maintain their usual diet
throughout the study period, it is possible that dietary
intake varied over the course of the eight week inter-
vention. Hence, either of the two weeks of collection
may have underestimated or overestimated subjects’
usual intake during their entire participation. This lack
of control of dietary intake is indeed a limitation of
our work, and of all similar human subject research.

The supplement tested in the present investigation
contains six active ingredients (caffeine, bauhinia
purpurea, bacopa monniera, geranium stem extract

[1,3 dimethlyamlamine], cirsium oligophyllum, and
rauwolscine extract), for which a detailed explanation
of their potential mechanisms of action has been pre-
viously provided.'? We cannot state with confidence
which of these ingredients is chiefly responsible for
the results obtained herein. We can simply state that
the combination of these ingredients yields the results
presented; which applies for all variables including
anthropometric, bloodborne, and appetite.

One unique aspect of our study was our selected
subject sample. That is, unlike most investigations
using a dietary ingredient or whole food interven-
tion in an attempt to induce weight loss, which
typically include obese subjects exclusively (often
who are sedentary), the present investigation used
active individuals of whom 15 were normal weight
(BMI 18.5-24.9 kg-m™), 13 were overweight
(BMI 25-29.9 kg-m™?), and 4 were obese (BMI
= 30 kg-m™). Although we likely would have
observed more robust changes in our outcome mea-
sures if we included obese subjects exclusively, we
believe that our approach has much more application,
in that our findings may have relevance to a large
majority of individuals currently exercising with the
desire to lose additional body weight and body fat.

With regards to our collected safety data, we noted
an increase in resting heart rate of six beats per minute
without a significant accompanying increase in sys-
tolic or diastolic blood pressure (although values for
both blood pressure measures increased ~3 mmHg
from pre to post intervention). Interestingly, we
have noted a slight decrease in resting heart rate and
blood pressure in a prior study of OxyELITE Pro™,
when subjects ingested the supplement each day for
two weeks." Based on these conflicting findings, we
are uncertain as to what the typical change in hemody-
namic variables is following use of this supplement.
The data for chronic caffeine intake (often delivered
within coffee—at an amount equal to ~200-400 mg,
or the equivalent of 2-4 cups) in relation to hemody-
namic variables are mixed,” with some reports indi-
cating a slight increase in these measures and others
indicating no change or a slight decrease. Considering
that other components are included within the tested
dietary supplement besides caffeine, additional study
would be necessary to either confirm or refute our
initial work pertaining to the chronic effects of the
supplement on hemodynamic variables. The small
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increase in heart rate and blood pressure noted in the
present study may be considered acceptable by some
individuals, in particular those who are healthy with a
low cardiovascular disease risk profile.

Regarding other bloodborne variables, we noted
minimal change in all measured variables (Tables 3
and 4), with no interaction effects noted except for
monocytes, which were higher post intervention for
the supplement condition. Of particular importance
concerning oral dietary supplements is the measure
of liver enzymes. There was no increase noted in
SGOT, SGPT, or GGT from pre to post interven-
tion for the supplement condition. In fact, all values
decreased slightly. Collectively, these findings indi-
cate that eight weeks of intake of the dietary supple-
ment at a dosage of one to two capsules per day does
not cause any adverse outcomes in a sample of young
and healthy men and women, with the exception of an
increase in resting heart rate.

Conclusion

In conclusion, our findings indicate that the dietary
supplement OxyELITE Pro™ may aid in weight and
body fat loss in young, exercise-trained men and
women. While the supplement does not adversely
affect bloodborne markers of safety or increase
resting blood pressure significantly, it does elevate
resting heart rate. As the majority of subjects in
this investigation were not obese, it is possible that
supplementation with this agent could provide more
robust effects in those with higher body weight and
fat mass. Additional investigation is needed to con-
firm this hypothesis.
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Abstract

Background: 1,3-dimethylamylamine is a commonly used ingredient within dietary supplements. Our prior work with this agent
indicates a transient increase in blood pressure (systolic in particular) following oral ingestion of a single dosage, but no significant
increase in resting blood pressure following chronic ingestion, Moreover, intervention studies involving both two and eight weeks of
treatment with finished products containing 1,3-dimethylamylamine indicate minimal or no change in bloodborne markers of health.
The present study sought to extend these findings by using a 10-week intervention trial to determine the change in selected markers of
health in a sample of men.

Methods: 25 healthy men were randomly assigned to either a placebo (n = 13) or to a supplement containing 1,3-dimethylamylamine
(n = 12) for a period of 10 weeks. Before and after the intervention, resting blood pressure and heart rate were measured, and blood
samples were collected for determination of complete blood count, metabolic panel, and lipid panel.

Results: No significant differences were noted between conditions for blood pressure (P > 0.05), although systolic blood pressure
increased approximately 6 mmHg with the supplement (diastolic blood pressure decreased approximately 4 mmHg). A main effect for
time was noted for heart rate (P = 0,016), with values decreasing from pre to post intervention. There were significant main effects
for time for creatinine (increased from pre to post intervention; P = 0.043) and alkaline phosphatase (decreased from pre to post
intervention; P = 0.009), with no condition differences noted (P > 0.05). There was a significant interaction noted for low density lipo-
protein cholesterol (LDL-C) (P = 0.043), with values decreasing in the supplement group from pre to post intervention approximately
7 mg-dL™" (P = 0.034). No other effects of significance were noted for bloodborne variables.

Conclusion: These data indicate that a dietary supplement containing 1,3-dimethylamylamine does not result in a statistically signifi-
cant increase in resting heart rate or blood pressure (although systolic blood pressure is increased ~6 mmHg with supplement use). The
supplement does not negatively impact bloodborne markers of health. Further study is needed involving a longer intervention period,
a larger sample size, and additional measures of health and safety.
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Background products demonstrated first that, in terms of acute

While somewhat controversial, 1,3-dimethylam-
ylamine has been suggested to be a component of
the Pelargonium graveolens plant;' a simple aliphatic
amine? with sympathomimetic properties. Aside from
1,3-dimethylamylamine, common chemical names
cited for this agent include 2-amino-4-methylhexane,
1,3-dimethylpentylamine, methylhexaneamine, and
4-methyl-2-hexylamine. It is also known by the trade-
marked name geranamine™ (Proviant Technologies,
Inc, 2005: US trademark number: 78542697).

The use of 1,3-dimethylamylamine is wide-
spread within the dietary supplement industry,
in particular as a component of weight loss and
pre-workout products. A recent report published
by the Human Performance Resource Center
(http://www.humanperformanceresourcecenter.org)
provides a detailed listing of close to 100 products
believed to contain 1,3-dimethylamylamine. While
anecdotal reports of improved exercise performance
are common, we are aware of only one published
experiment designed to investigate the ergogenic
properties of 1,3-dimethylamylamine alone or in
combination with caffeine,’ which noted little impact
on aerobic exercise performance. Regardless of
actual ergogenic effectiveness, the overall safety of
the ingredient needs to be considered.

In our recent article in which 1,3-dimethylamylamine
was administered alone and in combination with
caffeine in a single dosage to healthy men and
women,* we noted that heart rate was unaffected by
treatment, but blood pressure was elevated when
consuming 1,3-dimethylamylamine—generally in a
dose-dependent manner. The peak percent change in
systolic (~20%) and diastolic (~17%) blood pressure
was noted at 60 minutes following ingestion of the
combination of 250 mg of caffeine and 75 mg of
1,3-dimethylamylamine. A second study investigated
the blood pressure and heart rate response of
1,3-dimethylamylamine and caffeine alone and in
combination (compared to a placebo) in a sample of
endurance trained men and women before, during, and
following strenuous exercise.? In this study, heart rate was
relatively similaracrossconditions,and blood pressure was
generally highest for caffeine and 1,3-dimethylamylamine
alone compared to other conditions.

Research on the use of 1,3-dimethylamylamine in
combination with other ingredients within finished

changes in blood pressure and heart rate, dietary sup-
plements containing 1,3-dimethylamylamine result in
minimal change in heart rate but do increase systolic
blood pressure transiently*® Second, in terms of
chronic changes in blood pressure and heart rate, we
have noted little or no change in resting measures afer a
two-week?® or eight-week’ intervention. Third, in terms
of chronic changes in bloodborne biomarkers of health
and safety, we have noted little or no change in mea-
sures after a two-week® or eight-week’ intervention.

Collectively, the above findings indicate relative
safety of this ingredient, at least with regard to the
included outcome measures. However, due to the
transient increase in systolic blood pressure, the need
exists to further evaluate the potential for this agent
to raise resting blood pressure following a longer
period of chronic intake. The present study sought
to extend our prior findings related to the use of
1,3-dimethylamylamine in a combined product by
using a 10-week intervention trial to determine the
change in selected markers of health and safety in a
sample of healthy men.

Methods

Subjects

Thirty resistance-trained men were recruited from the
local university campus and surrounding community.
Sample size was chosen based on studies of similar
magnitude and scope; however a power analysis was
not performed a priori. Subjects were self-reported
non-smokers, and did not have cardiovascular or met-
abolic disease. Health history, drug and dietary sup-
plement usage, and physical activity questionnaires
were completed by subjects. Subjects were instructed
to maintain their current exercise training and dietary
intake programs throughout the study period with the
exception of refraining from strenuous exercise during
the 48 hours prior to each lab session. Subjects did not
use dietary supplements, with the exception of meal
replacements and protein powders, during the study
period. The study was approved by the University of
Memphis Committee for Human Subject Research.

Design

This study involved a randomized, placebo-controlled
design. Although the study was also double-blinded,
the stimulant effects of the supplement suggest that
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blinding from the subject standpoint is essentially
lost. During the first visit to the laboratory, subjects
provided written informed consent and completed
health and physical activity questionnaires.

Lab protocol

Subjects reported to the lab in the morning hours
following a minimum of an eight-hour overnight
fast, before and after the 10-week intervention. Upon
arrival to the lab, subjects rested quietly in a supine
position for 10 minutes, Heart rate (via palpation) and
blood pressure (via stethoscope) were then measured
and recorded. A blood sample was then obtained from
subjects (~20 mL). Blood was processed and sent to
Laboratory Corporation of America for analysis of
complete blood count, comprehensive metabolic
panel, and lipid panel. The complete blood count was
determined using an automated cell counter (Coulter
LH750). The comprehensive metabolic panel was
determined using automated procedures (Roche/
Hitachi Modular). The lipid panel was determined
using enzymatic procedures (Roche/Hitachi Modular).
To better characterize subjects, body mass (using
an electronic scale) and body composition (using
dual energy x-ray absorptiometry) was measured.
These same procedures were used both pre and post
intervention for all subjects.

Physical activity and dietary intake
Subjects were asked to maintain their usual physical
activity and dietary patterns and to record all food
and drink consumed during the seven days prior to
each lab session (both pre and post intervention).
All records were analyzed for total calories, protein,
carbohydrate, fat, vitamin C, vitamin E, and vitamin
A (Food Processor SQL, version 9.9, ESHA Research,
Salem, OR).

Conditions

The two conditions consisted of a placebo powder
(microcrystalline cellulose, silicon dioxide, citric acid,
natural flavor, acesulfame-K, sucralose, vegetable
stearate, chlorophyll for coloring; at a volume equal
to that of the supplement) and a dietary supplement
containing a proprietary blend of 1,3-dimethylam-
ylamine, caffeine, creatine monohydrate, B-alanine,
schinzandrol A, and arginine alpha-ketoglutarate
(Jack3d™, USPlabs, LLC. Dallas, TX). Subjects were

instructed to consume 1-3 servings on each workout
day, 30 minutes prior to their exercise session. The
mean number of workout days per week for subjects
was four and the supplement was not consumed on
non-exercise days. Subjects reported back to the
laboratory as needed for receipt of an additional con-
tainer of their assigned condition, Both the supple-
ment and placebo powder were to be mixed into eight
ounces of water and both had a similar lemon-lime
taste. Subjects ingested the assigned condition for the
duration of the 10-week study period.

Statistical analysis

Data were analyzed using a 2 (condition) X 2 (time)
factorial analysis of variance (ANOVA) with use of
Fisher’s LSD. Data are presented as mean + standard
deviation. All analyses were performed using PASW
statistical software (version 18). Statistical sig-
nificance was set at P < 0.05. Standardized effect
sizes (ES) were calculated for means comparisons.?
Effect size magnitudes can be interpreted as follows:
0.2 small, 0.6 moderate, and 1.2 large.

Results

Although 30 subjects began the study, only 25 subjects
successfully completed all lab sessions. Of the five
subjects who failed to complete the study, two were
initially assigned to the placebo and three were initially
assigned to the supplement. One subject in the supple-
ment group was injured while training and was unable
to complete the intervention, and thus was excluded
from analysis. The remaining four subjects failed to
complete all testing due to personal reasons. These five
subjects are not included in the analyses. Additionally,
two subjects in the placebo group were unable to pro-
vide blood samples pre- and post intervention and are
thus excluded from the bloodborne variable analysis.
No subjects reported adverse events attributable to the
supplement or placebo.

Of the 25 subjects in the analysis, self reported use
data of subjects indicate that the mean number of scoops
of the supplement consumed on training days was
2.4+ 0.3 (2 subjects = 3 scoops; 7 subjects =2 scoops;
3 subjects = 1,5 scoops), which was greater than
(P = 0.0003) the mean number of scoops of the pla-
cebo consumed (1.7 £ 0.4; 7 subjects = 2 scoops;
3 subjects = 1.5 scoops; 3 subjects = 1 scoops). Subject
characteristics are presented in Table 1.
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Table 1. Characteristics of men assigned to supplement (N = 12) or placebo (N = 13) for ten weeks.

Variable Supplement Placebo

Pre Post Pre Post
Age (years) 23+29 NA 219123 NA
Weekly resistance training (hrs) 52+1.9 NA 44+17 NA
Resistance training history (yrs) 36+35 NA 42+17 NA
Body weight (kg) 76.9+9.1 77.2+101 80.7 £ 156 82.0+16.1
DEXA total body fat (%) 17.0+4.9 15.8+5.2 156 +9.2 16.2+9.7
Heart rate (bpm)* 61.5+129 584+6.4 61.4+10.6 55.2+8.3
Systolic blood pressure (mmHg) 117.8 £10.6 124.4 +19.3 121.2+12.3 119.6 +8.6
Diastolic blood pressure (mmHg) 76.3+9.2 72.0+7.9 76.0+ 8.4 75.3+58

Notes: Values are mean x SD. *Significant main effect for time (P < 0.05).

Blood pressure and heart rate data

No significant differences were noted between condi-
tions for blood pressure (P > 0.05). However, systolic
blood pressure increased approximately 6 mmHg
with the supplement, while diastolic blood pressure
decreased approximately 4 mmHg from pre to post
intervention. A main effect for time was noted for
heart rate (P = 0.016, ES = 1.1), with values decreas-
ing from pre to post intervention. No other findings
were of statistical significance (P > 0.05). Blood
pressure and heart rate data are presented in Table 1.

Bloodborne data

There were significant main effects for time for creati-
nine (increased from pre to post intervention; P=0.043,
ES = 1.1) and alkaline phosphatase (decreased from
pre to post intervention; P = 0.009, ES = 0.5), with

no condition differences noted (P > 0.05). There was
a significant interaction noted for low density lipo-
protein cholesterol (LDL-C) (P = 0.043), with values
decreasing in the supplement group from pre to post
intervention approximately 7 mg-dL~' (P = 0.034,
ES = 0.9). No other effects of statistical significance
were noted for bloodborne variables. Data are pre-
sented in Table 2 for complete blood count, Table 3
for metabolic panel, and Table 4 for lipid panel.

Dietary data

There was a significant main effect for time for dietary
fiber (P = 0.018, ES = 0.8), which decreased from
pre to post intervention. A main effect for time was
also noted for dietary selenium (P = 0.032, ES = 0.8),
which increased from pre to post intervention, Dietary
data are presented in Table 5.

Table 2. Complete blood count data for men assigned to supplement (N = 12) or placebo (N = 11) for ten weeks.

Variable Supplement Placebo
Pre Pre Post

WBC (103-pL-) 58+1.5 52+1.0 52+£1.7 48+1.1
RBC (108-pL-) 51+04 49+0.3 48+0.3 48+0.3
Hemoglobin (g-dL-") 156.3+£1.0 148+0.9 146+ 0.7 146+0.8
Hematocrit (%) 454126 442120 438+1.6 433+2.0
MCV (fL) 89.81+4.9 89.7+4.7 91.2+3.3 90.2+4.0
MCH (pg) 30.3+22 301422 30417 304+1.3
MCHC (g-dL-) 33.7+£0.9 33.6+0.8 334+11 33.6+£0.6
RDW (%) 13.0+£0.6 129404 13.1+£04 129+0.6
Platelets (103 pL-") 2445+ 325 2349+ 35.3 2006+42.3 194.6 + 33.1
Neutrophils (%) 49.8+9.3 476+6.6 50.5+11.8 46.1 +11.2
Lymphocytes (%) 37.1+8.1 376+6.9 359+ 11.3 39.7+£11.6
Monocytes (%) 9.2+17 9.8+2.1 102+£27 104+14
Eosinophils (%) 34+25 43134 28+1.8 3.2+1.7
Basophils (%) 05+£05 0.7+0.5 0.6+0.7 06+0.7

Notes: Values are mean + SD. No differences of statistical significance noted (P > 0.05).
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Table 3. Comprehensive metabolic panel data for men assigned to supplement (N = 12) or placebo (N = 11) for ten weeks.

Variable Supplement Placebo
Pre Post Pre Post

Glucose (mg-dL™) 92.3+£59 90.1+8.9 83.8+7.5 88.5+6.3
BUN (mg-dL-") 17.0+£5.3 17.0+4.7 156425 18.0+3.4
Creatinine (mg-dL-)* 1.1£01 1.2+£0.1 1.1£0.1 1.1£0.1
BUN:creatinine 16.3+3.8 14.8 +4.1 14.7 £ 3.1 16.0+£2.6
Sodium (mmol- L) 141.3+1.7 1413+ 1.9 1420+ 1.3 140.9+ 1.8
Potassium (mmol- L) 47+0.5 45+0.3 44+04 43+05
Chloride (mmol-L-) 102.9+1.3 103.7+1.5 103.3+£2.1 103.4+£1.5
CO, (mmol. L) 264116 269121 26.7+1.9 266+1.7
Calcium (mg-dL-) 9.5+02 9.3+0.2 9.3+0.3 9.3+£0.3
Protein (g-dL) 6.7+£0.3 6.7+0.3 6.6+0.3 6.7+0.3
Albumin (g-dL") 45%0.1 45+0.2 45+0.2 45+0.3
Globulin (g-dL-") 22103 22+03 21+£0.2 22102
AG 2.0+0.4 20+0.2 2.1+0.2 21403
Bilirubin (mg-dL-") 0.7+04 06+0.3 1.1+£08 1.0+£0.9
Alk Phos (IU-L-1)* 74.8+22.8 70.5+£20.0 63.6+17.1 59.9 +14.6
AST (SGOT) (IU-L™ 239+5.0 23.3+£3.9 23.3+7.0 223+59
ALT (SGPT) (IU-L) 235+ 11.7 23.8+7.7 2264132 20.3+10.2
GGT (IU-L) 19.6 + 8.1 17.8+7.0 18.9+12.7 18.9+13.1

Notes: Values are mean + SD. *Significant main effect for time (P < 0.05).

Discussion

Our data indicate that a dietary supplement contain-
ing 1,3-dimethylamylamine does not significantly
increase resting heart rate or blood pressure (although
systolic blood pressure increased ~6 mmHg with the
supplement). Moreover, the supplement does not
adversely impact bloodborne biomarkers of health,
but rather, results in a decrease in LDL-C. These
findings are in reference to a small sample of healthy
men who exercise regularly. Due to the fact that our
sample size is small, additional well-designed experi-
ments of similar scope, inclusive of larger sample
sizes, are needed to extend the findings presented
within. It is only through such work that our ability

to generalize these findings to the population at large
will be possible.

These data extend our prior work using 1,3-
dimethylamylamine in combination with other ingre-
dients, including those considered to be stimulants.>’
Collectively, these data provide some support for the
relative safety of this agent; at least with regards to
the measured outcomes used in this study, as well as
others which we have conducted. Despite this, more
work is needed involving a longer intervention period
and the inclusion of additional measures of health
(eg, toxicology, cardiac function), to more fully elu-
cidate the safety of oral 1,3-dimethylamylamine
ingestion. Additionally, since products containing

Table 4. Lipid panel data for men assigned to supplement (N = 12) or placebo (N = 11) for ten weeks.

Variable Supplement Placebo
Pre Post Pre Post

Cholesterol (mg-dL-) 163.2+25.7 154.5 + 20.6 148.5+20.4 149.3+21.0
Triglycerides (mg-dL) 88.6 + 36.3 83.6 +28.3 65.2+26.7 68.8 +19.0
HDL-C (mg-dL-1) 53.1+15.6 52.5+12.9 53.4+16.5 50.7+ 104
VLDL-C (mg-dL™") 17.8+7.4 16.6 +5.7 13.1+54 13.8 £ 3.8
LDL-C (mg-dL-)* 92.3+21.6 85.2+17.5 82.0+14.6 84.7+16.9
LDL-C/HDL-C 1.9+07 1.7+05 1.7+06 1.7+£0.4

Notes: Values are mean + SD. *Significant interaction (P < 0.05); lower for supplement from pre to post intervention (P = 0.034).
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Table §. Dietary intake for men assigned to supplement (N = 12) or placebo (N = 13) for ten weeks,

Variable Supplement Placebo

Pre Post Pre Post
Kilocalories 2721.3 £ 468.0 2619.0 £ 705.0 24059 £ 561.4 2262.4 +457.7
Protein (g) 135.2+ 445 126.5+41.5 101.3+£27.9 1104 £ 27.9
Carbohydrate (g) 299.0+93.7 295411314 310.5+95.2 264.1+£68.1
Fiber (g)* 23.9+9.8 21.1+12.4 21.0+£79 17.2+47
Sugar (g) 92.4+46.0 103.9+62.3 97.8 +48.0 83.14+34.3
Fat (g) 104.1+18.3 101.1 £20.1 82.0+27.3 81.8+18.4
Saturated fat (g) 306+8.2 204459 251+11.9 245+6.9
Monounsaturated fat (g) 22.8+10.8 228+14.2 13.6+5.8 156.9+£4.9
Polyunsaturated fat (g) 9.7+55 8.8+4.0 6.4+58 74+28
Cholesterol (mg) 412.1+£254.8 4275+ 245.0 286.1 £ 110.8 340.1+178.4
Vitamin C (mg) 148.6 £ 149.6 114.6 £ 157.9 133.3+£99.2 109.5+59.6
Vitamin E (mg) 8.1+8.2 8.51+88 57453 6.0+4.6
Vitamin A (RE) 382.04:285.8 369.9 £ 379.2 303.3+£179.3 348.7 £235.3
Selenium (ug)* 47.61+24.0 553+34.9 42.2+33.3 599+41.8

Notes: Values are mean + SD. *Significant main effect for time (P < 0.05).

1,3-dimethylamylamine are marketing not only to
men but also to women, more work using a larger
sample of women may be considered.

The majority of subjects in the present study con-
sumed the supplement at a dosage of two scoops per
training day. No adverse events were noted and the
supplement was well-tolerated based on subject self-
report. This agrees with our prior work with this same
supplement, in which all subjects successfully com-
pleted a two-week intervention period, without inci-
dent, in which two-scoops of the supplement were
consumed daily.’

As can be viewed in Table 1, systolic blood pres-
sure increased approximately 6 mmHg with the sup-
plement, while diastolic blood pressure decreased
approximately 4 mmHg from pre to post intervention.
Neither change was of statistical significance. Heart
rate was lower from pre to post intervention, which
would subsequently impact the rate pressure product
(systolic blood pressure X heart rate). That is, when
calculating the rate pressure product values at pre
(7245) and post (7265) intervention (using the mean
data provided in Table 1), it is noted that values are
near identical. This may be of interest to those with
concern over the increase in systolic blood pressure
and the potential for increased myocardial stress.

Findings of minimal change in heart rate and blood
pressure (and hence, rate pressure product) have been
noted in our two-week intervention using the same
supplement.® Little change in blood pressure was

noted in our eight week intervention using another
supplement containing 1,3-dimethylamylamine,’
while an increase of ~6 bpm in resting heart rate
have been noted. Interestingly, in our two-week inter-
vention using another supplement containing 1,3-
dimethylamylamine,’ resting heart rate was decreased
by ~4 bpm. More work is needed to better understand
the role of 1,3-dimethylamylamine in relation to
hemodynamic variables.

Related to bloodborne variables, we included the

 routine panels as used as part of a physical examina-

tion (ie, complete blood count, metabolic panel, lipid
panel). No adverse effects were noted for any mea-
sured variable, including those related to liver function
(eg, SGOT, SGPT, GGT). Variables were very simi-
lar from pre to post intervention for the supplement
group. Creatinine was noted to be higher from pre
to post intervention, in particular for the supplement
group (Table 3). This small increase may have been
due to the inclusion of creatine within the dietary sup-
plement. The measures of triglycerides, total and LDL
cholesterol decreased slightly from pre to post inter-
vention, with statistically significant findings noted
only for LDL-C (Table 4). As with blood pressure and
heart rate, these bloodborne data extend our prior work
involving a two-week intervention study using the
same supplement® (with the exception of an increase in
fasting blood glucose noted in our prior work), as well
as in our eight week intervention study using a differ-
ent supplement containing 1,3-dimethylamylamine.’
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Conclusion

Findings from the present study indicate that a dietary
supplement containing 1,3-dimethylamylamine con-
sumed for a period of 10 weeks does not result in a
statistically significant increase in resting heart rate or
blood pressure in a sample of healthy men, nor does
the supplement negatively impact bloodborne bio-
markers of health. The supplement results in a small
decrease in LDL-C, which may suggest a potential
cardioprotective role. While this may have clini-
cal relevance, additional studies inclusive of larger
samples are needed to replicate these findings, as well
as to extend and expand upon other findings associ-
ated with this work. In particular, longer intervention
periods and the inclusion of additional measures of
health and toxicity are needed in future studies involv-
ing 1,3-dimethylamylamine. Finally, it should be
noted that despite our lack of statistical significance,
the supplement did result in a mean increase in sys-
tolic blood pressure of ~6 mmHg, indicating that it
would be prudent for those with elevated blood pres-
sure to avoid use of dietary supplements containing
1,3-dimethylamylamine,
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Since the fundamental study of Barger and Dale (1910) of the relationship
between the chemical constitution and physiological action of the sympathomi-
metic amines, numerous investigations have been made of many structurally
and pharmacologically related compounds. Several of these investigations have
been concerned with the influence on activity brought about by the substitution
of a methyl group for one of the hydrogen atoms on the amino group of various
beta-phenylalkylamines (Beyer, 1946) and a few with this change in eycloali-
phatic amines (Swanson and Chen, 1948; Marsh, 1948a): No systematic study of
this structural change in' the field of simple aliphatic amines has been made,
although one N-methyl aliphatic amine, 2-heptyl methylamine! or Oenethyl,
is generally available.

In this study, the various nitrogen methyl heptylamines have been compared
with the unsubstituted amines (see table 1)2. By limiting the problem to com-
pounds with a total of six plus one carbon atoms in the primary structural unit,
it is possible to have a wide range of activity and to determine any relationship
between general spatial configuration and the influence of N-methylation with-
out having to consider differences in molecular weight. N-methylation increases
the molecular weight 12 per cent in this group of agents and this is probably less
than the error of the most accurate procedure used in the investigation.

EXPERIMENTAL. Since repeated injections of the heptylamines yield diminished effects
in animals (Marsh, 1948b), the following cross-over, indirect, method was used to avoid
any possible error that could be introduced by such tachyphylaxis.

Nine mongrel dogs weighing 7.1-16 kgm. were given 20 mgm. of sodium thiopental per
kgm. intravenously. A femoral artery and vein were quickly exposed; a hypodermic needle
canuula attached to a Statham strain gnge manometer and General Electric recording
micronmmeter (Marsh, 1949) was introduced into the artery; one mgm. of scopolamine
hydrobromide per kgm. was given; this was followed by 2, 4, 5, or 7 microgm. epinephrine

' This material is frequently referred to as *‘2-methylamino heptane.” Since the naming
of an organic compound possessing one primary functional group as a derivative of its
parent hydrocarbon violates the fundamental nomenclature rules of the Commission on
the Reform of the Nomenclature of Organic Chemistry of the International Union of
Chemistry (ef. J. Am. Chem. Soc., 66: 3005-25, 1933), we have referred to this compound
by the name 2-heptyl methylamine,

* We are grateful to Dr. K. K. Chen and Mr. H. A. Shonle of the Lilly Research Labora-
tories, Eli Lilly & Co., Indianapolis, Indiana for the sulfate salts of the unsubstituted
amines (except 2-methyl-2-hexylamine). These were converted to the free base and dis-
solved in the theoretical amount of hydrochlorie acid to make ten per cent solutions. We
are grateful to Dr. R. O. Hauck of . Bilhuber, Inc., Orange, N. J. for solutions of the
hydrochlorides of the other amines.
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per kgm. and then 0.7, 1.0, or 1.4 mgm. amine hydrochloride per kgm. The animal was
allowed to recover and the procedure repeated at one-week intervals with different amines
until at least four experiments had been carried out in all animals. The epinephrine equiv-
alence was estimated to the nearest 0.5 microgm. and the geometric mean equivalence
caleuluted (sce table 1),

Sections of jejunum of eight white rabbits were suspended in Tyrode solution at 37°C.,
and aerated with 95 per cent oxygen-5 per cent carbon dioxide. After various preliminary
concentrations were tried, one mgm. of amine hydrochloride per 50 ml. tissue hath was
chosen as a stundard concentration. After two minutes exposure to the drug, the bath was
flushed out three to five times. The responsiveness of the segments to 0.5 microgm. epineph-
rine base was used as a control.
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Fra. 1. Man (32 years old, 82 kgm.). Pulse rate above, systolic and diastolic blood pres-
sure below menasured by cuff sphygmomanometer. Three mgm, 4-methyl-2-hexyl methyl-
amine hydrochloride per kgm. given orally in water at 0 time.

Mice were given the amine hydrochlorides intraperitoneally as 1 per cent solutions,
Each mouse was kept in n separate pen at 22-23°C. Eight mice received each dose, and
dose levels differed by 5 mgm./kgm. inerements. All mice were observed four hours and the
number dying in this time recorded. The data given in table 1 were all obtained from ani-
mals injected on a single day. The LD, to the nearest 5 mgm./kgm., was determined by
the method of Litchfield and Wilcoxon (1949),

Five young adult males (22-32 years, 61-82 kgm.) were given 3 mgm. of the hydrochlorides
of 4-methyl-2-hexyl methylamine, 4-methyl-2-hexylamine, 2-hexyl methylamine, and
2-hexylamine per kgm. orally with 200 ml. of water, four hours after a light morning measl,
The agents were given at weekly intervals until all agents had been taken at least once.
The systolic and diastolic blood pressure and the pulse rate were recorded every fifteen
minutes for three hours while the subjects remained sitting quietly. Figure 1is a typical
plot of the data obtained,

Resurrs. The results of the animal experiments are summarized in table 1.
Examination of the data indicates that replacement of one of the hydrogen




N-METHYL HEPTYLAMINES 327

atoms on the amino nitrogen atom of the isomeric heptylamines does not mark-
edly influence the vasopressor activity. Although some of the geometrical mean
epinephrine equivalences are slightly greater or less for any pair of agents, the
differences are not statistically significant. The responses of any given dog to
the control doses of epinephrine varied as much as 18 per cent from week to
week, although no dog had more than a 80 per cent differential variation in
response to a given dose pair of epinephrine over the entire experimental period.
In all four dogs in which the 4-methyl-2-hexyl and 2-heptyl pairs were crossed
over, the 4-methyl-2-hexyl compounds were more active than the 2-heptyl type.

TABLE 1
PRESSOR ACTIVITY RABBIT
NAME Dose Number of C'L:Er:g::: cn:::\"(‘;}: ""Cf& lo F.
. N
mmen, | mocen, ||
hydrochloride Emﬂiatroelfll‘:z: 20 uox. /1.,
3-Heptylamine....................... 1 0.6 —20 90
3-Heptyl methylamine............... 1 0.54: -50 70
2-Hexylamine....................... 1 2.4 +100 60
2-Hexyl methylamine................ 1 2.1 +50 120
2-Methyl-2-hexylamine. . ............ 1 1.0 —50 85
1.4 2.9
2-Methyl-2-hexyl methylamine....... 1.4 3.0 —-70 70
3-Methyl-2-hexylamine............... 1 2.0 —25 90
3-Methy!-2-hexyl methylamine....... 1 2.2 —~60 70
4-Methy!-2-hexylamine.............. 0.7 3.7 440 185
1 5.1
4-Methyl-2-hexyl methylamine....... 1 4.6 —40 120
5-Methyl-2-hexylamine............... 1 3.2 -2 90
5-Methyl-2-hexyl methylamine....,.. 1 2.6 ~70 65
2-Heptylamine....................... 1 4.6 +70 95
2-Heptyl methylamine. .............. 1 4.2 +30 110

There was no obvious difference in duration of action between the methylated
and unsubstituted amines,

Nitrogen methylation uniformly decreased the spasmogenic activity of a given
compound if it produced an increase in amplitude of contraction of rabbit
jejunum or further enhanced the relaxant effect if it produced a decrease in
amplitude.

All the agents produce marked, irregular motor activity and convulsions in
mice that received lethal doses. Pilomotor and exophthalmic responses are
common. There is no obvious relationship between vasopressor effects in dogs,
structure, presence or absence of a nitrogen methy! group, and lethal doses in
mice.

About 45 minutes to one hour after the oral administration in man of 3 mgm.
of one of the four more potent agents per kgm., the blood pressure begins to
rise, the systolic-diastolic difference increases, and the pulse rate decreases. The
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subjects complain of feeling hot or cold, that the skin tingles or itches, that there
is a peculiar taste in the mouth or that the mouth is dry or the nose feels open.
Pilomotor skin reactions are common. Mental confusion and inability to con-
centrate occasionally occur, although with no particular drug, and no evidence
of central nervous stimulation as evidenced by excessive talkativeness is found.
In four of the individuals the 4-methyl-2-hexyl methylamine is most potent in
elevating the blood pressure, and in the other the 4-methyl-2-hexylamine is
most active. The procedure was repeated to make certain no mistake had oc-
curred in dosage or drug chosen. The results were the same within narrow limits,
The individuals and the operator did not know which drug was given nor was
the subject told the results of any measurements until after the experiment
was completed.

Discussion. It seems fairly well established that nitrogen methyl substitu-
tion in the g-phenylalkylamine series decreases the vasopressor potency in dogs
(Marsh, 1948a) as it does in the g-cyclohexylalkylamine series (Swanson and
Chen, 1948; Marsh, 1948a) although it increases the activity of the 8-cyclopen-
tylalkylamines (Swanson and Chen, 1948). With this series of simple aliphatic
amines, nitrogen methylation has little obvious effect on pressor potency. Re-
gardless of the mechanism of action of these agents in producing this effect,
apparently this chemical change influences neither absolute activity nor rate of
disappearance. With oral doses in man of the potent members of this series,
nitrogen methylation may actually influence the vasopressor response, and
whether the nitrogen methyl substituted amine is more or less active than the
unsubstituted amine may depend on the relative ability of the individual to
absorb, transport, or eliminate (destroy or excrete) a particular type of agent.

The lack of relationship between structure and general toxicity or activity
on isolated intestine is apparently a characteristic of the aliphatic amines, as
it has been observed with related groups of agents (Marsh, 1948b; Marsh and
Herring, 1950). However, other examples of nitrogen methylation enhancing the
relative sympathomimetic depressant activity of amines on smooth muscle are
known (Lands, 1949).

Although several publications on the activity of 2-heptyl methylamine have
appeared {Ahlquist, 1944; Jackson, 1944; Roman-Vega and Adriani, 1946;
Shaffer and Knoefel, 1950) and on the activity of 2-heptylamine and related
compounds (Swanson and Chen, 1946; Marsh, 1948b) the various procedures
have differed sufficiently that no comparison of the influence of nitrogen methyl-
ation is possible with the exception of the paper by Ahlquist who found 2-hep-
tylamine to be more pressor and more toxic than 2-heptyl methylamine. None of
the other isomeric heptyl methylamines seem to have been investigated. Both
2-heptylamine (Tuamine) and 4-methyl-2-hexylamine (Forthane) have been in-
troduced as nasal vasoconstrictor agents (Chen, 1948) and 2-heptyl methylamine
(Oenethyl) has been found to be a useful vasopressor substance for spinal anes-
thesia (Roman-Vega and Adriani, 1946). On the basis of the preliminary findings
of our experiments, the 4-methyl-2-hexyl methylamine might prove equally
useful for both of these purposes.
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SUMMARY

1. The vasopressor aetivity of 3-heptyl, 2-methyl-2-hexyl, 3-methyl-2-hexyl,
4-methyl-2-hexyl, H-methyl-2-hexyl, and 2-heptyl methylamine hydroehloride
in dogs anesthetized with sodium thiopental and scopolamine hus been deter-
mined and ecompured with the corresponding unsubstituted heptylamine hy-
drochloride and epinephrine. Nitvogen-methyl substitution does not significantly
influence the vasopressor activity ns compared with the unsubstituted amines
and the compounds range from agents with very short duration of aetion and
almost no pressor action to +-methyl-2-hexyl methylamine which is about
g a8 active as epinephrine and has a long durntion of aetion. The 2-heptyl
methylumine is almaost as active, and the corresponding unsubstituted amines
may be slightly more active.

2, Nitrogen methylation of the isomerie heptylamines deereases the spusmo-
genie netivity of the unsubstituted heptylamines on isolated rabbit jejunum or
inerenses the relaxant activity.

3. All of the agents eause the death of white mice when given intraperitoneally
in the dose range of 60-185 mgm./kgm. to individual mice kept at 22-23° (.
and produce erection of hair, exophthalmos, inereased motor activity and con-
vulsions. Nitrogen methylation did not uniformly inerease or decrease the tox-
icity of any given agent,

4. Oral doses of 3 mgm. of 4-methyl-2-hexyl methylamine, 4-methyl-2-hexyl-
amine, 2-heptyl methylamine, and 2-heptylamine hydrochloride per kgm. pro-
duce marked vasopressor effeets and have typical sympathomimetic actions,
The 4+-methyl-2-hexyl compounds were more active than the 2-heptyl deriva-
tives,
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des zerebralen GefiBwiderstandes. Br schlieft von det ver-
mehrten Hirndurchblutung auf einen Anstieg des intrakra-
niellen Drucks. Zu einem #hnlichen Brgebnis kommt Dawson,

Die hirndrucksenkende Wirkung von Barbituratnarkosen hat
Grote zusammenfassend beschrieben. Daher wurde in unse-
ren Versuchen eine Narkose mit einem Barbiturat gew#hit,
um die Wirkung von Ketamin auf den intrakraniellen Druck
nicht zu steigern.

Unsere Untersuchungen zeigen dennoch eine dosisabhiingige
Steigerung des intrakraniellen Drucks unter Ketamin. Der
arterielle Druck sinkt im gleichen Zeitraum ab. Der zentral-
vendse Druck verindert sich nicht in Abhingigkeit vom Me-
dikament. Bekanntlich #ndert sich der intrakranielle Druck
bei Schwankungen des arteriellen Drucks ‘innerhalb bestimm-
ter Grenzen nicht, reagiert aber gegeniiber vendsen Druck-
schwankungen sehr empfindlich. Nach den vorliegenden Un-
tersuchungen 145t sich daher nicht sicher sagen, welcher patho-
mechanische Effekt dieser nach Gaben von Ketamin beobach-
teten Zunahme des Hirndrucks zugrunde liegt. Bine Odem-
bildung kommt wegen der Fliichtigkeit der Drucksteigerung
(5—20 min) nicht in Betracht.

Zusammenfassung

Untersucht wurde an 26 Kaninchen die Wechselwirkung zwi-
schen arteriellem,  zentralvendsem sowie intrakraniellem
Druck. Die Ergebnisse anderer Autoren werden diskutiert,
dennoch bleibt die pathogenetische Ursache fiir diese Beob-

From the Department of Pharmacology, University of Sydney, Sydney (Australia)

The Interaction between f-Phenylethylamine and Agents which Affect the Cholinergic
Nervous System on Locomotor Activity and Toxicity in Mice

By D. M. Jackson

Introduction

f-Phenylethylamine (PE), a naturally occurring sympatho-
mimetic amine (Nakajima, Kakimoto and Sano 1964; Jack-
son and Temple 1970) causes an increase in locomotor acti-
vity (LA) in mice (Schulte et al. 1941; Mantegazza and Riva
1963; Jackson 1972). The study of this material is important,
because changes in endogenous levels of PE in man have
been linked with cardiac disease (Jackson 1970), endogenous
depression (Fischer, Heller and Miro 1968; Boulton and
Milward 1971; Fischer et al. 1972) and phenylketonuria
(Oates et al. 1963), and the suggestion has been made by
Fischer, Saavedra and Heller (1968) that PE may play a
role in the CNS as the ergotrophic substance of Hess (1959).
Drugs which decrease cholinergic function like atropine and
hyoscine potentiate many of the behavioural effects of am-
phetamine in mice .and rats (Carlton and Didamo 1960;
Carlton 1963; Mennear 1964). Because some of the pharma-
cological properties of PE resemble those of amphetamine
(Jackson 1972; Jackson and Smythe 1973a), it was considered
of interest as a means of determining the mode of action of
PE to investigate its interaction with various cholinergically
active drugs using locomotor activity and PE toxicity in
mice.

Methods

QS strain male mice were used in all experiments. Except during -

experimentation mice were allowed food and water ad libitum and
kept on a 12 h light, 12 h dark cycle. LA was measured in a cir-
cular actophotometer (30 cm X 30 cm high) intersected by four
light beams, and the number of times the light beams were crossed
was measured and automatically integrated and recorded on a 2
channel Grass polygraph. Groups of five animals were used in all
LA studies. Mice were premedicated i.p, with a drug or vehicle
control 30 min prior to an i.p. injection of either 50 or 100 mg
PE/kg and then placed immediately in the activity cage for 1h.

24

" bination (i.e., the control). Where correlation coefficients were

achtungen offen, der Beweis, daf der intrakranielle Druck
beim Kaninchen unter Ketamin (Ketanest®) dosisabhingig :
ansteigt (10, 15 und 20 mg/kg), konnte erbracht werden.

] Summary

Intracranial Pressure and Circulatory Reactions to Ketamine. &
e in the Rabbit

A. study has been designed to test the correlation of arterial,
central-venous and intracranial pressure in 26 rabbits. Though
the results of other authors are discussed, the pathogenetic
cause of these observations cannot be clarified, B
The results prove, however, that administration of ketamine
(Ketanest®) increases the intracranial pressure of the rabbit. -

in proportion to the applied dosage (10, 15, 20 mg/kg). p
) : v
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Total LA was calculated between 20 and 60 min after injection,
and the data presented as the number of times the light beams <&
were cut. The data were analysed vsing the Student’s t-test. The
LA produced by the pretreatment plus PE combination was also
expressed as a percentage of the pretreatment plus water com-

calculated, the total activity of the pretreatment plus water group
(i.e. the number of times the light beams were cut) was compared
with the percentage as described in the latter sentence,

Studies on lethality were conducted with groups of ten mice in
galvanised iron boxes of 11 cm X 6 cm X 5 cm height. In all cases
studies were done between 2.00 and 5.00 p.m., in a quiet room.
The number of dead animals was recorded 3 h after injection, and
the data analysed using the method of Litchfield and Wilcoxon
(1949). All drugs were dissolved in distilled water, in a dose-
volume of 1 ml/100.g, and the doses calculated as the salts.
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Origin of drugs
#-Phenylethylamine, methylhyoscine (Sigma), hyoscine hydro-
bromide (Burroughs Wellcome & Co.), physostigmine salicylate, ‘i
atropine sulfate (Mc Farlane Smith), benzhexol hydrochloride
(Lederle), benztropine mesylate (Merck, Sharp & Dohme), neostig- |
mine bromide (Roche). ) '

Results

PE produced a significant increase in LA in a concentration
of 100 mg/ke, but not in a concentration of 50 mg/kg (Table
1), so these two doses were used in this study.

Benzhexol, benztropine, and atropine potentiated PE induced
LA (Table 2), optimum doses being 2.5 mg/kg, 1 mg/kg and

5 mg/kg, respectively. Higher doses of these agents resulted
in less potentiation accompanied by an increase in LA pro-
duced by the pretreatment alone.

Hyoscine, which readily crosses the blood-brain barrier, -
produced a dose-dependent increase in percent potentiation .
with both 50 and 100 mg PE/kg (Table 2). Maximum poten-

Arzneim,-Forsch. (Drug Res.) 24, Nr, 1 (1974)
Jackson - g-Phenylethylamine and agents which affect the
cholinergic nervous system




* Table
mice.

1: Effect of 50 and 100 mg PE/kg on locomotor aclivit'ys.-,ih}-
Mice- were injected ip. with -PE or water, and agtivity
measured between 20 and 60 min’ after injection. ‘The number of

“tiation dddurred with ‘a dose of 1mg ‘hyoscine/kg. Methyl-

thyoscine which is much less effective than hyoscine in cross-
ing the blpod-brain barrier, prodiced a“trough-like effect on

i is i ¢ d the data presented is. 1 A A f
experiments performed is in_brackets, an : > percent potentiation when combined with 50 and 100 mg
the o of 3?52!)? ?tgnlg:fg ;?:oi’g(ggzkf)a}n?h:irﬁu%u;fahrllig:ig vbllllllf PE/kg (Table, 2). Maximum and significant potentiation
ggna?sterisk is significantly different (P <0.05) from the water'con-  occurred with doses of 0.01 and 1.0 mg methylhyoscine/kg,
ol R PN but not with doses of 0.1 and 0.5mg/kg. A correlation
: - — coefficient between total activity of the pretreatment control
Treatment Total activity £ SEM | Percent of control**)  jtself and the percentage potentiation of LA with PE 50 and
i - 100 mg/kg showed a negative correlation with methylhyos-
‘ Water 871 £ 116 (20) 100 cine (Tabie 2). ot
50 mg PE/kg . 1169 £ 101 (18) 134 A sienif "orrelati btained .
100 mg PE/kg 1742 £ 107 (18)%) 200 significant correlation was not obtained where atropine,
: benzhe)gol, benztropine and hyoscine were the pretreatments
- d to water as 1009 except in one instance where benzhexol was combined with
+¥) compared ta o . 100 mg PE/kg (Table 2). :
Table 2¢ The effect of various premedications on A-phenylethylamine induced locomotor activity in mice. Al premedications were
administered 1.p. 30 min prior to PE or water.
The total number of times groups of five mice cut the light beams jn_an actophotometer was measured between 20 and 60 min
after the second injection and expressed as the mean + SEM (number of experiments inbrackets). Each results was also expressed as
a percent of the control value (100%). A correlation co-efficient (r) was calculated between the percent potentiation for 50 and
100 mg PE/kg and the total activity for the pretreatment by itself and the probability (P) calculated. The values marked with an aster-
isk are significantly different (P < 0.05) from the appropriate pretreatment plus water control.
Dose Locomotor | Percent | Locomotor | Percent | L:ocomotor | Percent | Locomotor | Percent
of PE activity of activity of actiyity of '* activity of | r P
(mg/ke) + SEM | control | + SEM | control + SEM | control || & SEM | control
Afropine )
1 mg/kg 2 mg/kg 5 mg/kg 10 mg/kg
water 790 =+ 185 (7) 100 602 + 199 (6) 100 458 = 232 (5) 100 1279 + 278 (7) 100
50 940 % 108 (7) 119 936 = 90 (6) 155 1399 169 (5) 305%) | 2051 + 337 (6) 160 —0.5259 >0.1
100 1062 = 68 (7) 134 1464 * 171 (6) 243 1603 £ 227 (5) 350%) | 2975 = 90 (6) 233%) | —0.4271 >0.1
Benzhexol
0.5 mgrkg 1.0 mg/kg 2.5 mgrkg 10.0 mg/kg
water 770 £ 238 (7) 100 673 + 214 (7) 100 473 + 98 (5) 100 1285 + 262 (6) 100
50 669 = 43(7) 817 1223 + 85(7) 182 1529 £ 116 (5) 323*%) | 2370 + 257 (5) 184*) [ —0.4193 >0.1
100 1522 & 89 (7) 198%) [ 1786 & 94 (6) 265%) | 2423 £ 179 (5) 512%) | 2273 £ 106 (5) 177%) | —0.7599 >0.025 <0.05
Benztropine
0.5 mg/kg 1.0 mgrkg 2.0 mg/kg
water 768 £ 208 (6) 100 825 * 123 (6) 100 [ 1724 = 409 (7) 100 .
50 1094 + 107 (6) 142 19123 195 (6) 232%) |" 2230 + 266 (7) 129 +—0.5535 >0.1
100 1344 £ 117 (6) 175%) | 2310 + 74 (6) 280%) | 2177 £ 173 (7) 126 —0.7083 >0.1
Hyoscine * . :
0.01 mg/kg * 0.1 mg/kg 0.5 mg/kg 1.0 mg/kg
water 695 & 194 (8) 100 367 + 105 (6) 100 745 + 255 (6) 100 596 + 118 (7; 100
50 878 X 119 (7) 126 856 & 116 (6) 233%) | 2078 + 240 (7) 279%) | 2307 % 260 (7) 387%) | —0.0768 >0.1
100 1419 &' 73 (6) 204%) | 1416 * 175 (6) 386%) | 2126 + 173 (7) 285%) | 2453 * 178 (6) 412%) | —0.6613 >0
Methylhyoscine ) !
0.01 mg/kg 0.1 mg/kg 0.5 mg/ke 1.0 mgrkg ‘
water 233 + 64 (7) 100 421 % 127 (7) 100 .. 659 =+ 209 (7) 100 230 £ 68 (7) 100 - )
50 757 & 100 (7) 325%) 1 769.% 121 (7) 183 | 1099 * 174 (7) 167 645 X 157 (6) 280%) | —0.8882 0.001:—0.01 -
100 1452 & 141 (7) 623%) | 1233 & 121 (7) 293*%) | 1563 & 224 (6) 237%) | 1250 + 81 (7) 543%) | —0.9151 | ,0.001-0.01
Physostigmine .
4.25 pg/kg 8.5 nglkg 17 nglkg 34 pgikg
water 718 + 202 (8) 100 510 * 185 (8) 100 376 £ 89 (6) 100 411 + 136 (7) 100 .
50 1325 + 179 (7)) 185*; 968 + 163 (7) 190 933 =+ 100 (8) 248%) | 1056 X 127 (7) 257%) | —0.9263 <0.001 .
100 1570 £ 90 (7) 219%) | 1616 + 107 (6) 317%) | 1455 = 89 (6) 387*) | 1841 = 216 (7) 448%) | —0.7392 0.001—0.01
68 ug/kg | 136 prglkg 250 ug/kg 500 rgikeg
waler 384 = 85(7) 100 334 + 109 (6) 100 407 & 107 (7) 100 1014 + 210 (6) 100
50 848 £ 172 (7) 221 | 742 % 85(6) 222"'; 855 = 94 (8) 210%) | 696 X 109 (6) 69
100 | 1703 & 55(7) 443*%) | 1423 + 117 (6) 426* 955 £ 75 (8) 235%) | 2115 * 217 (6) 209%)
Neostigmine
6.25 pglkg 12.5 nglkg 25 uglkg 50 ng/kg
water 652 & 199 (7) 100 152 & 24(7) 100 451 £ 156 (7) 100 384 & 115 (7) 100
; 50 950 % 144 (6) 146 | 1015 = 127 (7) 668%) | 1256 % 327 (6) 278*) | 835 + 249 (5) 217 | —0.920 <0.001
[ 100 1821 + 247 (6) 279%) | 1444 = 126 (7) 950%) | 1468 % 118 (6) 325%) | 1589 + 232 (5) 414*) —0.9043 <0.001
100 pgrke 184 ug/ke T
water 451 + 88 (6) 100 749 * 233 (7) 100
50 1467 £ 260 (6) 325%) | 546 = 94 (7) 73~
100 | 1793 + 164 (6) 398%) | ‘1429 £ 81(7) 191%)
Arzneim.-Forsch, (Drug Res.) 24, Ni .1 (1974
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Table 3: Effect of 30 min pretreatment wilh hyoscine (100 or 1000

ng/kg) combined with physostigmine (34 or 250 xg/kg) on LA pro- :
duced by 50 and-100 mg PE/kg, The results are, expressed as the total number -of counts-between 20 and 60 min |
. as the percent increase in LA after a dose. of PE compared to control levels (as 100%/), The number of experiments: is in brickets and

the SEM is given, The values marked with an asterisk are significantly different (P <0.05) from the appropriate water control,

mifr, after -injectich and 1

+ Pretreatment (Ist dose) h
Hyoscine 100 g/kg Hyoscine 1000 pgtkg
2nd dose Physostigmine Physostigmine Physostigmine Physostigmine
34 uglkg 250 uglkg 34 nglkg . 250 ngrkg
Distilled water 348+ 82 (1) 213+ 93 (1) 954 £ 277 (1) 1022+ 92 (7)
- 1009 100% 1000/, 100%/q
PE 50 mgrkg - 867 * 175%) (1) 761 £ 171%) (7) 2012 * 237%) (6) 1975 * 152%) (7)
2499/, 279%, 211/, 193¢/,
PE 100 mg/kg 1353 £ 155%) (7) 1275 £ 111%) (%) 1726 + 158%) (7) 2020 * 223%) (6)
3891, 467, 181¢/o 198/,
*) P «0.05

Table 4: Effect of pretreatment with either hyoscine or physostig-
mine on PE toxicity in mice. The data were analysed using-the
method of Litchfield and Wilcoxon (1949). The number of animals
(n) used is in brackets, For further details see methods.

LDy (me/ke) Slope function_
Pretreatment (95%o limit) (fiducial limits) | D
Hyoscine 112 (82—152)*)| 1.7455 (1.25—2.44) | 380
500 wglkg
Physostigmine 155 (144—167) 1.5114 (1.33—1.72) | 280
250 pgrkg
None 175 (146—209) 1.8737 (1.29—2.72) | 270
*) P <0.05

Physostigmine and neostigmine were tested in doses béetween
4.25 and 500 ug/kg and 6.25 and 368 ugfkg, respectively.
Since a dose of 368 ugfkg of neostigmine had been lethal in
4 of 10 animals in preliminary experiments, this dose was not
further used. With results expressed as a percentage, .both
drugs produced significant potentiation (Table 2). Maximum
potentiation of both doses of PE occurred with 12.5 uglkg
neostigmine and 34 ug physostigsmine/kg. Higher doses of
both of these drugs caused a reduction in percent potentia-
tion. A highly significanit negative correlation was noted
(Table 2) between the effect of both the drugs by themselves
on LA, and the respective percentage potentiations when
combined with PE.

Since 1mg hyoscine/kg produced a marked potentiation,
this dose was combined with either 34 or 250 48 physostig-
mine/kg. Table 3 shows that both doses of physostigmine
reduced the percent potentiation of PE observed with hyos-
cine 1 mg/kg only, (cf. Table 2) but significant potentiation
was still observed. When hyoscine 100 ug/kg was combined
with both these doses of physostigmine, the potentiation
with 50 or-100 mg PE/kg was virtually identical to that ob-
served with 100 ug hyoscine/kg alone (Table 2),

The LD, of PE for aggregated mice was 175 mg/kg, which
was significantly more than the LDy, of the hyoscine pre-
treated group (Table 4). When physostigmine pretreatment
was used, there was no significant change in LDy, from that
of PE alone. :

Discussion

Although PE differs from amphetamine in producing a bi-
phasic locomotor response in mice (Jackson 1972) and in
having a very short duration of action because of its rapid
metabolism by monoamine oxidase (Blaschko 1952), the
present study in mice shows that agents which block the
muscarinic actions of acetylcholine potentiate PB induced ;
LA.In this regard, PE resembles both amphetamine (Carlton
1961), and 'the weak sympathomimetic phenylpropanolamine
(Davis and Pinkerton 1972), Preliminary inspection of the
data obtained with methylhyoscine, physostigmine and neo-
stigmine suggested that these agents, as well as hyoscine,
atropine, benztropine and benzhexol, produced a potentia-
tion of the effect of PE on LA in mice. However, when the

26

percent potentiations of both doses of PR by the former
three pretreatments were correlated with their respective
confrol values (i.e. pretreatment and water only), it became
evident that the potentiation in each case was significantly
correlated with the effect each pretreatment alone produced,
This significant correlation was not seen (except in one case)
with pretreatments using atropine- hyoscine, benzhexol and
benztropine. Thus it appears that the apparent percent po-
tentiation with physostigmine, neostigmine and methylhyos-
cine is a result of the depressant effect of the pretreatment
itself, rather than a real interaction between the pretreat-
ment -and PE. Since there was no significant correlation ob-
tained with hyoscine, atropine, benztropine and benzhexol,

it is further suggested that the potentiation of PE induced .:

LA in each of these cases is in fact due to an interaction
between the pretreatment and PE. In this case the potentia-
“tion of PE is independent of any depressant or stimulant
effect the-pretreatment- may have by itself. The increase in
lethality when hyoscine pretreatment was used confirms the
ability of cholinergic blockers to augment the effect of PE
specifically, and sympathomimetics in general (Davis and
Pinkerton 1972).

The potentiation by atropine, hyoscine, benztropine and
benzhexol but not by methylhyoscine suggests that the po-
tentiation is centrally mediated rather than peripherally
mediated, confirming earlier conclusions obtained with am-
phetamine (Carlton 1961; Carlton and Didamo 1961).

Because of the apparent potentiation of LA by pretreatment
with physostigmine and neostigmine, a conclusion cannot be
drawn as-to whether these- agents actually antagonise the
increased LA produced by PE. However, when physostig-
mine was combined with 100 xg hyoscine/ks, the effects
were not additive, and the percent potentiation was similar
to that produced by hyoscine plus PE only. Only with a
dose of 1 mg hyoscine/kg was there a reduction of physost-
igmine of PB induced LA. Physostigmine, in a dose equal
to half of its LDy, failed to protect the mice’against PE
toxicity, suggesting that physostigmine will not antagonise
the effects of PE. These results contrast with those of Gold-
berg and Ciofalo (1969), who found that physostigmine re-
versed the action of amphetamine on a non-discriminated
avoidance schedule in rats. The discrepancy here is probably
due to species and parameter differences,

The mechanism of action of these agents is unclear, How-
ever’ some anticholinergic agents are able to block dopamine
(DA) uptake into the corpus striatum (Coyle and Snyder
1969; Farnebo et al, 1970) and are able to cause changes
in cerebral dopamine turnover (Bartholini and Pletscher
1971; Corrodi et al. 1967). There is also-a possible cholin-
ergic mechanism in the caudate nucleus involved in motor

. conditioned responses (Prado-Alcata et al. 1972), It is pos-

sible thervefgre that this interaction with DA neurons is the
basis .of the cholinergic interaction with PE, since it has
been shown that the distribution of PE in the CNS is intim-
ately related to that of DA (Jackson and Smythe 1973b),
and that agents,which make more DA available in the CNS,
potentiate the effect of PE on LA in mice (Jackson, un-
published observation).

Arzneim.-Forsch. (Drug Res.) 24, Nr. 1 (1974)
‘Jackson - g-Phenylethylamine and agents which affect the
: . cholinergic nervous system
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Summary .

describes the effect of a combination of p-phe-
hllesthgzg;iine together with hyoscine, mé‘_thylhyoscine,‘ phys-
ytigmine, atropine, benzhexol, ~benztropine or neostigmine
a loconiotor activity in mice. The locomotor activity in-
ﬁﬁced by 100 mg phenylethylamine/kg was potentiated by
hyoscine, atropine, ‘benztropine and benzhexol, all of which
drugs readily penetrate the CNS, but not by methylhyoscine,
a drug which does not readily cross the CNS. Neither phys-
‘ostigmine and _neostigmine, revealed a clear potentiating
or inhibiting effect on phenylethylamine induced locomotor
activity. The lethality of phenylethylamine in mice. was
- studied alone (LDy 175 mg/.kg),. combined with hyqsc{ne
(112 mg/kg) or with physostigmine (155 me/kg). Hyoscine
significaritly potentiates the lethality of phenylethylamine.
The possibility is considered that the interaction of these
agents with phenylethylamine may involve dopamine,

Zusammenfassung T
Wechselwirkungen zwischen f-Phenylithylamin und Stoffen

ouf Lokomotoraktivitit und Toxizitiit bei der Maus

Die Wirkung der Kombination von f-Phenylithylamin mit
Hyoscin, Methylhyoscin, Physostigmin, Atropin, Benzhexol,
Benztropin oder Neostigmin auf die Lokomotoraktivitit von
Miusen wird beschrieben, Die durch 100 mg Phenylithyl-
amin/kg induzierte Lokomotoraktivitit wurde durch Hyos-
cin, Atropin, Benztropin und Benzhexol verstirkt. All diese
Substanzen penetrieren . leicht .in das Zeptralnervensystem,
nicht aber Methylbyoscin, Weder Physostigmin noch Neo-
stigmin zeigten einen eindeutig verstirkenden oder hem-
menden Effekt auf die durch Phenylithylamin induzierte
Lokomotoraktivitdt, Die letale Wirkung von Phenyldthyl-
amin auf M#use wurde allein untersucht -(LDj;, 175 mg/kg)
wie auch in Kombination mit Hyoscin (112 mg/kg) oder
Physostigmin (155 mg/kg). Hyoscin erhéht die letale Wir-

1.0. Infroduction

One of our team (1] has elsewhere set out the considerations
which led him, with vitamin B,, as the starting point, to
suggest the therapeutical utilisation of glyoxylic acid.. This
suggestion was essentially based on a hypothesis put out
by Ruffo [2, 3]: glyoxylic acid would seem to be a physio-
logical regulator of cell respiration liable to limit cell oxygen
consumption strictly to oxydation processes coupled with
ATP-producing phosphorylations,

In order to keep down, as much as possible, its transforma-
tion into oxalic acid in the system, glyoxylic acid has been
combined with pyridoxine: for this substance, as a precursor
of vitamin By, cofactor of transaminases and decdrboxylases,
should direct almost its entire metabolism towards trans-
amination into glycine and decarboxylation into formic acid,
at the expense of its oxidation into oxalic acid, Piridoxilate
is the result of this combination, in the form of the reciprocal
salt of two isomeric hemiacetals [4]: .

mit Wirkung auf das cholinerge Nervensystem und ihr Einfluf -

Arznelm,-Forsch. (Drug Res.) 24, Nr. 1 (1974)
Fourneau et al. - Piridoxilate

kung von Phenylithylamin signifikant, Bs wird die Moglich-
keit in Betracht gezogen, daB die Wechselwirkungen dieser
Substanzen mit Phenyldthylamin auch Dopamin miteinbe-
ziehen.
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Pyrimidiné Derivatives and Related Compounds. XXILY Synthesis and =
Pharmacolegical Properties of 7-Deazaxanthine Derivatives

Suiceo Senpa and Kosaku Hirota
Gifu College of Pharmacy®
(Received October_ 15, 1973)

... For investigation of the structure-activity rela.t1onsh1p of \anthme denvatwes,
"2, ,A-dioxo- 1,2,3,4-tetrahydropyrrolo[2,3-d)pyrimidines (A), which belong to 7-deazaxanthine
: derivatives, were prepared from the corresponding 6-aminouracils and chloroacetaldehyde,
and then were catalytically reduced to give 2,4-dioxo-1,2,3,4,5,6-hexahydropyrrolo[2,3-d)-
pyrimidines (B). A new method for synthesis of compounds (A) was found by heating
6-hydrazinouracil derivatives with aldehydes or ketones.
Diuretic, cardiac, and central nervous system stimulating activities of compounds
(A and B) were tested to be compared with those of caffeine. Compounds (A and B)
showed caffeine-like activities. :

Xanthine derivatives such as caffeine (1) and theophylline (2) have been used as a diuretic
cardiotonica for 4 long time. G6-Aminouracil derivatives such as 3-allyl-6-amino-1-ethyluracil
(8: Aminometradine)® and 6-amino-1,3- d1ethyl -B-isopropyluracil (4)* had once been used
as a synthetic diuretic drug.

In the present paper, —deazaxanthmes such as 2,4-dioxo-1,2,8,4-tetrahydropyrrolo-
[2,3-d]pyrimidines (A) and 2,4-dioxo-1,2,8,4,56,6-hexahydropyrrolo[2,3-d]pyrimidines (B)
were synthesized and their diuretic, cardiac,- and central nervous system (CNS) stimulating
activities were tested to investigate their structure-activity relationship., It is because
theoretically the chemical structares of A are derived by a replacement of the nitrogen atom
at 7-position of xanthine ring with a methine group and those of B are derived by a ring-closure
between 6-amino group and b-alkyl group of B-alkyl-6-aminouracil compounds.

" In'this connection, diuretic, cardiac, and CNS stimulating activities of 2,4-dioxo-1,2,3,4,6,7-
hexahydro-bH-cyclopenta[d)pyrimidines (C)," namely, those of 7,9-dideaza-8,9-dihydroxan-
thine derivatives, were also tested in order to research a role of the nitrogen atom at
9-position’ of 7-deazaxanthines and the 6-amiho group of uracils on their pharmacological

propert'ie's. ,
A e
L

CH3~N)j—N R R-N \)[R” ©R-N \ R puNy jl !
. N LN) OAN A OANJLN/\R" OAN \.NJ O/KNJU
' CaHs kR Rk dm
1: R= CHs (ca.ffeme) 3: R'=CH.CH=CH:, R*=H A . B ’ C

2: R—~H (theophy {line) ' (aminometradine) 94: R=CH,

4: R'=CsHs, R¥*=iso-Pr ’ 95: R=CsH;

96: R=<:>_

Chart 1

.1) Part XXI 8. Senda, K. Hirota, and O, Otani, Yahugaku Zasslu, 94, 571 (1974).

2) Location: 492-36, Mitahora, Gifu.

8) V. Papesch and E.F. Schroeder, J. Org. Chem., 16, 1879 (1951).

4) W. Stoll, Ger. Patent 938846 (1956) [Chem. Abstr 53, 6273 (1959)]; W. Stoll, Jap. Patent 244973 (1958).
5) S. Senda., K. Hirota, and K, Maeno, Chem. thm Bull (Tokyo), 21, 1894 (1973)
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Chemistry

Up to now, some syntheses of 2,4-dioxo-1,2,3,4-tetrahydropyrrolof2,3- d]pynmlchnes or
7-deazaxanthines have been reported.® Accordmg to the method of Noell and Robins,t
6-aminouracils (I) were heated with chloroacetaldehyde in the presence of sodium acetate
so that a nng closure took place to give 2,4-dioxo-1,2,3,4- tetrahydropyrrolo[2 8-djpyrimidines
(IT: 5—20 in Table I). Methylation of II with dimethyl sulfate in an aqueous solution of
sodium hydroxide gave 7-methyl-2,4-dioxo-1,2,3,4-tetrahydropyrrolo[2,3-d]pyrimidines
(III: 21—27 in Table I). 'When these pyrrolo{2,3-d}pyrimidine derivatives (II and 11T} were
reduced in ethanol at 50—60 atm and 100—120° in the presence of Pd-C, 2,4-dioxo-1,2,8,4,5,6-
hexahydropyrrolo[2,3-d}pyrimidines (IV: 28—42 in Table II) were prepared The 1-allyl
groups of 13 and 14 were further reduced by the above mentioned catalytic reduction to give
the correspondmg 1-propyl compounds (34, 35). 1-Benzyl-3-methyl-2,4-dioxo-1,2,3,4-tetra-

hydropyrrolo[2,3-d]pyrimidine (17) was reduced and debenzylated under the same conditions
described above to yield 29.

0
(CHsS01  pa_ )\
’/ N/-j
0 ke CHy
RN CICH:CHO Ra"' /'\ | I (21—27)
L OANANH, - orw - : l[H]Pd—C.
RI
1 o 11(5—20) )g]
) ' [ [H]PdC ' 0/k j
R R
IV (28—42)

| Chart?

Then the authors investigated” a new method for synthesis of 5-substituted or 5,6-disub-
stitoted 2 ,4-dioxo0-1,2,3,4- -tetrahydropyrrolo[2,3-dlpyrimidine derivatives (VIII) by heating
6- hydrazmouracﬂ derivatives (V: 43—46) with aldehydes or ketones. Thus 1,3-disubstituted

6-hydrazinouracil (V) was refluxed in ethanol or xylene with acetaldehyde, proplonaldehyde,
butyraldehyde, valeraldehyde or methyl ethyl ketone and the resulting hydrazones (VI:
. 47—59 in Table III) were refluxed for 2—3 hours in ethylene glycol or tetraline to give 5,6-
disubstituted 2,4-dioxo-1,2,3,4-tetrahydropyrrolo[2,3-d]pyrimidines (VII: 60—64,.76, 82 in
Table IV) with an evolution of ammonia (Method A). When 6-hydrazinouracil derivatives
(V: 43—46) were refluxed in ethylene glycol or tetraline with aldehydes or ketones; the desired
products (VII 63—90 in Table IV) were obtamed without isolation of the intermediates (VI)
{Method B).

Pyrrolo[2,3- d]pynnndmes (89, 90) having a ethoxyca1bony1methy1 group at’ b-position

were hydrolyzed in an agueous solution of sodium hydroxide to give b-carboxymethyl deriva-

tives (91, 92), and the hydrolysis of 89 in hydrochlonc acid gave the decarboxylated compound
(64).

6) ) R.X. Robins and G.H. Hitchings, Brit. Patent 812366 (1959) [Chem. Abstr., 54, 592 (1960)]; &)
C. W, Noell and R.K. Robins, J. Heterocycl. Chem., 1, 34 (1964); o) E.C. Ta.ylor and E.E, Garcia, J.
Org. Chem., 30, 655 (1963); d) H. Ooura, M. Sa,ka,guchl, and I, Takeda, Chem. Pharm. Bull. (Tokyo),
20, 404 (1972)

7) - A part of this work has been reported'in a coimunication: S. Senda and K. Hirota, Chemtstry Lett.,
1972, 367.
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Taste I, 1,3,7-Trisubstituted 2,4-Dioxo-1,2,3,4-tetrahydropyrrolo[2,3-d]pyrimidines

o)
RH—N/I
0AN L_J
T
. 001:\?5 d- g R R7 IIY{IECI(';S% S(Q;I)d Bl:l.f (Asﬁ';::,!I Forr.nul:é. . l}jil_}jf_(ﬁ
solvent o 107%) C H N
5o mom R s b cmom g il 83 T
o e om FEC R OIED cmon . Gk B8 18 BE
T mom ¥8. e DGR camom. R B 8% B
5w ome m BEP s QY oo v B set sbe
v meow B, s BED comom S TE SR NE
wooam HoH By 0 @R CGHOMN Fna %o sl Lo
noowm owen FET e MEQ canon S H 0% XB
12 #Pr . #Pr H ' ..
1 omemom H m WS, o w MEY cmow S B LB AN
o omomom Mo m Yhop st MREY comom S BRI XK
5 wm omow Popge u HEY GO R 8% 06 80
wooem e ow M v JHED camone B0 BB OR BR
wooomm o we ® Hhugo e HER omom S B 1R 28
wom o w o Pl @ MED cmon B B8 IR B
. M H Fomuo 8 dpGe GoMONe Fang 7 47 176
moopwen e ow B w0 B8 cmom N BF LY 1BE
mooe wo Mo FEC e JIEY. comom  fhom B8 274 HG
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woom o oEowe got® o Y CamON g S 70 19.02
wo cmomon, e e I Com HARE cmon S B 3H RE
wooomm we we B0 e MER comom S 881G 15E
o owe e fly on ZER oo B 88 3888
woopaern Mo we Hou o 7 IRER CLON TR G7 . 174
Ph=phenyl

4) 1it5® mp 330°. 4) J. Davoll, J. Chem. Soc., 960,131, UV AT:0.0% 68) (6 10-%): 243 (7.1), 275 (8.8) ©) lit.*) mp 292:-204°
@) This compound was not purified and reduced directly to give 88 (in Table II). ¢) H,0 was confirmed by IR spectra.
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Tasce I1. 1,3,7-Trisubstituted 2,4-Dioxo-1,2,3,4,5,6-hexahydropyrrolof2,3-d]pyrimidines

0
RN N\
oAnwAnS
- llzl lll'l
0011\::11(}) d. Rt R? R7 Efcga S?;I)d }111:{ ;EE"E{ Formula, Aw)

: solvent 0 10-9) : c H N
moomomom @ RSH emom  fh 4E 48 74
Woow oo Epe o R gron G G6 i an
oo e om B, e MR cmopn, SO B0 612 20
s B omoom ¥R s BB camon, ld B0 012 219
woom o weow B w Y omow S EE ST A
woomomow BETa HER omon S B TH A
Wooemomow BEW @ BHIR omen S 33 o7 A
W we W B5 B AR omon G u 1% B3
W wnom MBI 2Q omon, G 27 A% 1O
SR O G
woemowow BER o USRS cmon S 21 T8 b
. mom B PP o awaes)  cumon, Sl 287 481 1.3
o o ae w BGET s mrd)  cem,oN, G fh18 549 1728
41’ . pMePh Me X 22:3“229 0 2W6(19.9)  CuHON, Soled, 65.35 5.58 8.5
i2° Ph Me Me %?fo 60 298(17.8)  CpH,ON, %ﬁllfg&l 6.5 ggﬁ 16.33

Ph=phenyl .

) V. G. Granik and R. G. Glushkov, Klim.~Farm. Z., 1 (8), 18 (1087) [Cliems. Absie., €8, 12041 (1988)], mp »300°
b) H,0 was confirmed by IR spectra. ¢) prepared from 18 ) prepared from 14

RECH;COR?, Method B

/ | \

0 0 0
X RECHCOR® A Method A N
CHe-NY X, cHen \) CHRes eod A CHa—IE X
0*AN/~NNH, OANANN=C OANANARS
llll R!_7 ﬁl R!_" \Rﬂ llzl 1[{7
V(43—46) . VI (47—59) VI(60—90)
Chart 3

The 5,6-double bond of such 5,6-disubstituted 2,4;—dioxo—1,2,3,4—tetrahydropyrrolo[9,3-d]- .

pyrimidines (VII) were generally resistant to catalytic reductions except 64 which was
reduced to give 1,3,5,-6-tqt_ramethy1—2,4—dioxo-1,2,3,4,_5,6-11_exahydropyrrolo[2,3-d]py'ri_midine
(93). ' : .
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TasLe ITI. 1-Substituted 6-Alkylenchydrazino-3-methyluracils

-, 0
N .
el ,CH:RS
07 \N/\NN=C g ,
R
R mp (°C) Analysis (%)
Compd. g1 | RE. R® R? .. Recryst, Y;eld Formula —
No. L ‘solvent (%) C H N
T LR ¢ Caled. 5142 6.71 26.6
477 Me Me H H oI 86  CHLON,  Favsi oilse ood aoes
e Caled. 53.55 7.16 24.99
48 Me Bt H H N oH 8 CuHON,  phing S3al 5o %
L : o158 . Caled. 57.11 7. 2.21
49, Me mBu  H H Topt 8 CuHWON, Found 3771}2613 g.?g X
Lot e 68 RN Caled. 61.75 5.92 20.58
5 Me Ph H H abEe 91 GanON,  Fhed e o o031
L o ' 46 o Caled, 51.42 6.71 26.65
L, Me H . Me H U0 87 CGHON, pE -2 070 R
P, - - - led. 53.55 7. 99"
52 Me Me = Me H }SCZOEIE‘,1 61 CuHON,  gaet, 228 7% L
- . ) - H . .-:' R .. . : '- o
58 Me CHCOOMe Me H ~ ji).. 6  CuHoN, gaed 3L09 043 18.05
v, . L 1c . 5. . ’ . ’
B Me Mol Me Me TL® a1 cuinonN,  Goed 544 761 28.02
v e T 107— 3 RPN Caled. 63.98 6.71 18.65
5. Fh Et Me Ho ﬁ%fmiog 2 CinoN,  gaety 898 ST B8
e v T . T 210-212 - Caled. 48.97 6.17 28.56
% Me H * H H  yeom 82 GHuONe  Found 48l80 631 28.53
Lo 03 : Caled. .75 5.92 20.5
57 Me H Fh H %‘.tOH_ 8 GHGON,  pho g}.;s aoe 203
; - ‘ 191 Caled, 51. . .8
58  Me COOEt  Me H Do 85 CuHLON, Found s}.g? .o 07
] | - CH,NCH,CH, H 196 : Caled, 62.36 6.47 21.39
S acomt 81 CwHwON,  Foil 30 Yl Biao
" Ph=phenyl - . . °

@} PE: petroleum ether (bp 50—90°) *

. Tasie IV. 1,5,6,7-Tetrasubstituted 8-Methyl-2,4-dioxo-1,2,3,4-tetrahydropyrrolo[2,3-d]pyrimidines

0
N . - “Ha~
A . . ’ -o'/kN/[Nl'\Re
3 o Rl R
~ - mp (°C) Yield (%) Analysis (%)
?0131(}? d R RS Re R’ Recryst. Method® Formula ,———/_\0
o solvent (4) (B) . C H N
A 300 o Caled, 55.95 5,74 21.75
@ Me H  Me H gy 13(F) CoHuONo  Found 55.83 5.89 21.69
‘ . S 5300 : Caled. 55.95 5.74 21.75
Bl Me Me. "H H gion 21(E) CoHuONa  Found 56,00 5.92 21.84
270272 Caled, 57.96 6.32 20.28
Me Bt  H H Lom S0(E) CiotlisONs  Found 57.68 6.55 20.36-
Me' - 186—187 : Caled, 61.25 7.28 17.86
Me w-Bu  H  H  ,0p: 29(E) 4UT) CuMuON: pound 61049 7.35 17.83
i 2300 72(E) Caled, 57.96 6.32 20.28

M :
Me Me — Me EtOH 72(E) g3(T) CwoMiONs Found 57.56 6.69 20.38
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Colfﬁf d R RS Rs R7 Ilrklgcgr?t I?/I:Scll(}od%) Formula Analysis (%)
solventh Y] (B) C H N
6 Me Mo Mo Mo FULE S(E) Cu 0N, SAed 2071 6.83 18.99
6 Mo m M m Jp 63(E) CuHyOiNa goody 3070 &-83 18.99
67 Me isoPr Me H 21252 34(E) CH,O.N, %ﬁﬁld g}'ﬁg ;gg ggg
6 Mo wBu Mo H 30 48(E) - CuH, 0N, Gaed 6262 7.08 17,06
o Mo B Me T 6R(E)_ Cu,oN, ol 2282 7.68 105
W Mo whm Mo m P (E) CatoN, Solod; 885 8.04 1592
7 Mo Me!  Et''H %i%ﬁ_ﬁg 72(E) ComoN, Galed 5971 B85 18.90
o Me mr  oami w3028 T6(E) G0N, SUed, £2.62 168 1680
W Mewe  mitom ERT B(E) CuH,ON, $Ud 8.9 5.6 15.01
woowe m o ow o 8L oo sz}, oo oty g1 bas too8
5 Me mBa PHUH %%%ﬁii&; 42(E) C o, GGt 09.48 880 13.50
% M P L T e 9 WD cmox, G B 5 Lo
W e w o mm PO 60B) . CuH 0N, Calod, 7249 57 128
B M cm)y T m P 78<E>"'Can0=hs Goled, 8025 598 1918
W ), om PO S‘é%%}ianuoeNJ Caled, G178 648 18.02.
o moms we m Bhono R oo Gk 9% 20 58
oo e Bh S(T) Cuttuo, Soony G2 08 1483
2 Ph Bt Mo BORH,0 4(T) 13(E) CeHON, Slod, 6782 6.05 14.53
B Poemy . Me wm BEHS  MHE) oo, Gl @43 6.80 13.50
8  PhowBa Mo Me 0 .o 22(E) CiHyON, Gaeds 1013 7.12 12.91
8  PhosoBn Me H XS ) CulaoN, Galed, 0943 6.80 13.50
8  PhowAm  Me H PRy 0w 8(T) CuHyoN, Sl 1018 7.12 1291
s m. (cH), u PO U(T) CuHON, pocd G551 038 145
8 mo.(CH), H $0 BS(T) CyHuON, Soled, 69.13.5.80 1423
8 Me Cofye Me o H Iy © 4 B(T) CoHON, Fhot 0138 270 108
W E Gk, Moo H.3i0n D) Cmon, Gt BT S 1
o e CfEy e B 39 CyHjoN, ol p2eb 522 167
2 om y we owm %ﬁzo;{..Hao ° cumon 8% 6B &% 54
Ph=phenyl '

@) reaction solvent: T} tetralm E, eth)lene zlycol

‘D) 'H,0 was confirmed by IR spectra, -




No, 7 1465

Pharmacology

Diuretic activity (weight of urine for 3 hours in mice,® cardiac activity (chronotropic
and inotropic),” CNS stimulating activity (spontaneous motor activity!®? and fighting ac-
tivity), and acute toxicity (LD;,) were tested concerning the resulting compounds. The
results were given in Table V.,

TasLe V, Diuretic, Cardiac, and CNS Stimulating Activities and
Acute Toxicity of 7-Deazaxanthine Derivatives ’

Diuretic® Cardiach). CNSo)
Compd. activity activities stimulating activities Acute toxicity”
Group No. lmo Ch/.——_‘,H d) i g LDSOI‘ (mg/ kg)
TORO- Ino- Spontaneous® Fighting®
mg/kg mgfkg  tiropic tropic motor activity activity
A 6 2.4 + 168(119— 237)
9 2.0 2.1 H H - — 283(174— 461)
14 1.2 - — 476(338— 671)
19 1.8 >800
21 1.9 + 238(170— 336)
23 1.3 2.7 +# H 200(134— 298)
24 1.7 — 400(268— 596)
26 1.4 >800
64 2.3 3.2 + + 1 400(245— 652)
68 2.3 2.1 H - H 336(238— 474)
73 1.5 + +H- >1600
(i 1.5 + + H# 951(674—1341)
: 80 1.1 — - 1130
. 83 1.2 - - >1600
. 84 1.5 1130
. 89 1.9 >1600
; 90 0.7 + >1600
91 1.2 + -»1600
92 0.8 + +H >1600
B 30 2.6 .+ + 336(238— 474)
! 33 2.1 2.0 + + - 238(175— 231)
' : 40 1.5 : . >800
c 94 - 1.2 424(354— 508)
95 0.9 692(633— 757)
. 96 1.0 . : "308(278— 343)
Caffeine . 2.4 2.5 + + # it 168(119— 237)
- Theophylline 3.4 3.3 - + 1+ # 238(190— 336)
Metham-~ . H + 15
phetamine . . (1 mg) (5 mg)

a) Weight of urine for 8 hours in mice ($.0.) compared with control® b) The effect on isolated guinea pig heart perfused by the
Langendorft's method.” ¢) 60 mgfkg In mice (5.$.) d) postexploratory activity by the Animex apparatus {A.B. Farad Co.p»
¢} followed the method of Tedeschi' £} in mice (3.p.) . :

As to caffeine-like activities, 6, 9, 28, 30, 64, and 68 showed the same or more diuretic
i activity than that of caffeine, 9 and 28 were more activity than caffeine in cardiac activity,
and 68 and 78 showed the most CNS stimulating activity. Compounds (64—92) having
substituents at 5- and 6-positions generally showed low toxicity, Pharmacological activities
of A and B groups, were nearly parallel. . Namely, a double bond between 6- and 6-positions

8) T. Mineshita, S. Matsumura, S. Kimoto, and O. Uno, Pharmacometrics, 4, 33 (1970).
- 9) L. Ther, “Pharmakologische Methoden,” Wissenschaftliche Verlagsgesellschaft, Stuttgart, 1949, p. 170.
10) T.H., Svensson and G. Thieme, Psychopharmacologia, 14, 167 (1969); idem, J. Pharm. Pharmacol., 22,
639 (1970). : .
11) R.E. Tedeschi, J. Pharmacol. Exptl, Therap., 125, 28 (1959); G. Chen, Arch. int. Pharmacodyn., 142,
30 (1963). .
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of compounds (A) had almost no effect on the pharmacological activities. In contrast to
compounds of A and B groups, 2,4-dioxo-1,3,3,4,6,7-hexahydro-5H-cyclopenta[d]pyrimidines
(C) did.not show -diuretic, cardiac, and CNS stimulating activities at all but weak analgetic
“activity like that of 1,3-disubstituted 5,6-dialkyluracils.®1® It indicates that the nitrogen
atom at 7-position of compounds (A and B) plays an important role in showing caffeine-like
pharmacological activities. '

Experimental

1,3-Disubstituted 2,4-Dioxo-1,2,3,4-tetrahydropyrrolo[2,3-d]pyrimidines (IT} (5~20 in Table I)—1In
15 ml of H,0 were dissolved 8.2 g of AcONa and 39.3 g of 30% chloroacetaldehyde. The mixture was gradual-
ly added to a suspended solution (temperature 70—75°) consisting of 0.1 mole of 1,3-disubstituted 8-amino-
uracils (I)® and 8.2 g of AcONa in 50—100 ml of H,0O. The mixture was stirred for a few minutes at 80°,
and cooled on standing. The resulting precipitate was filtered, washed with H,O, and recrystallized,

1,3-Disubstituted 7-Methyl-2,4-dioxo-1,2,3,4-tetrahydropyrrolo[2,3-d]pyrimidines (11} (21--27 in Table I)
——1,3-Disubstituted 2,4-dioxo-1,2,3,4-tetrahydropyrrolo[2,3-dJpyrimidine (II: 6, 8, 9, 14, 17, 19, or 20)
(0.01 mole) was dissolved in 10 m1of NaOH solution and the mixture was stirred for 1 hr with 1.5 g of Me,SO
at 30—40°. The resulting crude crystals were filtered, washed with H,0, and recrystallized.

1,3,7-Trisubstituted 2,4-Dioxo-1,2,3,4,5,6-hexahydropyrrolo[2,3-d]pyrimidines (IV) (28-—42 in Table II)

A. solution of 1,3,7-trisubstituted 2,4-dioxo-1,2,3 sd-tetrahydropyrrolo[2,8-dJpyrimidine (III: 5—20, or 26)
(0.01 mole) in EtOH (120 m1) was hydrogenated in an autoclave at 100—120° and 50—60 atm using Pd-C
(0.5 g) as a catalyst. After 8—10 hr, the reaction solution was cooled to 80°, and activated carbon was added
thereto, The catalyst was removed by filtration and washed well with EtOH, The filtrate and washings
wete collected and evaporated to dryness under reduced pressure. A small amount of acetone was added
to the residue, the resulting crude crystals were filtered, washed with ether and recrystallized.

6-Hydrazino-3-methyl-1-phenyluracil (45) To a solution of 6-chloro-3-methyl-1-phenyluracilt®
(30 g) in 50 ml of iso-PrOH was added 25 ml of 100% NH,NH,-H,O, the mixture was refluxed for 30 min,
After cooling, the precipitate was filtered, washed with H,0, and recrystallized from MeOH to give 17.8 g of
colorless crystals, mp 230—232°. Anal. Caled. for CuH30,N,: C, 56.89; H, 5.21; N, 24.13. Found: C,
57.06; I, 5.28; N, 24.89.

3-Methyl-6-(1-methylhydrazino)-1-phenyluracil (46)——To a solution of 8-chloro-3 -methyl-1-phenyluracil
{4.7 g, 0.02 mols) in 10 m!l of iso-PrOH was added b ml of methylhydrazine and the mixture was refluxed for
5 min, Solvent was evaporated in vacuo and the residue was treated with F,0. The precipitate was filtered,
washed with H,O, and recrystallized from AcOEt to give 3.2 g (62%) of colorless prisms, mp 146°, Anal.
Caled. for C,,H,,0,N,: C, 58.52; H, 5.78; N, 22,75, Found: C, 68.77; H, 5.88; N, 22,98.

1-Substituted 6-Alkylenehydrazino-3-methyluracils (VI) (47—59 in Table IIY)——a) To 60 ml of EtOH
was added 0.01 mole of 6-hydrazino-1,3-dimethyluracil (43)4%), then 0.012 mole of aldehydes (MeCHO,
EtCHO, PrCHO, AmCHO, PhCH,CHO) or ketones (AcCH,COOEL, AcCH,CH,COOEt) were added, and the
mixture was heated under reflux for 0.5—1 hr, After cooling, the resulting precipitate. was filtered. Or
the reaction solution was evaporated in vacuo, ether was added to the residue, and resulting crystals were
collected. -The crude products were recrystallized from a suitable solvent to give hydrazones (VI: 47—50,
53, 56, 58). .

b) Reaction of ketones (acetons, MeCOEt, MeCOPr, MeCOPh, N-methyl-4-piperidone) and 6-hydra-
zinouracils (V: 43,4) 44,145) 45) were carried out in xylene in a similar manner as described above to give
hydrazones (51, 52, 54, 55, 57, 59). :

1,5,6,7-Tetrasubstituted 3-Methyl-2,4-dioxo-1,2,3,4-tetrahyd.rbpyrrolo[2,3~d]pyrimidines {(VII) (60—90 in
Table IV)——Method A: A solution of I1-substituted 6-alkylenehydrazino-3-methyluracils (VI: 47—355)
(0.01 mole) in.20 ml of tetraline (or ethylene glycol) was refluxed for 2—8 hr, After cooling, ether was added
to the solution, the resulting precipitate was filtered to give crude products of 60—65, 76, 82, and 89,

Method B:" To a solution of ketones (0.015 mole) in 20 ml of tetraline (or ethylene glycol) were added
0.01 mole of 6-liydrazinouracils (V: 43—461)) and refluxed for 2—8 hr. After cooling, ether (or water) was
added to the reaction solution, the resulting precipitate was filtered, and recrystallized to give 64—90.

1-Substituted 5-.Carboxymethyl-S,ﬁ-dimethyl-Z,4-dioxo-1,2,3,4-tetrahyd:opyrrolo[Z,S-d]pyrimidines (91,92
in Table IV) 1-Substituted 5-ethoxyca.rbonyl-3,6-dimethyl-2,4-dioxo-l,2,3,4-tetrahydropyrrolo[2,3-d]-
pyrimidine (89 or 90) (0.01 mole) was dissolved in 10—30 ml of 5% NaOH solution with heating on a water

[

12) S. Senda, M. Honda, K. Maeno, and H, Fujimura, Chem. Phaym. Bull. (Tokyo), 6, 490 (1958).

13) S. Senda, K, Hirota, and T. Asao, Chem. Pharm. Bull. (Tokyo), 22, 189 (1974), .

14) a) W. Pfleiderer-and K.H. Schundehutte, Ax. Chem., 612, 158 (1958); &) H. Partenheimer, Ger, Patent
1186466 (1965) [Chem. Absir., 62, 13159 (1965)].
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bath. After b min; the reaction solution was acidified with AcOH with cooling in ice water,. The precipitate
~was filtered to give a crude product of 91 or 92. o
Hydrolysis of 5-Ethoxycarbonyl-1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrrolo[2,3-d Jpyrimidine (89)
-with Hydrochloric Acid——A solution of 1.8 g 0£.89 ini 100 ml 6f 59, HCl Wwas refluxed for 5 hr.. After cooling,
the resulting precipitate was filtered, washed with H,0, and recrystallized from EtOH to give 1.0 g of 1,3,5,6-
tetramethyl-2,4-dioxo-1,2,3 4-tetrahydropyrrolo(2,3-d]pyrimidine (64). This compound was identified by
«comparison of infrared spectra with an authentic sample obtained in the preparation of VII, .
1,3,5,6-Tetramethyl-2,4-dioxo-1,2,3,4,5,6-hexahydropyrrolo[2,3-d Jpyrimidine (93) 64 (2.1 g, 0.01 mole)
-was hydrogenated in a similar manner as described in the preparation of IV, After the catalyst was removed
Dy filtration of the hot reaction solution, on cooling to room temperature, 0.5 g of a starting material (64)
-was recovered by filtration. The filtrate was evaporated. in. vacuo, H,0 was added to the residue, the pre-
cipitate was filtered, and recrystallized from H,O to give 0.3 g of 93; mp 237°. 4nal. Caled. for C;oH,,0,N,:
C, 57.40; H, 7.23; N, 20.08. Found: C, 57.42; H, 7.40; N, 19.98,

. H
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Introduction

ENVIRON International Corporation (ENVIRON) was asked to provide a safety assessment of
1,3-Dimethylamylamine (DMAA) as a dietary ingredient in the dietary supplements sold as
Jack3d™ and OxyElite Pro™. ENVIRON has reviewed all of the available data relevant to the
assessment of human health and safety and offers the following analysis and opinions.

In developing the safety assessment, ENVIRON reviewed and considered the following data,
including data provided by USPlabs:

A literature search performed by ENVIRON of the PubMed database and ToxNet search
engine for published studies of DMAA (and chemical nomenclature synonyms), Jack3d,
or OxyElite Pro,

Six publications of human clinical studies of DMAA, Jack3d™ and/or OxyElite Pro™ in
healthy men and women (Bloomer et al. 20011a, 2011b; Whitehead et al. 2012;
McCarthy et al. 2012a, 2012b; Farney et al, 2012)

Four studies in animals and humans published from 1927-1953 which inform on the
pharmacological action of DMAA

The U.S. patent for aminoalkanes (U.S. Patent Office 1944)

A safety assessment of Jack3d™ performed by CANTOX Health Science International
(CANTOX 2011a)

A safety assessment of OxyElite Pro™ performed by CANTOX Health Science
International (CANTOX 2011b),

USFDA Adverse Event Reporting (AER) listing for dietary supplements (USFDA 2011).

The ToxNet search engine, maintained by the U.S. National Library of Medicine, is linked to the
following databases: ChemIDplus, HSDB, Toxline, CCRIS, DART, GENETOX, IRIS, ITER,
lact-Med, TRI, Multi-database, Hazmap, Household products, and TOXMAP.

Product Label Usage Direction and Warnings

The labels of both Jack3d™ and OxyElite Pro™ specify that use of these products should be
limited to healthy adults, in consultation with a physician. The respective product labels also
specify that Jack3d™ should be used no more than 5 days during any 7-day period, while
OxyElite Pro™ should be used continuously for no more than 8 weeks, followed by a 4 week

cessation of dosing. Both product labels state that no other source of caffeine should be used

b

nor should Jack3d™ or OxyElite Pro™ be combined with alcohol.

Jack3d™ is sold as a drink mix containing a proprietary blend of arginine o-ketoglutarate, p-
alanine, creatine monohydrate, Schisandra chinensis extract, DMAA, caffeine, and excipient

1
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fillers, flavorings, and colorants commonly found in foods. Per the label directions, 1 to 3
scoops (approximately 5.5 to 16.5 g) of Jack3d™ should be mixed with 4 to 8 fluid ounces (120
to 240 mL) of water and consumed approximately 45 minutes prior to physical exercise. Each
scoop serving of 5.5 grams of Jack3d™ contains-DMAA and [l mg of caffeine. Thus,
the label-directed use of Jack3d™ on a daily basis would result in an exposure ofJJj to g
DMAA/kg/day and [l ol mg caffeine/kg/day for a 70 kg individual.

OxykElite Pro™ is sold in capsules containing a proprietary blend of extracts of Bauhinia
purpurea L., Bacopa monnieri, Cirsium oligiphyllum, and Yohimbe bark, as wells as caffeine,
DMAA, and excipient fillers and colorants commonly found in other foods. Per the label
directions, up to 3 capsules/day (2 capsules in the morning, followed by 1 capsule 8 hours later)
may be taken. Each capsule containslllmg DMAA and Illlmg caffeine. Thus, the label-
directed use of OxyElite Pro™ on a daily basis would result in an exposure of [Jito Il mg
DMAA/kg/day and [l to Il mg caffeine/kg/day for a 70 kg individual.

Characterization, Pharmacology, and Animal Toxicity of DMAA

DMAA is an aliphatic amine that, like other compounds in its class, acts in mammals as a
sympathomimetic. That is, DMAA can mimic the effect, but not the intensity, of endogenously
produced neuro-active catecholamines, such as epinephrine and norepinephrine (Figure 1), on
the sympathetic nervous system. Effects include vasoconstriction, increase in blood pressure and
heart rate, and bronchodilation.

QH
H HO

H.M HO M Ny OH
2 “CH, CH,
HO

HO NH

Figure 1. Chemical structures (left to right) of DMAA, epinephrine, and norepinephrine

Although there has existed some debate whether DMAA is a naturally occurring substance (Lisi
et al. 2011), it has been definitively detected and quantified in extracts of the geranium plant,
Pelargonium graveloens grown in the Guizhou Province of China (Ping et al. 1992; Li et al.
2012). The chemical structure, biological interactions, and pharmacological effects of naturally-
or synthetically-derived DMAA are identical, making origin of DMAA irrelevant to the
assessment of safety.

ENVIRON
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The ingredients in Jack3d™ and OxyElite Pro™ other than DMAA and caffeine are comprised
of amino acid forms, various plant extracts, and creatine. Cantox (2011a, 2011b) reviewed the
available laboratory animal data for the effects of these compounds, none of which are expected
to contribute to responses of the sympathetic nervous system. This was confirmed in the clinical
studies described below, as hemodynamic effects (heart rate and blood pressure), or lack thereof,
were similar across the studies regardless of whether subjects ingested DMAA, caffeine, DMAA
+ caffeine, Jack3d™, or OxyElite Pro™,

DMAA was patented by Eli Lilly and Company in 1944 as a nasal decongestant and approved by
U.S. FDA in1948. It was discontinued in 1978, and the NDA (6444) was withdrawn by Eli Lilly
in 1983. It was sold as an over-the-counter (OTC) medication because of its ability — similar to
ephedrine and amphetamine — to induce vasoconstriction in and reduce swelling of nasal tissues,
but without the potent central nervous system stimulation induced by those two compounds (U.S.
Patent Office, 1944). From 1948-1978, DMAA was marketed as Forthane® and provided in a
nasal inhaler (the M-52 inhaler), which contained 250 mg DMAA. DMAA was reported to
induce vasopressor activity of about 1/200™, 1/7™, and 1/225" that of epinephrine in cats, rats,
and dogs, respectively (Rohrman and Shonle 1927; Swanson and Chen 1946; Miya and Edwards
1953). Lethal doses in 50% of test animals (LDspyare 185 mg/kg ip in mice and 39-73 mg/kg iv
in mice and rats, respectively (Swanson and Chen 1946; Marsh et al, 1951). However, there are
no data for lethality following oral exposures, which would be expected to exceed lethal doses
given by intravenous or intraperitoneal injection.

Pharmacological Similarities Between DMAA and Caffeine

DMAA and caffeine have similar effects on hemodynamic properties (i.e., heart rate and blood
pressure), but differ in effective dose. Single 250 mg caffeine doses (the approximate caffeine
dose in 2-3 cups of coffee) or 50 mg DMAA doses in healthy adults resulted statistically similar
transient increases in systolic (6-16 mm Hg) and diastolic (6-9 mm Hg) blood pressure (Bloomer
et al 2011a; Robertson et al. 1978; Nurminen et al. 1999). These blood pressure changes are
offset by reduced heart rate (4-5 bpm) to maintain consistent cardiovascular load (Bloomer et al.
2011b).

Available Human Clinical Data Relevant to Safety Assessment

Six human clinical studies reporting health effects from DMAA and caffeine, Jack3d™, and
OxyElite Pro™ use have been performed by researchers at the University of Memphis, published
in the peer-reviewed scientific literature, and are summarized below as well as in Table 1. These
studies report exposure durations ranging from single doses to 2, 8, and 10 weeks. The effects
reported in these studies published in the last two years comport with effects reported for in the
older literature, where oral ingestion of 3 mg/kg DMAA in adult male volunteers (over 3-fold
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higher than the maximum labeled dose for Jack3d™ or OxyElite Pro™) resulted in a transient

increase in systolic blood pressure beginning at about 30 minutes and decreasing after 100
minutes (Marsh et al. 1951).

Bloomer et al. (2011a) investigated the addition of DMAA and caffeine on resting hemodynamic
properties and endogenous sympathetic catecholamine (epinephrine and norepinephrine) levels
of volunteers for up to 2 hours after dosing. Five male and five female healthy adults consumed
a single dosing of 250 mg caffeine (C) (2.8-3.4 mg caffeine/kg), 50 mg DMAA (D50) (0.6-0.7
mg DMAA/kg), 75 mg DMAA (D75) (0.9-1.0 mg DMAA/kg), or combinations of 250 mg
caffeine plus 50 (C+D50) or 75 (C+D75) mg DMAA. Heart rate, diastolic blood pressure, and
plasma levels of epinephrine or norepinephrine were not significantly different across all
treatment groups or from pre-ingestion (control) values. After 60 minutes, systolic blood
pressure was increased in all treated groups (122-143 mm Hg in a dose-related manner) above
pre-ingestion values (117-121 mm Hg), with D75 and C+D75 producing higher values (132 and
141 mm hg, respectively) than C alone (122 mm Hg) at 90-120 minutes. Likewise, diastolic
pressure in all treated groups (76-83 mm Hg) was higher than pre-ingestion values (68-71 mm
Hg) after 60 minutes, but combining DMAA with caffeine resulted in values similar to caffeine
alone. The rate pressure product (heart rate x systolic blood pressure) increased with DMAA
dose. Epinephrine and norepinephrine levels in plasma did not increase in treated groups,
suggesting that the reported changes in blood pressure by caffeine and/or DMAA are not
mediated by induction of catecholamines, but possibly by direct stimulation of sympathetic
receptors.

Bloomer et al. (2011b) administered caffeine, DMAA, or combinations of both to volunteers
prior to them running 10 km. Six males and 6 females with an average age of 22 years were
given 0, 4 mg caffeine/kg, 1 mg DMAA/kg, or a combination of 4 mg caffeine/kg and 1 mg
DMAA/kg, in 500 ml water. Treatments were ingested one hour prior to running 10 km on an
outdoor track. Each subject completed four test runs with a different treatment before each run,
with one week in between each test. Air temperatures during each test ranged from 44°F to
68°F. There were no statistically significant differences between groups in required run time,
perceived exertion, self-reporting of mood and vigor, and heart rate during the run. At 5 and 30
minutes post-exercise, the heart rate in the caffeinetDMAA group was higher than the caffeine
or DMAA groups, but not the placebo group. Systolic blood pressure in the caffeinetDMAA
group at 5 and 30 minutes post-exercise (126 mm Hg) was similar to placebo (126 mm Hg), but
lower than the caffeine-alone (141 mm Hg) or DMAA-alone (147 mm Hg) groups. Diastolic
blood pressure at 5 minutes post-exercise was similar across groups (64-66 mm Hg), but lower in
the DMAA-+caffeine group (61 mm Hg). The rate pressure product was similar in the placebo
and DMAA+caffeine groups at 5 and 30 minutes post-exercise, but higher in the caffeine-alone
or DMAA-alone groups. These data indicate that a combination of 1 mg DMAA/kg and 4 mg
caffeine/kg, a dose level approximately equivalent to the maximum product label dose, did not

4
ENVIRON




FINAL

significantly change physical performance, level of exertion, subject mood or vigor, heart rate, or
blood pressure endpoints, compared to placebo, following a very strenuous physical activity.

McCarthy et al. (2012a) examined the effect of single doses of OxyElite Pro™ on
hemodynamics of healthy adults for up to two hours after treatment. Six males and 6 females
were administered two capsules of OxyElite Pro™ ([ llllmg DMAA /kg and I mg
caffeine/kg) or placebo on two separate days in a cross-over study design. An increase in heart
rate of 8-11 beats/min (BPM) was reported in the treated group beginning at 60 minutes.
Systolic blood pressure increased (112-118 mm Hg) in the treated groups, compared to placebo
(101-104 mm Hg) beginning at 30 minutes after dosing. The rate pressure product increased in
the treated group at 60 minutes after dosing. There was no increase in diastolic pressure.

Farney et al. (2012) investigated hemodynamic, hematological, and clinical chemistry effects of
Jack3d™ after single and 14-day dosing. Seven healthy adult males consumed two scoops (11
g) of Jack3d™ in water for 14 days, resulting in DMAA and caffeine doses of [lland Il
mg/kg/day, respectively. After dosing on days 1 and 14 (acute-phase observations), systolic
blood pressure increased (122-123 mm Hg) over pre-ingestion values (109 mm Hg) beginning at
30 minutes. There were no significant differences in acute changes in heart rate, diastolic
pressure, or rate pressure product on days 1 or 14. After 14 days of dosing, no significant
changes in hemodynamic endpoints compared to day 1 were reported. Further, 14 days of
dosing did not affect results of blood tests, including complete blood counts and lipid and
metabolic panels.

Farney et al. (2012) also investigated hemodynamic, hematological, and clinical chemistry
effects of OxyElite Pro™ after single and 14-day dosing. Four healthy adult males and two
females consumed two capsules of OxyElite Pro™ for 14 days, providing DMAA and caffeine
doses of il and Mimg/kg, respectively. After dosing on days 1 (acute-phase observations),
systolic blood pressure increased (116-119 mm Hg) over pre-ingestion values (103 mm Hg)
beginning at 60 minutes. There were no significant differences in acute changes in systolic
pressure on day 14, or in heart rate, diastolic pressure, or rate pressure product on days 1 or 14,
After 14 days of dosing, no significant changes in hemodynamic endpoints compared to day 1
were reported. Further, 14 days of dosing did not affect results of blood tests, including
complete blood counts and lipid and metabolic panels.

McCarthy et al. (2012b) examined the effect of an 8-week exposure of OxyElite Pro™ on
hemodynamic, hematological, and clinical chemistry endpoints. Groups of 16 healthy, adult
males and females consumed 1-2 capsules OxyElite Pro™ or two placebo capsules daily for 8
weeks, resulting in daily DMAA and caffeine doses of Il and IEEB mg/kg, respectively.
In the treated group, resting heart rate was slightly, but statistically significantly, higher (69.4
BPM) at the end of the study compared to the beginning (63.3 BPM), but were not different from
the placebo control values (65-67 BPM). There were no differences between treatment groups or
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pre- or post-study values for systolic or diastolic blood pressure. There were no clinically-
relevant differences between treatment groups or across time in hematology, lipid, or metabolic
panel endpoints.

Whitehead et al. (2012) examined the effect of a 10-week exposure of Jack3d™ on
hemodynamic, hematological, and clinical chemistry endpoints. Groups of 12 or 13 healthy,
adult males consumed 1-3 scoops (5.5-16.5 g) of Jack3d™ or placebo powder in water prior to
exercise on an average of 4 days/week for 10 weeks. This treatment regimen resulted in DMAA
and caffeine exposure ranges of [JJjjj and IEEEMmg/kg and exercise days. Ten weeks of
Jack3d™ use resulted in reported heart rate and systolic and diastolic blood pressure values
similar to placebo controls. There were no clinically-relevant differences between treatment
groups or across time in hematology, lipid, or metabolic panel endpoints.

There are two additional studies currently being conducted by Bloomer et al. The clinical phase
of a pharmacokinetic study to profile DMAA concentration in the blood of 8 male adults
consuming 50 mg of DMAA in capsules has been completed. The study investigators also
measured heart rate, blood pressure, and body temperature over a 12-hour period post-dosing and
again at 24 hours. A 12-week placebo-controlled dietary intervention study is being performed
in which groups of 15 adult men will consume placebo, 50 mg DMAA, 250 mg caffeine, or 50
mg DMAA + 250 mg caffeine daily in capsules. Endpoints to be measured at 0, 6, and 12 weeks
include hemodynamic parameters, clinical chemistry, hematology, urinalysis, blood markers for
oxidative stress, inflammation, and cardiac muscle damage, and electrocardiography. Every two
weeks, participants will also self-report endpoints including mild, moderate, or severe changes
noticed in heart rate, sleep quality, mental focus, and physical performance. This study is
currently scheduled to be completed in 2012,

The clinical studies for DMAA, Jack3d™, and OxyElite Pro™ contain similar findings for the
effect of DMAA administered orally with or without caffeine: a transient increase in systolic
blood pressure of approximately 12-18% occurs approximately 60-90 minutes after ingestion
(Table 1). This is expected, given the sympathomimetic nature of DMAA., Extended exposure
exposures of 2 to 10 weeks, either daily or on workout days only, did not result in exposure
duration-related increases in resting heart rate or blood pressure. A 12-18% increase in systolic
pressure, 10-15% increase in diastolic pressure (in one study, Bloomer et al. 2011a), and 6%
increase in heart rate (as seen in one study, McCarthy et al. 2012) in healthy adults for periods of
1-2 hours per day does not constitute an adverse health effect and would not be expected to have
long-term adverse consequences on cardiac health. This is particularly true if Jack3d™ or
OxyElite Pro™ is used just prior to workouts, as strenuous exercise results in a transient increase
in systolic pressure. In fact, no increase in blood pressure was reported after a 10 km run by
runners who consumed DMAA +caffeine beforehand (Bloomer et al. 2011b). The similarity for
hemodynamic results for DMAA alone or as a component in Jack3d™ or OxyElite Pro™
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indicate that the other product components (i.e., amino acid forms, creatinine, and plant extracts)
did not influence these endpoints.

The results of the hematological, metabolic, and lipid panel tests in the 2- to 10-week studies
indicate that Jack3d™ and OxyElite Pro™ use over an extended period of time does not
adversely impact liver or kidney function, as indicated by clinically normal plasma levels of
bilirubin, alkaline phosphatase, and aspartate and alanine transaminases, and gamma glutamyl
transferase (liver), as well as glucose, blood urea nitrogen (BUN), creatinine, sodium, potassium,
and albumin (kidney). Self-reporting of no incidents of discomfort or elevated body temperature
during an extended strenuous physical activity (10 km run) or after 10 weeks of episodic
workouts indicate that labeled uses of OxyElite Pro™ or Jack3d™ does not increase the
susceptibility to induction of hyperthermia or syncope in healthy adults,

Analysis of Association of Adverse Heat-Related Health Effects with

Consumption of Jack3d™ and OxyElite Pro™

DMAA-containing supplements such as Jack3d™ and OxyElite Pro™ may be used during
extreme heat conditions, which can be associated with effects such as loss of consciousness,
hyperthermia, muscle breakdown during exertion, and rapid heartbeat, and kidney and liver
failure. An important issue to resolve is whether exposure to dietary supplements containing
DMAA and caffeine imparts significant additional risk of causing these or other effects under
conditions of extreme heat and physical exertion. The clinical data for DMAA + caffeine,
Jack3d™, and OxyElite Pro™ indicate that clinical precursors leading to each of the adverse
effects of concern have not been observed, as shown in the following discussion.

Loss of consciousness (syncope): None of the subjects ingesting DMAA at Jack3d™ or OxyElite
Pro™ labeled doses reported light-headedness or loss of consciousness during or after a 10 km
run (Bloomer et al. 2011b) or while using either product for up to 10 weeks in conjunction with a
frequent exercise workout regimen (Farney et al. 2012; McCarthy et al. 2012b; Whitehead et al.
2012). Hemodynamic data from all 6 clinical studies of DMAA never indicate conditions of
blood pressure drop that could be associated with diminution of conscious faculties.

Heat injury (hyperthermia): A chemically-induced increase in risk of exertional hyperthermia
requires interference with the ability of the body to shed excess heat. This interference may be
caused by dehydration, significant decrease in electrolyte concentrations, and/or inhibition of
sweat gland function leading to loss of evaporative cooling at the skin surface (Armstrong et al.
2007a). Human studies have shown that caffeine ingestion of less than 600 mg/day in adults
does not result in increased diuresis (fluid loss to urine) (Armstrong et al. 2005, 2007b). No data
were available to demonstrate the effect of DMAA or other aliphatic amines on diuresis, but
epinephrine and norepinephrine (more potent sympathomimetics than DMAA) do not increase
diuresis (Billewicz-Stankiewicz et al. 1980). Healthy adults administered single exposures of
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DMA A+caffeine or Oxy Elite Pro either resting (Bloomer et al, 2011a; McCarthy et al. 2012 a,
2012b) or prior to running 10 km (Bloomer et al. 2011b) did not report in increase in subjective
indicators of thirst, uncharacteristically perfuse sweating, or urinary urge. In a study of healthy
adults using DMAA prior to running 10 km in ambient air temperatures ranging from 44°F to
68°F, there was no indication from study subjects of thermal discomfort or change in required
exertion level, compared to an identical run performed by the same subjects after consuming a
placebo (Bloomer et al. 2011b). These findings from subjects performing very strenuous
physical exercise at relatively mild ambient temperatures are useful in that significant changes to
body heat regulation would be detected and reported without confounding by high ambient air
temperatures. Similarly, subjects using Jack3d™ or OxyElite Pro™ at labeled doses prior to
exercise workout for 2 to 10 weeks did not report thermal discomfort (Farney et al. 2012;
McCarthy et al. 2012b; Whitehead et al. 2012). Blood clinical chemistry results from the same
subjects did not indicate any effect on electrolyte concentrations that could be magnified if
exercising in conditions of extreme heat. Thus, clinical data indicate that labeled use of
Jack3d™ or OxyElite Pro™ would not increase the risk of heat injury for a healthy adult
performing strenuous physical activity in hot conditions.

Exertion-induced muscle breakdown (rhabdomyolysis): Clinical manifestation of exertional
rhabdomyolysis may include muscle pain, swelling, and weakness, electrolyte imbalance,
decreased renal function, abnormal heart rate, confusion, and gastrointestinal distress. None of
these signs, symptoms, or indications from clinical chemistry results from users of labeled doses
of Jack3d™ or OxyElite Pro™ were reported in the six clinical studies of DMAA. Thus, use of
Jack3d™ or OxyElite Pro™ at labeled doses is unlikely to increase the risk for developing acute
or chronic exertional rhabdomyolysis in healthy adults.

Rapid heartbeat (tachycardia): Heart rate data from the six clinical studies of DMAA do not
indicate the occurrence of rapid heartbeat/tachycardia, even in subjects using DMAA and
caffeine prior to a 10 km run.

Liver failure: Blood samples subjected to metabolic panel examinations were reported for
subjects using Jack3d™ or OxyElite Pro™ for 2 to 10 weeks (McCarthy et al, 2012b; Farney et
al. 2012; Whitehead et al. 2012). Indications of liver health included blood levels of bilirubin,
alkaline phosphatase, aspartate and alanine transaminases, and gamma glutamyl transferase. In
all of the multi-dose studies, these parameters were all well within clinical reference ranges,
indicating the lack of evidence for subclinical precursors to liver injury or failure.

Kidney failure: Blood samples subjected to metabolic panel examinations were reported for
subjects using Jack3d™ or OxyElite Pro™ for 2 to 10 weeks (McCarthy et al, 2012b; Farney et
al. 2012; Whitehead et al. 2012). Indications of kidney health included blood levels of glucose,
blood urea nitrogen (BUN), creatinine, sodium, potassium, and albumin. In all of the multi-dose
studies, these parameters were all well within clinical reference ranges. Normal electrolyte and
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plasma protein levels provided no indications of onset of metabolic acidosis that could
accompany kidney failure. Thus, there was no indication of evidence for subclinical precursors
to kidney injury or failure.

The USFDA maintains a database of user- and clinician-reported adverse events occurring
simultaneously with use of dietary supplements as a means of public health surveillance in the
U.S. (USFDA 2012). The Adverse Event Reporting (AER) database is updated monthly and
analyzed by FDA staff to detect evidence for association of adverse events with use of specific
supplements. As evidence points to such associations, USFDA issues AER alerts to the public.
To date, no AER alerts have been issues for Jack3d™, OxyElite Pro™, or other DMAA-
containing dietary supplements.

There are no data available for effects arising from co-exposures of Jack3d™ or OxyElite Pro™
and other dietary supplements. Authors of a case report of cerebral hemorrhage in a 21-year-old
male implicated a mixture of abusive bolus doses of DMAA (approximately 600 mg), caffeine
(150 mg), and alcohol as possibly causative (Gee et al. 2010). Such co-exposures are explicitly
contraindicated on the Jack3d™ and OxyElite Pro™ product labels. Furthermore, the dose of
DMAA consumed in this case was ten-times higher than the maximum recommended daily
intake from Jack3d™ or OxyElite Pro™,

Conclusions

The use of DMAA in humans has been documented since the 1940s. 1t is a naturally occurring
aliphatic amine that has sympathomimetic properties, was marketed as an FDA-approved OTC
nasal decongestant for 30 years, and is used as a stimulant in dietary supplements, such as
Jack3d™ and OxyElite Pro™. Over the past two years, six published clinical studies of DMAA,
Jack3d™, and OxyElite Pro™ provided data on the hemodynamic, hematological, liver, and
renal safety of these products in healthy adults consuming labeled doses for up to 10 weeks
(McCarthy et al, 2012a, 2012b; Farney et al. 2012; Bloomer et al. 2011a, 2011b; Whitehead et al.
2012). This same group of investigators is currently performing two additional clinical studies to
inform on the pharmacokinetics of DMAA and to add additional clinical observations throughout
12-weeks of DMAA use by larger groups of volunteers than previously tested, The stimulatory
hemodynamic effects, including short-term increases in blood pressure, of DMAA in Jack3d™
and OxyElite Pro™ at labeled usage rates are statistically identical to those from the amount of
caffeine in 2-3 cups of coffee. The clinical data indicate lack of changes in clinical markers that
would be exhibited as precursors or manifestations of clinically adverse outcomes. Thus, there is
no scientific evidence that labeled use of these products by healthy adults will compromise
individual health or increase susceptibility to heat-related injuries.
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A Comparison of the Physiological Effects of Caffeine and Dimethylamylamine (DMAA)

The compound, 1,3-dimethylamylamine (DMAA) is a central nervous system stimulant added to
some dietary supplements. It shares similar pharmacological effects in humans with caffeine

(1,3,7-trimethylxanthine), a central nervous system stimulant consumed worldwide in the diet.

Both DMAA and caffeine are amine, or alkaloid-type, compounds occurring naturally in plants.
Caffeine is found in coffee, tea, cacao beans (source for chocolate and cocoa) guarana, mate,
bissy nuts and kola nuts, though the compound has been identified in more than 60 plant species
(Frary et al. 2005, Barone et al. 1996). DMAA has been found in parts-per-billion to parts-per-
million concentration levels in both geranium (Pelargonium graveolens) plant tissue (stems and

leaves) and distilled plant oil (Li et al. 2012, Ping et al. 1992, USPlabs 2012).

Caffeine is consumed by more than 80% of the world’s population each day and 82-87% of the
U.S. population (Frary et al. 2005, Heckman et al. 2012). Published values of average daily
caffeine intake from beverage consumption in the U.S. range from 106-170 mg/day for adults
and 120 mg/day for all ages (Knight et al. 2004). Total average daily caffeine intake in the U.S.
from food and beverages is 227-300 mg/day for adults and 193 mg/day for all consumers (Frary
et al. 2005, Knight et al. 2004). Caffeine consumption by U.S. adults, expressed on a per body
weight basis, was reported to be approximately 4 mg/kg/day (Knight et al. 2004), which can be
attained by consuming 2-4 cups of coffee or 2-6 cups of brewed tea. Outside of the U.S., daily
average caffeine intake of 400 mg/day (or 6 mg/kg/day for a 70 kg adult) has been reported
(Biaggioni and Davis 2002), with average intake in Denmark reported to be 7 mg/kg/day
(Barone et al. 1996).

Nawrot et al. (2003), in their comprehensive review of the literature, estimated a safe level of
daily caffeine consumption of 400 mg/day, which was not associated with adverse health effects
for healthy adults. However, doses as high as 750 mg/day have also been shown to be well
tolerated in normal subjects (Biaggioni and Davis 2002), while patients with cardiovascular

disease exhibited favorable tolerance for doses of up to a 250 mg dose (Hirsch et al. 1989).
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The similarities between caffeine and DMAA for physiological changes in hemodynamic effects
were reported in adults in a randomized, double-blinded, crossover clinical study (Bloomer et al.
2011). Ten healthy men and women were given 250 mg caffeine or 50 mg DMAA while at a
rest. Caffeine ingestion resulted in an average maximum increase in systolic (SBP) and diastolic
blood pressure (DBP) of 6 mm Hg and a decrease in heart rate of 5 beats per minute (bpm) over
a 120 minute period after administration. A 50 mg dose DMAA resulted in an average maximum
increase in SBP and DBP of 7 and 8 mm Hg, respectively, while heart rate decreased by 4 bpm.
The changes in blood pressure and heart rate following doses of 250 mg caffeine or 50 mg

DMAA were not statistically different.

In this same study, Bloomer et al. (2011a) reported that doses of 75 mg DMAA (which is 25% to
275% greater than in a labeled single serving of the USPlabs products OxyElite Pro™ or
Jack3d™) resulted in average maximum increases in SBP and DBP of 16 and 9 mm Hg,
respectively, along with a decrease in heart rate of 3 bpm. The increases in SBP and DBP from
75 mg DMAA doses are not significantly different from those reported in other clinical studies
involving similar subject populations. Robertson et al. (1978), in a double-blind crossover
clinical study, gave 250 mg caffeine to nine young, healthy men and women at rest. The average
maximum increase in SBP and DBP was 14 mm Hg and 10 mm Hg, respectively, while heart
rate decreased initially and then increased slightly. Nurminen et al. (1999) reported that a 250
mg caffeine dose in adults produced an average maximum increase in SBP and DBP of 12 mm
Hg and 13 mm Hg, respectively. In a single-dose study evaluating the hemodynamic effects of
Jack3d™, Farney et al. (2012) reported that a double serving of the product, providing 40 mg of
DMAA and 250 mg of caffeine, resulted in an average maximum increase in SBP and DBP of 13
and 8 mm Hg. DMAA and caffeine also share similar hemodynamic effect profiles over time;
peak magnitude of effects appear within 30-60 minutes post-administration, followed bya
gradual decline to baseline (Hirsch et al. 1989, Robertson et al. 1978, F arney et al. 2012, Marsh
etal. 1951, Mort and Kruse 2008). Thus, the effects of DMAA consumed in labeled servings of
Jack3d™ and OxyElite Pro™ upon blood pressure are quite similar to those seen with a 250 mg

dose of caffeine, the amount found in 2-3 cups of coffee or 2-6 cups of brewed tea.

For caffeine, the transient reduction in heart rate concomitant with the increase in blood pressure

is thought to arise from the baroreceptor reflex, in which an increase in blood pressure results in

2
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a decrease in heart rate (Lane and Manus 1989). This homeostatic mechanism aids in
maintaining a steady total cardiac workload. It is only when the baroreceptor reflex is overcome
that this does not occur. The initiation of the baroreceptor reflex was indicated in clinical studies
of resting adults who consumed DMAA (Bloomer et al. 2011a, F arney et al. 2012, Whitehead et
al. 2012, Marsh et al. 1951). Additionally, strenuously exercising adults who consumed DMAA
or placebo exhibited no difference in heart rate, indicating that labeled DMAA use does not
increase cardiac workload (Bloomer et al. 2011b). Tachyphylaxis, the partial tolerance to
changes in blood pressure after an initial administration, appears to occur for both caffeine and
DMAA (25, 26).

Both caffeine and DMAA have both exhibited very good tolerance by adults. Caffeine
consumption levels substantially higher (400-500 mg/day) than those typically (275-300 mg/day)
consumed are considered well tolerated (Kivity et al. 1990). Similarly, DMAA was shown to be
well tolerated alone or in finished dietary supplement formulations (Bloomer et al. 2011a, Farney
et al. 2012, Bloomer 2012, Whitehead et al. 2012, Bloomer et al. 2011b, McCarthy et al 2012a,
McCarthy et al. 2012b) with no adverse health impacts reported. Furthermore, a dose 3 mg/kg
DMAA dose (3.5 to 10.5 times greater than DMAA in labeled servings of OxyElite Pro or
Jack3d for a 70 kg adult) has also been explored in a small group of individuals and also was
shown to be well tolerated, with no serious adverse events. Recent clinical trials of DMAA and
caffeine consumed in combination provide hemodynamic data for subjects that ingested both
compounds just prior to exercise (Farney et al. 2012, Whitehead et al. 2012, Bloomer et al.
2011D), post exercise (Bloomer et al. 2011b), and over the course of time in which regular
exercise was performed (Farney et al. 2012, Whitehead et al. 2012, McCarthy et al. 2012b). The
available data for DMAA and caffeine do not indicate that consumption of both compounds in
the dietary supplements OxyElite Pro™ or Jack3d™ would increase the susceptibility of adults

to adverse cardiovascular events while exercising.




May 8, 2012 ENVIRON International Corporation

References
Barone JJ and Roberts HR. Caffeine consumption. Food Chem Toxicol. 1996 Jan;34(1):119-129.

Biaggioni I and Davis SN. Caffeine: a cause of insulin resistance? Diabetes Care. 2002
Feb;25(2):399-400.,

Bloomer RJ, Harvey IC, Farney TM et al. Effects of 1,3-dimethylamylamine and caffeine alone
or in combination on heart rate and blood pressure in healthy men and women. Phys Sportsmed.
2011 Sep;39(3):111-120.

Bloomer RJ, McCarthy CG, Farney TM et al. Effect of caffeine and 1,3-dimethylamylamine on
exercise performance and blood markers of lipolysis and oxidative stress in trained men and
women. ] Caffeine Res. 2011 Sep;1(3):169-177.

Bloomer RJ. PowerPoint presentation. 2012. Unpublished data.

Charlier R. On the pharmacology of 2-amino-4-methylhexane. Arch In Pharmacodyn Ther. 1950
Sep1;83(4):573-584 (Translation).

Farney TM, McCarthy CG, Canale RE, et al. Hemodynamic and hematologic profile of healthy

adults ingesting dietary supplements containing 1,3-dimethylamylamine and caffeine. Nutrition
and Metabolic Insights 2012:5 1-12.

Frary CD, Johnson RK, Wang MQ. Food sources and intakes of caffeine in the diets of persons
in the United States. ] Am Diet Assoc. 2005 Jan;105(1):110-113.

Heckman MA, Weil J, Gonzalez de Mejia E. Caffeine (1,3,7-trimethylxanthine) in foods: a
comprehensive review on consumption, functionality, safety, and regulatory matters. J Food Sci.
2010 Apr;75(3):R77-87.

Hirsch AT, Gervino EV, Nakao S, et al. The effect of caffeine on exercise tolerance and left
ventricular function in patients with coronary artery disease. Ann Intern Med. 1989 Apr
15;110(8):593-598.




May 8, 2012 ENVIRON International Corporation

Kivity S, Ben Aharon Y, Man A, et al. The effect of caffeine on exercise-induced
bronchoconstriction. Chest. 1990 May;97(5):1083-1085.

Knight CA, Knight I, Mitchell DC, et al. Beverage caffeine intake in US consumers and
subpopulations of interest: estimates from the Share of Intake Panel survey. Food Chem Toxicol.
2004 Dec;42(12):1923-1930.,

Lane JD & Manus DC. Persistent cardiovascular effects with repeated caffeine administration.
Psychosom Med. 1989 Jul-Aug;51(4):373-380.

Li J, Chen M, Li ZC. Identification and quantification of dimethylamylamine in geranium by

liquid chromatography tandem mass spectrometry. 2012 (Submitted for publication).

Marsh DF, Howard A, Herring DA. The comparative pharmacology of the isomeric nitrogen
methyl substituted heptylamines. J Pharmacol Exp Ther. 1951 Nov;103(3):325-329.

McCarthy CG, Farney TM, Canale RE et al. A Finished Dietary Supplement Stimulates
Lipolysis and Metabolic Rate in Young Men and Women. Nutrition and Metabolic Insights
2012:523-31.

McCarthy CG, Canale RE, Alleman Jr. RJ et al. Biochemical and Anthropometric Effects of a
Weight Loss Dietary Supplement in Healthy Men and Women. Nutrition and Metabolic Insights
2012:5 13-22.

Mort JR & Kruse HR. Timing of blood pressure measurement related to caffeine consumption.
Ann Pharmacother. 2008 Jan;42(2):105-110.

Nawrot P, Jordan S, Eastwood J, et al. Effects of caffeine on human health. Food Addit Contam.
2003 Jan;20(1):1-30.

Nurminen ML, Nittynen L, Korpela R, et al. Coffee, caffeine and blood pressure: a critical
review. Eur J Clin Nutr. 1999 Nov;53(11):831-839.




'
[

May 8, 2012 ENVIRON International Corporation

Ping Z, Jun Q, Qing L. A study on the chemical constituents of geranium oil. J Guizhou Inst
Technol. 1992 25:82-85.

Robertson D, Frolich JC, Carr RK, et al. Effects of caffeine on plasma renin activity,
catecholamines and blood pressure. N Engl J Med. 1978 Jan 26;298(4):181-186.

USPlabs LLC. Data on file. Analysis of 1,3- and 1,4-dimethylpentylamine by LC-MS/MS.

Whitehead PN, Schilling BK, F arney TM, et al. Impact of a dietary supplement containing 1,3-
dimethylamylamine on blood pressure and bloodborne markers of health: a 10-week intervention

study. Nutrition and Metabolic Insights 2012:5 33-39,






