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Abstract-The rates of ethanol and sorbitol removal and the cytoplasmic and mitochondrial redox 
states of the liver were determined in female rats pretreated with clofibrate (ethyl-r-p-chlorophenoxyiso- 
butyrate) for 2215 days. The drug significantly increased the rate of elimination of ethanol even within 
the first two days. A significant increase in liver mass took place within a week but cannot explain 
the initial increase in ethanol removal. Although the liver mass was increased by clofibrate, the rate 
of sorbitol removal was significantly decreased. A decrease in liver sorbitol dehydrogenase activity 
was also observed. The sum of the removal of ethanol and sorbitol. when they were simultaneously 
metabolized, was significantly decreased in clofibrate-treated rats as compared with control ones. Sorbi- 
tol inhibition of ethanol elimination was increased but ethanol inhibition of sorbitol elimination was 
abolished by clofibrate administration, Ethanol and sorbitol caused similar changes in cytoplasmic 
(lactate,‘pyruvate) and mitochondrial (b-OH-butyrate,‘acetoacetate) redox states of clofibrate-treated rat 
liver. as has been earlier observed in livers of control animals. 

Both ethanol and sorbitol are mainly oxidized in the 
liver cytoplasm by NAD-dependent dehydrogenases: 
ethanol to acetaldehyde by alcohol dehydrogenase 
(alcohol: NAD oxidoreductase, EC 1.1.1.1) and sorbi- 
to1 to fructose by sorbitol dehydrogenase (L-iditol: 
NAD oxidoreductase, EC 1.1.1.14). In each reaction 
one mole of NADH is generated from one mole of 
substrate oxidized. Sorbitol and ethanol depress each 
other’s oxidation rates [l. 21. It has been suggested 
that the inhibition originates from the competition 
of the respective dehydrogenases for NADf and that 
the rate of reoxidation of NADH is the regulative 
factor in the oxidative reactions [3]. 

The reduced coenzyme (NADH) formed during the 
oxidation of ethanol and sorbitol is mainly oxidized 
in the mitochondrial respiratory chain. Since the 
mitochondrial membrane is quite impermeable to 
NADH [4], the reducing equivalents must be trans- 
ferred from cytoplasm to mitochondria by specific 
shuttle mechanisms. At least three shuttle systems 
appear to function in liver cells. These are the malate- 
aspartate shuttle, the a-glycerophosphate shuttle and 
the fatty-acid elongating shuttle 15571. The nature of 
the substrate from which the hydrogen to be trans- 
ferred originates may determine the shuttle via which 
the transport to mitochondria occurs [S]. The main 
route for the reducing equivalents formed by alcohol 
dehydrogenase reaction seems to be the malatee 
aspartate shuttle [9, lo], but other routes may be in- 
volved if this shuttle is inhibited [ll]. On the other 
hand, the equivalents originating from sorbitol are 
apparently transferred via both the a-glycerophos- 
phate shuttle and the malate-aspartate shut- 

tle [S, 12, 137. 
Clofibrate (ethyl-cr-p-chlorophenoxyisobutyrate) is 

known to enhance the rate of ethanol elimination in 
rats by increasing the functional liver mass in relation 
to body weight [14.15], but other mechanisms. the 

catalatic peroxidation of ethanol and the increased 
oxidation of NADH, are reported to contribute to 
the effect as well 116, 171. To our knowledge, clofi- 
brate has not been reported to affect the rate of sorbi- 
to1 removal. However, there is evidence that clofibrate 
inhibits mitochondrial respiration in rat liver [lS], 
and therefore the rate of reoxidation of the reducing 
equivalents formed during metabolism of sorbitol and 
ethanol is probably also affected by the drug. 

The present paper reports on the liver metabolism 
of ethanol and sorbitol in clofibrate-treated rats. The 
time-course effects of clofibrate were determined since 
some effects of the drug may precede others. Increases 
in hepatic protein, mitochondria and smooth endo- 
plasmic reticulum, for example. evidently precede the 
elevation in liver weight [19,20]. SorbitolLethanol in- 
teractions were also studied since it seemed possible 
that the metabolism of sorbitol and ethanol could 
be differently inhibited by clofibrate. 

MATERIA1.S 4RD METHODS 

Female SpragueeDawley rats, aged 4 months and 
weighing 20@300 g. were given free access to tap 
water and ordinary laboratory food during the whole 
experiment. Pure clofibrate (Medica, Pharmaceutical 
Co., Helsinki, Finland) was administered to rats by 
subcutaneous (s.c.) injections. 0.2g/kg body wt per 
day. Body weight of the animals did not change sig- 
nificantly during the treatment. 

Ethanol rliminrrtion cd r/w &cr of’ sorhitol. Four 
groups of rats, nine animals in each, were used. One 
group served as a control group and the three other 
groups received clofibrate for 3, 9 or 15 days. The 
rate of ethanol elimination was tested by giving an 
injection of 10 m-moles;kg body wt of a 2 M ethanol 
solution to the femoral vein under a light aether an- 
aesthesia [21]. On the following day the same animals 
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were tested again but this time ethanol was given 
together with sorbitol. The solution was made 2 M 
with respect to both ethanol and sorbitol and the 
dose injected was 5 ml (10 m-moles of ethanol and 
lOm-moles of sorbitol)/kg body wt. These amounts 
of ethanol and sorbitol were sufficient to saturate the 
corresponding enzymes for at least I hr. The clofibrate- 
treated groups of rats were tested on the 2nd and 
3rd, 8th and 9th. and 14th and 15th days after the 
beginning of the drug treatment. 

Blood samples were drawn every half an hour from 
the tip of the tail into tubes containing ice-cold per- 
chloric acid (0.6 M), and the blood ethanol concen- 
trations were measured with a Perkin~~Elmer F 40 gas 
chromatograph [21]. The rate of ethanol elimination 
was calculated as described elsewhere [2l]. 

After the inhibitory effect of sorbitol on the rate 
of ethanol removal had been tested, all rats were 
decapitated and the livers were weighed. Since clofi- 
brate increased the liver mass and ethanol is oxidized 
almost exclusively in the liver. the rate of ethanol 
elimination was also calculated on the basis of liver 
weight. 

Sorhitol elimiruf im d the cffrc,r q/ c’fhrmol. Three 
groups of rats. nine animals in each, were used. The 
control group was first tested on two successive days 
for the rate of sorbitol elimination. On the first day 
sorbitol was gi\,en alone and on the second day it 
was given together with ethanol. The other two 
groups were tested in a similar fashion on the 2nd 
and 3rd and the 14th and 15th days of clofibrate 
treatment: sorbitol was given on the first of these two 
days and sorbitol plus ethanol on the second. 

Sorbitol. 10 m-moles of a 2 M solution/kg body wt. 
was administered iv. to rats under a light aether an- 
aesthesia. When the effect of ethanol on sorbitol 
metabolism was tested. the solution given was 2 M 
with respect to both ethanol and sorbitol. 

Blood samples were drawn from the tip of the tail 
into tubes containing ice-cold perchloric acid (0.6 MI. 
The amount of sorbitol in the urine was also taken 
into account in calculating the rate of elimination; 
for this purpose urine was collected during the I2 hr 
following sorbitol injection. Sorbitol concentrations 
from the blood and urine were measured colorimetri- 
tally [22]. 

C~rophrnic trntl rnitoc/zo,ltlrio/ redo.x strrtes. Rats 
received clofibrate (0.2 g/kg daily) for 2 or I4 days. 
Ethanol, sorbitol, or ethanol plus sorbitol were given 
i.v. to rats as described above. Control animals 
received saline instead of sorbitol and ethanol. Livers 

were sampled by means of the freeze-stop technique 
15 min after the injections 1231, From the liver 

samples, which were treated as described clsc- 
where [24]. lactate and pyruvate were determined 
enzymatically 1251 and /Ghydroxybutyrate and au- 

toacetate by gas chromatograph 1261. 
Sorhifol tleln,tl~ogrntr.~r. Ten per cent (wv) Ii\ er 

homogenate from control rats and from rats prc- 
treated for I4 days with clofibratc was prepared in 
ice-cold 0.25 M sucrose. The homogenate was ccntri- 
fuged for IO min at SOOO<j and the cnryme activit! 
was determined from the supcrnatant (271 by Boeh- 
ringer test kits (Mannhcim, Germany). 

Sftrfisfic~a. The statistical differences were calculated 
with Student’s f-test. 

RESl LTS 

E~/Kuw/ elirnincrtion. Administration of clofibrate for 
two days caused a significant increase in the capacity 
of liver tissue to eliminate ethanol when calculated 
per g of liver fresh weight (Table I). However. this 
effect disappeared *hen clofibrate treatment was coil- 
tinued for longer periods. Within the first two days 
of clofibrate treatment no significant increase in lilcr 
mass took place. but when the drug was administered 
for more than two days a substantial incrcasc was 

observed (Table I). 
The initial increase in the rate of ethanol elimin- 

ation may be related to the increased content of mito- 
chondria in the liver. This effect of clofibrate is known 
to appear after treatment of only two days [20] and 
is accompanied by a transient increase in the activity 
of NADH: cytochrome c reductasc. After treatment 
with clofibrate for more than 3 days the liver mass 

and the functional liver tissue in relation to body 
weight were significantly increased. A similar incrcasc 
occurred in the elimination rate of ethanol when ca- 
culated per kg body weight (Table I). Since the rate 
of ethanol removal as calculated per g of liver fresh 
weight decreased back to the control level when clofi- 
brate treatment was continued. we. as others [l5]. 
concluded that the increase in the rate of ethanol 
elimination during prolonged clofibrate treatment is 
solely due to the increase in the libcr mass. 

Sorhirol rlirnintrtior~. Unlike ethanol. which is 
mainly eliminated by the liver. a substantial portion 
of injected sorbitol IS excreted via the urine [2X]. In 
our present experiments about half of the amount of 
sorbitol injected was found in the urine (52. 53 and 

57 per cent after clofibrate treatment of 0. 2 and I4 

Table I. Ethanol ehmination in clofibrate-treated rats 

Subcutaneous injectIons of clofibrate (0.2 g/kg) were given to rats on CL 15 successive days. The rate of ethanol removal 
was measured 2. 8 and 14 days after initiation of the treatment. The inhibitory effect of sorbitol on ethanol removal 
was tested on the 3rd. 9th and 15th days of the treatment. Ethanol and sorbitol were given intravenously under 
ether anaeathesia as described in the Methods section. All the figures represent the mean i S.D. of 0 animals. 

* P < 0.05, i_ P -C 0.001. for diffcrcncc from corresponding controls. 
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Table 2. Sorbitol elimination in clofibrate-treated rats 

rretreatment 
with ciofibrate 

Rate or sorbitol elimmation 
W,thout ethanol Ethanol present 

(pmoie/lOOg body wtjmm) 

Inhibition by 

ethanol r.,,,,) 

Sorbltol dehydrogenase xtlvit) 

(IJ:toOg 
(U/g liver wt) hod) WI) 

._ 8.0’1 + 2.27 568 k 1.10 27 7.15 f 1.48 21.53 ct 364 

t-3 days 6.33 + 0.69. 4 18 _e 2.22 36 
14. 15 days 4.46 + 1 37t 5.20 rt 105 5.77 * 0.64* 18.77 i 7.35 

Subcutaneous injections of clofibrate (0.2g/kg) were given to rats on O-15 successive days. The rate of sorbitoi 
removal was measured 2 and 14 days after initiation of the clofibrate treatment. On the 3rd and 15th days of the 
treatment the inhibitory effect of ethanol on sorbitol removal was tested. Ethanol and sorbitol were given intravenously 
under ether anaesthesia as described in the Methods section. All the figures represent the mean + SD. of 9 animals. 

* P c 0.05, i P c( 0.01, for difference from corresponding controls. 

days respectively). A slightly greater amount of sorbi- 
tol was excreted in the urine when ethanol was pres- 
ent, except in the case of animals given clofibrate for 
two weeks (64, 63 and 63 per cent after clofibrate 
treatment of 0. 3 and 15 days). The rate of sorbitol 
removal was then significantly (P < 0.01) lower than 
in the control animals (Table 2). Clofibrate did not 
affect the capacity of kidneys to excrete sorbitol but 
rather it depressed the elimination of sorbitol by the 
liver. Since clofibrate increases liver mass (Table 1) 
the decrease in sorbitol elimination would have been 
even higher if calculated per g of liver tissue. 

Pretreatment of rats with clofibrate for two weeks 
also decreased the liver sorbitol dehydrogenase acti- 
vity as compared with the controls, but when the liver 
weight was taken account the difference was insignifi- 
cant (Table 2). The decrease in the elimination rate 
of sorbitol seems not to be due to the decrease in 
sorbitol dehydrogenase activity. 

~tl~li~~ ~~h~bjtjo~~ oj’etlmzol and svrbitol ~~~~~inut~u~. 

Sorbitol inhibited significantly (P < 0.001) the rate of 
elimination of ethanol in both control and clofibrate- 
treated rats (Table 1). Pretreatment of rats with clofi- 
brate increased the inhibitory effect of sorbitol. The 
inhibition was slightly higher after clofibrate treat- 
ment of only three days and rose to its maximum 
of about 50 per cent within nine days (Table 1). 
Thereafter no further increase was observed. 

In the presence of ethanol the rate of elimination 
of sorbitol was also significantly (P < 0.01) decreased 
in control rats (Table 2). Pretreatment with clofibrate 

for three days did not significantly alter the inhibition 
per cent (from 27 to 36), but after two weeks of the 
drug treatment the ethanol inhibition had vanished. 

In control rats sorbitol inhibited ethanol elimin- 
ation about as much as ethanol inhibited sorbitol 
elimination (25 and 27 per cent, respectively). Thus, 
the sum of their removal rates was smaller when both 
substrates were simultaneously present than when 
substrates were oxidized separately. This sum was 
further decreased by pretreatment of rats with clofi- 
brate, suggesting that the drug decreases the capacity 
of the liver tissue to get rid of these substances when 
they are present simultaneously. The clofibrate- 
induced increase in the inhibition of ethanol removal 
by sorbitol evidently contributed to this decre- 
ment. 

ES&t ofethanol and sorbitoi on the liver redox state. 

After administration of clofibrate for two days, the 
lactate/pyruvate and &OH-butyrate/acetoacetate 
ratios used to measure the redox state of the free 
NAD+,NADH couple in the liver cytoplasm and 
mitochondria, respectively, were about the same as 
those reported for normal untreated rats [3,29]. Eth- 
anol had the well-known reducing effect on the liver 
redox state [30] and the increase in the lactate/pyru- 
vate ratio was as great as seen in normal ethanol- 
treated rats [3, 151, In the case of the fl-OH-butyratel 
acetoacetate ratio, the shift to the reduced state was 
so small as to be insignificant (Table 3). This may 
be due to the increase in the content of tiver mito- 
chondria [20]. 

Table 3. The cytopIasmic and mitochondrial redox states in clofibrate-treated rats 

Injection NaCl Ethanol Sorbitol Ethanol + Sorbttol 

840 * 300 
76 * 33 

12.0 170 i i 4.4 30 
123 * 29 

I.3 i 0.6 

iooo * 115 
17x i 81 
6.6 & 2.7 
118 k90 

139 t 20 
09 * 0.7 

734 * 94 

27.4 * 8.4: 
22s * 43t 
123 + 24 
1.9 + Mf 

1995 * 236t 2290 _i 653f 
125 * 62 48 i 21; 

19.1 f R.3f. 60.7 i 2X.2$ 
193 * 25’ 179 + 29 

105 I 27* 126 + 44 
I.9 * 0.4t 1.7 * 0.9 

The contents of lactate. pyruvate, ~-OH-butyrate and acetoacetate in liver are expressed as nmole/g of liver and 
all the figures represent the mean + S.D. of 9 animals. Subcutaneous injections of clofibrate (O.Zg~kg/day) were given 
to rats for 2 or 14 successive days. The substrates were injected intravenously as described in the Methods section. 

* P -C 0.05, t P < 0.01, $ P < 0.001, for differences from the corresponding controls. 
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As compared with two-day treatment. prolonged 
clofibrate treatment decreased the L/P ratio in rats 
significantly (P < 0.05). Also the B.‘il ratio decreased. 
though not significantly. Ethanol increased L;P and 
B/.-l ratios in rats treated with clofibrate for two 
weeks. as was found earlier ill ricv [I 51 but not in 

ritro [17]. Likewise. sorbitol increased L!‘P and B!,4 
ratios in clotibrate-treated rats. 

When ethanol and sorbitol were administered 
together, the shift in the L/P ratio was significantly 
grcatcr than that caused by ethanol (P < 0.01) or sor- 
bitol (P < 0.001) alone. In spite of the marked change 
in the L/P ratio. the administration of sorbitol and 
ethanol together did not alter the redox level of the 
mitochondria more than ethanol or sorbitol alone 
(Table 3). 

DISCUSSION 

Results of the present study confirm earlier findings 
that rats treated with clofibrate for one week or 
longer eliminate ethanol faster than untreated con- 
trols [IS. 171 and that the increase in the elimination 
rate is solely due to the increase in the liver mass 
in relation to body weight 114,157. However, the in- 
crease found in the ethanol elimination rate in the 
early stage of the clofibrate treatment cannot totally 
be explained by the increase in liver mass, because 
the liver mass is not significantly changed until after 
two days. One possibility is that the oxidation rate 
of NADH, which apparently regulates the elimination 
rate of ethanol in fed rats [31], is temporarily in- 
creased for some reason. Gear rt LII. 1201 report that, 
after clofibrate treatment of only two days, the con- 
tent of liver mitochondria is increased and the activity 
of rotenone-sensitive mitochondrial NADH: cyto- 
chrome c reductase is 168 per cent higher than in 
control rats. Because NADH is mostly oxidized in 
mitochondria. the liver capacity to reoxidize NADH 
is probably increased. However. while the content of 
liver mitochondria continues to increase in the course 
of the clofibrate treatment, the activity of NADH: 
cytochrome c rcductase decreases to a somewhat 
lower level than in untreated controls 1201. So it 

Cytoplasm 

Ethanol 

NAD+ 

Cloflbrate Clofibrote 

Mltochondrla 

Ma late- 
;;p;;:qt 

a-Glycero- 
p;;;r$;e 

4 4 
NADH FADH, 

F&j+w!CytbiccwwJ.*3- 

Clef i brate Clof i brate 

Fig. 1. Schematic representation of the assumed effects ol’ 
clofibrate on ethanol and sorbitol metabolism. 

seems unlikely that the increase in the content of livci- 
mitochondria contributes to the enhancement of eth 
anol elimination. We therefore suggest that the initial 
increase in the ethanol removal by clofibratc is mostly 
due to an increase in the oxidation rate of NADH. 
which reflects the increased activity of mitochondrial 
NADH: cytochrome C’ reductase. No such effect of 
clofibrate on the elimination rate of sorbitol was 
found after treatment of two days. suggesting that 
r-glycerophosphate shuttle may be more important 

in sorbitol metabolism than during ethanol oxidation. 
Clohbrate inhibits mitochond;ial state 3 (ADP 

present) respiration and also oxidative phosphoryla- 
tion [lg. 32. 331. The lirst site in the respiratory chain 
inhibited by clofibrate is in complex I where NADH 
is reoxidized (Fig. I). Accordingly. the removal of 
NADH-dependent substrates, such as ethanol, should 
be more effectively inhibited than the oxidation 01 
substrates like sorbitol. which are supposed. at least 
partly, to enter the respiratory chain beyond the level 
of NADH 18, 12. 131. However. as seen in Table I. 
prolonged clofibrate-treatment did not decrease the 
elimination rate of ethanol when this substrate was 
present alone. Accordingly it is concluded that the 
inhibitory effect of clofibratc on the mitochondrial 
respiratory chain is not very strong and that the rate 
of NADH oxidation is probably regulated by the gen- 
eral control of energy metabolism 131.34.351. The 
two-week treatment with clofihratc decreased both 
the elimination rate of sorbitol and the activity of 
sorbitol dehydrogenase in the liver but not the total 
capacity of the liver to eliminate sorbitol. We cannot 
conclude whether the decreased enzyme activity had 
any effect on the decreased elimination rate OI 

whether the inhibitory actions of clohbratc on the 
mitochondrial function contributed to the decrement. 

The situation was different when both ethanol and 
sorbitol were present simultaneously. During CM- 
bratc treatment the inhibitory ell’ect of sorbitol on 
ethanol elimination was incrcascd and. at the same 
time. the inhibitory ell’ect of ethanol on sorbitol elim- 
ination was decreased. The different changes may re- 
flect the different sites where reducing cquiv,alents 
from each reaction cntcr the respiratory chain. 
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