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SIMPLE HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHY DETERMINATION 

OF CAPTOPRIL IN HUMAN PLASMA 
AND CEREBROSPINAL FLUID 

PATRICK COLIN’ AND ERIC SCHERER* 
‘Departnierrt o f  Product Development 

Squibb Canada Laboratories 
2365 Cate de Liesse 

Montreal, Quebec, Canada H4N 2M7 
2Faculty of Pharmacy 

University of  Montreal 
Montreal, Quebec, Canada H3C 3J7 

ABsm-a 

A simple HPII: assay has been developed f o r  free captopril i n  
plasma and CSF, ancl for  its mixed disulphides  in CSF. 
Captopril  is d e r i v a t i z d  with p-bromophenacylbromide ( p B P B ) ,  
and the  addic t  former1 is estracted and then assayed using a 
revrrud-phase column and UV detect ion.  Captopril mixed 
disulphidcs  are reduced with txibutylphosphjne t o  t h e  free form 
which i n  turn is trapped with p-BPB. No clean-up procedures 
are necessary f o r  t h i s  method which shows sa t i s f ac to ry  accuracy 
and precis ion.  A s e n s i t i v i t y  l eve l  of lOng/mL has been reached 
for free and total cap topr i l  i n  CSF, and for free cap topr i l  in  
plas1na. 
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630 COLIN AND SCHERER 

hptopril t 1- D-3 mercapto-2-methyl-l-oxopro~vl~ -L 
-proline) (SQ 14,225) is the first orally active inhibitor of 
miotensin-converting enzyme and is used for the treatment of 
hyprtension ( 1 )  and congestive heart failure ( 2 ) .  In 
plasma, this drug is readily converted into its disulphide 
dimer and forms disulphide conjugates with endogenous thiol 
compounds ( 3 ) .  There is also good evidence from animal 
research that free captopril crosses the human blood-brain 
barrier ( 4 ) .  

Several reports indicate t,hat brain angiotensin I1 
participates in the regulation of blood pressure ( 5 1 6 ) .  It 
has heen proposed, from Rnimal data, that: prt of the 
hypotensive effect of captopril may be due to ACE inhibition 
within CNS structure ( 1 , 7 1 8 ) .  Furthermore, captopril 
represents a potential therapeutic advance for CNS disabling 
conditions, such as melancholia (*iIQ), 

However, there is only one stud.. involving a mall number 
of patients which suggests that one acute oral dose of 
captopril is able to inhibit the CSF angiotensin-converting 
enzyme ( 1 1 ) .  (3n the other hand, no direct measurement of the 
drug was done, To monitor captopril blood and urine levels, 
radiochemical ( 1 1 1 ,  0C-m ( 1 3 - 1 s )  ( 1 6 - 2 0 )  

methods were reported. The lack of a sensitive chromatographic 
assay to determine free and total (free and bound) captopril in 
humari CSF prompted us to develop a simple, fast and sensitive 
Hpu: technique using p-bromphemyl bromide (p-BFB) as a 
coupling reagent for the unstable mercapto group of free 
captopril. Quantitation of the latter in plasma is also 
described in this paper. 
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CAPTOPRIL IN HUMAN PLASMA AND CSF 

~ EXPERIMENTAL - SECTION ._ - 

63 1 

PI Hewlett,-Packard HP 1090 L liquid chromatograph, equiped 
with a W5 ternary solvent delivery system, was used. A HP 
1040A photrdiode-array W detector was utilized to monitor the 
column effluent at 26Onm. A confirmation wavelenght of 270nm 

wns added in order to determine the purity index of the 
compounds analyzed. A reversed- phase C-18 colmm w a s  used 

(lic-hnmxb RP-18 30 X 0.4cm) with a mean particle diameter of 
5 ? P I .  The peak areas were measured by a Hp 3392 A integrator, 
in an attenwition rar~&? of -1 to t1. The mobile phase 
consisted of a water-acetoni trile - acetic acid mixture 
(180: 220: 2,s) at. a flow rate of lml/min., at mbiant 
t,rmperat ure . 

Materials 

Captopril powder in its free form was donated by Squihb 
Ph:imeuticals (Montreal, Quebec). As a thiol protectant 
agent, pbromophanaoyl bromide (p-BW) was used and it w a s  
purchased from Aldrich Chemicals (Milwaukee, WTS) . 
"rihitylphospine (TBP) was obtained from the same supplier. 
Pheriylncetic acid, used as an internal standard, was purchased 
from Sigma Chemicals (St-Louis, Mob. Sodium chloride was bought 
from Fisher Scientific (Toronto, Canada). All reagents were 
reagent. grade. HFW grade acetonitrile was purchased from 
Calfdon (rmrgetown, Canada). Ethyl acetate and benzene were 
supplied by the same manufacturer. They were both of HPLC 
purity. plasma was given by the Canadian Red C r o s s  and 
fresh CSF (12OmL) w a s  obtained by direct pmcture of the brain 
ventricles of one patient, imediately after his death. 

H ~ ~ n a n  
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632 COLIN AND SCHERER 

For. the synthesis of the captopril p-9FJF.i adduct, melting 
pints were recorded on a a Gallenkamp apparatus, and NMR and 

mass spectra were taken on a Varian VXR-300 and a MS-50 T A T  

Kratos instruments , respectively. 

PrrmraLijm of the standard captopril - pBPB--ap_d_w~_oy the 
assay 

The captopril-pBFB adduct, was prepared in the  Medicinal 
Chemistry Lahratorg of the Facul1,y of Pharmacy, University of 
Moni reel, Montreal , Quebec, Canada, according to a modification 
of the methcd desescritx.4 by Y.  Kaimhara et A1 ( 1 6 ) .  

Captopril (0 .43g)  and p-BPB (0 .66 y )  were dissolved 
together in 4crmIA of methanol. Trir1,hylamine (0.40g) was t.hw 
adrkd and the mixture was rPfltwid for 1 hour. 
Vacr~uum-evalmration of the solkent gavp an oil which w a s  

dissolv~ in lO0mL of water. The solution thus obtained was 

alcalinized to pH 10 by a dropwise addition of 2M NaOH. Then 
i t  was washed four times with 25mL ethyl acetate. The organic 
1ayw was dist:nrchd whereas the aqueous one was broat, back to 
pH 1 by addition of 1M HC1. This was finally extracted twice 
by EIYIAc- (2OmL) , dried over MgSo4 4 evaporated in vacuo, 
5.00 mng (60%) of captopril-pBPB adduct was obtained as a clear 
oil. 

Thin layer chromatography performed on a silica gel 6Fz54 
gave a Rf of 0.45, using a herizene-acetic acid 3:l  mixture as 
a solvent. Mass spectroscopy and nuclear magnetic resonnance 
analysis were used to characterize the product obtained. 
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Freshly drawn b l d  (Id) was mixed with 50 pL of a 

so lu t ion  of EM'A (0.1M) and ascorbic  acid (0.1M). The mixture 

was immediately cent . r j fugd  at. 13,000 g for 2 minutes. 

An aliquot.  of 0.5mL of t.hc plasma obtained or CSF w a s  

add4 t.o H 16 S 125 mn screw-cap g l a s s  tube containing 50pL of 
a lng/nil. p-BPB so1ut.ion in  a c e t o n i t r i l e .  The tube was vortexed 

for 15 sco and then l e f t  at, room txmperature for 30 minutes. 

Following t h i s ,  100 pL of 1N HC1 and 5 0 p L  of a 0.02% (w/v) 
met.hano1 ic so lu t ion  of phcnylacetic acid ( i n t e r n a l  standard) 
werc added. Then, 5ml. of a 1 : l  mixture of e thyl  
acetate-benzene werc? poured i n  the  tube as an ext rac t ing  
solvent .  After H 3 miniitas vortex-mixing t h e  tube was shaken 

gent ly  for 15 minutxs. The aqueous phase was then sa tura ted  

w i t h  scxiium chlor ide  and the  tube w a s  cen t r i fuga ted  i n  order  t o  

sepiiratc the  phases. The organic layer  was removed and 
evaporated to  dryness under a stream of nitrogen, i n  a heat ing 

bat.h at 500 C. The dry residue was recons t i tu ted  in  250yL 
of acet.onitri1e and a 20 yL-volume of t h i s  so lu t ion  w a s  

in jec ted  in to  the  HPW. Typical chromatogram f o r  plasma and 
CSF samples are shown in f igure  la. After e lu t ion  of the  
i?apt.opril. addrK:t, t,he flow rate was increased t o  3mL/min. f o r  3 

min. t o  g e t  rid of the  excess p B P B .  

Total cap topr i l  i n  CSF 

0.5nL of CSF and 1mL of a 0.05 M phosphat-e buf fer ,  pH 7, 
were added t o  a 16 X 1 2 5 m  screw-cap glass tube,  which 
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CAPTOPRIL IN HUMAN PLASMA AND CSF 635 

contained 100 pL of a 2% (w/v) so lu t ion  of tr ibutylphosphine 
(mp) i n  a c e t o n i t r i l e .  The mixture was incubated a t  500 C 
f o r  45 minutes. After incubation, t he  mixture: was cooled to 

room Imnperature w i t h  co ld  water and then l O O p L  of a lOmR/mL, 
SCJlution of p-RPB in  a c e t o n i t r i l e  w e r e  added. The sample was 
vortexcd for  15 s e c . ,  l e f t  at, room temperature for. 30 minutes, 
extracted and assayed as f o r  f r e e  capt.opri1. Fig. lb  shows 
typical chromatograms obtained from captopr il  dimer. The flow 
rate was iriereasd to 3mL/min. from 5 to 8 min. t o  get rid of 
the  eyiwss p-BPB d TBP. 

kx i vet  i zat ion of captmpri 1 

A s  a thiol protect ive agent,  pBPB was used with success by 
bwahara et, a1 ( 1 6 ) .  WP fourad t ha t  no phosphate buf fer  w a s  
needed f o r  free captopr i l  1 1 1  e i t h e r  plasma or CSF, because 
these biological  f l u ids ,  even a f t e r  t he  addi t ion  of t h e  
EIXA-ascorbic acid mixture, have a pH i n  t h e  6-8 range, which 
is optimttl for the coupljng react ion.  A pH 7 buf fe r  w a s  u s 4  
only with t o t a l  cap topr i l  i n  CSF, in order t o  d i l u t e  t h e  
sampl~. Several maleimide der iva t ives  were t r i e d ,  bu t  they did 

not work as w e l l  as pBPl3, in  terms of reac t ion  time, recovery 
and e lu t ion  of the  adduct. 

Because captopr i l  oxidises  very rap id ly  i n  plasm, a 
mixture of 0.1 M hmA and ascorbic  acid was added t,o f r e sh ly  
drawn blood. Even with t h i s  protect ion,  t he  separat ion of the 
pl&qma f rac t ion ,  ava i lab le  for coupling with p B P B ,  should not  

last more than 20 minutes. Any additional delay w i l l  produce a 
loss of  captopr i l  g rea t e r  than 5%, and rapidly increasing with 
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636 COLIN AND SCHERER 

M I N .  

Fig. lb: 

0 2.5 5 0 2.5 5 

E F 

Typical chromatograms for total captopril, obtained 
with blank ( E )  and spiked (F) CSF samples. C and 
IS = a s  for fig. la. 

time. The addition of the coupling agent, directly into whole 
blood gave imsat isfactory results. 

R+ddwtion of  captoprsl dimex 

TBP has been successfully used by several investigators to 
reduce the disulphides bonds of captopril dimer and mixed 
disulphides ( 1 6 * 1 9 ~ 2 0 ) .  Incubation times ranging from 30 to 
60 minutes are described in the literature ( 1 6 * 1 g 1 2 0 ) .  We 
found that 45 minutes was sufficient for the complete reduction 
of 10 to 10,000 u / m L  of captopril dimer in CSF. 
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CAPTOPRIL IN HUMAN PLASMA AND CSF 637 

However, a grea te r  amount of p B P B  was necessary to  

achieve a c:omplete coupling react ion with the  free captopr i l  
released, because many endogenous disulphides seemed t o  be also 

reduced and reacted cmnpetitivaly with pBPB. 

E&rHction s t e p  

l3ot.h sdvenl.s, ethyl <acetate and benzene, used separately 

provcd t.o be poor estriict,ing solvents  for the  cxptopril-pBpB 

illidmt., but. u s 4  t,opether in 1: 1 r a t i o  w e r e  found t.o be very 

e f f  iciant.. To eva l r~a t~e  the recovery of the mptopr i  1-pBPB 

adducst and phenylacctic- acid, dnig f r e e  p l a s m  and CSF w e r e  
spi l td  with 50 and 1000 ng/mL of the adduct, and 20,ug/ml, of 

1,ha internaL standard. Extraction recovery w a s  ca lcu la ted  by 
dividing the peak areas a f k r  solvent extract.ion by the  peak 
areas obtained with an a c e t o n i t r i l e  solut ion containing the 
nominal values o f  the two subtances. The mean recovery was 

99.8 k 6.2% fo r  the captopril-pBPB adduct (N=10) and 
104.1 2 3.5% for phenylacetic acid (N=lO).  

Ex,ucess p-RPB and TRP w e r e  not renloved from the  samples 
dur ing  t h e  assay procedure, in  order t o  avoid time-consuming 

clean-up steps described i r r  o ther  methods ( ' 3 - 1 ' 3 ) .  The two 

reagents, and the adducts theoretirxilly formed with endogenous 
p l a s m  and CSF t h io l s ,  did not, i n t e r f e re  with t h e  ex t rac t ion  
arid the  e lu t ion  of the  compounds of interest,.  

Detector Wavelength 

A f ixed wavelength of 260m w a s  chosen from the  UV 
absorbarice scans of captopril-pBPB and phenylacetic ac id .  In  
order t o  confirm the  pur i ty  of the  peaks obtained on t h e  
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638 COLIN AND SCHERER 

chromatogram, a confirmation wavelength of 270nm ( r e f =  550nni) 
w a s  used. Both wavelengths w e r e  used with a bandwidth of 20m, 
according t o  thc  IN absorbance scans obtained with the  mobile 

phase used as a reference.  The mean pur i ty  index of the  adduct 
\as 0.99 2 0.01 (SD) (N=5) confirming the  MS and NMR da ta  

o h t a i n d  with the  pure st*mdard. Both the  scans "on t h e  f ly"  

and the  pur i ty  indexes were ident ica l  f o r  the pure standard and 
t he  adduct, formed i n  plasma and CSF. 

The memi pur i ty  indexes For phenylacetic acid, both in  an 
a c e t o n i t r i l e  solut-ion r m d  extracted from t h e  b io logica l  

matrices, were dso ident ica l ,  i.e. 0.98 2 0.01 (N=5) .  

____ Linea r iQ  - of the  response 

Free captopri  1_ 

Drug-free plasm and CSF samples were spiked with 

increasing amounts of m p t o p r i l ,  t o  give a concentration range 

of 10 - 750 ng/mL. A fixed amount of t h e  i n t e r n 1  standard WEW 

a l s o  added ( s e e  assay procedure). A standard curve w a s  

constructed by performing a l i n e a r  regression ana lys i s  of  peak 
area r a t i o s  (captopril-pBPB/internal s t d )  versus captopr i l  
concentrations.  Excellent, 1 inear i  t y  w m  found, as shown i n  

table 1. 

Drug-free CSF samples were spiked with increasing amounts 

of captopr i l  dimer, used as a standard f o r  captopr i l  mixtd 

disulphides.  A concentrat,ion range of 10 - 1000 ng/mL w a s  

used. Again, t he  peak areas r a t i o  method w a s  applied. An 

equation similar t o  t h e  ones obtained with free cap topr i l  was 

found, as shown i n  Table 1. 
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CAPTOPRIL IN HUMAN PLASMA AND CSF 639 

TABLE 1 

Equations of the Standard Curves constructed from the Peak 
Areas Rati.os (capr.-pRPB/int.std) against the Concentration of 
Captopril in d m L .  

Slope (t SD) Intercept (i SD) N l  Nz R2 
Free 
Form y : 307.82 ( i15.39)X - 75.45 (f15.09) 3 6 0.99 
i n  
plasma 
Free 
Form y : 311.78 ( i15.59)X - 15.95 ( f3 .20)  3 6 0.99 
i n  

Total 
Form y : 340.21 (f17.01)X - 55.27 (i11.10) 3 7 0 .99  
i n  
CSF -. . 

N l  : Number of standard curves constructed. 
N2 : Number of concentrations used for  each cal ibrat ion curve. 

Three di ffrrent concentrations of free captopri 1 namely 
50, 300 and 500 ng/mL of plasm of CSF, were used tn detrrmine 
within and btween - t h y  precision, and m-r~iracy. The same 

ronc:ent ratiiins were used f o r  captopril dimer in CSF. 
a r ~  stiriwri in Table 2. 

Results 

Sensi t ivi tx 

Sensitivity, defined by a signal-to-noise ratio greater 
than 5 ,  was 10 ng/mL of plasma or CSF for free Captopril, and 

1Ong/mL of CSF for total drug. The detection limit for both 
forms was 5 ng/mL, considering a signal-to-noise ratio of 2. 
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640 COLIN AND SCHERER 

Accuracy, hithin day ( W D )  and Wtween day (BD) Prwis ion  of the 
Determination of Captopril added to Human Plasma and CSF. 

Free 
iiptcptii 50 53.7 1<17.4 7 . 2  10.0 
1 I1 SSi! 27'1.1 d . U  3.5 . ., 
i5f 5 1) il 533. t 196.7 5 . 3  a . t. 

T o l d 1  
2aptopr I 1 50 52 .9  105.7 0. I 9.0 
I r i  300 2 7 9 . !  93.0 1.G ? . I  
CSF 500 530.1 IOtJ.0 6.1. ~ . 4  

q 1. 9: . 

The sensitivity of other reported methods ranges from 5 t.o 

33 r ~ f / m l  ( 1 3 - 2 0 ) .  ( h l y  Kawahara et a1 ( 1 6 )  obtained a 
sensitivity similar to ours, using W detection. On the other 
hand, no data on CSF were presented. We tried to develop a 
nlethod which would be as simple as possible, avoiding lengthly 
sample clean-up and washing procedures. 

Also, the use of small plasma and CSF volumes (0.5mL) 

the application of our method to pharmacokinetic studies allows 
in children and smll animals. 
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CAPTOPRIL IN HUMAN PLASMA AND CSF 64 1 

The determination of total captopril in CSF showed that 
the linear equat,i.on obtained is very close to the one 
cnLcu1ated from free captopril data, An identical sensitivity 
was also reached. 'Kese results confirm that captopril riimer 
is reductxd in its  free form and subsequently behaves as 
the latt,er, Some authors describe different. sensitivity 1cvcl.s 

for free and total c;rrpt.opril, while for example, lO0ng of the 
dimer shc~ld generate exactly lOOrig of the free form i.f a 100% 
reduction takes place with TBP ( ' 9 ) .  Chromatographic 
interferences and/or incomplete reduction of the disulphicle 
bonds c-oulrf ctxT1ai.n the reprtd differences. 

fully 

Finally, we have developped a simple and reliable assay 
for  the determiniition oE free apt.opri1 in plasma and CSF, and 
total Captopril in CSF. This technique could then be ustvl to 
c:larify the neurobiological act ion r)f this drug in twmm 
subjects. 

The authors wish t o  thank Dr L,ouis &main (Research 
Assmiate, Department of Psychiatry, Faculty of Medicine, 
M i l l  University, Montreal ) for the donation of the CSF 
sample, and €or his support, throughout this work. 
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