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.1. ImISTOFFEHSSON, L. J... SVENSSON AND K. TEGNER 

Generally, phenolic compounds are metabolically conjugated to sulphuric acid esters and/or glucuronides during absorption from the gastrointesti­nal tract [1]. The major site for the conjugation reaction seems in many instances to be the liver, but the gut wall, too, may play an important role in these reactions [2]. As the conjugates of biologically active com­pounds usually are both considerably less active than the parent com­pounds and also more readily excreted, conjugation may a priori be regarded as an unwanted reaction by the body metabolism on the drug molecule. The bronchodilator drug, terbutaline (Bricanyl") [3] is conjugated by sulphuric acid to an extent of 85 % of the dose absorbed after oral ad­ministration, while about 60 % of the doses given intravenously or sub­cutaneously are excreted as unconjugated drug [ 4]. It has not yet been established whether the major part of the conjugate metabolite is formed in the gut wall during absorption or is the result of a first-pass meta­bolism in the liver. As the phenolic OH groups in terbutaline are sites for attack by the conjugating enzymes, as well as being a contributing factor to the high hydrophilicity of the molecule, a blocking of the OH groups by a bio­logically displaceable functional group, i.e. drug latentiation [ 5], seemed to be an attractive way of overcoming or reducing conjugation during absorption, and at the same time of increasing the Iipophilicity of the drug, making it more easily absorbed from the gastrointestinal tract. The most suitable blocking group to be used in this case seemed to be the acyl group since it can be removed in vivo by esterases. Furthermore, since the esterase catalyzed hydrolyses of phenyl acetates have been found to display a normal steric order of reactivity [6], this may give us the opportunity of preparing esters with different biological stability by merely varying the steric bulkiness in the acyl moiety. This is important because the proper biological stability of the ester constitutes a prerequi­site if a high concentration of the parent drug is to be brought into the general circulation via an efficient first-J)ass metabolism. With this in mind, a series of acyl substituted mono- and diesters of terbutaline has been synthetized [3b] and the present paper reports the in vitro hydrolysis in sera from man, cat and dog of some of the esters prepared. 
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DHUG LATENTlATION OF TEHliUTALINE 

Experimental Materials f Blood was obtained from healthy volunteers, cats and �eagle dogs. Serum, reefrom visible hemolysis, was prepared and stored at 0-4 C. All chemicals used were of analytical grade and satisfactory analyses wereobtained for all the esters investigated.
Kinetic measurements The appearance of monoestcr and tcrbutalinc, r�spective_lfh :��:;;l��:�e� i;el�Z ,· DMR 21 recording spectrophotometer, eqmppcd wi e1ss . . 37 + o 1 °c for human serumcompartment maintaining constant temperatme, - • h . 11 and 38 ± 0.1 "C for animal serum, during the kinetic runs. �or eac spec�, ah rate constants are obtained from experiments performed with the same ate f m and the constancy of the catalytic activity of the serum was regularlyo seru , t • • 2000 1 of a stock checked with KWD 2058. Into the reaction cuvette con ammg µ. . . · f di.luted 1 - 50 in o 067 M phosphate buffer pH 7.4, was miectedsolut10n o serum • • • f h t I the 1 f 200 1 freshly made aqueous solution o t e es ers. n a constant vo ume o P. . E h b t te reference cuvette the ester solution was replaced by plam wa�er. t 1��

4 

�ra. was investigated at three concentrations ranging from 5 • 1_0 5 to • , m 1 l" le The hydrolysis of the dicsters to the correspondmg mon?estcrs was:nu:a,;�;ed. at the isosbestic point for terbutaline and the monoester, 1.e. 277 nm,
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Fig. 1. Esterase-calalyzed hydrolysis of KWD 2058 in human serum.· d 1 55 • O 061 M phosphate buffer pH 7.4 atDuplicate runs in serum dilute : 1n -37.0"C. [s] == 2.6 • 10-4 M.v - v == initial rates. 
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A e = 1.8 . 103 M-1 cm-1
. The hydrolysis of the monoesters to terbutaline was 

followed at 286 nm where A e = 5.1 . 102 M-1 cm-1
. For all substrate concentra­

tions, the expanded measuring range, 0-0.1, of the spectrophotometer was used 
to follow the rise in absorption. Initial rates were obtained from the curve 
representing the first 5-10 % of the reaction (see Fig. 1) except for the lowest 
concentration of monoesters where a somewhat higher degree of reaction had 
to be followed. Appropriate corrections were made for the spontaneous hydro­
lysis of the esters. 

Treatment of data 
The initial rates were plotted according to the methods given by Eadie (v vs.v 1 1 [SJ -

] 
)[7] and Lineweaver-Burk (-vs. -- and-vs. [S]) [8]. Both methods[S V [S] V gave similar results without any significant differences in the parameters ortheir deviations [9]. The values given in Tables 1 and 2 are obtained from theEadie plots. (See also Fig. 2 for an example of an Eadie plot). The constants

vm Km , V01 , - and standard deviations were estimated on a HP-calculator 9810 byK"' 
linear regression using an unweighted least-squares method.

Results and discussion 

Evidence that serum esterases really catalyze the hydrolysis of the ter­
butaline esters is found in the increase in rates of hydrolysis observed 
when diluted serum ( 1: 50) is added to a buffered water solution of the 
esters. The esterase catalyzed reaction under such conditions is thus 
found to cause a rate acceleration of more than 103, when compared to 
the non-enzymatic hydrolysis in water [10]. Addition of physostigmine 
(I0-5 M) to the sample was also found to considerably inhibit serum 
esterase catalyzed hydrolysis of the ester of terbutaline ( 5 • 10-,i, M).

Moreover, zymograms (polyacrylamide gel electrophoresis) from 
human serum reveal only one esterase component that hydrolyses the 
terbutaline esters, while three esterase components are found in cat se­
rum [11]. Since cat serum contains more than one esterase component, 
and no data is available for dog serum, the following discussion will 
mainly be concerned with hydrolysis in human ·serum.

Generally, esterases operate according to a three-step mechanism [12],
Eq. ( 1) 

E + S 
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E + p 
2 ( 1) 

t ES th enzyme-substrate complex,where Eis the enzyme, S theds
Puhstrda ;, the p:oducts i.e. alcohol (phenol) EP, the acylated enzyme an , an , 

and fatty acid, respectively. 
This model, Eq. ( 1), may a priori also �e used to describe the serum

esterase catalyzed hydrolysis of the terbutahne esters. 
. . 

f 11 d • UV by momtormg the The hydrolysis experiments were o owe m 
d t b d as · d Diluted serum ha o e use 
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�/�:;��s s�t the_ �avelenrhs ��er� te[�ra�:�
d its monoesters absorb. Under conditions w en o ., 

f [�] • = constant, a linear relation betwee� initial rate�i��i
e1fs�t!�t�ndilution of the serum was observed, as predicted by the 

equation [13], Eq. (2). 

Table 1 
,r 1- aramelers for the human serum esterase-calalyzed hydrolysis of acyl­nine 1c P 

h t b ff H 7 4 and serumsubstituted terbulaline esters• in 0.061 M phosp a e u er P 

Compound 
code No. 

KWD 2037 
R, = R, = CH,CO
KWD 2074 
R, = H; R, = CH,CO 

KWD 2057 
R, = R, = CH,CH,CO 

KWD 2058 
R, = R,::: (CH,),CHCO
KWD 2179 
R, = H; R, = (CH,),CHCO 
KWD 2085 
R, = R, = (CH,),CCO 
KWD 2170" 
R, - R, - CH,CH,(CH,)CH 

diluted 1: 55 at 37.0 ° C. 

Km vm 
(V m),., M sec-1 . 108 M 105 

71.l ± 3.0 7.0 7.1 ± 0.7 

98.6 ± 1.9 9.8 4.9 ± 0.3 

73.6 ± 1.0 7.3 5.2 ± 0.2 

10.1 ± 0.1 1.0 2.3 ± 0.1 

89.2 ± 1.0 8.8 2.3 ± 0.1 

0.17 ± 0.02 0.02 4.8 ± 1.7 

1.6 ± 0.1 0.16 2.6 ± 0.7 

vm 

(::) rd Km 

scc-1 . 103 

10.0 ± 0.7 2.3 

20.1 ± 0.8 4.7 

14.0 ± 0.5 3.3 

4.4 ± 0.2 1.0 

38.1 ± 1.9 8.9 

0.04 ± 0.01 0.008 

0.6 ± 0.1 0.15 

0 The rate constants for the diesters KWD 2037, 2057, 2058, 2085 and 2170 refer to 
hydrolysis of diester to monoester. 
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where 

v. == initial rate 

V = 
0 

[SJ.+ 
K •. k2 

== 

(2) 

k2 + k,

Vm == maximal rate [S] • == initial substrate cone.[E]. == total enzyme cone.
Km == the Michaelis-Menten constant

Eq. (2) was applied for calculation f values. obtained for initial rates at _o rate constants by treating the
according to the method given b E 

�hfferent substra_te concentrationsy adre. From the straight lines of these
plots the values of the constants K V 

V'" 
. T 

m, rn and 
K 

could be obtained andm ables 1 and 2 these constants ar · "' esters in human cat and d 
e given for the hydrolysis of the

I f , og serum. Fig 2 show �mp e o an Eadie plot for the h dr 1 . 
• s a representative ex-

m human serum. 
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Fig. 2. Eadie plot for the esterase-catal1 z d serum diluted 1: 55 in 0 061 M
y
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432 
• P osphate buffer pH 7.4, at 37.0•c.

• 

are, in fact, certain indications in support of acylation, i.e. k, in Eq. ( 1), 
being rate limiting in the reaction. This means that Eq. ( 1) may be 
reduced into Eq. (3). 

K, k, 
E + s � ES ➔ pl + P, (3) 

Support for this assumption is found in the fact that diesters KWD 
2037 and KWD 2058 hydrolyze to their corresponding monoesters, KWD 
2074 and KWD 2179, at a slower rate than these monoesters hydrolyze 

Table 2 

l{inetic parameters for the cal and dog serum eslerase-calalyzed hydrolysis of 
acyl-subsliluled terbulaline esters• in 0.061 M phosphate buff er pH 7.lf and 

serum diluted 1: 55 at 38.0 ° C. 

V 

(v"') Compound vm Km 

m 

code No. M sec-1 . 10s (V m) rel M 105 Km 

Km rel sec-1 . 103 

Cat 

KWD 2037 37.9 ± 0.6 2.6 7.1 ± 0.3 5.4 ± 0.1 2.3 
R

I 
= R., = CH,CO 

KWD 2074 15.4 ± 0.5 1.1 13.2 ± 0.8 1.17 ±-0.03 0.5 
R

1 
= H; R., = CH,CO 

KWD 2067 27.0 ± 0.5 1.9 2.4 ± 0.2 11.0 ± 0.7 4.8 
R

1 
= R, = CH,CH,CO 

l{WD 2058 14.3 ± 0.3 1.0 6.2 ± 0.3 2.3 ± 0.1 1.0 
l\ = R, = (CH,),CHCO 

KWD 2179 7.3 ± 0.2 0.5 2.8 ± 0.3 2.6 ± 0.2 1.1 
R

I
= H; R, = (CH;),CHCO 

KWD 2085 0.30 ± 0.02 0.02 2.3 ± 0.7 0.13 ± 0.03 0.06 
R

I
= R, = (CH,).CCO 

I<WD 2170 5.4 ± 0.1 0.4 2.3 ± 0.2 2.3 ± 0.1 1.0 
R, = R, = CH,CH

2
(CH,)CH 

Dog 

KWD 2058 37.4 ± 1.8 1.0• 59.4 ± 3.5 0.63 ± 0.01 1.0 
R

I 
= R, = (CH,),CHCO 

KWD 2179 27.0 ± 1.3 0.7 10.4 ± 1.0 2.6 ± 0.1 4.1 
R

I
= H; R, = (CH,),CHCO 

• The _rate constants for ·the diesters 2037, 2057, 2058, 2085 and 2170 refer to hydrolysis
of d1ester to monoester. 
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to terbutaline As can b . • T b and KWD 2i19 d'ff b
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( v"') Plot of log 
K,., "' 

vs. E. for the 

human serum esterase catalyzed
hydrolysis of some terbutaline
dieslers. 

Values from Table 1 
Slope value J.53 ± o.'20.

Table 3 
Relative rate ratios for the acylalion of a-chymolrypsin by esters of p-nitro­

phenol and for the serumesterase catalyzed hydrolysis of some terbutaline esters. 

Ester 

Acetate 
Proprionate 
Isobutyrate 
Pivalate 

• p-Nitrophcnylestcrs. Ref. [6]. 
' p-Nitrophenylesters. Ref. [ 17). 
0 Tcrbutaline esters. This study. 

1.0 
2.1 
1.2 
0.15 

( 
kcat

) 
• 

Km Tel 

( 
:: ) r:I 

1.0 1.0 
1.4 

0.59 0.4 

0.04 0.004 

V"' 
(

V"'
) From the values of 

V ... , Km 
and 

Km 
,.,. in Table 1, it is evident that 

increased branching of the alkyl group in the acyl portion of the esters, 
affects the rate of the esterase catalyzed hydrolysis in the proper direc-

tion. This is further demonstrated in Fig. 3, where log (::) ,,,. is plotted

vs. the Taft steric suhstituent constant, E, [16]. These data also cor­
relate well with similar data obtained from acylation of a-chymotrypsin 
with differently acyl substituted p-nitrophenyl esters [6, 17] (Table 3).
Variation of the alkyl substituent in the acyl group of the esters does not, 
however, seem to have any significant influence on the values of K,., . 

In human serum, the monoesters KWD 2074 and KWD 2179 were found 
to hydrolyze faster than the corresponding diesters KWD 2037 and KWD 
2058. Also, in a prelimina ry experiment, no build-up of the monoester 
intermediate was found when the hydrolysis of KWD 2058 in human 
serum was monitored at pH 5.9 where it was possible to obtain an 
isosbestic point for KWD 2058 and terbutaline, (.\ = 250 nm, 0.061 M

phosphate buffer). In cat serum, however, where the diester KWD 2058 
apparently hydrolyses faster than its monoester KWD 2179, it was pos­
sible, by using the same technique, to get a qualitative build-up and break­
down of the monoester ( Fig. 4). Although the experimental conditions 
were rather unfavourable, the rates estimated for the build-up and break­
down reactions of the monoester were found to agree rather well with 
those obtained separately at pH 5.9 for the hydrolysis of the di- and 
monoester, respectively, in cat serum. 
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for the acetate� and isobutyrate 

(
Vm

)
Km 

monoe II tcr 

was found to be 2.0 for the acetates ,
while a value of 8.9 is obtained for the isobutyrates. 
. Wh�n the rate constants obtained from cat ser ( m a similar manner, the ratios 2 2 and 11 

u;i . Table 2) are treated
and isobutyrates respectively which . • t

are o tamed �or the acetates, is con rary to what is found in hu-
436 

110wever, ne strongly questioned as cat serum contains at least three
esterase components capable of hydrolyzing the terbutaline esters. 

As was mentioned in the introduction, the biological half-life of a
prodrug is of great importance; e.g. if the prodrug per se has interesting
pharmacological properties in connection with the parent drug, a pro­
drug having a relatively long half-life would be beneficial, while a phar­
macologically inactive prodrug, or one having unwanted effects, should 
preferably have a short half-life. If there are complications in form of
the parent drug being easily conjugated during the absorption process,
the half-life of the prodrug must be chosen so that extensive hydrolysis
by esterases in the gut wall and liver will be prevented. 

The kinetic data presented in this paper for the serum catalyzed hydro­
lysis of a series of differently acyl substituted esters of terbutaline, show 

that a difference in rates of hydrolysis (;:) of more than 102 is found 

within the series. Since all esters in the series show enhanced oral ab­
sorption compared with the parent compound, terhutalinc, one of the
esters, KWD 2058, having an intermediate rate of hydrolysis, has been
selected for further evaluation in animal studies. These results are
reported elsewhere [ 18). 
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Gas chromatographic determination of 

meprobamate in plasma after column extraction 

ASTRID ARBIN and MARIE-LOUISE EJDERFJALL 

Research Department, ACO Lii.kemedel AB, Box 3026, S-171 03 Solna 3, Sweden 

SUMMARY A procedure for the quantitative determination of therapeutic levels 
of meprobamate in plasma is described. The method makes use of a 
selective column extraction of the drug and a final analysis by gas 
chromatography. The conditions of the extraction are discussed as 
well as the choice of a suitable internal standard. A study of the 
thermal decomposition of meprobamate in the gas chromatographic 
injector system is also presented. The recovery of samples contain­
ing 5 µg/ml is 99.6 ± 1.6 % . 0.2 µg/ml is the lowest concentration 
which can be determined with acceptable precision. 

Quantitative determination of meprobamate in biological material has 
been carried out by colorimetry [1-3] and gas chromatography [ 4--12]. 
Several authors using gas chromatography have described difficulties 
arising from thermal decomposition of meprobamate [ 4, 6, 11, 13]. Dis­
turbances from other compounds like caffeine and barbiturates have also 
been reported [9, 12]. 

This paper describes a method for the gas chromatographic determina­
tion of meprobamate in plasma after extraction by partition chromato­
graphy. The extraction conditions are calculated. from partition studies, 
and the selectivity of the method is discussed. The influence of the injec­
tor temperature on the decomposition of meprobamate as well as the 
importance of a suitable internal standard are presented. 
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