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SUMMARY

Pharmacokinetics of Drotaverine-Acephyllinate, Chinoin was investigated in seven male volunteers using 14C labelled drug.
Drotaverine-Acephyllinate was administered at a 100 mg single oral dose. Measurements of total radioactivity showed that the
drug was absorbed completely and was eliminated by renal and biliary routes. Within 72 hours 39.9 ± 9.9% and 47.1 ± 4.9% of
the dose were recovered in the urine and faeces respectively. Experimental results were interpreted on the basis of a complex
linear compartment model. The structural identifiability of the model was proved by computer analysis. and the pharmaco­
kinetic parameters were determined.

INTRODUCTION

Drotaverine-Acephyllinate, Depogen" (Fig. I)
(6.7.3',4' -tetraethoxy-l-benzyl":3.4-dihydro-isoquino­
line theophylline-7-acetate) was synthesized by Szent­
miklosi and Meszaros (I). The compound is a
potential new drug having more favourable pharma­
cological properties than the other common salts of
Drotaverine, Chinoin (2. 3). Preclinical and clinical
investigations showed considerably decreased vas­
cular resistance in the extremities obviously due to a
powerful peripheral vasodilator and excellent
spasmolytic effect (4) of the drug.

Drotaverine-Acephyllinate is the theophylline-7­
acetic acid salt of Drotaverine (6.7.3',4' -tetraethoxy­
l-benzyl-La-dihydro-isoquinoline) and since in a
water solution it dissociates to Drotaverine and

+ Depogenf : Chinoin Pharmaceutical and Chemical
Work Ltd. Budapest. Hungary.
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theophylline-7-acetic acid. the pharmacokinetics and
metabolism of these moieties can be examined
separately.

Fig. I : The structure of Drotaverine-Acephyllinate (*po­
sition of 14C label)

Zuidema (5.6) worked out a rapid specific method
for the high-performance liquid-chromatographic
determination of acephylline (Theophylline-7-acetic
acid) in human serum and the gas-liquid chromato­
graphic determination of acephylline in urine. A
volunteer was injected intravenously with acephylline
piperazine (500 mg/5 ml) (7) and after 4 hours the
total dose of acephylline had been recovered from
the urine. After oral administration of 500 mg
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acephylline piperazine to volunteers no acephylline
was detected in the serum and after 8 hours 1.4%of
the total dose of acephylline was found in the urine.
When the urine was hydrolysed by acid and heat, the
maximum concentration of acephylline was 2.4%
and no other xanthine derivatives were found. These
experiments indicated that acephylline given intra­
venously was completely eliminated in the urine
within 4 hours and oral absorption was very poor, as
in animals (8).

The present investigation was based on the
pharmacokinetic studies of papaverine (9-12) and
the preliminary results of Drotaverine and Drotave­
rine-Acephyllinate (13-7). Rutz-Coudray (18) studied
the pharmacokinetics of Drotaverine- 14C in man
and the results were based on the total radioactivity
of blood, urine and faeces regardless of the meta­
bolic pathways. Our investigations were aimed at
collecting detailed information on the pharmaco­
kinetic and metabolic changes of Drotaverine-Ace­
phyllinate in the human organism using the Dro­
taverine-Acephyllinate in Drotaverine-I- 14C labelled
orm.

MATERIALS AND METHODS

Drotaverine-Acephyllinate (Drotaverlne-t- J4C)

Drotaverine-I- 14C was synthesized by Koltai and
coworkers (19) Laboratory of Radiochemistry, In-

stitute for Drug Research, Budapest and this com­
pound was used for the preparation of Drotaverine­
-Acephyllinate, Depogen- 14C (Fig. I) (the specific
activity of Depogen- 14C was 0.268 GBq/g (7.255
mCi/g), 0.170 GBq/mM (4.612 mCi/mM). The
radiochemical purity of Drotaverine-Acephyllinate­
_14C was checked by thin layer chromatography on
Kieselgel G (Merck) layer (0.2 mm thick), using
n-buthanol:ethanol:water (4:4:I VIV) or benzene
acetone:methanol (7:2: I VIV) solvent system. The
quantitative determinations of the radioactive spots
were made on the chromatograms with a Berthold
LB 2723 scanner. The radiochemical purity of Dro­
taverine-Acephyllinate- 14C proved to be > 95% in
both solvent systems.

The drug was administered in hard gelatine
capsules, each containing 100 mg Drotaverine-Ace­
phyllinate (total radioactivity 3.7 MBq) plus 100 mg
vehicle. This corresponded in every respect to the
standard Chinoin 100mg Drotaverine-Acephyllinate
capsule.

SUBJECTS

Seven male volunteers with normal renal function
and with no hepatic or cardiovascular diseases
participated in the study. The data regarding the
subjects and the dose of the drug are shown in Table
I. None of the subjects had taken any other drug for

Table I .. Data of human volunteers treated with Drotaverine-14C-Acephyllinate.

Name Age Body w. Height Body surface Dose Tot. act.

(kg) (em) (m 2) mg umol MBq

K.F.S. 40 85 180 2.05 100.2 157.6 3.7

K.GY. 40 78 170 1.9 100.5 158.1 3.7

B.S. 40 66 170 1.8 99.6 156.7 3.76

SZ.T. 37 84 187 2.0 100.0 157.3 3.7

V.Z. 39 68 170 1.8 100.6 158.2 3.7

CS.J. 47 71 175 1.9 100.0 157.3 3.7

K.M. 48 74 176 1.9 100.0 157.3 3.7
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a week before and in the course of the inve­
stigations. Before administration, they underwent
complete laboratory tests including blood count,
serum urea, serum creatinine, total protein, albumin,
a I globulin, a 2 globulin, ~ globulin, total bilirubin,
SGOT, SGPT, SGGTP, alkaline phosphatase and
total urine analysis.

Experimental conditions

The subjects took the drug on empty stomach in
gelatine capsules with a glass of water. Two hours
after administration each subject had breakfast and
subsequently had normal meals. Blood pressure,
pulse rate and general condition of the subject were
checked at regular intervals.

Treatment of Samples

Blood samples were taken before administration
(control sample), and at 15,30,45 minutes, I, 1.5,2,
3, 4, 5, 6, 8, 10, 24, 30, 48 and 72 hours through a
teflon cannula fixed in a cubital vein into he­
parinized centrifuge tubes (10 IUlml blood in iso­
tonic NaCl). The samples were centrifuged at 3000
r.p.m. for 20 minutes, plasma and blood cells were
separated and stored at -20°C until use.

Urine was collected separately at 0-2, 2-4, 4-6, 6­
8, 8-10, 10-24, 24-30, 30-48,48-72 hours after drug
administration. 50-100 ml of each sample was placed
into 10 ml ampoules (with 10 ul chloroform added
per ampoule), sealed and kept at -20°C until use.

The faecal samples were weighed and homo­
genized in a grinding mortar. 4-6 g of each sample
was spread onto the bottom of a weighed Petri dish
and dried to constant weight in a vacuum desiccator
over P 20 S' These samples were used for radio­
activity measurements and metabolic studies.

Measurement of radioactivity

Sample preparation for liquid scintillation
counting: 10 ml Aquasoll!!l (New England Nuclear)
scintillation cocktail was added to 0.2 ml urine,
plasma or extraction residue. 0.1 ml whole blood or
0.05 ml of cells was mixed in the counting vial with
1.5ml of Soluene-3501!!l (Packard)/isopropanol, 35%
hydrogen peroxide mixture (1.5 : 1.5 : I VIV) with
gentle agitation and let stand at room temperature
for 10 minutes, and for 2 hours at 40°C. After
cooling 10 ml Aquasol-HCl (Aquasol : 0.5 N HCl =
= 9 : I VIV) was added per vial.

The dry faeces samples (10-30 mg) were com­
busted in a stream of oxygen using an Oxiscint
apparatus (20). Carbon dioxide was trapped in an
absorber containing 2.0 ml Carbo-Sorb nl!!l (Packard).
This solution was rinsed into a vial 13 ml cocktail
(4.0 g PPO, 0.25 g POPOP in I litre toluene).

The measurements were carried out with an LKB
Wallac 8100 liquid scintillation spectrometer using
external standard quench correction.

Determination of unchanged Drotaverlne

In the biological samples the unchanged Dro­
taverine was determined by extraction technique as
previously described (16). n-Heptane proved to be
the most suitable solvent as shown by the following
efficiency data obtained at pH 14.0

92 ± 2.2 for unchanged Drotaverine

3 - 5% for «free metabolites» (de-ethylated, i.e.
free phenolic hydroxyl group containing
Drotaverine derivatives)

0% for «conjugated metabolites» (glucuronide
and sulphate conjugates).

Plasma, urine and supernatants (3000 r.p.m., 20
min) of aqueous faeces homogenates were extracted
three times with three volumes of n-heptane at pH
14.0. The radioactivity of the extraction residues was
measured by liquid scintillation counter.

Enzymic hydrolysis of conjugates

Nine ml 96% ethanol was added to I ml of each'
plasma sample, the mixture was stirred for 5 min
and centrifuged at 3000 r.p.m. for 15-20 min. The
clear supernatant was drawn off, 9 ml 96% ethanol
was added to the sediment, and the extraction pro­
cedure was repeated. The ethanol phases were pooled
and evaporated in vacuo at 40°C. The dry residue
was dissolved in 2.5 ml pH 5.0 acetate buffer, 0.1 ml
of the solution was pipetted into a liquid scintillation
vial, 10 ml Bray cocktail was added and radio­
activity was measured. The solution was separated
into two parts, further on marked as Solution A and
B.

Solution A

The samples were extracted with 3 X 3 volumes
chloroform at pH 5.0 to give amount unchanged
Drotaverine and «free metabolites». «Conjugated
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metabolites» were not extractable at this pH. After
separation of the phases, radioactivity of the aqueous
residue was measured.

Solution B

20 ul, 2000 FU ~-glucuronidase/arylsulphatase

(SERVA) was added to each sample, the mixture
was incubated for 24 hours at 37°C. Radioactivity of
the aqueous phase was measured before and after
extraction with 3 X 3 volumes of chloroform.

I ml pH 5.0 acetate buffer was added to I ml
urine or supernatant of the aqueous homogenate of
faeces samples and the mixture was incubated in the
presence of 2000 FU ~-glucuronidase/arylsulphatase

for 24 hours at 37°C. Extraction percentage with
3 X 3 volumes of chloroform gives the amount of
conjugated metabolites. To differentiate between
glucuronide and sulphate conjugates, separate samples
were incubated in the presence of 2000 FU ~-glucu­

ronidase (Ketodase, Godecke AG) and treated as
above.

Protein binding

Protein binding level was determined by in vitro
and in vivo methods at 24°C and 37°C. In the in

vitro experiments, the labelled product was incubated
with human serum albumin in pH 7.4 phosphate
buffer for 24 hours. For the in vivo experiments the
plasma samples of the subjects were used.

In the in vivo as well. as in the in vitro studies,
protein binding was determined by equilibrium dia­
lysis technique using Visking Tube@> (Union Carbide)
membrane.

RESULTS

Plasma levels of unchanged Drotaverine, «free
metabolites» and «conjugated metabolites» were
measured, using enzymic hydrolysis and extraction
technique (Table II).

Fig. 2 shows the 14C radioactivity levels in the
plasma, whole blood and blood cells after ad­
ministration of Drotaverine-Acephyllinate- 14C.

Fig. 3 shows the urinary and faecal elimination
of radioactivity.

Of the metabolites in conjugated form excreted
in the urine almost all were in the form of glucuro­
nides while only 1-3% were sulphate conjugates.

The equilibrium dialysis showed that protein
binding of Drotaverine and its metabolites to plasma
proteins was between 80 and 95 percent.

Table II : Plasma concentrations of unchanged Drotaverine, free and conjugated metabolites following oral administration
of Drotaverine Acephyllinate (n = 7).

TlDle Unchanged Drotaverine "Free metabolites» "Conjugated metabolites»
(h) nmol/ml nmol/ml nmol/ml

it s± x s± it s±

0.5 0.788 0.301 1.040 0.212 2.212 1.0

0.75 1.088 0.236 1.041 0.241 3.305 0.646

I 1.033 0.334 0.770 0.258 3.522 0.487

1.5 0.817 0.288 0.775 0.381 2.961 0.418

2 0.612 0.318 0.576 0.220 2.815 0.412

3 0.454 0.326 0.350 0.126 2.334 0.237

4 0.301 0.253 0.361 0.143 2.026 0.190

5 0.228 0.208 0.204 0.092 1.992 0.310

6 0.175 0.161 0.149 0.121 2.016 0.223

8 0.079 0.084 0.149 0.127 1.615 0.319
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Mathematical modelling

The model was established by using the following
experimental results and conclusion :

- The fact that de-ethylated and conjugated meta­
bolites appeared in the plasma simultaneously
with unchanged compound, indicated a conside­
rable hepatic «first pass effect»

- From 6 h on following administration, practically
the total plasma radioactivity was represented by
conjugated metabolites

- Drotaverine appeared in faeces and urine ex­
clusively in form of conjugated metabolites

- Between 6 and 8 h the plasma concentration curve
of the conjugated metabolites showed a break in
the slope, indicating a slower elimination rate, and
in a few cases even a low second peak occured

nmol/
/ml

- The renal clearance of the conjugated metabolites
calculated from the plasma and urine curves,
tended to decrease with time, and by the end of
the experiments declined to nearly one third of the
initial value

- About 90% of the administered radioactivity ap­
peared in the urine and faeces within 72 h

- Comparison of plasma and whole blood 14C levels
indicated that only a negligible fraction of the
labelled compounds was bound to blood cells.

The kinetic model was formulated by a first
order differential equation system representing a
compartmental scheme of absorption, distribution,
biotransformation and elimination events. The
schematic view of the model is shown in Fig. 4.
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Fig. 2 : Plasma, whole blood and blood cells 14C levels after administration of Drotaverine- 14C-Acephyllinate (the
radioactivity results expressed in nmol/ml, n =7).
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Fig. 3 : Cumulative urinary and faecal elimination of 14C in % of the dose (n = 7).

Symbols
m A : amount of the drug at the

absorption site

T 1ag : lag time of absorption
I I I Imo, mM, mK2, mKI: amount of unchanged Dro-

taverine de-ethylated meta­
bolites, mono- and di-con­
juga ted metabolites in the
central compartment

2 2 2 2
mo, mM, mKJ, mK2: amount of unchanged Dro-

taverine, de-ethylated meta­
bolites, mono- and di-con­
zugated metabolites in the
peripheral compartment

mu : cumulative amount of con­
jugated metabolites

m ENTI' m ENTI : amount of conjugated me­
tabolites in the hypothetic
enterohepatic circulation

V0, VK : central distribution volume

of the Drotaverine and con­
jugated metabolites

P .... first order rate constants

F I : fraction of the total ab­
sorbed quantity which entered
the systemic circulation in the
form of unchanged Drotave­
rine in the course of the first
liver pass

F 2 : fraction of the de-ethylated
metabolites which was trans­
formed to conjugates during
the first liver pass

ENT : fraction of conjugated meta­
bolites entering the enterohe­
patic circulation

TE : time constant of enterohepatic
circulation

-+- : divisor

L : Summator
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Fig. 4 : The complex linear model of the route and structural changes of Drotaverine-Acephyllinate in the human organism.

As it is shown in Fig. 4, the number of chemically
different components were grouped in four kinetically
distinguishable compartments :

unchanged Drotaverine (D)
de-ethylated metabolites (M)
mono-conjugates (K I)
di-conjugates (K2)

Differentiation between mono- and di-conjugates
was necessitated by the renal clearance which can be
explained by the greater molecular size of the di­
-conjugates, Some simplifying assumptions were used
in the model formulation supposing identical di­
stribution volumes and kinetics for D and M for KI

and K2 respectively, so the disposition kinetics was
characterized by the Vo, VK• PIO. Pm. P IK and
P 2K constants.

On the basis of the animal experiments, the
existence of an enterohepatic cycle seemed to be
probable (15). For modelling this speculative process
two serially connected events of the enterohepatic
cycle were postulated. The cycle was characterized
by TE time constant and ENT which measured the
fraction of the mono- and di-conjugates participating
in the de-ethylation and reabsorption process.

The structural identifiability of the complex
linear model was estimated and proved by the
algorism of Vajda (21) prior to fitting.
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The parameter estimation of the elaborated the enterohepatic cycle, Model I did not take into
model was performed using the NONLIN program account this process and used two different faecal
(22). elimination rate constants (PFJ, P F 1) to describe the

Two alternative models were identified for each kinetic events. The estimated parameters for the
subject. Because of the great uncertainty concerning subjects are shown in Table III. The enterohepatic

Table III : Model parameters following administration of Drotaverine- 14C-Acephyllinate (n =7).

Parameter Subject

K.F.S. K.Gy. B.S. Sz.T. V.Z. Cs.J. K.M. mean

(n = 7)

PA h-I 2.53 3.24 2.06 2.97 3.08 2.73 1.76 2.54

(1.92) (2.95) ( 1.87) (1.86) (2.45) (2.29) (2.04) (0.80)

TLAO h-I 0.23 0.20 0.40 0.15 0.13 0.15 0.20 0.172

(0.20) (0.17) (0.28) (0.20) (0.1 I) (0.10) (0.19) (5.7.10-2)

FI 0.31 0.37 0.41 0.42 0.53 0.50 0.45 0.40

(0.22) (0.27) (0.32) (0.22) (0.42) (0.37) (0.26) (0.104)

F2 0.65 0.64 0.80 0.68 0.81 0.79 0.78 0.69

(0.09) (0.08) (0.1 I) (0.18) (0.21) (0.34) (0.23) (4.7.10-2)

PM h -I 0.84 0.31 0.55 0.62 0.79 1.35 1.07 0.62

(0.47) (0.25) (0.37) (0.42) (0.29) (0.68) (0.77) (0.142)

Pm h-I 0.43 1.00 0.73 I.lO 0.96 1.06 0.41 0.80

(0.35) (0.76) (0.43) (0.27) (0.43) (0.59) (0.37) (0.15)

P20 h-I 0.53 2.61 I.lI 2.63 0.69 0.71 0.58 0.72

(0.44) (I.l7) (0.87) (2.1 I) (0.49) (0.28) (0.37) (0.178)

PK h-I 0.86 0.87 0.64 I.l2 0.98 0.59 0.69 0.77

(0.21) (0.25) (0.21) (0.49) (0.84) (0.29) (0.34) (0.107)

PIK h-I 0.60 0.60 0.58 0.46 0.49 0.61 0.58 0.58

(0.12) (0.19) (0.23) (0.30) (0.53) (0.32) (0.27) (8.05.10-2)

P2K h-I 0.19 0.21 0.15 0.28 0.22 0.13 0.12 0.18

(0.05) (0.03) (0.06) (0.16) (0.14) (0.05) (0.09) (2.04.10-2)

PMODlh- 1 0.41 0.45 0.51 0.37 0.52 0.43 0.57 0.44

(0.37) (0.40) (0.55) (0.28) (0.37) (0.33) (0.44) (0.140)

PUI h-I 0.21 0.20 0.24 0.16 0.27 0.21 0.32 0.2

(0.03) (0.03) (0.04) (0.03) (0.09) (0.05) (0.09) (1.47.10-2)

PU2 h-I 0.061 0.057 0.076 0.051 0.087 0.069 0.102 0.063

(0.007) (0.007) (0.01l) (0.017) (0.034) (0.015) (0.037) (4.13.10-3)

PFI h-I 0.19 0.18 0.15 0.20 0.19 0.17 0.19 0.18

(0.13) (0.19) (0.28) (0.24) (0.45) (0.28) (0.49) (8.48.10-2)

PF2 h-I 0.046 0.053 0.045 0.046 0.064 0.052 0.096 0.05

(0.054) (0.076) (0.142) (0.070) (0.142) (0.137) (0.256) (3.36.10 -2)

Vo lit 29.5 26.3 23.8 35.8 36.1 35.9 25.4 29.35

(7.6) (4.8) (5.5) (8.9) (7.6) (5.7) (6.8) (2.38)

VK lit 14.5 11.2 11.3 19.8 11.3 10.0 10.8 11.83

(2.3) (1.3) (1.6) (3.8) (4.1) (2.4) (2.9) (0.793)
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** In model 2, P FI and PF2 by definition are identical

Table IV : Comparison of model variants I and 2 by para­
meters determined in N° I volunteer (The
parameters pertaining to the kinetics of un­
changed Drotaverine were identical in both
model variants and correspond to those shown
in Table III.

cycle was characterized by ENT and TE parameters
in Model 2. The comparison of Model 1 and Model
2 is demonstrated in Table IV for subject I.

It should be noted that there was a great in­
dividual variability in the model parameters relating
the kinetics of the mono- and di-conjugates, however
this great variability can be easily interpreted by the
fact that no selective measurements were available
for the mono- or di-conjugates, only for their sum
during the investigations. Although to describe the
time decrease of renal clearance, differentiation was
necessary between mono- and di-conjugates, their
biotransformation, enterohepatic cycle and elimination
could not been described mathematically by a unique
and statistically well-defined parameter vector.

Fig. 5, 6, 7, 8 show the measured and simulated
curves for subject 1. For every subject, a statistically
identical fit was produced using the above mentioned
two-model variants.

Parameter

F2
PK h-I

PIK h-I

P2K h- I

PUt h-I

PU2 h-I

PFI h-I

PF2 h- I

ENT

TEh
VK lit

Model

0.65 (0.09)

0.86 (0.21 )
0.60 (0.12)

0.19 (0.50)
0.21 (0.02)

0.061 (0.007)
0.19 (0.13 )

0.046 (0.054)

14.5 (2.3

Model 2

0.66 (0.13 )
0.79 (0.19 )
0.59 (0.17 )

0.15 (0.07 )
0.20 (0.01 )
0.058 (0.003)

0.096 (0.087)
0.096** (0.087)
0.32 (1.9 )

2.1 (3.5 )
14.8 (0.74)

K.F.S. (p.o.)

ILmol/ml
FUNCTION 2 .., ARE PREDICTED POINTS,·'S ARE OBSERVED POINTS

~ •••••• ' It •••••

••

.•
..•...

'''CIII

•

.....".",....

•............................... .

..........

. .
'" '"

'" .... '"

...... "."

•....
•

..........

•

.
•••

•

•

•

t.'"',"''.".','"•••••6.'"••••••••••...,,,
6,·'t••••••••••......
'.'"•••••...................,
•••••I.'"I.'"I."",.'t­.....
'.'".....•••••,....
•••••,....
',"'•••••'.'M','N....,....,...............
•••••'.""......
'.""I ..' ......"
J .
J .
t,t ......... ~,,'

Fig. 5 : Plasma 14C level after administration of 160 nmol Drotaverine-Acephyllinate (N° I volunteer, ... model, * ex­
perimental).



26 European Journal of Drug Metabolism and Pharmacokinetics. 1984. No 1

........

ARE OBSERVED POINTS

. .
•

.....
•

.....

'" ................... .
•••••••••••••

•

. ..

... ARE PREDICTED POINTS:'S

•

••

..... .....

FUNCTION 1
,..... K.F.S. (p.o.l •
'..... I' .. ';.or,. Il mo / I' •
'."" m.,;,.....
-.""~."t·••••••-,""-,"") .
' ' .;0.".''.t'"'.'.'.'.'''''.....
~.tJ.,

4,""
~•••t'"' .
~ .
'.""'...........'.....I.""'...,....."'.....'..•.............., .
' ..
~.I•••'.....'.1'"-.""'.""......
'.""'.''''...............'...........................
"!!F5."" .. ......-- ...

............ .....•

..
• .o••

0 ..

FUNCTION 3 ... ARE PREDICTED POINTS:'S ARE OBSERVED POINTS..

Fig. 6 Plasma concentration of unchanged Drotaverine following administration of Drotaverine-Acephyllinate (N° I
volunteer, ... model, • experimental) .

..... K.F.S. (p.o.) ;
to ••-
..... Ilmol/ml'J.'"'. ' ..
:-:~:,:..., .,.I: .~,
'.'",._.t, ,..
':,,-
I .....

'.11'
I • .",.,t·
I.' I' •
, • t.

': '1'I.'.'
:::~:· ".. :'t'·....
' .."·..,.
· .t'­"" 'I'·.".· .u··,'"::~::
.,",-
••••••;.""I. " ••
I,"".... ,.·...,...,..
•••• I'-, ,.t·
;, "It

"II "":,' 'e': ,
•"'" . e.•

•••• t ,,) ' ...-. ••••• ,.... ..... ..... '.... ••••• ' .... .....
Fig. 7: Plasma concentration of conjugated metabolites following administration of Drotaverine-Acephyllinate (N° I

volunteer, ... model, • experimental).



Z. Vargay et al.. The fate of Drotaverine-Acephyllinate in rat and man II. 27

K.F.S. (p.o.)

J.lmol/ml FUNCTION 4 ... ARE PREDICTED POINTS,·'S ARE OBSERVED POINTS

..,." , .....

A. -.'' ....•••••
t. ".,.u·
t ,P'
t: "­'.11'·.,..:...
•••••e , ,.-

'.'"'.t,.
A, '1'
'.1"'0' ,.t." ,
I ....

'0'"••••r.....
t.'",
'.1"'.,.,
' ....'
I. '"I.U·

I.""
I ....
, ,A"~
I ....
e,".1.11,'· .· .", 't.'. t.'
t ••••

' ..,.-.,..· t,•.i.,.
'0 ,."

-, ",.......
~ ...........;.,..,
' .... ,
J • • • • • • " ..

•

..

'.'"

...
.. .. '

" .ttll ..... ..... ••••• .....

•

"."

.....•

.....Ilt

•••••
Fig. 8 : Observed and predicted data for urinary elimination of 14C in % of the dose (N° I volunteer, ... model, •

experimental).

DISCUSSION

An extraction procedure was designed for the
separate determination of unchanged Drotaverine,

As shown in Fig. 2 the plasma 14C levels reached
peak between 0.75 and I hours after drug ad­
ministration. Comparison of levels in whole blood
and plasma at identical sampling times revealed that
practically all radioactivity was bound to the plasma

Thus the blood cell binding proved to be ne­
gligible.

Drotaverine was almost completely metabolized
by O-de-ethylation to mono- and di-phenolic com­
pounds and these metabolites conjugated rapidly
with glucuronic acid in the liver.

free metabolites and conjugated metabolites in plasma.
The maximum plasma levels determined by radio­
activity consisted of 20 ± 5% unchanged Drotave­
rine, 18 ± 4 «free metabolites» and 62 ± 5% «con­
jugated metabolites». 8 hours after administration
these values were 3 - 4%, 8 - 9% and 87 - 89% re­
spectively (Table II). The relatively low concen­
trations of unchanged Drotaverine and «free meta­
bolites», measured at early sampling times between
(0.5 and 2 hours), have indicated a considerable first
pass effect.

Fig. 2 shows 14C radioactivity curves of plasma,
whole blood, blood cells and plasma levels of
unchanged Drotaverine, «free metabolites» and «con­
jugated metabolites» are shown in Table II. As can
be seen, the metabolic degradation of Drotaverine
and conjugation of metabolites were rapidly pro­
gressing and 8 hours after administration a very
small part of the plasma radioactivity was repre­
sented by unchanged Drotaverine and «free meta­
bolites». The ratio of conjugated metabolites tended

= 1.8-2.
cpluma

Cwhole blood
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to increase at early sampling times and from 6-8
hours on following administration practically only
conjugated metabolites were presented in the plasma.
Since practically only conjugated metabolites were
excreted in the urine and faeces, the degree of
elimination obviously depends on the excretion of
these compounds.

On the bases of mathematical modelling the
following conclusions may be drawn :

- The fraction of the orally given dose (100 mg,
160 J.1M) of Drotaverine entering into systemic
circulation after the first passage through the liver
in the form of parent drug, de-ethylated meta­
bolites and conjugates was 40%, 18% and 42%,
respectively

- absorption half-life of parent compound was
'" 0.27 hours; its elimination half-life characteriz­
ing the beta phase was '" 2.3 hours

- conjugation process of de-ethylated metabolites
had a half-life of '" 0.9 hours (In 2/P K)

- the central and peripherial distribution volumes of
parent compound and de-ethylated metabolites
were nearly identical, '" 30 litres

- central distribution volume of conjugates is less
than that of mono-eonjugates, '" 12 Iitres

- corresponding to the differences in the molecular
sizes and consequently the diffusion rates, the
intercompartmental transfer constants of the con­
jugates were lower than the values of the non­
conjugates

- ratio of renal c1earences of di- and mono-con­
jugates was approximately 1:3

- half-life of di-eonjugates in the beta phase was
'" 20 hours.

Summarizing the results of mathematical modelling
it must be emphasized that question of an entero­
hepatic cycles existence remained unanswered. The
details and mechanism of the fecal elimination
(biliary recirculation and/or - after ~-glucuronides

hydrolysis of the conjugates - through the gut wall)
could not been proved unambigously by modelling
means, only two statistically equivalent solutions
were given to describe these process. The elaboration
of more physiological models necessitate however
further experimental work especially concerning the
hydrolysis of the conjugates in gastrointestinal tract
and the reabsorption into systemic circulation. The
further details of non-continous bile excretion seem
to be very important as the reproducible break in the

plasma curves at 8 hours after the drug intake
coincides with the next meal periods of the in­
vestigated subjects.
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