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Alleviating Effects of Vitamin C on the Gramoxone Toxicity in the Total
Lipid Contents, Lipid Peroxidation and Protein Patterns of Rat Liver
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Abstract

This study was made to determine alleviating effects of vitamin C(Vt C) on the gramoxone toxicity in rats
with respect to the growth gain, feed efficiency ratio, total lipid contents, lipid peroxidation and protein
patterns in rat liver. Growth gain, feed efficiency ratio and liver weight in the gramoxone group were decreased
significantly as compared with the control group, while those values obtained in the gramoxone-Vt C group
were increased as compared with the gramoxone group. Lipid contents and TBA value of rat liver of the
gramoxone group were increased significantly as compared with the control group. However, those values of
the gramoxone + Vt C group were decreased as compared with the gramoxone group. No significant differences
were observed in the liver protein patterns between the gramoxone and the control group. The contents of liver
protein were decreased significantly in the gramoxone group fed for 2 weeks as compared with the control
group. The changes of the liver protein patterns, such as the decrease of high molecular weight protein and the
increase of low molecular weight protein were observed in the gramoxone + Vit C group.
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INTRODUCTION

Most pesticides have important effects on the
environmental contamination. These pesticides bring
about toxic effects in living organisms and generally
the causes of the several diseases and death'”. Am-
ong these pesticides, gramoxone (paraquat) is the
most commonly used herbicide for destruction of
noxicus weeds. Murphy* reported that gramoxone
caused necrotic effects in animal tung, liver and kid-
ney. It has been also reported that the manifestations
of gramoxone toxicity were related to the suppressed
activities of alkaline phosphatase and acid phospha-
tase, and involved the changes of mucosubstances in
rat intestines™®, Kim” reported that gramoxcne had
necrotic effects on lipid contents and glycogen
metabolism of liver, and activities of sGOT, sGPT,
cholinesterase, alkaline phosphatase and acid phos-
phatase. It has been also proposed that the sugge-
sted mechanism of gramoxone toxicity is related to
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the formation of superoxide, hydrogen peroxides
and NADPH dependent lipid peroxides, and the da-
mage to hemoglobin by free radical, the catabolism
of protein and hemolysis by lipid peroxides in cell
membrane®.

Recently, there has been heightened risk of exp-
osure to foreign compounds. Among the several fa-
ctors which affect the manifestations of foreign
compounds, the nutritional status of a living organ-
ism is deemed to be one of the important factors in
representing the toxicity of foreign compounds™™,
Marasmic diet, kwashiorkoric diet and vitamin def-
iciency are found to increase the toxicity of foreign
compounds®™¥,

Vitamin C (L-ascorbic acid) is well known to anti-
scurvic agent, and plays an important role in nume-
rous biological mechanisms including collagen
synthesis, the healing of wounds, the union of fract-
ures, the regeneration of nerves, the metabolism of
folic acid, the absorption of iron, carnitine synth-
esis, norepinephrine synthesis and degradation of
cholesterol™ 7. It also takes part in the metabolism
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of tyrosine and acts as an antioxidant. Vitamin C
converts active oxygen such as superoxide radical
into less toxic or non-toxic to the cell. Machlin'
also reported that rats given daily doses of 6.5g of
vitamin C/kg body weight were not showed any
abnermal toxicities. He also described that vitamin C
increased the mobility of white blood cells, serum
jevels of immunoglobulins and antibody formation™.

Because the manifestations of chemical toxicity
are significantly related to the nutritional status of
individuals, this study is designed to determine the
effect of dietary supplementation of vitamin C on
the manifestation of gramaoxone toxicity in rat liver.
In order to show whether the toxicity of gramoxone
can be modified by suppiementations of vitamin C
or not, weight gains, feed efficiency ratio, and lipid
contents, TBA value and protein patterns of liver
were examined.

MATERIALS AND METHODS

Feeding experiment

Thirty two Wistar-strained male rats, aged 6 to 7
weeks, were divided into control group(12) and
experimental group(20). Experimental group was
divided into the gramoxone-treated group(toxic
group) and the gramoxone -Vt C-treated group
{alleviating group). Rats in controf group and gra-
moxone-treated group were fed 18% casein diet
and 18% casein +0.04% gramoxone diet for 4
weeks, respectively. In case of the gramoxone + Vi
C-treated group, rats were fed 18% casein +0.04%
gramaxone + Vit C diet for 2 weeks after feeding
18% casein +gramexone diet for 2 weeks. Experi-
mental diets were prepared according to the com-
position shown in Table 1. Food intakes and body
weight changes were recorded every other day
during experimental days. At the end of desired
experimental days, rats fasted for 18 hours and
were anesthetized with ether. Rat liver was excised
immediately after anesthetizing.

Determination of TBA value and crude lipid of
the rat liver

The rat liver was homogenized in a glass home-

genizer using extracting solution(chloroform/meth-
anol=2/1, v/v). Total lipid was extracted with an
extracting solution for one and half hours using a
Soxtec system HT 2-1045 extraction unit 1 and a
Soxtec system 1044 service unit 1. Hepatic TBA va-
fue was determined at 532nm. Every sampie was
duplicated for determining lipid contents in liver
and triplicated for the hepatic TBA value.

SDS-polyacrylamide gel electrophoresis(PAGE)
of protein patterns in the rat liver

SDS-PAGE of protein patterns was performed
according to Laemmli method'®. Two grams of liver
tissue of each group were homogenized in a glass
homogenizer using 4ml grinding buffer solution
(50mM Tris-HCI, 0.1mM NaCl, 0.1mM EDTA, 2%
SDS, 5% mercaptoethano!, pH 7.8). This homoge-
nate was centrifuged at 10,000 x g for Thr at 4°C.
The supernatant was further centrifuged at 10,000
x g for 30min at 4°C. The supernatant was then
mixed with an equal volume of twice-diluted stock
solution of stacking gel buifer containing 20% sucr-
ose. The pratein samples were then boiled for 90
sec at 100° C, and cooled at room temperature. The
sample was applied with 0.002% BPB(bromphen-
ofblue) as a tracking marker before electrophoresis.
The resolving gel consisted of 13% acrylamide and
adjusted to pH 8.8. Four percent acrylamide was

Table 1. Composition of the experimental diets

Constituents (%) CcG GG GVG
Corn starch 72 72 69
Casein 18 18 18
Corn oil 5 5
Salt mixture” 4 4 4
Vitamin mixture® 1 1 i
L-ascorbic acid - 3

Gramaxoneg 0.04 .04

Abbreviations 1 CG, 18% casein diet{control group) ; GG,
18% casein +0.04% gramoxone diet{gramec-
xone group) ; GVG, 18% casein +0.04% gra-
moxone+ 3% L-ascorhic acid diet (gramox-
one-vitamin C group)

"Salt mixture : Purchased from Nutritional Biochemicals
Corp. Cleveland, Ohig, U.S.A.

“Vitamin mixture : Vitamin diet fortification mixture ; pur-

chased from Nutritional Biochemicals
Corp. Cleveland, Ohio, U.S.A.
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prepared as a stacking gel and adjusted to pH 6.8.
Thirty microliters of the sampie were applied to the
well. The stacking gel was then run at 70 volts for
2hrs and the resolving gel was run at 100 volts for 5
hrs After electrophoresis, the gel was stained with 0.
1% coomassie brilliant biue R-250 for 3hrs and
destained using a destaining solution which had
30% methanol and 10% acetic acid. The destained
gel was scanned using a densitometer (Toyo DMU
33C, jJapan) at 565nm. The molecular weight of the
protein bands was estimated according to the
method of Weber and Osborn™, Standard proteins
such as bovine serum albumin (68,000 d), ovalbu-
min (43,000 d), carbonic anhydrase (29,000 d), lys-
ozyme (14,300 d), and ribonuclease (13,700 d)
were run simultaneously with the sample of the gel.
The molecular weight of the sample was calculated
from a plot of electrophoretic mobility versus mole-
cular weight of the standard proteins.

Statistical analysis

To detect significant differences in the results of
the this experiment, data were treated statistically
using SPS5*. The subprogram, ONEWAY, which
was specifically designed for a one-way analysis of
variance, was employed using a significance level
of 0.05. If significant differences were present, the
LSD procedure was used at a significance level of
0.05 in order to determine the pattern of difference.

RESULTS AND DISCUSSION

Total weight gain and feed efficiency ratio of rats

Weight gain and feed efficiency ratio of rats fed
control diet, gramoxone diet, and gramoxcne + vit-
amin C diet for 4weeks are shown in Table 2. The
highest weight gain {122.00:+4.55g) and the highest
feed efficiency ratio(33.72+2.84) was obtained in
rats fed the control diet for 4 weeks and for 2weeks,
respectively. On the other hand, the lowest weight
gain (40.25+8.73g) and the fowest feed efficiency
ratioc {15.05%2.03) was obtained in rats fed the
gramoxone diet for 2weeks and 4weeks, respec-
tively. Results of the one-way analysis of variance
indicated that significant differences{p < 0.05}) were

found in the total weight gain and the feed effi-
ciency ratio of rats fed the control diet and the gra-
moxone diet. No significant differences, however,
existed in the total weight gain and the feed effic-
iency ratio of rats fed the control diet and the gram-
oxone +Vt C diet.

The results were consistent with those found by
other researchers who reported that the administr-
ation of specific foreign compounds resulted in a
decrease in the body weight of the experimental
animals. Cho et al®" reported that the total body
weight of rats received mercuric chloride solution
resulted in the reduction of the body weight. They
also reported that the body weight of rats was decr-
eased in proportion to the increment of mercury
concentration. The addition of 0.1% PCB into the
diet was shown to have caused the sebsequent
decrease in the body weight of rats as compared
with rats fed the control diet'***. Additionally, Kim
et al.* demonstrated that the total weight gain and
the feed efficiency ratio of rats fed cadmium-added
diet were decreased significantly as compared with
the control group. The addition of gramoxcne into
the rats diets was shown to affect significant reduc-
tion in the body weight and the feed efficiency
ratio. The supplementation of vitamin C into the
rats diets containing gramoxone represented to
have great effects on the improvement of body
weight and feed efficiency ratio of rats (Table 2).

According to Fox et al™, vitamin C had marked
effects in preventing growth retardation of young
coturnix fed an adequate purified diet containing
75mg of cadmium/kg, Suzuki and Yoshida®™ repo-
rted that the supplementation of 400ppm of iron
and 1% of vitamin C into the diet containing lead
prevented the growth depression and anemia of
rats. Morecver, Chatterjee et al.® presented that the
supplementation of 20mg vitamin C/100g of body
weight was shown to have an alleviating effect on
the growth retardation in chronic chlordane toxified
rats.

Thus, the supplementation of vitamin C into gra-
moxone diets proved to improve the body weight
and feed efficiency ratio of rats, and this tendency
appeared to be more evident in rats supplemented
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vitamin C for 2 weeks rather than 1 week.

Liver weight and ratio of liver weight per body
weight

The [iver weight and ratio of liver weight per body
weight of rats fed experimental diets are shown in
Table 3. No significant differences existed in the liver
of rats fed the control diet. Liver weight was,
however, decreased significantly in rats fed the
gramoxone diet. In case of the gramoxone +Vt C
group, liver weight was decreased as compared with
the control group, while it was increased as comp-
ared with the gramoxone group. The highest liver
weight (8.451+0.63g} and the lowest liver weight (6.
061 1.408) was obtained in rats fed the control diet
for 2weeks and the gramoxone diet for 3weeks,
respectively. No significant differences existed in the

Table 2, Total weight gain and feed efficiency ratio of rats fed the experimental diets
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ratio of liver weight per body weight of rats fed the
control diet, the gramoxone diet, and the gramox-
one + vt C diet. With regard to the administration of
foreign compounds, the liver weight of experimental
animals tended to decrease, while the ratio of liver
weight per body weight was increased** . Ando'
reported that the liver weight of rats was decreased
significantly when DDT was injected intraperit-
oneally. Kim” presented that the liver weight was
decreased with the addition of gramoxone. The ratio
of liver weight per body weight was increased with
the addition of DDT'?, hexachlorocyclohexane®,
and BHT®. Kim”, however, demonstrated that the
ratio of liver weight per body weight was decreased
with the addition of gramoxone. Krijnen and Bovd™
described that the growth of the liver was inhibited
by exposing to pesticides and herbicides and hepatic

Total weight gain (g)

Feed efficiency ratio

Dietary —

roun 2wks Iwks 4wks 2wks 3wks 4wks
Mean 5D Mean  SD Mean 5D Mean 5D Mean SD Mean SO

G 76.00¢ +8.67 10450 4:8.32 122,00 +£4 55 33.72" +2.84 32.20"4+8.87 20.71°Y+4.96
(n=4} {n=4) {n=4) (n=4) fn=4) n=4)

GG 40.25" +8.73 45.75% =8 .46 61.75=2.74 22.14% 18,44 16.33"" +6.78 15.05"" +2.03
(n=4) {n=4) (n=4) (n=4} (n=4) (n=4)

GVG* 84.00+3.18 90.50" +4.40 28.72°+6.89 20.17%94:4.25

{n=4) (n=4) {n=4) - {n=4)

" Mean scores are not significantly different in the same column
*After feeding 18% casein + 0.04% gramoxone diet for 2 weeks, rats were fed with 3% L-ascarbic acid for 1 or 2 weeks
Others are the same as those shown in Table 1

Table 3. Liver weight of rais fed the experimental diets

= Mean scores are significantly different from each other in the same column(p < 0.05)

Dietary F_;ver welght(g) o Lwe_r”welght/body weight(%)

group 2wks 3wks dwks 2wks 3wks 4wlks
Mean SD Mearr  SD Mean  SD Mean SD Mean  SD Mean SD

G 8.45"£0.63 7.93*%+0,58 8.38"+x1.01 4.20+1.01 3.20%0.20 3.54+0.46
{n=4) {n=4) (n=4) {n=4) (n=4) {n=4)

GG 6.59":0.77 6.06"7 11,40 6.31°7+0.65 4.36+41.36 3.35+0.59 3.37+0.31
(n=4) {(n=4} (n=4) n=4) {n=4) (n==4)

GvVGr 7.68°2+0.94 6.79%+1.46 3.62+0.28 3.12 4029

(n=4} (n=4) (n=4)

(n=4)

< Mean scores are significantly different from each other in the same columnip < 0.05)
"Mean scores are not significantly different from each other in the same column
There were no significant differences in the ratio of fiver weight per body weight
Others are the same as those in Table 1 and 2
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detoxification of rats was impaired.

These results suggested that vitamin C has count-
eracting effects on the gramoxone toxicity such as
the suppression of the growth of liver.

Lipid content in the liver of rats

Hepatic lipid contents of rafs fed each experim-
ental diet was shown in Table 4.

Hepatic lipid contents seemed to increase with
the extension of feeding period. Lipid:contents in
the liver of gramoxone group were increased signii-
icantly as compared with the controi group, while
lipid contents in the gramoxone -Vt C group were
increased slightly as compared with the control
group. Significant differences{p < 0.05) were existed
in the lipid content between rats fed the cantrol diet
and the gramoxane diet for 3 or 4 weeks.

There were, however, no significant differences in
the lipid content of rats fed the gramoxone diet and
the gramoxone-+Vt C diet. There were significant
differences in the lipid contents of rats fed the con-
trol diet and the gramoxone +Vt C diet. The highest
lipid content (6.23+1.86) and the lowest lipid con-
tent (2.64+0.69) was obtained in rats fed the gra-
moxone diet for 4 weeks and the controf diet for 3
weeks, respectively,

The addition of gramoxone into the diets caused
subsequent increase of lipid content of such treated
rats, while the supplementation of vitamin C decre-
ased lipid contents in the liver of rats. Plaa and He-
witt?” described that the accumufation of lipid in the

Table 4. Lipid content in the liver of rats fed the experimen-

tal diets {%o)
Dietary 2wks Jwks dwks
BIOUP  ptean, 8D Mean 5D Mearr  SD
cG 3.23% 4072 2.64°10.69 3.97%4.0.67
{n=4) {(n=4) {n=4)
GG 4.04% £0.26 4.44"+1.41 6.23""+1.86
(n=4) . {n=4) {n=4)
GVG 3.82%-0.61 5.409+0.76
(n=4) {n=4)

“Mean scores are significantly different from each other in
the same column (p<0.05)

% Mean scores are not significantly different from each other
in the same column
Others are the same as those in Table 1 and 2

liver of rats resulted from the hlockage of the
secretion of hepatic triglyceride into the plasma, and
this phenomena was induced through introduction of
such foreign compounds as CCls, phosphorus, pur-
omycin and tetracycline. Lombardi*® reported that
the blockage of hepatic triglyceride usage resulted
from a reduction in the synthesis of VLDL in the liver
of rats. According to Innami®, fatty liver was obser-
ved in the liver of rats which were administered PCB.
The materials icentified were triglyceride, cholesterol
and phospholipid. Choi®™ also demonstrated that
total cholesterol, phospholipid and triglyceride cont-
ents of liver were increased with the introduction of
protonged alcohol into rat.

Holloway and Rivers® reported that chronic ascor-
bic acid deficiency resulted in the reduced cytochr-
ome p-450 cancentration, lower cholesterol 7o-hy-
droxylase activity, lower bile acid turnover rate,
prolonged bile acid half-life and increased plasma
liver cholesterol concentrations in guinea pigs.
According to Chow et al*®, the intraperitoneal ad-
ministration of 500mg of PCB resulted in the height-
ened levels of ascorbic acid in the plasma and
livers, but did not affect those levels in the lungs of
rats. They described that the high levels of ascorbic
acid in the plasma and livers appeared to be related
to the ability of the parenchymal organs to synthe-
size ascorbic acid for their functional need, and that
this adaptive response might enable animals against
further damage.

From the results of this study, it has been consid-
ered that ascorbic acid has alleviating effects on the
gramoxone toxicity in rats by coping with the dam-
age of the liver and helping the release of lipid into
the plasma.

TBA values in the liver of rats

Hepatic TBA values of rats are presented in Table 5.

There were significant differences (p < 0.05) in the
hepatic TBA value of rats fed the control diet and
the gramoxone diet. Significant differences (p<0.
05) were existed in the TBA value of rats fed the
gramoxone diet for and the gramoxone +'vt C diet
for 4 weeks. There were, however no significant di-
fferences in the TBA value of rats fed the control



828 X Un-Bock Jo, Suhg-Ro Kim and Byung-Tae Choi

diet and the gramoxone +Vt C diet for 3 or 4weeks.
The highest TBA value(0.31+0.05ug MA/g) and
the lowest such value{0.11:£0.02ug MA/g) was
chtained in rats fed the gramoxone diet for 3 weeks
and the control diet for 2 weeks, respectively. Re-
sults of the TBA value in the liver indicated that the
addition of gramoxone tended to increase hepatic
TBA vatue in rats, while the supplementation of
vitarmin C tended to decrease hepatic TBA value
slightly. This tendency was observed obviously in
these fed the gramoxone +Vt C diet for 2 weeks.
Lipid peroxidation is designated as a chain reac-
tion brought about by oxygen radical in polyuns-
aturated fatty acid®. According to Fred et a/.™®, lipid
peroxidation appeared to come about indirectly by
OH radical formed in an interaction of superoxide
and H20: in existence of ferrous ion. They reported
that DNA and the cell membrane were damaged
chiefly. Recknagel et al’ presented that CCls had
toxic effects by forming trichloromethyl free radical
with mixedfunction oxidase system and cytochrome
p-450, and by peroxidizing unsaturated fatty acid
of phospholipid in cell membrane. According to
Bus et al” and Gage", the suggested mechanism of
gramoxone toxicity is mediated by free radical reac-
tions and invalves the damage to cell membrane,
innami” reported that hepatic TBA values were
increased remarkably in rats which had been
administered PCB. He described that the addition of
PCB into their diet resulted in the changes of fat
content, formation of lipid peroxidation and increa-

Table 5. TBA values in the liver of rats fed the experimental

diets {ug MA/g)
Dietary 2wks 3wks dwlks
BIOUR  mMean  SD Mean 5D Mean SD
CG 011" +0.02 0.20"+0.01 0.18*"+0.02
{n=4) (n=4) (n=4)
GG 0.28" +0.08 0.31*3.0.05 0.27"" 10,06
(n=4} {n=4) (n=4}
GVG* 0.28*10.14 0.18*+0.02
(n=4) (n=4)

“ Mean scores are significantly different in the same column
{p<{.05)

"iMean scores are not significantly different in the same
column
Others are the same as those in Tahie 1 and 2

sed unsaturated fatty acid levels in the liver of rats.
Additionally, he suggested that this increase in
unsaturated fatty acid could act as substrates for
hepatic lipid peroxidation. Kim” demonstrated that
the addition of gramoxone into diet resulted in the
increase of hepatic TBA value in rats and the high
protein diet had an alleviating effect on the gramox-
one [oxicity.

The addition of gramoxone tended to increase
hepatic TBA value in rats irrespective of the lapse of
time, while the suppiementation of vt C tended to
decrease hepatic TBA value slightly. Because TBA
value is related to the formation of lipid peroxid-
ation, lipid peroxidation might start in gramoxone-
treated rats. With regard to the supplementation of
Vvt C, hepatic TBA value of the gramoxone +Vvt C
diet appeared to decrease as compared with the
gramoxone diet.

From the above resuits, it might be suggested that
Vt C has alleviating effects on the gramoxone toxi-
city. It is, however, regrettable that this study couid
not explain the mechanism of alleviating effects of
Vvt C on the gramoxone toxicity in detail. Further
researches seemed to be required.

SDS-potyacryiamide gel electrophoresis(PAGE)
patterns of soluble proteins in the liver of rats

Densitograms of the SDS-PAGE of soluble prot-
eins in the liver of rats are shown in Fig. 1, 2, 3, 4,
5, 6, 7 and 8. Seventeen protein bands were obser-
ved in the liver of rats fed the control diet for 2 or 3
weeks. Eighteen protein bands were, however,
observed in the liver of rats fed the control diet for 4
weeks. Protein subunits having molecular weight
larger than 68,000 I were 11 (band 1~11) and most
abundant. Protein subunits larger than 43,000 D
were 4 (band 12~T5). Protein subunit larger than
29,000 D and smalier than 13,700 was band 16
and 17, respectively. Quantitative changes of bands
were observed in the liver of rats fed the conirol
diet with the period of feeding experiment.

Bands 1, 2, 3, 5 and 12 tended to decrease, while
bands 4 and 17 tended to increase in the liver of rats
fed the control diet for 3 or 4 weeks. Band of 14,300
D was observed in the liver of rats fed the control
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diet for 4 weeks, which was not detected in rats fed
the control diet for 2 or 3 weeks. With regard to the
addition of gramoxone, protein contents decreased
significantly in rats fed the gramoxone diet as
compared with rats fed the control diet for 2 weeks.
Band 4 was not significantly changed, and band 6
and 8 were not observed in rats fed the gramox-
one +Vt C diet for 3 weeks as compared with rats
fed the control diet or the gramoxone diet. Protein
contents of each band decreased slightly, while
protein contents of low molecular band 17 tended
to increase significantly in rais fed the gramoxo-
ne +Vt C diet for 3 weeks. Protein subunit patterns
68K 4+3K Z?K 14.:??_13,71(

Absorbance (365nm)

5 3 4 5 6 78

Migration distance (cm}

Fig. 1. Protein subunits in the liver of rats fed the control diet
for 2 weeks. :

137K
SPK 4fsx 29K 14.?K!____

1.0

0.8f

047

Absorbance (565nm)

0.2

T2 3 4 5 6 7 8
Migration distance {em)

Fig. 2. Protein subunits in the liver of rats fed the control diet
for 3 weeks.

of rats fed the gramoxone +Vt C diet for 4 weeks
were shown to be similar with rats fed the control
diet for 4 weeks, while protein contents of each ba-
nd except band 1, 16 and 17 were shown to decre-
ase. Moreover, protein contents of band 4 tended to
decrease significantly.

According to Brewster et al™®, the Jevels of many
protein bands significantly flatterned in the TCDD-
treated electrogram. Windmuller and Euler™ reported
that the administration of arotic acid caused to accu-
mulate lipid in liver and to decrease the release of
lipoprotein inte bloed. Dianzani® also reported that

K 13.7K
G?K 4?K Z?K 14.? —

1.0

0.8

0.6¢

0.4[

Absotbance (565nm)

0.2

7 2 3 4 5 6 7 8
Migration distance (cm}

Fig. 3. Protein subunits in the liver of rats fed the control diet
for 4 weeks.

68K 43K 20K M3K 137K
—t + N

Absorbance (565nm)

T 2 3 4 5 6 7 8
Migration distance (cm)

Fig. 4. Protein subunits in the liver of rats fed the gramoxone
diet for 2 weeks.
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the administration of orotic acid caused to increase
the synthesis of total protein in liver and to decrease
the union of marked amino acids and apoprotein
derived from VLDL significantly.

The decreases of lipaprotein in liver were due to
the defects of constituent assembling in lipoprotein
by the structural changes of endoplasmic reticulum
or by the changes of chemical structure and function
in it, and due to the defects of releasing mechanism
in lipoprarein micelle formed by the hepatic celis™.
Lee™ reported that the administration of ethanof
resulted in the increase of protein synthesis in the

68K 43K 29K 143K 137K
by i

1.0

C.8¢

0.8

o.41

Absorbance (656nm)

.2

7 2 a3 4 5 6 7 8
Kigration distance {cm)

Fig. 5. Protein subunits in the liver of rats fed the gramox-
one diet for 3 weeks.

68K 43K 29K 14.3K 137K
i : 4y

Absorbance (656nm)

172 3 ¢ 5 & 7 8
Migration distance (cm)

Fig. 6. Protein subunits in the liver of rats fed the gramoxone
diet for 4 weeks.

liver of rat. Lieber™ also presented that the intake of
alcohol caused to increase the contents of lipid, pro-
tein and water in the cytosol of hepatic celis™.

Judging from the results with other researches,
gramoxone seeemed to decrease the protein contents
in liver at the initial stage. Protein contents, however,
seemed to increase respectively by the increases of
the Kupffer cells and lipid contents, and the accel-
erations of protein metabolism in liver, and by the
defects of release mechanism in lipoprotein micelle
formed from the hepatic cells*#.

Moreover, the changes of protein bands and the

68K 43K 20K 14.3K13.7K
i + b
1.0 ¥
_ 0.8
£
<
e
e
£ 0.8}
g
c
3
s 0.af
o]
<
02

1 2 3 4 5 6 7 8
Migration distance (cm)

Fig. 7. Protein subunits in the liver of rats fed the grameox-
one + Vi C diet for 3 weeks,

68K 43K 29K 14.3K 13.7K
A S O i

1.07

Absorbance (565_nm)

1+ 2 3 4 5 6 7 8
Migrafion distance (cm)

Fig. 8. Protein subunits in the liver of rats fed the gramox-
one +Vt C diet for 4 weeks.
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decreases of protein contents in the gramoxone -+ Vit
C treated group were regarded as the results of the
alleviating effects of Vt C on the gramoxone toxicity
and aids of the release of the lipoprotein micelle
which is the cause of the fatty liver. These results
appeared to agree with the results of the alleviating
effects of Vt C on the gramoxone toxicity by the
decreases of lipid contents in liver and by the drop

off the formation of lipid peroxidation in fiver.
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