
Abstract. Introduction: The ingestion of alcohol (Alc) as well
as gemfibrozil (Gem), a fibrate drug used to treat
hypertriglyceridaemia, may occur on a long-term basis in
humans. Since both Alc and Gem can disturb liver function,
we assessed the effects of administering Alc together with Gem
in Wistar rats. Materials and Methods: Male Wistar rats were
randomized and divided into 4 groups of 10 each. They were
fed (once a day) via a stomach tube with: i) 2 ml of
polyethylene glycol (Peg); group Peg, ii) 2 ml of Peg + 2 ml of
25% v/v pure Alc in water; group Alc+Peg, iii) 2 ml of Gem
solution in Peg (3.4 mg/100g body weight); group Gem+Peg,
iv) 2 ml of Gem solution in Peg 2 + 2 ml of Alc; group
Gem+Alc+Peg. Another 13 male Wistar rats were only fed a
standard laboratory diet (control group). After 8 weeks, blood
samples were drawn and the livers removed. Alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (AP), total cholesterol (TC) and
triglycerides (TG) were measured. Liver histopathology was
also assessed. Results: All tube-fed groups had higher body
mass index compared to controls (p<0.001). The control
group had lower AP compared to Gem+Peg and Gem
+Alc+Peg groups (p=0.005 and p=0.018, respectively). The
Peg group had lower AP compared to G+Peg (p=0.041). All
tube-fed groups had lower ALT compared to controls
(p<0.001). The TC levels were lower in tube-fed groups with
Gem (Gem+Peg and Gem+Alc+Peg) compared to controls
(p=0.002 and p=0.039, respectively). Among the tube-fed
groups, the TC level was lower in Gem+Peg compared to Peg
and Alc+Peg groups (p=0.047 and p=0.01, respectively). No
differences were found among tube-fed groups and control rats

in blood AST and TG. Liver histopathology was similar in all
groups and within the normal range. Conclusion: A moderate
amount of Alc daily together with Gem is safe in rats. Peg
administration in Wistar rats protects from the Alc-induced TG
and AST rises.

Gemfibrozil (Gem), a derivative of fibric acid, is used in the

treatment of hypertriglyceridemia (1). Gem is effective in

reducing plasma triglycerides (TG), yet the mechanism of

action is not clearly understood (2,3). Although Gem can

cause hepatotoxicity, hepatic peroxisome proliferation and

cancer in rats, no Gem-induced hepatotoxicity has been

reported in humans (4,5). Excessive alcohol (Alc; ethanol)

use can cause a fatty liver and alcoholic liver cirrhosis,

cardiomyopathy, hypertension, hemorrhagic stroke, cardiac

arrhythmias or sudden death (6). On the other hand, there

is evidence for an inverse association between light-to-

moderate Alc use and the risk of vascular events (7-14). 

The introduction of fibric acid derivatives has been an

important step in the treatment of dyslipidemias (15,16).

Treatment with hypolipidemic drugs should be continued

for life in most patients. Therefore, an important question is

whether Alc consumption affects the efficacy and safety of

these drugs. In line with our previous study where we

assessed the effect of simvastatin and Alc co-administration

(17), the present study evaluated the effects of 8 weeks co-

administration of Alc and Gem in male Wistar rats.

Materials and Methods

Animals. All studies were conducted in accordance with federal

guidelines for the care and use of laboratory animals. The Ethics

Committee of the Department of Experimental Pharmacology,

Athens University, Greece, approved our study protocol. Fifty-three

normolipidemic male Wistar rats (8 weeks old at the start of the

experiment) were purchased from the Hellenic Pasteur Institute,

Athens, Greece. The animals were held on a light/darkness cycle of

12-h intervals in an air-conditioned room. The temperature was
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kept at 18-22ÆC. The animals were acclimatized for 10 days under

these conditions before starting the study. All animals had free

access to water and food. Their body weight was measured at the

beginning and at the end of the study. In addition to the standard

rat laboratory diet (10-15 g daily), 2 or 4 ml of liquid was

administered by gastric intubation once a day, for 8 weeks, in 40

rats. Every time before tube feeding slight anaesthesia with

halothane was administered. At the end of the study at 8.30 -10.00

the rats were anaesthetized and sacrificed by decapitation. Blood

samples were collected and their livers were removed for

histopathological examination. The rats were randomized and

assigned to four groups of 10 each and to a control group of 13 rats.

Every group except for the control group was stomach tube-fed at

17:00 every day.

Group Peg: These animals were tube-fed with 2 ml of

polyethylene glycol 400 (Peg 400). Peg was chosen as a carrier for

Gem. Peg 400 is a high molecular weight polymer of ethylene

oxide, whose average molecular weight, at room temperature, is

400. Having a molecular weight below 600 allows it to be a clear

viscous liquid. Additionally, Pegs are water soluble and do not

hydrolyze or deteriorate. These properties along with its

compatibility render Peg 400 appropriate for our use as a carrier

for Gem (18). 

Group Alc+Peg: tube-fed with 2 ml of Peg and 2 ml of 25% v/v

pure Alc in water.

Group Gem+Peg: tube-fed with 2 ml of Gem solution in Peg.

Gem tablets (Lopid 600 mg) were powdered and dissolved in Peg in

order to achieve a final concentration of 3.4 mg/100g body weight.

The Lopid tablets are produced by Parke Davis (Gödecke AG.

Freiburg, Germany) and they include methylhydroxypropylcellulose,

titanium dioxide, talc, polydimethylsiloxane and polyethylene glycol

6000.

Group Gem+Alc+Peg: tube-fed with 2 ml of Gem solution in

Peg and 2 ml of 25% v/v pure Alc in water. 

Control Group: These animals were fed the standard rat

laboratory diet only.

Dose preparation. Oral dose formulation was prepared in 2 ml

solution of 0.25 ml/kg body weight of Peg at a target Gem dose of

3.4 mg/100g body weight. The daily Peg dose per animal was

0.05ml.

Blood samples. Blood for lipid and liver function tests was collected

at the end of the study from all animals. Blood total cholesterol

(TC), triglycerides (TG), alkaline phosphatase (AP), alanine

aminotransferase (ALT) and aspartate aminotransferase (AST)

were measured (19).

Liver histopathology was examined after fixing in buffered

formalin and embedding in paraffin wax, using conventional

techniques (20,21). The possible Peg, Alc or Gem-induced

morphological changes in the rat liver were assessed. 

All animals were randomised and code numbers were given.

Therefore, the examiner did not know the origin of the histology

specimens or blood samples. 

Statistical analysis. Continuous variables are presented as means

(SD). The comparison between the five groups was performed with

a one-way ANOVA test (the distribution of values was normal).

Post-hoc analysis with a Bonferroni or Games-Howell (whichever

appropriate) adjustment for between two group differences was

performed to account for multiple group comparisons. 

Results

The body weight and the AP, ALT, AST, TC and TG levels

of all groups are shown in Table I. 

All the tube-fed groups had higher body weight compared

to the controls (p<0.001). The control group had lower AP

compared to the Gem+Peg (p=0.005) and the Gem

+Alc+Peg (p=0.018) groups and the Peg group had lower

AP compared to the Gem+Peg group (p=0.041) (Figure 1).

All tube-fed groups had lower ALT compared to controls

(p=0.001). No difference was found among tube-fed groups

and control rats in blood AST. No difference was found

among the tube-fed groups in blood ALT. The TG

concentration was similar in all tube-fed groups and the
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Table I. Body weight (BW), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (AP), total cholesterol
(TC) and triglycerides (TG) in all groups. 

Groups

Variables: Control Peg Alc+Peg Gem+Peg Gem+Alc

+Peg

BW [g] 313 (10) 357 (16) 363 (12) 332 (15) 346 (23)

AP [mIU/ml] 65 (19) 69 (8) 75 (12) 90 (14) 88 (11)

ALT [mIU/ml] 60 (9) 36 (6) 44 (6) 38 (4) 40 (7)

AST [mIU/ml] 146 (21) 152 (18) 163 (39) 166 (26) 158 (57)

TC [mg/dl] 64 (13) 56 (9) 59 (7) 45 (3) 49 (8)

TG [mg/dl] 76 (14) 63 (23) 74 (15) 70 (15) 66 (12)

Variables are presented as means (SD).

p<0.001 between controls and all other groups. 

Figure 1. Alkaline phosphatase (AP) concentration in all groups.



controls. TC levels were lower in the Gem+Peg and

Gem+Alc+Peg groups compared to the control group

(p=0.002 and p=0.038, respectively). Additionally, TC

levels were lower in the Gem+Peg group compared to the

Peg group (p=0.01) (Figure 2). 

Examination of the liver specimens disclosed normal

hepatic structure and cytology. However, there were

moderate variations within the normal histology.

Discussion

We evaluated the co-administration of Alc and Gem in rats.

The absorption of Gem after oral administration is rapid

and complete in humans, with peak plasma concentrations

achieved in 1 to 2 h (22). In rats, the elimination half-life of

Gem is 5-10 h after an oral dose (23). Rats excreted 25% of

an oral dose of Gem in urine and 50% in faeces. Gem

metabolites in urine include free and glucuronic acid

conjugates of Gem, as well as metabenzoic acid, 2’-

methylhydroxylated, 4’ring hydroxylated and meta-benzyl

alcohol metabolites. 

Peg was chosen as a carrier for Gem. Studies on toxicity

of Peg in a dose of 2.5-5.0 ml/animal/day (0.25 ml/kg/daily)

showed reversible kidney toxicity. However, no kidney

toxicity of Peg was found at doses <2.5 ml/animal/day. We

did not assess kidney function biochemically. However, in

our study the Peg dose was 0.05 ml/animal/day,

approximately 50x less than in other studies (18). This

allowed us to conclude that Peg did not exert any toxic

effect on kidney function in our animals. 

Since the ingestion of Alc as well as Gem may occur on a

long-term basis in man, and both can disturb the liver

function, we focused on assessing liver function. Alc

consumption alters the liver redox state due to shortage of

nicotinamide adenine dinucleotide (NAD+). NAD+ is the

rate-limiting co-enzyme in the oxidation of ethanol by alcohol

dehydrogenase (24-26). Another pathway for Alc oxidation is

the cytochrome P450 system (27,28). The chronic

consumption of Alc enhances the microsomal ethanol-

oxidising system activity, which may lead to decreased drug

metabolism (24,29). Alc consumption is a common cause of

minor transaminase elevation which was seen by us (17) and

others (30,31). A transient, minor and reversible elevation of

the hepatic aminotransferase enzymes can also occur with

Gem use but the reason is unknown (32,33). In our study,

the rats fed Gem (Gem+Peg and Gem+Alc+Peg groups)

had similar levels of AST compared to the rats fed with Alc

(Alc+Peg group) or Peg (Peg group) and to the control

group. The ALT levels in all tube-fed groups were

significantly lower compared to controls. This may be due to

a protective effect of Peg. Others (34) found that Peg

decreased ALT levels by 80%. Independently of that fact,

Gem studies in rats and hamsters demonstrated increase in

ALT, accompanied by histological evidence of liver damage

with doses never used in humans (4,5,32). It may be that

Gem provokes hepatotoxicity and hepatic peroxisome

proliferation, probably via its acyl glucuronide conjugate

(4,23). The low urinary excretion and the enterohepatic

recycling of the acyl glucuronide conjugate in rats may result

in an increased exposure of the liver. This may be the cause

of the observed hepatic peroxisome proliferation and/or

hepatocarcinogenesis in rats, but not in humans (4,23). No

histological changes in the liver were found in our animals

treated with Gem, despite the relatively high Gem dose

(equivalent to about 2380 mg/day for humans; the

recommended dose for humans is 1200 mg/day). However, in

another study (23), the Gem dose was much higher than ours

(200 mg/100g compared to 34 mg/100g in our study) and yet

no liver damage was seen. Furthermore, hepatotoxicity after

short term exposure to Gem was observed in rats (4) at

concentrations over 52 mg/100g, while concentrations of 33

mg/100g (approximately equal to ours) were shown to be safe.

It is well known that Gem administration can raise AST

activity, but this was not observed in our study. In contrast,

AST activity was not elevated even in the rats fed with Alc and

Peg (Alc+Peg group). This in contrast to our previous study

(17) where raised AST activity was observed with simvastatin.

We hypothesise that Peg had a protective effect on AST

levels. Alc did not have any additional effect on AST levels,

since the AST level in the Gem+Peg and Gem+Alc+Peg

groups were identical.

TG levels were not raised in the groups administered

Alc as would have been expected from our previous (17)

and other studies (35,36). Additionally, the groups

receiving Gem (Gem+Peg and Gem+Alc+Peg) had TG

values similar to controls. The expected decrease in TG
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Figure 2. Total cholesterol (TC) concentration in all groups.



levels after Gem administration was probably compensated

by the action of Alc on TG, in the Gem+Alc+Peg group.

Alc raises the TG levels by increased production and

secretion of very low density lipoproteins (VLDL) (37,38).

Alc can impair oxidation by the citric-acid cycle due to a

shortage of NAD+. Instead, fatty acids are esterified with

glycerol and secreted into the circulation as VLDL

particles. We do not have a definite explanation of why

there was no significant decrease in TG levels in the

Gem+Peg group. This was probably due to the low

baseline TG concentration. 

TC and low density lipoprotein cholesterol (LDL-C) can

either be increased by Alc intake, reflecting an increased

turnover from VLDL cholesterol to LDL-C, or not be

affected (23). In our study, we found lower plasma TC levels

in the tube-fed rats with Gem (Gem+Peg and

Gem+Alc+Peg) compared to controls and to those tube-

fed without Gem (Peg and Alc+Peg) groups. Despite the

low levels of baseline TC, Gem decreased TC levels.

There was no difference in liver histopathology despite

the significantly different ALT and AP levels. Alc can

cause hepatosteatosis, liver fibrosis and cirrhosis after

chronic excessive consumption. The fact that our rats

were exposed for 8 weeks to moderate Alc ingestion,

compared to rats from studies that demonstrated liver

histopathological alterations (39,40), may explain the lack

of Alc-induced liver morphological changes. Dix et al.
(23) found that repeated administration of low Gem

doses did not alter the route of excretion and no new

metabolites were detected in urine, meaning that no

toxicity was provoked. In rats, a characteristic change

produced by high dose Gem is hepatomegaly and hepatic

peroxisome proliferation. In our study the Gem dose was

low. This may explain why we did not find significant

histopathological liver changes.

We have not found any study that evaluated the effects

of co-administration of Gem and Alc. Our findings should

stimulate further studies in humans, in order to obtain a

definitive conclusion concerning the suitability of fibrate

therapy in patients consuming Alc. Moderate alcohol

consumption is probably acceptable in patients taking

Gem, but further studies are required before any advice

is given. 
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