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Influence of Mg(Il), Ca(Il), Perilla Oil and Korean Ginseng
on the Plasma Cholesterol Concentration and HMG-CoA
reductase Activity of the Rabbits
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cells which are regulated by altering dietary foods

I. INTRODUCTION (15-21).
In previous studies (22-28), magnesium and cal-
Many investigators. indicated that there are some - cium concentration may be affected to the choles-
relationship between cholesterol concentration and - terol level in animals. Microsomal enzyme, such
artherosclerosis.  Therefor, it assumed that the  as Acyl-coenzyme A: Cholesterol acyltransferase
higher plasma cholesterol concentration may indicate  (ACAT) and 3-hydroxy-3-methylglutaryl-coenzymeA
to be hypertension and artherosclerosis (1-14). There  (HMG-CoA) reductase control the rates of intr-
are many factors for increasing cholesterol level such  acellular c¢holsterol esterification and synthesis, res-
as carbohydrate, protein, lipids and others. Therefor.  pectively. It is well known that these two enzymes
it is obiou'sly related to cholesterol metabolist in the  regulate the amount of unesterified cholesterol within
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a cell and reponsive to changes in microsomal lipid
composition (29-35).

In recent studies (36-38), many investigators in-
dicated that the effects of various dietary fish oils
on plasma lipid levels have demonstrated lowering
responses. Since the fish oils contain highly un-
saturated -3 fatty acids compared to w-6 poly-
unsaturated fatty acids found in most vegitable and
plant oils. It has also been reported that polyu-
nsaturated fat decrease, saturated fats increase,
and cholesterol has no effect on plasma triglyceride
levels.

It was undertook to evaluate the effect of com-
monly used dietary fat, such as perilla oil on plasma
The perilla oil contains C:18=3,
(-3) 58.3% polyunsaturated fatty acids, therefor ,
perilla oil reacts as a lowering factor on the plasma
cholesterol levels (39-40). Some investigators indi-
cated that Korean ginseng has a cholesterol con-
centration lowering act (56-38).

It assumed that the plasma cholesterol level and
HMG-CoA reductase activity depend on the quanti-
ties of magnesium, calcium, perilla oil and Korean
ginseng powder.

cholesterol level.

il.  MATERIALS AND METHODS

1. Animals

Male New Zealand white rabbits weighing 500-
700g were fed basal diet for 1 week prior to the
start of the experimental diets. The rabbits were
divided into 7 dietary groups of two animals each.

The following diets were administered ad libitum
for 30 days from May 1, 1986 to May 30, 1986.
The perialia oil was analyzed by the HPLC.

2. Materials

Basal food was obtained from Jaeil Co., Korea,
HMG-CoA, cholesterol, glucose-6-phosphate dehy-
drogenase, glucose-6-phosphate, and nucleotide ad-
enine diphosphate were from Sigma chemical Co.,
St. Louis, M.O.

3. Enzyme assays
HMG-CoA reductase was determined as described

(29,34).

BRI BRE
Table 1. The experimental diet group and
additive
Group  Basal diet Additive
Control  50g B.D’ only
i 50g B.D. 1% K.G. 4 meqg Mgl{t1)
2 50g B.D. 1% K.G. 4meqg Ca (i)
3 50g B.D. 10% P.O. 4 meqgMg (1)
4 509 B.D. 10% P.O. 4 meqCa {I1)
5 50g B.D. 10% P.0O. 1% K.G. 4 meqMg{Il}
6 50¢ B.D. 10% P.0O. 1% K.G. 4meq Ca {11}

where B.D.: basal diet
K.G.: Korea ginseng powder
P.0.: perilla oil

Table 2, Composition of fatty acids of
perilla oil
C:16 C:18 C:i8=1 C:18=2 C:18=3
5.9 1.9 183 156 58.3
Table 3. The basal diet compositionvfor
rabbit (9%)
Food - Ingredient Protein Fat Cholesterol
Corn powder 25 54.44 32.24 13.32
Wheat bran 15 68.54 20.04 11.42
Soybean meal 25 57.06 30.417 12.53
Wheat 25 71.78 6.89 21.33
Soybean rind 10 86.63 2785 10.62
100 67 .69 18.47 13.84

4. Lipoprotein
Lipoprotein was determined by the Lipid Research
Clinics Program, NiH, U.S.A. (41). ‘

5. Chemical analysis
Cholesterol was determined by Schonheimer-
Sperry method“), triglyceride by Carlson-Wadstom
metl10d43), phospholipid by phosphorus assay“’,
protein fraction by electrophoresis43) and magnesium
44)

and ¢alcium by EDTA chelatemetry

6. Statistical analysis
A one way analysis of variance model used to
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test for significance®>.

7. Preparation of microsomes*6?

The rabbits were killed after 24hrs fasting end of
the experimental periods. The liver of 2 grams were
excised for the preparation of microsomes.  Ap-
proximately ! gr. of liver was diced over ice, and
homogenized in a buffered sucrose solution con-
taining 0.1M sucrose, 0.05M KC1, 0.04M KH,PO,,
0.03M EDTA, pH 74, in a homogenizer. The
whole homogenates were centrifuged for 20 minutes
at 10,000g and the resulting supernatants were
centrifuged for 1 hr. at 105,000g. The pellets were
resuspended in buffer and centrifuged again at
105,000g for 1 hr.

Hi,. RESULTS

L. Plasmaa lipoprotein cholesterol concentration

The plasma. cholesterol response to the different
dietary regimens shows Table 4. Rabbits which were
fed the perilla oil plus magnesium, and perilla oil
plus magnesium and korea ginseng powder for 4
weeks had had a significant decrease in their plasma
total cholesterol levels compared to animals fed the
control diet.

The animals fed magnesium plus perilla oil had a
significant decrease in their free cholesterol con-
centration compared to animals fed the control
diet. In the triglyceride, the animals fed korea

Table 4. Plasma lipoprotein cholsterol, triglyceride and phospholipid contants®

Group T-CHOL F-CHOL E-CHOL TG PL

Control 108.4: 3 46.7 £ 5 63.7:+3 105.4+ | 1752 1
] 104.5+2 56.7+3 47 3+3 . 79.4 3¢ 1457 42
2 114.3+2 598+2 54241 91.5+3 133.7+2
3 98.5+ 30 34.4+20 4.1+ 4 98.7 2. 178.2:+3
4 102.7 1 52.4:+1 50,3+ 3 107 .6+ 156.3+2
5 98.7 + 2° 46.2+3 52.5+3 85.7 +3° 165542
6 150.2+:3 57.5x2 52742 136.5+2 149 .4+ 2

where a values are mean=SEM © mg/d!
b P<0.08 vs. control
c . p<0.01 vs. control

Table 5. The fraction of HDL and LDL, some factors ratios®

Group HDL LDL TG/PL F-CHOL/PL T-CHOL/PL HDL/T-CHOL
Control 35.8x2 72.6%2 0.60 n.27 0.62 0.33

I 49,9120 54.6%3 1.84 0.3¢ 0.54 (.48

2 48.5+ 3b 658412 .68 0.45 0.68 0.42

3 50.6 +2° 47 .9+ 3¢ 0.55 0.19 0.55 .51

4 46,4 3" 56.3+4 F.04 0.34 0.69 0.45

5 A9.4 110 49,1+ 3% 0.22 0.28 0.50 0.50

4 43.9+2°¢ 62312 0.9 .39 0.74 0.40

Where s values are meantSEM : mgfdi
b p <005 vs. controf
¢ p < 0.0 vs. control
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Table 6. . Plasma protein fraction of rabbit?
Globulin
Group T-Protein  Albumin A/G
ay oy Jij Y
Control 57+20 4.19% 1.5 0.19.:1 0.45+2 0.48x 1 6.39:x 1 1.4
! 57+ L5 3.42+2.0° 0.54+2 0.42+ 1 0.64+ 1 0.68:+2 1.6
2 5.7+ 1.5 3.74+ 1.0 0.56+2 0.60+ 2 0.53+1 0.83x1 1.5
3 5.642.0 393+1.5 0.35+ 1 0.46x 1 0.31% 1¢ 0.55+2 1.4
4 5741.5 3.95+20 0.37+2 0.65=1 0.30: 2° 0.53+ 1.5
5 57420 3.64+ 1.5 0.3042 0,592 0.29+ 1¢ 0.68:+1 1.6
] 5.5+2.0 3.98+2.0 0.27+2 0.35+1 0.35+1° 0.55+2 1.4
Where a values are meantSEM: mg/d!
b p< 005 vs. control
¢ p < 0.071 vs, control
ginseng powder plus magnesium, fed kdrea ginseng Table 7. Plasma electrolytes concentrationsa
powder plus magnesium and perilla oil had a signi- {mg %)
ficant decrease compared to the control group. R R
The phospholipid in the plasma was lower level Group Na* K Na/k
than the control diet group, but the animals fed Control 322x 1.5 19.54 1.0 16.5
korea ginseng powder showed a little bit .decreased i 338=1.5 16.4£2.C 20.6
compared to the control group. 2 329 1.5 16.74:1.5 19.7
LDL fractions were decreased on the animals 3 32220 16,44+ 2.0 19.6
were fed perilla oil plus magnesium, and magnesium 4 334+ 1.5 17.1+2.0 19.5
pluse perilla oil and korea ginseng powder. It tshowed 5 320+ 1.5 18615 17.2
a significant difference compared to the control 6 327£20 171+ 1.5 19.1

group (P < 0.05);
incresed in rabbits fed the magnesium plus perilla

HDL fraction was significantly

oil, calcium plus perilla oil, magnesium plus perilla
oil and korea ginseng powder (P < 0.05), and
calcium plus perilla oil and korea ginseng powder
{P < 0.01). HDL/T-CHOL ratio has been suggested
as an indicator of prevental possibility in arthero-
sclerosis, the values would be increased to 1.0,
then the plasma cholesterol concentration could

be decreased.

2. Plasma protein fraction

The plasma protein fraction response to the
different dietary regimens show Table 6.

The animals fed with magnesium and calcium
added diet shows lower than the control groups.
The animals fed with korea ginseng powder and basal
diet shows the lowest concentration in magnesium

added groups. Albumins were decreased on the

a8 Values are mean+SEM

animals were fed magnesium plus korea ginseng pow-
der, and magnesium plus perilla oil and korea ginseng
powder compared to the control diet group. Beta-
globulin was significantly decreased in rabbits fed
perilla oil plus magnesium and perilla oil plus magnes-
ium and korea ginseng, (P < 0.01), fed perilla oil
plus calcium, and perilla oil plus calcium and korea
ginseng powder (P < 0.05), compared to the controi.

3. Plasma electrolytes

Plasma electrolytes (sodium and potassium ion)
was analyzed by the fluorometry. The results showed
Table 7.

In the electrolytes, the concentration of sodium
ion was decreased in the rabbits fed magnesium plus
perilla oil and korea ginseng powder compared to the
control group, but there was no significant differ-
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ences. The concentration of potassium ion was
decreased all the animals compared to the control
group. In general, as the concentration of sodium
ion shows higher than 328mg%, it suggest that the
animals is neprititis .and hypercorticoadrenalism.

As the concentration of potassium ion shows lower
than 17.6mg%, it suggest that the animals are hyperin-
sulinism diabetts and hypercorticoadrenalism. There-
for, ginseng powder would be acted on hormonal
active.

4. Plasma calcium and magnesium concentration

The concentration of calcium and magnesium in
rabbit plasma was determined by the EDTA-chelat-
metry. The results show table 8.

The concentration of calcium and magnesium in
the rabbits does not show a great differences in.the
all experimental groups animal fed korea ginseng
powder. In general calcium to magnesium ion
concentration showed one to one and half or two
times. '

5. Microsomal cholesterol and phospholipd content

Microsomes prepared from livers of ‘animals on
the dietary regimens were analyzed for cholesterol
and phospholipid content. Hepatic microsomal total
cholesterol was significantly decreased in rabbits
fed magnesium + perilla oil and magnesium + perilla
oil + korea ginseng powder, compared to microsomes
obtained from animals fed the control diet. The
results show table 9.

It is known that the ratio of total cholesterol to
phospholipid in plasma and microsomas is 0.62,
0.54, 0.68, 0.55, 0.69, 0.50 and 0.74 in plasma,
respectively and 0.059, 0.051, 0.049, 0.041, 0.048
and 0.041 in microsomes, respectively.

6. Microsomal HMG-CoA reductase activity

The effects of the diets on HMG-CoA reductase
activities show Table 10.

Through the Table 10, hepatic HMG-CoA reduc-
tase activity was increased a little bit by dietary
korea ginseng powder and magnesium and calcium,
compared to the control diet gronp. Total activity of

Influence of Mg(11), Ca(ll), Perilla Oil and Korean Ginseng on the Plasma Cholesterol -----

Table 8. The concentration of Ca* and
Mg?* in plasma?d

P Ca/Mg

Group ca** Ma

Coritrol 10441.5 6.5+ 1.5 1.6
1 10.5+2.0 69115 1.5
2 11.2+2.0 6.7+2.0 1.7
3 16.9+1.5 7.8+ 1.5 1.4
4 I16+2.0 8.0+1.5 1.5
5 9.8+£2.0 6.5=2.0 1.5
4 10,8+ 1.5 6.8+ 1.5 1.6

8 Valuves are meantSEM

Table 8. Effect of diet on microsomal
cholesterol and phospholipids con-

tent in liverd

Group T-Cholesterol Phospholipid T-CHOL/PL

Control 255+ 1.5 425.6%2.0 0.059
i 23.4x 1.5 467.5x 1.5 0.05)
2 257420 482.1+x2.0 0.049
3 20.7£1.5° 495.7+1.5° 0.041
4 24.5+1.5 502.4+2.0° 0.048
5 21.7:£2.0° 452.4+2.0 0.048
<] 29415 4752+15 0.041

-39

& values are meantSEM, ug/mg
b p < Q.05 vs, control
¢ p < 001 vs, control

HMG-CoA reductase in animal fed magnesium +
korea ginseng powder and magnesium + perilla oil +
korea ginseng powder were higher than the control
diet group. Total activity of HMG-CoA reductase in
animal fed calcium + korea ginseng powder and cal-
cium + perilla oil + korea ginseng poder was lower
than the animals fed magnesium, perilla oil and
korea ginseng powder.

iV.  DISCUSSION

It is of interest that, in the rabbit, the ingestion
of perilla oil plus magnesium, perilla oil plus magnesi-
um and korea ginseng powder, resulted in a decreased
in plasma cholesterol, compared to the control diet
group. In the perilla oil, the w-3(30:3) polyunsa-
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Table 10. Effect of diets on HMG-CoA reductase activity in rabbit liver

Group Total activity Specific activity Microsomal protein
controt 295.34+ 1.5 16.33+£2.0 18.1£1.0

i 300.11:£2.0 16.67 1.5 18.0+ 2.0

2 296467+ 1.5 16.67 + 2.0 7.8+ 1.5

3 309.33+1,5 16.99+1.0 18.2+1.5

4 30071=1.0 1634 1.5 18.4+2.0

5 307,33+ 1.0 17.66 1.5 7.4+ 1.5

.} 300.67 120 16,3420 184+1.5

A Values are meaniSEM.

turated fatty acid is 58.3%, and w-6(18:2) polyun-
saturated fatty acid is 15.6%, w-6/w-3 ratio is 0.27
and p/s ratio is 9.8, In the rabbit animals, plant
oil which is enriched in w-6 polyunsaturated fatty
acid such as safflower oil, increased plasma choles-
terol, Field, et al. (31-34). But the animals rabbit

fed menhaden oil, w-3 polyunsaturated fatty acid
is 27% and cocoa butter w-3 is 1.0% showed 106mg%
in menhaden oil and 79mg% in cocoa butter, Marthur
et al. (46)

The regulation of hepatic HMG-CoA reductase
activies by the different dietary regimens was studied.
In the liver, the activity of HMG-CoA reductase was
increased a little bit in hepatic microsome prepared
from rabbits ingesting the perilla oil and magnesium
plus korea ginseng powder. In the earlier study,
hepatic HMG-CoA reductase activity was less in rats
fed a diet rich in polyunsaturated fatty acids com-
pared to the activity observed in rats fed a diet rich
in long-chain saturated fatty acids, Okamatsu et al
(31) and Mitropoulos et al (47).

They mentioned that the HMG-CoA reductase is
regulated by the degree of polyunsaturated and not
by any differences in the class of polyunsaturated
fatty acids. But Rodgers et al (48) mentioner that
there was no effect of dietary fat saturation on
HMG-CoA reductase activity. - They suggested that
the ratic of w-6/w-3 is an important factorfor
HMG-CoA reductase activity increased or not.

Several investigators have reported that much
intake of carbohydrates were associated with lower

M40~.

levels of high density lipoprotein cholesterol (49-50)
Therefor, it is expected that much more consumption
of sucrose to correlate with lower HDL cholesterol
levels. Some investigators mentioned that intake of
preatly increased amounts of polyunsaturated fatty
acids resulted in decreased in HDL cholesterol(50).
But Ernst et al(51) mentioned that there was no
consistent relation of diétary cholesterol and poly-
unsaturated or saturated fatty acids intakes with
levels of HDL cholesterol.

High serum and plasma cholesterol levels re-
present one of the major risk factor for artherosc-
lerosis and hypertension. While a major portion of
the serum cholesterol exists as a component of low
density lipoproteins in men. Recently suggested
that low concentration of serum high density lipo-
proteins are associated with higher rates of coronary
heart disease (52-53). HDL cholestero! is inversely
correlated with the incidence of coronary artery
disease (53-54).

In the previous study (55-58), perilla oil and
magnesium showed plasma cholesterol level lowering
effect, Through this experiments, magnesium, perilla
oil and korea ginseng powder would be effected
as a factor of decreasing of serum and plasma
cholesterol concentration, increasing of MMG-CoA
reductase activity, increasing of phospholipids con-
centration, normal state of calcium and magnesium
metabolism. Of increasing of sodium ion and decre-
asing of potassium ion concentration.
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