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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-z-p-chlorophenoxyiso-
butyrate) for 2-15 days. The drug significantly increased the rate of climination 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 (8-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-
tol 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 [1,2]. It has been suggested
that the inhibition originates from the competition
of the respective dehydrogenases for NAD* 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 [5-7]. 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 [8]. The main
route for the reducing equivalents formed by alcohol
dehydrogenase reaction seems to be the malate—
aspartate shuttle [9, 107, but other routes may be in-
volved if this shuttle is inhibited [11]. On the other
hand, the equivalents originating from sorbitol are
apparently transferred via both the x-glycerophos-
phate shuttle and the malate-aspartate shut-
tle [8, 12, 13].

Clofibrate (ethyl-a-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
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catalatic peroxidation of ethanol and the increased
oxidation of NADH, are reported to contribute to
the effect as well[16,17]. To our knowledge, clofi-
brate has not been reported to affect the rate of sorbi-
tol removal. However, there is evidence that clofibrate
inhibits mitochondrial respiration in rat liver [18],
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]. Sorbitol-ethanol in-
teractions were also studied since it seemed possible
that the metabolism of sorbitol and ethanol could
be differently inhibited by clofibrate.

MATERIALS AND METHODS

Female Sprague-Dawley rats, aged 4 months and
weighing 200-300 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, 0.2 g/kg body wt per
day. Body weight of the animals did not change sig-
nificantly during the treatment.

Ethanol elimination and the effect of sorbitol. 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 lested 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 5ml (10 m-moles of ethanol and
10 m-moles of sorbitol)/kg body wt. These amounts
of ethanol and sorbitol were sufficient to saturate the
corresponding enzymes for at least 1 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 climination
was calculated as described elsewhere [21].

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.

Sorbitol elimination and the c¢ffect of ethanol. 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 given 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 i.v. to rats under a light aether an-
aesthesia. When the effect of ethanol on sorbitol
metabolism was tested, the solution given was 2M
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 M).
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 12 hr
following sorbitol injection. Sorbitol concentrations
from the blood and urine were measured colorimetri-
cally [22].

Cytoplasmic and mitochondrial redox stares. Rats
received clofibrate (0.2 g/kg daily) for 2 or 14 days.
Ethanol, sorbitol, or ethanol plus sorbitol were given
iv. to rats as described above. Control animals
received saline instead of sorbitol and ethanol. Livers
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were sampled by means of the freeze-stop technique
I5min after the injections [23]. From the liver
samples, which were treated as described clse-
where [24], lactate and pyruvate were determined
enzymatically [25] and f-hydroxybutyrate and ace-
toacetate by gas chromatograph [26].

Sorbitol dehydrogenase. Ten per cent (w/v) liver
homogenate from control rats and from rats pre-
treated for 14 days with clofibrate was prepared in
ice-cold 0.25 M sucrose. The homogenate was centri-
fuged for 10 min at 5000y and the cnzyme activity
was determined from the supernatant [27] by Boeh-
ringer test kits (Mannhecim, Germany).

Statistics. The statistical differences were calculated
with Student’s ¢-test.

RESULTS

Ethanol elimination. 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 1). However, this
effect disappeared when clofibrate treatment was con-
tinued for longer periods. Within the first two days
of clofibrate treatment no significant increase in liver
mass took place. but when the drug was administered
for more than two days a substantial increase was
observed (Table 1).

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 trcatment of only two days [20] and
is accompanied by a transient increase in the activity
of NADH: cytochrome ¢ reductase. 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 increase
occurred in the elimination rate of ethanol when cal-
culated per kg body weight (Table 1). 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 [15].
concluded that the increase in the rate of ethanol
climination during prolonged clofibrate treatment is
solely due to the increase in the liver mass.

Sorbitol  elimination. Unlike ethanol, which is
mainly eliminated by the liver, a substantial portion
of injected sorbitol is excreted via the urine [28]. 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 (. 2 and 14

Table 1. Ethanol elimination in clofibrate-treated rats

Rate of cthanol elimination

Without sorbitol Without sorhitol Sarbitol present
Pretreatment Liver wt - - e e - - - Inhibition b
with clofibrate (g 100 g) (mole g liver wimin) (gmaol 1002 body wt mun) sorbitol 17,y
323 £ 031 333 + 026 10.70 + (.51 NO5 4 039 25
2-3 days 332 +0.21 357 4+ 0.20% 1174 4 0.84% 8154 043 3l
8 O days 371 £+ 07+ 315+ 028 11.69 + 1.09* 5.66 + 0.337F St
14 15 days 352 £ 002 343 = 0.36 1207 + 1.49% 6.31 1 0.24% 47

Subcutaneous injections of clofibrate (0.2 g/kg) were given to rats on 015 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 anaesthesia as described in the Methods section. All the figures represent the mean + S.D. of 9 animals.

*P < 0.05 P < 0.001. for diffcrence from corresponding controls.
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Table 2. Sorbitol elimination in clofibrate-treated rats
Rate of sorbitol elimination Sorbitol dehydrogenase activity
Without ethanol Ethanol present
Pretreatment Inhibition by (U100 2
with clofibrate {pmole/100 g bady wi/min) ethanol {%) {U/g liver wt} body wt)
- 8.09 + 2.27 568 1 1.10 27 715 + 148 21.53 & 364
2-3 days 633 + 0.69* 418 + 2322 36
1415 days 466 + 137% 520 + 105 — 5.77 + 0.64% 1877 + 235

Subcutaneous injections of clofibrate (0.2 g/kg) were given to rats on 0-15 successive days. The rate of sorbitol
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 + S.D. of 9 animals.

*P < 0.05, +P < 001, 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.

Mutual inhibition of ethanol und sorbitol elimination.
Sorbitol inhibited significantly (P < 0.001) the rate of
elimination of ethano! 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.

Effect of ethanol and sorbitol on the liver redox state.
After administration of clofibrate for two days, the
lactate/pyruvate and  S-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 [307] and the increase in the lactate/pyru-
vate ratio was as great as seen in normal ethanol-
treated rats {3, 15]. In the case of the 8-OH-butyrate/
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 liver mito-
chondria [20].

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

Injection NaCl Ethanol Sorbitol Ethanol + Sorbitol

Pretreatment

Clofibrate 2 days

Lactate 840 + 300 734 + 94 —

Pyruvate %+ 33 39 + 41 e

LiP 120 £ 44 301 + 1511 — -

B-OH-butyrate 170 + 30 143 + 49 —

Acetoacetaly 123+ 29 96 + 21 o -

BiA 1.3+ 086 15+ 05

Clofibrate 14 days

Lactate 1000 % 115 1988 + 901t 1995 + 2363 2290 + 6531

Pyruvale 178 + 81 73 + 25t 125 + 62 48 + 213

LiP 6.6 + 2.7 27.4 + 8.4% 19.1 + 831 60.7 + 28.2%

B-OH-butyrate 118 £ 90 225 & 43¢ 193 £ 25¢ 179 + 29

Acetoacetate 139 + 20 23+ 24 105 + 27 126 + 44

Bi4 09+ 07 1.9 + 061 1.9 + 0.4% 1709

The contents of lactate, pyruvate, J-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 (0.2 g/kg/day) were given
to rats for 2 or 14 successive days. The substrates were injected intravenously as described in the Methods section.

*P <005 1P <001, I 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/A4 ratio decreased.
though not significantly. Ethanol increased L/P and
B/A ratios in rats treated with clofibrate for two
weeks, as was found earlier in vico [15] but not in
vitro [17]. Likewise, sorbitol increased L/P and B/A
ratios in clofibrate-treated rats.

When ethanol and sorbitol were administered
together, the shift in the L/P ratio was significantly
greater 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 [15, 17] and that the increase in the elimination
rate is solely due to the increase in the liver mass
in relation to body weight [ 14, 15]. 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 ¢t al. [20] 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 ¢ 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 ¢ reductase decreases to a somewhat
lower level than in untreated controls [20]. So it

Cytoplasm
Ethanol Sorbitol
NAD* Clofibrate NAD*
NADH NADH
N
Acetaldehyde h Fructose
LN
(Clofibrqfe % 9{- Clofibrate )
Mitochondria
Malate- a-Glycero-
aspartate phosphate
shu{'l‘ﬂe shuttle
NADH FADH,
Fp CoQ,Cyt b#Cyte>Cytg,a. >
T’ y } A
Clofibrate Clofibrate

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

seems unlikely that the increase in the content of liver
mitochondria contributes to the enhancement of cth-
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 ¢ reductase. No such effect of
clofibrate on the elimination rate of sorbitol was
found after treatment of two days, suggesting that
a-glycerophosphate shuttle may be more important
in sorbitol metabolism than during ethanol oxidation.

Clofibrate inhibits mitochondrial state 3 (ADP
present) respiration and also oxidative phosphoryla-
tion [18, 32, 33]. The first site in the respiratory chain
inhibited by clofibrate is in complex I where NADH
is reoxidized (Fig. 1). Accordingly. the removal of
NADH-dependent substrates. such as ethanol, should
be more effectively inhibited than the oxidation of
substrates like sorbitol. which are supposed. at least
partly, to enter the respiratory chain beyond the level
of NADH [8, 12.13]. 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 clofibrate 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 [31.34,35]. The
two-week treatment with clofibrate 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 or
whether the inhibitory actions of clofibrate on the
mitochondrial function contributed to the decrement.

The situation was different when both cthanol and
sorbitol were present simultaneously. During clofi-
brate treatment the inhibitory effect of sorbitol on
ethanol elimination was increased and. at the same
time. the inhibitory effect of ethanol on sorbitol elim-
ination was decreased. The different changes may re-
flect the different sites where reducing equivalents
from each reaction enter the respiratory chain.

Acknowledgements  We thank Miss Ritva Ristiliihde for
skilful technical assistance and the Medica, Pharmaceutical
Co. for the generous supply of clofibrate.

REFERENCES

G. Verron, Z. ges. inn. Med. 20, 278 (1965).

M. E. Hillbom. Life Sci. 9, 841 (1970).

. M. E. Hillbom and K. O. Lindros. Metabolism 20, 843

(1971).

4. A. L. Lehninger. J. biol. Chem. 190, 334 (1951).

5. P. Borst, Proc. Sth Int. Congr. Biochem.. Moscow vol.
2, p. 233 (1961).

6. T. Biicher and M. Klingenberg. Angew. Cheni.. Int. Ed.
Engl. 70, 552 (1958).

7. A. F. Whereat, M. W. Orishimo. J. Nelson and S. J.
Phillips, J. biol. Chen. 244, 6498 {1969).

8. H. V. Werner and M. N. Berry, Eur. J. Biochem. 42,
315 (1974).

9. 1. Hassinen. Ann. Med. exp. Biol. Fenn. 45, 35 (1967).

10. A. K. Rawat and F. Lundquist. Ewr. J. Biochem. 5,

13 (1968).

W b —



11

12

13.

14.
15

Metabolism of ethanol and sorbitol in clofibrate-treated rats

R. Nordmann, M.-A. Petit and J. Nordmann, Biochenm.
Pharmac. 24, 139 (1975},

M. N. Berry, E. Kun and H. V. Werner, Eur. J. Bio-
chem. 33, 407 (1973).

M. N. Berry. H. V. Werner and E. Kun. Biochem. J.
140, 355 (1974).

M. E. Hillbom, FEBS. Letr. 17, 303 (1971).

R. A. Hawkins, R. C. Nielsen and R. L. Veech, Bio-
chem. J. 140, 117 (1974).

. E. A, Carter and K. J. Isselbacher, Life Sc¢i. 13, 907

(1973).

. M. T. Kidhonen, R. H. Ylikahri and I. Hassinen, Life

Sci. 18, 661 (19711

. €. R. Mackerer and J. R. Haettinger, Biochem. Phar-

mac. 23, 3331 (1974).

. D. S Platt and J. M. Thorp. Biochem. Phurmac. 15,

915 (1966).

. A. R. L. Gear. A. D. Albert and J. M. Bednarek, J.

hiol. Chem. 249, 6495 (1974,

21. M. E. Hillbom, Acta pharmac. tox. 29, 95 (1971).

. C. D. West and S. Rapoport, Proc. Soc. exp. Biol. Med.

70, 141 {1949).

. A. Wollenberger, O. Ristau and G. Schoffa, Pfliigers

Arch. ges. Physiol. 270, 399 (1960).

24

25.

335

. K. O. Lindros and H. Aro. Ann. Med. exp. Biol. Fenn.

47, 39 (1969).

H. J. Hohorst, F. H. Kreutz and T. Biicher, Biochem.

Z. 332, 18 (1959).

. C. 1. P. Eriksson, Analyt. Biochem. 47, 235 (1972).

. U. Gerlach and Z. Schiirmeyer, Z. ges. exp. Med. 132,
413 (1960}

. W.R. Todd, 1. Myers and E. S. West. J. hiol. Chem.
127, 275 (1939).

. D. H. Williamson, P. Lund and H. A. Krebs, Biochem.
J. 103, 513 (1967).

. O. A. Forsander, N. Rédihd and H. Suomalainen, Hop-
pe-Seyler’s Z. physiol. Chem. 312, 243 (1958).

. A ). Metjer, G. M. Van Woerkom, J. R. Williamson
and J. M. Tager, Biochem. J. 150, 205 (1975}

. S. R. Panini and C. K. Ramakrishna Kurup. Biochen.
J. 142, 253 (1974).

. A. L. Cederbaum and E. Rubin, Biochem. Pharmae. 23,
1985 {1974).

. K. O. Lindros, R. Vihma and O. A. Forsander, Bio-
chem. J. 126, 945 (1972).

35. R. Scholz and H. Nohl. Eur. J. Biochem. 63, 449 {1976).



