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I t  has previously been shown that certain 
substituted hydroxamates can prevent or re- 
tard the formation of fatty deposits in the 
aortas of rabbits and squirrel monkeys fed a 
high cholesterol diet (1, 2). The present pa- 
per describes the effect of N-y-phenylpropyl- 
N-benzyloxy acetamide (W-1372) and of clo- 
fibrate (ethyl-2- (p-chlorophenoxy) -2-methyl 
propionate) on the serum and liver cholesterol 
of rats fed the usual, normocholesteremic, or a 
high fat, hypercholesteremic, diet. The ob- 
served results are of interest because of the 
marked differences in effect of the two drugs 
depending on the diet consumed. 

Materials and Methods. Weanling CFE 
rats, weighing 60-95 g were fed Wayne 
ground mouse breeder blox (Allied Mills, 
Inc., Chicago, Illinois) or the Cuthbertson et 
al. (3) high fat diet of the following composi- 
tion (g): crude casein, 25.0; corn starch, 
45.5; arachis oil (hydrogenated), 22.0; 
cholesterol, 2.0; choline chloride, 1 .O; cholic 
acid, 0.5; salt mixture (4), 4.0; vitamin mix- 
ture (Nutritional Biochemicals Corporation), 
2.2. 

W-1372 in concentrations of 0.25, 0.125, 
and 0.063 % , or clofibrate in concentrations 
of 1.0, 0.5, and 0.25% were mixed with the 
diet and fed to the animals ad libitum for 2 
weeks. Blood samples were obtained by cardi- 
ac puncture at  the termination of the study. 

Extraction of cholesterol from the aortas 
and livers was carried out according to the 
method of Folch et al. ( 5 ) .  Serum cholesterol 
was determined on the AutoAnalyzer by the 
method of Levine and Z a k  ( 6 ) .  Plasma gluta- 
mic oxaloacetic transaminase (SGOT) and 
plasma glutamic pyruvic transaminase (SG 
PT) were measured by the Harlem mod- 
ification of the procedures of Reitman- 

Frankel (7) and Wroblewski and Cabaud 
(8) ; alkaline phosphatase was determined by 
the technique of Klein et al. (9) and 
creatine phosphokinase by the method of 
Hughes ( 10). Liver protein was measured by 
the method of Lowry et al. (1 1). The total 
serum-liver cholesterol pool was calculated 
according to Kritchevsky et al. (12). The 
mean values, the standard errors, the statisti- 
cal significance and differences between 
means as determined by the Student’s t test 
were carried out as described by Burn et al. 
( 13). Ten animals were used in each experi- 
mental group. 

Results. Table I gives the results obtained 
with the drug compounds administered to 
rats fed the usual, normochdesteremic diet. 
Neither of the drugs caused a significant 
change in the body weight gain or daily food 
intake of the animals with the exception of 
clofibrate when given in a concentration of 
1 %. The reduction of serum cholesterol levels 
in animals receiving W-1372 was slight and 
of borderline significance. Clofibrate, on the 
other hand, produced a marked and statisti- 
cally significant reduction of blood choles- 
terol levels a t  all concentrations given. Both 
drugs increased liver weights which were sig- 
nificantly greater than those of the control 
animals. This increase was marked in all 
groups except the one receiving the lowest 
concentration of W-1372. Administration of 
W-1372 did not cause significant changes in 
the plasma SGOT, SGPT, alkaline phos- 
phatase or creatine phosphokinase. Clofi- 
brate, a t  the highest coacentration only, 
somewhat increased the plasma SGOT and 
alkaline phosphatase values, but SGPT and 
creatine phosphokinase were not affected at  
any dose level used. 
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TABLE I. Tlic Effcct of W-1372 and of Clofibrate on Rats Receiving the Usual Diet (2-week 
study). 

Scrum cholesterol Livcr wt  
% Drug Final mean 

Treatmcnt in diet body wt  (g) (nig/100 nil) t ( g )  t 
~ ~ ~~~~ 

Control - 153.0 f 5.1 101.3 f 3.4 - 5.07 5 0.25 - 
W- 13 7 2 0.25 135.5 & 7.1 95.6 -t. 4.3 1.05 8.64 f 0.44 7.06" 

0.125 149.5 5 4.7 91.6 t 3.3 2.Ofi 7.8G 2 0.33 6.74" 
0.063 135.8 t 8.2 91.2 * 2.6 2.55" 5.83 5 0.18 2.47" 

Clofibra tc 1.0 130.7 5. ib i5.4 f 4.0 4.96" 9.08 -+ 0.39 8.G6" 
0.5 153.8 f 6.0 83.2 f 3.1 3 . E b  7.77 f 0.31 6.78" 
0.25 151.7 * 6.1 81.3 * 3.2 4.30" 7.03 5 0.32 4.92" 

" Differs sigiiificaiitly from control ( p  <0.05) ; ( p  <0.01) ; and ( p  <0.001). 

The two drugs fed to animals on the high 
fat diet did not significantly affect body 
weight gain or food intake of the animals. 
W-1372 at  the two higher concentrations pro- 
duced a dramatic drop of serum cholesterol 
levels of the order of 50% (Table 11). 
Clofibrate was also effective in reducing 
serum cholesterol levels at  the two higher 
concentrations but markedly less so than W- 
13 72. Both compounds increased liver 
weight. In  this respect, clofibrate produced a 
greater increase of liver weight a t  the two 
lower concentrations than that produced by 
the two lower concentrations of W-1372. Nei- 
ther of the drugs caused a significant increase 
in the plasma SGOT, SGPT, alkaline phos- 
phatase or creatine phosphokinase levels. Ad- 
ditional experiments carried out on two other 
occasions yielded similar results. 

Administration of the high fat diet for 2 
weeks did not significantly increase the 

cholesterol content of the aortas. The mean 
amount of cholesterol of aortas of rats on the 
usual diet was 7.0 * 0.25 mg/kg as com- 
pared with 7.9 -t- 0.25 mg/kg in rats fed the 
Cuthbertson high fat diet for 2 weeks. Nei- 
ther 111-1372 nor clofibrate administration de- 
creased the aorta cholesterol in animals on 
either diet. 

The two drugs, however, exerted a different 
effect on the liver lipid contents of the ani- 
mals. In rats fed the usual diet (Table III), 
W-1372 produced an increase in the total 
lipids, cholesterol, phospholipids, and trigly- 
cerides. The increase in the amount of fatty 
substances in the liver depended on the 
amount of drug given. Clofibrate, in animals 
receiving the usual diet, significantly lowered 
the cholesterol concentration in the liver 
without affecting any of the other lipid con- 
cen tr a tions measured. 

Rats on a hypercholesteremic diet (Table 

TABLE 11. Thc Effect of W-1372 aiid of Clofibrntc on Rats Recciving a Hypcrcholesterelnic 
Diet (2-week study). 

% Drug 
Treatinelit i n  dict 

Control - 

W-1372 0.25 
0.125 
0.063 

Clofibrate 1.0 
0.5 
0.25 

131.7 I+ 4.6 

136.4 3.7 
128.5 f 6.7 
135.5 2 5.0 

128.4 -F- 2.3 
138.3 f 3.7 
136.8 2 3.3 

_ _ _ _ _ _ _ ~ ~ ~  

Scruin cliolcstcrol 

(mg/100 nil) t 

429.7 * 25.4 - 

151.3 f 6.1 10.6(P 
224.6 * 15.6 6.88" 
449.1 t 22.7 0.57 

304.5 2 15.3 4.22" 
296.4 f 10.7 4.84'& 
381.0 & 25.6 1.35 

Liver wt 

(9 )  t 

8.21 5 0.46 - 

13.96 f 0.53 8.19" 
9.72 k 0.59 2.02 
9.35 2 0.56 1.57 

11.04 t 0.40 4.64" 
10.91 -+ 0.40 4.43" 
10.00 f 0.26 3.3gb 

'' BifTcrs significantly froin control ( p  <0.001) ; tl i icl  ( p  <O.Ol). 
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TABLE 111. Effect of W-1372 aiid Clofibrate on thc Liver Lipids of Rats Fed the Usual Diet. 

Total lipid Cholesterol Triglycerides 
Drug -- ____ ____ 

Treat iiient in  diet (%) .t (%I  t (%I  t 

Control - 3.6 0.22 - 0.47 2 0.02 - 0.28 & 0.05 - 
W-1372 0.25 10.2 k 0.98 6.6" 1.21 2 0.18 4.1b 4.5 & 0.69 6.1" 

0.125 8.1 & 0.47 8.8" 0.95 k 0.14 3.4" 3.1 k 0.41 6.7" 
0.063 4.2 k 0.20 2.2 0.45 & 0.03 0.7 0.50 -f. 0.09 2.0 

Clofibrnte 1.0 3.8 -c 0.14 0.96 0.26 & 0.01 9.6" 0.32 2 0.03 0.6 
0.5 3.6 2 0.14 0.19 0.28 & 0.02 7.6" 0.26 -t- 0.05 0.3 
0.25 3.7 0.14 0.54 0.27 f 0.01 10.Oa 0.26 f 0.06 0.3 

" p  < O . O O l .  
b p  <O.Ol.  

I V ) ,  in response to W-1372 administration at 
the two higher doses, had higher total liver 
lipids than control animals. This increase was 
predominantly due to a higher content of 
liver triglycerides. Cholesterol and phos- 
pholipids were not significantly affected by 
W-1372. These findings are similar to those 
previously observed with compound W-3 98 
(1, 2 ) .  Clofibrate given to rats receiving a 
hypercholesteremic diet did not markedly 
affect the lipid contents of the liver. The only 
exception was the somewhat higher choles- 
terol concentration in the liver of rats receiv- 
ing clofibrate in a concentration of 0.25%. 

I n  order to ascertain the effect of the two 
drugs on the total body cholesterol, the total 
serum-liver cholesterol pool was calculated 
according to the method described by 
Kritchevsky et al. (12 )  (Table V). I n  ani- 

mals on the usual diet, W-1372 in the two 
higher concentrations significantly increased 
the pool while the low concentration of the 
drug had no effect. Clofibrate slightly de- 
creased the serum-liver cholesterol pool in 
these animals but the change was not signifi- 
cant. 

Both drugs produced the opposite effects 
when administered to animals on a high fat 
diet. Under these conditions, W-1372 did not 
significantly affect the serum-liver cholesterol 
pools. Clofibrate, on the other hand, pro- 
duced an increase in the cholesterol pool. 
This increase was significant at the low con- 
centration of the drug. 

The liver protein content of rats on the 
usual diet was not affected by either of the 
drugs. The drugs, however, had an effect on 
the protein content of the livers in animals 

TABLE IV. Effect of W-1372 and Clofibrate on Liver Lipids of Rats Fcd a Hypercholesteremic 
Diet. 

Total lipid Cholesterol Triglyceride 
% Drug - - 

Treatment in diet (%) t ( % o )  t (%) t 

Control - 10.1 & 0.72 - 3.2 2 0.34 - 1.2 & 0.25 - 

W-1372 0.25 23.3 2 1.30 8.8" 2.1 j= 0.39 2.1 13.6 -+ 0.11 47.7" 
6.3 j= 0.63 7.6" 

0.003 11.0 t 0.73 1.0 3.3 k 0.51 0.2 1.3 -+ 0.25 0.29 

Clofibrnte 1.0 9.5 -t- 0.81 0.56 2.8 & 0.37 0.8 0.90 2 0.14 1.1 
0.5 10.2 1.12 0.07 3.7 & 0.62 0.7 0.93 2 0.10 1.0 
0.25 12.1 k 0.93 1.7 4.1 t 0.10 2.5" 0.73 & 0.22 1.1 

0.125 15.8 -+ 1.15 4.2" 3.2 0.45 - 

~ 

" p  < O . O O l .  
p < O . O l .  
p <0.05. 
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T A B L E  V. Effect of W-1372 a i d  Clofibrate on Serum-Liver Cholesterol Pool i n  Rats. 

Serum-liver cholesterol pool ( m e )  

Usual diet  High f a t  diet 

Treatinelit % Drug i n  d i r t  hlean t Mean t 

Con t r ol - 31.4 t 3.4 - 284.3 + 27.3 - 
W-1372 0.25 106.4 k 1 5 . 1  3.8" 320.7 k 44.8 0.69 

0.125 75.3 * 9.4 4.4" 319.7 k 42.2 0.70 
0.063 28.9 2.1 0.63 321.8 + 46.8 0.69 

0.5 26.4 k 1.3 1.4 404.0 2 51.6 2.1 
0.25 24.5 t 0.4 2.0 403.5 _+ 16.5 3.7" 

Clofibra te 1 .o 26.4 2 0.62 1.5 329.6 48.4 0.82 

p < O . O l .  

receiving the hypercholesteremic diet. I n  
these animals clofibrate increased the protein 
content as previously described ( 14). W- 
1372, on the other hand, in the concentration 
of 0.25%, produced a decrease in liver pro- 
tein concentration from 15.8 t 0.61 ob- 
served in the controls to 12.5 t 1.09 in the 
treated animals. Lower concentrations of the 
drug did not produce significant effects. 

To determine whether the liver enlarge- 
ment produced by W-1372 was reversible, the 
drug was administered to 45 rats receiving 
the usual diet for a period of 3 months. The 
drug was given by intubation at  a dose of 
300 mg/kg/day as a 3 %  suspension in 1% 
gum acacia in distilled water, once daily, 5 
times a week. Control animals received the 
gum acacia suspension only. After 3 months, 
when the drug treatment was terminated, 
one group of 10 animals was sacrificed. Other 
groups of 5 animals were sacrificed at  vari- 
ous intervals after discontinuation of the W- 
1372 administration. 

Administration of W-1372 for 3 months 
significantly increased liver weights but had 
no effect on serum cholesterol concentrations, 
or SGOT, SGPT, or alkaline phosphatase 
values. The liver enlargement produced by 
W-1372 was rapidly and completely reversi- 
ble. As early as 9 days after discontinuation 
of the drug, the liver weight did not signifi- 
cantly differ from that of the untreated con- 
trol animals. 

Discussion. Both W-13 72 and clofibrate, 
under appropriate conditions, are capable of 

lowering serum cholesterol and of affecting 
liver lipids. The effects produced by the two 
drugs are, however, dependent on the com- 
position of the diet fed the animals. 

Clofibrate appeared to be particularly 
effective in lowering serum cholesterol in rats 
fed the usual diet which is relatively low in 
fat contents (10.4%). W-1372, on the other 
hand, was much more effective in lowering 
blood cholesterol levels in rats fed the hyper- 
cholesteremic diet than in animals fed the 
normocholesteremic diet. 

The effect of benzyl N-benzyl car- 
bethoxyhydroxamate (W-398), a compound 
chemically related to W-1372, on serum and 
liver cholesterol of rats fed a sterol-free semi- 
synthetic diet was studied by Kritchevsky 
and Tepper ( 15). Although the compound 
produced marked weight loss, it had no effect 
on serum cholesterol levels. It caused liver 
enlargement, however, and produced a large 
increase of liver cholesterol. In  weanling rats 
fed a hypercholesteremic diet, the compound 
lowered serum cholesterol, increased liver 
triglycerides, but did not affect liver choles- 
terol content (1). 

Clofibrate was reported to reduce serum 
cholesterol levels in rats on a normocholes- 
teremic diet (16). This effect was, however, 
not readily reproducible ( 17). Kokatnur et 
aZ. (18) studied the effect of clofibrate on 
serum cholesterol in rats given several differ- 
ent high fat diets containing corn oil, beef 
tallow, or medium-chain triglycerides at a 
level of 2076, supplemented with cholesterol 
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2% and a 1: 1 mixture of cholic acid-sodium 
cholate ( 1 % ) . Clofibrate 0.3 % (the only con- 
centration tested) failed to show a serum 
cholesterol-lowering effect in animals fed 
these diets. On the contrary, a marked eleva- 
tion of serum cholesterol was noted with cer- 
tain diets. These results, which are a t  vari- 
ance with those reported above, indicate that 
the type of fat present in the diet may be an 
important factor in the serum cholesterol low- 
ering effect of clofibrate. 

At the present time, little is known about 
the mechanism by which clofibrate or W- 
1372 lower blood cholesterol levels. The re- 
sults described in the present paper indicate 
that the two drugs affect the fat metabolism 
of the rat in different ways and suggest that 
the hypocholesteremic action of the two 
drugs is brought about by different mechan- 
isms. 

Summary. N-y-Phenylpropyl-N-benzyloxy 
acetamide (W-1372) and clofibrate were giv- 
en to weanling rats in the diet for 2 weeks. 
The hypocholesteremic and other effects of 
the drugs differed greatly depending on the 
kind of diet which was provided. Clofibrate 
reduced serum cholesterol of animals on the 
usual, normocholesteremic diet, but had 
much less effect in animals on a hypercholes- 
teremic, high fat diet. W-1372, in contrast, 
was much more effective in lowering blood 
cholesterol levels in animals fed a high fat 
diet. The two drugs also produced different 
effects on liver cholesterol, liver triglycerides, 
the serum liver cholesterol pool and the pro- 
tein content of the livers. Both drugs pro- 
duced liver enlargement but did not affect 
plasma SGOT, SGPT, and alkaline phos- 
phatase. These findings suggest that different 
mechanisms are invdved in the hypocholes- 

teremic action of these compounds. 
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