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Abstract--Clofibrate when added to the diet at 0.05 to 1.X”,, (WW) not only causes an apparently 
dose-dependent decrease in serum cholesterol of rats but also markedly atl’ects the plasma protein 
pattern. An increase in albumin is detectable by cellulose acetate strip clectrophoresis. acrylamide gel 
electrophoresis. and by extraction of albumin from plasma. Cellulose acetate strip electrophoresis rcceals 
a decrease in the a,-globulin fraction, while acrylamide gel electrophoresis indicates that there arc 
manifold changes. Extractable seromucoid concentration declined from 440 mg,‘lOO ml to 150 mg ml 
as the dose of clofibrate increased. A concentration decrease in plasma glucose was also observed. 
Part of the decrement in seromucoid at low drug lrcels ma) bc related to lessened haptoglobin concen- 
tratlon. The trypsin inhibitory capacity of the plasma was significantI) decreased in what appeared 
to be a dose-dependent fashion. The decrease in seromucoid is consistent with the reduction in bound 
fraction of ribosomal RNA. Another explanation would appear 10 be required to explain the rise 
in albumin. 

Clofibrate is an antihyperlipidemic agent used to 
reduce serum cholesterol and triglyceride levels [I]. 
In addition, clofibrate has been shown to decrease 
glycolytic enzyme activities in rat liver [2] and human 
jejunum [3], to increase the hepatic content of mito- 
chondria in rats [4], to alter the activity of a number 
of oxidoreductase enzymes in rat liver [S] and to in- 
crease liver catalase synthesis [6]. Obviously, clofi- 
brate has extensive effects on the synthesis of intrahe- 
patic proteins. We, therefore, investigated the effects 
of clofibrate on serum proteins which are also synthe- 
sized by the liver 171. 

MATERIALS AND METHODS 

Clofibrate was obtained from Dr. George Brice 
(Ayerst Laboratories, New York). Male Fisher-Dun- 
ning rats weighing 15G-200 g (Microbiological Associ- 
ates, Walkersville, Md.), were housed in a room main- 
tained at 22-24- and lighted from 0600 to 1800 hr. 
They were fed ground commercial rat food (Ralston 
Purina), to which varying amounts of clofibrate were 
added. 

Plasma chlorophenoxyisobutyrate (CPIB) content 
~21s determined by the spectrophotometric method of 
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Barrett and Thorp [X]. Clofibrate acid for standardi- 
zation was obtained from Dr. Dvornik (Aycrst Lahor- 
atories. Montreal, Canada). Cellulose acetate strip 
electrophoresis was accomplished with ;I PhoroSlide 
(Millpore Corp.. Bedford, Mass.) apparatus. The 
samples were run for 37 min to f&ilitate the separ- 
ation of the ccl-fraction from albumin; the strips were 
stained with Ponceau-S and quantitated with a Phoro- 
Scope densitometer. 

Acrylamide gel clectrophoresis was carried out 
using commercially available gradient gels (3 20”,,) 
and clectrophoretic equipment obtnincd from Ortec 
Inc. (Oak Ridge. Tenn.). Dcnsitometric anal! sis was 
carried out using a model R Digiscreen (Gelman In- 
strument Co.. Ann Arbor. Mich.). 

Cholesterol and triglyceride was determined on an 
Auto Analyzer II system [S. IO] (Technicon Instru- 
ment Corp., Tarrytown, N.Y.). 

Plasma glucose was determined using orrllo-tolu- 
dine reagent [ 113. 

Seromucoid and albumin were extracted by the 
procedure of Neuhaus rt (11. [12] and protein deter- 
mined by an automated Lowry technique [l3]. 

Serum haptoglobulin was determined by the pro- 
cedure of Owen t’f trl. [14]. 

Trypsin inhibitory capacity was assessed according 
to the method described by Eriksson [IS]. No cfrect 
of CPIB on the assay itself was observed. Hepatic 
RNA was fractionated by the technique of Bliibcl and 
Potter [16] and the RNA and DNA content was 
determined spectrophotometricallJ [ 171. 

RESl~l.TS 

Plasma CPIB concentration increases as a function 
of the dietary content of the drug (Table 1). There 
is the anticipated increase in liver weight:100 s body 
weight and decrease in cholesterol concentration. In 
contrast. ;I biphasic relationship bctucen plasma 
CPIB content and triglyceride concentration appears 
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Fig. 2. EfTect of clofibrate on selected protein compcuxnts 

of serum. The means of six rats’group are depicted. I-he 
trqpsin inhibitor) capacity of control sera has 36.5 i @I9 

(mean & 1 S. D.) mg trypsin inhibited ml of serum. 

between the total serum protein concentration in 
treated vs control rats. 

Sincc there Mere ob\~ious decroascs in glycopro- 
teins, the sera lvcrt‘ analyred for seromucoid content. 
Even the lowest dose of clofibrate dccreuscd seromw 
coid content somewhat. but significant dimunition 
was only obserwd at the higher doses (Fig. 2). Con- 
firming the rise in albumm apparent 1~) electro- 
phoresis. there was almost 21 doubling of extractable 
albumin at the t\w highest doses of clofibratr. and 
even OGS” clolibratc caused ;I significant elevation. 
The decr&e in seromucoid at the lowest doses of 
clofibratc ma! bc due to ;I fall in haptoplobin con- 
centration. but at higher doses it \\ould appear that 
changes in haptoglobin do not plal ;I major role in 
this phcnomcnon. Tr! psin inhibitor! capacity dc- 

crcawd \I ith incre~ing tlosc of clotibratc and might 
account in part for the dccremcnt in seromucoid. 

In man\ vla~ s consistent bvith the changes in serum 
protein patterns just described were the alterations 
in hepatic RNA distribution. shown in Table 3. The 
concentration of total and soluble RN,4 mg of DNA 
was not apprcciabl~ changed. However. fret riboso- 
ma1 RNA is significantI\ incrcascd: this change was 

complcmcnted h! 21 reduction in the bound fraction. 
resulting in ;I significant change in the f&c-to-bound 
ribosome ratio. 

C’lofibrate induced the anticipated hcpatic hJ,per- 
troph) and decrease in cholesterol t1sua11y observed 
in antmal studies. especially at higher doses of the 
drug [IX]. The apparent biphasic relationship 
between clofibrate dose and triglyceride concentration 
is not totally unexpected in the light of the recent 
studies demonstrating that CPlB stimulates triglycer- 
ide synthesis in hepatocytes isolated from rats and 
squirrel monkeys [ 191. The dccrcase in plasma glu- 
cose concentration is consonant with reports of clofi- 
bratc-induced dccreascs in hrpntic plycogcn content 
and certain glycolytic enzymes 121. 

The etreects of clofibrale on hepatic enzynes in gen- 
eral and cat&w in particular led us to look at the 
effects of this drug on strum protein patterns. Since 
intrnhepatic proteins are presumed to be synthesized 
on free ribosomes while proteins for export appear 
to be formed on the bound ribosomes 1201. we 
hypothesized that significant changes in serum pro- 
tein patterns might occur after clofibrate treatment. 
As expected such occurred. although not entirely as 
predicted. If one ascribes the decrease in seromucoids 
to a decrease in bound ribosomes. i.e. in the number 
of sites synthesizing serum proteins. then an alterna- 
tikc explanation is required to explain the rise in albu- 
min. since albumin is also presumed to bc formed 
on the rough endoplasmic reticulum 1211. It may be 
that CPlB afTccts transcription as MelI as translation 
giving rise to ;I different pattern of messenger RNA. 
Or. perhaps since albumin does not appear to contain 
an) significant amounts of protein-bound carbo- 
hldratc, its sbnthcsis ma!’ be affected differently than 
the bulk of the serum globulins. all of which have 
at lonst some bound carbohydrate [X]. If the de- 
crease in plasma glucose we obsrrwd reflects the 

availability 0r sugars for attachment to nascent serum 
proteins and if sugar a\ailabilit) is rate limiting. one 
might cxpcct dcprcjsed serum gl>coprotein synthesis. 

Table 3. Hepatic RNA distrlhution in rat\ (3’ = 6) fed 1,25”,, clolitxate in their diet 

mg RNA DNA b! cia~s on diet 

RNA fractmn 0 - 3 

To ta I 2-64 * oml ‘++I + 0.03 
Soluble (I,65 i_ 0.02 o-72 t 0.01 
Ribomoaal 

Fret 0~36 _t 0~0 I 04s + 0~02* 
I .77 t 047 BOLllld I.32 r 0.10 

Bound free ratio (2.Y-l * @??I (2.82 _t 0.3)” 

* SignificantI! diflerent from control (dn! 0). P <(~~(~I 

7 

‘.57 * owl _.. 
0.7 I i_ owl 

047 + ow* 

I.1 I ;010* 
(?36 f 0.x)* 



Again. it may be that C‘PIB binding to albumin [3] 
lessens its degradation or affects its distribution. 

Some if’ not all of the decrease in periodic acid- 
Schifl’ (PAS) reagent-positkc material on acrylamide 
gels ma\ be due to the decrease in scromucoids. ;I 
class of strum globulins containing large amounts 0T 
bound carbohydrate and comprised of proteins 
nominally referred to as acute phase globulins [X!]. 
At 0~05”,, clofibrate the decrease in haptoglobin is 
almost suflicient to explain the drop in seromucoid 
cnntcnt. However. at higher doses, changes in hapto- 
globin seem to play littlr part in the decrease in sero- 
mu&d. The dose-dependent decrements in trypsin 
inhibitor\; capacit> may indeed sugar a decrease in 
x,-antitrypsin itself. Certainly there is less PAS-posi- 
tive material at the site of the acrylamide gels nhere 
one might expect r,-antitrypsin. However, x2-macro- 
globulin :tlxo possessc\ antiprotcxc activit\ [24. 31 
and ;I signiticant decreax in the zL-frac;ion v,ab 
observed in the cellulose acetate strip electrophorctic 
patterns. Orosomucoid or 3 ]-acid glycoprotein is 
another of the soromucoids and. although not assayed 
for specifically. again there was a decrease in PAS- 
positke material at its presumed location on acryl- 
amide gel\. 

:Ilthough the dwreasc 111 the ratio of’ bound to free 
ribosomcs is consistent with lessened seromucoid. it 
remains to be dctcrminod ho~v CPIH affects RNA dis- 
tribution and. subscquentlq. swum protein synthesis. 
In ;L ~holc animal. intcrprctation would be compli- 
catcd b\ the fact that C‘PIB dccrcases corticosteroid 
pnduciion LX] aid alters the haIanoc of glucagon 
and insulin [27]. hormones L\ hich arc known to affect 
amino acid utilization and protein synthesis [2X. 291. 
To what cstcnt C‘PIB acts through or in association 
with these or other hormones remains to bo detcr- 
mmcd. but the fact remains that this drug can mark- 
edly alter sc‘rum protein synthesis. 
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