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SUMMARY 

The quantitation of captopril in biological fluids by gas-liquid chromatography 
using a flame photometric detector is described. Captopril was converted into an 
adduct with Nethylmaleimide and then into the hexafiuoroisopropyl ester. The latter 
derivative was separated on a 2 % OV-210 column and determined by employing the 
captopril-N-hexylmaleimide adduct as an internal standard. The blood level and 
urinary excretion of captopril administered intravenously to dogs were measured by 
the proposed method. 

INTRODUCTION 

Capto@! [l-@-3-mercapto-2-methyl-lsxopropyl)-L-proline] (SQ-14,225) is a 
potent, specific and orally active inhibitor of angiotensin-converting enzyme, one of 
the most important components in the renin-angiotensin system14. Recently, both 
tn vitro and in vjvo expriments have revealed that captopril is readily converted into 
the disulphide and unknown sulphur-containing compounds5. On the other hand, 
captopril is a major urinary metabolite in mice6 and human? when it or its disulphide 
is achinistered. The method so far available for the quantitation of captopril in 
biological fluids involves the measurement of radioactivity on a thin-layer chro- 
matogram5. This procedure, however, is not necessarily satisfactory with respect to 
feasibility and reliability. An urgent need to clarify the metabolic fate of captopril 
administered intravenously to dogs prompted us to develop a new method for the 
determination of captopril. This paper describes a gas-liquid chromatographic (GLC) 
method for the determimkon of captopril in blood and urine using a flame photo- 
metric detector. 

l To wlmn c.omsponW should be ackkssd. 



Gzs+zzid chromatography - ; 

A ShimzGzu ModeI 4B_M gas c&omato_*ph equipped with a Model FPD IA 
flamt photometric detector and a coiled glass column (1 m x 3 mm I.D.) =m used. 
‘The c~htmn was packed with 2% OV-210 on Gas-Chrom Q (SO-10 mesh). The 
detector and flash heater were maintained at 250” and the column at 215”. The flow- 
rate of tier ,W (nitrogen) was 50 ml/min. 

Gas chrotnatogmphpmass spectrometry 
A Shimadzu Model EKB-9CXKbB gas chromatograph-mass spectrometer was 

used. A co&d -@ass column (1 m x 2 mm I.D.) was packed with 2% OV-210 on 
Gas-Chrom Q (SO400 mesh). The flow-rate of carrier gas (helium) was 30 ml/min. 
The temperature of the column was 195” and those of the injection port and ion 
source were 27W. The acceleratig voltage, ionization voltage and trap current were 
3.5 kV, 70 eV and 60 PA, respectively. 

Materiais 

Captoprii‘was supplied by Sankyo (Tokyo, Japan). Kexafluoroisopropanol, 
trifiuoroacetic anhydride, N-ethylmdeimide (NEM) and other chemicals were of 
analyticai-reagent grade. 

Symhesis of captopri~-~~-~e~I~ie~rnide adduct 

A solution of maleic anydride (11 .S g) in chloroform (120 ml) was added drop- 
wise to a stirred solution of n-hexylamine (10.1 g) in chloroform (10 ml) at 0” and the 
resuhing soIution was evaporated to dryness. A solution of the residue in acetic 
anhydride (50 ml) was heated with anhydrous sodium ace&&e (3.3 g) at loo” for 1 h 
and then at 160” for 10 b. After removal of the precipitate by filtration, the titrate 
was poured into ice-water. The soIution was stirred to decompose the escess of 
reagent, adjusted to pK 9 with 5% sodium hydroxide solution and extracted with 
ethyl acetate (100 ml). After evaporation of the solven& the oily residue was &o- 
matographed twice OQ silica gel. The &ate obtained with n-hexane was subjected to 
preparative thin-layer chromatography cnc) using cbloroform-berzene <9:1) as the 
developing solvent. Elution of the area corresponding to the spot gave N-hexyl- 
maIeimide (NHM) (1.5 g) as. a colourless oil. Mass spectrum, m/e IS1 [hi]‘. The 
product was homogeneous as jud@ by TLC. 

The captoprii-NKM adduct was prepared by the Michael addition reaction 
from captcprif and NKM in the usual manner. The desired compound was not 
obtained in the crystalline state but was substantially homo,o;eneous as jud,ged by 
TLC. Mass spectrmn, m/e 399 [h%J+ ; TLC with c’nlorofot;n-me+&anol-acetic acid 
(30:8:0.5), RF = 0.54. 

Preparation of hexa$uoroisopropyl ester derivative 

Hexaf%xoroiscprcpanol (0.3 ml) and trifluoroacetic anbydride (0.05 ml) were 
added to a sample containing captopril-NEM (SW%500 ng) and a known amount of 
captopril-NHM, and the resuhing solution was allowed to stand at 50” for 60 min. 
After removal of the excess of reagent by means of a stream of nitrogen, the residue 



was dissolved ia ethyl acetate (0.24S ml) and a 5-~1 volume of &is solution was 
injected info the gas chromatograph. 

~sstzy of captopril in blood mrd urine 
A l-ml volume of blood was added to a (0~2% solution of NEM in 0.1 M 

phosphate buffer and tseated twice with 5-ml volumes of 10% metaphosphoric acid. 
After removal of the precipitate by centrifugation at 160 g for IO min, the super- 
natant was extracted three times with HI-ml vobmtes of ethyl acetate. The or=mic 
layers were combined and evaporated to dryness in VQ~O_ The residue was dissolved 
in 5 ml of acetate buffer (pH 6.0) and extracted twice with 5-ml volumes of ethyl 
acetate. The aqueous layer was acidified with 0.1 N hydrochloric acid (5 ml) and 
extracted three times with 5-ml volumes of ethyl acetate. The organic layers were 
combined and evaporated to dryness irz VCICUO. After addition of an internal standard 
to the residue, the mixture was subjected to derivatization with hexafiuoroisopropanol 
and trifluoroacetic znhydride, followed by gas chromatography- 

With urine, 2 ml of the specimen was mixed with a 0.2% solution of NEM in 
0.1 RI phosphate buffer and the solution was processed in the manner described 
above without the deproteinization step_ 

Stabikty test for captoprii-NE&f in blood and urine 
The test sample was prepared by dissolving CQ. 6.2 ,ug of captopril in canine 

blood (I ml) or urine (2 ml) diluted with a 0.2 % solution of NEM in 0.1 M phosphate 
buffer (1 ml), and the solution was allowed to stand in a refrigerator for 5 days. The 
determination of captopril-NEM was then carried out according to the above pro- 
dUE_ 

Recovery test for captopril added to blood arzd urine 
The test sample was prepared by dissolving co. 8.5 pg of captopril in canine 

blood (1 ml) or urine (2 ml) diluted with a 0.2 % solution of NEM in 0.1 1M phosphate 
btier. The determination of captopril was then carried out according to the above 
procedure. 

Determination of coptopril in canine blood and urine 
Female CSK beagle dogs (body weight IO-123 kg) were administered a siogle 

intravenous dose of 1 m@g of captopril in 0.2 M phosphate bu5Ter @H 7.4). Blood 
was withdrawn from a supeticial vein and urine specimens were collected through a 
ca*&eter inserted in the bladder_ Captopril in these samples was determined by the 
above procedure descrii above. 

REXIJXS AND DISC-JSSION 

The facile redox reaction be.tweeu captopril and its disulphide in biological 
fluids has been reported previousXy5. Our initial eEort was therefore directed towards 
the rapid protection of the sulphydtyl group of captopril to prevent its oxidation 
to the tiphide. Treatment of captopril (i, Fig. 1) with HEM in phosphate buGer 
readily provided the adduct, whose structure was uneqrrivovally characterized by 
inspection of the mass and nuclear magnetic resonance spectra. 
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Several attempts to silylate captopriLNEM with N,O-bis&imethylsilyl)- 
acetamide or N,eb~~~ylsilyl)~uor~~~de failed owing to its poor 
reactivity. Accordkgly, deriva5zation of the proline moiety into the volatile 
ester was undertaken- When treated with lxxafluoroisopropl in the presexe 
of ~trifluoroacetic anhydride as a catalyst?~~, captopriCNEM was converted into the 
hexafiuoroisopropyl ester (II) (Fig. 1). As illustrated in Fig_ 2, esterification with 
these reagents proceeded readily at 50” and was completed in 60 ruin_ The 
structure of derivatizzd captopril was characterized by gas chromatography-mass 
spectrometry (Fig. 3). The molecular ion peak, [Ml’, and fmgment ion peak, (M 

- 126f+, formed with ffie loss of the N-ethylsuccinimidyl residue appeared at m/e 
492 md 366, respective!y. The base peak at m/e 264 was assigned to the heptafluoro- 
isopropyl ester of proline produced by the l&ion of au amide hkage. 
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Fiir-fii cocrsc for csrrifbtion of captopriCNEM_ The rcactia was cars&i out w&h haa- 
Ou~panol (O-3 n4) and txi&xoroas.&c anhydride (0.05 ml) at Silo’. 

This promising derivatktion procedure was applied to the determkation of 
captopril by the interval standard method_ Of several closely related compotmds 
prepared in these laboratories, CzptopriLNHM was ChosfS as the interllaI StandEird. 
OV-210 was found to be most suitable statiouary phase for the present pnrpose. A 
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typicd gas chromatogram of captopril and captopri&NHM is shown in Fig_ 4, These 
two compounds gave a single peak of the correct theoretical sbqne 011 the gas cbro- 
matogram_ A calibration graph was constructed by plotting the ratio of ffie peak 
height of captopril to that of l &e internal standard against the amount of the former; 
satisfactory l&aAy was obsened ia the range L-5 pg of captopril (Fig- 5)_ 

The utility of the present method for the analysis of capSopril in blood and 
urine was tested with dogs. Deproteinization of the blood specimen was accomplished 
by treatment with metaphosphoric acid in r&e usual manner- Separation of captopril- 
NEM in blood and urine was effected by extraction with ethyl acetate. In order to 
check the validity of the proposed method, a known amount of captopril was added 
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Fs 4. Gas dmxnatcgmn of captopril(1) and czptopr&Nr~ZM in- standard (2). 

F= 5. CaE3ration graph for captopril. 



to the samples and the recovery was rmasuzd by the proposed procedure (Table r)_ 
The ocean values obtained far the blaad and urine SSII~&.S were SU”A a& H30°A, 
nzspeckziy_ A satisfktory recapry was also -ed with captopr&NEM added 
to the ?hod and a&e specimens- In addition, it wzs deztonsmted that czptopril- 
‘IVEM in the biologkl fluids was stabie for at kast 5 days when stored in a refrigerator, 

TABLE L 

RECOVERY OF CAFT-OPEUL AND CAFTOPRIL-NEK ADDED TO BLQQD AND URINE 

The amounts of captopril in blood and urine were determined after intravenous 
administration of 1 m-g/kg to three dogs. The change in e&e blood level of captopril is 
illustrated in Fis_ 6_ The blood concentration decreased markedly after 3 min and rzo 
unchan& captaprii was detcctile after 2 h_ The haWife was calarlated to be 
i9_5 min by the linrzr regression m&ad. Simultaneously, the cumuhtive uriiwy 
excrcticln of captopril was afso determined (Table rr). Hzlf or more amount of the 
administered uptopril was excreted in the urine within I h and the mean recovery of 
unchanged czptopril after 24 h was 74%. 

‘Ike proposed z~tkad for the determination of captopril in biological fluids 
wzs s&kfactorywith respect to bath sensitivity and reriability in animal experiments. 
It should k noted that derivatizatian of captopril into the NEM adduct prewznts 
its o_xi&tive degrzcktion and f&iEtates its separation from biological mat&&. 
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o-1 6L2 53.9 
r-2 5_5 113 
2-6 7.4 7.9 
624 nd_’ 0.9 
txz4 (total) 74-z 74.0 

* Not de&sable. 

It is hoped that the proposed method for the quantitation of captopril will 
provide a more precise knowledge of the pbarmacokinetics of this dwg_ Further 
quantitative studies on the metabolic fate of captopril in living animals are being 
conducted and the details will be reported elsewhere. 
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