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Abstract

The behaviour of glycogen and histological changes of hepatic tissues in the liver of rats, aged 6 to 7 weeks,
fed 18% casein diet under control, gramoxene and gramoxoie + vitamin C (Vt. ©) diets has been investigated in a
combined histopathological and histochemical studies. Cloudy swelling and fat changes of hepatic cells were ob-
served in the gramoxone group with the duration of feeding time. Fat changes of hepatic cells were chserved
more obvicusly than cloudy swelling, especially in: the hepatic cells of periportal area. The number of Kupifer's
cells increased significantly in the gramoxone group fed for 4 weeks. The cloudy swelling and fat changes
decreased abviously in the gramoxone + Vt. C group. Glycogen content of hepatic cells tended to increase sligh-
tly in the gramoxone group as compared with the control group. Moreover, giycogen depositions were higher in
the hepatic cells where fat changes were obvious. Glycogen content appeared to decrease in the gramoxene + VE.
C group as compared with the gramoxone group. It seems to be that Vt. C has alleviating effects on the gr-
amoxone toxicity in the patterns of glycogen distribution and histological structure of hepatic tissues.
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INTRODUCTION

Gramoxone {paraguat ; 1,1 -dimethyl-4,4"-hipy-
ridinium dichloride) is the most commonly used he-
rhicide for destruction of noxious weeds. It has been,
however, reported that gramoxone caused the
necrotic effects in animal fung, liver and kidney, the
suppressed activities of alkaline and acid phosphata-
ses, and the alterations of mucosubstances in the int-
estinal tract of rats'*. Moreover, significant morphol-
ogical changes such as fat changes of hepatic celis
and increases in the number of Kupffer's cells, were
found in rats fed the gramoxone-treated diets”. Sugg-
ested mechanism of gramoxone toxicity is related to
the formation of superoxide, hydrogen peroxides and
NADPH dependent lipid peroxides, damage to hemo-
globin by free radical, and the catabolism of protein
and hemotysis by lipid peroxides in cell membrane®™,

Vitamin C (L-ascorbic acid) is well known as a ant-
iscurvic agent, and plays an important role in numer-
ous biological reactions including collagen synthesis,
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the healing of wounds, the union of bone fractures,
the regeneration of nerve cells, the metabolism of foi-
ic acid, the absorption of iron, carnitine synthesis, no-
repinephrine synthesis, degradation of cholesterof,
and the metabolism of tyrosine®™". Vitamin C caused
an increase in the mobility of white biood cells, the
serum levels of immunoglobulins, and in antibody fo-
mmation'®. According to previous reports'™, it seemed
to be that vitamin C has ameliorating effects on the
gramoxone toxicity in rats with regard to the body
weight gain, feed efficiency ratio, fipid contents and
TBA value in {iver. In addition, the changes of the liv-
er protein patterns, such as the decrease of high mol-
ecular weight protein and the increase of low molec-
ular weight protein were observed in rats fed the gra-
moxone +Vt. C-treated diet. This study is designed to
examine the effect of dietary supplementation of vita-
min C on the gramoxone toxicity in hepatic tissues of
rats.

MATERIALS AND METHOQDS

In order to determine the effects of dietary supple-
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mentation of Vt. C on the gramoxone toxicity, 32 Wi-
star-strained male rats, aged 6 to 7 weeks, were divi-
ded into a control group (12 and an experimental gr-
oup (20). ‘The experimental group was divided into
gramoxone-treated group (toxic group) and gramox-
one -+ Vt. C-treated group (alleviating group). Rats in
control group and gramoxone-treated group were
fed 18% casein diet and 18% casein+0.04% gramo-
xone diet for 4 weeks, respectively, In case of the gra-
moxone + Vt. C-treated group, rats were fed 18% cas-
ein-+0.04% gramoxone+Vt. C diet for 2 weeks after
feeding 18% casein--0.04% gramoxone diet for 2
weeks. Experimental diets were prepared according
to the composition shown in Table 1.

For the tissue preparation, at the end of desired ex-
perimental days, rats of each group fasted for 18 hou-
rs and sacrificed under ether anesthesia. The liver was

Table 1. Compaosition of the experimental diets

Constituents {%.) G oG GVG
Corn starch 72 72 69
Casein - 18 18 18
Corn oil 5 5 5
Salt mixture® 4 4 4
Vitamin mixture® i 1 1
L-ascorbic acid - - 3
Gramoxone - 0.04 0.04

Abbreviations : CG, 18% casein diet({control group} ; GG,
18% casein +0.04% gramoxone diet (gramoxone group) ;
GVG, 18% casein+0.04% gramoxone + 3% L-ascorbic acid
diet {gramoxone-vitamin C group?

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

“Vitamin mixture : Vitamin diet fortification mixture ; purch-
ased from Nutritional Biochemicals Corp., Cleveland, Ohie,
U.SA.

removed immediately and then fixed in the solution
of 10% neutral buffered formalin for 24 hours, dehy-
drated, and embedded in paraffin according to rou-
tine methods. Sections were cut in serigs at 5 0 6um.

For the histological and histopathological structure
of liver tissue and histochemical demonstration of gly-
cogen in hepatocytes, deparaffinized and hydrated s-
ection were stained as following methods :

1. Hematoxylin and eosin {H-E} staining for the ge-
neral observation of histological and histopathoto-
gical structure.

2. Periodic acid-Schiff, Schiff's reaction for the dis-
tribution of glycogen',

The staining degrees of the histological and histo-
pathological characteristics of hepatic cells were clas-
sified into 6 groupings @ —, absent; *, trace ; +,
weak ; ++, moderate ; +-++, intense ; ++4+, very
intense. The staining degrees of the glycogen distri-
bution of hepatic cells were classified into 5 groupin-
gs : =+, trace ; +, weak ; ++, moderate ; + ++, in-
tense ; ++++, very intense.

RESULTS AND DISCUSSION

Histological and histopathological findings of the
hepatic tissue of rat fed experimental diets are pre-
sented in Table 2.

Examination of H~E stained sections of liver of the
control group revealed no significant histological abn-
ormalities. In & H-E section examined under lower p-
ower, the liver tissue is seen to be composed of mas-
ses of epithelial, hepatocytes arranged in anastomos-

Table 2. Histological findings of hepatic cells of rats fed the experimental diets

Epithelial change

Stromatic change

Dietary group
Ccs FC KC ICI F PC
CG  2wks - + + - _ -
3 wks - - > + - _ -
4 wks - P + — - _
GG 2wks + + b+ - - ~
3 wks + + =4+ + 4+ - -
4 wks + -+t +t+ -ttt ++4, - -
GVG* 3 wks + -+ 2>+ e+ttt F - - -
4 wks + + -+ et

Abbreviations : CS, cloudy swelling 5 FC, fat change ; KC, cell ; ICl, inflammatory cells infiltration 5 F, fibrosis ; PC, passive
congestion ; —, absent ; +, trace ; +, weak § ++, moderate; + 4+, intensive; ++++, very intensive ; > most marked

Others are the same as those in Table 1
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ing and branching plates that form a three—dimen-
fional lattice. The portal areas are so arranged as to
delineate lobules of liver tissue. Hepatic lobule has
several portal canals at its periphery, and in its center
is a central vein from which plates of parenchymal
ceils radiate iike the spokes of a whee! from a central
hub. And the sinuscidal spaces between liver plates
are lined by endothelial ceils and sateliite cell of
Kupfler (Fig. 1).

Fig. 1. The fiver of rat showing the hepatic cells and central
vein (CV) in the control group fed for 4 weeks.
PAS s1ain. x 400. Glvcogen of hepatic cells distriputed
in minimal amounts.

Fig. 2. The liver of rat showing the hepatic cells and portal
area (P) in the control group fed for 4 weeks.
PAS stain. X 400. Glycogen of hepatic cells distributed
in minimal to smalil amounts.

No stromatic changes were observed in the liver ti-
ssue of the control, gramoxone and gramoxone + Vi,
C groups(Fig. 1~6). There were, however, epithelial
changes in the liver tissue with duration of feeding
time in all experimental groups, even though slight di-
flerences existed. Cloudy sweilings were not observed

in the {iver cells of the control group, while fat drople-

Fig. 3. The liver of rat showing the hepatic cells and centrai
vein (CV) in the gramoxone group fed for 3 weeks.
PAS stain, x 400. Glycogen of hepatic cells distributed
in minimal to small amounts, Cloudy swelling and fat
changes of hepatic celis occured slightly in the centro-
iobular zone,

Fig. 4. The liver of rat showing the hepatic cefls and portal
area (P) in the gramoxone group fed for 4 weeks.
PAS stain. x 400. Glycagen of hepatic cells increased
than those of control group. Cloudy swelling and fat
changes of hepatic cells occured severely in the peripo-
ral zone.
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Fig. 5. The liver of rat showing the hepatic cells and central
vein (CV) in the gramoxone + vitamin C group fed for
3 weeks.
PAS stain. x 400. Glvcogen of hepatic cells distributed
in minimal amounts.

ts were seen in a few hepatic cells of the liver tissue
of the control group. Additionally, minimal increases
of Kupffer's celi appeared in sinusoidal space with
the duration of feeding time (Fig. 1 and 2).

In the gramoxone group, cloudy swelling and fat c-
hanges of the hepatocytes were revealed in hepatic
lobules with the duration of feeding time, and fat dr-
oplets showed especially abundant in a large number
of the hepatocytes in the periportal area of the hepa-
tic lobules (Fig. 3 and 4).

Also, the number of the phagocytic Kupffer's cells
tended to increase in these groups, and was more pr-
ominent in 4 week-gramoxone group than the other
groups. Cloudy swelling and fat changes of the hep-
atic cells tended to decrease remarkably in the hepa-
tic lobules of the gramoxone +-Vt. C group. However,
a decrease in number of Kupffer's cells was not obvi-
ous(Fig. 5 and 6).

Administration of foreign compounds into animals
caused toxicities in the fiver even though differences
exisited with the kinds of the compounds. The toxic-
ities reported were cloudy swelling, vesicular degen-
eration and fat accumulations of hepatocytes™®, Ad-
ministration of carbon tetrachleride caused cloudy
swelling and hydropic degeneration in parenchymal
ceils of experimental animais''", and necrosis and
fat accumnulation of hepatooytes'”. tn addition, fat ch-

Fig. 6. The liver of rat showing the hepatic cells and portal
area (P) in the gramoxone + vitamin C fed for 4 weeks,
PAS stain.> 400. Glycogen of hepatic cells decreased
than those of gramoxone group. Cloudy swelling and
fat changes of hepatic cells decreased cbviously in the
periportal zone than those of gramoxone group.

anges or necrosis were occured by interruption of
lipoprotein formation because of a injury in endopla-
smic reticulum of liver cells. Also, administration of
parathion resulted in vesicular degeneration, fat acc-
umulation and necrosis of hepatocytes in the interm-
ediate and central zones of the hepatic lobules in the
mouse'. The results obtained in this study were in
accordance with ather researchers''®. However, the-
re were differences in the process of fat accumula-
tion into each region of the hepatic lobules by the ki-
nds of foreign compounds. Adriamycin'® and EPN*
caused fat accurmulation in the hepatic cells of the
midlobular and centrilobular regions of hepatic lobu-
les. Parathion caused fat accumulation in the cents-
ilobular and midlobular regions at the initial stage
and fat accumulations were observed in the hepatic
cells of the periportal regions with the duration of
time™., Carbon tetrachloride caused fat accumuiation
in the hepatic cells of the centrilobular regions and in
sucession 2all area of hepatic lobules™. However, ad-
ministration of cycloheximide resulted in fat accu-
mulation in the hepatocytes of the periportal reg-
ions®. in this study, administration of gramoxone into
the diet caused fat changes in the hepatic cells from
the periporial regions at first and next, from the midlo-
hular and the centrilobuiar regions. Fspacially, the de-
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Table 3. Giycogen distribution in the liver of rats fed the experimental diets

CG GG GVG
Zaone
2 wks 3 wks 4 wks 2 wks 3 wks 4 wks 3 wks 4 wks
Zone 1 >+ R -+ -+ P R E +,4
Zone 2 + + =+, *.+ &+ + s 4 = 4
Zone 3 + + + * &+ + -+ + = > gk

.bhreviations : Zone 1, periportal region of hepatic lobule ; Zone 2, midlobular region of hepatic lobule; Zone 3, centrilobuiar
region of hepatic lobule. Others are the same as those in Table 1

gree of fat changes was serious in the hepatic cells of
periportal regions.

Several researchers reported that ascorbic acid had
alleviating effects on the toxicities of various foreign
compounds. Chung® demonstrated that the ATPase
activity in liver mitochondria was interrupted by Hg-
"™ in vitro, and that the interruptive action was prev-
ented by 107°M of ascorbic acid. According to Suzu-
ki and Yoshida™, 50ppm of cadmiunt containing diet
caused to decrease the contents of iron in liver, kid-
ney, spleen, testis, intestine and tibia of rat and cau-
sed 1o increase the activities of sGOT and sGPT. In
addition, they suggested that the increase of activities
of sGOT and sGPT was due io the damage of liver
and was prevented by the supplementation of iron
and ascorbic acid. Cadmium-containing diet resulted
in the decrease of iron ievel in liver, due to the interr-
uption of intestinal absorption of iron®™. And the sup-
plementation of both ascorbic acid and D-iscascor-
bic acid had ameliorating effects on the toxicity. Mor-
eover, Rajini and Krishnakumari*” reported that the
administration of primiphos-methyl suppressed the
activities of cholinesterase in the brain and blood ser-
um of rat, and to increase the leve! of ascorbic acid
and glucuronic acid in urine remarkably. They report-
ed that the supplementation of L—~ascorbic acid app-
eared 0 have alleviating effects on the toxicity of the
pesticide partially. in this study, decreases of cioudy
swelling and fat accumulation in hepatic cells were
observed in the gramoxone +Vt. C group (Table 1).

From these results, it was suggested that ascorbic
acid has ameliorating effects on gramoxone toxicity
in liver. In addition, the increase of Kupffer's cells in
the gramoxone group was due o the defense mecha-
nism of hepatic tissue against the foreign materials.

Glycogen distribution in the hepatic cells of rats

fed the experimental diets is shown in Table 3.

Glycogen distribution of hepatic cells was minimal
or small amounts in the control group and the glyco-
gen contents were remarkable in hepatocytes of the
periportal zone rather than in the centrilobular and
midlobular zones (Fig. 1 and 2). Glycogen contents of
hepatic cells in each area of hepatic lobules tended to
increase slightly in the gramoxone group as compa-
red with the control group. Glycogen contents of hep-
atocytes increased cbviously in rats fed gramoxone
diet for 4 weeks. Moreover, the amount of glycogen
was distinctly marked in the hepatic cells of the perip-
ortal area where fat changes arised significantly (Fig. 3
and 4). Under the gramoxone+Vt. C group, the amo-
unt of giycogen in the hepatocytes of the hepatic lob-
ules decreased slightly except for the 4 week-group,
as compared with the hepatic lobuies of gramoxone
group. In the case of rats fed gramoxone+Vt. C diet
for 4 weeks, glycogen distribution tended to decrease
significantly in hepatic cells of every zone except 2 f-
ew of hepatic cells in centrilobular zone (Fig. 5 and 6).

According to Suzuki and Yoshida®™, the contents of
glucose in rat plasma and glycogen contents in liver
remained unchanged with the administration of 50
ppm of cadmium containing diet for 180 days. How-
ever, Singhal et al* reported that daily infusion of ei-
ther 0.25mg of cadmium chloride for 21days or Tmg
of cadmium chloride for 45 days resulted in the incr-
eases of blood glucose and serum urea, and in the
decrease of glycogen contents in the liver.

According to Min et al™, administration of chlora-
mbucil caused a decrease in glycogen content signifi-
cantly in hepatocytes of hepatic lobules. The glyco-
gen content in hepatocytes was restored when 0.5mg
of saponin was added into the chlorambucil compar-
ed with the chlorambucil treated group. Also, a decr-
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ease in the amount of hepatic glycogen was marked
after the administration of compound 48/80, and
glycogen decreased in the midiobular and periportal
zones noted rather than the cenfrilobular zone®.

The administration of dimethyl sulfoxide (DMSQ}
caused a decrease in glycogen content of hepatic ce-
lls of rat initially, but the glycogen content tended to
increase with the duration of time as compared with
the control group®. It was also suggested that the gly-
cogen accumulation effects by DMSO in the cultured
hepatocytes resulted from the delay of cell life span
by suppressing cell growth and the decrease of energy
expenditure required in the process of the activity of
hepatocytes as a secretory cell.

tn this study, glycogen distribution of hepatocytes
in the gramoxone group increased slightly, and the
increase of glycogen was remarkable in the peripora-
tl regions, especially where fat changes arised signifi-
cantly. The results that the glycogen cantent decrea-
sed in the hepatic cells of gramoxone-+Vt. C group
were likely to have the alleviating effects of saponin
on the chlorambucil toxicity, even though the allevia-
ting mechanism is different*®.
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