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Analysis of Synephrine and Octopamine in Citrus Fruits, Drinks, and
Human Urine
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ABSTRACT - Analytical method for synephrine and octopamine in citrus fruits, drinks
containing citrus fruit, and human urine was developed using gas chromatography / mass
spectrometry(GC/MS). Silylation with MSTFA, acetylation with MBTFA, and trimethylsilylation
with MSTFA followed by trifluoroacetylation with MBTFA were compared. The selective
derivatization of synephrine and octopamine was optimized with two derivatizing reagents ;
MSTFA and MBTFA. The ion at m/z 267 was monitored to characterize the benzyl group of the
both compounds. Synephrine was detected in the concentrations of 0.46~1.88 ng/g for citrus
fruits and 1.2~8.1 pg/ml for drinks. The urinary excretion data of synephrine showed the
highest concentration at the period of 8-20 hours after drinking orange juices and total amounts
of its urinary excretion calculated as a parent compound was 11-14% of a dose during 48 hours.
Octopamine was not detected in citrus fruits, drinks, and human urine.
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o] #AF Ba2AME, cituse] goje) YO ZRE lsynep-
hrine=} l-octopamine& paper chromatography$} in-frared
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ge column, two-dimensional paper chromatography, paper
electrophoresis, color reaction, spectrophotometry-fluoro-
metryE o] &3 W] RuHAY. PAEPFol=
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phrine®] ZE ol AAE(0-, m-, p-)& HASFAL**
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- Trifluoroacetylation : $43) AZY A§E CH,CN
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EA]7]7]2 = Hewlett Packard(HP) 5890A Gas Chromat-
ograph(GC)ol| direct interface 2 34 E 5970B Series Mass
Selective Detector(MSD)E A3}, BE Al&+ HP
7673A AutoinjectorS ©o]-83l] GCeol =<3l t}. Data
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DL-Synephrine, DL-octopamine, trifluoroaceticacid(TFA),
N-methyl-N-trimethylsilyltrifluoroacetamide(MSTFA)?}  N-
methyl-bis-triflucroacetamide(MBTFA):= Sigma Chemical
Co.(US. A4 F9&tgrt. Acetonitrile, diethyl ether,
methanolS A 2n}E 181398 0 24 Merck Co.(5Y) A&
£ A3} 3L, hydrochloric acid, cysteine, anhydrous so-
dium sulfate, potassium hydroxide, boric acid, methy-
lorange+= Junsei Chemical Co.(Q¥-)ollA 73}t A}&3}
gt GC insert liner?] FZAEZ:E= Servar| E(5Y)9
silanized glass beads(125~200 L, 80~ 120 mesh)& A}l-4-3}
3, GOMSO AFE3st ul7tAE &% 99.999%91 AE
(Union Carbide, U.S.A.YS- AH&-3F] T}
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Synephrine©] XE&4AE A|89 F7 et Z4zt g
FER H7Msle A3 g ST dpdEe S8t
synephrineo] #F3h2 ¥ AIRE AAG3le] #def A4
o= 0,05, 1.0, 1.5, 2.0, 3.0 pg/g, F2:21 A$-ellE 0, 1.0,
3.0, 7.0, 10.0, 200 pg/ml, 231 ZE$oll= 0,03, 0.6, 1.0,
1.5, 2.0 yg/mlo] X E 2+2}o] AJFol| synephrined 7}

sk flolA AFe APyl wel Zzke] AlRE A
A2 F ol L4 GOMSH Fstd WEEFE
Ao thet synephrine®] To]a WHH|IE T HPME
2481t} Octopamine2 s43 3 BE A|BoA] ZHEF |
Aoz AFNE 3R Rt

g Ay

FAF} LAANFARE AFA FUsta, 2WAE
= A9 A& AHS ou]d¥E F35lod synephrine
3} octopamine©] HEE A %2 ZH2te] Alg F,
= 1.0 pgle, FAFONE 2.0 ug/ml, 13T AHARAE 0.
5pg/mie) 52 synephrine¥} octopamine?| HEF&&
Arrsia SfelA AFs Aol wa Zi7te] A8E
A T PR £9L GOMS) F3te] WHEE
B2ol dlgh synephrine®] o] AHulel o3 &S
Axratdct.

GC/MS parameters

~-GC : HP 5890A
—MS : HP 5970B Mass Selective Detector
— Data system : HP 59970 MS ChemStation
- Analyzer : Quardruple mass filter(203 mm)
~ Ionization mode : Electron impact
- lonizing potential : 70 eV
— Column : Fused silica capillary SE-30, 17 m x 0.2 mm
X 0.33 um
- Oven temperature
- initial temperature : 140°C
- ramp temperature : 20 °C/min.
- final temperature : 300°C
~ Injector temperature : 280°C
— Transfer line temperature : 300°C
- Split ratio : 1/10
- Septum purge : 7 m//min.
- Flow rate of carrier gas(He) : 0.89 m//min.
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hydroxyl group# amino group trimethysilylationA]7] 7}

Scan 131 (4,200 min) of SYNIMS.J SUDTRACTED
Abundance
XL

200000
160000
120000 73

w0000

40000 }. ) l 21 268
[3

100 200 aoo
Mass/Charge

Scan 220 {5.274 min) af OGTTM3.¢ SUBTRAGTED
Abundance
4

1400000
1200000
1000000
sogoac
sg0000
400000

200000 100 147
od L { I

Mass ‘Charge

Fig. 1. Mass spectra of synephrine-(0-TMS),-N-TMS and
octopamine-(0-TMS),-N-(TMS),.
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Fig. 2. Mass spectra of synephrine-(0-TFA),-N-TFA and
octopamine-(0-TFA),-N-TFA.

215t MSTFAS} WHEAIZTH. o4tsl=  synephrine-(O-
TMS),-N-TMS$} octopamine-(O-TMS),-N-TMS &A= %]
g dhgo] AFH o2 JYE| A Y%L, 53] octopamine
¢} 7ol primary amino group$ 231 o] octopamine-
(O-TMS),-NTMS),7} A4 5}1t}. Synephrine{O-TMS),-N-
TMS$} octopamine-(O-TMS),-N-(TMS),¢] AF HEYS
Fig. 104 A¥R9, mz=116% miz=174& FEHo2
Z} 549 o-cleavaged)] 2]3jA ABA ¥ iminjum jon2 2
A], ©]E-& resonanceo] &34 HAstelo] Qo= Zt f
= 9] base peak= teR AT} 12] 3 m/z =267 ben-
zyl groupoll | FsH= FEZRA fragmento] T, m/z = 3685}
miz=4262 7 $EAS M-15p] SR ool of
o}gro] silylation¥r8-2 2z} A mass fragmentation
pattern2 A3dh=wHle E=&°| FA9, GC chromatogram
X 20 HFEAIZHE 713 B ol amino groupe] T
o) w} side productr} AAH7] W) 4A NEE B
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Trifluoroacetylation(TFA) : Synephrine3} octopamine-&
acetylating agentQ] MBTFAS} WHg-A|7|H FAHEZA
synephrine-(O-TFA),-N-TFA$}  octopamine-(O-TFA),-N-
TFA7} A48tk 2t A9 FF2HMEHE Fig. 294
AH R, synephrine-(O-TFA),-N-TFA9] Zfol&
synephrine-(O-TMS),-N-TMS$} o] o-cleavageol 2J3§A
AA¥E iminium ion (m/z=140)0] AxYA} U+ CH,
group®} electron donatingo]l 2}3iA] resonance effect7} Y
oju tASE7] wWlEe] base peakz UENIA|T,
octopamine-(O-TFA),-N-TFA®] 7 $-olli= primary amino
group2 7FX 2 907] #Eo synephrine-(O-TFA),-N-TFA
of|A} 2] electron donating®i] 2]3} resonance effect”} Qo]
LbA] ¢4 benzyl group2) fragment7} base peak(m/z =315)
2 yehdt}. o]e}zte] trifluoroacetylation® amino group
o] Fxo] we} A2 t}E base peakS UERH7) wjFo
GCMS-SIMEH L 95t & FralEe] ¥l FS
F §1& ¥ o}a}, side product7} Wol TMSHEA| 9} o)
ARG sh=diE 2 o] HR 2§

Selective ~ derivatization(O-TMS-N-TFA) : Synephrine®} oc-
topamine2 ¢+ AojjA] 7]&g A *7 phenolic hydroxyl 2
benzylic hydroxyl groups} amino groupg FAl°l Zx =
MSFFA
80°C. 5 min
Phenolalkylamine-TMS-N-TMS-(1)

MBTFA
80°C. 5 min
Phenolalkylamine-O-TMS-N-TFA-(2)

Phenolalkylamine

Phenolalkylamine-O-TMS-N-TMS
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phenolalkylamine 7-2] 3}§E-2A silylationtF8-0] ¢ O-Si
ZYE back-bondingsl] JaM HlmH AHY AL sz
AT NSiZFEL v ofst AYe dta g7 Wil
7%t acetylating agentQ] MBTFA©!| 2|84} 47| x|ghuk-go]
YofubA] ehA & N-TFA amide S-S 4 & A4 G}
Synephrine 3} octopamine & #H8-4] ()7} (2elA M@ B
A MSTFAE Alg3ld &gl O-TMS-N-TMS-§- = 4| =
SHE ¥ Al&31M N-acetylationol] M ejAjol $& MBTFAS)H
H-&-A)7)A synephrine-(O-TMS),-N-TFA S} octopamine-(O-
TMS),-N-TFA7} A=) 11, o] €20 A= Fig. 33} 49| to-
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Fig. 3. Total ion chromatogram and mass spectrum of
synepyhrine-(O-TMS),-N-TFA.
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tal ion chromatogramol] A} Uehd 21 A side product7}
81, HYHQY Holag AL 4 UULH, EF reso-
lution=. $7] BjFo] silylation} acetylayion ¥F-g-7hol| 2] <]
A2 SEE 5 AU o] fEMY AFAYEYL A
HHEW  o-cleavageo] 9J3jA AMAJE benzyl groupe]
fragment(m/z=267)7} F52 22 base peakZ L}E}yt o
Zt FEAS] M-15] HA] EXole oz eyt 13
B2 HAAEE synephrined} octopamined] Mejd $%
&9 FEAHY ol 22 m/z=267¢ monitoring jonO 2
A &3t GCMS-SIM modedl] o] 3jA B8t ch.

AR MY

Citrus fruits © 2 A 2@ S84, 13 x PAle] Aw
el E243h= synephrine®} octopamine& EA] o] B33}
Atk HdeYHoz FT A3ty synephrine-(O-TMS),-N-TFA
¢} octopamine-(O-TMS),-N-TFA 2] base peak 2 FEA
2.2 EAs: m/z=267% WX EFE AL pseudoephedr-
ine-O-TMS-N-TFA &) EAA 0] m/z=179% moni-
toring ion 2. & Mejle] GC/MS-SIM modeZ R E #HYF,
F2F Y AHARES BA s

ABE RN A8 AL BU9 He y=1.
53x+0.009(r = 0.988), 7291 HSol= y=1.67x-+0.007(r
=0.994), 183 A% Aol y=1.88x+0.003(r=0.
999)24 uAo] FAth. Azke] ARolHS ARTAS
GC/MSo|*] SCAN moded] 7% 0.2pug/mio]n, SIM
mode]] 3ol 0.001 pg/mio]c}.

Table 194 FUel N AREE FUFEL 24319
olv] Rud EAulolele} vlmaith. 1 AneE ¥y
synephrine 2 217} BN ASEA Yk, F3
QAANNE Z+2t 0.78~1.55 ng/ge 0.46~1.88 pg/go]

Table 1. Concentrations of synephrine and octopamine in
citrus fruits

Concentration(tg/g)
Synephrine

Citrus

. Octopamine
fruits

Domestic Reported" Domestic Reported"

Tangerine 0.78~1.55 - <0.001 -

Orange 0.46~186 0.016 <0.001 0.160
Grapefruit <0.001 0.008 <0.001 0.009
Lemon <0.001 <0.001 <0.001 <0.001

Mass/Charge

Fig.4. Total ion chromatogram and mass spectrum of
octopamine-(0-TMS),-N-TFA.

" a data adoptted from reference 32, 33, and 44.
- limit of detection : 0.001 pg/g.
- mean of 3 determinations (5 samples/citrus fruit).
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AEHol 2dx)9 7ol 0016 pgg o2 HEE A=
o] A47PR T} 30~1008)9) & o) FEHUT}. 1)
} octopamine & 2] 39] 7-$-"*ell = 0.008 pg/ge) W)
ol A&AAAY oA +HE ZE ANBJME HEH
2] ekt

Table 204 & St 2314 FAFE AFNA FY3)
o ENH AE 298801, Fig. 59 Fig. 604 = 3
02 synephrineo] A&¥ D-19 A& o4& DA RS

=0

total ion chromatogram=3} ion chromatogramE-% L}ERNS]

Table 2. Concentrations of synephrine and octopamine in
drinks containing citrus fruits

Concentration(jig/m/)
Citrus Synephrine Octopamine
fruits
Domestic Reported® Domestic Reported”
D-1 1.5-3.2 4.8-16.0 <0.001 0.16
D-2 42-8.1 - <0.001 -
D-3 4.1-72 - <0.001 -
D-4 22-53 - <0.001 -
D-5 1.5-3.7 - <0.001 -
D-6 1.2-5.1 - <0.001 -
D-7 <0.001 <0.001 <0.001 <0.001
D-8 <0.001 - <0.001 -

- a : data adoptted from reference 32, 33, and 44.
- limit of detection: 0.001 ug/m/.
- mean of 3 determinations(5 samples/drink).

Abundanca
NAN D -
[}
n
n
.

TIC of DATA:ORANGE. D

1

i

4 s g 7
Tima (min_)

D. S Lho J A Les, S. K Kim, H. 8. Jung, B. K. Yoo, J. S. Park

o T EAE Aae U AT 2AAFAQ
D-1N80A 75¥ synephrined] FEi 1.5~32 pg/mls
A, o) RN o) A Lol A 9] FEQ) 48~16.0 pg/
miEt} 3~54) AEe) ¥o T & Hc) D73 D-8o)A
synephrine& A& %7 ¢igkor, D-1~D-69) & 1.2~8.1
ug/mld) Fx2 AZ 5t Octopamined] A4 &) Eofjrj:
0.16 pg/mle] v]Fo 2 HEHATHE B2 gdx)w
FTujol A =33 F2FoME A3 AEHA gt

fable 3o M S A AlBEE QAAF2AEE A

TIT ef DRTA:HMIRANDA. D

5. @cs I

Lo .I‘& N TR W § S ",
p

s ? 8
Tima (min. )

Ion 1?23.6% amu. from DATR: MIRAMDA.D

ciade ot

@S, 3

4 5 6
Time {(min.)

on 267.92 amy. from DATA: MIRANDA.D

1
d.eeged @
2. BBEBBQS%

T
i

a.

-3.8v3reas

Abundance

“ S 6
Time (min.)

Fig. 6. Total ion chromatogram and ion chromatogram
of the derivatized ether extract of the sample D-7.

Table 3. Urinary excretion of synephrine

Ion 173.02 amu. from DATAR: GRANGE.D

e=e—3.829

== 4.424

4 S
Time (min.)

]

loen 267.88 amu. from DATA: ORANGE.D
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Fig. 5. Total ion chromatogram and ion chromatogram of
the derivatized ether extract of the sample D-1.

D-1 D-2 D-3
Excretion
(hour) conc. amount conC. amount conc. amount
(hg/m)) (ng) (Mg/m) (ug) @Eg/md) (ug)
0 <0001 - <0001 - <0001 -
3-4 o0l 16 018 54 049 147
5-6 029 8 056 140 032 112
7-2 027 8 079 237 029 100
13-22 021 52 075 225 078 234
23-27 060 34 008 75 050 125
28-32  0.03 11 0.05 19 006 43
33-48 <0001 - <0001 - <0001 -
Total 28 (11.7%) 750 (12.4%) 761 (14.1%)

- limit of detection : 0.001 pg/m/

- mean of 3 determinations

- amounts of administration — D-1: 2.4 g,
D-2: 60g, D-3: 54¢g
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Fig. 7. Total ion chromatogram and ion chromatogram of
the blank urinary extract.
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Fig. 8. Total ion chromatogram and ion chromatogram of

the derivatized urinary extract of a volunteer who
has taken 5 cans of the sample D-1 and mass spec-
trum of synephrine-(O-TMS),-N-TFA.
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Fig. 9. Distribution of synephrine-detected samples vs con-
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