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There are studies indicating a delayed increase m
the rate of hepatic biosynthesis of fatty acids in
whole-body X-irradiated albino rats, as indicated by
measurements of acetate-1-C!¥ incorporation 1~3.
And, in particular, considerable augmentation of
cholesterol biosynthesis from acetate in the albino
rat liver and adrenals by exposure of the animals to
X-irradiation*® and also by injection of the deter-
gent Triton WR 13399 have been reported. On the
other hand, suppression of the biosynthetic rate was
obsevred in animals deprived of food for 24 to 48
hours”® or when fed a cholesterol-enriched diet®~13
or when administered 4-cholestenonel.15),

Thus, regulation of cholesterol homeostatis in ani-
mals by variation in the rate of cholesterol biosyn-
thesis appears to be primarily a function of the liver.
It is, therefore, quite natural to expect that radiant
energy absorbed in the liver tissue will no doubt
cause a significant disturbance with regard to home-
ostasis of living cells. In addition to X-ray, the author
was interested in any alteration of cholesterol biosyn-
thesis caused by administration of ginseng extract,
carbon-tetrachloride and ethyl-alcohol to albino rats.

Though there are many steps not yet elucidated
regarding cholesterol biosynthesis from acetate, it is
postulated that three molecules of acetate combine
to form branched chain intermediates of six carbon,
which, in turn, yield by multiple condensationsqualen.
Squalen, in a later stage, is cyclized into lanosterol
which is, in turn, transformed into cholesterol.

The purpose of the present investigation was to
study the variation in the biosynthetic rate of cho-
lesterol in the liver after whole-body X-irradiation
and ginseng extract, carbon-tetrachloride and ethyl-

alcohol administration to albino rats compared with
that in normal rats by measuring the incorporation
rate of acetate-1-C" into a cell free homogenate of

liver.

Experimental

Materials; Acetate-1-C!* was purchased from the
Radio-chemical Centre, Amersham, U.K. The solu-
tion was prepared by diluting it with physiological
saline solution to make its activity 25 uc per mg acet
ate. Diphosphopyridine nucleotide and adenosine trip-
hosphate were purchased from the Nutritional Bioc-
hemicals Corporation. Cholesterol and digitonin were
purified by recrystalization. Ginseng extract was
prepared by extracting 10gm of dried powder of
Keumsan product with 100 ml of boiling water for
24 hours. The concentration of the extract(pH 5.9)
employed in this experiment was 0.079mg N/ml,
0.072mg P/ml and 0.25mg glucose/ml. Into each
incubating flask 0.5ml of this extract was added.
Carbon-tetrachloride was a Merckproduct: and 0.75
ml and 1.5ml of 20% solution of it were injected
intramuscularly into two groups of rats, fasting for 6
hours, which were sacrificed by decapitation 24 hours
later. For 8 weeks animals were daily fed by gastric
tube 33% ethyl-alcohol(2 ml per 100 g body weight).

Animals; Mixed-bred Wistar rats, regardless of
their sex, weighing 100 to 150 gm, were maintained in
the rat cage; and selected at random before use. For
X-irradiation, rats were exposed to a dose of 600r
at a rate of approximately 27 r/min, delivered by
140 KV machine at a distance of 50cm with 2 mm
aluminum filter. The animals in group a were killed
by decapitation 24 hours and in group b 6 days after
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X-irradiation.

Preparation of tissue; Fresh livers of decapitated
animals were removed as quickly as possible and were
placed immediately on ice. After the liver was per-
fused with distilled water to remove blood, it was
inserted between filter paper to eliminate fluid. A
definite portion of the liver was homogenized in 2.5
volumes of 0.1 M phosphate buffer of pH 7.0, after
the method of Singer, et al.16. After centrifuga-
tion for 10 minutes at 700 X g, 5ml of the superna-
tant solution as a source of enzyme, was placed in
a 5ml Erlenmeyer flask for each determination. To
each of these enzyme aliquots was added 0.5 mg of
DPN(diphosphopyridine nucleotide) and 0.5 mg of
ATP(adenosine triphosphate) in 0.1 ml volumes. As
the acetate substrate, 25 uc of acetate-1-C1 in 0.1
ml was added to each incubating flask.

Incubation; With these contents, enzymatic synth-
esis of cholesterol was carried out in the flask for 2
hours at 34°C in an oven aerobically with occasional
shaking.

Analysis; After incubation, 0.5mg of cholesterol
was added to each flask as the carrier; the entire
incubation mixture was subjected to saponification
with alcoholic KOH in a boiling water bath. After the
saponification process was complete, the content was
acidified by addition of small amount of acetic acid.
The acidified mixture was extracted with ether and
the cholesterol was isolated as the digitonide, which
was in turn dissolved in a small amount of absolute
alcohol, and evaporated very slowly on an aluminum
planchette under an infra-red lamp. Radioactivity
counting} was carried out on this cholesterol digito-
nide in a gas flow Geiger-counter, and expressed as

counts/minute/planchette (g tissue).

Results and Discussion

In Talbe I are shown the alteration of in vitro
enzymatic biosynthesis rate of cholesterol from ace-
tate-1-C as a substrate by addition of ginseng ex-
tract and hepato-toxic agents such as alcohol and
CCl, and by whole-body X-irradiation.

As is apparent from the results, additions of the
ginseng extract, carbon-tetrachloride and alcohol
each caused a significant increase of the incorpora-
tion rate of acetate-1-Ci into cholesterol in vitro.
The most drastic increase of the biosynthesis rate
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of cholesterol from acetate was observed with alco-
hol administration, while the least was observed with
ginseng extract administration.

Ginseng is believed to increase the metabolic rate
by accelerating the catabolism of protein, as it pro-
motes not only diuresis but also causes an elevation
of the concentration of total nitrogen in the urine!”.
And there is other evidence confirming this when gin-
seng is administered in small amounts to animals!5~20.

Recently it has been reported that the addition of
ginseng extract to liver slices and mitochondria cau-
sed an increase of oxygen consumption both in nor-
mal and carbon-tetrachloride treated albino rats?.
In the present study, one of the various physiologi-
cal actions of ginseng on animal tissue is well illust-
rated in connection with cholesterol biosynthesis. As
seen in Table I, 0.2ml of ginseng extract increased
the incorporation rate of acetate-1-C! into choleste-
rol approximately 38% and 1.5ml of it approxima-
tely 100%.

However, in the group administered carbon-tetra-
chloride, the effect was inversely related to the dose
administered; that is, with an increased amount of
carbon-tetrachloride, a decrease in the incorporation
rate was noted, unlike the effects observed with
other materials tested. In a and b groups, given car-
bon-tetrachloride, the incorporation was increased by
163% and 96.4%
carbon-tetrachloride is known to exert a hepatotoxic

respectively (Table 1). In fact

effect and in later stages results in fatty degene-
ration??,

On the other hand, it is apparent that alcohol ad-
ministration was observed to cause the same effects
as that of ginseng and X-irradiation. As shown in
Table 1, almost five times the normal incorporation
rate was observed in the long-term administration of
alcohol to rats (b), while three times in the short-
term administration of alcohol to rats (a). This inten-
sive increased rate of in vitro cholesterol synthesis
following alcohol administration is, therefore, indica-
tive of stimulative or accelerative action of alcohol
so far as in vitro acetate-1-Cl incorporation into
cholesterol is concerned. As a matter of fact, alcohol
in an excessive amount interferes considerably with
tissue metabolism?®, and in the long run results in
fatty infiltration and Laennec’s cirrhosis® 2.

Besides this toxic effect, alcohol per se as a carbo:
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Table 1. Radioactivity of Cholesterol Synthesized in Rat Liver in Vitro

from Acetate-1-C4 (counts/minute/g tissue.)

. CCly (20% olive oil 33% EtOH (2 ml . .
Ginseng (10% water 4 P X-irradiated (600 1)
Control group extract) added group sglr":)t\ll?) administered a g;l;élgs tgggg ;%31) group
al b2 ad bt ab bé a? b8
99.5% 142.5 228.0 300.5 204.5 267.5 448.5 168.5 253.3
95.5 142.5 191.5 244.5 203.0 268.0 510.5 105.0 250.0
99.0 217.0
120.5
Mean 103.6 142.5 209.7 272.5 204.5 277.5 479.5 163.5 252.3
% 100.0 137.5 202.4 263.0 196.4 267.8 462.8 157.9 244.5

§—All figures denote average values of the determinations on
5 albino rats.

1-—Addition of 0.2 ml of the ginseng extract in ‘it&

2-—Addition of 0.5 ml of the ginseng extract Evnti

3-—Animals administered 0.75 ml of CCly solution.

hydrate has another role in lipid metablism. It has
been shown that glucose is readily converted not
only to fatty acids but also to glycerol®, It is conc-
luded, therefore, that glucose is broken down in the
glycolytic cycle to pyryvate; the oxidative decarbox-
ylation of the latter yields acetate, which then forms
the building unit for the synthesis of fatty acid and
choleterol.

The various hypotheses of the possible mechanisms
by which fatty acids with a chain of an even num-
ber of carbon atoms are formed from pyruvate, have
been examined Papjak?®). Taking into consideration
the results of the present study and Papjak’s conclu-
sion that conversion of carbohydrate into fat results
not only in the formation of fatty acids but also in
the entire lipid molecule,including cholesterol, it is evi-
dent that administration of alcohol causes a signifi-
cant rise in synthesizing capacity of liver with regard
to lipids.

Whle-body X-irradiation of rats was found to cause
a marked increase in the incorporation of acetate-1-
CM into liver cholesterol, second to alcohol adminis-
tration. The rate of increase was about 2.6- and 4.6
-fold 24 hours and 8 weeks respectively after expo-
sure to X-irradiation of 600 r(Table 1). This result
is in agreement with Gould’s report??,

However, it is presumed that shortly after X-irra-
diation the biosynthetic capacity of the liver is influ-
enced. Considering the author’s results and Bucher’s
suggestion?®’ that the physiological control of chole-

4—Animals administered 1.5 ml of CCly solution,
5—Animals given alcohol one day.

6—Animals given alcohol daily for 8 weeks.
7—Animals sacrificed 24 hours after X-irradiation.

8—Animals sacrificed 6 days after X-irradiation.

stesterol biosynthesis in rat liver is influenced prima-
rily by a microsome-dependent step in the segment
of the biosynthetic pathway,the author postulates that
whole-body X-irradiation activates microsomal funct
ion at a dose of 600 r, and therefore the increassed in-
corporation of acetate-1-C! into rat liver cholesterol
results.

Summary

The effects of hepatotoxic agents such as CCl and
alcohol and of whole-body X-irradiation on hepatic ch-
olesterol synthesis of rats, were studied in this work.
The eftect of ginseng water extract on cholesterol
biosynthesis was also examined in vitro employing a
liver preparation of normal rat.

Throughout this experiment, the in vitro incorpo-
ration of acetate-1-C4 into cholesterol was studied
using hepatic cell-free preparations of rats, treated
with either CCly or alcohol, or subjected to X-irra-
diation, and of normal rats as well.

The results obtained ®re as follows;

(1> The capacity for in vitro hepatic cholesterol
biosynthesis of rats treated with CCly was increased.

(2) The prolonged alcohol administration also cau-
sed an increased cholesterol biosynthesis in rat liver.

(3) The ginseng extract accelerated cholesterol
biosynthesis in rat liver.

(4) Whole-body X-irradiation increased the hepatic
choleseterol biosynthesis in the rat and to a greater
degree as long as 8 weeks after X-ray exposure.
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X B &
BRI E O BAEt FREGE—H

Acetate-1-ctt & FIATR HEHRWE, ABMER, 2
X- 82 %R 7t FF Cholesterol £ &K =lA & H&el
e HR

AgkBR BHKRE AMBHE
E %k 8
AGRBR BRAE 4 4BHE
€ / wTw-2 E B

Cholesterolft#+ Atherosclerosis ¢} pathogenesis &=
= Hfbe RS BT BERNA FEET AR £
thE o] gictE A2 HEY LB . = Cholesterol
fRatel slo) Frel mEY HEE st 22 Bael &K
o]}, Cholesterol -& Acetate o} 2+ st LBYHE
ol A o3 BEERS wATE £HBAA G4 Al 2k
53] ABEEARTEd 2o HESERLTRET A
= BEES ZXE Aelth Cholesterol fE Bl
s1°] Acetate-1-CH & st 3 enzyme source
(FIA 9 FF homogenate, cell free preparation %) #F
£ el incubation © 2 incorporation test & 3t} o &
FrRel & HEe) WA Aol

AFER A BiEEEo 2 acetate-1-CY &} rat fF-E {#
At 2% Xray BHE 3 HEESN o &
¥ BEET @ 9= &-&3} hepatotoxic substance
2 HAS CCL B AZAmiE%el e Chotesterol
biosynthesis ol ¥ 2 & BEE WA 47 2 KES
st vl

1) CCl = # el Cholesterol A RS 24 B
gel. 2 CCHHEel wet FiEfel &Esigs 4=
Cholesterol biosynthesis f2-2 CClt o] &&= 2vl &
Rt

2) dERyHE2 st ratfFe] Chelesterol £ &K
2 A (RS = HRPEC A4S 2 EAKEEe
o (g =t

3) A#Z Extract =§fF¢] Cholesterol biosynthesis &
RG]

) X4 25RBst2 FFe] Cholesterol biosynthesis
LoEEs RES = X-REHE B KBTS
o] fHE-& kAt
GBR . AWEE 1960EE FTHiE HAMDES K3
o RS derns ol ETHk Bt FEEY BE
E FoE wlelst)
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