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Valproate glucuronidation by rat liver microsomes. Interaction with 
parahydroxyphenobarbital 
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Sodium valproate (VPA), a branched short-chain fatty 
acid, is commonly used in the treatment of epilepsy, either 
alone or in combination with other drugs [I]. Several inter- 
actions have been described, one of which involves a 
valproate-induced increase in phenobarbital (PB) blood 
levels [2,3]. This interaction is of clinical significance, since 
various side effects are related to high PB blood 
concentrations. 

In an attempt to elucidate the mechanism of the inter- 
action between VPA and PB, pharmacokinetic studies were 
previously set up in normal subjects [4] and in epileptic 
patients [S], and it was suggested that PB metabolism could 
be inhibited by VPA. The maior identified metabolite of 
PB is the hydroxylated derivative in the paraposition, para- 
hvdroxvnhenobarbital (POHPB): Dart of this metabolite 
isglu&onidated before elimination via the kidney [6,7]. 

In rat hepaticmicrosomes, PB hydroxylation has been 
shown to be inhibited by valproate [8], but this cannot 
explain the decreased ratio of conjugated POHPB over 
total POHPB excreted in urine during PB-VPA therapy 
[5,9, lo]. Valproate is extensively metabolized in man, and 
a significant portion of the metabolism occurs via conju- 
gation with glucuronic acid [2]. Thus, glucuronidation is 
a common metabolic pathway of both drugs. 

To our knowledge, the kinetics of valproate glucuroni- 
dation has not been previously described. The primary 
purpose of this study was to investigate the kinetics of UDP 
glucuronyltransferase (UDPGT)-EC 2.4.1.17-towards 
ialproate in rat liver microsomds, and to study modifica- 
tions in the enzymes activitv when both VPA and POH PB 
were used as substrates. . 

Materials and methods 

Chemicals. Phenobarbital sodium salt was from the 
Cooperative Pharmaceutique Fran9aise (Melun, France). 
Parahydroxyphenobarbital was synthesized by Pharmacie 
Centrale des Hbpitaux (Paris, France). 

Valproic acid sodium salt was kindly donated by Labaz 
(Ambares, France). UDP glucuronic acid, sodium salt and 
Triton X-100 were from Sigma (St. Louis, MO, U.S.A.). 

Treatment of animals and preparation of liver micro- 
somes. Male Wistar rats were fed a commercial diet, When 
specified, phenobarbital sodium salt was dissolved in dis- 
tilled water and given once a day for 3 days (100 mg/kg/ 
day) intraperitoneally. 

Microsomes were prepared as previously described [ 111. 
Briefly, the livers were quickly excised at 4”, weighed, 
minced and homogenized with an ice-coated Braun glass 
and Teflon homo&izer in a medium containing 20’;nM 
Tris HCl DH 7.4.1 mM EDTA and 1.15% KCI. Unbroken 
cells, nuciei and’mitochondria were removed by centrifug- 
ing the homogenates at 9000 g for 20 min at 5”. The resulting 
supematants were spun at 105,000 g for 60 min. The pellet 
was resuspended in Tris medium and spun at 105,000 g for 
60min. The microsomal pellet was resuspended in Tris 
medium at a concentration of 70 mg of microsomal protein 
per ml. Microsomes were kept frozen (- 70”) until use, 
without significant loss of activity. 

Proteins were determined according to the method of 
Lowry et al. [12] with bovine serum albumin as a standard; 

cytochrome P-450 was measured according to the method 
of Omura and Sato [13]. 

Assays of UDP glucuronyltransferase. Unless otherwise 
specified, enzyme activity towards valproate and POH PB 
was assayed with aglycone concentrations of 1 mM and 
0.25 mM resoectivelv. VPA was dissolved in distilled water 
and POH PB in a minimum volume of methanol (10 @); 
for kinetic studies, aglycone concentrations ranged from 
0.1 to 1 mM. 

Assays were performed at 37” in the presence of 20 mM 
Tris HCl pH7.4, MgClz 10 mM, UDP glucuronic acid 
2mM. In blanks, UDP glucuronic acid was omitted. 
Reactions were started by addition of activated micro- 
somes; at least 20min before assays, enzymes were fully 
activated with Triton X-100 added to give a detergent 
protein ratio of 0.10. Assays were performed under con- 
ditions leading to linear reaction rates with time (6min) 
and protein concentration (5 mg per incubation, total 
incubation volume 0.5 ml). 

The reaction was stopped by the addition of HCl 5N 
(0.1 ml). Non-conjugated substrate was extracted and 
quantified by gas liquid chromatography as described 
below. Inclusion of a blank containing water instead of 
UDP glucuronic acid permitted subtraction of residual 
aglycone and calculation of the glucuronidated fraction. 
This procedure gave the same results as hydrolysis (/I- 
glucuronidase or alkaline hydrolysis for VPA glucuronide, 
pglucuronidase or acid hydrolysis for POHPB glucuron- 
ide) of the aqueous phase after removal of the excess of 
non-conjugated substrate. 

Substrate analysis. Valproic acid was measured according 
to the same gas liquid chromatography method as described 
for plasma assay [14]; briefly, cyclohexane carboxylic acid 
(internal standard) was added to the incubation mixture 
at the end of the reaction; valproic acid and the internal 
standard were quantitatively extracted by 1 ml of chloro- 
form. The organic phase was transferred and evaporated 
under a stream of nitrogen. The residue was dissolved in 
5Ofl of CHClj and an aliquot injected into a 5% FFAP 
column. 

POH PB was measured after ether extraction and flash 
methylation by gas liquid chromatography with a nitrogen 
phosphorus sensitive detector using the method described 
for measurement of PB in plasma [15]; heptabarbital was 
used as an internal standard. 

Data analysiS. Data were interpreted after construction 
of Lineweaver-Burk, Hofstee or Dixon plots. Regression 
analysis were performed by the least square method. Var- 
iance analysis was used as the statistical test. 

Results and discussion 

UDP glucuronyltransferase activity towards sodium val- 
proate. Under our working conditions, UDP GT was fully 
activated with a Triton X-100 over microsomal protein ratio 
of 0.1. Furthermore, after addition of Triton X-100 to the 
microsomal preparation, the kinetics of the enzyme became 
linear on a Lineweaver-Burk nlot (Fig. 1). 

Apparent enzymatic parameters were calculated graph- 
ically from Hofstee plots: K, and V,,,,. were, respectively 
0.65 2 0.2 mM and 3.68 ? 0.78 nmol/min/mg protein 
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Fig. 1. Lineweaver-Burk plots of microsomal glucuroni- 
dation of sodium valproate. *, control native microsomes; 
0, native microsomes from phenobarbitai pretreated rats; 
+, control microsomes + Triton X-100; A, microsomes 

from phenobarbital pretreated rats + Triton X-100. 

(mean rt S.E.M. of three experiments). Calculation of the 
Michaelis constant, K,,, using the method of Cleland as 
described by Bock er al. [16] with various concentrations 
of UDP glucuronic acid (OS-4 mM) and various concen- 
trations of VPA (0.1-2 m&I) gave similar rest&s: K,,, VPA 
0.70 mM: K, of UDP elucuronic acid calculated according 
to the same method w\s 1.95 mM. 

After pretreatment with PB, UDPGT activity was 
enhanced 1.4-fold and compared to the cytochrome P-450 
increase (Table 1); this induction could not be revealed on 
native microsome (Fig. 1). The K,,, value was not signifi- 
cantly altered after pretreatment with PB (0.64 2 
0.21 mM), the maximum rate of the reaction V,,,,, increased 
by approximately two-fold (7.18 t 1.29 nmol/rnin/mg 
protein-mean t S.E.M. of three experiments). 

VPA glucuronidation by rat liver native microsomes 
shares the same properties as glucuronidation of other 
substrates: non-Michaelian kinetics [17] and an apparently 
non-inducible enzyme [18] with these two properties being 
modified when detergent (Triton X-100) is added to the 
microsomal proteins. The apparent K,,, of the reaction was 
not significantly altered after pretreatment with PB; 
whereas the V,,,,, was increased -as described with other 
inducers and substrates 1161. A similar increase in UDP GT 
activity towards VPA after PB treatment was found by 
Watkins and Klaassen on rat microsomes activated with 
BRIJ 58, whereas 3methylcholanthrene was unable to 
increase enzyme activity [19]. 

These results at least partially demonstrate some con- 
cordance between in vitro and & viva data. In rats pre- 
treated with PB, the percentage of conjugated VPA was 
significantly higher than in controls [19], which might be 
partly related to the increased amount of UDPGT after 

PB pretreatment. The same pattern was found in epileptic 
patients treated concomitantly with valproate and other 
antiepileptic drugs such as PB or phenytome: total body 
clearance of VPA was almost twice as high as in normal 
subjects receiving only VPA [20]. In humans, an average 
of 20% of the dose administered was recovered in urine 
as VPA glucuronide [2]. Thus, elimination through glu- 
curonidation might account for an important part of total 
body clearance. 

Since clinical studies have suggested the inhibitory effects 
of VPA (and/or one of its metabolite) in various drug 
metabolizing enzymes [3-S] we studied UDPGT activity 
towards VPA after pretreatment of rat with VPA itself. 
No effect was observed after 4 davs of treatment 
(200 m~k~day) either on cytochrome P-450 Ievel or on 
UDPGT activity (Table I), thus corroborating previous 
studies showing that VPA, in contrast to other antiepileptic 
drugs, does not have any inducing properties [Zl, 221. 

Interaction of sodium valproate and parahydroxy- 
phenobarbital, Addition of POHPB to the incubation 
mixture did not modify the enzyme activity towards VPA. 
For example, in one experiment, UDP GT activities were 
respectively 2.37 and 2.12 nmol/min/mg protein with and 
without POH PB. 

To simulate chronic PB treatment in humans, glucuron- 
idation of POHPB was studied in liver microsomes from 
rats pretreated with PB. Addition of VPA to the incubation 
mixture caused a competitive inhibition of the glucuronyl- 
transferase. The apparent constant of inhibition K*, cal- 
culated from Dixon plot, was 1.2 x 10m3M (Fig. 2). Cal- 
culation of Km of the enzyme with VPA or POHPB as 
substrate gave values of 0.79 and 1.15 mM respectively; 
values obtained from Lineweaver-Burk and Hofstee plots 
were very similar. Thus, the VPA affinity for the enzyme 
tended to be higher than that of POH PB. 

Previous studies have shown that UDPGT activity 
towards POHPB is enhanced by PB pretreatment [23]. 
Thus, at least in rat liver microsomes, both VPA and 
POHPB might be glucuronidated by the same group of 
enzymes. Our results show that in v&o VPA conjugation 
is not affected bv the uresence of POH PB in the incubation 
mixture, but that PbHPB conjugation is competitively 
inhibited by VPA. In order to tentatively explain the mech- 
anism of this interaction one can postulate that these two 
molecules are gIucuronidated at two different sites of the 
enzyme; the difference in the structure of these two mol- 
ecules could allow VPA to compete with POHPB at its 
specific site. These in uitro data corroborate in vivo find- 
ings. In patients receiving both VPA and PB, a decrease 
in the nlucuronidated fraction of POHPB but not in the 
total amount of POH PB has been reported [5]. Our study 
in rat microsomes is an approach which might explain the 
VPA-PB interaction. However, further investigations are 
needed to determine whether inhibition of PB hydroxy- 
lation, as shown by Kapetanovic [8], and of POIIPB 

Table 1. Influence of rat pretreatment on cytochrome P-450 and UDP glucuronyltransferase 
activities towards sodium valproate 

Pretreatment 
Cytochrome P-450 

nmol/mg microsomal protein 
UDP glucuronyltransferase 

nmo~min.mg microsomal protein 

Control 0.57 2 0.028 3.59 2 0.16 
Sodium valproate 0.62 ? 0.06 3.94 2 0.16 
Phenobarbital 1.14 2 0.028* 5.05 * 0.45t 

Results are mean t S.E.M. of at least three different experiments. 
Rats were pretreated as follows: control (saline), phenobarbital 100 mg’kgiday, sodium 

valproate 200 n&g/day were administered i.p. daily for 3 days. 
* Statistically different from control P i 0.001. 
t Statistically different from control P < 0.01. 
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Fig. 2. Inhibition of the conjugation of parahydroxyphenobarbital by different concentrations of sodium 
valproate. Results are plotted according to Dixon. Concentrations of parahydroxyphenobarbital are: 

A,0.05mM;O,0.10mM;*,0.15mM; l ,0.25mM;+,0.3.5mM. 

glucuronidation simultaneously occurs in vivo. Indeed, 
VPA may be a non-specific inhibitor of several drug metab- 
olizing enzymes, as reported for other fatty acids {24-263. 

In the present paper, the kinetics of UDP glucuronyl- 
transferase towards valproate was studied in rat liver 
microsomes. The enzyme was activated by T&on X-100 
and induced by phenobarbital whereas valproate pretreat- 
ment had no effect. POHPB, a PB metabolite did not 
inhibit- valproate glucuronidation. Conversely valproate 
was found to competitively inhibit POHPB glucuronidation 
(K; 1.2 mM) in rat liver microsomes. These results further 
characterize the valproate-phenobarbital interaction. 

Acknowledgements--We thank Dr A. M. Batt and Pr. Siest 
from the University of Nancy for helpful discussions. 

CH Bicetre 
Kremlin Bic&tre 
France 

AWE-MARIETABLJRET 

Centre d’Etude Pharmaceutiqlte 
Universitt! Paris XI 
Chatenuy Mahzbry 
France 

PtERRE AWARD 

REFXRENCRS 

1. R. M. Pinder, R. N. Brogden, T. M. Speight and G. 
S. Avery, Drugs 13, 81 (1977). 

2. R. Gugler, G. E. Van Unruh, Clin. Pharmac. 5, 67 
(1980). 

3. E. Perucca, Clin. Pharmacok. 7(l), 57 (1982). 
4. I. H. Pate), R. H. Levy and R. E. Cutler, Clin. phar- 

macol. Ther. 27(4), 515 (1980). 
5. 1. M. Kapetanovic, H. J. Kupferbetg, R. J. Porter, W. 

Theodore, E. Schulman and J. K. Penry, Clin. phar- 
macol. Ther. 29(4), 480 (1981). 

6. T. C. Butler, J. pharmacol. exp. Ther. 116,326 (1956). 
7. M. P. Whyteand A. S. Dekaban, Druametab. DisDosit. 

S(l), 63 (-1977). 
%A 1 

8. I. M. Kapetanovic and H. Kupferberg, Biochem. Phar- 
macol. 30(11), 1361 (1981). 

9. H. Flachs, A. Wurtz-Jorgensen, L. Gram and K. Wulff, 
in Antiepileptic Drug Moniroring (Eds. C. Gardner- 
Thorpe, D. Janz, H. Meinhardi and C. E. Pippenger), 
p. 165. Raven Press, New York (1977). 

10. 3. Bruni, B. J. Wilder, R. J. Perch&k&E. J. Hammond 
and H. J. Villareal, Neurology 30, 94 (1980). 

11. P. Mazel, in Fundamentals of Drug Metabolism and 
Drug Disposition (Eds. B. N. Ladu, G. H. G. Mandel 
and E. L. Way), p. 527. Williams & Wilkins, Baltimore 
(1972). 

12. 0. H. Lowry, N. J. Rosebrough, A. L. Farr and R. 
J. Randall, J. biol. Chem. 193, 265 (1951). 

13. T. Omura and R. Sato, 1. bioL @em. 239,237O (1964). 
14. A. M. Taburet and P. Aymard, in Fiche de Dosage des 

Mkdicaments dnns les Milieux Biofogiques (Ed. B. Flou- 
vat). Expansion Scientifique, Paris (1977). 

15. A. Brachet-Liermain, A. M. Trezeguet, C. Versiile 
and M. Dubois Ann. Biol. C/in. 32. 135 (1974). 

16. K. W. Bock, G. W. Ftohling, H. Remmer and B. 
Rexer, Biochem. biophys. Acta. 327, 46 (1973). 

17. J. M. Ziegler, Activation de I’UDP-glucuronyl- 
transferase. Approche des caracteres cinCtiques et de 
I’affinitb pour diffkrents substrats phtnoliques. Thesis, 
Nancy, 1973. 

18. T. Cresteil, J. L. Mahu, P. M. Dansette and J. P. 
Leroux, Biochem. Pharmacol. 29, 1127 (1980). 

19. J. B. Watkins and C. D. Klaassen. J. oharmacol. exn. 
Ther. 220(Z), 305 (1982). 

r 

20. E. Perucca, G. Gatti, G. M. Frigo, A. Crema, S. 
Calzett and D. Visintini, Br. .I. c/in. Pharmacol. 5,495 
(1978). 

21. B. J. Jordan, J. S. Shillingford, K. P. Steed, in CIinicnl 
und Pharmacological Aspect of Sodium Valproate 
@pi&m) in the TreafmenrufEpilepsy (Ed. N. J. Leggs), 
p. 132. MCS Consultants, Tunbridge Wells, England 
(1976). 

22. N. Sapeika and E. R. Kaplan, Res. Commun. them. 
pathol. Pharmacol. 10, 767 (1975). 

23. I. Okulicz-Kozaryn, M. Shaefer, A. M. Batt, G. Siest 
and V. Loppinet, Biochem. Pharmacol. 30(12), 1457 
(1981) 

24. R. P. Di Augustine and J. R. Fouts, Biochem. 1. 115, 
547 (1969). 

25. M. Lang, Gen. Pharmacol. 7, 415 (1976). 
26. D. Pessayre, P. Mazel, V. DesLatoire, E. Rogier, G. 

Feldmann and J. P. Benhamou, Xenobiotica 9(5), 301 
(1979). 


