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In 1962, Thorp and Waring® reported that
administration in rats of clofibrate (ethyl 2-
(p - chlorophenoxy)-2-methylpropionate= ethyl
p-chlorphenoxyisobutyrate, Atromid-S, see
Fig. 1) and the combination of clofibrate
with androsterone (Atromid)
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Fig. 1. Chemical structure of ethyl 2-(p-chlorophe
noxy)-2-methylpropionate==ethyl p-chlorophenoxyi-
sobutyrate, clofibrate, Atromid-S, a ethyl ester
of C.P.1.B. (=chlorophenoxyisobutyric acid).

reduced the plasma cholesterol level. Later in
the same vyear Oliver® showed that Atromid
lowered elevated serum cholesterol and trigly-
cerides (TG) levels in man. Subsequently,
however®, Oliver himself demonstrated that
the administration of clofibrate alone was as
effective as Atromid. Since these earlier papers,
considerably more experience has been gained
concerning the effect of clofibrate, and now it
seems well established that clofibrate decrease
plasma levels both of TG and cholesterol in
humans and rats although the mechanism of
this effect has not been fully defined. The
active form of clofibrate in vivo seems to be
the free chlorophenoxyisobutyric acid (C.P.
1.B.) bound to albumin®

On the other hand, the induction of a fatty
liver in experimental animals following the
administration of carbon ;tetrachloride (CCly)
has been amply documented® ™. The etiology
for the accumulation of hepatic fats by CCl,
has not been settled®, but chemical inves-
tigation revealed that the rise in liver lipids
following CCly was primarily due to increased
hepatic T'G® . Most studies field in the past aimed
at obtaining the greater knowledge regarding
mechanism by which human liver damage is
produced, but in recent years this model has
been used in study of lipid, especially TG,
metabolism®’ 9. At the present time available
evidences support the hypothesis that such an
accumulation of lipids in liver tissue by CCl,
is due to a block in the transfer of TG from
the liver to the plasmal® 14,

Thus clofibrate and carbon tetrachloride both
undoubtedly produce wide spread effect on
lipid metaboliem in living organism. It would
be most interesting at this stage to see the
effects of clofibrate on liver lipids, especially
TG, of CCl, intoxicated rats, which may help
for the elucidation of mechanisms involved in
the action of clofibrate as well as that of
CCly.

Effects of clofibrate administration on the
lipid content.of CCly-indde2d fatty livar in rats
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were investigated, and will be presented in
the following together with the plasma lipid
content determined.

Materials and Methods

Male albino weighing approximately 200-300
g supplied from our regular breeder were
distributed into 4 groups, paying attention so
as to roughly match with body weight in each
group; and they were raised in wire-bottom
cages, in each of which 3-4 animals were put
together. A period of two weeks was allowed
for stabilization on our regular feed, which
consisted of, with ad lib water, ground wheat,
dry fish-powder (3%) and dry milk (3%); and
on bloc group body weight of each animal
group noted. To the half of animals or to the
two out of 4 groups of animals 0.2% clofib-
rate in their feed was given for 21 days.
Clofibrate (Imperial Chemical Industries Ltd.,
Great Britanin) was dissolved in ether, mixed
with the requisite amount of feed, and the
ether allowed to evaporate. On the 2lst day
on clofibrate feed the body weights of indivi-
dual animals were checked; and to the halves
of clofibrate and regular feed fed rats, CCl,
in liquid praffin (3:7 by volume) in amount of
0.5 ml/100 g body weight was given by sto-
mach tube. To the rest halves of clofibrate
fed and regularly fed rats, 1.0-1.5ml of liquid
paraffin was given similarly. Thus each group
of animals received following treatment:

Group I (controls), regular feed and liquid
parafaffin;

Group II (CCl,), regular feed and CCl,; (in
liquid paraffin);

Group III (clofibrate), clofibrate feed and
liquid paraffin;

Group IV (clofibrate & CCly) clofibrate feed
and CCly (in liquid paraffin).

After an overnight fast following th> admi-

nistration of CCly to the appropriate groups as
indicated above, all groups of animals were
killed by rapid decapitation, when the blood
was cellected into tubes containing EDTA (25
mg), and the liver tissue removed quickly,
weighed and stored for a while in the freezing
compartment of a refrigerator.

Liver lipids were extracted twice in aglass-
homogenizer by the method of Folch et al®®,
from accurately weighed liver tissue of appr-
oximately 500 mg, with 2:1 chloroform-
methanol mixture to the final volume of 10
ml. The extract was washed with 2 ml of
distilled water and the volume of single phase
lipid extract was brought to the 10 m}, in a
calibrated test tube, with additional chloro-
form. Suitable portions of this liver lipid
extract were used for each fractional lipid
analsis.

Liver and prasma TG were determined by
the method of Van Handel’® and Van Handel
et al'™. Commercial olive oil purified by trea-
ting bulk amount of Doucil (W.A. Taylor,
U.S.A.) in chloroform, the chloroform being
evaporated in vacuo, was used as TG standard.
Assessment of plasma free fatty acids (FFA)
was done according to Kim et al'®, using the
same filtrate of plasma for TG determination.
Fatty acid standard used was linoleic acid (Sig-
ma, U.S.A.). Liver and plasma total choles-
terol was determined by the method of Zak et
al®, and phospholipids after the method of
Connerty et al. 0.

Results

1. Plasma Lipids

The effects of clofibrate administration for
21 days on the mean fractional plasma lipids
of rats overnight fast after the force feeding

of CCl, are summarized in Table [ and visua-
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CCL Given Rats (0.2% Clofibrate in the feed !given for 21 days and CCl, given

once on the las day of clofibrate administration).

Table I. Plasma Lipid Level of Control, Clofibrate Given, CCly Given, and Clofibrate and

Rat Triglycerides Cholesterol Phospholipids Free Fatty Acids
Treatment No. (mg/100 mi) (mg/100 ml) (mg/100 ml) (4Eq/1)
1 52.3 9. 6 184.0 980
2 68.1 71.3 164. 4 1,200
Control 3 48.6 85.3 171.3 1,100
o ‘ 4 70.2 6.3 167.5 1,000
(Liquid Paraffin) | 48.0 83.5 150.0 810
6 59.8 90.2 170.0 890
| 7 68.3 84.2 161.4 860
(Mean) 59.33 84.17 166.8 977.1
(S.D.) 9.74 4.42 10.35 138.2
1 60.6 96. 6 183.4 1,040
2 70.2 78.6 149.8 1,420
3 67.2 81.0 159.3 920
CCl, 4 54.5 78.6 162.7 1,200
5 58. 4 91.2 142.0 1,200
6 42.3 93.0 178.9 840
7 39.0 88.2 157.5 900
| (Mean) 56. 03 86. 74 161. 80 1,074.3
(S.D.) 12.75 7.35 14.88 208. 7
v 1 4.5 68.3 191.8 696
T 2 39.4 52.6 168.7 760
Clofibrate 3 45.5 68.5 149.8 596
o . 4 51.8 81.0 153.5 566
(and Liquid Paraffin)l ¢ 56.5 . 77.3 158.1 920
6 39.9 56.7 125.0 850
7 38.4 64.1 171.3 900
(Mean) 45.14 67. 07 159. 76 855. 4
(S.D.) 5. 62 8.81 20. 77 142.5
1 56. 0 88.6 209.0 952
2 52.2 89.3 150.0 690
3 38.0 70.6 149.8 728
Clofibrate & CCl, | 4 61.0 70. 6 140.4 870
5 51.4 60.0 168.7 780
6 59. 1 62.6 172.0 860
7 48.6 71.8 171.3 896
(Mean) 52. 33 73.36 165. 89 895.1
v CR DI 7.68 14.14 22.71 160. 2
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Fig. 2. Effects of CCl,, clofibrate & CCl, on plasma
triglyceride level in rats. CCl, in liquid paraffin
(8:7 by volume) 0.5 ml/100 g body weight by
stomach tube; clofibrate at 0.2% in feed for
3 weeks (The same experimental conditions
apply to all figures following).
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Fig. 3. Effects of CCl,, clofibrate, and clofibrate
& CCls on plasma cholesterol level in rats.
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lized in Fig. 2 through 5. Attention should be
drawn to the group relationship among the 4
groups of animals in interpreting the plasma,
and liver lipid values as well. Thus Group [
animals served variously as controls for Group
I with respect to the effect of simple CCl,
administration; for Group [ with respect to
simple clofibrate effect; and for Group [V to
the combined effects of clofibrate and CCly.
In comparison with the mean plasma TG
level of 59.33 (--9.74) mg/100 ml of controls
(Group 1), that of the CCly group (Group 1)
showed the value of 56.03 (4-12.75) mg/100
ml, with very little change from the controls.
The decrease in plasma TG of clofibrate group
(Group ]|) was a remarkable one, from 59.33
mg/100 ml of controls down to 45. 14 (5.62)
mg/100 ml (P<0.0D. Combined effects of
clofibrate and CCly (in Group V) on plasma
mean TG level revealed the change (from 59. 33
of controls to 52. 33 (=4-7.68) mg/100 ml of test)
statistically insignificant (P>>0. 05). The imp-
lication of this finding was meaningful in the
context of the present experiments, for admi-
nistration of CCli to the clofibrate fed rats
(Group V) lessoned the signific ant TG lowe-
ring effect of clofibrate, as manifested in
Group [[ rats, to the statistically insignificant

extent.

The mean plasma total cholesterol level of
Group [, 1 and IV rats showed very much
similar patterns of group "alterations to those
seen with plasma TG content (Group [ versus
Il : P<0.01; and Group [ versus I :P>0.1),
indicating again the effect of CCly to lessen
the cholesterol lowering effect of clofibrate.

The mean plasma phospholipld levels of 3
test animal groups were all alike more or less
lower than that of controls, but the differences
were insignificant.

Plasma FFA level of clofibrate fed Group I
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Fig. 4. Effects of CCl,, clofibrate, and clofibrate
& CCl, on plasma phospholipid level in rats.

1,0001 ™
—
Plasma 9001
FFA .
(uEQ/I)
: 8007 ]
. 700/
{ — ) | L_J
| e
— o o
o 5 53
= s T &0
o o o Qo
5] () O O®d
v Fig. 5.' Effects of CCl,, clofibrate, and clofibrate
& CCl; on plasma free fatty acid level in
rats.

and [V animals were considerably lower than
that of controls, although the decreases were
not statistically significant (P’s>>0.1). Plasma
FFA concentration of CCl, given rats (Group
[) was higher than that of controls, again
without statistical significance (P>>0.2). But
the difference in plasma FFA concentration
between Group [[ and [ or [V, whatever the
meaning of this statistical analysis might be
for the moment, was significant with the
probability of P<{Q. 05.

II. Body Weight, Liver Weight and Liver
Lipids (Table II, and Fig. 6 though 9

1. Body and Liver Weight The en bloc group
body weight at the biginning and individual
body weight of the rats at the end of feeding
with or without clofibrate for 21 days showed
a variable degree of body weight gain by each
of the 4groups of experimental animals. The
slight disagreeable odor of clofibrate causing
aversion for feed by the animals might have
inevitably resulted in lesser body weight gain
observed in the drug fed groups.

To evaluate the changes in liver weight
apart from the body size 'incurred by experi-
mental conditions set upon each group of
animals, fractions of liver to total body wei-
ghts were calculated, as appear in Table [.
The increment in liver weight was only nominal
in CCl, treated rais as compared to controle
(P>0.5), but it was definitely significant in
clofibrate treated rats (P>>0. 0001). The liver
weight fraction to total body weight of clofi-
brate and CCl; treatedrats (Group V) rose
to the same  degree as that of simply
clofibrate treated ones (Group [1), but it came
out statistically insignificant (P>>0. 1) probably
because’ of the larger standard deviation. It
seems that clofibrate induces hepatomegaly as
previously observed by others? 2V, but CCl,

3 — 187



= The Seoirl Journal of Medicine: Vol.10, No.4, Dec., 1969 =

fable . Body Weight, Liver Weight and Liver Lipids of Control, Clofibrate Given, CCl,
Given, and Clofibrate and CCli Given Rats (Clofibrate given for 21 days and
CCl: given once on the last day or clofibrate administration).

Treutment Rat Body Weight (g) Lé\ée)r a%eiog/)ht Triglycerides Cholesterol Phospholipids
No. | pitial*| Final | Body Weight (mg/g) (mg/g) (mg/g)
1 275 851 3.1 5.6 3.6 39.7
2 250 7.35 (2.9 6.1 3.1 46.2
3 288 854 (3.0 6.6 a1 35.2
_ Control |4 950 | 7.88 G2 7.0 4.0 3.3
(Liquid Paraffin) ¢ 295 6.63 (2.6 8.3 3.5 40.2
6 225 7.37 (3.3 7.1 3.2 45.5
7 300 9.21 @G — 3.5 35.2
(Mean) 250.0 | 259.0| 7.927 (3.06) 6.78 3.56 40.24
(S.D. #) 20.58|  0.855 (0.16) 0.93 0.38 3.7
1 275 7.37 @D 94.5 45 42.0
2 300 9.84 (3.3 59.0 6.4 35.2
3 313 9.94 (3.2 74.8 40 35.4
Cl, 4 275 7.55 (2.7 86.2 4.0 36.2
5 225 9.14 A1 82,0 4.8 32.0
6 250 8.8 (3.6) 8.4 45 36.2
7 250 6.86 (27 88.3 5.4 4.2
(Mean) 260.6 | 269.7| 8513 (3.16) 80. 89 4.80 37.31
. D) 30.6| 125 (0.52 10.59 0.85 4.9
1 263 9.68 (3.7 6.7 3.3 2.1
2 283 | 10.16 (3.6) 4.0 2.4 37.0
Clofibrate 3 983 | 1047 @B 45 3.5 34.3
Cand Liquid | 4 250 894 (3.6) 4.7 2.9 41.9
Paraffin) 5 238 771 (3.2 5.6 3.0 4.2
6 300 8.45 (2.8 5.1 3.3 41.6
7 295 8.52 (3.8 6.9 2.8 40.0
(Mean) %61.9| 263.1| 9133 G4 5. 36 3.03 40.16
(5.D.) 97.1| 1003 (0.1D 1.10 0.49 415
1 275 9.10 (3.3 7.7 3.0 39.7
2 300 | 1112 BT 59.1 45 3.0
oCL & 3 283 9.81 (3.5 84,2 2.8 35.2
Clofibrate 4 275 8.30 (3.0 62.5 3.6 35.2
5 275 8.04 (2.9 57.3 3.7 .2
6 300 | 13.44 (4.5 58.5 2.3 33.5
7 238 7.88 (3.3 61.8 4.4 46.2
(Mean) 275.0 | 278.0| 9.670 (3.48) 65. 01 3.47 38.0
(S.D.) 20.9| 2016 (0.52 8.99 0.82 5.17

* Calculated from blanket group body weights.
# Standard deviation.

188 — 54—




=W.I. Park: Effect of Clofibrats on Carboh Tetrachloride~Induced Fatty Liver in Rats—

blur the clofibrate effect (in Group IV )by way
of marked individual fluctuation in liver size

- 35 increment.
] 2. Trigly cerides The mean values were 6. 78
3.4 (4-0.93) mg/g for the controls (Group [ ) and
Liver weight 5.36 (—1.10)mg/g for the clofibrate adminis-
As % 3.31 tered animals (Group [[), a significant decrease
Body weight o) (P<0.01). To compensate for the increase
’ in liver weights of clofibrate group (Gronp [[)
3.1 described previously, total quantities of TG in
the liver were calculated (unit weight liver
3-0; D TG X total liver weight). The mean values
P indicated 53.75 (--4.73) mg for the controls
3 g ;9; 3 and 48.95 (4-9.56) mg for the the clofibrate
‘g 5 *:5 'E;U fed animals (Group I ), a nonsignificant dec-
© © © oo rease. Administration of CCl; to regularly fed
Fig. 6. Effects of OCL, clofibrate, and clofibrate rats (Group ) resulted in a expected large
& CCli on liver weight as % of body increase in liver TG concentration: from 6.78
weight of rats. mg/g of controls to 80. 89 (10.59) mg/g of CCl,
rats. Total liver TG quanties were also rema-
rkably increased, from 53. 75mg (of Group [ )
to 688.62 (4-67.44) mg (of Group [ ). Similar
results with total liver TG by the administra-
901 tion of CCl, were seen in the clofibrate fed
801 (] animals: from 48.95 mg of Group [[ to 628.65
707 - (-134. 83) mg of Group [V rats. Clofibrate treat—
Liver 601 ment of rats, however, resulted in significantly
Triglycerides | less accumulation of mean unit weight liver TG
. (masgr ] by CCli (in Group V) than the non-treated
30 rats (Group [ ): i e, liver TG for the former
20 were 65.01 (:8.99) mg/g, and for the latter
- 80. 89 mg/g (P<0. 02). The difference between
101 0O U o Ul the total liver TG of these two animal groups
e 2 was not statisticallt significant (P>>0. 1).
E . g égv 3. Cholesterol The mean liver .cholesterol
§ 3 3 3o content was significantly increased by CCl,
Fig. 7. Effects of CCli, clofibrate, and clofibrate administration in  the regularly fed animal
& CCl on liver triglyceride content in groups: from 3.56 (Z4-0.38) mg/g controls
rats.

(Group [ ) to 4.80 (--0.85) mg/g of test
(Group 1) (P<0.01); and it was significantly
decreased by clofibrate in the diet: from 3.56
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mg/g of controls to 2. 03 (40.49) mg/g of test
(Group ) (P<0.05). In the clofibrate fed

5-0{ animal groups, administration of CCly resulted -
] in insignifiant increase in liver cholesterol:
4.5 from 3.03 mg/g of Group [[ to 3.47(40.82)
Liver mg/g of Group  rats (P>>0.05). Combined
Cholesterol effects of clofibrate and CCl, again resulted in
(ma/q) 49 insignififcant increase in liver cholesterol: from
3.56 mg/g of controls (Groupl) to 3.47 mg/g
3.5 of test animals (Group Iy (P>0.05).
4. Phospholipids None of the mean liver
3.0:_ D phospholipid data of the 4 groups of animals
' o obtained had deviated significantly from
5 § §5 each other. The slight decrease of CCl,
‘g‘ g :g ;‘_5"’ given animals (group ] ) in phospholipid con-
© o O oo tent may represent the increased liver weight
Fig. 8. Effects of CCly, clofibrate, and clofibrate of this group due possibly to the accumulation
& CClL on liver cholesterol content in of lipids after CCly, although the liver weight
rats. gain observed in this group of animals (Group
1) was only slight, as stated above previously.
The liver enlargement observed in the clofibrate
fed Group [l and IV animals did not cause any
45 reduction in phospholipid content of these ani- 1
407 ] 1 mals, however. The mean total liver phos-
35 B pholipid quantities of Group [I and [y animals
Liver‘ 304 were remarkably similar 364. 32 (--58. 36) mg/g
Phospholipids 251 and 360. 61 (-14. 09) mg, respectively, whereas
tma/q) 20] those of controls were 320.75 (4-27.81)mg. It
seems, therefor, that while the CCl, play little .
'] part in regard to liver phospholipids, clofibrate
101 may actively influence by retention of these
51 | L i L lipids in the liver. -
- s B
£ 4 £ 50 Discussion
S 5 & 8°
(& (&) (&) [ o]

The reduction of both the plasma TG and
) . ) : : 22, 23) H R
Fig. 9. Effects of CCli, clofibrate, and clofibrate cholesterol in man as well as in experi
& CCli on liver phospholipid content in mental. animals?® by clofibrate is now well
rats. v established. The significant decreases in the
o mean plasma concentration of TG and choles-

terol after 3 week simple clefibrate administ-
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ration in Group || animals of the present
expeiments, as compared with those of controls
(Group [ ), were but an another manifestation
of the hitherto known effect of the drug.
Although Hellmnan et al?> reported 17% dec—
rease in plasma phospholipid content by clofi-
brate in study with humans, our data with
rats showed that the decreases were not stati-
stically significantly different from those in
controls. The primary effect of clofibrate, in
fact, was to reduce the TG=rich lipoproteins
of very low density lipoproteins (Sf 2-400),
and to a lesser degree the cholesterol-rich low
density lipoproteins (Sf 0-20)2¢ In our results
plasma FFA concentration of clofibrate fed
Group III animals was also decreased, but
without statstical significance. However, arg-
uements are still going on over the effect of
clofibrate upén plasma FFA, which, in fact,
has been implicated in explaining the mecha-
nism of hypolipidemic action of clofibrate by
one school?” as will be discussed later.

In commenting on our plasma lipid data of
CCly treated rats, suffice it to cite for the
momenta more inclusive work by Stern et al?®,
who examined over 72 hours the changes in
plasma lipid levels induced by CCl,. According to
them, plasma TG, cholesterol and phospholipid
concentration decreased during the first 6hours
and remained low for at least 16 houres after
CCl,. Plasma TG level subsequently rose with
higher level than control value during the 18-
26 hour period, corresponding at which time
our experimental animals were at once Killed.
Plasma cholesterol and phospholipid concent-
ration likewise rose, but did not exceed control
levels either at the 18-26 hour pour period on
48 hours after CCl, administration. By 72 hours
all three plasma lipid values were markedly
higher in animals received CCl, than in control
animals. Plasma FFA concentration did not

differ from control values during the 2-6 hour
intervals, but rose during the 8-16 hour period
and continued to rise throughout the timres
studied. o

The aim of the present invéstigation was to
observe the effect of clofibrate upon serum
and especially, liver lipids with in rats fatty liver
induced by CCl; administration. In evaluating
our results it seems appropriate that we should
be well aware of the proposed mechanisms of
action of clofibrate and CCl, known to-day in
living organism. ‘

In Thorp and Waring's original study®, the
cholesterol lowering activity of clofibrate ap-
peared to coincide in time with spontaneous
seasonal reduction in serum cholesterol of
control rats, and they suggested that the
clofibrate augmented a rhythmic hypocholeste-
rolemic mechamism. In view of previous fin-
dings of Hellman et al*® that thyroid hormone
led to increased androsterone and that this
androgen metabolite was hypocholesterolemic
in man, they suggested further that androste-
rone might be the endogenous agent respon-—
sible for the phasic changes in cholesterol.
They administered clofibrate with androsteron
(Atromid) to rats and found that the combi-
nation produced a continuous hypocholesterole-
mic response”. The hypolipidemic effect of
Atromid was confirmed in man soon thereaf-
ter??®, They postulated that clofibrate either
displaced androsterone from plasma protein®
or acted by competing for the binding capacity
of serum albumin, displacing acidic hormones,
such as thyroxine, leading to their localization
in the liver where it produces alterations in
enzymic mechanizm leading ultimately to redu-
ction in plasma concentration of cholesterol
and TG¥.
agree that oral androsterone contribute nothing
to the hypolipidemic effect of clofibrate. Furt-

However, all investigators now
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her studies demonstrating the failure of adre-
nalectomy and gonadectomy to prevent hypoli-
in rats®® and
man®? suggest that the mechanism of action
is not concerned with potentiation of endoge-

pidemic effect of clofibrate

nous steroid hormones. Furthermore, clofibrate
has been shown to influence thyroxine distri-
bution as suggested by Thorp®, but by redu-
cing the hepatic content and volume of distri-
which
gives the additional evidence that its mode of
action probably is not mediated via thyroid
hormone metabolism. Other investigator suggest

bution of thyroxine, not increasing®,

that clofibrate may act as an inhibitor of
cholesterol biosynthesis?®. Azarnoff et al®®
found that the stage of inhibition of clofibrate
is between mevalonic acid and isopentenyl
pyrophate. Other studies by the same authors’®
and reported others® % suggested that the
hypolipidemic action of clofibrate also may be

due to a partial failure of hepatic secretion of
TG.

On the other hand, considerable amount of
work has been done ever the last several
decades in an attempt to define the bioche-
mical changes associated with the effect of
CCl, on hepatic lipids. Yet the etiology for
the accumulation of hepatic fats by CCl, has
not been settled. Chemical investigation reve-
aled that rise in liver lipids following CCl, was
due primarily to increased hepatic TGS, The
first increase in liver TG after single dose of
CCly appears within 1 to 2 hours; the accumu-
lation proceeds rapidly thereafter, and by 3
hours the level of hepatic TG was doubled the
control value®. During the last several years,
ample evidencel® », including that of Stern
et al*® refered above, have accumulated to
show that in the early stage of acite CCl,
intoxication there is a direct relationship bet-
ween the accumulation of TG in the liver and

the decrease in the concentration of plasmd
TG. These evidences are consistent with the
hypothesis, first proposed by Recknagel et
al’®  that the development of fatty liver, in
CClytreated rats, is primarily due to a block
in the release of hepatic TG to the plasma.
According to this hypothesis, fatty acids mobi-
lized from adipose tissue are transported tc
the liver where they are rapidly esterified to TG,
Carbon tetrachloride, however, interfere with
secretion of hepatic TG into the plasma, with
consequent accumulation of TG in the liver
and a fall of their concentration in the plasma.
Evidence for such a blook came from experi-
ments by Heimberg et al®, in which it was
shown that isolated perfused livers, obtained
from rats treated with CCly 3.5 hours before
perfusion, failed to release TG into the perfu-
sate. Interference by CCl, with secretion of
hepatic TG has also been shown in experiments
with labeled fatty acids by Maling et al'V,
and by Schotz et al*P, In these experiments
in was shown that after intravenons injection
of palmitic acid-1-“C, only traces of label
appear in the plasma TG of CCl, treated rats.
Using a complex mathmatical analysis of their
results Schotz et al have also estimated that
in the CCl, treated animals the rats of hepatic
TG secretion into the plasma is only 10% of

normal.

In view of action mechanism of CCly and of
one of the hypothese that partial failure of
hepatic secretion of TG by clofibrate, like
CCl,, as described above, we were expecting
more marked accumulation of TG in livers of
rats given clofibrate and CCly (Group [V) than
in than in those given CCl, alone (Group
I). Our anticipation crumbled at the moment
when we opened the abdomens to excise
livers of a fewe xperimental animals of Group
I and . The degree of fatty infiltration
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in the two groups were such that it was
easily discernible by macroscopic views that
fatty infiltration was more marked in the
livers of Group [ animals. Thus in our results
it was evident that the liver TG of both
clofibrate and CCl, given animals (Group [V)
were significantly less than those found in
simply CCly given animals (Group [ ), showing
apparently the preventive effect of clofibrate
on liver TG accumulation by CCl,. We had at
first no (feasible explanation for the observed
reduction by clofibrate in TG of fatty liver
induced by CCly. Speculation was than made
from our data that the results could be reaso-
nably ascribable to the reduction in plasma
FFA of the Group [ when compared with
that of Group [ animals. It has been well
known that the plasma FFA, being building
block of TG io the liver, regulate the synthesis
of TG in this tissue. Studies of the fatty acid
composition of liver TG, plasma FFA, and
adipose tissue TG were consistent with the
finding that liver TG were synthesized from
plasma FFA mobilized from adipose tissue®® .
And adepuate evidence is available to show
that hepatic extraction of FFA is proportional
to the blood concentration®®. Sustained hyper-
mobilization of FFA by intravenous infusion
of noradrenaline in dogs leads to progressive
and rapid increase in liver TG . From these
much evidences and from our reduced FFA
values observed in Group [ animals with
delivery of low FFA concentration to the liver,
it was reasonable to see decreased liver TG in
these animals as were in our results. It seems
appropriate to recall at this time that, although
the reduction in plasma FFA of clofibrate
and CCl, given animals (Group V) was not
statistically significant from those of controls
(Group [ ), the difference in FFA concentra-
tion between the CCl; given (Group [) and

both clofibrate and CCl; given (Grovp V) rats
was statistically significant (P<C0. 05).

As for the lowering of plasma FFA concen-
tration observed in clofibrate treated animals
of the present experiments (Group § and IV),
we admit there are controversy going over
this effect of clofibrate. In fact this problem
has to do with the action mechanism, in
addition to those cited above, of clofibrate
itself by some investigation, as was touched
previously. Sachs?® stated that the plasma
FFA was not affected by clofibrate. On the
other hand, Barrett and Thorp?” demonstrated
that oral admininistion of clofibrate reduced
the resting FFA levels in both rats and dogs.
In addition they and others‘® presented experi-
mental evidence showing that C.P.1B., the
active metabolite of clofibrate (clofibrate is a
C.P.L.B. ethyl ester), reduces rate of free
fatty acid release from epididymal fat pad
incubated in plasm in vitro. Barrett et al went
further that the final hypolipidemic effect of
clofibrate is ultimately related to FFA lowering
effect of clofibrate. As Nestel* found, the
increment in plasma FFA was directly related
to the fasting plasma TG level. It is the-
refore highly probable that the substantial
reductions in plasma TG observed in man and
experimental animals treated with clofibrate
are partly the result of the reduction in plasma
FFA. Although there are reports that clofi-
brate has to do with cholesterol synthesis as
stated previously, the more profound decrease
in the plasma TG concentration as compared
to cholesterol by clofibrate and the observation
that the greatest falls in cholesterol values by
clofibrate occur in subjects with highest
plasma TG? suggest that the primary action
of clofibrate may be on TG synthesis. Howe-
ver, there have been other reports againtst
this, so to speak, “FFA theory” for the
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hypolipidemic action of clofibrate. FFA turno-
ver and TG production was found normal
during clofibrate administration!®, and the
inhibition by clofibrate of catecholamine-
induced release of fatty acids from adipose
tissue was not responsible for the lower ing of
blood lipids?®.

Atttention should be drawn again to our
results in that, despite the significant reduction
in unit weight liver TG of both clofibrate and
CCl, administered animals (Group IV)as com-
pared to that of simply CCl, treated ones
(Group II), the mean total liver TG (and
phospholipid) quautities of the animals of the
two groups (Group II and IV) came out roughly
equal due to the liver enlarging effect of clofi-
brate observed in drug treated animals ie
(Group IV). The increase in liver size in
rats by clofibrate has been previously
reported by others? ¥, but the direct cause of
this hepatomegaly is unknown. It is of inetrest
that the administration of clofibrate to man
has been observed to produce a transient
increase in serurmn GOT level?. It seems that
liver enlargement was of hyperplastic in nature,
for total liver DNA content was increased
in clofibrate treated ratst. At any rate,
clofibrate was shown in our experiments to
lower high lipid concentration induced by CCl,,
but not to lower total quantities in terms of
whole liver lipids. If clofibrate has any effect
to raise the clearence of TG from the body*’ 45
the amount of T'G cleared from the body would
be equal to plasma TG reduction multiplied
by plasma volume, which is a minor fraction
of total liver or total body TG. The result
that reduction in TG concentration, but not in
total TG, of liver by clofibrate in CCl, induced
fatty liver may pose another problem in attac-
king the mechanism of clofibrate by other
investigators in the future.

Summary

Studies were carried out to see the effect of
pre-treatment of rats with clofibrate, now
widely used as hypolipidemic agent, on the
CCl, induced fatty liver, with special reference
to TG. Clofibrate incorporated into feed to
contain 0.2% was fed to experimental animals
for 3 weeks, and CCl, in liquid paraffin (3:7
by volum in amount of 0.5ml/100 g body
weight (or 1.0-1.5 ml of liquid paraffin) was
given by stomach tube on the last day of
experimental feeding.

Results obtained were as follows.

Clofibrate feeding significantly reduces TG
accumulation produced by CCly, preventing the
lipid accumulation would result by simple CCly
administ ation. This result may cast suspicion
against the concept that clofibriate, like CCly
as proposed, partially hinders release of TG
from the liver. Based on our plasma lipid
values determined, the most likely explanation
for the lesser accumulation of TG by clofibrate
in CCl, induced fatty liver, could be found in
the low plasma FFA level observed in our
clofibrate & CCl; administered animal group.
While major plasma lipid fractions (primarily TG
and cholesterol clofibrate & CCl, treated animals
showed in general values in between those of
each clofibrate alone and CCl, alone treated
animals, the plasma FFA did not get along
this line of alteration. Plasma FFA concent-
ration of CCly group was the highest among
those of the experimental groups studied, but
the FFA was significantly low in clofibratd &
CCl, as well as simple clofibrate treated animals
as compared with the CCl; groups. Previously
reported hepatomegalic effect of clofibrate was
manifested whether or not experimental animal
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were treated with CCl;. Due to this liver
enlargement, the calculated total liver TG (and
phospholipids) of clofibrate & CCl; treated
animals had approximately the same amount
of lipids) found in simply CCl, given animals,
indicating minor clearance of the lipids by
clofibrate from the CCl; in toxicated fatty

liver as a whole.
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