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Effects of phenobarbital and cimetidine on the blood glucose concen-

tration and hepatic enzyme activities of congenitally obese mice
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ABSTRACT Blood glucose levels of congeni-
tally obese mice, which can be used to represent
an animal model of type II diabetes mellitus,
were decreased significantly by phenobarbital

treatment but not altered by acute cimetidine.

Liver/body weight ratio, microsomal protein
content, NADPH cytochrome C reductase as well
as glucose-6—phosphatase activity in the liver
homogenate were significantly increased by pheno-
barbital but not changed by cimetidine. These
results suggest that the glucose-lowering effect
of phenobarbital may be mediated through
activation of glucose processing enzymes.
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Noninsulin—dependent diabetes mellitus
(NIDDM or type II diabetes) is usually
treated with diet and/or drugs like biguanides
or sulfonylureas. It has been observed,
however, that after a short period of treat-
ment these drugs have a tendency to lose
their efficacy, although the blood insulin
levels remain high. This condition is called
insulin resistance, and there is a possibility
that oral antidiabetic drugs cause inhibition
of the glucose processing system¢!’,

It is not clear how much the enzymes
regulating glucose metabolism affect the blood
glucose levels in NIDDM patients. In con-
genitally obese mice, which can be used to
represent NIDDM in animals¢?), the activi-
ties of both glycolytic and gluconeogenetic
enzymes as well as the insulin levels are
higher than those in their lean littermates(®,
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This is a controversial situation since insu-
lin is known to depress gluconeogenesis(4’,
Obese mice have, however, hyperplastic adre-
nal corticest®>, and therefore an enhanced
glucocorticoid secretion may be responsible
for their increased gluconeogenesis®’.

It is possible that some of the enzymes
involved in the metabolism of glucose are
induced or inhibited by drugs. Hepatic drug
metabolism is known to be worsened in
alloxan-diabetic male rabbits¢”> and in
streptozotocin-diabetic male rats(®), Moreover,
it was recently demonstrated in healthy
volunteers that the insulin mediated glucose
disposal rate could be altered by drugs affect-
ing hepatic microsomal enzyme activity¢®.
Therefore it is of interest to study whether
phenobarbital, a well-known inducer of
microsomal enzymes('® and cimetidine, an
inhibitor of oxidative metabolism‘!!> would
affect the blood glucose levels in congenitally
obese mice. Moreover, the activities of
microsomal glucose—6-phosphatase, NADPH
cytochrome C reductase and UDP glucuronyl-
transferase were measured after the drug treat-
ments.

MATERIALS AND METHODS

Animals C 57 BL/g J-obob/Ola obese
mice of both sexes at the age between 2 and
3 months were used in the experiment. The
mice were kept in a room, where a tempera-
ture of 20 + 1°C was maintained by a
thermostat, and where the relative humidity
was kept at 50 +10 %. The dark room
was artificially illuminated from 06:00 to
20:00. The mice were given Tuohilampi
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rat-mouse feed ad libitum (Tuohilampi Farm
and Animal Centre, Vihti, Finland).

Procedure The mice were divided into
3 groups with 6 ¢ and 6 @ in each. One
group was injected ip phenobarbital (60 mg/
kg) for 4d, and another group received
cimetidine (50 mg/kg) in a corresponding
manner. The third group served as an un-
treated control unit. Blood samples were
taken from orbital plexus just before the
treatment and 24 h after the last injection.
The blood glucose concentration (mmol
glucose/L blood) was determined by the
hexokinase method (Test-Combination Gluco—-
Quant®,  Boehringer Mannheim GmbH).
Immediately after the last blood sample had
been taken the mice were killed by cervical
dislocation. The livers were quickly removed,
weighed and frozen.

Preparation of microsomes Livers were
cut up, weighed, and homogenized in a
Potter glass homogenizer with 5 volumes of
Tris 0.1 mol/L, MgCl, 5 mmol/L and 0.2
% Triton X-100 at a pH of 7.4 for trans-
ferase assays and with 5 volumes of sucrose
0.25 mol/L for phosphatase and reductase
assays. Homogenates were centrifuged first
at 600 x g for 10 min, then at 9000 X g
for 15 min, and further at 100 000 X g for
60 min to isolate the microsomal fraction
from the last sediment. Microsomes were
resuspended with a concentration of 1 ml
buffer/g fresh liver in Tris 0.1 mol/L and
MgCl, 5 mmol/L, pH 7.4 for transferase
and in Tris 50 mmol/L, pH 7.5 for phos-
phatase and reductase determinations. Micro-
somal protein was determined with a Bio-
Rad protein assay kit.

Enzyme assays For glucose—6—phos-
phatase (EC 3.1.3.9) assay, a fraction of
microsomes was incubated at 37°C with
glucose~g—phosphate 40 mmol/L as substrate
in sodium citrate 50 mmol/L buffer, pH
6.5¢%),  The reaction was terminated after
15 min with 109 trichloroacetic acid and
the proteins were removed by centrifugation,

The phosphate released in the enzyme reac-
tion was determined from the supernatant
with a Boehringer-Mannheim phosphate assay
kit.

NADPH cytochrome C reductase (EC
1.6.2.4) activity was studied as a 3-min
change in absorbance at 550 nm in a Shi-
madzu UV-240 spectrophotometer¢!®). The
enzyme activity was calculated with a value
of E = 19.1 mmol !-cm™*,

UDP-glucuronyltransferase (EC 2.4.1.
17) activity was tested with p-nitrophenol
as substrate‘!>, The enzyme was activated
with 0.29% Triton x-100 in the homoge-
nization buffer. The total volume of the
reaction mixture was 100 pul including the
enzyme, Tris 60 mmol/L, pH 7.4, MgCl,
3 mmol/L, UDP-glucuronic acid (UDPGA)
3 mmol/L and p-nitrophenol (.8 mmol/L.
UDPGA was omitted in the blanks. The
reaction was brought to an end after 10 min
with 10 pul of perchloric acid 4 mol/L. After
centrifugation a fraction of the supernatant
was analysed in a HPLC system consisting
of a pump (Spectroflow 400, Kratos), an
injector with a 20 ul sample loop (Rheo-
dyne 7125) and a 4.6 X 150 mm column
(Ultra Techsphere ODS, 5pum) with a pre-
column, The column was connected to a
spectrophotometer (Spectroflow 770, Kratos).
The mobile phase (NaHPO, 10 mmol/L in
20% methanol, pH 3.0) was pumped at
a flow rate of 2.0 ml/min. In these condi-
tions the retention times were 2.8 and 8.8
min for p-nitrophenolglucuronide and p-
nitrophenol, respectively.

The enzyme activities are expressed in
nmol product/(g liver-min),

Statistics Means and SD were calcu-
lated. The differences between the treatments
were evaluated by one-way analyses of
variances and by a Duncan’s multiple
comparison tests,

RESULTS

The blood glucose concentration was sig-
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Tab 1. Hepatic changes in congenitally obese mice after ip phenobarbital 60 mg/kg or cimetidine
50 mg/kg for 4d. n=9-12, X+SD, *p>0.05, ***p<{0.01 vs untreated controls,

Untreated Phenobarbital- Cimet“idine—

controls treated treated
Liver wt/body wt ratio, % 8.44+0.2 9.6+1.2% 8.1+1.0"
Microsomal protein, mg/g liver 11.51+6.6 24.,1+10,3*** 12,5+6.3*
Glucose~-6—phosphatase, nmol/(g liver-min) 1830753 3184+ 1121%** 1939+1031*
NADPH cytochrome C reductase, nmol/(g liver-min) 477-234 1677+10%** 511+260"
UDP glucuronyltransferase, nmol/(g liver-min) 592+387 647-F254* 335+ 208*

nificantly decreased (from 12.2 + 3.9 to mice, which are considered to be moderate

6.8 +1.8 mmol/L, p<C0.01) in the pheno-
barbital-treated group. Cimetidine caused
no change in the blood glucose levels (13.5
+ 4.6 mmol/L before treatment, 13.5
6.2 mmol/L after treatment). The differ-
ence between the blood glucose levels in the
phenobarbital-treated and in the cimetidine-
treated mice was significant (p<{0.01). In
control mice, blood glucose levels were not
changed, 12.7+3.0 mmol/L before treat-
ment, 10.4 =+ 2.8 mmol/L after treatment.

After a four~day treatment with pheno-
barbital the microsomal protein content
was significantly increased in comparison
with that of the other groups (p<{0.01).
The activity of NADPH cytochrome C re-
ductase was also significantly (p<Z0.01)
elevated after the phenobarbital treatment.
In comparison with the intact controls, nej-
ther phenobarbital nor cimetidine affected
UDP-glucuronyltransferase. However, there
was a significant (p<C0.05) difference in
the  UDP-glucuronyltransferase  activities
between the phenobarbital-treated and the
cimetidine—treated mice (Tab 1).

Glucose—6—phosphatase was also signifi-
cantly induced (p<C0.01) by phenobarbital,
while cimetidine had no effect on glucose-
g—phosphatase (Tab 1).

DISCUSSION

The present results clearly prove the
ability of a phenobarbital treatment to de-
crease fasting blood glucose levels in obese

animal models of NIDDM in man. Although
phenobarbital is able to increase the liver
blood flow¢!®> which as such may improve
glucose utilization, this drug is primarily a
broad-spectrum enzyme inducer. It enhances
several phase I reactions (like oxidations
and reductions) as well as phase II reactions
(like conjugations)¢'®>, Moreover, as shown
in the present study, phenobarbital also
induces to a considerable extent the activity
of glucose—6—phosphatase, ~which is an
important enzyme in intracellular glucose
metabolism.

Cimetidine is a narrow-spectrum enzyme
inhibitor, which causes an interference in
cytochrome P-45(0 mediated phase I reac-
tions only. Cimetidine does not affect conju-
gation reactions(*®’ or glucose—6-phosphatase
(present study). Since cimetidine does not
alter fasting blood glucose levels either,
it is reasonable to assume that the glucose-
lowering effect of phenobarbital is primarily
caused by the induction of glucose process-
ing enzymes.

A development of specific enzyme
inducers affecting only glucose metabolism
is an interesting new aspect of testing in
the treatment of NIDDM patients.
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