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SUMMARY 

This paper describes the development of a capillary gas chromatographlc-mass 
spectrometrlc method for the determination of N-[ frans-2-(dlmethylammo)cyclopentyl]- 
N-( 3’,4’-dlchlorophenyl)propanamlde and I&S metabohtes m serum The method utlhzes an 
automated sample preparation whereby drug, metabohtes and internal standard are extracted 
from polar serum components by adsorption chromatography onto an XAD-type resm The 
N-demethylated metabohtes are derlvatlzed by acetylatlon prior to chromatography 
Detectlon 1s by mass spectrometry with chemlcai lomzatlon This method was utlhzed to 
determme levels of unlabeled and pentadeuterated drug and their respective metabohtes m 
canme serum after oral co-admmlstratlon No slgmflcant kinetic isotope effects were 
observed for either absorption or metabolism 

INTRODUCTION 

A new non-tncychc anti-depressant agent, N-[ trans-2-(dlmethylammo)- 
cyclopentyl] -N-(3’,4’-dlchlorophenyl)propanamlde (I), 1s reported to be 
generally more potent than lmlpramme with fewer side-effects [l, 21 Stu&es 
m dogs have shown that I E extensively metabolized by N-dealkylatlon to the 
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desmethyl (II) and his-desmethyl (III) metabohtes [3, 41. The parent drug and 
the desmethyl metabohte have previously been determined m camne serum 
with a packed column gas chromatographic method using electron capture 
detection [4] This method utilized a 3% OV-17, 2 m X 2 mm ID glass 
column and an isothermal temperature of 195°C Extraction of I from 
alkalmlzed serum was made with a toluene-methanol mixture followed by 
back-extraction into aqueous hydrochloric acid before pH adJustment and final 
extraction mto toluene. It is the purpose of this paper to focus upon the devel- 
opment of the analytical procedures and synthesis of the labeled drug required 
to assess the bioavailabihty of I using stable-isotope techmques 

The methodology and advantages of the use of stable isotopes m the assess- 
ment of bioavsulabllity have been previously reviewed [5-S] A primary con- 
sideration is the power of the method to detect differences m the bioavailabih- 
ty of formulations [9, lo] By the simultaneous admunstration of a labeled 
drug (oral or mtravenous) along with an unlabeled formulation, mtra-subJect 
variabihty occurring durmg the wash-out period of a conventional cross-over 
study is mmimlzed The benefits include more accurate data, reduced animal 
studies since cross-over legs are elnnmated and unlike radioisotopes, stable- 
isotope methodology can be used m humans without severe safety concerns. 

A capillary gas chromatographic (GC) system with alkali flame detection 
(AFD) was developed for use m optimizmg the extraction of I, II, III and the 
internal standard (IV) from serum using an automated sample extraction 
procedure. This method is a very sensitive technique m its own right and was 
found to be capable of quantitatmg I to subnanogram levels and II or III to 
nanogram levels m serum On the basis of the previously reported metabohsm 
[3,4], the 2H,-labeled analogue of I was prepared by labellmg the propanamide 
side-cham (Fig. 1). The AFD capillary CC procedure was then adapted for use 
with gas chromatography-mass spectrometry (GC-MS) to simultaneously 
monitor I, II, III and their stable-isotope labeled covarlants m serum This 
technology was used to demonstrate the bioequivalence of labeled and un- 
labeled I m dogs 
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Fig 1 Structures of I (X = H) and [*H,lI (X= ‘H) 

EXPERIMENTAL 

Reagents and ma terzals 
[2H6] Propionic acid (99.1 atom 5%) was obtained from Merck Sharp and 

Dohme Isotopes Synthesis of the intermediate, trans-N,N-dimethyl-N’-( 3,4- 
dlchlorophenyl)-1,2-cyclopentanediamme (V) has been described previously 
[1] . The metabohtes II and III, and I were obtained from The UpJohn 
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Company. Benzene, methanol, acetone, and toluene were obtamed from 
Burdock & Jackson Labs. (Muskegon, MI, U.S.A.) All other chemicals were 
from standard sources. Blank dog serum was obtamed from Pel-Freeze 
Biologmals (Rodgers, AR, U S A ) 

Capillary gas chromatography- alkah flame detectton 
The gas chromatograph used was a Hewlett-Packard Series 5880A gas 

chromatograph equipped with an alkali flame detector The column was 12 m 
X 0.2 mm fused-silica capillary column with a cross-linked methyl silicone 
phase, film thickness 0 33 pm (Hewlett-Packard) The mlection mode was 
sphtless with a solenoid activation (gas bypass) of 0.25 mm Helium was the 
carrier gas (flow-rate 1 ml/mm) and make-up gas (flow-rate 25 ml/mm) while 
hydrogen (flow-rate 3 ml/mm) and mr (flow-rate 150 ml/mm) were detector 
support gases InJection and detector temperatures were set at 200 and 3OO”C, 
respectively The column temperature was programmed from an initial 
temperature of 100°C (0.5 mm) to 200°C (30”C/mm), isothermal 200°C (7.2 
mm), 200°C to 250°C (30”C/mm) and isothermal 250°C (2 3 mm) after which 
the oven was returned to 100°C Peak areas and heights were determined by a 
recording integrator (Hewlett-Packard 3390A) and an m-house digital computer 
system 

Gas chromatographw-mass spectrometrlc condrt!ons 
GC-MS-multiple-ion detection (GC-MS-MID) was carried out on a 

Fnmigan 4600 gas chromatograph-mass spectrometer The GC-MS system 
was equipped with an on-column m-house designed inJector so that on-column 
inJection could be made into a large-bore capillary column (15 m X 0 53 mm 
I.D.). The bonded phase was cross-lmked OV-17, film thickness 1.0 I.trn (Qua- 
drex, New Haven, CT, U S A.). Chemical iomzation was obtained with am- 
monia reagent gas (113 Pa). The Injector, column (isothermal) and source 
temperatures were 250, 240 and 25O”C, respectively The carrier gas was 
helium at a flow-rate of about 3 ml/mm. The multipher was set at -1700 V, 
pre-amp at 10 -‘. Filament electron energy was 70 eV and trap current was 0.33 
mA. MID was used to monitor the GC effluent at the followmg mass units 
m/z (a.m.u. m parentheses) mternal standard IV (315), I (329), [‘Hs]I (334), 
III (343), [2H5]III (348), II (357) and [2H5]II (362) Peak areas were deter- 
mmed by manual integration methods provided by INCOS MS software The 
instrument was previously cahbrated using perfluorotributyl amme. 

Sample preparation 
Serum extractions were performed by a DuPont PREP I automated sample 

processor (DuPont, Wilmington, DE, U.S A ) Type W extraction cartridges 
(cross-linked styrene divmyl benzene macroreticular resm) from Clmical 
Systems Division of DuPont were washed by running program 14 twice usmg 
acetone and water m reservoirs 1 and 2, respectively [ 111. This removed 
potentially interfering substances on the columns. Venous blood was allowed 
to clot, centrifuged, and the serum was separated The serum was frozen if 
further preparation was delayed by more than 8 h For each sample, 1.0 ml 
of serum, 0 5 ml of internal standard solution (50 ng/ml IV in water) and 1.0 
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ml of water were added to each cartridge Calibration standards contammg I, 
[‘H5] I, II and III were prepared with serum to cover the expected concentra- 
tion range of samples Cartridges were placed mto the PREP I unit, which con- 
tamed water (25 ml) and acetone (25 ml) m reservoirs 1 and 2, respectively 
Program No 15 was selected with a temperature of 50°C [ 111 After run com- 
pletion (about 31 mm) the extracted samples m alummum cups were 
reconstituted m about 100 ~1 of toluene-methanol (80 20) and vortexed. The 
resultant mixture was transferred via a glass disposable pipet mto a glass micro 
vial (Reacti-Vial 100 ~1, Pierce, Rockford, IL, U S A ). Approx 10 ~1 of acetic 
anhydride were added to each vml, the vial was capped and then heated for 
30 mn at 100°C The sample was mixed and allowed to cool prior to inJectron 

In vwo testmg 
Anunal studies were performed using purebred beagles Oral solutions were 

admnnstered via gastric mtubation Blood samples were drawn through an 
mdwellmg catheter consistmg of a 21-gauge needle with a fluoroethylene 
propylene cannula, 51 mm X 1.3 mm 0 D , 0 86 mm I D (ABBOCATH T, 
Abbott Labs , North Chicago, IL, U S A ) The catheter was placed mto the 
antebrachlal section of the cephalic vem of the foreleg Once secured, a 
Luer-Lok mJection cap (Becton Dickmson, Rutherford, NJ, U S A ) was placed 
onto the end to prevent blood flow from the catheter About 0 5 ml of 100 
U.S P (United States Pharmacopeia) units of heparm per ml of salme were 
inJected into the catheter via the cap to prevent clotting 

Preparation of [2H5] I 
Benzoyl chloride (6 27 ml, 54.0 mmol) and [2H,]propion~c acid (2 01 ml, 

25 3 mmol) were added to a distillation apparatus consistmg of a 50-ml round- 
bottom flask containing a magnetic stnrmg bar, a one-piece 14/20 distillation 
head/condenser, a PTFE adaptor with thermometer, a 50-ml sidearm round- 
bottom flask and a nitrogen inlet system The mixture was heated strongly 
with an oil bath The volatile [2H,]propionyl chloride began to distill over at 
about 40°C The oil bath temperature eventually reached 225°C but the 
internal temperature of the distillate vapor never exceeded the bollmg pomt of 
the proplonyl chloride (77777 5” C) After the internal temperature fell and no 
more product distilled over, the bath was removed and product was transferred 
under nitrogen to a rubber septum capped vial Yield was 2 02 g or approx 
80% To a stirred solution of 4.49 g (18 0 mmol) of V m 50 ml of dry benzene 
(distilled from phosphorus pentoxide) were added 2 15 ml (23.5 mmol) of 
[2H5] propionyl chloride via a syringe This mixture was stirred at room 
temperature under nitrogen for 30 mm in a three-neck 14/20 500-ml round- 
bottom flask equipped with a stopper, nitrogen inlet and septum At this 
point, 250 ml of 1 M sodium hydroxide were added slowly with continued 
stirring The reaction mixture was transferred to a l-l separator-y funnel and 
extracted with 250 ml of diethyl ether The ether phase was dried over sodium 
sulfate, filtered through Whatman No 1 filter paper mto a l-l 24/40 round- 
bottom flask The solvent was removed on a rotoevaporator, yieldmg 5 59 g of 
[2H5] I as an oil 

To 1 98 g (17 1 mmol) of maleic acid in 6 ml of methanol were added drop- 
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wise 5 59 g (16.8 mmol) of [‘H5] I drssolved m 180 ml of diethyl ether. Stirring 
was discontinued after addition of the ether solution was complete The 
resultant crystals were allowed to settle for several hours and then collected on 
a smtered-glass filter The product was redissolved m the frit with approx. 
10 ml of warm methanol and filtered mto a suctron flask The recrystallization 
procedure was twice repeated and the purified product was collected and dried 
in vacua to constant weight. Overall yield was 5 17 g (64%) of [‘HJ I maleate. 
Chemical purity by high-performance liquid chromatography was found to be 
99 5 f 1 9% Comparison of the intensity data from the chemical ionization 
(CI) spectrum of [2Hs]I for masses m/z 334, 333, 332, 331, 330 and 329 
indicates that the material is approx 98 atom % deuterated m the propionyl 
group 

Preparatzon of mternal standard (IV) 
The internal standard was prepared by a procedure analogous to that 

described for I previously [l] A solutron of V (5 00 g, 18 3 mmol) m 20 ml 
of acetic anhydrrde was heated overnight at 90-95°C m a three-neck flask 
fitted with a nitrogen inlet and a reflux condenser connected to a mineral 
oil bubbler Water (100 ml) was added and heating was contmued for 1 h to 
decompose the excess anhydride The solution was made basic with 50% 
sodium hydroxide (pH > 10 with pH paper) and was extracted with 200 ml of 
diethyl ether. The ether layer was dried over anhydrous magnesium sulfate, 
filtered through Whatman No 1 filter paper and rotoevaporated to an oil The 
crude oil (8.04 g) was transferred to a 500-ml flask and drssolved m 10 ml of 
anhydrous methanol Oxahc acid dehydrate (3 21 g) was added with stn-rmg. 
After dissolution was complete, 300 ml of dlethyl ether were added dropwise 
over a period of 1 h The oxahc acid salt was allowed to crystallize over a 
penod of several hours after sturmg was drscontmued The crystals were 
collected on a fritted, smtered-glass filter The product was recrystalhzed from 
methanol-drethyl ether and was dried m vacua to constant werght The yield 
was approx. 88% (7 32 g) The oxalate salt was used as received 

RESULTS AND DISCUSSION 

The automated serum extraction procedure was based on disposable columns 
packed with cross-linked styrene divmyl benzene macroreticular resin Serum 
and mternal standard were added to the columns which were prewashed to 
remove substances which could interfere with the chromatography The 
internal standard (IV) was chosen because of its similarity m structure to I 
which gives srmilar extraction, solubllity and chromatographic properties 
After centnfugation the columns were washed with about 2 ml of water to 
remove unwanted serum components to the waste cup This left drug, metab- 
ohtes and mtemal standard on the column Rotational direction of centrifuga- 
tion was then reversed and the compounds of interest were quantitatively 
eluted from the column mto alummum sample cups with acetone The samples 
were then derivatized by heating with acetic anhydride in toluene-methanol 



(80 20)+ The desmethyl metabohte (II) was converted to the N-methyl amide 
while the primary amme metabohte (III) was converted to its mono-acetylated 
derivative. Confirmatmn of structures was made by GC-CI-MS with M+l ions 
at m/z 357, (II), m/z 362 ( [*H5] II), m/z 343 (III) and m/z 348 ([‘Hs] III) for 
the derlvatxzed metabohtes. Wlthout derlvatlzatlon, the resolution between I 
and II was about 0 4 It could be increased by slower linear temperature 
programming, however, the run time then exceeded 20 mm. After acetylatlon 
the retention time of both metabohtes increased. 

The chromatographlc system was first optimized on a gas chromatograph 
equipped with a cross-linked methyl fused-s&a column An alkah flame 
detector was used to exploit the nitrogen contammg molecules of interest. 
The AFD system utilized a rubidium-impregnated thermlomc source for the 
speclflc detection of nitrogen- and phosphorus-contammg molecules. The 
therrmonlc source was electrically heated and operated m a dilute hydrogen- 
an- atmosphere Flow-rates were such that xnsufflclent hydrogen was present 
to sustam a flame The mmlmum detectable level (MDL) for the AFD system 
for I was about 2 l 10 -13 g/s at a signal-to-noue ratio of 2. This value is slmllar 
to that reported by Sulhvan [ 123 . Assuming the mmlmum quantifiable 
quantity (MQQ) to be ten times this value, the MQQ 1s 2 pg/s. Therefore, the 
MQQ for I m solvent can be estnnated at about 2 ng/ml Taking mto account a 
five-fold concentration step m the sample preparation yields an MQQ of 400 
pg/ml. This value 1s smular to that obtamed from the recovery study where 
300- 500 pg/ml appeared to be the lower limit The sensltlvlty of this system 
depended pnmarlly upon the control of the hydrogen gas and the temperature 
and condltlon of the rubxdmm bead The AFD system used featured a non- 
adJustable hydrogen flow controller valve stem to restrict gas flow to tie 
detector. The rubidium bead was located inside a castle assembly and was 
relatively easily replaced. 

Lmemty of the GC-AFD system was shown by preparmg toluene- 
methanol (80 20) solutions of varying concentrations of I with a constant con- 
centration of IV. Samples were then chromatographed, the ratios of the 
responses of I and IV were plotted versus the concentrations of I Least-squares 
analyses of the data show a correlation coefflclent and y-intercept of 1.000 and 
0.0005, respectively, over the range 0 5-200 ng/ml. Recovery of drug from 

1 I , 

0 10 20 
TIME (mm) 

Fig 2 GC-AFD profile of sample preparation after derwatlzatlon of dog serum spiked wth 
I (4 ng/ml) and metabohtes. Con&tlons as described ln ExperImental Attenuation of 8 (0- 8 
mm), attenuation of 0 (8-20 mm) Peaks 1 = IV, 2 = I, 3 = III (acetylated), 4 = II 
(acetylated) 
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serum was demonstrated by assaying blank serum spiked wrth aqueous 
solutrons contammg varying amounts of I and metabohtes. Equivalent serum 
concentrations ranged from 0.26 to 216 ng/ml Metabohtes were added to 
simulate actual m vrvo samples and demonstrate non-interference. The results 
show a lmear relationship over the described range between drug concentration 
and the response ratios Linear regression of the data yrelded a correlation 
coefficient of 0 999 and a y-intercept of -0 0015 (n = 11) From the 
metabohte data, it appears that the detectron hmrt is about 10 ng/ml for each 
metabohte Correlation coefficients of 0 999 and 0 998 were obtamed for II 
and III, respectively, over the range lo- 300 ng/ml No underrvatized 
metabohtes were detected at any level. A typrcal sample preparation of serum 
contammg 4 ng/ml drug m serum 1s shown n-r Fig 2 Estunation of the 
precision of the method was made at two concentration levels of I m dog 
serum. Serum was spiked with I at the 4 ng/ml and 700 pg/ml levels. Seven 
1 O-ml samples were then assayed The resulting ratios of responses of I versus 
IV were compared for reproducibility. The relative standard deviations (R S.D.) 
of seven samples were 3 9 and 7.2%, respectrvely. The higher R S D. for the 
700 pg/ml samples reflects the greater varrabrlity as the detection limit is 
approached. Selectivrty of the system is shown m Fig. 3 for several structurally 
related compounds Structures are shown m Fig 4. Generally, the retention 
times increased for compounds as molecular weight increased as is expected on 
a methylsilicone column Therefore, the elutron order follows* C1, (VI) > Cl6 
(I) > Cl5 (IV), n-C,, (VI) > iso-Cl7 (VII), six-member rmg (VIII) > frve- 
member ring (I). A lmear dependence exists between the logarithm of the 
retention time versus total carbon number for Cl5 (IV) through Cl7 (VI). 
C,, (IV) does not he on the lure smce it IS a secondary amme wrth different 

Compound n 
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IV 1 
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Fig 3 GCYAFD prohle of I and related compounds of about 10 &g/ml Condhons as 

described m Expenmental Peaks 1 = V, 2 = IV, 3 = VII, 4 = I, 5 = VI, 6 = VIII, 7 = III 
(acetylated), 8 = II (acetylated) 

Fig 4 Structures of cycloalkaue 1,2-dlamme compounds 
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TABLE I 

RETENTION TIMES AND RESPONSE FACTORS OF I AND STRUCTURALLY 
RELATED COMPOUNDS WHEN CHROMATOGRAPHED ON THE CAPILLARY 
GC- AFD SYSTEM 

Compound Retention tune Relatwe response factor 

(mm) (relative to I) 

V 8 33 
IV 9 00 
III 9 52 
VII 9 63 
II 9 85 
I 9 99 
VI 114 
VIII 12 3 
Acetylated III 16 6 
Acetylated II 19 5 

12 
12 
-_ 

10 
- 

10 
0 66 
0 59 
- 
- 

retention mechanisms. The response factors and retention times of these com- 
pounds relative to I are given m Table I 

The capillary column used m this work generated about 4300 plates per m 
for I with a hehum flow-rate of about 1 ml/mm A peak equivalent to about 
50 pglml I (by peak area) had been observed with a retention tune near to that 
of I However, it appeared rarely and could be checked for by runnmg a serum 
blank Human serum when prepared snmlarly showed no substantially mter- 
fermg peaks Interfermg peaks produced by blood collection devices had been 
reported with other methods and drugs [13]. None were observed here. Use of 
glass pipets whenever toluene-methanol was used aided m reducmg this 
background. The sample preparation may be stored at least five days at room 
temperature. Although this conventional GC-AFD method was developed as 
an adjunct to the GC-MS procedure, it was found to be a very sensitive 
method for the determmatlon of I m conventional bioavailability studies 

Gas chromatography-mass spectrometry 
The primary change m the conversion of the GC-AFD methodology to 

GC-MS was the inJection system Sensitivity, reproducibility and mstrument 
design drctated the use of on-column mJectron m place of splitless inJection 
Therefore a large-bore (530 pm) fused-silica column havmg the same stationary 
phase used for the GC-AFD system was employed. Smce separation of the 
solutes from the serum background was not necessary with the mass 
spectrometer, isothermal temperature conditions were used. CI with ammonia 
as the reagent gas was utllrzed smce no fragment of sufficient mtensity con- 
taming the label was observed m the electron iomzation (EI) spectrum (Frg 5). 
The parent ion of the CI spectrum at m/z 329 1s easily dutmgmshed from the 
m/z 334 parent ion of [‘H5] I (Fig. 6). Fig. 7 shows a mass chromatogram with 
MID output of a serum standard contammg about 10 ng/ml I and [ *HS] I and 
18 ng/ml IV (m/z 315) As observed with the GC-AFD system, there was 
shght separation as the deuterated compound eluted earlier than the unlabeled 
drug 
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Fig 5 Electron-lomzatlon mass spectrum of I 
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Fig 6 Chemical-lomzatlon (ammonia) mass spectra of I and [ ZH,]I 
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3 46 3 53 4 00 4 07 4 14 

SCAN /TIME 

Fig 7 Multiple-ion detectIon output of serum standard contammg 18 ng/ml IV (m/z 315), 
10 N/ml 1 (m/z 329) and 10 nglml [W,]I (m/z 334) TIC = Total-ion current 

Recovery studies were performed usmg the automated extractron system 
The mitral recovery study produced a bl-linear calibration curve for both I and 
[2H5] I Equations of lines for the lower range (0 5-10 ng/ml) and upper range 
(10-100 ng/ml) were y = 0 0218~ + 0.00297 and y = 0 0327x - 0.108, 
respectively, for I Those for the respective lmes of r2H5] I were y = 0 0228x + 
0 0108 and y = 0 0318x - 0.0959 Correlation coefficients of > 0 999 were 
observed for all lmes Subsequent calibration curves were described by a single 
lme over the entire range. This increased hneanty of the system was reahzed by 
the replacement of the ion source filament and a mmor system retunmg 
Precrsron of the method was assessed by determmmg the I/IV and [‘HJ I/IV 
ratios of six samples processed from the same pool of serum for each of two 
levels 10 and 1 ng/ml The R S.D. values at the lo-ng level were 4.4 and 2.2% 
for the unlabelled and labelled ratios, respectively The R S D values at the 
1-ng level were higher, 7.6 and 5 3%, reflecting the approach to the detection 
lumt. A blank serum sample was processed without mternal standard and was 
found to contam no slgmficant mterfermg substances. 

Appkatlon of the method 
A dog study was performed to demonstrate equivalence between I and 

[2H5] I 111 beagles. Aqueous solutrons of both I and [2H5] I at 2 mg/kg (1 mg/kg 
each of I and [2H5]I) were given via gastric mtubatlon to one beagle Samples 
were obtained for 24 h Visual exammatlon of the results (Fig 8 and Table II) 
indicates a I,, for I at about 1 h, while II peaked at about 0 75 h and III at 
about 4 h The latter metabohte was detectable up to 24 h II was observed 

wlthln 15 mm after admunstratlon. Cahbratlon curves for I and [2H5] I yielded 
regression hnes described by the equations y = 0.0342~ + 0.0106 and y = 
0.0325x - 0 0056 with correlation coefficients of 0 998 and 1 000, respectlve- 
ly Those descnbmg the regression lines for II and III were y = 0 0395x - 
0.0777 and y = 0 032x - 0 0562 with correlation coefflclents of 0 998 and 
1 000, respectively 
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12 
TIME (h) 

Fg 8 Profile of I (o), [2H,lI (*I, II (01, [‘H,III (~1, III (*I and VH,lIII (*I 111 dog serum 
See Table II for tabulations 

TABLE II 

CONCENTRATIONS OF I, II, III AND THE “H,-LABELED ANALOGUES IN DOG 
SERUM AFTER A 1 mg/kg DOSE OF BOTH I AND [‘H,]I 

Time Concentration (ng/ml) 
(b) 

I WI1 II I”H,lII III [‘H,]III 

0 ND* 
025 ND 
0 50 0 51 0 41 
075 386 3 80 
1 00 5 42 5 55 
200 4 19 3 89 
412 156 1.44 
8 07 0 67 0 48 

128 ND ND 
184 ND ND 
240 ND ND 

ND ND ND ND 
5 70 5 98 ND ND 

12 1 12 1 7 64 7 75 
23 2 24 4 9 61 9 37 
110 115 12 6 14 2 

9 35 9 77 14 7 16 5 
9 04 9 54 19 4 22 2 
4 77 5 00 10 7 11 3 
3 44 3 45 10 0 10 6 
2 72 2 81 8 33 8 64 

ND ND 4 52 5 04 

*N D = Not detected 

Metabohsm was extensive with II formmg rapidly. Further demethylation 
of II occurred to form III. As expected a later peak serum concentration 
time of III occurred This 1s slmllar to the metabohsm of lmlpramme observed 
m rats and humans 1141 Imlpramme, a tertiary amme, underwent N-de- 
methylatron rapidly and desmethyhmiprsmme, which is also pharmacologklly 
active, appeared m the blood withm mmutes after admlmstration [ 15--171 . 
Further demethylation occurred to produce his-desmethyl imipramme, though 
this is not a major pathway m rats or humans Imlpramine had been reported to 
have low oral absolute bioavallabihty and smce it is well absorbed m the gastro- 
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TABLE III 

RATIOS OF LJNLABELLED AND LABELLED DRUG AND METABOLITE 
CONCENTRATIONS 

Time U[2H,lI II/[ ‘H,]II III/[ 2H,] III 

0 50 _* 100 0 98 
0 75 102 0 95 102 
100 0 98 0 95 0 89 
2 00 1 08 0 96 0 89 
4 12 1 08 0 95 0 87 
8 07 - 0 95 0 95 

12 83 1 00 0 94 
18 35 - 0 97 0 96 
24 03 - 0 90 

Mean f S D 104 ? 0 05 097+002 0 93 f 0 05 

*Serum levels too close to the detectlon hmlt to be consldered 

intestinal tract [14, 17-191 probably undergoes extensive first-pass 
metabolism Szmuszkovlcz et al [l] reported similar therapeutic activity for 
the metabohtes of I m the rat. 

The ratios of the serum levels of I and [ 2H5] I compounds were exammed to 
determine if any slgmficant isotope effect was present [20] These data are 
tabulated m Table III for I, II and III The coefficient of vanatlon 1s less than 
or equal to 5% for the mean of the I/[‘H,] I ratios. The ratios remam essentially 
constant at all tnne points measured and this 1s consldered mdlcatlve of the 
absence of a slgmflcant isotope effect 

CONCLUSIONS 

Drug I labeled with five deutenum atoms m the propanamlde side-cham ex- 
hibited no slgmflcant kmetlc isotope effect m beagles The cap&u-y GC-MS 
method with CI was found to be a selective and sensltlve assay for I, [*H5] I 
and their respective metabohtes m canine serum. This label and method are 
suitable for use m the determmatlon of the bloavsulablllty of I and Its formula- 
tion(s). The capillary CC-AFD methodology developed as an adjunct to the 
GC-MS procedure was found to be capable of quantltatmg subnanogram per 
milliliter levels of I and should be useful for conventional determmatlon of I 
m blologlcal flulds. 
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