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ABSTRACT  PURPOSE. The increase of serum
activity of γ -glutamyltranferase (γ GT) through the
action of enzyme-inducing anticonvulsant drugs has
been widely documented; however, the behaviour of
its multiple forms and its relationship with the degree
of enzyme induction has received little coverage. This
subject is the major aim of our paper. METHODS. An
electrophoretic study of the serum γ GT isoforms was
made in 90 adult epileptic patients under chronic treat-
ment with phenobarbital, phenytoin and carbam-
azepine in polytherapy. RESULTS. A significant
correlation was found (p<0.001) between the drug
score and urinary excretion of D-glucaric acid (DGA)
(r=0.773), total γ GT (r=0.382), γ GT1 (r=0.398) and
γ GT2 (r=0.361). In a group of 11 patients with the
γ GT3 isoforms, considered a sensitive test for cholesta-
sis, serum activities of total γ GT, γ GT1, γ GT2 and 5´-
nucleotidase were found that were significantly higher
than in the 79 patients without the γ GT3 isoform
(p<0.001); however, for the drug score and excretion
of DGA, no significant differences were found, sug-
gesting a similar degree of enzyme induction in both
groups of patients. CONCLUSIONS. The presence of
cholestasis, at least biochemically detectable in some of
these patients, appears to be a factor of paramount
importance when interpreting the effect of enzyme-
inducing anticonvulsant drugs on serum γ GT. This
fact may contribute towards explaining its highly var-
ied response to the administration of these drugs.

INTRODUCTION

Enzyme induction by drugs mostly concerns the
enzyme systems involved in drug metabolism. γ -
Glutamyltransferase (γ GT, EC 2.3.2.2) is a membrane-
bound enzyme that participates in the metabolism of
glutathione, cleaving its γ -glutamyl peptide bond and

transferring the glutamyl moiety to acceptor mole-
cules. As a result, and via glutathione, γ GT is indi-
rectly involved in drug metabolism (1).

Hepatic γ GT is induced by phenobarbital-type
enzyme-inducing agents, and increased serum enzyme
activities have been described in patients treated with
anticonvulsant drugs by different authors (2-4). How-
ever, as well as the induction of the enzyme protein
synthesis in the liver, other mechanisms such as alter-
ations in the lipid composition of plasma membranes
may contribute to the increase of γ GT serum activity
in these patients (5,6). γ GT has a well-documented
enzyme heterogeneity (7), and its serum multiple
forms have been previously studied in patients treated
with anticonvulsant drugs (8-10), although this subject
has been dealt with in a horizontal manner. The uri-
nary excretion of D-glucaric acid (DGA), an end prod-
uct of carbohydrate metabolism in humans produced
via the glucuronic acid pathway has been widely used
as an indirect enzyme induction marker and it is signif-
icantly increased by these drugs (1).   

In our article, we present the results obtained for the
isoforms of serum γ GT in a group of adult epileptic
patients treated with phenobarbital, phenytoin and
carbamazepine, in an attempt to clarify its relationship
with the degree of enzyme induction evaluated by
means the drug score and the urinary excretion DGA. 

MATERIAL AND METHODS

A group of 90 epileptic patients (56 males and 34
female) with a mean age (± SEM) of 38.0 ± 1.5 years
was studied, who had been treated for more than 10
years with phenobarbital (n=60), phenytoin (n=70)
and carbamazepine (n=33). In all cases, there was ade-
quate therapeutic compliance, and no additional phar-
macological treatment was received. As the
anticonvulsant drugs were administered in polyther-
apy, the dose was expressed as units/day, according to
a drug score in which one unit corresponded to every
353



J Pharm Pharmaceut Sci (www.ualberta.ca/~csps) 7(3):353-358, 2004
30 mg of phenobarbital, 50 mg of phenytoin and 100
mg of carbamazepine (2, 11). After an overnight fast,
venous blood and urine samples were taken before the
morning administration of anticonvulsant drugs,
whose doses had not been modified for at least three
months beforehand. The control group comprised 49
medication-free clinically healthy individuals (30 male
and 19 female) with a mean age of 36.7 ± 1.6 years.
Pregnant women or those who were taking oral con-
traceptives were excluded from both the control and
patients group.

The serum enzyme activities of γ GT were determined
using γ -glutamyl-3-carboxi-4-nitroanilide as substrate
using commercial reagents from Roche Diagnostics.
The residual enzymatic activity after treatment of the
serum samples with butanol was determined according
to a previously described procedure (12, 13). Electro-
phoretic separation of the γ GT multiple forms was
carried out on cellulose acetate plates (8). Serum activ-
ity of alcohol dehydrogenase (ADH, EC 1.1.1.1) was
determined spectophotometrically (14), and serum α–
glutathione-S-transferase (αGST, EC 2.5.1.18) was
determined using an enzyme immunoassay commer-
cialized by Biotrin International. The serum activities
of aspartate aminotransferase (AST, EC 2.6.1.1) and
alanine aminotransferase (ALT, EC 2.6.1.2) were deter-
mined according to the recommendations of the Span-
ish Clinical Biochemistry Society. The activity of 5´-
nucleotidase (5´NU, EC 3.1.3.5) was determined using
commercial reagents from Sigma Diagnostics. Urinary
DGA was determined using an enzymatic procedure
(15), and the results were expressed as the ratio of
DGA to creatinine urinary concentrations (16). The
variations of the different variables studied in the
patient group were calculated using the expression:
Variation (%) = 100 (median patients - median con-
trols) / median controls.

Statistical analysis of the data was carried out using
Microsoft Excel (v.5.0). The Kolmogorov-Smirnov test
was applied to check for normality. Parametric tests
were used when the data had a Gaussian distribution
(Student’s t test and Pearson’s correlation coefficient);
otherwise, non-parametric tests were used (Mann-
Whitney test and Spearman’s correlation coefficient).
The results were expressed as mean ± SEM (median).

RESULTS

The urinary excretion of DGA in the patient group
was 276.4±22.8 (244.5) µmol/g creatinine, and in the
control group 18.5±1.0 (16.7) µmol/g creatinine, with
a highly significant difference between both groups
(p<0.001). In 93% of the patients, urinary DGA was
higher than the upper reference limit.

For serum γ GT, the patient group presented a signifi-
cantly higher activity than the control group (Table 1),
with 81% of the cases presenting activities higher than
the corresponding upper reference limit for their sex.

Table 1: Serum enzyme activities in the control and
patient groups.

Significance: *p<0.05; **p<0.01; ***p<0.001

Using the electrophoretic technique applied, two iso-
forms of serum γ GT were separated in the control sub-
jects, one with α1-globulin mobility (γ GT1) and
another with α2-globulin mobility (γ GT2) with higher
relative activity (see Table 1). In the patient group, a
significant increase (p<0.001) was found for total
γ GT, γ GT1 and γ GT2 activity, with a significant
increase (p<0.001) in the relative proportion of γ GT1
as compared to the control group (53.9±2.2% vs.
27.0±2.5%). In 11 of the patients studied (12.2%) an
additional isoform was found with β-globulin mobility
(γ GT3) that is considered as a sensitive test for
cholestasis (17, 18). Amongst the patients studied, the
total γ GT activities had a significant correlation with
the activities of the γ GT1 isoform (r=0.963, p<0.001)
and γ GT2 isoform (r=0.630, p<0.001), as well as with
the relative proportion as a percentage of γ GT1
(r=0.765, p<0.001). These results show that the
increases in serum γ GT activity in these patients is
mainly due to the γ GT1 isoform.
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Table 1 shows the results obtained for γ GT and its
multiple forms, as well as for the other biochemical
variables studied, in the control and patient groups.
With the exception of the activity of the γ GT3 iso-
form, significant differences were found between both
groups for all of the variables, although their variations
with relation to the control group are highly varied.
The residual γ GT activity after treatment with
butanol was significantly higher in the control group
(p<0.001), which suggests that the γ GT1 isoform is
affected more than γ GT2. This was confirmed by elec-
trophoretically fractioning the γ GT isoforms in serum
samples from patients before and after treatment with
butanol. Moreover, in the patient group a significant
negative correlation was found between the residual
γ GT activity and the relative proportion as a percent-
age of the γ GT1 isoform (r=-0.559, p<0.001).

A highly significant correlation was found in the
patient group between the urinary excretion of DGA
and the drug score (r=0.773, p<0.001). Table 2 shows
the correlation coefficients for γ GT and its multiple
forms with the drug score, urinary DGA and serum
5´NU activity. Significant correlations were also
found between γ GT and AST, ALT, ADH and αGST
(p<0.005). 

Table 2: Relationship between serum γ GT isoforms and
other variables in the patient group.

Significance: *p<0.005; **p<0.001

Table 3 shows the results obtained from making a
comparison of the patients studied depending on
whether or not they had the γ GT3 isoform. Although
no significant differences were found for the drug score
and the urinary excretion of DGA, the serum activities
of total γ GT, γ GT1, γ GT2 and 5´NU were signifi-
cantly higher in the patients who presented the γ GT3
isoform; however, the increase was much higher for
γ GT1 (388%) than for γ GT2 (86%).A dichotomy of
the patients according to sex not appear to offer any
information with additional interest.

Table 3: Serum activities of γ GT isoforms and other
variables in the groups of patients without and with the
γ GT3 isoform.

Significance: *p<0.01; ** p<0.001

DISCUSSION

Judging by the results obtained for the urinary excre-
tion of DGA, the studied epileptic patients presented a
high degree of enzyme induction. The degree of
enzyme induction produced by anticonvulsant drugs is
dose-dependent (19), and the excretion of DGA
revealed a high correlation with the drug score used
(r=0.765, p<0.001), which may reflect the enzyme–
inducing capacity of the anticonvulsant drugs adminis-
tered in polytherapy (11, 20).

Similarly, the patients studied presented a significant
increase in serum γ GT activity (see Table 1). Treat-
ment with phenobarbital-type enzyme-inducing agents
produced a strong induction of γ GT in the hepatic
plasma membranes (21); however, enzyme induction is
not the only mechanism that may be involved in the
increase of γ GT serum activity (1). Another important
factor is the possible effect of these drugs on the lipid
composition of plasma membranes, by increasing the
phospholipids/cholesterol molar ratio (5, 6). This ratio
is the most determining factor for the fluidity of the
membranes, as well as the interaction between differ-
ent intramembrane composites, and as a result, the
drug treatment may facilitate the solubilization and
release of γ GT hydrophobic forms from the plasma
membranes to the extracellular milieu (5, 6). In blood,
the hydrophobic forms of γ GT may form aggregates
with the lipoprotein X, and low (LDL) and very low
density lipoproteins (VLDL), with an electrophoretic
mobility similar to that of the β-γ  globulins, whereas
aggregates with high density lipoproteins (HDL) have
α1 mobility (22, 23). In clinically healthy individuals,
the predominant γ GT forms are hydrophylic (24) and
do not form complexes with the lipoproteins (22, 25),
although they may have a1 mobility (22). 
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The patients studied presented an increase in the rela-
tive proportion of the α1 mobility isoform (γ GT1),
whose hydrophobic nature explains the lower residual
enzymatic activity after treatment of serum samples
with butanol as compared to the control group, in
which enzymatic activity was practically unchanged
(see Table 1). The anticonvulsant drugs may favour the
solubilization of γ GT bound to the plasma membranes
and their release to the blood stream, where its hydro-
phobic nature allows them to form complexes with
HDL constituting the γ GT1. This isoform could cor-
respond to the intermediate relative molecular frac-
tion, and the γ GT2 isoform to the low relative
molecular form described by other authors (7, 9).
Although the membrane-bound 5´NU is not induced
by phenobarbital (26), its serum activity is also signifi-
cantly increased in the patient group, having a better
correlation with the γ GT1 than with the γ GT2 iso-
form (table 2). The serum activity of γ GT1 increased
greatly in the patients studied (686%), whereas the pos-
sibly hydrophilic form γ GT2 had a much more mod-
erate increase (82%), similar to that of the cytosolic
enzymes ADH (82%) and αGST (77%) which are con-
sidered sensitive markers for hepatocellular damage
(14, 27). The alteration of the lipid composition and
the permeability of plasma membranes by the adminis-
tered anticonvulsant drugs may also favour the release
of cytosolic enzymes into the bloodstream.

The increases found in the group of patients for the
cytosolic/mitochondrial AST (11%) and cytosolic
ALT (27%) serum activities were lower than those
obtained for ADH and αGST. This may be due to the
preferable localization of both aminotransferases in
azinar zone 1 (periportal), whereas the hepatic injury
produced by drugs is mainly localized in azinar zone 3
(centrilobular), where the concentration of drugs and
their metabolites is higher (28, 29). In turn, ADH is
preferably localized in the centrilobular region (30),
and αGST is equally distributed throughout the liver
lobe (31). αGST, one of a family of detoxication
enzymes, may be induced by phenobarbital although
with a large organ and species variability (32).

The increase of serum 5´NU is specific for cholestatic
liver injury, as the detergent action of bile acids on the
canalicular membrane is the only mechanism for
enzyme release into plasma (29). In the group of
patients with the γ GT3 isoform, which as previously

mentioned is a sensitive test for cholestasis (17, 18), sig-
nificant increases in 5´NU were found, as well as for
total γ GT, γ GT1 and γ GT2 (p<0.001), as compared
to the patients who did not have γ GT3 isoform (see
Table 3). However, no significant differences were
found for the drug score or urinary excretion of DGA,
which suggests a similar degree of enzyme induction in
both groups of patients. This γ GT3 isoform could cor-
respond to the high relative molecular mass fraction
formed by aggregates of γ GT with LDL, VLDL or
membrane fragments (7, 9). The prevalence of 12% for
the presence of γ GT3 isoform in our group of patients
is clearly lower than that of 21% detected by Kok et al.
in a group of 38 psychiatric patients treated with phe-
nobarbital and phenytoin (8). Possibly, the patients
studied by these authors were concomitantly treated
with neuroleptic, antipsychotic or antidepressant
drugs.

Different factors have been indicated that should be
taken into account when interpreting γ GT serum
activity as an index for enzyme induction in patients
treated with anticonvulsant drugs (3). Our results indi-
cate that the presence of cholestasis, at least biochemi-
cally detectable in some of these patients, is a factor of
extreme importance in explaining the increase in
serum γ GT through the action of anticonvulsant
drugs. In a similar way to that described for the inges-
tion of alcohol (33), the degree of response of γ GT to
the administration of these drugs appears to be highly
variable, which would explain the discrete correlation
found between its serum enzymatic activity and the
drug score (see Table 2). Similarly, in a previous study
we found that in patients treated with anticonvulsant
drugs there was no significant correlation between the
changes in the serum activity of γ GT and those of drug
score (20). As a result, the serum activity of total γ GT
is of no use as a marker for enzyme induction, and sep-
arating the multiple forms of the enzyme does not
appear to offer any additional information of practical
interest in this sense. However, in epileptic patients,
the evaluation of the γ GT3 isoform may be advisable
in its biochemical monitoring as a sensitive marker of
cholestasis produced by anticonvulsant drugs.
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