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Division of Enforcement
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5100 Paint Branch Parkway

College Park, Maryland 20740-3835

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

Dear Mr. Tien:

We received a 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-DMAA,
and responded to that letter on May 15, 2012. Subsequent to that response, we have also had an
opportunity to meet with FDA officials in order to obtain a more complete understanding of the issues
raised in the Roosevelt letter. As promised in our May 15 response, we are providing additional
information that has become available since sending that response.

L Four Analytical Studies Have Now Found That 1,3-DMAA
is a Natural Constituent of Geranium

In Section I{B) on pages 3-4 of our response of May 15, we described and submitted in
Appendices 4-7 three independent scientific analytical studies that have detected and quantified 1,3-
DMAA as a constituent of geranium from specific regions in China. At the time, the two most recent of
those studies had not yet been subjected to peer review and publication: the Intertek Study
(subsequently published under the name of the principal investigator Li) and the Simone Study (now
accepted for publication under the name of the principal investigator Fleming). The Li Study is attached
in the form in which it has been published following peer review, in Appendix A to this supplemental
response. The Fleming Study is attached in the form in which it has been accepted for publication
following peer review, in Appendix B. As noted in our May 15 response, both studies detect and
quantify the amount of 1,3-DMAA found in Chinese geranium.
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Subsequent to our May 15 response, we asked a respected independent analytical chemist to
evaluate both the three studies that have detected and quantified the amount of 1,3-DMAA in geranium
(Ping, Li, and Fleming) and the two studies that FDA officials have said did not detect the presence of
1,3-DMAA in geranium (Zhang and EISohly). Attached in Appendix C is the report prepared by Thomas
D. Gauthier, Ph.D., Senior Science Advisor at Environ International Corporation. As his report relates, a
detailed analysis of the Zhang and EISohly studies, including the chromatograms made publicly available
by the publisher but not included in the published version of the Zhang study, demonstrates that 1,3-
DMAA was in fact found in geranium in one of those studies (EISohly), and may have been found in the
other study (Zhang), although the amount was not quantified in either study.

Thus, there are now four scientific studies that have detected 1,3-DMAA in natural geranium
and a fifth study in which it may have been detected.

i, The Status of the Animal Toxicity Studies of 1,3-DMAA in
Rats and Rabbits is Nearing Completion

In Section IV(B) of our May 15 response, we informed you that, in addition to the published
animal studies on 1,3-DMAA cited in footnotes 38 and 39 and the recently-completed oral LD-50 studies
in rats and rabbits, oral subchronic 90-day studies in rats and rabbits were also underway.

At the time of that response, we informed you about the results of the oral LD-50 studies, but
the final reports on those studies had not yet been completed. Two maximum tolerated dose (MTD)
studies were conducted by Clintox on 1,3-DMAA, one on rats and the other on rabbits. Using well-
accepted scientific extrapolations based on probit analysis, the results of those MTD studies have been
used to calculate the LD-50 data shown on Page 17 of our May 15 response. The MTD study on rats is
attached in Appendix D and the MTD study on rabbits is attached in Appendix E. The Summary Report
for the LD-50 calculation in rats is in Appendix F and in rabbits is in Appendix G. Finally, we are also
attaching a summary report on the 90-day study in rats at day 90 in Appendix H and a status report on
the 90-day study in rabbits at week 10 in Appendix I. All of these data confirm the safety of 1,3-DMAA
when used at the levels contained in our dietary supplement products and in accordance with the
directions for use and warnings.

M. Conclusion
The information contained in this supplemental response to the April 24, 2012 Roosevelt letter

provides further confirmation of the safety and legality of 1,3-DMAA as used in our products. We will
provide final reports on the animal subchronic toxicity testing as soon as they become available.
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v. Confidentiality

The information in this submission constitutes trade secrets and confidential information that is
exempt from public disclosure under 5 U.S.C. § 1905 and Section 301(j) of the Federal Food, Drug, and
Cosmetic Act, 21 U.S.C. § 331(j).

Jonathan V. Doyle
President

Enclosures
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SUMMARY REPORT FOR 1, 3 DMPA-RAT CI INt<e

bicservices

CB-ULD-SCTDMPW-01 (1, 3-DMPA-RAT):

1 TITLE
90-day repeated dose toxicity study of 1, 3 Dimethylpentylamine administered by oral
gavage in male and female Wistar rats.

2 OBJECTIVE
The objective of this study is to assess the toxicity profile of 1, 3 dimethylpentylamine after
repeated administration by ora! gavage for 90 days in Wistar rats., The toxicity will be
assessed in terms of general behavior, mortality, serum biochemistry, hematology, and
histopathology examinations.

3 STUDY DESIGN
The study mainly consisted of one vehicle control group and three treatment groups and
two recovery groups. The three treatment groups included low dose (3.13 mg/Kg BW), mid
dose (6.25 mg/Kg) and high dose {12.50 mg/Kg). The recovery groups include vehicle control
recovery and high dose recovery (12,50 mg/Kg). The animals were dose repeatedly for 90-
days with respective concentration by oral gavage.

Group | Vehicle control 0.00 10 10 20 0% 0% 0% 100%
Groupll Low dose 3.13 10 10 20 0% 0% 0% 100%
Group Il Mid dose 6.25 10 10 20 0% 0% 0% 100%
Group IV High dose 12.50 10 10 20 0% 0% 0% 100%
GroupV | Vehicle control Recovery 0.00 5 S 10 0% 0% 0% 100%
Group V! High dose Recovery 12.50 5 5 10 0% 0% 0% 100%

4 OBSERVATIONS
The animals were observed daily for clinical signs for a period of 90 days for the main groups
and 104 days for recovery groups. The observations were recorded once daily.

5 MORTALTY
Mortality was observed daily twice, once morning and evening and was duly recorded. No
mortality was recorded during the study.

6 GENERAL OBSERVATION

All animals were observed daily by trained study personnel for any general behavioral and
physical changes. The regular observation included, but not limited to, natural orifices, skin
condition, mortality, gait, movement, neurological disorders, eye condition, faeces and urine
conditions. These observations were observed once daily outside the home cage,
Observations were recorded, using scoring system using organizational SOP’s. Observations
like skin, fur, eyes, mucous membranes, presence or absence of secretions and excretions

Confidential Page 1 of 2
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and autonomic activity, lacrimation, piloerection, pupil size, unusual respiratory pattern,
changes in gait, posture were also recorded.

No behavioral abnormalities were observed in all the experimental animals after dosing till
the end of the experimental period.

7 BODY WEIGHT
Body weight of each animal was recorded once in a week during the entire study period. A
normal body weight gain was observed across all groups during the entire study period.

275
W g \/ahiicle Control
250 A
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-
S 200 - e Mid Dose
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3
3 175 A e High Dose
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@ 150 -
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Experimental Days

8 FEED INTAKE
Feed intake of each animal was recorded once in a week during the entire study period. The
mean feed intake was found to be normal during the study period.

150 4 o
RAT- GROUP MEAN FEED INTAKE (g)
g \/
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Experimental Day

Hematology, Clinical Chemistry, Urine analysis and histopathology are under process.
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SUMMARY REPORT FOR LDsg

CB-ULD-ATDMPN-01 (1, 3 DMPA-RABBIT):

The study mainly consisted of one control group and three treatment groups. The three
treatment groups included low dose (75mg/Kg BW), mid dose (150mg/Kg) and high dose
(300mg/Kg). The animals were given a single dose of respective concentration by oral gavage
and observed for a period of 14 days to determine the maximum tolerated dose (MTD). Four
mortalities were reported in the high dose group. Hence the maximum tolerated dose was
found to be between 150 and 300 mg/Kg BW. The LDs, calculated from probit analysis is
324.33 mg/kg.

1 6 50 1.70 0 4 3.25
2 6 150 2.18 0 4 3,25
3 6 300 2.48 66.66667 67 5.4
1.70 3.25
2.18 3.25
2.48 5.44
1,3 DMPA-01 Rabbit
6.00
5.00
4.00
3.00 & Probits
2.00 ——Linear (Probits)
1.00
0.00 . ; .
0.00 1.00 2.00 3.00

Formula for correction of 0% mortality = 100 (0.25/n)
Where n = total number of animals.

Where y =5 {Since we are calculating LDs)

Y = 2.5584x-1.4371 531 2.5584x = 5+1.4371 ;
Antilog x = Antilog 2.5161 = LDSO.i

X = 6.4371/2.5584 £
' Therefore, LDsp=324.34 mg/Kg.

RESULT: The calculated LDy, obtained is 324.34 mg/Kg.

Confidential Page 2 of 2
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CB-ULD-ATDMPW-01 (1, 3-DIMPA-RAT):

The study mainly consisted of one control group and three treatment groups. The three
treatment groups included low dose (50mg/Kg BW), mid dose (125mg/Kg) and high dose
(250mg/Kg). The animals were given a single dose of respective concentration by oral gavage
and observed for a period of 14 days to determine the maximum tolerated dose (MTD). One
mortality was reported in the high dose group. Hence the maximum tolerated dose was
found to be between 125 and 250 mg/Kg BW. The LD, calculated from probit analysis is
481.94 mg/kg.

1 10 50 1.699 0 0 2.5 3.035
10 125 2.097 0 0 2.5 3.035
10 250 2.398 1 10 10 3.72

1.699 3.035
2.097 3.035
2.398 3.72

1, 3 DMPA-01 Rat

¢ Probits

—Linear (Probits)

T 1

.000 1.000 2.000 3.000 4.000

8
6
4
2
0
0

Formula for correction of 0% mortality = 100 (0.25/n)
Where n = total number of animals.

Where y = 5 (Since we are calculating LDs)
Y=2.581x-1.9251 ! S
Antilog x = Antilog 2.6831 = LDs

5 X=2.6831
Therefore, LD5,=481.948 mg/Kg.

RESULT: The calculated LD, obtained is 481.94 mg/Kg.
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REPORT
ON
DETERMINATION OF MAXIMUM TOLERATED DOSE (MTD) OF

1, 3- DIMETHYLPENTYLAMINE IN NEW ZEALAND WHITE

RABBITS

SUBMITTED BY

ClintoxBioservices Pvt. Ltd

Plot # 4B, Phase I,

Alexandria Knowledge Park, Turkapally
Genome Valley, Hyderabad, India -500 078
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STUDY CODE: CB-ULD-ATDMPN-01

DECLARATION

Clint<s:

JICSBIV!L\:}S

This study was conducted at Clintox Bioservices Pvt. Ltd, Shameerpet, Hyderabad, India.

All procedures were conducted in accordance with Standard Operating Procedures at

Clintox Bioservices. No occurances or results have been left unreported which may have

affected the quality or integrity of the data or which might have a potential bearing on the

validity and reproducibility of this study.

The Study Director accepts overall

responsibility for the technical conduct of the study as well as the interpretation, analysis,

documentation and reporting of the results.

Yot

Dr. Prashant Deshmukh
Study Director

With the participation of:

Mr. Praveen Thirunahari
Mr. Bhaskar Banoth

This report has been reviewed by:

Q&U&QQ__QC’ A
Dr. Sekhar Bathina, PhD
Quality Assurance

Confidential

Date: 10 May 2012

Date: 10 May 2012
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QUALITY ASSURANCE STATEMENT

I declare that the report on“DETERMINATION OF MAXIMUM TOLERATED DOSE
(MTD) OF 1,3-DIMETHYLPENTYLAMINE IN NEW ZEALAND WHITE
RABBITS” was audited by Quality Assurance Unit and is in conformity with the protocols,

standard operating procedures and this report accurately reflects the methods and findings.

QK_XLU—Q—QQ——ZCJ -
Dr. Sekhar Bathina, PhD Date: 10 May 2012
Quality Assurance

Confidential Page 3 0f 23
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STUDY CODE: CB-ULD-ATDMPN-01

ACRONYMS AND ABBREVIATIONS

Clint2$x

bicgservices

ABBREVIATION DETAILS
GLP Good Laboratory Practice
G Gram
Kg Kilogram
Bwt Body weight
S No Serial Number
F Female
mL Milliliter
°C Degree Celsius
% Percentage
Mg Milligram
NAD No Abnormalities Detected
No. Number
H Hour/hours
SOP Standard Operating Procedure
IAEC Institutional Animal Ethics Committee
CPCSEA Comm1Ft§e for the Pm"pose of Cont.rol and
Supervision on Experiments on Animals

Confidential
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1 STUDY SUMMARY

The purpose of this study was to determine Maximum Tolerated Dose (MTD) of 1,3-Dimethyl
pentylamine in New Zealand White rabbits.

The study was conducted in 24 (12M + 12F) New Zealand White rabbits. All animals were
quarantined for at least 7 days prior to experimentation, and then randomized and divided into
four groups of 6 animals (3M+3F) in each group. The four groups were designated as Group I
(Vehicle Control), II (50 mg/Kg), III (150 mg/Kg)and IV (300 mg/Kg). The Vehicle Control
animals were treated with Water for Injection while the treatment animals were treated with

respective concentrations of 1,3-Dimethylpentylamine.

All animals were observed daily by trained personnel for any overt toxicity. The regular
general observations included body weight, feed intake, mortality and natural orifices. Clinical
observations included tremor, convulsion, piloerection, salivation, lacrimation, respiration,
activity, arched back, distended abdomen, skin coﬁdition, fur, mucous membrane, presence or
absence of secretions, eye condition, tail elevation, motor activity, posture, gait, urination and
defecation, neurological disorders, presence of clonic and tonic movements, Observations were
accurately recorded as per the scoring systems defined by organizational SOP. Mortality was
observed and duly recorded daily for 14 days. Gross pathological examination was carried out
on all animals. Heart, lung, liver, kidneys, spleen, stomach, large intestine, small intestine,
brain and skin were examined for any macroscopic lesions and the observations were duly

recorded.

Nasal discharge, salivation, tremors, convulsions and tachycardia were observed in animals
treated with 300 mg/Kg where as a few animals treated with 150 mg/Kg exhibited tremors until
6 hrs after dosing. Those which were dosed with 50 mg/Kg and vehicle did not show any

behavioural aberrations during physical examination.
A consistent increase in body weight and feed intake was observed across all the groups.

Four preterminal mortalities were observed in the group treated with 300 mg/Kg. Two deaths
were recorded within three hours after dose administration where as one mortality each were

recorded 3 and 4 hours after dosing,

Confidential Page 6 of 23
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Gross pathological observations indicated no changes in animals treated with vehicle, 50 and
150 mg/kg. Animals which were reported dead after treating with 300 mg/kg showed reddish
discolouration in the lungs, multiple watery cyst on right median lobe of liver and focal white
patches, spleen showed focal whitish deposit on surface, stomach showed glandular mucosa

with focal hyperaemia during gross necropsy.

Based on the experimental results in this study it may be concluded that the maximum tolerated
dose (MTD) of 1,3-Dimethylpentylamine in New Zealand White rabbits when treated with a
single oral dose is between 150 mg/Kg and 300 mg/Kg body weight.

Confidential Page 7 of 23
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2 STUDY OVERVIEW
2.1 STUDY OBJECTIVE
The objective of this study was to determine Maximum Tolerated Dose (MTD) of orally
administered 1,3-Dimethylpentylamine in New Zealand white rabbits. The MTD was assessed

in terms of general observations, clinical signs, body weight, feed intake, mortality and gross

pathological examination.

2.2 STUDY SCHEDULE

Study title:  “Determination of Maximum Tolerated Dose (MTD) of 1,3- Dimethylpentylamine

in New zealand white rabbits.”

Study Code : CB-ULD-ATDMPN-01

Study Schedule

Acclimatization Start Date 31 March 2012
Acclimatization End Date 10 April 2012

Test Article Dosing Date : 11 Apri 2012

Observations Period : 11 April 2012 to 24 April 2012
Date of Sacrifice : 25 April 2012

Draft Report Submission : 05 May 2012

Final Report Submission : 10 May 2012

Study Facility : ClintoxBioservices Pvt. Ltd

Alexandria Knowledge Park,Turkapally

Genome Valley, Hyderabad, India —500 078
Study Sponsor : USP Labs, 10761

King William Drive Dallas,

TX 75220, USA

2.3 TAEC APPROVAL

The study was initiated after obtaining due approval of the protocol from IAEC.

Confidential Page 8 of 23
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STUDY CODE: CB-ULD-ATDMPN-01 CI
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TEST SYSTEM
Species Rabbit
Strain NewZealand white
Justification for the species selection As per sponsor’s requirement
Source Sainath Agencies, Hyderabad
Number of animals for study 2(1I2M+ 12 F)
Age (Weeks) /Average weight 2-3 kg
Sex Male and Female

METHOD OF IDENTIFICATION

Animals were identified by ear markings and cage identification system in standard stainless
steel rabbit cages. All animals were identified separately during quarantine and experimental

period.

HOUSING AND ENVIRONMENTAL CONDITION

Each animal were housed separately in standard stainless steel rabbit cages in Animal Room No.4
during acclimatization and in Animal Room No.1 during the experimental period. They were
maintained at a 12h light - dark cycle. The temperature was maintained at 22 (£3)°C while the

relative humidity of 30 - 70% with 15 air changes per hour was maintained in the animal rooms.
QUARANTINE AND ACCLIMATIZATION

The animals were quarantined to laboratory conditions for at least seven days in quarantine room
and acclimatized for two days in experimental room prior to initiation of the experiment and were

observed for general observation, mortality and body weight and feed intake.
FEED

Nutritionally balanced autoclaved pelleted feed provided to animal ad libitum, was procured Rayans

Biotechnologies Private Ltd. Hyderabad.

WATER

Autoclaved normal drinking water was provided to the animals ad libitum through out the

quarantine and experimental period.

Confidential Page 9 of 23
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3 EXPERIMENTAL PROCEDURE
3.1 RANDOMIZATION
Total 24 (12M+12F) New Zealand white rabbits were randomized into four groups of 6 animals
(3M+3F) each. The randomization procedure was performed as per the SOP for Randomization

based on animal body weights at the end of quarantine period. The body weight variation among the

groups did not exceed + 20% of the mean body weight for each group.

3.2 TEST ARTICLE

IUPAC Name 4-methylhexan-2-amine

Common Name 1,3 dimethylpentylamine

Source Smartchem (Beijing) Ltd.

Physical appearance Fine hygroscopic white powder

Lot number 20110912

Concentration 99.4%

Manufactured date 28™ September 2011

Storage condition Store in air tight container away from moisture

3.3 TEST VEHICLE

Common Name ' Water for Injection

Physical appearance Colourless solution

Batch Number 1WT-1140

Manufactured date February 2011

Source Parenteral Drugs (I) Ltd. Baddi, HP
Storage condition Room Temperature

3.4 EXPERIMENTAL DESIGN

Route of | Duration of

Group Species Strain OT::;::ZS (n?éfg) ad::ii::'ilstr Ob(sle)l;\;ast)ion
I .
(Vehicle Control ) Rabbit NZW 3IM+3F 0 Oral 14
I Rabbit NZW 3M+3F 50 Oral 14
III Rabbit NzZwW 3M+3F 150 Oral 14
v Rabbit NZW 3M+3F 300 Oral 14
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PREPARATION OF DOSE AND DOSING

PREPARATION OF TEST ARTICLE FORMULATION FOR DOSING

The test article was provided by the sponsor and formulation was prepared at Clintox Bioservices as
per SOP.

VEHICLE FOR DOSING

Commercially available Water for Injection (WFI) was used as a vehicle.

ROUTE OF ADMINISTRATION

The test article and vehicle were administered orally through the stomach feeding tube of size 28
(FG-05) 1.70 mm. The test article dose for individual animal was adjusted based on the body

weights recorded on the day of dosing.

RATIONALE FOR ROUTE OF ADMINISTRATION

The route of administration was chosen as the intended route for clinical use of the test article.

OBSERVATIONS

The animals were observed for a period of 14 days. The following observations were recorded.

MORTALITY

Mortality was observed daily for 14 days and was duly recorded.

GENERAL OBSERVATION

Animals were observed for clinical signs at 15 minutes, 30 minutes, 1 hour, 2 hours, 4 hours, 6

hours post dosing on day 1 and once daily for 14 days.

All animals were observed daily by trained personnel for any general behavioral and physical
changes. The regular observation included observation of natural orifices for any abnormal
secretions, skin condition, mortality, gait, movement, neurological disorders, eye condition, faeces,
convulsions, tremors, activity rate, restlessness, grooming, sleep, aggressiveness, salivation,
diarrhoea, respiration, appetite, thirst and urine conditions. These observations were made daily.
Observations were accurately recorded, using scoring systems as per organizational SOP. Other

observations such as fur condition, mucous membranes, presence or absence of secretions and
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excretions and autonomic activity, lacrimation, piloerection, pupil size, posture and response to
handling as well as the presence of clonic or tonic movements, repetitive circling, bizarre behavior,
self-mutilation and walking backwards were also recorded.

BODY WEIGHT

Body weight of each animal was recorded on the day of dosing and once daily for 14 days during
the experimental period.

SACRIFICE

After the completion of 14 day observation period, all animals were euthanised following
organizational SOP,

NECROPSY AND GROSS EXAMINATION

Necropsy and gross pathological examination was carried out on heart, lung, liver, kidneys, spleen,
stomach, large intestine, small intestine, brain, skin, thymus, adrenal glands, duodenum, jejunum,
caecum, colon and rectum of all the experimental animals that were euthanized at the termination of
the study as well as of those which died during the study period and examined for any macroscopic

lesions and the observations were duly recorded.

DISPOSAL

As per regulatory requirements, the carcasses were sent to an authorized biomedical waste disposal
facility - G.J.Multiclave Pvt. Ltd — an agency approved for animal collection and disposal by A. P.

Pollution Control Board, Government of Andhra Pradesh, India.

GOOD LABORATORY PRACTICE

The study was performed in compliance with The Principles of Good Laboratory Practice (1998) of

the Organisation for Economic Cooperation and Development (OECD).

QUALITY ASSURANCE

The Quality Assurance Unit (QAU) reviewed, investigated and audited the study during different

phases of its execution including raw data, draft and final reports.
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10 RESULTS

10.1 BODY WEIGHT

Graph-1: Mean Body Weights (g)

2900.00 -
§2700.00 1
 2500.00
o=
£2300.00 A
z |
> 2100.00
E 1900.00 -
g 1700.00 -

S 1500.00 _———
DI D2 D3 D4 D5 D6 D7 D$8 D9 DI0 DIl DI2 DI3 DI4

e—t4=—Group| =@=GroupIl <e==Grouplll ==é=GrouplV

Experimental Days (Study Code CB-ULD-ATTDMPN-(1 )

The mean body weights of animals treated with 50, 150 and 300 mg/kg of 1,3-dimethyl
pentylamine showed a consistent increase during experimental period. There was no adverse

observation in mean body weights of all above treated groups during the study period.

10.2 FEED INTAKE

Graph-2: Mean Feed Intake (g)
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Experimental Days Study Code CB-ULD-ATDMPN-01

The mean feed intake was normal in all animals treated with 50, 150 and 300 mg/kg of 1,3-
dimethyl pentyl amine. Though there was a decrease in feed intake in the treatment groups in the

initial stages after treatment, all animals recovered during the study period.
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PHYSICAL EXAMINATIONS

Few animals treated with 150 mg/kg showed tremors after 1 hour of test drug adminstration until
6 hours. Animals treated with 300 mg/kg showed nasal discharge, salivation, tremors, convulsions
and tachycardia. These animals were found to succumb to the conditions during the study. No
behavioral abnormalities were observed in control animals and those treated with 50 mg/kg

throughout the study period.
MORTALITY

Four pre-terminal mortalities were observed in the group treated with 300 mg/Kg. Two deaths
were recorded within three hours of dose administration while mortality each were recorded 3 and

4 hours after dosing,.

NECROPSY

At the termination of the study, all the treated animals that survived were euthanized for gross
necropsy. No gross pathological changes were observed in animals treated with vehicle, 50 and
150 mg/kg. However, in the group treated with 300 mg/kg gross changes observed in animals that
died pre-terminally are congestion of the lungs, multiple watery cyst on right median lobe of liver
with small white patches on the surface which were focal, spleen showed white fibrinous covering

which were focal, stomach showed glandular mucosa with focal hyperaemia.

CONCLUSION

Based on the experimental results in this study, it may be concluded that the Maximum Tolerated
Dose (MTD) of 1,3-Dimethylpentylamine in New Zealand White rabbits when treated with a
single oral dose is between 150 mg/Kg and 300 mg/Kg body weight.
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Table No 1: Dosing Schedule

Gow | S8 | pmmacose | s | | Do | oo weighs | Dose
(ml/kg) (8
] RBMQ007 | T001 g 2042.00 4.084
2 RBMQO12 | T002 | Male g 2016.00 4.032
Group -1 3 RBMQO08 | T003 .§ 0.00 200 2302.00 4.604
4 RBFQ020 | T004 & 2348.00 4.696
5 RBFQO15 | T005 | Female 5 2200.00 4.400
6 RBFQ023 | T006 & 2600.00 5.200
7 RBMQO003 | T007 2092.00 4.184
8 RBMQO004 | T008 | Male = o 2062.00 4.124
9 RBMQO005 | T009 3 g 2232.00 4.464
Group -1 =0T Rerqote | To10 g5 | 000 | 20 S |
= g
11 RBFQ021 | TOI1 | Female | — = 2024.00 4.048
12 RBFQ018 | TO012 2330.00 4.660
13 | RBMQO01 | T013 2074.00 4.148
14 | RBMQO10 | T014 | Male 38 2114.00 4228
Group- 15 | RBMQO02 | T015 3 E 2274.00 4.548
1 16 RBFQ019 | TO016 5 3 | 1o 200 2306.00 4.612
o B
17 RBFQ025 | T017 | Female | — P 2066.00 4.132
18 RBFQ024 | T018 2458.00 4916
19 | RBMQO06 | T019 2194.00 4388
20 | RBMQO09 | T020 | Male E“ 2 2126.00 4252
Group- | 21 RBMQO11 | T021 i | 300,00 2,00 2026.00 4.052
v 22 RBFQ014 | T022 S g 2270.00 4.540
23 RBFQ022 | T023 | Female | — & 2202.00 4.404
24 RBFQ017 | T024 2570.00 5.140
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Table No 4:Study Coding system

C Clintox

B | Bioservices

Study | ULD | USP Labs Direct

Code | AT | Acute Toxicity

DMP | Dimethylpentylamine
N | New Zealand white rabbit.
01 | First Toxicology study

Table No 5 :Animal Coding system

Rabbit

Male
Female

Animal
Code

Quarantine

Treatment
Animal Numbers

Slaio|=|Z|E
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DECLARATION

This study was conducted at Clintox Bioservices Pvt. Ltd, Shameerpet, Hyderabad, India.

All procedures were conducted in accordance with Standard Operating Procedures at

Clintox Bioservices. No circumstances have been left unreported which may have affected

the quality or integrity of the data or which might have a potential bearing on the validity

and reproducibility of this study. The Study Director accepts overall responsibility for the

technical conduct of the study as well as the interpretation, analysis, documentation and

reporting of the results.

Dr. Prashant Deshmukh
Study Director

With the participation of:

Mr, Praveen Thirunahari
Mr. Bhaskar Banoth

This report has been reviewed by:

g L%_fﬁ_,_( \
Dr. Sekhar Bathina, Ph D
Quality Assurance
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QUALITY ASSURANCE STATEMENT

I declare that the report on “DETERMINATION OF MAXIMUM TOLERATED DOSE
(MTD) OF 1,3- DIMETHYLPENTYLAMINE IN WISTAR RATS” was audited by Quality
Assurance Unit and is in conformity with the protocols, standard operating procedures and this

report accurately reflects the methods and findings.

ng%_\_

Dr. Sekhar Bz;t_h;ﬁa, Ph D Date: 10 May 2012
Quality Assurance
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ACRONYMS AND ABBREVIATIONS

ABBREVIATION DETAILS
GLP Good Laboratory Practice
g Gram
kg Kilogram
Bwt Body weight
S No Serial Number
F Female
mL Milliliter
°C Degree Celsius
% Percentage
mg Milligram
NAD No Abnormalities Detected
No. Number
hr, Hour/hours
sop Standard Operating Procedure
IAEC Institutional Animal Ethics Committee
CPCSEA Comnpttee for the l?urpose of Control and Supervision on
Experiments on Animals
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1 STUDY SUMMARY

The purpose of this study was to determine Maximum Tolerated Dose (MTD) of 1,3~

Dimethylpentylamine in Wistar rats.

The study was conducted in 40 (20M+ 20F) Wistar rats. All animals were quarantined for
least 7 days prior to experimentation, and then randomized and divided into four groups of
10 animals (5M+5F) in each group. The four groups were designated as Group I (Vehicle
Control), Group II (50 mg/Kg), Group III (125 mg/Kg) and Group IV (250 mg/Kg). The
vehicle control animals were treated with Water for Injection while the treatment animals

were treated with respective concentrations of 1,3-Dimethylpentylamine.

All animals were observed daily by trained personnel for any overt toxicity, The regular
general observations included body weight, feed intake, mortality and natural orifices.
Clinical observations included tremor, convulsion, piloerection, salivation, lacrimation,
respiration, activity, arched back, distended abdomen, skin condition, fur, mucous
membrane, presence or absence of secretions, eye condition, tail elevation, motor activity,
posture, gait, urination and defecation, neurological disorders, presence of clonic and tonic
movements, Observations were accurately recorded as per the scoring systems defined by
organizational SOP, Mortality was observed and duly recorded daily for 14 days. Gross
pathological examination was carried out on all animals, Heart, lung, liver, kidneys, spleen,
stomach, large intestine, small intestine, brain and skin were examined for any macroscopic

lesions and the observations were duly recorded.

All animals treated with different concentrations of 1,3-Dimethylpentylamine showed a
consistent increase in the mean body weight. Piloerection, tail elevation, nasal discharge and
hyperactivity were observed in all the treated groups whereas tremors were observed in the

group dosed with 250 mg/Kg.

One preterminal mortality was reported from group treated with 250 mg/Kg within 26 hrs of

dosing, where as the lower dose groups did not show any mortalities.

Necropsy findings indicate that hyperemia was present in the stomach glandular mucosa,
congestion of lungs, liver and adrenals, presence of blood clots in the cranial cavity and

ballooning of the small intestine with reddish yellow fluid was observed.
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Based on the results of this study, it may be concluded that the Maximum Tolerated Dose
(MTD) of 1,3-Dimethylpentylamine in Wistar rats when treated with single oral dose is
between 125 and 250 mg/Kg body weight.
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2  STUDY OVERVIEW
STUDY OBJECTIVE
The objective of this study was to determine Maximum Tolerated Dose (MTD) of orally
administered 1,3-dimethylpentylamine in Wistar rats. The MTD was assessed in terms of

general observations, clinical signs, body weight, feed intake, mortality and gross

pathological examination.

STUDY SCHEDULE

Study title:  “Determination of Maximum Tolerated Dose (MITD) of 1, 3-

Dimethylpentylamine in Wistar rats.”

Study Code : CB-ULD-ATDMPW-01

Study Schedule

Acclimatization Start Date 5 March 2012

Acclimatization End Date 14 March 2012

Test Article Dosing Date : 15 March 2012

Observations Period : 15 March 2012 to 28 March 2012
Date of Sacrifice : 29 March 2012

Draft Report Submission : 04 May, 2012

Final Report Submission : 10 May, 2012

Study Facility : ClintoxBioservices Pvt. Ltd

Alexandria Knowledge Park, Turkapally

Genome Valley, Hyderabad, India —500 078
Study Sponsor : USP Labs, 10761

King William Drive Dallas,

TX 75220, USA

2.3 TAEC APPROVAL

The study was initiated after obtaining due approval of the protocol from IAEC.
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TEST SYSTEM
Species Rat
Strain Wistar
Justification for the species selection As per sponsor’s requirement
Source Mahaveera Enterprises, Hyderabad
Number of animals for study 40 20M+20F)
Age (Weeks) 7-8 Weeks
Sex Male and Female

METHOD OF IDENTIFICATION

Animals were identified by tail marking and cage identification system in individually
ventilated cages. All animals were identified separately during quarantine and experimental

period.

HOUSING AND ENVIRONMENTAL CONDITION

Three male rats and three female rats were housed separately whereas the remaining two male
and two female rats were also housed seperately in Individually Ventilated Cages (Tecniplast,
Italy) in Animal Room No.3 during acclimatization and experimental period. They were
maintained at a 12h light - dark cycle. The temperature was maintained at 22( +3)"C while the
relative humidity of 30 - 70% with 15 air changes per hour was maintained in the animal

rooms.

QUARANTINE AND ACCLIMATIZATION

The animals were quarantined to laboratory conditions for at least seven days in quarantine
room and acclimatized for two days in experimental room prior to initiation of the experiment

and were observed for general observation, mortality and body weight and feed intake.
FEED

Nutritionally balanced autoclaved pelleted feed provided to animal ad libitum, was procured

from Nutrivet Life Sciences, Sinhagad Road, Pune.

WATER

Autoclaved normal drinking water was provided to the animals ad libitum through out the

quarantine and experimental period.
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EXPERIMENTAL PROCEDURE

RANDOMIZATION

Total 40 (20M + 20F) wistar rats were randomized into four groups of 10 animals each (SM +
5F). The randomization procedure was performed as per the SOP for Randomization based on
animal body weights at the end of quarantine period. The body weight variation among the

groups did not exceed £ 20% of the mean body weight for each group.

TEST ARTICLE
JTUPAC Name 4-methylhexan-2-amine
Common Name 1,3 dimethylpentylamine
Source Smartchem (Beijing) Ltd.
Physical appearance Fine hygroscopic white powder
Lot number 20110912
Concentration 99.4%
Manufactured date 28™ September 2011
Storage condition Store in air tight container away from moisture

3.3 TEST VEHICLE

Common Name Water for Injection

Physical appearance Colourless solution

Batch Number 1WT-1140

Manufactured date February 2011

Source Parenteral Drugs (I) Ltd. Baddi, HP
Storage condition Room Temperature

3.4 EXPERIMENTAL DESIGN

Route of | Duration of

Group Species Strain ol:::illt::;s (nll)go/i:'g) ad::ii(r)lli]str Ob(sle)l;\;ast)ion
L(Vehicle | pat | Wistar | SM#SF | 0 Oral 14
ontrol )
I Rat Wistar SM+5F 50 Oral 14
11X Rat Wistar 5M+SF 125 Oral 14
v Rat Wistar SM+5F 250 Oral 14

Confidential Page 10 of 25




3.5

3.5.1

3.5.2

3.53

3.54

4.1

4.2

STUDY CODE;: CB-ULD-ATDMPW-01 Cl TalE I'X

bic;servi(ies
PREPARATION OF DOSE AND DOSING

PREPARATION OF TEST ARTICLE FORMULATION FOR DOSING

The test article was provided by the sponsor and formulation was prepared at Clintox

Bioservices as per SOP.

VEHICLE FOR DOSING

Commercially available Water for Injection (WFI) was used as a vehicle.
ROUTE OF ADMINISTRATION

The test article and vehicle were administered through the oral gavage. The test article dose for

individual animal was adjusted based on the body weights recorded on the day of dosing.
RATIONALE FOR ROUTE OF ADMINISTRATION

The route of administration was chosen as the intended route for clinical use of the test article.

OBSERVATIONS

The animals were observed for a period of 14 days. The following observations were recorded.
MORTALITY

Mortality was observed daily for 14 days and was duly recorded.

GENERAL OBSERVATION

Animals were observed for clinical signs at 15 minutes, 30 minutes, 1 hour, 2 hours, 4 hours,

6 hours post dosing on day 1 and once daily for 14 days.

All animals were observed daily by trained personnel for any overt toxicity. The regular
observation included observation of natural orifices for any abnormal secretions, skin
condition, mortality, gait, movement, neurological disorders, eye condition, faeces,
convulsions, tremors, activity rate, restlessness, grooming, sleep, aggressiveness, salivation,
diarrhoea, respiration, appetite, thirst and urine conditions. These observations were made daily
outside the cage. Observations were accurately recorded, using scoring systems as per
organizational SOP. Other observations such as fur condition, mucous membranes, presence or

absence of secretions and excretions and autonomic activity, lacrimation, piloerection, pupil
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size, posture and response to handling as well as the presence of clonic or tonic movements,

repetitive circling, bizarre behavior, self-mutilation and walking backwards were also recorded.

BODY WEIGHT

Body weight of each animal was recorded on the day of dosing and once daily for 14 days

during the experimental period.

SACRIFICE
After the completion of 14 days observation period, all animals were euthanised following

organizational SOP.

NECROPSY AND GROSS EXAMINATION

Necropsy and gross pathological examination was carried out on heart, lung, liver, kidneys,
spleen, stomach, large intestine, small intestine, brain, skin, thymus, adrenal glands, duodenum,
jejunum, caccum, colon and rectum of all the experimental animals that were euthanized at the
termination of the study as well as of those which died during the study period and examined

for any macroscopic lesions and the observations were duly recorded.

DISPOSAL

As per regulatory requirements, the carcasses were sent to an authorized biomedical waste
disposal facility - G.J.Multiclave Pvt. Ltd — an agency approved for animal collection and

disposal by A. P. Pollution Control Board, Government of Andhra Pradesh, India.

GOOD LABORATORY PRACTICE

The study was performed in compliance with The Principles of Good Laboratory Practice

(1998) of the Organisation for Economic Cooperation and Development (OECD).

QUALITY ASSURANCE

The Quality Assurance Unit (QAU) reviewed, investigated and audited the study during

different phases of its execution including raw data, draft and final reports.
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9 RESULTS

9.1 BODY WEIGHT

Graph-1: Mean Body Weights
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The mean body weights of animals treated with 50, 125 and 250 mgkg of 1,3-
dimethylpentylamine showed a consistent increase which was less than 10% during
experimental period as compared to control. There was no adverse observation recorded in

mean body weights in all the above treated groups during the study period.

9.2 FEED INTAKE

Graph-2: Mean Feed Intake
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The mean feed intake was normal in all animals treated with 50 and 125 mg/kg of 1,3-dimethyl
pentylamine except for the animals treated with 250 mg/Kg were the feed intake appeared to be

reduced until Day 3 that gradually increased which may have been a dose related response.
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PHYSICAL EXAMINATIONS

All the treated animals showed piloerection, tail elevation, nasal discharge and hyperactivity.
Those treated with 250 mg/Kg showed the presence of tremors. No behavioral abnormalities

were observed in the animals of Vehicle control group.
MORTALITY

One mortality was recorded at 25 hrs after dosing in group treated with 250 mg/Kg where as no

mortalities were recorded from groups treated with 125 mg/Kg and 50 mg/Kg.

NECROPSY

At the termination of the study, all the treated animals were euthanized for gross necropsy.
Gross pathological changes were not seen in animals treated with vehicle, 50 and 125 mg/kg.
Where as Animals treated with 250 mg/kg showed lungs and liver discolouration with point
foci in lungs, stomach glandular mucosa showed hyperaemia and small intestine showed

ballooning containing reddish yellow fluid during gross necropsy.

DISCUSSION

1,3-Dimethylpentylamine is used as a dietary supplement for weight loss, body building etc.
Literature suggests 1,3-DMPA has a LDsp of 72500pg/Kg in rats. They are potential
convulsants and can cause an increase in blood pressure. The results obtained during the study
indicates that this molecule showed tremors which at higher concentrations may have induced
convulsions. Body weight recorded in the treatment groups suggests that an increase in
concentration of the test article may result in reducing body weights with proportionately
reduced consumption of food. Though an increase in concentration can results in reduced body
weights, a proportionately increased toxicity in the lungs and gastrointestinal tract may be
observed at high concentrations resulting in mortalities. Hence results suggests that the
Maximum Tolerated Dose of orally administered 1,3-Dimethypentylamine in Wistar rats after

single administration may be between 125 and 250 mg/Kg body weight.

CONCLUSION

From the above results, it may be concluded that the Maximum Tolerated Dose (MTD) of 1,3-
Dimethylpentylamine is between 125 and 250 mg/Kg in Wistar rats.
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Table No 1: Dosing Schedule of Group-I and Group-II
&
E o Body
=
Cage Test i %n Drug “}Be ?dﬁlts Dose Weights Dose
Group N(g) Animal no Sex | Aricle £ 8| Conc. ® (]% AY ml/Animal ®) ml/Animal
g2 | kg | D (Day1) | (DAY | (Day2)
g8 2)
o
)
RMQ018 | T001 168 0.42 174 0.44
1 RMQO009 | T002 198 0.50 204 0.51
RMQ005 | T003 | Male 172 0.43 174 0.44
RMQO13 { T004 158 0.40 162 0.41
2
Grou RMQO019 | TOOS — 170 0.43 176 0.44
ar £ | 000 | 000
RFQ042 | T006 154 0.39 156 0.39
3 RFQ023 | T007 154 0.39 158 0.40
RFQ031 | T008 | Female 150 0.38 156 0.39
RFQ036 | T00S 148 0.37 148 0.37
4
RFQ041 | TO10 164 0.41 168 0.42
RMQ054 | TO11 184 0.46 188 0.47
17 RMQO053 | T012 188 0.47 198 0.50
RMQ056 | TO13 | Male 184 0.46 192 0.00
(5]
=1
RMQO045 | TO14 g 194 0.49 196 0.49
18 -
Grou RMQ047 | TO15 g 194 0.49 200 0.50
ot 2 15000 | 2.50 ,
RFQ063 | T016 'ﬁ 166 0.42 168 0.42
g
19 RFQ066 | TO17 z 156 0.39 156 0.00
RFQ060 | T018 | Female 162 0.41 162 0.41
RFQ065 | TO19 172 0.43 168 0.00
20
RFQ059 | T020 162 0.41 154 0.00
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Table No 2: Dosing Schedule of Group-HI and Group-1V
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7}
3
o)
[
£ Bod Bod
'g‘ % | Drug Weci)gt)llts We?gl?ts Dose
Group Cage Animal no Sex Test E‘ X Cone @ Dose @ ml/Animal
4 g 5 s ; )
NO Article S8 | (mgml | (DAY ml/Animal (DAY (Day 8
= 14)
g 1) 8)
&
o
f'}_
RMQ050 | T021 188 0.47 190 0.00
21 | RMQO49 | T022 172 0.43 168 0.00
RMQO52 | T023 | Male © 176 0.44 174 0.00
RMQOS5 | T024 5 192 0.48 198 0.00
22 )
Gr RMQ046 | T025 g 192 0.48 194 0.00
oup S 112500 | 250
-l RFQOS8 | T026 Z 158 040 |- 150 0.00
Q
23 | RFQ067 | T027 5 178 0.45 168 0.42
o
RFQ064 | T028 | Female | — 160 0.40 150 0.38
RFQO61 | T029 160 0.40 154 0.39
24
RFQ057 | T030 146 0.37 138 0.00
RMQ022 | T031 162 0.41 150 0.38
5 | RMQO11 | T032 172 0.43 170 0.43
RMQO15 | T033 | Male 8 178 0.45 168 0.42
RMQ004 | T034 5 158 0.40 160 0.40
6 2
RMQO006 | T035 5 158 0.40 104 0.26
Group S | 2s000 | 250
- RFQO44 | TO36 g 148 0.37 120 0.30
7 RFQO30 | T037 5 156 0.39 148 0.37
o
RFQ028 | T038 | Female | 156 0.39 146 0.37
: RFQ029 | T039 158 0.40 146 0.37
8
RFQ025 | T040 164 0.41 160 0.40
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Table No 7:Study Coding system

Q

Clintox

B | Bioservices

Study | ULD | USP Labs Direct

Code | AT | Acute Toxicity

DMP { Dimethyl Pentyl amine
W | Wistar rat

01 | First Toxicology study

Table No 8 :Animal Coding system

Rat

R
F Female
M Male
Q Quarantine
T

00

Animal
Code

Treatment
1 Animal Numbers
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1 Introduction

1,3-Dimethylamylamine (1,3-DMAA), also known as 1,3-dimethylpentylamine and methyl
hexaneamine (MHA) is an aliphatic amine with stimulant properties that is reportedly found
naturally in geranium plants (Pelargonium graveolens). The presence of 1,3-DMAA in geranium
plants was first reported in a paper published in the Journal of Guizhou Institute of Technology
by Ping et al. (1996). The authors detected the presence of 1,3-DMAA at a concentration of
0.66% in geranium oil isolated from fresh stem and leaves from the P. graveolens plant
collected from the Rongjang region of Guizhou Province in China. The purpose of that study
was to identify the main components of the essential oil in order to provide a basis for breed
selection and evaluating the quality of the extracted oil. However, it has since become
increasingly cited as evidence for the existence of 1,3-DMAA as a natural product in certain
species of geranium. In the Ping et al. study, the authors used gas chromatography-mass
spectrometry (GC-MS) to identify the major compounds in the oil; but some have questioned the
identification of DMAA in the oil based on apparent mislabeling of the reported chromatogram,
inconsistent chromatographic elution order, and the lack of confirmation using a known standard
(Lisi et al., 2011; Zhang et al., 2012).

More recently, a number of additional studies have been undertaken with the expressed
purpose of establishing whether or not 1,3- DMAA is present as a natural product in geranium
plants and geranium-derived oils (Lisi et al., 2011; Zhang et al., 2012; EISohly et al., 2012; Li et
al., 2012; Fleming et al., 2012). The relevancy of this issue has increased recently since the
U.S. Food and Drug Administration (FDA) warned in April, 2012 that synthetically-produced 1,3-
DMAA is not eligible to be used as an active ingredient in dietary supplement because it is not
classified as a “dietary ingredient”, a category which includes botanicals (FDA, 2012).

This report contains a review of recent studies and an overall evaluation of the existing evidence
for the presence of 1,3-DMAA in natural geranium products.
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2 Evaluation of Recent Studies
2.1 Zhang et al. Study (2012)

In July, 2012, Wiley Online published a paper by Zhang et al. (2012) entitled ‘1,3~
Dimethylamine (1,3-DMAA) in supplements and geranium products: natural or synthetic?”
There were actually two versions of this paper submitted for publication. After the first version
was submitted and a pre-publication press release was published online, the paper was
retracted by the authors and re-submitted at a later date.

The authors analyzed eight different geranium oils for the presence of 1,3-DMAA using two
different mass spectrometric methods. The geranium oils were purchased from GNC and
Amazon and extracted using a multi-step procedure. The oils were treated by first adding water
and concentrated HCL solution, and then extracting twice with a 50/50 mixture of hexane/ethyl
acetate. After each extraction step, the organic phase was discarded. The aqueous phase was
then treated with a 50% NaOH solution and re-extracted three more times with a 50/50
hexanelethyl acetate solution. The organic portion was retained, evaporated to dryness, and
reconstituted in methanol containing 0.1 % formic acid for injection into the HPLC. Because
1,3-DMAA has an appreciable vapor pressure at room temperature (0.65 mm Hg at 25 °C),
evaporation to dryness is likely to have an adverse effect on extraction efficiency, which was not
reported by the authors.

The extracts were analyzed using two different mass spectrometric methods: an HPLC-
electrospray ionization-linear ion trap (HPLC-ESI-LIT) method, and an HPLC-electrospray
ionization-triple quadrupole (HPLC-ESI-QQQ) method. In the HPLC-ESI-LIT method,
separation of the 1,3-DMAA from other geranium oil components was accomplished using a
LARIHC CF6-P chromatography column and a 90/10 acetonitrile/methanol mobile phase
containing 0.1% formic acid. The LARIHC CF6-P is an alkyl derivatized cyclofructan 6 chiral
stationary phase, invented by Dr. Armstrong (one of the authors of the paper), with reported
capability of separating simple aliphatic racemic amines. However, no such separation of 1,3-
DMAA was observed in the chromatogram presented in the supplementary material provided by
the authors (Zhang et al., 2012, Figure 4).

1,3-DMAA has two chiral centers resulting in two pairs of enantiomers with each enantiomeric
pair composing a diastereomer. In the R-S system of nomenclature, one diastereomer
comprises the S,S- and R,R-configurations and the other diastereomer comprises the R,S- and
S,R-configurations. Note that enantiomers are mirror images of each other (like left and right
hands) and have similar physical and chemical properties except for how they react with other
chiral compounds and how they rotate plane polarized light. An equal (50:50) mixture of
enantiomers is referred to as a racemic mixture or racemate. Racemates are difficult to
separate and often require reaction with a chiral reagent to achieve separation. in contrast,
diastereomers have different physical and chemical properties and are often readily separated
using conventional techniques.
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For example, Zhang et al. (2012) were able to separate all four isomers of 1,3-DMAA in 13
commercially available nutritional supplements and two synthetic standards using a GC fitted
with an Astec ChiralDex G-DM column (30m x 0.25mm ID x 0.2um) and flame ionization
detector (FID). The authors reported that diastereomeric ratios of 1,3-DMAA measured in the
13 nutritional supplements ranged from 1.23 to 1.43 and were similar to the diastereomeric
ratios of 1.22 + 0.06 and 1.42 + 0.09 reported for the two synthetic standards. In addition the
authors reported that all enantiomers in the nutritional supplements and synthetic standards
were racemic (Zhang et al., 2012).

However, only a single peak was detected in spiked geranium oil samples using the HPLC-ESI-
LIT method as indicated in Figure 4 of the supporting materials accompanying the paper.
Detection of 1,3-DMAA was accomplished with a linear ion trap mass spectrometer using single
ion monitoring at a m/z of 116.2 with electrospray ionization (ESI) in the positive mode. ESlis a
soft ionization technique and the m/z of 116.2 corresponds to the 1,3-DMAA ammonium ion.
One disadvantage of ESlI is the potential for ion suppression, which was noted by the authors.
lon suppression is a matrix effect which can adversely affect system performance and detection
limits. The limit of detection (LOD) reported for the spiked geranium oil using the HPLC-ESI-LIT
method was 50 ppb (assumed to be by mass). The authors reported no 1,3-DMAA was
detected in any of the 8 geranium oil samples using this method.

A second method used for analysis of 1,3-DMAA in geranium oil involved a derivatization step
prior to analysis. The dried extract was dissolved in a 2:1 acetone/sodium carbonate (3M)
solution to which was added 25 mg of 1-dimethylamino-naphthalene-5-sulfonyl chloride (dansyl
chloride). Derivatization using dansyl chloride typically offers increased sensitivity with ESI
mass spectrometry methods. Dichloromethane (DCM) was added to the derivatization solution
and the organic layer as washed twice with deionized water. The solvent was then removed
under vacuum and the residue including the derivatized product was dissolved in acetonitrile
prior to analysis.

Separation of the derivatized product was performed using a XB-C18 column with a 70/30
acetonitrile/water mobile phase with the water phase containing 0.1% trifluoroacetic acid. This
column should have been capable of resolving the pair of derivatized 1,3-DMAA diastereomers;
however, again only a single peak was identified in the chromatogram of the spiked geranium oil
sample (presented in Figure 5 of the supporting materials accompanying the paper). Note that
this figure indicates that the oil sample was spiked with 30 ppb DMAA whereas the experimental
write-up indicates samples were spiked with 100 ppb DMAA. Detection was accomplished
using multiple reaction monitoring of the m/z 349 to 171 transition corresponding to the loss of
the primary dansyl fragment. The LOD reported for the spiked geranium oil using the HPLC-
ESI-QQQ method was reported to be 10 ppb (assumed to be by mass). The authors note that
the LOD refers to the concentration of the neat 1,3-DMAA and not the derivatized product and
report that no 1,3-DMAA was detected in any of the 8 geranium oil samples using this method.
It is unclear how the authors established a LOD for either method.

Curiously, a pre-publication press release of this paper with the same title from the same group
noted that “trace levels of the stimulant were detected in only 2 geranium products, with the
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concentrations lower than 10 part per million. The two geranium oils contained a very small
amount of 1,3-DMAA, with 7 mg/kg in one and 3 mg/kg in the other.” (Physical Science News,
2012). Indeed, LC-MS chromatograms of a dansyl-DMAA standard from ChromaDex and a
dansylated Now Foods geranium oil originally provided as supplementary material to the
published paper (reproduced here in Figure 1) showed partial chromatographic separation of
the derivatized 1,3-DMAA diastereomers with a diastereomeric ratio of 1.42 for the ChromaDex
standard (consistent with information presented in the paper) and a diastereomeric ratio of ~0.8
for the Now Foods geranium oil.

Apparently, the supplementary material originally provided with the final version of the paper
was published in error (Watson, 2012) and a revised version was later posted to the website.
Interestingly, the original version of the supplementary material also included a calibration curve
and validation procedure for an HPLC-Fluorescence detection method that is not presented in
the published paper. Reaction with dansyl chloride generates a blue or blue-green fluorescent
sulfonamide product that is often amenable to fluorescence detection.

When questioned about the detection of 1,3-DMAA in two of the oil samples, one of the authors
reportedly explained that the concentrations were in error (actually present at tens of parts per
billion rather than parts per million) and due to contamination of the instruments (Watson, 2012).
However it is unclear how contamination of the instrument would lead to a different
diastereomeric ratio of 1,3-DMAA isomers as shown in the chromatogram for the dansylated
Now Foods geranium oil. It also appears that data may have been generated using a
fluorescence detection technigue — but these data were not reported in the final version of the

paper.
2.2 EISohly et al. Study (2012)

In another study, EISohly et al. (2012) analyzed samples of authenticated plant materials and
extracted oils from P. graveolens as well as a number of commercial oils using gas
chromatography-mass spectrometry (GC-MS) and two different LC-MS-MS methods: HPLC-
ESI-QQQ and an ultra performance liquid chromatography quadrupole time-of-flight mass
spectrometry (UPLC-QTOF-MS) method.

The oil samples were mixed with hexane and extracted with 1 N HCI. The hexane layer was
discarded and the aqueous layer was re-extracted with hexane, after which the hexane layer
was again discarded. The aqueous layer was adjusted to a pH of 9-10 with 10 N KOH and
extracted with DCM. The DCM was then transferred to a separate vial, evaporated to a volume
of 1 mL and derivatized with heptafluorobutyric anhydride (HFBA). After 1 hour, the solution
was mixed with 2 N NaOH and 1.5 M Na,COs, and after an additional 5 minutes, chloroform
was added and mixed. The organic layer was then separated for analysis by GC-MS.

Plant materials were extracted with a 0.1 N HCl-methanol solution. After evaporating the initial
solvent, the residue was taken up in 1N HCI and extracted with DCM. The acidic layer was
retained, adjusted to pH 9-10 using 10 N KOH, and extracted with DCM. The DCM layer was
then treated as described above for the oil samples. The extraction efficiency was determined
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to be approximately 35% based on recovery of the internal standard (2-amino-6-
methylheptane).

Separation of the 1,3-DMAA-HFB derivative was carried out on the GC using an Agilent J&W
DB-5MS (25 m x 0.2 mm x 0.33 pm) column. The mass spectrometer was operated in the
selected ion monitoring mode at m/z 240, 282 and 296. Based on standard chromatograms
reported in Figure 3 of the paper, the response factor for the m/z 240 jon is about 100 times
greater than the response factors for the m/z 282 and 296 ions. Despite their poor sensitivity,
the authors relied on all three ions for positive identification, which limited the LOD to 100 ppb.

As shown in Figure 2, the method achieved excellent separation of the pair of 1,3-DMAA
diastereomers with an estimated diasteriomeric ratio of 1.13 based on measured peak heights.
Although the authors reported that “none of the authenticated P. graveolens essential oils or
plant material, nor any commercial volatile oil of Pelargonium (geranium oil) contain MHA at
detectable levels,” inspection of the selected ion chromatograms for the control and spiked
geranium oil samples suggests the qualitative presence of 1,3-DMAA at concentrations below
100 ppb. Presented in Figure 3 is an overlay of selected ion chromatograms recorded at m/z
240 for a “negative geranium oil control” (presented in EISohly Figure 4) and a "negative
geranium oil" spiked at 0.1 ppm (100 ng/mL) 1,3-DMAA (presented in EISohly Figure 5).

The chromatograms are displaced slightly in the overlay due to the retention time shift observed
between the two runs and have different scales on the y axis. This shift in retention times is
consistent with the shift in the retention times observed for the internal standard peak. As
indicated in Figure 3, spiking with 1,3-DMAA causes a noticeable increase in two of the peaks
observed in the geranium oil control sample suggesting the presence of 1,3-DMAA (showing
both diastereomers) in this sample. The estimated diasteriomeric ratios are similar at 1.14 and
1.22 in the spiked and un-spiked samples. The slight difference in estimated diasteriomeric
ratios likely reflects the natural variability in this parameter and/or differences between the
natural product and synthetic standard.

The picture is less clear at m/z 296 (see Figure 4) due to the poorer sensitivity for this ion (i.e.
the spike level is near the limit of detection for this ion). Thereis a noticeable increase in one
peak at a retention time near 3.95 minutes in the spiked sample, but we do notsee a
recognizable pair of diastereomers at a ratio of ~ 1.15 in the spiked sample. At m/z 282 (not
shown in this report), there is a recognizable pair of diastereomers in the spiked sample but the
peak intensity appears to be within about a factor of 5 to 10 times the baseline noise consistent
with the reported limit of detection of 100 ppb (i.e. at the spike level). Thus, while the more
sensitive m/z 240 ion clearly suggests the presence of 1,3-DMAA in the un-spiked geranium oil
sample, the low concentration (less than 100 ppb) is not observed in the less sensitive m/z 296
and 282 ion chromatograms.

The chromatograms presented for the extracted plant material (EISohly Figure 6) appear similar
to the chromatograms presented for the geranium oil (EISohly Figure 4). Overlays of the
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chromatograms for the extracted plant material with chromatograms for the spiked geranium ol
also suggest the qualitative presence of 1,3-DMAA in the extracted plant material at m/z 240
(see Figure 5). The estimated diasteriomeric ratio in the un-spiked plant material at m/z 240 is
1.21, similar to the un-spiked geranium oil sample. Once again, monitoring at m/z 296 and 282
appears to be unsuitable for low level (less than 100 ppb) detection of DMAA in this study (e.g.
Figure 6).

EISohly et al. (2012) also used two different LC-MS-MS techniques for analysis of the geranium
oils and authenticated plant material extracts. The first method employed an HPLC with a triple
quadrupole mass spectrometer equipped with an ESI source (HPLC-ESI-QQQ) — similar to the
method used by Zhang et al. The same extraction procedure used for GC-MS analysis was
used for HPLC-ESI-QQQ analysis except that the no derivatization step took place and the final
DCM solution was evaporated to dryness and taken up in methanol for injection onto the HPLC
column. Again, evaporation to dryness may have adversely affected extraction efficiency.

Separation of the 1,3-DMAA was performed using a Synergi Hydro-RP column C18 column and
a binary solvent gradient using a water/acetonitrile mobile phase with each solvent containing
0.1% formic acid. Detection was accomplished using multiple reaction monitoring of the m/z
116 to 57 and m/z 116 to 41 transitions corresponding to the loss of hydrocarbon fragments.
The authors report a LOD and LOQ of 2.5 ppb for this method; although no description of how
this LOD was determined. The MRM chromatograms for un-extracted 1,3-DMAA showed a
single large peak at a retention time of 4.2 minutes indicating no chromatographic separation of
the 1,3-DMAA diastereomers. The authors present representative chromatograms for oil
samples, plant materials and three different commercial products - but the reproduction quality
of the chromatograms in the paper is poor. Nevertheless, similar peaks at a retention time of
4.2 minutes are observed in the chromatograms of P. graveolens and authenticated oil of P.
graveolens (EISohly Figures 11A, 11B and 12A) suggesting qualitative presence of 1,3-DMAA
in the plant materials.

A second LC-MS-MS method used for confirmatory analysis involved ultra performance liquid
chromatography (UPLC) with an ESI source and quadrupole time-of-flight (QToF) mass
spectrometer for detection (UPLC-ESI-QToF). Separation was performed using an UPLC BEH
C18 column (2.1 x 50 mm x 1.7 um). Detection was accomplished using selected ion
monitoring at m/z = 116.1439. The LOD for this method was estimated at 10 ppb; although no
description is given as to how this LOD was established. The authors also present no
chromatograms or mass spectra for any of the analyses but report that “all authenticated P.
graveolens plant material, authenticated P. graveolens volatile oils and commercial geranium oil
purchased on the open market were negative (less than 10 ppb) for MHA."

In Table || of their paper, EiSoley et al. summarize the results of their investigation and curiously
distinguish between two terminologies in reporting results for the LC-MS-MS analyses: “ND"
defined as not detected (below LOD of 10 ng/mL or 10 ng/g), and “< 10 ng/mL" which remained

' The authors do not present chromatograms for spiked plant materials.
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undefined. The distinction suggests that assigning an “ND” indicates that 1,3-DMAA was not
detected at a concentration above the limit of detection of 10 ng/mL, and assigning a “< 10
ng/mL” indicates that 1,3-DMAA was detected at a concentration less than 10 ng/mL. This
interpretation would be consistent with the authors’ summary of analyses of dietary supplements
(Products A, B and C) which were reported to contain 1,3-DMAA at concentrations of >10
mg/g, > 2 mg/g and <1 mg/g, respectively.

It is unclear why the authors choose 10 ng/g or 10 ng/mL as the LOD in the summary table
when no chromatographic data are presented for this method (UPLC-ESI-QToF), and a lower
LOD (2.5 ng/mL) was achieved using the HPLC-ESI-QQQ methodology.

2.3 Lietal. Study (2012)

More recently, Li et al (2012) reported positive detection of 1,3- and 1,4-DMAA in geranium
plant tissues at 13 to 365 ng/g and 3 to 35.3 ng/g, respectively; and in geranium oil samples at
167 to 13,271 ng/g and 220 ng/g (in one sample), respectively.

Similar to Zhang et al. study, Li et al. (2012) used a HPLC-ESI-QQQ method for determination
of 1,3-DMAA in plant extracts and geranium oils. One major difference between the Zhang and
Li studies is in the extraction step. Li et al. used a more simplified approach involving a single
hexane extraction step that minimizes potential loss pathways. For geranium oils, the oil is
mixed with hexane and 0.5 M HCl and shaken at high speed for 5 minutes. The aqueous layer
is then separated, further diluted with HCI as necessary, and filtered with a 0.45 um nylon filter
prior to injection in the HPLC. For geranium plant materials, the leaves and stems are first
ground into fine pieces and extracted by sonication with 0.5 M HCI. After centrifugation, the
aqueous layer is extracted once with hexane, then separated, further diluted with HCl as
necessary, and filtered with a 0.45 um nylon filter prior to injection in the HPLC. Spiked
samples of geranium plants at 5, 10, 20 and 40 ng/g were extracted with an efficiency of 85 to
105% in the Li et al. study. The single liquid-liquid extraction step with hexane was found to
improve method performance by reducing sample matrix and ion suppression effects.

In contrast, as noted above, Zhang et al. performed five separate organic solvent extractions
and evaporated the sample to dryness prior to reconstituting the sample in methanol. Because
each extraction step is not 100% efficient, there is a potential loss of analyte each time an
extraction takes place and a layer is discarded. Zhang et al. did not report extraction efficiency
in their study. EISohly performed four separate extraction steps and reported an extraction
efficiency of “approximately 35%."

Separation of the DMAA was performed using a C18 column and an 85/15 water/acetonitrile
mobile phase with the water phase containing 0.1% formic acid. Detection was accomplished
using multiple reaction monitoring of the m/z 116 to 57 and m/z 116 to 99 transitions
corresponding to the loss of hydrocarbon fragments. Using this method, the authors were able
to achieve a mass detection limit of 1 to 2 picograms (pg) corresponding to a method
quantitation limit of 1 to 2 ng/g wet weight based on a 3:1 signal-to-noise ratio.
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The authors achieved good separation of 1,3-DMAA diastereomers (two peaks) along with 1,4-
DMAA (one peak) using this method and reported similar collision-induced dissociation (CID)
spectra for the same precursor ion (m/z = 116) for all three peaks. The authors note that the
1,3-DMAA diastereomers were “present in equal amounts and which are identical in all tested
samples, including the standard reference”; although, inspection of the chromatograms reported
in Li et al Figures 2, 4 and 5 show diastereomeric peak height ratios of 1.2 to 1.4 (for example
see Li et al. Figure 2A reproduced here in Figure 7), which would be consistent with
diastereomeric ratios of 1,3-DMAA reported in 13 nutritional supplements by Zhang et al. (2012)
and in samples analyzed by EISohly et al. (2012). Only the chromatogram presented in Li et al.
Figure 6 suggests equal amounts of diastereomers based on peak height ratios.

There appears to be some confusion in the paper regarding interpretation of the diastereomeric
ratios and whether or not a racemic mixture of DMAA enantiomers is present in the extracted
plant materials. As described earlier, an equal mixture of enantiomers is referred to as a
racemic mixture or racemate. Racemates only refer to pairs of enantiomers — not pairs of
diastereomers. Because the authors did not use a chiral chromatography column to achieve
complete separation of all the DMAA isomers, they were not able to separate the two DMAA
peaks into their respective pairs of enantiomers. As Zhang et al. (2012) have shown, DMAA
can be separated into two pairs of enantiomers using a chiral chromatography column. In this
study, each pair of DMAA enantiomers appears as a single peak; thus there is no information
regarding enantiomeric ratios and no information as to whether or not 1,3-DMAA is present as a
racemic mixture. Yet the authors suggest this study demonstrates the presence of a racemate
in a plant tissue.  As previously noted, concentrations of 1,3-DMAA in geranium oil samples
ranged from 167 to 13,271 ng/g. The geranium oil samples were obtained from the Jiangxi Ji'an
Hengcheng Flavor Oil Factory (Ji'an Jiangxi Province, China). Itis unclear if the 1000-fold
difference in concentrations observed for the geranium oil samples reflects a difference in type
of oil, source of geranium plant material, method of processing, or other potential factors.

2.4 Fleming et al., 2012

In a similar study, Fleming et al. (2012) analyzed geranium plants harvested during three
different seasons and from three different areas of China (Changzhou, Guiyang and Kunming)
for the presence of 1,3- and 1,4-DMAA using an HPLC-ESI-QQQ method.

The extraction procedure was adapted from the procedure reported by Li et al. (2012).
Geranium plant materials are first extracted with 0.5 N HCl by sonication. After centrifugation,
the aqueous layer was extracted once with hexane, then separated, further diluted with HCI as
necessary, and filtered with a 0.45 pm nylon filter prior to injection in the HPLC.? In this study,
the extraction efficiency of spiked geranium samples ranged from 54 to 107 % for 1,3-DMAA
and 63 to 86% for 1,4-DMAA.

2 Note that samples were first analyzed without the hexane extraction step. This step was later added to
reduce matrix effects. Thus, results are reported for some samples with and without the hexane
extraction step.
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Separation of the DMAA was performed using a Kinetex C18 column and an 82/18
water/acetonitrile mobile phase with the water phase containing 1% formic acid. Detection was
accomplished using multiple reaction monitoring of the m/z 116 to 57 and m/z 116 to 99.7
transitions corresponding to the loss of hydrocarbon fragments. Using this method, the authors
were able to achieve method detection limits for 1,3- and 1,4-DMAA in the plant extract on the
order of 0.6 to 3.2 pg/L (ppb) — corresponding to a detection limit of about 20 ng/g in the plant
material.

The authors detected both 1,3-DMAA diastereomers in the chromatograms and recorded
diastereomeric ratios of 1.14 x 0.08 in the standards and ratios of 1.10 £ 0.01 in Changzhou
S11-1 sample, 1.25 £ 0.03 in Changzhou S11-2 sample, 1.02 in Changzhou 1 sample, and 1.16
+ 0.1 in Changzhou 3 sample — suggesting a natural variability in diastereomeric ratios.

The Chiangzhou S-11 plant material was obtained from Intertek Laboratories and derived from
the same “Jiangsu” sample reported by Li et al. (2012). For this sample, Fleming et al. reported
a 1,3-DMAA concentration of 94.7 + 15.1 ng/g without the hexane extraction step and 254 £ 17
ng/g with the hexane extraction step. In comparison, Li et al. reported 165 ng/g for a sample
collected from the same plant material. Similarly, Fleming et al. reported a 1,4-DMAA
concentration of 13.5 + 1.8 ng/g without the hexane extraction step and 39.8 ng/g with the
hexane extraction step; and Li et al. reported a concentration of 35.3 ng/g for a sample collected
from the same plant material. The similarity in results achieved by two different laboratories
analyzing subsamples from the same plant material using similar methods provides
confirmatory evidence for the presence of 1,3- and 1,4-DMAA in certain Chinese species of
geranium.

Other samples of plant material obtained from Chiangzhou, China also contained 1,3- and 1,4-
DMAA. Fleming et al. detected 213 ng/g 1,3-DMAA and 52 ng/g 1,4-DMAA in one sample
harvested in March, 2012 (Chiangzhou 1) and 68.8 + 36.5 ng/g 1,3-DMAA and 118 £ 45 ng/g
1,4-DMAA in a second sample harvested in May, 2012 (Chiangzhou 3) reflecting plant-to-plant
variability or possibly seasonal effects.

Some of the samples were re-analyzed using the method of standard additions, which is often
used to minimize matrix effects in complex samples such as biological materials. Using the-
method of standard additions, Fleming et al. detected slightly higher levels of 1,3- and 1,4-
DMAA in the Chiangzhou 3 sample at concentrations of 97 + 20 ng/g and 162 + 48 ng/g,
respectively. Slightly higher levels of 1,3- and 1,4-DMAA were also detected in the Changzhou
S11-2 sample at 496 + 46 ng/g and 68 + 7 ng/g, respectively.

In other samples of geranium plant materials obtained from China, 1,3- and 1,4-DMAA were
detected at or below the detection limit near 20 ng/g. 1,3-DMAA was detected in one geranium
plant sample from Kunming, China near the detection limit of 20 ng/g but the duplicate analysis
was below the method detection limit. Concentrations of 1,3-DMAA and 1,4-DMAA in all other
samples from Kunming and Guiyang China were below the detection limit of approximately 20
ng/g.
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2.5 Lisietal. Study (2011)

Finally, in a short paper prepared by Lisi et al. (2011), five different commercially available
geranium oils were analyzed for the presence of DMAA using gas chromatography (GC) with
mass spectrometry (MS) detection (GC-MS). The sources of geranium oil in the five samples
were reported to be Egypt, France and New Zealand.

The oil samples were extracted with 1M HCI and t-butylmethyl ether (TBME). The TBME layer
was discarded and the aqueous layer was re-extracted twice with TBME. The aqueous layer
was made basic using 6 M KOH and amended with hexane and pentafluorobenzylchloride
(PFBCL) as a derivatizing agent. The solution was then mixed and the hexane layer was
removed and evaporated to dryness. The residue was then reconstituted in ethyl acetate for
injection onto the GC column. Extraction efficiencies were not reported.

Separation of the DMAA derivative was performed using an Agilent HP Ultra 2 (17m x 0.2mm ID
x 0.25um) column. Semi-quantitative analysis was based selected ion monitoring at m/z 238.
Separation of both DMAA diastereomers was achieved using this method; although the authors
incorrectly refer to the two peaks as representing enantiomers. The authors report that DMAA
was not found in any of the five geranium oils, but no detection limits were reported and no
standard concentrations or calibration data are presented.
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3 Summary and Conclusions

The recent studies summarized in this report provide conflicting evidence that 1,3-DMAA is
found naturally in certain species of geranium plants. However, differences in the source of
geranium oils and plant materials, extraction procedures, and methods of analysis may account
for the conflicting results. The genus Pelargonium includes more than 270 distinct species,
most of which are indigenous to South Africa, but many of which are now widely cultivated in
Russia, Egypt, India and China (Republic of South Africa, 2009). The plant is cultivated for the
production of essential oil and a variety of cultivars exist including the rose scented Chinese and
Algerian hybrids of P. graveolens in addition to the well-known Bourbon type produced on
Reunion Island (Republic of South Africa, 2009). Thus, it is not surprising that some plant and
extracted oil samples contain 1,3-DMAA whereas others do not. Based on review of these
studies, processing may also play a role as 1,3-DMAA is more likely to be found in oil samples
extracted in the lab from plant stems and leaves than in commercially available products sold for
medicinal use and aromatherapy (Saraswathi et al., 2011). The reason for this may be due to
commercial extraction procedures designed to enhance recovery of essential oils rather than
the more volatile 1,3-DMAA.

Three of the studies evaluated in this report included analysis of leaves and stems from
geranium plants harvested from China and India. Li et al (2012) detected 1,3-DMAA in
authenticated plant materials collected from three areas of China (Yunnan, Jiangsu and
Guizhou) and Fleming et al. (2012) detected 1,3-DMAA in authenticated plant materials from
Chiangzhou, China and, at low levels, in plant materials from Guiyang, China. However, no 1,3-
DMAA was detected in plant materials harvested from Kunming China. EISohly et al. (2012)
analyzed authenticated plant materials from India and the United States (Mississippi) and
reported no detectable amounts of 1,3-DMAA (much less than the LOD) at a detection limit of
100 ppb. However, inspection of the chromatograms suggests the qualitative presence of 1,3-
DMAA at levels below 100 ppb in samples of the authenticated plant material. The authors also
reported no detection of 1,3-DMAA using an HPLC technique with much lower detection limits
(2.5 ppb), however, this technique was incapable of resolving the 1,3-DMAA diastereomers. A
third technique (UPLC-ESI-QTOF) with an estimated detection limit of 10 ppb was also used to
analyze samples, but no data were presented for this method. However, the summary table
provided by the authors suggests that 1,3-DMAA was detected in dried plant stems at a level
below 10 ppb. Thus, all three studies involving extraction of plant materials provide quantitative
or qualitative support for the natural presence of 1,3-DMAA in geranium plants.

Four of the reviewed studies involved analysis of commercially available geranium oils. Zhang
et al. (2012) analyzed eight different geranum oils sourced from China and Egypt. Lisi et al.
(2011) analyzed five geranium oils sourced from Egypt, France, and New Zealand. EISohly et
al (2012) analyzed 20 different samples of commercial geranium oils but did not report sources;
and Li et al. (2012) analyzed geranium oil samples sourced from a flavor oil factory in Jiangxi
Province, China. Only Li et al. detected 1,3-DMAA in a commercial oil product.

All eight geranium oil samples analyzed by Zhang et al. were reportedly extracted from

geranium plants using steam distillation. Lisi et al. (2011) suggest that due to the volatility of
1,3-DMAA, steam distillation may not be a suitable technique for extracting 1,3-DMAA along
with the oil product and that the alternative cold-pressed process provides a better chance of
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retaining 1,3-DMAA in the oil. Zhang et al. reported no detection of 1,3-DMAA in any of the
geranium oil samples using an HPLC-ESI-LIT technique with a detection limit of 50 ppb; and no
detection of 1,3-DMAA using an alternative HPLC-ESI-QQQ technique at a detection limit of 10
ppb. The authors used a somewhat elaborate multi-step extraction technique for the oil
samples and did not report extraction efficiencies for the method. The HPLC-ESI-LIT method
employed a chiral stationary phase chromatography column that is reportedly capable of
adequate retention of primary amines; however, the authors were unable to achieve separation
of 1,3-DMAA enantiomers nor diastereomers in standards. Similarly, only a single peak was
recorded using the HPLC-ESI-QQQ method.

Curiously, a pre-publication press release of the original manuscript submitted by the authors
reported the detection of 1,3-DMAA diastereomers in two geranium oil products at
concentrations of 3 and 7 mg/kg. This result was later attributed to contamination. In addition,
LC-MS chromatograms of a dansyl-DMAA standard from ChromaDex and a dansylated Now
Foods geranium oil originally provided as supplementary material to the published paper
showed partial chromatographic separation of the derivatized 1,3-DMAA diastereomers with a
diastereomeric ratio of ~0.8 for the Now Foods geranium oil. It is unclear how contamination
could lead to a diastereomeric ratio distinct from the reported standards.

Lisi et al. (2011) analyzed five geranium oil samples from Egypt, France and New Zealand,
three of the samples were extracted using steam distillation. 1,3-DMAA was not detected in any
of the oil samples but no detection limits were reported. ElSohly et al. (2012) also reported no
detectable amounts of 1,3-DMAA at a detection limit of 100 ppb using one method. However,
published chromatograms for one of the oil samples before and after spiking with 1,3-DMAA at
the detection limit suggests the qualitative presence of 1,3-DMAA in the original sample. In
addition, the summary table included in the paper suggests that 1,3-DMAA was detected in 25%
(5 out of 20) commercial oil samples at levels below 10 ppb.

Finally, Li et al. (2012) detected 1,3- and 1,4-DMAA in geranium oil samples obtained from a
Flavor Oil Factory in Ji'an, Jiangxi Province, China. Concentrations of 1,3-DMAA ranged from
167 to 13,271 ng/g in three samples. 1,4-DMAA was only detected in one of the samples at a
concentration of 220 ng/g. Except for the one geranium oil sample analyzed by Li et al. (2012),
concentrations of 1,3-DMAA detected in geranium plant materials and extracted oils are
generally less than 500 ppb.

Only Zhang et al. (2012) report separation of 1,3-DMAA into its four sterecisomers
accomplished using a GC-FID fitted with a chiral stationary phase. However, this technique was
used to analyze nutritional supplements and not geranium plant materials. Thus, no data has
been presented in any of the five studies regarding the enantiomeric purity of 1,3-DMAA
extracted from geranium plants and oils. However, all five studies reported separation of 1,3-
DMAA into its diastereomers, and diastereomeric ratios were similar for 1,3-DMAA found in
commercially obtained standards, nutritional supplements, and extracted geranium plant
materials and geranium oils.

Overall, based on my review of these five recent studies, there is clear and convincing evidence
that 1,3-DMAA is found naturally in some, but not all, geranium plants and extracted geranium
oils. Quantitative (Li et al., 2012; Fleming et al., 2012) and/or qualitative (EISohly et al., 2012)
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evidence for the presence of 1,3-DMAA in plant materials is more likely to be found in studies
involving extraction of the plant materials in the lab rather than analysis of commercially
available products sold for medicinal use and aromatherapy. This is likely due to differences in
processing. Steam distillation, which appears to be a preferred extraction procedure for
commercial oils, may not be suitable for retention of the more volatile DMAA. In the lab,
detection of 1,3-DMAA appears to be favored by extraction procedures involving fewer
extraction steps which minimizes potential for losses. in addition, studies reporting negative
findings for the presence of 1,3-DMAA all include extraction procedures involving an
evaporation to dryness step or solvent removal under vacuum, which can adversely affect
extraction efficiency due to the volatility of 1,3-DMAA.

Finally, these studies show that there is considerable plant-to-plant variability in DMAA content.
In plant materials where 1,3-DMAA has been detected, which are primarily sourced from China,
concentrations are generally less than 500 ppb. However, some plants from China contain no
detectable levels of DMAA while one geranium oil sourced from China contained over 13 ppm
1,3-DMAA.
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Thomas D. Gauthier, PhD | Principal

Tampa, Florida
+1 813 628 4325 | tgauthier@environcorp.com

Dr. Thomas Gauthier has over 20 years of experience in analytical and environmental chemistry, focusing on the
transport and fate of chemicals in the environment, historical dose reconstruction, source identification and the
statistical analysis of environmental chemistry data. He has considerable experience addressing issues related to PAH
contamination at former MGP sites, metals in soils, chlorinated solvents in groundwater and volatile organic
chemicals in indoor air; and he has worked on numerous environmental forensic investigations concerning a wide
variety of contaminants, including dioxins and furans, lead, petroleum, polychlorinated biphenyl s (PCBs), metals,
pesticides and PCE. He is the author of more than 25 publications and presentations, including the chapter on
“Statistical Methods” found in Introduction to Environmental Forensics, published by Academic Press.

EDUCATION

1986 PhD, Analytical Chemisiry, University of New Hampshire
1982  BS, Chemistry, Merrimack College

EXPERIENCE
Environmental Forensics

« Investigated the source of corrosion and odors in homes containing Chinese drywall. Identified elemental sulfur in
mined gypsum as the cause of the corrosion; developed a laboratory method for analysis of elemental sulfur in
drywall; and developed a non-destructive technique for identifying corrosive drywall in the home {patent pending).

« Examined PAH fingerprinting analysis of tar samples unearthed during building construction and offered

deposition testimony related fo the source of the tar material. (Merco Group vs. Tampa Electric Company; Case
No. 04-22909 CA 09).

+ Analyzed ratios of concentrations of PCE and its biodegradation products (TCE and DCE] in groundwater to
determine the relative contribution to a large PCE plume from a small release at a dry cleaning facility located
down gradient from the primary source.

« Used cluster analysis and principal components analysis fo distinguish sources of PAHs in sediments located
adjacent to a former manufactured gas plant and former coal tar distillation facility.

« Evaluated the hypothesis that anaerobic dechlorination of PCBs was naturally occurring in Hudson River sediments
by examining PCB congener profiles as a function of depth in sediment cores and comparing these data to PCB
congener profiles for commercial Aroclor mixtures using multiple linear regression techniques.

« Investigated coaltor based parking lot sealants as a potential source of PAHs in Austin, Texas stream sediments.
Prepared double ratio plots and used principal components analysis to compare PAH profiles in stream sediments
with coaltar sealed parking 1ot runoff samples.

« Examined congener profiles using principal component analysis to distinguish sources of dioxins and furans at
wood treating facility.

e Performed a statistical analysis of lead in surface soils at residential properties surrounding a former dump in order
to assess the potential contributions from urban background, house paint and contaminated soils originating from
the dump.

environcorp.com




Thomas D. Gauthier, PhD

Examined the results of advanced hydrocarbon fingerprinting analyses to determine the source of an il sheen
appearing on the Allegheny River.

Reviewed historical operating practices in relation to the nature and extent of contamination at MGP sites in
Massachusetts and New York to establish whether the contamination was the result of accidenial releases or
infentional disposal.

Compared x-ray fluorescence and atomic absorption methods for analysis of lead, cadmium and zinc in soils and
dust at the Palmerton Zinc Pile Superfund Site. Assessed quality of the data and performed statistical analysis to
determine sources of elevated metal concentrations.

Performed a statistical analysis of indoor air samples collected in homes built over a former refinery site.
Compared relative concenirations of contaminants in indoor air with relative concentrations defected in soil gas
samples collected beneath the site and defermined that indoor air contaminants were unrelated to former refinery
operations.

Examined the spatial distribution of pesticides in soil and groundwater at a former pesticide formulation plant in
California in order fo determine the impact of historical waste disposal practices.

Investigated the source and fiming of gasoline storage tank releases using a variety of environmental forensic
techniques at convenience stores located in Berkeley, Califomia, Houston, Texas and Windham, Maine.

Examined dioxin fingerprint in boiler ash generated from combustion of solvent waste and compared it to the
fingerprints associated with background levels in sediments and soils to determine contributions from the boiler.

Risk Assessment/Exposure Assessment

Performed a multi-pathway risk assessment and calculated risk-based cleanup levels for residential exposures to
chlorinated solvents in groundwater used for irrigation purposes.

Estimated risks from exposure to volatile organic compounds and polycyclic aromatic hydrocarbons at a former
manufactured gas plant site in central Florida.

Developed a probabilistic risk model in Excel using Crystal Ball software for the local population surrounding a
former beryllium metal manufacturing facility.

Estimated risks from exposure to chlorinated solvents in groundwater via the soil vapor intrusion pathway using the
Johnson & Ettinger Model.

At a western US Superfund site, estimated the range of vinyl chloride concentrations in air that would result in an
unacceptable cancer risk for an offsite receptor using Monte Carlo simulation techniques.

Caleulated risk-based clean up levels for explosive compounds in groundwater at a site in Utah. Prepared a
comprehensive literature review on the uptake and bioconcentration of RDX by plants.

Assessed the risks to nearby workers from potential exposures to chlorinated solvents in groundwater of a former
circuit board manufacturing site located in central Florida.

Developed alternative soil cleanup target levels {SCTLs) for arsenic and PAHs in soil under a recreational exposure
scenario in support of a remedial action plan for a redevelopment project in Florida.

Estimated the health risks from exposure to 1,1-DCE in indoor air ot residences located above a groundwater
confamination plume.

Performed a statistical analysis of lead concentrations measured in soils collected from a former battery breaking
site. These data were used to perform a health risk assessment for the site.

environcorp.com 2
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Developed a Monte Carlo simulation model to predict blood lead concentrations in children exposed to lead in
soil, dust, water and food. Model is based upon the EPA LEAD model.

Performed a sensitivity analysis on an empirical model designed to predict soil lead clean-up levels based on
blood lead levels. Interpreted the results of an electron microprobe and selective extraction study designed to

assess the bioavailability of lead in soils. Prepared a review on the bioavailability of lead in mining waste for
submission to the CDC.

Determined the health risk of cancer from inhalation of arsenic containing particulates at a primary copper smelter
located in southwest United States. Estimated fugitive particulate emissions from the facility, directed air dispersion
modeling, and conducted a probabilistic risk assessment using Monte Carlo simulation techniques.

Estimated household exposures to residents with drinking water wells installed in an aquifer containing low levels
of 1,1,1-TCA, 1,1-DCE, and chloroform. Exposures to groundwater contaminants were compared with exposures
fo confaminants in chlorinated drinking water and naturally occurring radon levels.

Modeled chemical emissions from three automotive pari manufaciuring plants in Matamoros, Mexico. Estimated
p gp
potential exposures to residents in nearby Brownsville, Texas, as part of a foxic tort anencephaly case.

Fate and Transport Analyses/Model Development

Estimated PAH contributions from coal tarbased pavement sedlers on a city-wide scale. Used US Census data
coupled with literature-sourced PAH emission rates in a Monte Carlo analysis to generate o probability distribution
of PAH mass loadings from various sources.

Modeled potential vapor emissions released during proposed soil and groundwater remediation scenarios at a
chlorinated solvent release site located in central Florida.

Prepared a report summarizing the environmental impacts of lead released from paperinsulated lead-covered

p p g p pap

power cables. Examined corrosion processes, environmental chemistry, bicavailability and transport and fate of
lead in soil.

Prepared a comprehensive review of the transport and fafe of iron cyanide complexes in manufactured gas plant
wastes. Reviewed the chemistry of formation, chemical and biclogical transtormation processes, transport
properties and methods of analysis of ferric ferrocyanide and related cyanide species.

Used the Johnson & Ettinger Model to estimate concentrations of chlorinated solvents in indoor air at residential
locations situated above a groundwater plume.

Modeled infiltration of volatile organic chemicals into basements of homes surrounding a drycleaner facility, and
estimated resulfing indoor air concentrations for incorporation into a baseline risk assessment.

Modeled chemical vapor emissions at the Tar Lake {Michigan) wood+ar contamination site for Paramount Inc.

Served as project manager for a subcontract fo design, oversee, and evaluate soil flushing as a remedial
dlternative for a Superfund site in the midwest. Involved in experimental design, collection of field samples,
experiment oversight and report preparation.

Evaluated the potential for bioremediation of organic constituents in fars produced during production of
manufactured gas. Reviewed recent fiterature on this fopic and the results of a treatability study conducted at a
former manufactured gas plant site owned by the uility.

Developed an equilibrium fugacity based model to predict the transport and fate of organic confaminants emitted
from municipal waste combustors as part of an evaluation of alternative monitoring and assessment strategies.

environcorp.com 3




Thomas D. Gauthier, PhD

o Modeled chemical vapor emissions from the 102nd Street Landfill Site in Niagara Falls, New York, as part of a
risk assessment evaluating potential remedial alternatives for the site.

o Investigated the effects of organic cosolvents and surfactants on the transport of volatile organic chemicals in
groundwater. Considered effects on the dissolution of non aqueous phase liquids (NAPL) and effects on
contaminant refardation factors.

Air Quality Studies

« Conducted indoor air sampling at an elementary school to evaluate the potential for soil vapor intrusion
associated with a nearby chlorinated solvent plume.

« Sewved as project manager for a large multiyear community air monitoring project located in Tallevast, Florida.
Analyzed results from SUMMA canister samples and realtime monitoring data to evaluate potential offsite impacts
from remediation activities. Prepared a statistical analysis of over 20 months of monitoring data using cluster
analysis techniques to identify frends in the data.

o Investigated air quality related issues associated with the expansion of an existing landfill. Examined leachate
collection system, landfill gas extraction system and gas flare design in relation to potential air emissions.

« Designed an air sampling program to determine the emission of chemicals from the present landfill cover.
Estimated emissions from the proposed landfill expansion based on existing data and air monitoring results.

« Estimated vopor emissions from PCB-contaminated soils at an automotive facility in Region Il. Estimated the
potential for dioxin formation from the incineration of PCB contaminated soils.

« Estimated volatile organic emissions from three automobile parts manufacturing facilities located in Mexico.
Emission esfimates were based on mass balance calculations involving purchasing records, waste disposal
quantities, material safety data sheet information and produciion quantities.

o Modeled historical vapor emissions from a wood treating facility based on pentachlorophenol and creosote
usage rates.,

Testimony Experience

« Merco Group vs. Tampa Electiic Company; Case No. 04-22909 CA 09. Offered deposition testimony related
fo the source of the tar material unearthed during building construction. Ociober 4, 2005.

o BASF Catalysts LLC {f/k/a Engethard Corp) v. Alistate Insurance Co., et al. No. MID1-2061-05. Offered three
days of deposition festimony as a fact witness in an insurance litigation case. November 9-10, 2009; January

13, 2010.
Other Experience

« Ciitiqued the Siate Department of Health's rationale for maintaining state ambient air quality standards more
stringent than federal standards. Analyzed ambient air monitoring data, air dispersion modeling results and
insurance claims data for the treatment of asthma to support our opinions.

« Served as project manager for a RCRA facility investigation at a former specialty metals manufacturing facility
confaminated with radionuclides, metals and chlorinated solvents. Responsible for overall project oversight and
report preparation, including human health and ecological risk assessments.

« Served as project manager for a patent litigation case involving the analysis of filtered wood smoke in fish.
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CREDENTIALS

Registrations and Certifications

Member, American Chemical Society

Professional Affiliations and Activities

Reviewer for Environmental Science and Technology and Environmental Forensics
Completed ASTM training course on Risk Based Corrective Action, 1996
Completed "Environmental Project Management” course at Tults University, 1993

Patents

DBR. No. P2399US. Process and Apparatus for Detecting Sulfur Gases Emitted from Defective Chinese Drywall (patent
pending).

PUBLICATIONS & PRESENTATIONS

DeMott, R.P., SJ. Roberts and T.D. Gauthier. 2011. Use of Mass Balance Bounding Estimates and Sensitivity Analysis
to Prioritize PAH Inputs in Urban Systems. Paper presented at the Society of Environmental Toxicology and
Chenmistry 32nd Annual Meeting, Bosfon, Massachusetts, November 13-17.

Freeman, G., R. DeMott, T. Gauthier, M. Stevenson and J. Hubbard. 201 1. Continued Corrosion After Removal of
Corrosive Drywall. Journal of Failure Analysis and Prevention 11:265-273.

DeMott, R.P., T.D. Gauthier, J.M. Wiersma and G. Crenson. 2010. Polycyclic Aromatic Hydrocarbons [PAHSs) in
Austin Sediments affer a Ban on Pavement Sedlers. Environmental Forensics 11{4}: 372 — 382.

Gauthier, T.D., M.C. Masonjones, M.A. Alessandroni, and R. DeMott. 2009. Proposed Mechanism for the Release of
reduced Sulfur Compounds from Corrosive Imported Drywall. Paper presented at the Technical Symposium on
Corrosive Imported Drywall, Tampa, Florida, November 5-6.

Gauthier, T.D. and R.P. DeMott. 2008. Analysis of PAH Concentrations Detected in Austin Texas Stream Sediments
Following a Ban on the Use of Coal Tar Sedlers. Paper presented af the Society of Environmental Toxicology and
Chenmistry 29th Annual Meeting, Tampa, Florida, November 16-20.

Gauthier, T.D. and M. Hawley. 2007 . Statistical Methods. In: Introduction to Environmental Forensics, 2nd Edition.
B.L. Murphy and R.M. Morrison, Eds. Elsevier/Academic Press, Llondon.

Gauthier, T.D., R.P. DeMott and G. Crenson. 2006. Evaluation of Polycyclic Aromatic Hydrocarbon Sources in Austin
Texas Stream Sediments. Poster presented at the Society of Environmental Toxicology and Chemistry 27th Annual
Meeting, Montreal Canada, November 5-9.

Gauthier, T.D. 2005. Deriving Florida-Specific Attenuation Factors Using Radon Data. Paper presented at the Florida
Air & Waste Management Association 2005 Annual Conference, St. Pete Beach, FL. November 22.

Gauthier, T.D. 2005. Deriving Florida-Specific Atienuation Factors Using Radon Data. Paper presented at the 2005
Florida Brownfields Conference, Jacksonville, FL. October 11.

Gauthier, T.D. 2004. Environmental Impacis of Lead from Paperinsulated Llead-Covered Cable. EPRI Technical Update
Report No. 1009513. April.

Gauthier, T.D., and B.L. Murphy. 2003. Age dating groundwater plumes based on the ratio of 1,1-dichloroethylene fo
1,1, 1richloroethane: an uncertainty analysis. Environmental Forensics 4: 205-213.

environcorp.com 5




Thomas D. Gauthier, PhD

Gauthier, T.D., and B.L. Murphy. 2003. Uncertainties in age dating groundwater plumes using 1,1-DCE/1,1,1-TCA
ratios. Poster presented at the Battelle In Situ and On-Site Bioremediation Symposium, Orlando, FL. June 2- 5.

Bigham, G., C. Mackay, B. Henry, and T.D. Gauthier. 2002. Fate of mercury deposited in the Everglades. Paper
presented at the Air and Waste Management Association — Florida Section 2002 Annual Conference, Jupiter, FL.
September 15 - 17.

Gauthier, T.D. 2001. Detecting trends using Spearman'’s rank correlation coefficient. Environmental Forensics.

2{4):359-362.

Gauthier, T.D. 2001. Statistical Methods. In: Intfroduction to Environmental Forensics, B.L. Murphy and R.M. Morrison,
Eds. Academic Press, London.

Gauthier, T.D., and B.L. Murphy. 2001. Recent Developments in Environmental Forensics: Statistical analysis
techniques. Environmental Claims Journal. 13{2}): 83-102.

Gauthier, T.D., and B.L. Murphy. 2000. Edible plant bioconcentration factors for RDX. Paper presented at the 2000
Annual Meeting, Society for Risk Analysis, Arington, VA. December 3-6.

Murphy, B.L., and T.D. Gauthier. 2000, Current Developments in Environmental Forensics: A Survey of Environmental
Forensics Topics Presented at Seven Recent Conferences. Environmental Claims journal. 12(4}:113-125.

Murphy, B.L., and T.D. Gauthier. 2000. Dose reconstruction for toxic forts. Environmental Claims Journal. 12(3):161-
171.

Murphy, B.L., and T.D. Gauthier. 1999, Forensic andlysis of chlorinated solvent contamination data. Environmental
Claims Journal. 11{4):81-96.

Murphy, B.L., and T.D. Gauthier, 1999. Defermining air emission source contributions fo soil concentrations.
Environmental Claims Journal. 11(2):143-155.

Gauthier, T. D. and B. L. Murphy. 1998. "Avoiding Sick Buildings ot Brownfield Sites," Brownfield News, August.

Butcher, J.B., T.D. Gauthier, and E.A. Garvey. 1997. Use of historical PCB Aroclor measurements: Hudson River fish
data. Environmental Toxicology and Chemistry 16(8):1618-1623.

Slayton, T.M., B.D. Beck, K.A. Reynolds, S.D. Chapnick, P.A. Valberg, LJ. Yost, R.A. Schoof, T.D. Gauthier, and L.
Jones. 1997. Issues in arsenic cancer risk assessment. Environmental Health Perspectives 104{10): 1012-1014.

Gauthier, T.D. 1996, Application of risk-based corrective action to sites contaminated with chlorinated solvents. Paper
presented at the Florida Environmental Expo, Tampa, FL. October.

Shifrin, N.S., B.D. Beck, T.D. Gauthier, S.D. Chapnick, and G. Goodman. 1996. Chemistry, toxicology and human
health risk of cyanide compounds in sails at former manufactured gas plant sites. Reg. Tox. Pharm. 23: 106-116.

Bowers, T.S. and T.D. Gauthier. 1995. Use of the output of a lead risk assessment model to establish soil lead
cleanup levels. Environmental Geochemistry and Health 16(3): 191-196.

Butcher, J.B. and T.D. Gauthier. 1994. Estimation of residual dense NAPL mass by inverse modeling. Ground Water
32{1): 71-78.

Beck, B.D., G. Goodman, and T.D. Gauthier. 1994, Risk assessment for cyanides in soil at manufactured gas plant
(MGP) sites. Paper presented at 1994 Annual Meeting, Society of Toxicology.
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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
64 Analytical Chemistry Insights 2012:7
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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.
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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
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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
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7 565569
55 599 6.4
ks 580
ls.25 b

0
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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.
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Figure S2. Typical MRM chromatogram of 3 pug/L 1,3-DMAA and 1,4-DMAA.
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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
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Figure S4. Analysis set 1—Changzhou S11-1, unspiked.
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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.
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Figure S6. Analysis set 1—Guiyang 1, unspiked.
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Geranium # 4 Spiked
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Figure S7. Analysis set 1—Guiyang 1, spike 10 ug/L.

Geranium # 2
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Figure S8. Analysis set 1—Changzhou 1, unspiked.
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Figure S9. Analysis set 2—Guiyang 2 unspiked.
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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
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Figure S12. Analysis set 2—Kunming 2, spike 15 pg/L.
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Figure S13. Analysis set 2—Changzhou S11-2 unspiked.

Intertek Spiked 15 ppb
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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
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Figure S16. Analysis set 3—Guiyang 3, spiked 15 ug/L.
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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
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Figure S19. Analysis set 3—Changzhou 3, unspiked.
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Figure S20. Analysis set 3—Changzhou 3, spiked 15 pg/L.
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A video abstract by the authors of this paper is
available. video-abstract10445.mov
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Introduction volatility and low molecular mass, making it a chal-

Dimethylamylamine (DMAA), also known as meth-
ylhexaneamine, or 1,3-dimethylpentylamine, is a
simple aliphatic amine (Fig. 1). In recent years, it has
appeared as an ingredient in various dietary supple-
ments and sports nutrition products. This use of the
compound has given rise to inquiries as to whether
DMAA is a naturally occurring constituent of the
geranium (Pelargonium graveolens) plant and its oil.
Consequently, an investigation was undertaken to
make an identification and determination of DMAA
in the plant and its oil, if present.

The result of a GC/MS analysis of geranium oil,
which indicated the presence of 1,3- DMAA (1) and
1,4-DMAA (2) was published in a journal that has
not been widely circulated internationally.! Aside
from that publication, geranium essential oil has been
the subject of numerous other investigations seek-
ing to identify and quantify all of the compounds
present, generally employing the use of GC/FID
and GC/MS; these other investigations have failed
to identify 1,3-DMAA (1) or 1,4-DMAA (2).*"
However, because geranium oil presents such a
complex sample matrix and contains many vola-
tile compounds, a possible shortcoming of the GC/
FID method is interference by the sample matrix.®
Although the use of GC/MS is an improvement, the
complex nature of the sample matrix still presents
issues when seeking to identify all components of
the oil;® in fact, we are not aware of any published
data demonstrating an identification of components
comprising 100% of the oil. These factors, along
with differences in sample origin, processing and
composition, may explain why these other inves-
tigations failed to identify DMAA as a component
of geranium oil. Regarding 1,3-DMAA (1), it has
been noted that although it is amenable to GC/MS
analysis,'® great care must be taken during method
development because of DMAA’s strong polarity,

/YYNHZ NH,

1,3-dimethylamylamine 1,4-dimethylamylamine

m 2

Figure 1. Structures of 1,3-Dimethylamylamine (1) and 1,4-Dimethylam-
ylamine (2).

lenge for GC-column retention and separation.

DMAA has been successfully determined in urine
using LC/MS/MS.'** In those investigations, 1,3-
DMAA (1) was detected as a pair of peaks with iden-
tical MS/MS spectra. However, the determination of
DMAA in plant and especially in geranium oil has yet
to be published. In the present study, we have devel-
oped and validated a sensitive and simple LC/MS/MS
method to identify 1,3-DMAA (1) and 1,4-DMAA (2)
and determine their concentrations as naturally occur-
ring compounds in geranium plants.

Experimental

Chemicals and reagents
1,3-Dimethylamylamine (1) (CAS No. 105-41-9,
>99%) and 1,4-dimethylamylamine (2) (CAS No.
28292-43-5, >99%) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Formic acid (88%),
methanol (HPLC grade), hexane (pesticide residue
grade) and hydrochloric acid (37% HCI) were all
obtained from Fisher Scientific (Waltham, MA, USA).
All other chemicals are analytical grades. Water (18.2
MQ-cm) was prepared with a Barnstead NanoPure
Diamond System (Lake Balboa, CA, USA).

Apparatus and instruments

Agilent 1100 HPLC system with quaternary pump
(Santa Clara, CA, USA) was coupled to a Micro-
mass Quattro Ultima mass spectrometer with electro-
spray ionization (ESI) source (Manchester, England).
Masslynx (version 4.1) were used to control the
system of LC-triple quadrupole mass spectrometer
and for data acquisition and processing. The ana-
lytical column is a Phenomenex Kinetex C18 col-
umn (4.6 X 150 mm, 2.6 pm) (Torrance, CA, USA).
High Speed Grinder DFY-200 was from Gaoyi In.
(Wenzhou, China). Commercial Blender 200G was
from Waring Co. (Torrington, CT, USA).

Geranium plants and geranium oils

The geranium plants were procured by and obtained
from Dr. Yi Jin of Yunnan University (Kunming,
Yunnan Province, China) and were authenticated by
Professor Xu Youkai of the Xishuangbanna Tropi-
cal Botanical Garden-Chinese Academy of Sci-
ences (Mengla, Yunnan Province, China). The plant
samples were collected from different areas of China
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(see Table 5), shipped to this lab fresh and stored at
—20 °C immediately upon receipt in the lab. All gera-
nium oil samples were obtained from Jiangxi Ji’an
Hengcheng Flavor Oil Factory (Ji’an, Jiangxi Prov-
ince, China). The geranium oil was stored at room
temperature.

Standard preparation

The stock solutions of 1,3-DMAA (1) and 1,4-DMAA
(2) were prepared separately in methanol at a concen-
tration of 1.00 mg/mL and 1.068 mg/mL, respectively.
Working solutions composed of the two DMAAs were
prepared by serial dilution of the stock solution with
0.5 M HCI to obtain a set of standard concentrations
of 0.10-10.00 ng/mL of 1,3- DMAA (1), and 0.11-
10.68 ng/mL of 1,4-DMAA (2). All working standard
solutions were stored at 4 °C and used within one
week after preparation, although no significant degra-
dation was observed in one month of storage.

Sample preparation and extraction
Geranium plant (wet leaves and stems) was thawed at
room temperature and cut into pieces at about 1-2 cm
and mixed well. After about five hundred grams of the
plant was ground into fine pieces with a high speed
grinder, 10 g of sample was weighed into a stain-
less steel blender cup. To this cup, 80 mL of 0.5 M
HC! was added and mixed. The mixture was homog-
enized at high speed for 2 min. The homogenate was
then transferred into a 100-mL volumetric flask. The
blade and cup were washed with additional 15 mL of
0.5 M HCI. The solution was collected into the fiask
and extracted by sonication at 50 °C for 1 hour. After
being cooled to room temperature, the volume was
adjusted to the mark with 0.5 M HCI. This solution
was centrifuged at 4000 x g for 10 min, and the super-
natant was further purified as below.

For geranium oil, 1 mL of sample was mixed with
1 mL of hexane in a 10-mL glass tube with screw cap.
Five mL of 0.5 M HCI was added and shaken with a
vortex shaker for 5 min at high speed. The aqueous
layer (lower) was diluted with 0.5 M HCI as neces-
sary, filtered with a 0.45-um nylon filter and applied
to LC/MS/MS without further purification.

Purification
Four mL of supernatant and 2 mL of hexane were
added to a 10-mlL glass tube with screw cap.

The mixture was shaken by a vortex shaker for
30 sec. The mixture was centrifuged at 2000 x g for
5 min. The aqueous layer was diluted as necessary
and filtered for LC/MS/MS analysis.

LC/MS/MS conditions
The mobile phase of HPLC is composed of
Water:acetonitrile (85:15) containing 0.1% formic
acid. Flow rate was 0.5 mL/min; column temperature
was 35 °C; the flow was diverted 0.2 mL/min to MS.
Injection volume was 50 L.

The mass spectrometer was operated in positive ESI
and multiple reaction monitoring (MRM) mode. Nitro-
gen was used as the nebulizer, heater, and cone gas.
Argon was used as the collision induced dissociation
(CID) gas. The precursor-to-product ion transitions
were monitored at m/z 116 [M + H] — 57 (quantifi-
cation) and m/z 116—99 (qualification) for both 1,3-
DMAA (1) and 1,4-DMAA (2). ESI parameters were
optimized for maximizing the generation and stabil-
ity of the precursor and fragment ions by infusion as
follows: Capillary 2.5 kV, Cone 20V, Source tempera-
ture 120 °C, Desolvation temperature 360 °C, Cone
gas 120 L/hour, Desolvation gas 850 L/hour, CID
11 eV, collision cell pressure 2 X e-3 mbar.

Method validation

The analytical method was validated according to
guidelines for United States Pharmacopeia (USP).
The parameters validated include linearity, specific-
ity, limit of detection, limit of quantification, accu-
racy, precision and reproducibility.

Linearity

To evaluate the linearity, calibration curves of 1,3-
DMAA (1) and 1,4-DMAA (2) were established using
concentrations in the range from 0.1 to 10 ng/mL. The
responses of each compound against its respective
concentration were plotted. Linear regression analy-
sis was performed to obtain calibration equation and
correlation coefficients (R?).

Specificity

Two ion transitions coupled with a high resolution
column were used to enhance the method selectivity.
Specificity was assessed by comparing the chro-
matograms of blanks (glassware and reagent blanks),
standard, spiked samples and their peak purity (peak
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shape and relative intensity of transitions). The peak
was identified by retention time and relative intensity
of transitions against the reference standard.

Matrix effects

The matrix effects (ion suppression or enhancement)
were evaluated by comparing peak area of the stan-
dard, sample extract and the extract directly spiked at
corresponding concentrations of DMAAs, which were
set at the medium spiked concentration (20 ng/g).

Accuracy

Accuracy of the method was determined by assay-
ing spiked samples of geranium plants at four dif-
ferent levels: about 5, 10, 20 and 40 ng/g for both
1,3-DMAA (1) and 1,4-DMAA (2) (ie, adding 50,
100, 200 or 400 ng DMAA in solution to about
10 g of sample). Each concentration level had three
replicates. All samples were extracted, purified
and determined as described above. For the blank,
10 mL of water instead of sample was included
and carried through the same procedures of sample
preparation.

Precision and reproducibility
Precision was performed by assaying a geranium
sample in six subsamples. The concentration of each
subsample, and average and RSD of the analyses were
calculated to access the precision of the method.
Reproducibility of this method was evaluated by
a second chemist beside the primary chemist in this
laboratory. The geranium sample was assayed in six
subsamples. The concentrations, average and RSD
of the six analyses were compared with the results
obtained by the primary chemist to assess the repro-
ducibility of the method by a different chemist.

Data analysis

The concentrations of 1,3-DMAA (1) and 1,4-
DMAA (2) in the sample preparations were obtained
from their corresponding standard curves. The mean,
standard deviation (SD) and relative standard devia-
tion (RSD) of spike recoveries were calculated for
assessing the accuracy of the method. Mean and RSD
of repeated analyses of the geranium samples were
used for precision evaluation. The mean concentra-
tion of DMAAs from the precision experiments was
used as the original value to calculate recoveries of

DMAAs. The recoveries from spiked samples were
calculated by the following formula:

Recovery, % = 100 (Fc — Bc)/Sc

where, Fc is the concentration (ng/g) found in the
spiked sample; Bc is the original value of the sample
(ng/g) prior to spiking; Sc (ng/g) is the concentration
spiked to the sample.

Results and Discussion

Analytical conditions

Because DMAA is a simple aliphatic amine with
no chromatic group, the HPLC-UV method is not
suitable for its detection unless the compound is
derivatized with a chromophore prior to analysis.
Therefore, LC/MS/MS was selected for the current
method. Two solvent systems, methanol-water and
acetonitrile-water were tested for optimization on
the C18 column and tuning of ESI/MS. Both solvent
systems produce similar ESI (+) signals. Further
investigations showed that formic acid (0.1%) in
either mobile phase enhances the signal significantly,
with little effect on retention time and shape of the
peaks. As a result, acetonitrile:water (15:85) contain-
ing 0.1% formic acid was selected and used routinely
as mobile phase in the current experiment. Under
these conditions, 1,3-DMAA (1) and 1,4- DMAA (2)
were well separated with good peak shape (tailing
factor = 1.1-1.3) and retention (K" = 2.5-2.8)
(Fig. 2).

When a standard solution of 1,3-DMAA (1) was
analyzed under the current conditions, double peaks
with similar intensity were observed. Similar results
were observed by Vorce et al'* and Perenoud et al.'*
Both peaks show identical CID mass spectra (data
not shown), suggesting that these peaks are stereo
isomers (Fig. 2A). In contrast, 1,4-DMAA (2) shows
only a single peak (Fig. 2B). 1,3-DMAA (1) has two
chiral centers (carbon-1 and carbon-3) in its struc-
ture, and thus it theoretically has four sterco isomers.
The double peaks observed are likely formed by its
diastereomers, (15,3S)/(1R,3R) and (1S,3R)/(1R,3S).
These diastereomers have different molecular shapes
or stereo-hindrance effects when they interact with
the stationary phase. For example, they may be
resolved on a reverse-phase column.” In contrast,
1,4-DMAA (2) has only one chiral center at carbon-1.
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Figure 2. MRM chromatograms of (A} 2 ng/mL 1,3-DMAA (1) (the peaks

of a pair of diastereomers at 5.5 min and 5.8, respectively); (B) 2.67 ng/mL
1,4-DMAA (2) (6.1 min); (C) the mixture.

Its enantiomers [(1S,1R) and (1R,1S5)] have the same
chemical and physical properties, and therefore show
a single peak under the current analytical conditions.
Perrenoud et al'* further confirmed that the double
peaks were diastereomers by their identical chemical
shifts of *C NMR and 'H NMR.

Figure 3 shows that 1,3-DMAA (1) and 14-
DMAA (2) produced similar CID mass spectra for
the same precursor ion m/z 116 [M+H]*). Their CID
spectra had a strong and stable product ion m/z 57
[CH,]* that was used for quantification. Other prod-
uct ions with relatively higher abundance were m/z
43 [C,H.]*, m/z 75 and m/z 99 [M+H-NH3]".

Sample preparation, matrix effect

and specificity

DMAA is slightly soluble in water, but soluble in
diluted HCI and many polar solvents. Both 0.5 M
HCI and methanol were examined for their extrac-
tion of the geranium samples. It was found that both
solvents had similar extraction efficiency. However,
methanol extracts much more of the matrix compo-
nents from the geranium plant than 0.5 N HCL. The
final extract prepared using methanol was found to
interfere with LC/MS analysis (data not shown). In
contrast, the extract prepared using 0.5 N HCI car-
ries less matrix components, especially fat-soluble
compounds, which was later found to be important
for the accuracy of determination. Therefore, the

1,3-DMAA (1) Daughters of 116ES + 1.76¢5
100+ 513
752
2
116.2
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o, 88 207 135 56 74'{ 842 -
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Figure 3. The CID spectra (11 eV) of 1,3-DMAA (1) (Top); 1,4-DMAA (2)
(Bottom).

Analytical Chemistry Insights 2012:7

51




Lietal

|

diluted HCI solution was used for routine sample
extraction. Furthermore, sonication for 60 minutes of
the geranium sample was found to be necessary for
reproducible results.

The recovery of DMAAs in initial experiments
was found to be low (about 60%—-70%) when the
HCl-extract was directly applied to LC/MS/MS
without further purification. To investigate the cause
of this low recovery, our focus was on the effect
of the sample matrix, since the ESI signal is more
susceptible to matrix-induced suppression. Results
of the investigation clearly showed that the matrix
of the sample had suppressed the signal of DMAAs in
the sample extract or spiked sample extract (Fig. 4).
For example, after subtracting the background, the
ESIsignal of 1,3-DMAA (1) in the spiked extract with
purification was about 35% greater than that without
purification (Fig. 4B and C). These results suggested
that ion suppression had occurred in the raw extract.
It is also noted that ion-suppression is slightly less
at the elution window for 1,4-DMAA (2), which
was only 20% lower in the spiked extract without
purification.

It has been known that ion suppression occuts
in many ESI/MS-based methods for biological
samples.'® Methanol is a strong protic solvent and can
solubilize considerable amounts of lipid components,
such as fatty acids and phospholipids. Considering
the ESI mechanism, these nonvolatile or less volatile
compounds were the potential solutes suppressing the
ESI signal.'” The diluted HCI solution used in the cur-
rent method provides strong solubility for DMAAs
but solubilizes considerably less of these fat-soluble
components. Furthermore, the HCl-extract is readily
purified by partitioning with hexane to remove the
lipid-soluble components. This simple purification
step was found to be effective in reducing sample
matrix and ion suppression, and improved recovery
significantly (Fig. 4B and C).

No interfering peaks were observed from glass-
ware/reagent blank samples. The 1,3-DMAA (1) (its
diastereomers) and 1,4-DMAA (2) are well-resolved
(Fig. 5) in the purified extracts. The DMAAs
between the standards and the samples have identi-
cal retention time and similar peak relative intensity
(See Table 6). These results provide evidence that
the method is specific for analysis of DMAASs since

1,3-DMAA (1) and
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Figure 4. Matrix effect on determination of DMAASs in geranium (Pelargo-
nium graveolens) plant: (A) 2.50 ng/mL 1,3-DMAAs (1) and 2.67 ng/imL
1,4-DMAA (2) in 0.5 HCI; (B) 2.5 ng/mL 1,3-DMAA (1) and 2.67 ng/mL
1,4-DMAA (2) ~spiked extract before purification; (C) the spiked extract
after purification.

Note: The ES! signals in hexane-purified extracts are significantly higher
than that of extracts without purification.
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Figure 5. MRM chromatogram of (A) 2.50 ng/mL 1,3-DMAA (1) and 2.67 ng/mL. 1,4-DMAA (2), (B) blank, (C) geranium (Pefargonium graveolens) sample

and (D) 20.00 ng/g 1,3-DMAA (1) and 21.26 ng/g-spiked sample.

the matrix interference in the purified extract was not
observed.

Linearity

Standard solutions of 1,3-DMAA (1) and 1,4-
DMAA (2) were analyzed with concentration range
at about 0.1 to 10 ng/mL. The two isomer peaks
of 1,3-DMAA (1) was summed prior to regression
analysis. The results were linear with R? 0f 0.998 for
1,3-DMAA (1) (Y = 2537X + 497.6, Y-peak area,
X-ng/mL), and 0.999 for 1,4-DMAA (2) DMAA
(Y =2705X +311.3).

Precision
The geranium sample showing the presence of
DMAAs in initial investigation was selected for

precision analysis. All the test procedures were car-
ried out according to the method described. The
results are shown in Table 1. The average amounts
of 1,3-DMAA (1) and 1,4-DMAA (2) in the sample
were 13.6 and 3.56 ng/g, respectively, in this gera-
nium sample on a wet weight basis. The RSD of 1,3-
DMAA (1) and 1,4-DMAA (2) are 8.3% and 5.4%,
respectively. A typical MRM chromatogram (scan)
of the sample is shown in Figure 5C.

Accuracy

The sample used in the precision experiment was
spiked with known amounts of 1,3-DMAA (1) and
1,4-DMAA (2) for evaluating the accuracy of the
method. The amounts of 1,3-DMAA (1) and 1,4-
DMAA (2) (Tables 2 and 3) were used as original

Analytical Chemistry Insights 2012:7

53




Liet al

\\\

Table 1. Precision for determination of 1,3-DMAA (1) and 1,4-DMAA (2) in geranium (Pelargonium graveolens).*

Sample no. Weight (g) Volume {mL) 1,3-DMAA 1,4-DMAA
Read (ng/mL) Found (ng/g) Read {ng/mL) Found (ng/g)
1 10.59 100 1.51 14.24 0.40 3.76
2 10.66 100 1.52 14.26 0.37 3.47
3 10.88 100 1.59 14.63 0.41 3.77
4 10.62 100 1.31 12.33 0.35 3.31
5 10.11 100 1.22 12.03 0.37 3.63
6 10.34 100 1.48 14.28 0.35 3.40
Mean (ng/g) 13.63 3.56
S.D. 113 0.19
RSD (%) 8.3 5.4
Note: *Sample |D# 070611-01€4.
Table 2. Accuracy for determination of 1,3-DMAA (1) in geranium (Pelargonium graveolens).
Spiked Weight Spiked Volume Read Found Recovery Mean £ S.D. RSD
(ng) () (ngl/g) (mL) (ng/mL) (ng/g) (%)* (%)
400 11.65 34.33 100 5.71 48.99 103.0 100.8 £2.90 2.88
10.41 38.42 100 5.32 51.10 97.5
10.68 37.45 100 5.53 51.79 101.9
200 10.11 19.78 100 3.07 30.40 84.8 86.5+1.78 2.05
10.61 18.85 100 3.18 29.94 86.5
10.01 19.98 100 3.13 31.28 88.3
100 11.83 8.45 100 2.61 22.09 100.1 104.9£7.52 7.16
10.83 9.23 100 2.61 2412 113.6
11.26 8.88 100 2.55 22.61 101.1
50 10.02 4.99 100 1.77 17.71 81.8 85.1+£9.38 11.02
11.05 4.52 100 1.98 17.96 95.7
10.06 4.97 100 1.76 17.50 77.9
Note: *Recovery (%) = (Found-13.63)/Spiked x 100 (13.63 ng/g is the background value, See Table 1).
Table 3. Accuracy for determination of 1,4-DMAA (2) in geranium (Pelargonium graveolens).
Spiked Weight Spiked Volume Read Found Recovery Mean £ S.D. RSD
(ng) (@) (ng/g) (mL) (ng/mL) (ng/g) (%) (%)
427 11.65 36.67 100 5.02 43.06 107.7 101.8 +5.16 5.07
10.41 41.04 100 4.62 44.42 99.6
10.68 40.00 100 4.57 42.82 98.1
214 10.11 21.13 100 2.18 20.71 81.2 82.9+2.66 3.21
10.61 20.13 100 2.09 19.96 81.5
10.01 21.34 100 2.12 21.90 85.2
107 11.83 9.03 100 1.42 12.04 93.9 88.6 +5.02 5.67
10.83 9.86 100 1.33 12.24 88.0
11.26 9.48 100 1.30 11.52 83.9
53 10.02 5.33 100 0.92 9.20 105.9 95.8+£10.29 10.7
11.05 4.83 100 0.85 7.68 85.3
10.06 5.31 100 0.87 8.67 96.3

Note: *Recovery (%) = (Found-3.56)/Spiked x 100 (3.56 ng/g is the background value, See Table 1).
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values and taken into consideration in calculation
of the recoveries (See “4.8.6 Data analysis™). The
~ results are shown in Table 2 and Table 3. The aver-
age recoveries of each spiking level are 85.1%—
104.9% for 1,3-DMAA (1) and 82.9%—101.8% for
1,4-DMAA (2). The RSD are 2.9%-11.0% for 1,3-
DMAA and 3.2%-11.7% for 1,4-DMAA. A typi-
cal MRM chromatogram (scan) of spiked sample is
shown in Figure 5D.

Detection limit and quantification limit

The instrument detection limit was estimated by ana-
lyzing a standard at a concentration of 0.2 ng/mL
with injection volume of 50 uL. The chromatogram
is shown in Figure 6. The detection limit was esti-
mated to be 1-2 pg, based on the signal-to-noise ratio
of 3:1.

To evaluate the method quantification limit
(MQL), the signal to noise ratio of 5:1 is used for
calculation. Taking into consideration of the sample
weight of 10 g and the final volume of sample prepa-
ration in 100 mL, the MQL of 1,3-DMAA (1) and
1,4-DMAA (2) is estimated to be 1-2 ng/g.

Reproducibility

When the method was performed by a second chem-
ist, similar results were obtained (Table 4). The RSD
for 1,3-DMAA (1) and 1,4-DMAA (2) are 2.5% and

1,3-DMAA (1) and MRM of 2 channels ES + TIC
1004 1,4-DMAA (2) 6.03 6.65¢3

5.556

%

MWWWWMNP\

o sttty Ao e
U200 400 = 600
Time

Figure 8. MRM chromatogram for estimating the instrument detection
limit: 0.20 ng/mL 1,3-DMAA (1) (5.5 min and 5.8 min) and 0.11 ng/mL
1,4-DMAA (2) (6.0 min).

Table 4. Reproducibility of the procedure for 1,3-
DMAA (1) and 1,4-DMAA (2) in geranium (Pelargonium
graveolens).

Compounds Sample Fund Mean+SD RSD

{9) (ng/g) (%)
1,3-DMAA 10.51 1424 14.00+0.35 25

10.80 13.81
10.91 13.52
10.76 13.84
10.81 14.06
10.78 14.51
1,4-DMAA 10.51 4.94 474+019 4.1
10.80 5.02
10.91 4.56
10.76 4.62
10.81 4.58
10.78 4,75

4.1%, respectively. These results indicate that the
method is reproducible between analysts.

Application of the method to investigating

geranium plants and geranium oils

The current method was applied to analyze gera-
nium plants and geranium oils from different sources.
The results are shown in Table 5. As expected, 1,3-
DMAA (1) was further confirmed by multi-ion transi-
tion and the product ion ratios (Table 6). These results
provide strong evidence that 1,3-DMAA (1) and 1,4-
DMAA (2) are naturally present in both geranium
plant and geranium oil.

A major advantage of the currently described method
enabling detection of DMAAs in geranium plants
and oils is its extreme sensitivity. The instrumental
detection limit is approximate 1 pg. Another advantage
is its simplicity. The method involves simple sample
extraction and sample partition with hexane. There
are no extended purification and derivatization steps
involved, which should be necessary to GC/MS. The
accuracy and precision of the method at ppb levels is
easily achievable with a conventional LC column and
mobile phase.

While the presence of DMAA has been reported
in geranium in one investigation, those data were not
considered conclusive due to issues regarding the
experimental design and data analysis.! Therefore, to
our knowledge, the present study is the first to show
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Table 5. Levels of 1,3-DMAA (1) and 1,4-DMAA (2) in geranium (Pelargonium graveolens) plant and geranium oil from

different sources.

Sample ID Source Date of collection 1,3-DMAA, ngl/g 1,4-DMAA, ng/g
070611-0164 (plant) Yunnan, China June 9, 2011 13.60 3.56
072811-1026 (plant) Jiangsu, China June 9, 2011 165.0 35.30
072811-1027 (plant) Guizhou, China June 5, 2011 365.0 9.12
051911-0588 (oil) Jiangxi, China - 13271 220.0
042911-0988 (oil) Jiangxi, China - 167.0 Not detected
042911-0989 (oil) Jiangxi, China - 377.0 Not detected

conclusively that DMAA is naturally occurring in
geranium plants.

It is well-documented that the variations of envi-
ronmental conditions and geographical locations
have great effect on the chemical profiles of the gera-
nium plant.>® The results in the current study show-
ing various amounts of DMAA in geranium plants
from different regions appear to be consistent with
these observations (Table 5). Although the proportion
of 1,3-DMAA (1) to 1,4-DMAA (2) varied consid-
erably from sample to sample, in general, the con-
centration of 1,3-DMAA is much higher than that of
1,4-DMAA (2), suggesting that 1,3-DMAA (1) is the
predominant form naturally occurring in geranium
plants. The fact that 1,3-DMAA (1) is highly concen-
trated in one geranium oil sample when compared to
the other two geranium oils could have been a result
of either different geranium plants used for oil pro-
cessing or from different manufacturing processes.

Another intriguing observation is that 14-
DMAA (2) was not detected (below quantification
limits) in two geranium oil samples where 1,3-DMAA
(1) was present although at relatively lower concentra-
tions. This discrepancy was unexpected. One expla-
nation might be that 1,4-DMAA (2) is not stable at
low concentrations. However, based on the structure
of 1,3-DMAA (1) and 1,4-DMAA (2), they appear

to be stable molecules with relaxed structure and no
labile parts under various storage temperature condi-
tions. Thus, an alternative explanation is that these
two samples contained a higher ratio of 1,3-DMAA
(1) to 1,4-DMAA (2). We have noted in the other sam-
ples, varying 1,3-DMAA (1):1,4-DMAA (2) ratios of
approximately 5:1, 40:1 and 60:1, thus it is possible
that with a combination of an even higher ratio and
a smaller amount of 1,3-DMAA (1) present, the 1,4-
DMAA (2) would have been below our quantification
limits.

The results from the present study show that 1,3-
DMAA (1) has two isomer peaks which are present
in equal amounts and which are identical in all tested
samples, including the standard reference. The ref-
erence standard of 1,3-DMAA (1) is synthetic and
produced via chemical reaction. However, most
compounds present in plants should be made through
an enzymatic process. Therefore, most likely only
one chiral configuration would be present in plants
(often referred to as natural form). The results in the
current study show that 1,3-DMAA (1) in geranium
plants and geranium oils appears to be an excep-
tion to this notion, Indeed, this is not the first report
demonstrating the presence of a racemate in a plant
tissue.'®? In fact, the presence of a racemate (ie,
nerol oxide) has been demonstrated once before in

Table 6. The relative intensity (%) of transitions for qualifying DMAAs in geranium (Pelargonium graveolens).

Detection ion {m/z) (precursor — product ion) 116 - 43 116 —» 57 116 - 99

1,3-DMAA (1) 10 ng/mL standard 27 100 5.7
072811-1026 (plant) 27 100 6.9
051911-588 (oil) 3.0 100 3.7

1,4-DMAA (2) 10.68 ng/mL standard 4.1 100 4.5
072811-1026 (plant) 37 100 6.1
051911-588 (oil) - - -
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the geranium plant as well.'* Further study is needed
to elucidate the biosynthetic pathway of DMAAs in
the geranium plant.

Conclusion

DMAA, which is used in some nutritional supple-
ments, has led some to question whether it is actu-
ally a constituent of the geranium plant and its oils.
A validated method for quantification of DMAA in
geranium plants has been established in the present
investigation and has confirmed the presence of 1,3-
DMAA (1) and 1,4-DMAA (2) in the plant tissue and
essential oil. The conditions of LC and ESI positive
MS/MS have been optimized. A simple and rapid
procedure for sample extraction and purification has
been developed. This LC/MS/MS method is sensitive
and reliable and has been used successfully for the
simple and rapid analysis of DMAA in the geranium
plant and its oils.
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