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Abstract O The pharmacokinetics of the antirheumatic proquazone and
its conjugated and unconjugated m-hydroxy metabolites were investi-
gated in five healthy male volunteers after both intravenous (75 and 122
mg) and peroral (300 and 900 mg via capsules) administration. For ade-
quate intravenous dosing of the poorly water-soluble proquazone, ad-
vantage was taken of the high degree of protein binding of the drug.
Proquazone was admixed with 40% sterile human albumin, and these
proteinaceous drug-containing solutions were injected. The pharmaco-
kinetics of proquazone and of the measured metabolites after intravenous
administration and after the 300-mg po dose were first order, whereas
deviations from linear kinetics were observed at the 900-mg dose level.
The apparent half-lives of the &, 8, and v phases of proquazone in plasma
were 2, 14, and 76 min, respectively, on intravenous administration. The
total clearance of proquazone was 700 ml./min, which indicated a high
hepatic extraction. The apparent volume of distribution at steady state
was 40 L, implying extensive binding or partitioning of the lipophilic drug
in the tissues. Unchanged proquazone (<0.001%), the m-hydroxy me-
tabolite (<1.0%), and the conjugated m-hydroxy metabolite (20%) were
renally excreted aftér intravenous administration. The extent of ab-
sorption of proquazone was ~7% and was entirely the result of a large
first-pass effect. Digital computer analysis of the data after intravenous
administration was performed with a linear three-compartment model.
A model-independent approach was used in the analysis of the peroral
data.
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Proquazone (I), a nonsteroidal anti-inflammatory drug
(1, 2) which has been marketed in several countries in
Europe since 19771, exhibits activities in animal models
and humans comparable with those of classical nonster-
oidal anti-inflammatory drugs (1-4). Its primary thera-
peutic indications are in the treatment of rheumatoid ar-
thritis, osteoarthritis, and gouty arthritis (5, 6). Proqua-
zone is very different chemically from other representa-
tives of this class of drugs. It is a quinazolinone derivative
and a weak base which is highly lipophilic and shows poor
solubility in water (7).

The goal of this study was to delineate the pharmaco-
kinetics of the parent proquazone and its primary me-
tabolites in healthy humans after intravenous and oral
administration. Preliminary pharmacokinetic experiments
in healthy humans had been performed only after oral
administration of the drug (8, 9). These studies indicated
that the drug is extensively metabolized, and seven me-
tabolites have been identified (8). Another investigation
claimed an increased bioavailability of proquazone when
the drug was administered concomitantly with food (9);
first-order disposition kinetics for the drug were assumed
in this study. Intravenous studies have not been executed
with this drug. The sensitivity of the available assay
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methods and the poor water solubility of the drug neces-
sitated either administration of too small a dosage in
aqueous solution or of higher dosages dissolved in excessive
volumes of solubilizers?.

The study of the plasma protein binding of proquazone
showed that the drug was highly bound to albumin (98%)
(7). Subsequent experiments with human albumin indi-
cated that the apparent solubility of proquazone was sig-
nificantly increased in the presence of concentrated al-
bumin solutions {7). Preliminary pharmacokinetic ex-
periments showed that larger intravenous dosages could
be administered by means of this “biological solubilizer”
(7) and that a follow-up of the plasma concentrations and
urinary excretion of proquazone and metabolites over
sufficient time was possihle with the available fluorometric
and HPLC methods?,

EXPERIMENTAL

Materials—The following were used: proquazone® (I), n-ethylpro-
quazone®, and m-hydroxyproquazone? (II). Proquazone in 4-hydroxy-
methyl-1,3-dioxolane-5-hydroxy 1,3-dioxane (1:2)* (7.5% w/v) was em-
ployed in the intravenous studies, and proquazone capsules® (300 mg)
were administered in the oral studies. The dissolution characteristics of
the capsules in 0.1 M HC! using the rotating basket method were 83.1,
93.4, and 97.5% of the drug dissolved after 15, 30, and 60 min postinitia-
tion, respectively. Human albumin® (20% w/v) was employed as solubi-
lizer for the intravenous dosages of proquazone; heparin’ was used to
prevent coagulation. 3-Glucuronidase-sulfatase® was employed for en-
zymic hydrolysis of conjugated m-hydroxyproquazone (I1I}.

Pharmacokinetic Procedures—Five nonsmoking, healthy, male
volunteers (A-E), 22-24 years old, were selected for the study. Written
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Figure 1—Digital computer fitting (SAAM) of plasma data of I (@) in
subject D after intravenous administration of 75 mg, in accordance with
an intravenous infusion linear mamillary three-compartment body
model. The inset is for an expanded time scale.
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consent was obtained from all volunteers. An individual was considered
healthy when he had a normal status, history, and laboratory checkup
[complete blood count, hematocrit, sedimentation rate, serum electro-
phoresis, total proteins, creatinine clearance, urinalysis, bilirubin, serum
glutamic oxaloacetic transaminase, serum glutamic pyruvic transaminase,
alkaline phosphatase, and serum electrolytes (sodium, potassium, cal-
cium, iron, inorganic phosphate)]. These tests were repeated prior to the
second, third, and fourth study on each individual to determine possible
adverse drug effects or changes due to the experimental procedures.
Creatinine clearance of the individuals (117 £ 24 mL/min) was within
the normal range (10).

Four different studies were performed in each of the selected volun-
teers: intravenous administration of 75 and 122 mg in human albumin
solution and oral administration of 300 and 900 mg in capsules. The
122-mg iv dose corresponded to the largest amount of the drug that could
safely be administered within 45 mL of human albumin solution. The
75-mg iv dose permitted a follow-up of the plasma concentrations and
urinary excretion of proquazone and its main metabolite over sufficient
time. The 300- and 900-mg po dosages corresponded, respectively, to a
therapeutically effective maintenance dose and a cumulative daily dose
during antirheumatic treatment. A total of 20 studies were conducted,
and the design of the studies was identical for each volunteer. They first
received the 900- and 300-mg po dosages and then the 122- and 75-mg
iv dosages in that order. Preliminary experiments with other groups of
volunteers had indicated that these dosages were well tolerated?. Intervals
of at Jeast 2 weeks were maintained between the studies to ensure washing
out of the drug and to exclude any possible enzyme induction in the
subjects due to repeated administration of the drug.

The volunteers were supine during the first 24 h after administration
of the drug. Following this they were ambulatory, but no exercise was
allowed. The individuals were fasted 12 h before drug administration in
both the intravenous and oral studies. After drug administration, the
volunteers fasted 6 h. Within the first 24 h after drug administration, the
food intake was restricted to fluids, e.g., soups, shakes, and other bev-
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Figure 2—Semilogarithmic plot against time of proquazone plasma
concentrations following intravenous administration of 75 mg of the
drug to subject D. The constants A, B, C, a, 8, and v were obtained by
the method of residuals. The inset is for an expanded time scale. Key
(A) original data; (v,@,8) feathered values

erages. The fluid intake amounted to 3000 mL/24 h for the duration of
the study. No beverage or food containing caffeine or other diuretically
effective substances were allowed. Three hours prior to drug adminis-
tration, the volunteers received a peroral water loading (10 mL/kg).
One-half hour prior to administration of the drug, a catheter® was placed
in a cubital vein and a constant drip of 0.45% NaCll® (flow rate 2.0
mL/min) was started. In the intravenous studies an additional catheter®
was inserted in a contralateral cubital vein, and a constant drip of 0.9%
NaCl'® (flow rate, 2.5 mL/min) was started. Both infusion solutions
contained 1 USP U of heparin/mL to prevent coagulation. Preliminary
experiments had demonstrated, that the presence of heparin did not alter
the plasma protein binding of 1.

The second catheter was used for administering the drug in the in-
travenous studies and was removed 2 h after drug administration. The
first catheter was employed for blood sampling and was removed 11 h
after drug administration. Later blood samples were taken by veni-
puncture'l. Blood samples (10 mL) were taken through the catheter with
syringes using a three-way stopcock within 10s at0, 1.5, 2, 2.5, 3,5, 7, 10,
15, 20, 25, 30, 40, 50, 60, 75, and 90 min, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5,
7.5, 8,9, and 10 h after intravenous administration of the drug and at 0,
2.5, 5, 7.5, 10, 15, 20, 30, 45, 60, 75, and 90 min, 2, 3,4, 5, 6,7, 8, 10, 15, 18,
24, 36, 42, and 48 h after oral administration. A total volume of approxi-
mately 1200 mL of blood was obtained from the volunteers in the four
studies within a period of three months. The initial 2 mL of blood was
discarded when blood was sampled through the catheters. The blood
samples were immediately transferred to heparinized centrifuge tubes
and subsequently centrifuged at 300 X g for 10 min. Centrifugation of
the samples was always accomplished within 1 h after sampling. The
plasma was then immediately transferred to storage tubes and kept at
—20°C until assayed. In both intravenous and peroral experiments, total
volumes of urine were obtained for the following collection periods: ~3-0,

9 Viggo Venflon; Viggo AB, Helsix:igborg, Sweden.
10 Kantonsspital Basel, Switzerland.
1 Vacutainer; Becton, Dickinson and Co., Rutherford, N.dJ.
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Table I—Pharmacokinetic Parameters of Proquazone After Intravenous Administration Derived From the Best Fit by Digital
Computer Programs *

Subject Mean + SD
Parameter C D (n =10)
Weight, height?® 70, 185 83, 184 68, 177 73,174 82, 181
Surface area, m? 1.92 2.06 1.84 1.87 2.02
Dose, mg.iv 74.33 121.96 74.90 122.00 74.50 122.12 74.52 121.94 74.55 121.90
a®, 10> min~1 48.6 86.8 17.6 26.9 14.6 18.7 44.0 59.2 30.9 32.1 36.7 23.1
. (1.48) (0.96) (4.78) (0.96) (0.87) (2.11) (1.04) (1.00) (1.48) (0.68) (1.54) (1.21)
B¢, 102 min™~! 4.90 8.20 6.88 5.09 4.18 2.78 5.10 5.50 3.74 3.32 4.97 1.63
. (1.31) (0.97) (0.97) (0.94) (1.16) (1.45) (1.04) (1.03) (1.45) (0.97) (L.13) (0.20)
~¢, 102 min~! 1.09 1.09 1.09 0.720 1.09 0.843 0.880 0.950 0.800 0.560 0911 0.185
(0.97) (0.96) (0.87) (0.83) (1.27) (1.27) (0.96) (0.93) (1.15) (0.94) (1.02) (0.16)
A¢, % dose/L 12.7 11.6 1.15 4.47 1.48 3.93 13.2 891 9.35 6.13 ' 7.29 4.49
(1.59) (0.96) (6.25) {1.03) (1.29) (1.38) (1.02) (1.01) (1.32) (1.00) (1.69) (1.62)
B¢, % dose/L. 2.16 3.43 3.51 3.45 3.24 3.22 3.10 3.68 2.40 2.32 3.05 0.543
(1.35) (1.01) (1.08) 0.97) (0.91) (1.16) (0.96) (1.01) (1.35) (0.99) (1.08) (0.158)
C¢, % dose/L. 0.747 0.900 0.846 0.229 0.599 0.372 0.395 0.699 0.472 0.237 0.550 0.224
(1.05) (0.96) (0.86) (0.91) (1.59) (2.11) (1.01) (0.92) (1.40) (0.92) (1.17) (041
Ve L 6.41 6.28 18.2 12.3 18.8 13.3 5.99 7.53 8.18 11.5 10.8 4.80
Vpsd, L 66.1 66.6 67.9 120 62.6 64.7 83.7 67.7 81.5 136 81.6 25.6
Ve, L 37.6 42.7 43.2 43.0 324 28.4 34.5 37.2 39.1 56.4 39.5 7.69
CLA’}‘ mL./min 745 772 727 857 702 539 730 644 641 729 711 81.6
ket", mgn'l 0.235 (.435 0.014 0.081 0.020 0.053 0.194 0.284 0.136 0.149 0.160 0.132
krgh, ml‘n_l 0.125 0.285 0.152 0.148 0.116 0.094 0.130 0.228 0.099 0.116 0.146 0.063
kpT", m!n‘l 0.056 0.102 0.027 0.019 0.011 0.006 0.041 0.043 0.028 0.020 0.035 0.028
kgh, min~! 0.019 0.023 0.021 0.009 0.015 0.010 0.012 0.016 0.012 0.008 0015 0.005
kgg!, min™! 0.112 0.116 0.041 0.070 0.036 0.041 0.123 0.085 0.080 0.066 0.077 0.032

a NONLIN and SAAM. ® Weight in kg; height in cm. © Parameters of the sum of the tri-exponential equations to express the plasma concentration of proguazone as
a function of time as obtained using the digital com})uter programs NONLIN and SAAM. SAAM results expressed as fractions of the estimates by NONLIN are in parentheses.

@ Calculated from Eq. 2. ¢ Obtained using Eq. 6.

Derived from Eq. 7. # Computed from Eq. 5; the plasma area was obtained using Eq. 3b. # Rate constants of distribution

calculated using the method in Ref 28. ¢ Rate constant of elimination obtained using the method in Ref. 28.

0-1, 1-2, 2-4, 4-6, 6-8, 8-10, 10-12, 12-18, 18-24, 24-36, 36-48, 48-60,
60-72, and 72-96 h after drug administration. The urinary pH was
monitored, and aliquots of 20-30 mL were transferred to storage con-
tainers and kept at —20°C until assayed. Heart rate and blood pressure
were monitored at hourly intervals in all the studies up to 10 h after ad-
ministration.

Preliminary experiments investigated the possible binding of I 1o sy-
ringes, stopcocks, and urine containers. No significant drug binding was
found for the drug with these materials.

Drug Administration—/ntravenous— Freshly prepared sterile so-
lutions of 1.6 and 1.0 ml. of [ in 4-hydroxymethyl-1,3-dioxolane-5-hy-
droxy 1,3-dioxane (1:2) (7.5% w/v} in 2-ml, syringes were slowly added
to 45 mL of human albumin solution kept in 50-mL syringes!? using a
three-way stopcock!?. The solutions had been brought to a temperature
of 37°C previously. After mixing the combined solutions thoroughly, 2-ml
aliquots were taken for the determination of the dosages administered.
The drug-containing albumin solutions were injected at a constant rate
over a period of 60 £+ 5 s through one of the catheters. The catheter was
immediately flushed with 10 mL of blood which had been taken previ-
ously from the volunteer and had been heparinized subsequently. This
time was considered as time zero.

Peroral-——The capsules (1 or 3) were swallowed together with 100 mL
of water. The time of swallowing was considered as time zero.

Analytical Procedures—Proquazone in plasma and urine was de-
termined by a fluorometric method? The main metabolite (II) and its
conjugated product (III) were measured in urine by an HPLC assay?.

The fluorometric assay involved extraction under alkaline conditions
into n-heptane and back-extraction under acidic conditions into an
aqueous phase. Fluorescence was determined at an emission wavelength
of 510 nm (excitation at 326 nm). Unknown concentrations of I were
determined by means of standard curves derived from samples spiked
with known amounts of the drug. The individual time zero samples ob-
tained from each volunteer served as blanks. The fluorometric assay was
specific for I, and its lower level of sensitivity was at 10 ng/mL in plasma
and urine. The mean percentage recovery (£SD) of the assay determined
from samples which were spiked with known amounts of 1 was 108 + 8%
(n = 25) and 104 4+ 5% (n = 7), respectively, for concentrations between
50 and 100 ng/mL in plasma and 95 £ 7% (n = 11) at a concentration of
50 ng/mL in urine. The mean percent precision (10° SD/Mean) of the
fluorometric assay estimated from measurements of samples spiked with
known amounts of I was 3% (n = 6) for the concentration range 10-1000

12 Disposable Syringes; ASIK 1/S Hospital Supplies, Denmark.
13 Pharmaseal Laboratories, Glendale, Calif.
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ng/mL in plasma and 9% (n = 6) for the concentration range 10-10,000
ng/mL in urine.

The HPLC method developed for the measurement of Il in urine in-
cluded an extraction into carbon tetrachloride-chloroform (1:1) prior
to injection into the HPLC and measurement of the UV absorbance at
237 nm. HPLC conditions were as follows. A stainless steel column (25
X 0.4-cm 1.d.)!* prepacked with silica gel'® was used for separation. It was
protected by a stainless steel precolumn (4.0 X 0.4-cm i.d.) which was
dry-packed with porous beads of silica gel’®. A ternary mixture of isooc-
tane—ether—ethoxyethanol (650:350:50, v/v/v) was employed as the mobile
phase at flow rates of 1.6-2.0 mL/min. n-Ethylproquazone was used as
internal standard. The respective retention times for Il and n-ethyl-
proguazone were 6.6 and 7.8 min.

For the determination of total [conjugated + unconjugated (11 + 111)]
metabolites, the urine samples were exposed to enzymic hydrolysis at
37°C for 2 h at pH 5.35. The enzymic digests were then extracted into
benzene—isopropyl alcohol (5:1) and subsequently injected into the HPLC.
The amounts of 11T were obtained from the difference between the indi-
vidually determined total metabolites and the amount of II. The lower
level of sensitivity of the HPLC method in urine was 20 ng/ml.. The mean
percent recovery (£SD) for I plus I1I with this method was 98 £ 10 (n
= 22) for the concentration range 0.2-1.0 ug/mL. The respective mean
percent precisions of the method for II plus IIl and 11 obtained from
samples spiked with known amounts of the metabolites were similar and
were 7 and 11% (n = 6) for the above concentration ranges.

Estimates for the relative precision of the fluorometric and HPLC
methods were also calculated from the replicate determinations of the
samples obtained in the pharmacokinetic studies. In plasma the relative
precision of the fluorometric method was constant over a large concen-
tration range (8000-50 ng/ml.) and was high (2%). In the lower concen-
tration range (50-5 ng/mL), the relative precision of the method was
clearly smaller (35%). In urine the variability of the fluorometric method
for | in the concentration range of 50-5 ng/mL was large, and the relative
precision was 60%. Similarly obtained estimates for the relative precision
of II and I1I measurements by the HPLC method yielded average values
of 7% (4.0-0.01 ug/mL) and 6% (250-0.01 pg/mL), respectively. All
measurements in plasma and urine by fluorometry or HPLC were per-
formed in duplicate. The means of these determinations were used for
graphical and digital computer analyses.

Pharmacokinetic Data Analysis—Proquazone—The data analyses

4 Hibar; Merck [.td., Darmstadt, West Germany.
15 Lickrosorb; Merck Ltd., Darmstadt, West Germany.
16 Perisorb; Merck Ltd., Darmstadt, West Germany.



Table II—Urine Data of Proquazone and Its m-Hydroxy Metabolites

Subject Dose, mg 104 U./De 102 UM/Db 102 UM/De 102 g+ pd 102 Uiy

A 75iv 14.53
122iv 0.616 0.201 14.36 14.56 1.40
300 po 0.078 15.62 15.69 0.496
900 po 0.068 10.35 10.42 0.657

B 751v 23.32
122 iv 1.749 0.176 18.75 18.93 0.936
300 po 0.163 23.29 23.45 0.700
900 po 0.040 11.05 11.11 0.391

C 751v 24.00
122 iv 0.346 0.363 27.85 28.21 1.30
300 po 0.371 28.03 28.40 1.32
900 po 0.116 19.35 19.46 0.598

D 751v 19.19
122 iv 0.733 0.358 18,78 19.14 1.91
300 po 0.208 17.10 17.32 1.21
900 po 0.150 10.68 10.84 1.40

E 751v 21.16
122iv 0.600 0.149 18.28 18.43 0.815
300 po 0.043 15.85 16.28 0.274
900 po 0.049 13.55 13.61 0.359

Mean + SD (n = 5) 75 iv 20.44 + 3.80
122 iv 0.781 + 0.492 0.250 + 0.010 19.60 + 4.97 19.85 + 5.03 1.27 £ 0.430
300 po 0.173 + 0.129 19.97 £ 547 20.23 £ 5.50 0.800 £ 0.450
900 po 0.085 £ 0.046 13.00 £ 3.77 13.08 £ 3.78 0.680 £ 0.420
Paired ¢ test 300 po/900 po p <0.14 p <0.02 p <0.02

122 1v/300 po p <0.05
122 iv/900 po p <0.005

_ @ Fraction of dose renally excreted as unchanged proquazone at infinite time, obtained using Eq. 9. ® Fraction of dose renally excreted as m-hydroxyproguazone at
infinite time, obtained using Eq. 17. © Fraction of dose renally excreted as conjugated m-hydroxyproquazone at infinite time, obtained using Eq. 17. 4 Fraction of dose
renally excreted at infinite time as the sum of unconjugated and conjugated m-hydroxyproquazone. ¢ Ratio of the renally excreted amounts at infinite time of unconjugated

to conjugated m-hydroxyproquazone.

on I after intravenous administration used graphical and digital computer
methods. Initial (0-2.5 min) and terminal (10 h+») concentrations were
not available. However determinations of clearance and volume of dis-
tribution parameters are based on plasma concentrations from time zero
to infinity. Hence, plasma concentrations in the initial and terminal in-
tervals were generated by fitting the experimentally determined plasma
concentrations of I (Cp) after intravenous administration to polyexpo-
nential functions. The fittings were performed with the individual data
using the nonlinear least-squares estimation programs SAAM (11) and
NONLIN (12). Best results were obtained with both SAAM and NON-
LIN when the experimental data were fitted to the class (13) of three-
compartment intravenous infusion models (without any assumptions
regarding topology of the compartments) in accordance with:

Cp=Ae 2 + Be P + Ce ¥ (Eq. 1)

where A’, B’, and C’ are the coefficients and «, 8, and +y are exponents
of the three-exponential equation and ¢’ is the postinfusion time. Dif-
ferent weighting procedures were evaluated in preliminary fitting at-
tempts with both programs. Weighting according tow = 1/K-Cp, where
K corresponds to a constant, and w = 1/Cp was most adequate for the
definitive fitting of the data by SAAM and NONLIN, respectively. The
assumption of an intravenous infusion model was justified since the large
value of the rate constant of the early disposition phase (¢,/2,« = 2 min)
necessitated consideration of the 1-min infusion time. Fitting the data
to a three-exponential equation, but not to a two-exponential equation,
yielded random scatter of the data points about the regression line in all
10 data sets (by NONLIN and SAAM); a typical example (SAAM) is
given in Fig. 1. Fitting the data to a four-exponential equation did not
produce a significant reduction of the weighted sum of squared deviations
(14), although four phases were separable by graphical analysis in some
plots.

In fitting the data to the class of three-compartment models, no as-
sumptions were made regarding the topology of the compartments.
However, when clearance and steady-state volume of distribution values
were derived from the coefficients and exponents of the fits, it was pre-
sumed that elimination of the drug occurred exclusively from the mea-
sured site, i.e., plasma compartment (15). Only a few of the class of
three-compartment models fulfill this requirement. Among those, a
mamillary three-compartment model was arbitrarily chosen, and its
volume and rate constant parameters calculated from the coefficients
and exponents obtained in the fits. Mamillary models, which presume
elimination to occur exclusively from the measured site, i.e., the central
compartment (15), represent the most often used model type in phar-
macokinetic data analysis. The study of a particular type of model per-

mits one to follow the time course of the drug in the tissue compartments
and to evaluate depth and capacity of the different body compart-
ments.

The peroral data were analyzed in a different way; they were not fitted
to polyexponential equations. Only the terminal logarithmic linear phase
plasma concentrations were fitted to obtain plasma concentrations over
the entire time course. The plasma concentrations of I after peroral ad-
ministration were much smaller and showed more scatter than the in-
travenous data. In addition, a possible deviation from first-order kinetics
of I at the 900-mg dose level was implied by the metabolite data and could
not be rejected.

m-Hydroxy Metabolites—The urinary data on metabolites II and III
after both modes of administration were subjected to a model indepen-
dent analysis.

Pharmacokinetic Calculations—Proguazone—The apparent vol-
ume of distribution of the central compartment, V, was estimated by:

V=D/Co=D/(A+B+C() (Eq. 2)

where D corresponds to the dose, Cp is the drug concentration at time zero
(intravenous bolus model), and A, B, and C represent the coefficients
of the corresponding model equation (16). The total area under the
plasma concentration time curve, AUC, was obtained from:

AUC=A/a+ B/f+Cly
AUC = AUC(to,t1) + AUC(¢t,t2) + AUC(t ot =)

(Eq. 3a)
(Eq. 3b)

where AUC(¢o,t1) and AUC(¢y,t4) correspond, respectively, to the partial
area during the time of infusion and to the partial area during the time
interval after the infusion was stopped to the last measured sample, and
AUC(t3,t ) is the partial area from the time of the last measured sample
(10 h) to infinity on the presumption of terminal logarithmic linear decay.
AUC(to,t1) and AUC(¢1,t5) were obtained by numerical integration
(linear trapezoidal rule) after the plasma concentration at the end of
infusion was estimated from Eq. 1. AUC(¢4,t ») was determined by alge-
braic integration in accordance with:

AUC(tg,t=) = Cron/y (Eq. 4)
where C 1o ,, corresponds to the coricentration of the last measured sample.
The ratio of the AUC(to,t1) to AUC was, on average, 0.04; the ratio of
AUC(¢2,t ) to AUC was negligibly small (<0.004). The total clearance
of drug, CL, was estimated according to:

CL = D/AUC (Eq. 5)
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Figure 3—Linear plots of the clearance (a) and steady-state volume
of distribution (b} against body surface area in volunteers A~E, using
the mean values obtained in the intravenous experiments for each in-
dividual. There are apparent linear relationships between CL and BSA
[y = 435 (£440) + 588 (£226)-%, v = 0.832, p < 0.05] and V,, and BSA
{y =836 (+38.5) + 634 (+19.8)-x, r = 0.880, p < 0.05].

The apparent pseudo-steady-state volume of distribution, V,, was ob-
tained from:
Vps = CL/y (Eq. 6)

The apparent steady-state volume of distribution was estimated ac-

cording to:
V=D (—2 +ot —2)/(— tat —) (Eq.7)

Amounts of unchanged drug excreted in urine at infinite time, U, were
obtained from:

U= Ugp+ (@U/dt)g n/y (Eq. 8)

where Us ,, and (dU/dt ) 1 correspond, respectively, to the amounts ex-
creted up to 6 h and to the urinary excretion rate 6 h after drug admin-
istration; v was estimated from semilogarithmic plots of the excretion
rate against time. Renal clearance, CL,,5, was calculated according to:

CL,en = U/AUC (Eq.9)
Glomerular clearance, CL;jor,, was predicted from:
CLglom = CLcr ‘fu (Eq. 10)

where CL,, corresponds to the individually measured creatinine clear-
ance, and fy is the fraction of drug unbound in the plasma of the indi-
vidual (7).

On the assumption that all nonrenal elimination occurred in the liver,
the hepatic extraction efficiency (hepatic first-pass effect) was computed
from:

i = CLiep _ CL = CLuny

Eq. 11)
Vhep Vhep ( 4
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Figure 4—Semilogarithmic plots against time after intravenous ad-
ministration of the rates of urinary excretion per minute (dU/dt) for
Il (w), III (O), and II plus I1] (M). A semilogarithmic plot of plasma
concentration against time of 1 (®) is included for comparison. The
metabolites 1] and 111 have similar triphasic profiles with peak rates
at 1 h after administration and apparent terminal logarithmic linear
phases with slopes of —B!1.1!1_ Data were obtained in subject C after
an intravenous dose of 122 mg.

where CLpep and Vi, correspond to the liver clearance and liver plasma
flow [825 mL/min (17)], respectively.

The percentage of an oral dose of I that reached the systemic circulation
unchanged [extent of absorption (18)], E, was estimated according to:

(AUC/D)
= -——m
E =108 0c/D),

The fraction of the dose eliminated by first pass on oral administration,
¢, was estimated from the urinary data of II and III using:

éll = RI(UY/D)po — [(UY/D);, - E/10%)) (Eq. 13a)
el = RIUMYD) o — [(UM/D);y - E/107}  (Eq. 13b)

where Rl = [(D — UY/UM);, and R = [(D — UY/UN],, on the as-
sumption that the ratio of drug metabolized to other metabolite(s) or
eliminated by routes other than renal to the amount of II and III formed
is invariant with route of administration. Estimates for ¢ were also ob-
tained from proquazone data in accordance with:

2 = 1 — (E/102) (Eq. 14)

The total extent of absorption of unchanged plus changed drug at the
300-mg dose level, E%t, was estimated from:

E't = 1021 + E

(Eq. 12)

(Eq. 15)

m-Hydroxy Metabolites—The respective amounts of II or III excreted
in urine at infinite time, UL were obtained from:

UL = [Uny  + (dU/dt )z w/B]1AM (Eq. 16)
where USJ! corresponds to the excreted amounts of Il or IIl at 72 h and
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Figure 5—Semilogarithmic plot against time of proquazone plasma
concentration following administration of 900 mg po to subject A
showing a triphasic profile. The apparent terminal logarithmic phase
is linear with a slope of —~.

<0 —

(dU/dt) 4! to the excretion rates of IT and I1I 72 h after drug adminis-
tration; 81111 was estimated from semilogarithmic plots of the respective
urinary excretion rates against time. The ratios of (Urg n_/U)! and
(Usz h-=/U) were insignificant (<0.01).

Statistics—Paired ¢ test statistics were performed with the proqua-
zone and metabolite data after peroral administration of the drug.

RESULTS

Procedural and Adverse Effects—The values of the clinical labo-
ratory data that were obtained prior to each of the four administrations
of proquazone were always within the normal range for males of this age
group (19). Proquazone at the four dosage levels was well tolerated, and
no adverse drug effects were observed. Blood pressure and heart rate did
not show significant changes in the interval up to 10 h after administra-
tion of the drug.

Pharmacokinetics of Proquazone and Its m-Hydroxy Metabo-
lites—Mean values for the parameters as estimated by NONLIN are
given hereafter in the text; the plus and minus values for these means
refer to the standard deviation. The number of values considered was 10
unless otherwise specified. The volume and clearance parameters of I are
referenced to total (bound plus unbound) drug concentration in plasma.
It was assumed that the concentration ratio of total to unbound drug in
plasma was maintained during the passage of I through the capillaries
of the liver. Negligible concentrations of I were found in erythrocytes in
whole blood (7).

Intravenous Administration—Proquazone—The NONLIN and
SAAM estimates for the coefficients and exponents of the fitted three-
exponential equation were equivalent (Table I). The values respectively
obtained for A and a varied the most. There was good agreement between
the estimated total clearance (NONLIN, 708 mL/min; SAAM, 689
mL/min) and steady-state volume of distribution (NONLIN, 39.5 L;
SAAM, 39.7 L) obtained by the two programs.

The CL estimates by NONLIN and SAAM were close to those obtained
by application of the trapezoidal rule (711 mL/min), suggesting that the
polyexponential fittings by both programs were adequate. The dose-
normalized plasma concentration-time data at the lower and higher dose
levels were superimposable and indicated first-order kinetics of I. The
dose percentages of unchanged I eliminated by the renal route were ex-

Table III—Pharmacokinetic Parameters of Proquazone Derived
from Plasma Data After Peroral Administration

AUCp.10n
Dose, tmaxby Crmax®, /Dd,
Subject mg Y% 102 min~! min % dose/I, 102 min/L
A 300 0.756 45 0.087 10.45
900 0.72 45 0.068 10.07
B 300 0.84 180 0.030 5.45
900 0.81 240 0.016 4.14
C 300 0.65 90 0.027 8.44
900 0.44 90 0.036 7.88
D 300 0.77 60 0.020 3.60
900 1.24 30 0.056 3.94
E 300 0.87 60 0.088 13.77
900 0.83 30 0.241 32.50
Mean £ SD 300 078+ 0.08 8755 0.051% 8.43 +
(n=25) 0.034 4.02
900 0.81 £ 0.29 87+89 0.083 % 11.71 %

0.090 11.91

a Slopes of the apparent terminal logarithmic linear v phase. * Times of the
maximum plasma concentration of proquazone. ¢ Maximum plasma concentration
of proquazone at time ¢ mqy after peroral administration. ¢ Dose corrected quasi
total areas under the plasma concentration time curve from time zero to 10 h after
administration, obtained using Eq. 3.

tremely small (<0.001%) and could be measured reliably only after the
higher intravenous dose (Table II). Three phases with mean apparent
half-lives of 2 (£1) min (t1/2,4), 14 (£5) min (¢y/2), and 76 (£15) min
(t1/2.4) were separable in the curves in plasma (Fig. 2, Table I). The latter
value was confirmed by ¢,/,, = 98 (£30) min (n = 5) estimated from
semilogarithmic plots of the urinary excretion rates against time. In all
the experiments, the plasma samples taken at 1.5 min after the end of
the infusion yielded maximum concentrations and indicated fast initial
mixing in plasma. The apparent volume of distribution of the central
compartment (V) was, on average, 11 (£4.8) L (Table I) and exceeded
the plasma volume [3 L (20)] significantly. This suggested fast extra-
vascular distribution of the highly plasma protein-bound drug (7). Total
clearance of I, CL, averaged 707 (£83.7) mL/min. The extraction effi-
ciency of the liver for I (¢) was 0.86 (£0.101) and suggested that I can be
classified as a highly extracted compound (21, 22). There was an apparent
linear correlation between CL and body surface (BSA), but not between
CL and weight, for the individuals (Fig. 3a). The renal clearance, CLren,
averaged 0.06 (£0.05) mIL./min and was smaller than the estimated glo-
merular clearance, CLgiom = 2.5 (£0.50) mL/min, indicating tubular
reabsorption in excess of possible tubular secretion for the highly lipo-
philic drug.

There was no indication for urine flow or urine pH dependency of the
renal elimination of I. The volumes of distribution at pseudo-steady-state
(V) and at steady state (V) were 82 (+£26) and 39 (£7.7) L, respec-
tively, (Table I). The large difference between these values indicated that
the microscopic rate constants of distribution into the tissue compart-
ment I (kg1 and kTp/) were small relative to the rate constant of
elimination (kgg) (Table I). The slower equilibrating tissue compartment
T’ (Fig. 1) must be regarded as a deep compartment. Its capacity for the
drug is much larger than that of the shallow compartment T (Table I).
The volume of distribution at steady state, V., depended linearly on the
BSA of the individuals (Fig. 3b). In contrast, no such correlation existed
between V,, and weight of the individuals, indicating that the widely used
principle of weight normalization of kinetic parameters may be ques-
tionable.

m-Hydroxy Metabolites—Semilogarithmic plots against time of the
urinary excretion rates of I and II1 showed triphasic profiles with ter-
minal half-lives t1/23, 0f 6.7 (£3.1) h (n = 5) for [l and 10.6 (£3.0) h (n =
5) for III (Fig. 4). This implied that the m-hydroxy metabolites have a
considerably larger time of residence in the body than the parent drug.
Metabolite II is reportedly pharmacologically active?. The percentages
of the administered dose renally excreted as m-hydroxy metabolites (II
plus I11) were 20.4 £ 3.80% and 19.9 + 5.03% (n = 5) (Table I) after the
lower and higher intravenous dosages, respectively. This implied first-
order kinetics of the metabolites. The combined urinary recoveries of I,
11, and 111 amounted to 20%, indicating that 80% of the dose was elimi-
nated by alternative routes. The renally recovered dose percentages of
111 [19.6 + 4.97% (n = 5)] clearly exceeded those of II [0.25 + 0.01% (n =
5)] (Table I1).

A model comprising all the experimental findings after intravenous
administration is given in Scheme 1. As mentioned previously, a model-
dependent data analysis was performed with the parent drug data,
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Table IV—Extent of Absorption and First-Pass Effect of Proquazone

Extent of Absorption

Unchanged +
Dose Unchanged Drug Changed Drug First-Pass Effect
Subject mg Ea Etot <TTe pLCS ITe 27
A 300 8.2 109 0.92 1.01 0.38 0.78
900 7.7
B 300 4.5 124 0.96 1.20 0.88 0.95
900 3.3
C 300 5.4 101 0.76 0.95 0.97 0.94
300 5.1
D 300 2.7 91 0.83 0.89 0.56 0.95
900 2.7
E 300 9.7 87 0.83 0.78 0.19 0.66
22.4
Mean + SD 300 6.1+ 28 103 £ 15 0.86 + 0.13 0.96 £ 0.16 0.60 £ 0.33 0.86 £ 0.13
900 82+82

a Calculated from Eq. 12. ® Computed according to Eq. 15. < Obtained using Eq. 11. @ Estimated from Eq. 13a using 111 data. ¢ Calculated from Eq. 13b using II data.

! Obtained in accordance with Eq. 14 after rearrangement.

whereas a model-independent approach was effected with the metabolite
data. Scheme I reflects this approach. The model depicted is the most
simple that can account for all the kinetic events observable with the type
of data analysis chosen. The parent drug is represented by a three-com-
partment body model with extrarenal |[formation of I1, formation of un-
identified metabolite(s), and biliary excretion (X)] and renal (U) elim-
ination. The identified metabolites 11 and I1I are represented each by a
body compartment (I1, II1) with renal (U1, U and extrarenal [for-
mation of I1I, formation of unidentified metabolite(s), and biliary ex-
cretion {X)) elimination. As can be seen, the amounts of 1, 11, and 11l
passing through all routes of elimination, which were not monitored di-
rectly, are lumped together (X).

Peroral Administration—FProquazone—Maximally, three (Fig. 5)
or two phases were separable in the plasma concentration-time profiles
of I after administration of the two peroral dosages. The triphasic profiles
peaked earlier than the biphasic profiles. These findings indicated that
absorption was faster than early disposition (3) in the former, but slower
than early disposition in the latter experiments. The times of peak plasma
concentration (¢ max), the dose-normalized peak plasma concentrations
(102C ax/D), and the dose-normalized areas under the plasma concen-
tration time curves (102AUCq_10 n/D) were not significantly different for
the two dose levels (Table III). The slopes of the terminal logarithmic
linear phase (y) after oral dosing agreed with those previously found after
intravenous dosing. These results suggest that first-order kinetics were
operative for I after oral dosing at both dosage levels. In four of the five
individuals tested (A-D), the dose-normalized AUC values were re-
markably similar at both dosage levels, whereas in one individual (E) this
parameter was clearly larger after 300 mg than after 300 mg (Table 1),
The extent of absorption (18) averaged 6.1 + 2.8% (n = 5) and did not
differ significantly from E = 8.2 + 8.2% (n = 5) after the 900-mg dose
(Table IV). The small dose fractions of drug reaching the systemic cir-
culation unchanged implied a poor absorption or a large first-pass effect
for L.

m-Hydroxy Metabolites—Semilogarithmic plots of the urinary ex-
cretion rates against time after oral dosing showed profiles similar to those
observed after intravenous administration except that they peaked later
(Figs. 4 and 6). The percentages of the administered dose renally excreted
as II and HI after the 900-mg dose tended to be smaller than after the
300-mg dose, representing respectively 65 and 50% of the recoveries found
at the lower dose level (Table I1). The ratios of the urinary recoveries of

-
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Scheme I—Model for intravenous administration of proquazone.
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11 to ITT were equivalent after administration of the two peroral dosages
(Table II), suggesting that the observed dose-dependent, nonlinear ki-
netics were associated with the formation of II. This was in contrast to
the previously observed linear kinetics of disposition of I after peroral
dosing, which implied linear kinetics of formation for I1, When the dose
fractions of | eliminated during first pass at the 300-mg dose level were
estimated from Il and I1I data assuming linear kinetics, average values
of €' = 0.60 and €' = 0.96 were obtained (Table IV). Only the latter value
was in accordance with ¢ estimates by proquazone data [¢!! = 0.86, ¢!-2
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Figure 6—Semilogarithmic plots against time after oral administration
of the rates of urinary excretion per minute, (AU/dt) for II (v), III (O),
and Il plus 111 (®). A semilogarithmic plot of plasma concentration
against time of I (@) is included for comparison. The metabolites II and
111 have similar triphasic profiles with peak rates at 3 h after admin-
istration and apparent logarithmic linear phases with slopes of ~@11.111,
Data were obtained in subject C after an oral dose of 300 mg.



= 0.92, (Table IV)]. The underestimated values for ¢ obtained from II
data (Table IV) implied that a significant percentage of I (~40%) was
metabolized not only to II but subsequently to I1I during the first pass.
The total extent of absorption (unchanged plus changed drug) of I was
complete [E*t = 103 & 15% (n = 5), Table IV]. These results suggested
that (a) the total first-pass effect should be assessed from I1I data, not
from 11 data; (b) the low extent of absorption found for I was due to a large
first-pass effect, and not due to poor absorption in accordance with the
lipophilic nature of the compound; and (c) the assumption of first-order
kinetics at the 300-mg dose level was reasonable.

DISCUSSION

The plasma and urinary.data of proquazone and its m-hydroxy me-
tabolites after administration of 75 and 122 mg iv and 300 mg po were
indicative of first-order kinetics. Nonlinear, dose-dependent kinetics of
formation for II were evident from the metabolite data at the 900-mg po
dose level, whereas the parent drug data implied first-order kinetics of
disposition for 1 (and hence first-order kinetics of generation for II) at
this dose level. These findings were irreconcilable only if presystemic or
systemic metabolism of I to II were the sole or major route of elimination
for the parent drug, as equivalent 35% deviations from linear kinetics
should then be found with both parent drug and metabolite data. How-
ever, if the percentage of I metabolized to 11 were smaller (<40%), the
parent drug data would deviate from linear kinetics by < 14% (0.40-35%),
whereas a unvariable 35% (1.0-35%) deviation from linear kinetics would
be found with the metabolite data. Two other studies with administra-
tions of 100 and 400 mg po of drug to 15 healthy volunteers determined
quantitatively not only Il and 111, but all the metabolites which could be
derivatives of Il and II12 These studies used urinary data and permitted
a quantitative assessment of the m-hydroxy pathway. The results showed
that the percentage of I metabolized to II was <35%. Hence, the findings
obtained at the 900-mg po dose level in the present study can be ration-
alized, and that the nonlinearity of the kinetics of I were recognized only
with the metabolite data is reasonable. Considering the variability of the
peroral plasma data of [, deviations on the order of <14% were too discrete
to become apparent.

A major fraction of 11 (and III) after peroral administration of I was
generated during first pass of drug through the liver; only a minor fraction
of 11 (and I1I) was formed systemically from I (Table IV). The observed
dose-dependent kinetics of formation of 11 (and III) at the 900-mg dose
level was largely the result of a saturation of this first-pass effect. Whether
or not the kinetics of systemically formed II {(and III) were dose depen-
dent at the higher peroral dose level could not be decided based on the
available experimental evidence. A delineation as to the type of the
nonlinear kinetics observed, i.e., Michaelis-Menten kinetics (23), product
inhibition kinetics (24), or blood flow-dependent kinetics (21, 22)
(pharmacologically induced temporal decrease of the liver blood flow),
was not possible with the available experimental data. However it is in-
teresting to note that primarily hydroxy metabolites cause “product in-
hibition™ (25).,

The statistical design of the present study was not balanced. However,
it is improbable that the nonlinearity of the kinetics observed at the
900-mg po dose level was a period- (procedure-) rather than a treatment-
(dose-) related effect. First, the laboratory data gave no evidence for the
existence of procedural effects. Second, the 900-mg dose was the first
treatment given to the volunteers and procedural effects are more likely
to become significant in the later experiments (300 mg po and 122 and
75 mg iv) as a result of a cumulative (carry over) effect. However, the
kinetics of the parent drug and metabolites were first order in these ex-
periments. Third, the intervals of at least 2 weeks which were maintained
between the studies should have minimized possible carry-over ef-
fects.

Reports on data-fitting obtained by different computer programs can
rarely be found in the literature (26, 27). The results of the present study
indicated that there was reasonable agreement for the parameter esti-
mates obtained by NONLIN and SAAM. There is a need for more of
these comparative fitting efforts, so that the reliability and inter-
changeability of pharmacokinetic data obtained with different computer
programs can be assessed definitively.

APPENDIX: GLOSSARY

D = Dose of proquazone (mg)
Cp = Concentration of proquazone in plasma (ng/mL)
Co = Concentration of proquazone in plasma at time zero

after intravenous injection (ng/ml.)

Cmax = Maximum plasma concentration of proguazone at

time tmqy after peroral administration (ng/mL)
= Amount of proquazone in the central compart-

ment

T = Amount of proguazone in the shallow peripheral
compartment

T = Amount of proguazone in the deep peripheral
compartment

I = Amount of m-hydroxyproquazone in the body
compartment

I = Amount of the conjugated m-hydroxyproquazone
in the body compartment

U, u = Respective amounts of proquazone renally excreted

unchanged at time ¢ and at infinite time after
administration

= Respective amounts of m-hydroxyproquazone and
conjugated m-hydroxyproquazone renally ex-
creted at time ¢ and at infinite time

X = Amounts of proquazone, m-hydroxyproquazone,
and conjugated m-hydroxyproquazone elimi-
nated by routes that were not monitored directly:
amounts of I, 11, III excreted in bile and/or me-
tabolized to unidentified metabolites

= Amount of drug or metabolite excreted in urine, dU,
(ug or ng) during a time interval, dt (min)

A, B, C', a, 3,7 = Parameters of the three-exponential fit of the
plasma concentrations of proquazone according
to an intravenous infusion three-compartment
model, where A’, B’, and C’ are in ng/mL and a,
B, and + are in min

= Parameters of the corresponding intravenous in-
jection three-compartment mode! for proqua-
zone, where A, B, and C are in % of dose/L

kij = Generalized form for the microscopic first-order

rate constant from the ith to the jth compart-
ment for proquazone {(min~1)

111
U gim

dU/dt

A, B,C

piLm = Slope of the apparent terminal logarithmic linear
phase of m-hydroxyproquazone and conjugated
m-hydroxyproquazone

Vv = Volume of distribution of proguazone in the central
compartment (L)

Vs = Apparent pseudo-steady-state volume of distri-
bution of proquazone (L)

Vs = Apparent steady-state volume of distribution of

proquazone (L)

= Respective areas under the plasma concentra-
tion-time curve from time zero to time ¢ and from
time zero to infinity of proquazone

AUCy_; AUC

CL = Total clearance of proquazone (mL/min)
Vhep = Hepatic plasma flow (mL/min)
CLren = Renal clearance of proquazone (ml./min)
CLglom = Glomerular clearance of proquazone (mL/min)
u = Fraction of proquazone in plasma unbound
E = Extent of absorption of unchanged proquazone
Etat = Total extent of absorption of unchanged plus

changed proguazone

= Respective estimates of first-pass effect (hepatic
extraction efficiency) for proquazone from pro-
quazone, m-hydroxy metabolite, and conjugated
m-hydroxy metabolite data

t’ = Postinfusion time (min)

BSA = Body surface area (m?)

e, el (n
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Abstract O A sensitive, quantitative gas chromatographic-electron
capture {(GC-EC) method for the determination of captopril in blood and
captopril and its disulfide metabolites (collectively) in plasma was de-
veloped. After addition of an internal standard and N-ethylmaleimide
to the biological samples, excess N-ethylmaleimide and naturally oc-
curring interfering substances were removed by extraction with benzene
followed hy acidification and extraction with hexane. The N-ethyl-
maleimide adducts of captopril and of the internal standard were then
extracted with benzene and converted to their hexafluoroisopropy! esters.
For the assay of captopril and its disulfide metabolites, tributylphosphine
was used to reduce the disulfide metabolites to captopril prior to deri-
vatization. The hexafluoroisopropyl esters of the N-ethylmaleimide
adducts of captopril and of the internal standard, the 4-ethoxyproline
analogue of captopril, were separated by GC on a column packed with

3% OV-101 on Chromosorb W-HP. The lower limits of sensitivity were
20 ng/mL for captopril in blood and 50 ng/ml. for captopril and its di-
sulfide metabolites in plasma. Linearity, precision, and accuracy were
excellent. The method was validated by comparison of results obtained
for total captopril in dog plasma by the GC-EC assay with results ob-
tained by a published GC-MS method. The assay was applied to dog and
human samples to explore its general utility.

Keyphrases O Captopril—quantitative determination in blood and
plasma, disulfide metabolites, gas chromatography O Metabolites, di-
sulfide—-captopril, plasma, quantitative determination by gas chroma-
tography O Gas chromatography—captopril, quantitative determination
in blood and plasma, disulfide metabolites

Captopril, 1-[(2S)-3-mercapto-2-methylpropionyl]-
L-proline (I), the first orally active inhibitor of angioten-
sin-converting enzyme (peptidyl dipeptide hydrolase,
kininase II, E.C. 3.4.15.1) to be used clinically, is a potent
antihypertensive agent used to treat both renovascular and
essential hypertension (1, 2). It is of particular value in
treating hypertension resistant to conventional drugs (3),
and shows great promise for use in congestive heart failure
(2, 4).

The predominant route of excretion of captopril is via
the kidneys (5-7). Since kidney function is often impaired
in patients with hypertension, a sensitive assay for the drug
in blood or plasma using readily accessible analytical
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equipment would be of value in optimizing dosage. Assays
for both unchanged captopril and its disulfide metabolites
would be useful, since interconversions occur among these
compounds in rats, dogs, and humans (8-11). Metabolites
of captopril include the symmetrical disulfide (I1A), cap-
topril-L-cysteine mixed disulfide, captopril-glutathione
mixed disulfide, and mixed disulfides of captopril with
plasma proteins (IIB). Current methods for measurement
of the drug in biological fluids are either not sensitive
enough for monitoring therapeutic levels (12-14) or involve
analytical equipment not available to the average clinical
laboratory (15-17). Therefore, a sensitive method has been
developed for quantifying captopril in blood and captopril
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