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Abstract

The primary objective of these studies was to screen the materials showing inhibitions of HMG~CoA reductase
in vitro. The secondary objective was to determine the effect of garlic, lovastatin and copper on cholesterol concen—
trations in plasma, liver and breast muscle of pullets. In experiment 1, the degree of inhibition of the selective samples
on HMG-CoA reduciase activity was determined in vifro. The inhibition rate of water soluble garlic extracts,
lovastatin and copper to HMG-CoA reductase activity were 51.3%, 87.5%, and 82.0%, respectively. In experiment
2, control diet {basal diet), garlic powder (3% in diet), lovastatin (300 mg/kg of diet) and copper (200 mg/kg of diet)
were fed to puliets in order to investigate the changes of cholesterof concentration in plasma and tissues. Plasma
total cholesterol, and LDL —cholesterol were significantly reduced in pullets fed a diet containing 3% garlic powder.
However, copper significantly increased total cholesterol compared to controls and lovastatin did not affect plasma
cholesterol concentration. Total cholesterol in liver and breast muscle in pullets were not affected by adding cholesterol-
lowering materials to the diets. The data suggests that it is not easy for HMG-CoA reductase inhibitors to reduce
cholestero! levels in the body due to complication in cholesterol metabolism, However, garlic administration can lower

the levels of plasma cholesterol in puflets.
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INTRODUCTION

The evidence of correlating plasma cholesterol levels with
coronary heart disease was established from early ohserva-
tions that cholesterol was the major component of atheros-
cleratic plaque (1). Recently, much attention has been drawn to
the effects of dietary components on hypercholesterolernia and
atherosclerosis, and the concern has led to publication of a
number of reports resulting in changes in human diet. These
have included recommendations for the restriction to less than
300 mg cholesterol per day in human diet (2), However, most
cholesterol found in the body is synthesized in the liver (1)
and the 3-hydroxy-3-methylglutaryl CoA (HMG-CoA) reduc-
tase Is the rate-limiting enzyme in cholesterol bicsynthesis (3).
So several studies with microsomal HMG-CoA reductase have
been conducted in vitro to screen the materials for lowering
the activity of the enzyme.

Garlic (Allium sativim) is widely distributed and used in all
parts of the world as a spice and herbal remedy for the preven-
tion and treatment of a variety of diseases (4). Recent studies
have shown that garlic contains various active components
which lowers lipid levels in humans (5,6) and animals (7,8).
This effect has been attributed to aliphatic disulfides of allicin
existing in garlic (8). Garlic contains alliins {S-ally! L-cysteine
sulfoxide, CH=CH-CH;y~50-CH:CHNI; -CCOOH), which are
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converted to allicin (a disulfide oxidel by alliinase when the
vegetable cells are crushed. These compounds have been
shown to inactivate thiol groups and cause the oxidation of
NADPH which are required for cholestercl and fatty acid
synthesis (9,10). However, the information about the effects
of garlic on cholesterol metabolism is quite limited presently
and the mechanism of the hypocholesterclemic effect of garlic
is unclear.

Dietary copper has been demonstrated to alter Hpid me-
tabolism (11). Metabolic changes by dietary copper include those
of the rate of cholesterol biosynthesis and hepatic glutathione
concentrations (12). Glutathione is known to stimulate the en-
zyme HMG-CoA reductase in cholesterol biosynthesis (13).
Copper deficiency appears specifically to increase hepatic and
plasma reduced glutathione (GSH), while oxidized glutathione
{GSSG) concentrations remain unaffected (14). The relationship
hetween plasma copper and plasma cholestercl in humans has
not been clearly established (13).

Lovastatin is a competitive inhibitor of HMG-CoA reductase
and thus inhibits cholesterol synthesis {16). In humans with het-
erozygous familial or nonfarilial hypercholesterolemia, lovas—
tatin treatment usually reduces plasma cholesterol and low den-
sity lipoprotein (LDL} cholesterol concentrations by 25~40%
(17}

In the present experiments, we selected the materials show -
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ing the inhibitive effect of HMG-CoA reductase in vitro, and
report that the influence of garlic, lovastatin and copper on
cholesteral concentrations in plasma, liver and muscle of
pullets.

MATERIALS AND METHODS

Screening of HMG~CoA reductase inhibitors in vitro
(Exp 1)

Samples were extracted with either methanol or water, and
stored at 4°C before enzyme assay using the method of Lee
et al. (18). Selected materials are shown in Table 1. First, yeast
(Saccharomyces cerevisiae ATCC 96519) was incubated in a
medium including glucose 196, polypeptone 0.524, veast extract
1% in 30°C semianaerchic condition for 24 hours. Then the 1%
extracts were incubated in a new medium including glucose
3%, polypeptone 0.5%4, veast extract 0.5%, KH:PO4 0.5% in
30°C, for 15h. For the enzyme assay, veast extracts were
collected, centrifuged at 4,000 rpm for 15 min at 4°C and washed
with distilled water, 4°C. The pellet was suspended in 0.1 M
Triethanolamine buffer, pH 7.4 (5~15% W/V) including 20 mM
EDTA (ethylene diamine tetraacetate), The supernatant was
homogenized with a hand homogenizer and certrifuged at 8,000
rpm for 15 min at 4°C to exclude mitochondria. Then, the su-
pernatant was ultracentrifuged at 34,000 rpm for 90 min at 4°C
to isolate the microsome. Microsomal protein was washed with
0.1M triethanolamine buffer, pH 7.4 including 2mM DTT
(dithiothreitel) and stored at ~70°C prior to assay for enzymatic
activity. Protein concentration was determined by the methed
of Lowry et al. (19). Inhibition activitiy against HMG-CoA
reductase was measured using the modified method of Hulcher
and Olesson (20). Micrasomal protein 1mg, HMG-CoA 150 nlM,
NADP 2 1M, glucose~6-phosphate 3 1M, glucose~6-phosphate
dehydrogenase 2 units and test samples (100 mg/ml) 100 ul
were mixed and reacted at 37°C for 30 min and added to
10 mM], sodium arsenite 20 ul. Then the solution was left alone
for 1 min and incubated at 37°C for 10 min by adding 0.1 ml
2 mM citrate buffer (pH 3.5) including 3% sodium tumgstate to
stop the reaction. 1 ml supermnatant centrifuged at 15,000 rpm

was added to 2M Tris buffer (pH 106) 02ml and 2 M Tris
buffer (pH 8.0) 0.1 mi. In this solution, 0.4 M sodium arsenite
50 ml incubated for 5 min and the reaction mixture 1 ml was
formed by adding 20 11 3 mM DTNB (55" -dithio-his(Z-nitro-
henzoic acid)) and finally the CoA-SH concentration was mea~
sured by spectrophotometer at 420 nm.

Effect of HMG-CoA reductase inhibitors in vitro on
cholesterol concentration of pullets (Exp 2)

Animals, management, and diets

Field study was conducted with commercial 13-wk-old
ISA brown pullets. The hens were alloted to individual wire-
floored metabolism cages {one hen per cage) and subjected to
four dietary treatrments : 1) control 2) 3% garlic 3) 300 mg lovas-
tatin/kg 4) 200 g copper/kg. A commercial pullet diet was
used as control treatment, and garlic, lovastatin and copper
were added to the control diet. Garlic powder and lovastatin
were provided by Ottogi Co., and Jongkeundang Co., respec-
tively. Copper was supplemented as feed grade cupric sulphate
pentahydrate. Feed and water were provided ad hitumn through-
out the 30 day experimental period. The experiment was con-
ducted at an envirormmentally controlled house.

Sample preparation

At the start and end of the experiment, all pullets were not
fed for 15 hours and individual blood samples were drawn
from wing veins using heparinized syringes. Then, pullets were
killed by decapitation. Plasma was separated by centrifugation
at 3,000 rpm for 10 min at 4°C and stored at —70°C. Liver and
breast muscle samples were frozen at ~70°C until analysis.
After thawing, cholesterol and triglyceride of liver and breast
muscle were extracted by the method of Folch et al. (21) mod-
ified by Bligh and Dyer (22). Briefly, samples were thoroughly
homegenized with 2 : 1 chloroform : methanol (2: 1, v/v) mix-
ture and centrifuged at 40,000 rpm for 20 min at 4°C. Then,
1 ml of chlorform at the bottom was carefully pippetted out,
concentrated with nitrogen, mixed with 100 ul Triton X~1(0/
chloroform (11 1, v/v} mixture and 900 pl chloroform, and stored
at -20°C until analyses.

Table 1. Samples used in screening of HMG-CoA reductase inhibitors

Botanical name English name Korean name Used part
Phellodendron amurens” Amurcork tree Hwanghaek Berk
Eugenia caryophyllus” Clove Jeenhyang Seeds
Paulownia coreng Paulownia Cdongnamu Leaves
Pinus densiflora’ Pine tree Jeoksong Leaves
Lonicera japorica Thunb" Honey suckle Kumeunhwa Flower
Allium satium var. pekinensea Garlic Manul Bulb
Platycodon glavcum” Platycodon Doragee Root
Bombyx mori b Bombycidae Baekkangzam Body
Scropholaria buergeriana Miguel” Radix scrophulariae Hyunsam Root,
Aloe arborescens” Aloe Aloe Leaves
Copper” Copper Guri

Lovastatin” Lovastatin Eovastatin

PMethanol extracts
)
"Water extracts
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Sample analyses

Total cholesterol, LDL cholesterol, triglyceride concentra -
tions of plasma, liver and breast muscle samples were esti-
mated by an enzymatic colorimetry method using the chermical
automatic analyzer, Hitachi-7150 (Hitachi medical Co., Japan).

Total cholesterol concentrations were determined by using
BM reagent {Boehringer Mannhiem Co., Germany). LDL cho-
testerol and triglyceride concentrations were measured by Dai-
chi reagent {Daichi Chemical Co., Ltd. Japan)

Statistical analysis

Data obtained from blood were subjected to analysis of
covariance using the General Linear Mode! procedure of SAS™
(23) and comparisons of means between treatment were con-
ducted by the Student Newman Kewls test (24} when significant
difference (p<0.05) was found. Data obtained from liver and
breast were analysed by one-way analysis of variance test.
Statistical significances among treatment means were deter—
mined by the method of new muitiple range test of Duncan
(25) when the F value was significant at 5% level,

RESULTS AND DISCUSSION

Screening of HMG-CoA reductase inhibifors in vitro
(Exp 1)

The results of the screentng of HMIG-CoA reductase inhibi-
tors from several materials in vitro are shown in Table 2.
Lovastatin had the highest inhibition rate 87.51% against HMG-
CoA reductase, the inhibition of water extracts of copper was
82.0% and water—soluble garlic extract also had a degree of
inhibition of 51.3%. Methanol extracts of platycodon and pine
tree showed a degree of inhibition of 46.5% and 41.3%, re-
spectively.

HMG-CoA reductase is responsible for the conversion of
BMG-CoA to mevalonate and thus plays a kev role as an en-
zvme in cholesterol biosysthesis (26), Therefore, many attempts

Table Z. Inhibition rate of HMG-CoA reductase activity by samples
in vifro

Spectfic activity

" ) (CoA-SH Degree of
I'reatment e inhabition

proles/min/ mg (%)

protein) °

Phellgdendraon amurense 65.9 6.9
Eugenia carvophylius 61.0 13.8
Pautoynia corena 99,3 163
Pinus densiflora 416 413
Lonicera japonica Thunb 584 175
Allivm saiium var, pekinense 345 51.3
Platyvcodon glavcum 376 465
Bornbyx mori 50.0 29.4
Scrophularia buergeriana Miguel 571 194
Aloe arborescens 481 300
Copper 127 820
Lovastatin 38 815
Contro] 08 0
Y100 ppm

have been conducted to reduce cholesterol levels by inhibiting
the activity of the HMG-CoA reductase (27).

Qureshi et al. {(26) reported that the activity of HMG-CoA
reductase was decreased in pullets fed solvent exiracts of
garlic and congsequently reduced plasma cholesteral levels. The
activity of HMG-CoA reductase was decreased by 3% dietary
garlic (4) and significantly reduced by supplementing 50 ng/mil
of garlic extracts (28). The results of these experiments are
in agreement with those of our experiments, in which water-
soluble garlic extracts lowered the activity of HMG-CoA re—~
ductase (Table 2).

It is reported that lovastatin the pharmacological charac-
teristics of reducing cholesterol levels by inhibiting the ac-
tivity of HMG-CoA reductase (29} and stimulating receptor-
mediated uptake and degradation of LDL cholesterol in the
fiver (30). The results of the present study shows that lova-
statin inhibits the activity of HMG-CoA reductase in vitre
{Table 2).

Copper also depressed the activity of HMG-CoA reductase
in vitro {Table 2), however Konjufea et al, (4) reported that it
could not inhibit the activity of the enzyme in the liver in vivo.
On the other hand, Kim et al. (12) demonstrated that dietary
copper deficiency caused hypercholesterolernia by elevaiing he-
patic reduced glutathione levels and increasing hepatic HMG-
CoA reductase activity in rats.

Eifect of HMG-CoA reductase inhibitors in vifro on
cholesterol concentration of pulleis (Exp 2)

Garlic, lovastatin and copper, which shewed significant inhi-
bition of HMG-CoA reductase i vitro were added io the
pullets” diet in order to determine their effect on cholesterol
levels n pullets. Supplementation of 3% garlic powder, 300 mg
lovastatin/kg or 200 mg copper/kg did not affect feed consump-
tion {Table 3).

Plasma cholesterol and L.DL cholesterol were significantly
decreased in pullets fed 3% garlic powder (p<<0.05). The de-
crease in plasma cholesterol by garlic is very similar to what
has been repeatedly observed in broiler chickens (4). On the
other hand, plasma triglycenide concentrations were not in-
fluenced by 3% garlic. The cholesterol concentrations of liver
and breast muscle did not appear to be affected by garlic, sug-
gesting that overall transport of lipids was probably not de-
creased. These findings may indicate that feeding garlic could
down-regulate hepatic LDL. receptors to lower total plasma
cholesterol and LDL cholesterol. Similarly, Bordia (5) reported
that garlic could ameliorate patients with coronary heart dis—
ease and decrease LDL cholesterol levels in chickens (26} and
in humans (31). Although there are many reports that dietary
garlic supplements alter lipid metabolism in rats (9.28) and
hirds (4,3,32), the evidence about the effects of garlic on cho-
lestercl metabolism is quite limited presently and the mech-
anism of the hypacholesterolemic effect of garlic is not yet
clear. Konjufca et al (4) reported that garlic affected lipid and
cholesterol metabolism without any side effects and choles-
tero! levels in brojlers fed 3% garlic were significantly re-
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Table 3. Influence of dietary garlic, lovastatin and copper on feed intake, and plasma total cholesterol, LDL cholesters], plasma triglyceride,

liver cholesterel and breast muscle cholesters! concentrations of pullets

Treatment

Control 3% garlic 300 mg lovastatin/kg 20 mg cwkg
Feed intake (g/hen/day) 627+ 33" 872+ 75 7034117 845+ 72
Plasma total cholesterol (mg/100 ml) 1194+192% PTEIE 11445117 1384+ 154
LDL cholestero! (mg/100 ml) 55.1+105" 301+152° 4451520 511+118°
Plasma trglyceride {mg/100 mi} 2971 47 270+ 80 254788 3Ho*119
Liver cholesterol (mg/100 g} 50% 54 55+ 62 52459 52+ 2.1
Breast muscle cholesters (mg/100 g) 08+t 05 83+ 15 i15*14 11.3*+ 10

Yalues are meant 8D,

“Means having same superscripts do not significantly differ (p<0.05).

duced, which are in agreement with our results. In pullets fed
3% garlic powder, the suppressive action of garlic is clear
for the levels of plasma cholesterol. Both the suppression of
HMG~CoA reductase in vifro study and the increase of he-
patic LDL chotestercl receptors in vivo study manifested de-
creasing piasma concentrations of total cholestercl and LDL
cholesterol in our experiments. It is very similar to the change
reported in White Leghorn pullets (26). However, Kang and
Kang (33) reported that cholesterol and triglyceride in plasma
and liver were decreased only in rats fed cholestero]-rich diets
containing garlic while no changes were found in rats fed
normal diet containing garlic.

Although there were no significant differences in plasma
total cholesterol, trigivcerides, and liver and breast muscle
cholesterol in groups fed lovastatin compared to the control
group (Table 3). LDL cholesterol were numerically decreased
in groups fed lovastatin without having statistical signifi-
cances among treatments such as the reports of Kari et al.
(34) that lovastatin enhances hepatic uptake of low density
lipoprotein in humans. Especially, supplementing lovastatin to
the laying hen's diet decreased plasma cholesterol and egg volk
cholesterol (35), however the doses may need to be greater
than those found to be effective for humans (36). Lutunan et
al (36) and Vargas et al, (37) found that low amounts of lovasts -
tin did not reduce cholestero! in plasma, liver, and muscle
because laying hens must synthesize much more cholesterol
per kilogram of metabolic hody weight for deposition in the
egg yolk when consuming a diet containing little cholesterol.
Plasma cholestercl helongs to the “fast turnover cholesterol
pool” (27) while the changes of cholesterol in muscle and egg
volk are not sensitive to dietary treatment so they may be af-
fected by a longer feeding period (4,16). These may demonstrate
that the liver and muscle cholesterol concentrations were not
influenced by lovastatin diet for 30 days in our study.

In this experiment, dietary copper did not decrease levels
of plasma total cholesterol, LDL cholesterol, triglyceride, liver
cholesterol and breast muscle cholesterol (Table 3). Especially,
the increase in total plasma cholesterol in pullets did not agree
with the degree that dietary copper could decrease in cholesterol
in chickens (38) and swine (39). The copper requirement for the
hen is not known, however it has been known that copper de-
ficiency in diet may cause hypercholesterolermia in poultry (38,

40). So the researches about mechanism of copper deficiency
are more concentrated than copper supplements. The influence
of copper deficiency appears to specifically increase hepatic
and plasma reduced glutathione (GSH) as oxidized glutathione
(GSSG) concentrations remained unaffected to increase HMG-
CoA reductase activity and plasma cholesterol levels {12),
Bakalli et al. (41) and Konjufca et al. (4) reported that sup-
plementation of 180 mg copper/kg as cupric sulphate pentahy-
drate could reduce levels of plasma and breast muscle cho-
lesterol in young broiler chickens. Pesti and Bakalli {40) ob-
served that plasma cholesterol and egg volk cholesteral con~
centration were decreased by feeding 125 mg copperykg to lay—
ing hens. However, our experiment demonstrated that excess
of copper supplementation may lead the results which choles—
terol concentration in pullets were higher than control.
Taking together all of these data suggest that it is not easy
to reduce cholesterol levels in pullets with HMG-CoA reduc—
tase mhibitors obtained in vitro assay due to the complicate
metabolism of cholesterol. However, garlic administration can
lower the levels of plasma cholesterol in pullets. Therefore the
results of these experiments indicated that under normal die—
tary conditions, pullets may be capable of regulating choles~
terol levels in excess of its needs for preparing volk deposition.
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