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Abstract—A gas chromatography with flame ionization detection was developed to measure tranylcypro-
mine in rat urine. The method involves extraction of the drug and the internal standard, N-methyl-3-
phenylpropylamine from the urine using ethyl acetate and back extraction into 0.5N H,SO,. Following final
extraction using dichloromethane, both the drug and the internal standard were converted to trifluoroacetyl
derivatives and analyzed using a column of 3% SE-30 on 80/100 mesh Chromosorb W(HP). A calibration
curve was constructed in the range of 5~50ug tranylcypromine sulfate in 0.5ml urine and found to be
linear. The detection limit was 2ug. The tranyleypromine could be analyzed with the percent recovery
of 100. 81+8.13 (SD) in a concentration range of 8~40ug in 0.5ml urine. When 0. 4mmol/kg dose of the
drug was administered through an oral route, excretion percent of tranyleypromine in rat urine over 36hr
was found to be 11.906.04 (SD) for tranylcypromine sulfate and 2.2340.63 (SD) for benzyl trans-2-
phenyleyclopropanecarbamate.
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A2l = MAOIM#IfER] Ul 2ste] = TCP £ESTE Adat FHilstd ot

EHE 5L TCPY in vitro ¥ in vive KK E A-Fsle 2ol A REEK] ERBAIA -
B 3 54 ARk #EEtEslel A Ade eyl 9lsld TCPe 2 R#@EHS oirE
WEizo] M ety ond, oA-& w3 TCP prodrugd =Zul 2 slols] BEAHO 2 59 (ER IR
=2 g Q55 ohvr]E 5t Bk #3 A& gy dsldx dasigch

At JRee] TCPE ”‘J‘ﬁ(}i".x_ GHTE Aol s el dov EREE ST EAE REMH
fhine Aoz melch Baselt 598 Abghe] mif 9 IRl TCPE- trichloroacetyl 54 2 9%
o] GC-ECDZ 73#7, 1~100ng/ml ¥ 9 & ERHSE st er] =3 Calverley S10% g%
2] TCPE N-acetyl =42 F5%38lo trifluorcacetyl §-x=x2] &2 GC-ECDz 4#7%to
GCEAELo R 500pgd 29 RKEE MEaRsIg 2v, o Wyer ratd] R +9 TCPE=&
Grirstg e

#F# 5 GC-ECDY Abgo] #lfRslel v =204 TCPY {#@HREA 4¢3 ShEe
2 rate] R TCPE GC-FIDZ E4 = vy & gErstg oo, o) W g o] &3+ TCP sulfate
W TCP benzylcarbamateg ratoll OHFEI 5 Rep Bl = TCPE €EF 4 9.

X B 5 &

¥ 2 HEETCP sulfater Smith Kline and French Laboratories (U SA)E By A9z,
°]7zi% Zofl 59l % conc. NaOH# dzZejphoz divtg F22XEo R $43 0 baseLdl g o
o 4 NaSO 2 Az F &9 & ABRESZ BEES BB (125°C/32mmHg) 3o} TCP base
Z gt mp 43~45°C(ait!" 44~45°C). 3-Phenylpropylamine(Fluka AG, Switzerland),
carbobenzoxy chloride (B %Ik, trifluoroacetic anhydride(TFAA, Sigma Chemical Co.), methyl
iodide (B #{L.E2), benzaldehyde(May & Baker, England) & #}7z} 79 3lo A-&3t¢ict. 3% SE-
30 80/100 mesh Chromosorb W (HP)-& Supelco, Inc. (U.S.A)elA 438l o A ola g g o] E,
HZzzeet 9 7lep Al BRREE SlelAl -9 AFEsl9rl. 1M carbonate 9+&-&
ol (pH 11)& Na,CO; 20. 78g¥ NaHCO; 0. 34g8 Hol 5o 100mlz wEo] Abgalg o).

EEM—- P50l Ab8-3 pHul = Orion Researchife] digital pH/millivolt meter 6110] ¢} = Rk
£ Sybron Thermolyne (Olympus, Tokyo)& Ab-&-ato] JlEsldet. A 94 £ E3 L Perkin-
Elmer Model 7102 2, nuclear magnetic resornance spectrat Varian EM-360L =X Varian
EM-360A 60 MHz ~s|Ez2njH & Ag-8le] o) Eapu] A A& NFEEHE 2o A9t GC/
MS#} 5% Finnigan 4021 7be 22elezele Ao 29 Euvl b2 J9n SRS A¢ %@
el Zgten] Jtx aRvlx zelzi= Hitachi Model 1638 AF-&-314 o}

2tA IE0LED L) MEHF—F= 4 (2. 0mx 3mm i.d.)e]| 3% SE-30 80/100 mesh Chromosorb
WHP) & Feifiste] Abgsigdet. Agl e 7= (Ny) 50ml/min, H, 1kg/cm?, air 2kg/cm?, #H2em
= 250°C, 28l s EAMEE S 250°CH 2.9 100°Cell A 200°C#H=] 10°C/mine 2 A A 514 o}

Benzyl trans-2-phenyleyclopropanecarbamate (BTC)2| &5 LU #ligr sEir—Kaiser =10
o] weg 33 zrol HEetgh. TCP base 560mg(0. 0042mole)-S- 4N NaOH 3mle} 2]z
o} 7]el 0.72g¢] carbobenzoxy chloride(0. 0042mole) & 10°CE fAA17]x1A] A A3F] 224 o3t
% 3 5 odl 20mlz FZEakgeh. olWlEF$ 2N HCl2 P S$8atz HO= b A #
Na,SO,2 Azstdeh. d8%S ozhal & AARAe] $4 WSS HAd G
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ML 710mge A 9ich. o2& o MetAldlel =3 Ao w 23] FEiEMSHY 580mg (KA 52%) &
Qolrh. mp 74~75°C kY 75~76°C). IR vpfiem™; 3380(NH), 1690(C=0), 1265, 1220
(C—0). NMR(CDCly) 6; 7.2(10H, m, aromatic H), 5.2(2H, S, -O-CH,-Ar), 2.5~2.9(1H,
m, cyclopropyl CH), 1.8~2.3(1H, m, cyclopropyl CH), 0.8~1.3(2H, m, cyclopropyl CHz),
5.0(1H, broad S, -NH; overlapped with -O-CH,-Ar). MS(m/e, %); 91(100), 50(93), 105
(16), 132(12), 65(11), 176(M*-CH,CiHs, 9).

Kiesel gel 60G(E. Merck, Darmstadt)e] =2+ 1% BTCL£ st 0.05% TCPgN-& Binista
EtOAc/MeOH/NH,OH(17:2: D2 REEs 9= Frz HEA 7t olw Ry 0.860] 4
BTC, 28] & Ry 0.5201 4] TCPE #Zstgict. =@y} BTCY TLCol A TCP EA& itz
A gkl &EE BTC 100pg<s ol & olAlslo]l E 0. 1mle] £z & TFAA 0.06mlZ jnst
of 50°Cell A 2087k ub-&A7 ¥ ERTHAA Lilkd 24do2 GC-FIDE 45Hif&w tr 12.5
Foll A Fig. 15} & peakst #A=Qow) A7y 24 ¥ (Fig. 2) 22 3o} BTC N-trifluoro-
acetyl =) qlo] Falslgivh. o= TCP sle)zay AMs = Fgoed o2y BTCS #HEE
F48 F A

AEEEYE (N-methyl-3-phenylpropylamine, MPPA)2| 4 p-—3-Phenylpropylamine 1. 35¢
0. 01mole) %} benzaldehyde 1.27g(0. 12mole)o] F<4 of el & 3mlE o] 3087 reflux¥ £+
2 WET BFEstz 2 BEES CH,I 1.70g
(0. 012mole) 3} 37 micro reaction vessel
(Supelco, Inc., U.S.A)e] &4 95~100°Co]
Al 17417 st wle HeO 2.6mls 4
o] & &7lol wb-&N & &)L 14 7H5 gk reflux
g & conc. NaOHZ do] pH 11~128 3}d
oWl 2 FZelar oW el A4t A=E E3}E
el o} N-methyl-3-phenylpropylamine
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Fig. 1—Gas chromatogram of trifluoroacetyl deriva- Fig. 2—Electron impact ionization mass spectrum
tive of synthesized benzyl trans-2-phenyl- of trifluoroacetyl derivative of benzyl trans-
cyclopropanecarbamate (BTC). 2-phenylcyclopropanecarbamate (BTC).
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: &2 FHiEmEtd 470mg (KA 25.4%)9]
3 fEEAe 9lglth. mp 143~146°COLER™

— 145~146°C). IR o%Erem™!; 2,400, 2,500

centrifugation (*NH, stretching), 1580(*NH, bending).
[ NMR(CDCl;) &; 9.5(2H, broad s, *NH,),
supernafémt 0.45 wl + 1,0 0.05 nl 7.2(5H, m, aromatic H), 1.8~3.2(9H, m,
NI CHHCHrN-C). A% 2929 ¢ Fia o
(b) 8} #ro] trifluorcacetyl § 2A| Z3be] F=}o]

2 m/e 2457F &5 9k, MPPA ¥ w35

1M carbonate buffer (pH 11) 2 ml

vortex 3 min HEAY st azvtEaesd o trol

organic layer 8 nl MPPA HCI¢- 3.8%, N-benzylidenephenylpro-

05N K0, 5 pylamine® 11.8%0]¢ = &3 MPPA HCI
vortex 3 min Fol A Tl elae AAs A gk

acidic aqueous layer 4,5 ml GCHAinipame] BLEH MG mE

dichloromethane 5 ml 1= Fig. 3o E#yslg o}, Ratﬁ.ﬂ pHE HiE

e S WOAT F R Liti 0.45mlgh F

vortex 3 min =~ 0.05ml, AEpEREYE 1 MPPA HCI stock

organic layer 4.5 ml soln. (20pg/ml <=g-4) 0.5ml, of & olA g o]

drying with Na,S0, anhydrous E 9mlE screw capg 71A A @ o) Y IM

carbonate QF%-Q—C’E (pH 11) 2mlE& deo] pHE

evaporation of solvent under N, 10.58 3F & 37} vortexdle] F&3l o] &

o A olAlHlol EF 8mlE o}E A el &HA

residue + ethylacetate 0,1 ml 0.5N H,S0, sml& €3 387 vortexdt 3

derivatization with TFAA 50 nl A ofAlelo] EE 3} A S St AlY

vortex 30 sac ol Egrl. FFol JFZ vt smle} 4N

o o win w0 NaOH 2l el o4 082 vorexshz 4

J 2S5 BrES JFE gk e & 9 NaSO.&

aFye] BT F ohE AP Sl 4.5

[ GC analysis I mE & AL haZ felE 2 dEw

: 2 Bl o1& otAlElol E 0.1mlE Yo =

Fig. 3—Outline of the analysis. g}, fEAlE trifluoroacetic anhydride 50

Z g3 30% 59 vortexd & 50°Coll A} 208 7F ES A S5 oAE AL Jlag HE23)
F GCz Firstg o, Folzs Fol & WEsld NHBEENE AL HE A3t

EA GRS PR ¥ ZULES BN RB-HEMS blankjR 1.8mle] 27t TCP sulfate

20, 40, 80, 120, 160pg¢ &H3F 4894 0.2mlE st 2.0mlA o] =4 stz ©]F 0.5mlA (5,

10, 20, 30, 40pg &F)E et S H kY ez S5 BASdch. A7 =g 43

A9 HEES 98lo = R 0.5mlell 8, 12, 20, 40pge] TCP sulfater 3 A dte] 218 Eqlg)

BECE & FA
FAFES] EE—194 7k #EEA 7 Hpe] Sprague Dawley rat (120~130g)e] TCP sulfate 0, 4
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Table I—Precision and accuracy in recovery of tranylcypromine added to rat urine.

- Amount added

Amount recovered RSD Percentage recovery
to 0.5 ml urine 7
(g (mean=+SD) (%) (mean=+SD)
8 8.4440. 35 3 4.15 105. 50+4. 38
12 11.07+0. 40 2 3.61 92.25+3. 30
20 19.2041.90 2 9.90 94.114+6. 20
40 42.02-+3. 38 3 8.04 105.04+8. 46

100. 81+8.13(SD)

Calibration curve equation (5~50 gxg range); y=0.1077x—0. 4223 (r?=0.999, y=peak-height ratio,
x=concentration).

Table II—Urinary excretion of tranyleypromine (TCP) after the administration of
tranyleypromine sulfate.

Amount detected (g as TCP sulfate)

Rat Amount Total amount Percent of
administered detected over  dose excreted
number (mg) 0-6hr 6-12hr  12-24hr  24-30hr 30-36hr  36hr (ug) as TCP
1 9.7 1174. 15 190. 30 233.54 39.97 14. 48 1652. 44 17.03
2 8.7 28.76 162. 24 200. 87 63. 84 0 455.71 5.24
3 8.4 196. 98 720. 25 192. 04 17.90 0 1127.17 13.42

11.90+6. 04(SD)

mmol/kg S Hof ARSI 77 G cageol WolA Table To] F#ie Az BAoz
364 AR 9 RS HEE] 919 SHi e TCPE ERsigdeh BTCY 7%= 0.4m mol/kg
2 &9 ol ehgd] % ¥ 5% CMCEal$ Yol WMMES whEo) KOst $U3 Yo
= RE BN, Sras

RERR % 258

Gcﬁ*ﬁﬁﬂgl BUE—IRF NRYE EHHS BRZEs s GC background based ko 43479
Ed 2 RES @EATY 3t 95F 34 & ekt Fig. 40] 2oldiz TCP 9 i
EegpHe 93 dola oo TE Holaw #AEA Bokt.

1M carbonate $}&2o o 2 pHE 10.5% FHi&dlo] oA olAHolE 2 523w TCPO pKar}
8.1591 Aoz HoHY free base AE| 2 FFo| 7153 Aoz A=)

GCz71ol A TCP 2 ifEdEHES] trifluorcacetyl(TFA) f =4 & #ikgto 24 goja9 ¥
ol 7t MLy oerz TFAREANZ HSiste Zo|l BEEAA FHEtH L, AA A3 =4
BEME AN A TCP 9 MPPAE= GC/MS=2 #ql3t A s} Fig. o] 3Ql Ag 25233 3o} &
A} o] &o] 3lols| o] N-trifluoroacetyl $ =47 =91-8-0] &g, z8lz B TFAF=A &
9HE & fEfn NaHCO; F89 o2 #ifkst o a ofAle o] EEE Matd F#iste] Rokov o
FIREREA A el #Hx #gterz AA fF=a HES F53to H4rstadch

REEEYES| mEd LB H4-TCPHHIe] A=A A &) 3-phenylpropylamine$-
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Fig. 4—GC-FID chromatograms of rat urine extracts
derivatized with trifluorcacetic anhydride.
Chromatogram (a) was from control urine
spiked with internal standard. Chromato-

RELATIVE

126

| th I ‘ ‘ 154 244 f\:;
gram (b) was from rat urine treated wit j o 2
either tranylcypromine sulfate or benzyl 60 o ‘OO 120 140 160 180 200 220 240
M/E

trans-2-phenylcyclopropanecarbamate.
Fig. 5—Electron impact ionization mass spectra of

HE35 2t 2% OV-17, 3% SE-30, Apiezon N-trifluoroacetyl derivatives of tranyleypro-
grease L 59 S AbLsly=s 24 A TCP mine (a) and N-methyl-3-phenylpropyla-
o] TRAR=A s RBEHH FEA tro] mine (b).

St 22 7b o} ). o]o] u]3le] N-methyl-3-phenylpropylamine?] TFAH-=4 <= 3% SE-
30Zk o A tro] 6.6 24 tgo] 5.5%¢] TFA-TCP9 &7 7ls3tart. 2% OV-178 AR&
39 ¢ W = TFA-TCP: 6.5%, TFA-MPPAE 7,286 A &qle] 53l o} TFA-TCP o]z
el 7} 3% SE-30 columnol 4 B} £x] ¢kglr},

B HREC fFk 2 FUCe MEtd WEiEHRS TCP sulfate 5~50pg $lol A AR
W] sojZEolkE: ZTFeQ 2w J Ve 0.1077, AL —0.422301 93 HFAREK
=0.9992 €& 4JAAAFE Hgov] HHERES 2ugol gt o EHiE BRERE ol&3td AA
243t REQ 0.5mlo] TCP sulfate 8, 12, 20, 40pge o] EAE A Table 1o B
3 F&o] 100.8148.13(SD)% =AM AA Zkie] o] & 4 -&o] = AT

TCP sulfate 2 BTCigga1% rat Reh TCP2| A47—0. 4mmol/kge] TCP sulfated #HrEi o]
Ao [Rep TCPS £-o Table Tol ftifisigeh. TCPRY Hhlte 364 771A He Aoz A7
He % BEES 11.904:6.04(SD) %7t Pl Aow RHelvh Rato] @EAEESA AL of
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Table III--Urinary excretion of tranylcypromine (TCP) after the administration of
benzyl trans-2-phenylcyclopropanecarbamate (BTC).

Rat Amount Amount detected ( rg as TCP sulfate) Total amount Percent of

administered —————— ————————-- detected over dose excreted
number (mg) 0-2hr 2-6hr 6- 12hr 12 24hr 24 30hr 30- 36hr Sbhr (yg) as TC
1 13.7 54.20 102.22 86.05 21.98 12.88 0 277. 33 2.97
2 13.9 40.43 19.72 38.98 11.38 14.56 0 125.07 1.32
3 4.4 69.19 64.39 2417 50.63 9.92 9.56 227.86 2.32
4 13.5 55.28 34.33 27.18 15.49 33.68 13.13 179.09 1.95
5 13.1 104.64 57.10 27.08 17.27 11.16 14.56 231.81 2.59

2.23-+0.63(SD)

A Abghell 30mg #EDEESL 244 F Fote] RE ST AR 2% ol 5yt TCPR Hhilts vt
T ®EVSs MRS

BTCY 7% gpaggsye] #iigs TLC GC(Fig. Dol 93t fgirstgl e BTCe TFAf=
AE GC/MS= #idh Ast Aol &L & 4 fdsleyt AH fragmentation &= 8o} TFA-
BTCYd <& &4 E + g+

BTCE ZEHBFE 7t TCPo vl ste] -Fahete #i5rt g™ BTCS TCPZ o] H#A ke
EE Tol st ®ES NI W £l ol H o] TCPr} rate] [Rel Bhlts] =21 & 44Tshe 2
& 9wzt ek & Aot Table Mo xolelz TCPZ Bt 364 zkoll A Slglem oA
2 TCP sulfated] #rgampel Kiplst g ot TCPzo BB 2.23+0.63(SD) %24 A4 7t
59}, ol AL BTCY ot RKEAE A 7} gl en, =& BTCs A% TCPE
#el e o] opa BTCHE = A4l RE@RKE S/ @2 =3 E 1sd=E ded 9
w]gte}, AA 2 ETC(ethyl trans-2-phenyleyclopropanecarbamate) &) 73-9-& ratfgrsho] arylhy-
droxy-ETC7} REMEZA Hhiltsl = 2ol EE 59 ATAdA A=A 4% Axp). =
g} BTCel MAO #ififE el TCPRx} & o]+ BTC Bgfho =z o] &3 MLz BE
=o] ZtelA] TCPZ sl = 3 &AL TCPF=E 4 + de 2oz "3715} T
9wt ol@§ Aol ETCE Abgste] A8S Ash 2ol BICHSE Hirhe) TCPE5% 3
gro] frelstka A4 v HE Fol & ﬁﬁﬂ%ﬁ‘@]/ﬂ“ o] Zlo} KLl A H7hF 3}9\9\5}
=3k 0.5N H,80,8 A&3led TCPE 932 5 Yo o2 ofigelE &8 o]L3te] BTCAA
o EBE AEstdov BTCE ot & Kbl BTCE wEAICE syl £ REHE
o Al FtedtAl gol FEREE AT

L]

S

RatfRAs tranyleypromineo] GC-FID4p#riig & 3tr] 1€ WRZNH 49 2545 A9

1) aipEE#edyE 2 4 N-methyl-3-phenylpropylamine-g Ab-g8l 9 51 o 52 744 & trifluoroacetyl
FrEA R 5] 3% SE-300.2 EATte 4¥rel EEMsr BEE MEARD 5 Ao

2) 0.5mle] JRr tranyleypromine sulfate 2 5~50ug W 9ol A fERE B HEHES BEHMES 0
> BHEBAE 2pgol ek 8~40pgs 5 He el A FAH3 382 100.81:4-8. 13(SD) %ol gl et
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3) 0.4mmol/kge] tranylcypromine sulfate 'z benzy! trans-2-phenylcyclopropanecarbamate®-
tell #EOBHSI 364 7HE k] JRE $4F A} tranyleypromineo 2 Phftsl = WA ELS 7

2+ 11.9026. 04(SD) =} 2. 23-+0. 63(SD) % 0] ¢) t}.
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