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The Effect of Two Substituted V a l e r k  Acid  Derivatives on Cholesterol 
Metabolism in Rats1 (37738) 

DAVID KRITCHEVSKY, SHIRLEY A. TEPPER, AND JON A. STOR+ 
IWistar Znstitute of rlnatomy and Biology, Philadelphia, Pennsylvania 19104 

'The widely accepted use of ethyl p-chloro- 
phenoxyisobutyrate (clofibrate) as a hypo- 
lipidemic agent has prompted the synthesis 
and testing for hypolipemic activity of many 
other aryloxy aliphatic acids or similar com- 
pounds. Several such compounds have been 
reported (1-3). 

This report deals with two substituted va- 
leric acids, 4- [ 2-carboxyethyl] -7-methyl-5- 
oxoindan-1p-yl valeric acid (compound X) 
and 4- (Decahydro-6-methyl-3-oxo-cyclopen ta 
[ f ]  quinolin-7p-yl) valeric acid (compound 
Y) (Fig. 1) and their influence on serum and 
liver lipid levels in rats, as well as choles- 
terol absorption, synthesis, oxidation, and 7 ~ -  
hydroxylation. 

Methods and Materials. Male, Wistar rats 
(150-160 g) were maintained for 14 days 
on a semisynthdic diet containing mixed 
cereal (70%), skim milk powder ( 2 2 % ) ,  
wheat germ (770) and vitamin mix (1%).  
This diet has been used previously and is 
readily accepted by the rats (4).  Compounds 
X and Y and clofibrate were added (0.3%) 
at  the expense of the cereal. On Day 12, each 
animal was given an oral dose (1 pCi) of 
[ 4-14C] cholesterol in 0.2 ml propylene gly- 
col. On Day 14 the animals were killed by 
decapitation. Serum cholesterol was deter- 
m i n d  by t'he method of Mann (5) and tri- 

1 Presenlted, in part, at the FASEB meeting, Apr. 
1973. 

2Supported, in part, by Public Health Service 
Research Grant HL-03299 and Research Career 
Award HL-00734 from the National Heart and Lung 
Institute, GM-00142 h m  Nat. Inst. of Gen. Med. 
Sciences, RR-05540 from the Division of Research 
Resources, and funds from the Commonwealth of 
Pennsylvantla. 

glycerides by the Van Handel-Zi'lwrsmi't 
technique (6).  A portion of the liver was ex- 
tracted and liver cholesterol (5) and triglyc- 
erides (6) were determined from aliquots of 
this extract. Levels of radioactive cholesterol 
in serum and liver were determined by prepa- 
ration of digitonides (7) and assay by liq- 
uid scintillation spectrometry (8) .  

Pooled feces (Days 12-14) were weighed 
and suspended in water. Radioactivity was 
recovered from these suspensions by saponi- 
fication, extraction of neutral lipids with pe- 
troleum ether, extraction of acidic lipids with 
ethyl ether after acidifying with HCl, and 
determination of radioactivity by liquid scin- 
tillation spectrometry (9).  

For lipid biosynthesis experiments, 0.5 g 
slices of liver were incubated at  37" for 3 
hr in 5 ml phosphate buffer (pH 7 )  contain- 
ing 0.0006 M MgC12, 0.03 M nicotinamide, 
and either 1 pCi [1-14C]acetate or 0.5 pCi 
[ 2-14C] mevalonic acid. The reaction was 
stopped by addition of 15% alcoholic KOH. 
Cholesterol was extracted from the saponifi- 
cation mixture and isolated as the digitonide 
( 7 ) .  The aqueous residue was acidified 'to 
pH 1 with strong mineral acid and fatty acids 
were extracted into ether. Cholesterol digito- 
nides were dissolved in methanol (8) and as- 
sayed by liquid scintillation spectrometry. 
The fatty acids were counted directly. 

Mi tochondrial suspensions were prepared 
as described previously ( 10, 11). Incubations 
were carried out in stoppered 125 ml Erlen- 
meyer flasks containing center wells. The in- 
cubation mixture consisted of 1 ml of rnito- 
chondrial preparation; 1 ml of a solution 
containing adenosine triphosphate (ATP, 2 5 
mg) , nicotinamide adenine dinucleotide 
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f 0 
C02H 

(4R) -4  - (2,3,4,6,60e,7,8,9,9a,,9b~ - 
Decahydro - 6ae-methyl-3-oxo- IH-  
cyclopental Cil quinolin - 78 - y l )  
valeric acid, (Compound Y 1. 

(4~)-4-[4,-(2-Corboxyethyl)  - 3a, - 
perhydro-7ap-methyI-5-oxoindan- 
I ~ - y l l v a l e r i c  acid, (Compound X ) .  

FIGURE '1 

(NAD, 5 mg) , adenosine monophosphate 
(AMP, 8 mg), reduced glutathione (15 mg), 
sodium citrate monohydrate (30 mg), mag- 
nesium nitrate hexahydrate (10 mg), potas- 
sium penicillin G (2000 units) and strepto- 
mycin sulfate (1 mg); 5 ml of labeled sub- 
strate in 0.25 M tris(hydroxymethy1)amino- 
methane HCI, pH 8.5; and 5 ml of boiled 
supernatant. 

Incubations were carried out at  37" for 
18 hr. At the end of this period 2.5 ml of a 
1 M methanolic solution of Hyamine 1OX 
( p-diisobutyl-cresoxyethoxyethyl) dimethyl- 
benzylammonium hydroxide) was injected 
into the center well. The solution was acidi- 
fied with 1 N H2S04 (2.5 ml) and the flasks 
were shaken for 3 hr at  37" to displace 
14C02. The Hyamine solution was removed 
from the center well and a sample was taken 
for radioactive assay by liquid scintillation 
spectrometry. 

Microsomal suspensions were prepared as 
described by Shefer, Hauser and Mosbach 
( 12). Incubation was carried out in a 25  ml 
Erlenmeyer flask containing [ 1 ,2-3H] choles- 
terol (0.5 pmole, 8.25 X lo5 cpm/pmole) 
solubilized with 6.7 mg Tween 20; potassium 
phosphate buffer (pH 7.4), 0.167 mmole; 
MgC12, 11 pmoles; NADP+, 3.0 pmoles; 
glucose-6-phosphate, 6.0 pmoles ; glucose-6- 
phosphate dehydrogenase, 1 IU;  and 1 ml 
microsomal suspension. The final volume was 
2.3 ml. Incubation was carried out a t  37" 
witth shaking. The reaction was stopped by 
the addition of 7.5 ml methylene dichloride- 
ethanol (5 : l )  to a 0.5 ml aliquot of the re- 
action mixture. Steroids were separated by 

thin layer chromatography on silica gel G 
with ethyl acetate-hexane (8: 2). The bands 
were visualized with iodine vapor (13), 
scraped from the plates, and assayed for ra- 
dioactivity by liquid scintillation spectrome- 
try. 

All radioactive substrates were purchased 
from New England Nuclear Corporation, 
Boston, MA, and the cholesterol was purified 
by thin layer chromatography prior to use. 

We are inddbted to Dr. S. Hayakawa 
(Sihionogi and Co., Ltd., Osaka, Japan) for 
gifts of the two valeric acid derivatives and 
to Dr. J. Nobel, Ayerst Laboratories, New 
York, NU, for the clofibrate. 

Results and Discussion. Table I contains 
the results of two experiments comparing the 
effects of feeding compounds X and Y and 
clofibrate. In  Expt 1, compound Y was ob- 
served to be hepatomegalic, increasing liver 
weight by 59%. Since such effects had been 
reported for clofibrate (14-16) the second 
experiment was designed to allow a direct 
comparison between Y and clofibrate. Both 
caused an increase in liver weight, Y by 3976 
and clofibrate by 38%. 

There were few significant changes in se- 
rum lipid levels. In  Expt 1, Y feeding re- 
sulted in serum triglyceride levels significant- 
ly higher than control and in Expt 2 clofi- 
brate resulted in a serum cholesterol level 
significantly lower than any of the other 
groups. There were no signilficant changes in 
hepatic lipids in either experiment. The se- 
rum plus liver pool of cholesterol and of tri- 
glycerides were significantly increased by the 
feeding of Y in Expt 1 and clofibrate in 
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TABLE 11. Influence of Valerie Acid Derivatives (0.3%) on Lipid Biosynthesis by Rat  Liver 
Slices. 

Cpd X d  Cpd Ye Control Precursor Product 

[1-14C]Acetate Cholesterol (dpm x lO"/mg) 16.34 k 2.26ab 1.12 f 0.17bC 10.54 k 2.48" 
Fa t ty  acids (dpm X lo4)  5.03 * 0.57b 1.33 k 0.4ObC 3.68 e 0.78" 

[2-14C]Mevalonate Cholesterol (dpm x lO"/mg) 7.89 f 0.53 6.03 k 0.71" 8.31 * 0.53" 

a Standard error. Any two means with same superscript ( b ,  c)  are significantly cliff erent 

4- [ 2-Carboxyethyl] -7-methyl-5-osoindan-lpyl valeric acid. 
4- (Decahydro-6-niethyl-3-oso-cyclopenta[ f ] quinolin-7p-yl Valerie acid. 

(P < 0.5). 

Expt 2.  Y feeding resulted in a significantly 
higher cholesterol pool and a larger, but not 
significant, pool of triglycerides in Expt 2. 
Increased pool size has been observed previ- 
ously with clofibrate (16). 

Hepatomegaly is the reason for the higher 
serum plus liver cholesterol and triglyceride 
pools observed in rats fed compounds Y or 
clofibrate. The livers of rats fed Y were 36- 
45% larger than tthose of rats fled compound 
X and 40-60% larger than controls. Livers 
of dofibrate fed rats were 34 and 37% 
heavier than livers of rats fed compound X 
or control diet, respectively. The effiect of 
liver size apparently overcomes the metabol- 
ic effects of compound Y on cholesterol syn- 
thesis or dsegradation. 

TABLE 111. Influence of Valerie Acid Derivatives 
(0.3%) on Oxidation of [26-14C]Ch~le~ter~l  by 

Rat Liver Mitochondria. 

Oxidation 

Gross Corrected 
Compound Cytosol (pmoles) (pmoles/mg N) 

Q d X h  + 7.4 k 1.2" 2.6 0.4d 
- 2.3 k 0.4 0.8 k O . l d  

Cpd Y4 + 24.1 3.1b 4.4 & 0.3"' 
- 17.1 & 2.8" 3.1 t 0.4eg 

Control + 7.7 k 2.2' 3.0 & 0.9' 
- 2.8 k 0.6" 1.1 2 0.2" 

"Shandard error. Any two means with same 
superscript (b-g)  are significant.ly different (P 
< 0.5). 

4 - [ 2 - Carboxyethyl] - 7 - methyl - 5- oxolindan-lp-yl 
valeric acid. 
' 4- (Decahydro-6-methyl-3-oxo-cyclopenta [ f ]  quin- 

oh-7p-yl Valerie acid. 

Administration of Y resulted in signitficant- 
ly lowered cholesterol synthesis (Table 11) 
from both acetate (89%) and mevalonate 
( 2 7 % ) .  Fatty acid synthesis from acetate 
was also decreased in Y fed animals (64%). 
Feeding of X resulted in no significant 
changes in synthesis of cholesterol or fatty 
acids, although acetate incorlporation into 
either class of lipids was higher than in con- 
trols. 

Oxidation of [ 26-14C] cholesterol to 14C02 
(Table 111) was stimulated by feeding com- 
pound Y in the presence of tlhe boiled super- 
natant cofactor (cytosol) . In  the absence of 
cytosol thle effect was even greater (47% 
with cytosol and I82 % without cytosol) . 
Gross oxidation of cholesterol was greatly in- 
creased probably due to the hepatomegalic 
effects of Y. This effect of cytosol has been 
observed with clofibrate (15) as well as sev- 
eral other hypolipemic agents which are simi- 
lar in structure to clofibrate and which are 
TABLE IV. Influence of Valerie Acid Derivatives 
and Clofibrate (0.3%) on 7a-Hydroxylation of 

Cholesterol by Rat Liver Microsomes. 

7a-Hydroxylation 
Compound (pmoles/mg protein/min) 

Clo fib r a t eb 8.59 2.72" 
Cpd X" 7.81 * 3.50 
cpa y d  5.31 * 1.91 
Con t r 01 3.36 k 2.37 

a Standard error. 
Ethyl p-chlorophenoxylsobutyrate. 
4 - [ 2 - Carboxyethyl] - 7 -methyl - 5- oxolindan-1pyl 

4- (Decahydro-6-methyl-3-oxo-cyclopenta [f] quin- 
valeric acid. 

olin-7pyl Valerie acid. 
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TAR1,E V. I~if luci~cc of V:ilvric. Acitl 1)c~riv:itivc~s iiiitl  C1ofil)riite (0 .3% 1 on Rccovery of Radio- 
activity from Rats Fetl ~4-”C]Cliolextcrol. 

Feces (dl’ll’ x lo.;) 
Serum T ,i vc’ r 

(‘1x1 (d~ll” x 101) (dpm x 10‘) Keutral Acidic 

C1 o fi h r a t e 1.50 k 0.27” 10.85 & 1.15* 8.39 7.54 
Cpd X d  2.04 5 0.43 7.14 & 1.41 9.68 3.55 
Cpd Ye 2.12 0.44 8.60 1.17 10.97 3.43 
Control 2.13 & 0.26 6.85 0.86b 8.94 5.28 

a Standard error. Any two means with same superscript ( b )  are significantly different. 
Ethyl p-chlorophenoxyisobutyrate. 
4- [ 2-CsrboxyethyII -7-rnctliyl-5-osoin~~:iii-lp-4.l vnleric acid. 

* 4- (~ecaliydro-6-metlipl-3-oso-cyclopciita [ f l  quinolin-7p-yl valeric acid. 

hepatomegalic ( 16, 17). 
Table IV  presents results from the assay 

of cholesterol 7~-hydroxylase activity. None 
of the compounds tested had any significant 
effect on the 7a-hydroxylation of cholesterol, 
but all three of the test compounds resulted 
in higher levels of hydroxylating activity, 
especially clofibrate. Levels of activity were 
156% higher from clofibrate, 50% from Y, 
and 131% from X fed animals. 

Recovery of radioactive cholesterol from 
serum, liver and feces is shown in Table V. 
Highest levels of radioactivity were recov- 
ered from the feces; 7 2 %  was recovered 
from the feces of clofibrate animals and 65%, 
60%, and 65% from Y, X and control fed 
animals indicating the lowest level of cho- 
lesterol absorption in the clofibrate fed ani- 
mals. Recovery of radioactive acidic fecal 
steroids was higher than that from controls 
in dofibrate fed animals and lower in X and 
Y fed groups. This increase in acid fecal 
steroids, resulting from feeding of clofibrate, 
parallels the increased 7a-hydroxylation noted 
earlier. Excretion of neutral fecal steroid ra- 
dioactivity increased in X and Y fed groups, 
by 8% and 23%, respectively; feeding of 
clofibrate did not alter neutral fecal steroid 
radioactivity. 

Cholesterol absorption as measured by to- 
tal fecal steroid excretion has been reported 
to be decreased by clofibrate treatment in 
humans (18, 19). However the increase in 
acidic steroid excretion is not observed in 
man (18-20). 

[2-carboxyethyl] - 7 -methyl- 5-oxoindan-1P-yl 
valeric acid [compound XI and 4-(decahy- 
dro-6-methyl-3-oxo-cyclopenta [ f ] quinolin- 
7p-yl) valeric acid [compound Y ] )  and clo- 
fibrate (ethyl p-chlorophenoxyisobutyrate) 
have been studied for their effects on choles- 
terol absorption, 7a-hydroxylation and oxi- 
dation, hepatic lipogenesis, and Serum and 
liver lipid levels in rats. All three test com- 
pounds were fed (0.3% of diet) for 2 wk. 

Compound Y was similar to clofibrate in 
its effects. Compound Y administration re- 
sulted in decreased hepatic synthesis of cho- 
lesterol and fatty acids, increased oxidation 
of [ 26-14C] cholesterol to 14C02 and increased 
7~-hydroxyl a tion of cholesterol. Compound X 
had no significant effect on any of these pa- 
rameters. 

Clofibrate exhibited a hypocholesteremic 
effect and clofibrate and compound Y were 
hepatomegalic. Cholesterol absorption was de- 
creased by clofiibrate but not by the two va- 
leric acid derivatives. 
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