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Abstract

Effects of dietary protein levels on the manifestations of the toxicity of gramoxone, a bipyridine herbi-
cide, in the liver of rats were investigated. The addition of gramoxone, with regard to the body weight
and feed efficiency ratio of rats, had a more dramatic effect on animals fed a low or intermediate pro-
tein diet than for those similarly treated among rats fed a relatively high protein diet. Lipid content in
the rat liver tended to increase with the addition of gramoxone into each protein diet, with the excep-
tion of the high protein-gramoxone diet. The addition of gramoxone tended to increase hepatic TBA
value significantly in rats, especially among those fed the low protein-gramoxone diet or the control-
gramoxone diet. Significant morphological changes, including fat changes of hepatic cells and increas-
es in the number of Kupffer cells, were found both in rats fed the low protein diet and those fed any of
the gramoxone-treated diets. Fat changes within hepatic cells were found to be especially severe in rats
fed the low protein-gramoxone diet. Distributions of glycogen in rat liver appeared to increase in rats
fed any of the diets to which gramoxone had been added.
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INTRODUCTION

Recently, there has been a heightened risk of ex-
posure to foreign compounds, such as pesticides,
solvents, food additives, various forms of dust,
gases, metals, and some drugs, etc”. Foreign com-
pounds can be toxic per se, or be metabolized with-
in living organisms to products that cause toxic ef-
fects?. Among the several factors which affect the
metabolic rate of foreign compounds, the nutritional
status of a living organism is deemed to be the more
important factor in representing the toxicity of for-
eign compounds. Marasmic diet, kwashiorkoric
diet, and vitamin deficiency are found to increase
the toxicity of foreign compounds**.

According to Boyd and Krupa®, oral administra-

"To whom all correspondence should be addressed

tion of diuron, a herbicide, caused serious toxic
changes in both the liver and kidneys of protein de-
ficient rats. Reduction of relative spleen weight and
liver necrosis were observed among the BHT-treated
rats fed a 4% casein diet”. Madhavan and Gopalan®
reported that the liver damage caused by aflatoxin
increased markedly among protein deficient rats.
Additionally, Tanaka et al.? showed that the absorp-
tion of paraquat in the small intestine was higher
among rats fed a 5% casein diet than in those fed a
45% casein diet. Webb et al.' reported that rats fed
5% casein diets were more susceptible to malathion
and parathion acute toxicity compared with either
those rats pair-fed a 20% casein diet, or with those
fed a 20% casein diet ad libitum .

The production and use of herbicides for destruc-
tion of noxious weeds have increased markedly. Be-
cause plants differ significantly from animals, both
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in their morphology and physiology, it might be ex-
pected that herbicides would provide little hazard
of toxicity to man. There are, however, a great num-
ber of highly toxic chemicals capable of causing fa-
tal poisonings in man and animals™. They permeate
the soil, thus causing the soil and water to become
contaminated. Of herbicides most commonly used,
gramoxone (paraquat ; 1,1-4,4"-bipyridium dichlo-
ride) has been reported to cause necrotic effects in
animal lung, liver, and kidney™. It has been also
proposed that the suggested mechanism of gramoa-
one toxicity is mediated by free radical reactions,
and involves the damage to cell membrane!®'4.

Because the manifestations of chemical toxicity
are significantly related to the nutritional status of
individuals, this study is designed to determine the
effects of dietary protein levels on the manifestation
of gramoxone toxicity in rats” livers. The purpose of
the_present study is to define how the toxicity of
gramoxone is manifested in rats in relation to varied
dietary protein levels, and also to show whether the
toxicity of gramoxone can be modified by increas-
ing dietary protein levels or not.

MATERIALS AND METHODS

Feeding experiment

In order to determine the effects of dietary protein
levels on the manifestations of gramoxone toxicity,
36 Wistar-strained male rats, aged 6 to 7 weeks,
were divided into 6 dietary groups and fed experi-
mental diets for 2 weeks. The 6 experimental diets
used were 18% casein diet as a control diet, 18%
casein-0.04% gramoxone diet, 5% casein diet as a
low protein diet, 5% casein-0.04% gramoxone diet,
36% casein diet as a high protein diet, and 36% ca-
sein-0.04% gramoxone diet. Fach diet, prepared ac-
cording to the composition shown in Table 1, was
kept refrigerated and given fresh to each rat in the
corresponding group every other day. Food intakes
and body weight changes were recorded every oth-
er day. After 2 weeks, the rats were anesthetized
with ether. The liver was obtained in order to deter-
mine the combined effects of dietary protein levels

Table 1. Composition of the experimental diets

Constituents (%) C CG L LG H HG

Casein 18 18 5 5 36 36
Corn starch 72 72 85 85 54 54
Corn oil 5 5 5 5 5 5
Salt mixture" 4 4 4 4 4 4
Vitamin mixture? 1 1 1 1 1 1
Total 100 100 100 100 100 100

Abbreviations : C, 18% casein diet, control diet ; CG, 18%
casein-0.04% gramoxone diet ; L, 5% casein
diet. low protein diet ; LG,5% casein-0.04%
gramoxone diet ; H,36% casein diet, high
protein diet ; HG,36% casein-0.04% gramox-
one diet

"Salt mixture : purchased from Nutritional Biochemicals
Corp., Cleveland, Ohio, U.S.A.

Vitamin mixture : Vitamin Diet Fortification mixture; pur-

chased from Nutritional Biochemicals
Corp., Cleveland, Ohio, U.S.A.

and gramoxone on the rat’s liver.

Analysis of lipid and TBA value in the rat liver

The rat liver was homogenized in a glass homog-
enizer using extracting solution (chloroform/metha-
nol, 2/1,v/v). Total lipid was extracted with an ex-
tracting solution for one and half hours using a Sox-
tec system HT 2-1045 extraction unit 1 and a Sox-
tec system 1044 service unit 1. For hepatic TBA val-
ue, the absorbances of the sample were determined
at 532 nm.

Histochemical examination of the rat liver tissue

Three millimeter squares of rat liver tissue were
prepared immédiately after excising. The samples
were fixed in a 10% neutral formalin solution for 24
hours. The fixed and dehydrated samples were em-
bedded in paraffin (m.p. 56~58°C). The embedded
samples were then sectioned to 5~6 g#m in width
using a microtome (American Optical 820, U.S.A.).
The hematoxylin-eosin (H-E) staining method and
the periodic acid Schiff (PAS) staining method were
employed to examine the histochemical characteris-
tics of the rat liver tissue and to determine glycogen
distributions in the rat liver'®, respectively. In PAS
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staining, glycogen in the liver colors red.

Statistical analysis

To detect significant differences in the results of
the feeding experiment, lipid content in the rat liver,
and hepatic TBA value, data were treated statistical-
ly using SPSS'. The Subprogram, ONEWAY',
which was specifically designed for a one-way anal-
ysis 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 differ-
ence.

RESULTS AND DISCUSSION

Total weight gain and feed efficiency ratio of rats

Weight gain and feed efficiency ratio of rats fed
high(36% casein diet), control(18% casein diet),
and low (5% casein diet) proteins with or without
gramoxone for 2 weeks are shown in Table 2. The
highest mean weight gain (78.25+3.86 g) and the
highest mean feed efficiency ratio (33.87 +3.78 %)
were obtained in rats fed the high protein diet. On
the other hand, the lowest mean weight gain (-7.00
+3.27 g) and the lowest mean feed efficiency ratio

Table 2. Total weight gain and feed efficiency ratio of rats
fed the experimental diets

Dietary Total weight gain Feed efficiency ratio
group Mean  SD Mean SD
g o/o
C 76.00 + 8.67 3372 £+ 2.84
CG 40.25" +18.73 22.14Y + 8.44
L 0.50° + 3.87 0.33 + 2.96
LG -7.00° + 3.27 -4.91% + 2,22
H 78.25 + 3.86 33.87 +3.78
HG 70.75 =+ 9.64 30.13 + 3.55

Abbreviations are the same as those in Table 1

¥Mean scores are not different from each other, but signifi-
cantly different from the other mean scores in the same
column (p<0.05)

YMean scores are significantly different from the other mean
scores in the same column (p<0.05)

(-4.91+2.22 %) were obtained in rats fed the low
protein-gramoxone diet.

Results of a one-way analysis of variance indicat-
ed that no significant differences existed in the
weight gain or in the feed efficiency ratio of rats fed
the control diet, the high protein diet and the high
protein-gramoxone diet. There were no significant
differences either in the weight gain or in the feed
efficiency ratio among those rats fed the low protein
diet and those on the low protein-gramoxone diet.
Significant differences (p<0.05) were, however,
found both in the weight gain and in the feed effi-
ciency ratio of rats fed the low protein diet, and the
low protein-gramoxone diet, and those rats fed the
other diet. There were significant differences in the
weight gain and feed efficiency ratio of rats fed the
control-gramoxone diet as compared with those rats
fed the other diet (p< 0.05).

The results were consistent with those found by
other researchers who reported that the body weight
of experimental animais fed low protein diets in-
creased much more slowly than those fed control or
high protein level diets'”'®. Mathur et al."” reported
that rats fed 3% casein diet stopped growing within
3 to 4 days after being placed on the diet, while rats
fed 16% casein diet grew well. Peters and Harper'®
showed that although the 11-day cumulative weight
gains observed in rats which had consumed 20%,
25%, 30%, or 35% casein diet had not differed sig-
nificantly from one another, rats fed 5% casein diet
gained significantly less weight than those rats in
any of the other dietary groups.

With regard to the addition of foreign com-
pounds, several researchers reported that the ad-
ministration of specific foreign compounds resulted
in a decrease in the body weight of the experimen-
tal animals>'*-*. The addition of 0.1% PCB into the
diets containing 10%, 20%, and 30% casein was
shown to have caused a subsequent decrease in the
body weight of rats as compared with rats fed each
of the corresponding control diets. Additionally, a
significantly lower growth rate was evidenced in the
case of those rats fed the 10% casein diet>. Rao and
Wong' demonstrated that significant reductions in
body weight resulted in rats fed either 4% casein or
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8% casein diet as compared with other rats which
were fed 24% casein diet when BHT was adminis-
tered intragastrically. According to Ando®, the
growth rate and feed efficiency ratio of rats fed 5%
casein diet was significantly lower than the respec-
tive rates and ratios for rats fed 10%,.20%, 30% and
40% casein diet when DDT had been injected in-
traperitoneally. The growth rate of rats fed a low
protein diet containing aflatoxin also decreased dra-
matically as compared with the rates of rats which
were fed a high protein diet containing aflatoxin??,
Kari et al.® showed that both the 14-day weight
changes as well as the feed efficiency ratios of mice
which were injected with methylazoxymetanol
were markedly dependent upon dietary protein lev-
els.

The addition of gramoxone into the rats' diets was
shown to affect significant reduction in the body
weight of those fed diets containing decreasing lev-
els of protein. The feed efficiency ratio for each diet
group proved to be of a tendency quite similar to
those results recorded in body weight.

Lipid content in the liver of rats

Hepatic lipid contents of those rats fed the six ex-
perimental diets are presented in Table 3. The high-
est mean lipid content(5.54+1.73%) occurred in
the liver of rats fed the low protein-gramoxone diet,
while the lowest such content(3.13+0.21%) was
shown to be present in the liver of those rats which
had been fed the high protein diet. The addition of

Table 3. Lipid content in the liver of rats fed the experimen-
tal diets (%)

Dietary group Mean SD
C 3.23 + 0.72
CcG 4.04 + 0.26
L 4929 + 1.51
LG 5.54% + 1.73
H 3.13% + 0.21
HG 3.59 + 0.65

Abbreviations are the same as those used in Table 1
Mean score is significantly different from the mean score of
either C, H, or HG (p<0.05)
YMean scores are significantly different from each other
(p<0.05)

gramoxone resulted in a slight increase of lipid con-
tent in the liver of all rats, regardless of the dietary
protein level administered.

Results of a one-way analysis of variance indicat-
ed that significant differences(p<0.05) existed in
lipid content between those rats fed the low protein-
gramoxone diet and those levels of rats which were
fed either the control, the high protein and/or the
high protein-gramoxone diets. There were signifi-
cant differences in the liver lipid levels between
those rats fed the low protein diet and those in the
high protein diet group (p<0.05). There were, how-
ever, no significant differences in the lipid levels
among rats fed the control, the control-gramoxone,
the high protein, and the high protein-gramoxone
diets. These results indicated that the low protein di-
et seemed to have exerted more influence, or to
have greater bearing upon the build up of lipid lev-
els in the liver of rats than did the high levels of pro-
tein in the corresponding diets. Moreover, the addi-
tion of gramoxone caused a subsequent increase of
lipid content in the liver of such treated rats.

According to Yeh and Leveille?®, hepatic lipogen-
esis was depressed through elevation of dietary pro-
tein intake levels. Furthermore, Innami® reported
that fatty liver was observed to occur in the liver of
rats which had PCB added to their diets. The materi-
als detected were identified as triglyceride, choles-
terol, and phospholipid. Plaa? described that the
accumulation of lipids in the liver of rats resulted
from a blockage of the secretion of hepatic triglyc-
eride into the plasma, and that this phenomena was
induced through introduction of such foreign com-
pounds as carbon tetrachloride, ethionine, phos-
phorus, puromycin,and tetracycline. According to
Lombardi?®, the blockage of hepatic triglyceride us-
age resulted from a reduction in the synthesis of
VLDL in the liver of rats. Lee and Sung® have addi-
tionally demonstrated that there were significant in-
crease of total cholesterol and triglyceride content
in rats which had been administered inhalation
anesthetics.

TBA values in the liver of rats

Hepatic TBA values of rats fed experimental diets
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are presented in Table 4. The lowest TBA value (0.
09+0.02) was seen in those rats fed a low protein
diet, while the highest such value (0.28+0.08) was
obtained in those rats fed the control-gramoxone di-
et. Results of a one-way analysis of variance indicat-
ed that there were no significant differences in the
hepatic TBA values from among those rats fed either
the control, the low protein, the high protein, and/or
the high protein-gramoxone diet. Additionally, no
significant differences were shown to exist in the
hepatic TBA values of those rats fed either the con-
trol-gramoxone diet or those fed the low protein-
gramoxone diet and the corresponding values for
those rats fed any of the other diets (p<0.05). The
addition of gramoxone tended to increase hepatic
TBA value significantly in rats, especially among
those fed the low protein-gramoxone diet or the
control-gramoxone diet. These results indicated that
there were no significant differences in the hepatic
TBA values of rats with respect to dietary protein
levels. However, the addition of gramoxone exerted
to increase the hepatic TBA value of rats, especially
among rats fed the control-gramoxone and/or those
fed the low protein-gramoxone diet.

According to Innami®, hepatic TBA values tended
to increase rather remarkably in rats which had
been administered PCB. He reported that the addi-
tion of PCB into their diet resulted in fat content
changes, formation of lipid peroxidation, and in-
creased the unsaturated fatty acid levels in the liver
of rats. Additionally, he suggested that this increase
in unsaturated fatty acid could act as substrates for

Table 4. TBA values in the liver of rats fed the experimental

diets (ug MA/g)

Dietary group Mean SD
C 0.11 + 0.02
CG 0.28" + 0.08
L 0.09 + 0.02
LG 0.20° + 0.06
H 0.14 =+ 0.07
HG 0.15 =+ 0.01

Abbreviations are the same as those used in Table 1

Mean scores are not significantly different from each other,
but significantly different from the other mean scores in the
same column (p<0.05)

lipid peroxidation.

Because TBA value is related to the formation of
lipid-peroxidation, it might be suggested that the
formation of lipid-peroxidation could start in rats
fed the control-gramoxone diet or the low protein-
gramoxone diet.

Morphological properties of hepatic tissue and
glycogen distribution in the liver of rats

Histological findings and glycogen distribution in
the liver of rats fed the experimental diets are pre-
sented in Tables 5 and 6, respectively. No stromatic
changes were seen to have occurred in the liver of
rats fed any of the experimental diets. There were,
however, severe epithelial changes in the liver of
those rats fed each experimental diet, even though

Table 5. Histological findings of the liver of rats fed the ex-
perimental diets

Epithelial change Stromatic change

Diearygroup "™ (¢ k¢ 1@ F bC
C - + + - - -
CG + + +,++ - - -
L + ++ +4+ - - -
LG ++ A+ - - -
H - + +,+ - - -
HG * + +t - - -

Abbreviation: : CS, cloudy swelling ; FC, fat change ; KC,
Kupffer cell ; IC!, inflammatory cells infiltra-
tion ; F, fibrosis ; PC, passive congestion ;
others are the same as those used in Table 1
-,absent ; + trace ; +,weak ; ++,moderate ;
+++,intensive ; ++++, very intensive

Table 6. Glycogen distribution in the liver of rats fed the ex-
perimental diets

Dietary group

Cells C ¢ L G H HG

Zone 1" &)+  £—+ )+ ++t,x trettt) & bbb bt
Zone2" r &4 & +hi: H)t ) £t

Zone3¥ 1)+ -+ dp+ +H)yx -th i )+, 4t

Abbreviations are the same as those used in Table 1

"Zone 1, periportal region ; ?Zone 2, midlobular region ;
»Zone 3, centrolobular region

+, trace ; +, weak ; ++, moderate ; +++, intensive ;

+++4,very intensive ; ), most marked
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slight differences existed. Liver biopsy examination
of hepatic tissue from rats fed the control diet and
the high protein diet indicated uniformly stained
cells extending from the central vein to the periph-
ery of the liver lobule. Slight, cloudy swelling oc-
curred in the liver of rats fed the control-gramoxone
diet. An increase in the size and number of lipid
droplets was manifest in a few hepatic cells, and the
number of Kupffer cells, cells of the macrophage
system, also tended to increase in the hepatic tissue
of rats of the same diet. The basic structure of the
hepatic cells, however, appeared unchanged and
normal here. Similar changes were noticed in rats
fed the low protein group; both the slight, cloudy
gross swelling of the liver existed and the tendency
of fat droplets to increase in a few hepatic cells was
observed. Both moderate fat changes in the hepatic
cells and an increase in the number of Kupffer cells
were noticed in rats fed the control-gramoxone diet.
Moderate, cloudy swelling and severe increases in
the number of lipid droplets in the hepatic cells of
rats fed the low protein-gramoxone diet were ob-
served. Histologic examination of rats livers in this
dietary grouping showed both the existence of sev-
ere fat changes in the hepatic cells and also an in-
creased number of Kupffer cells. Epithelial changes
in the liver of rats fed the high protein diet were
similar to those changes seen in rats fed the control
diet. In the case of the high protein-gramoxone di-
etary group, a slight cloudy swelling of the liver was
evident as there was change observed in the fatty
make-up of the hepatic cells of rats in the group. No
significant changes, however, were seen to exist. A
dramatic increase in the number of Kupffer cells ex-
isted in the liver of rats of this diet group. The results
were consistent with the reports of other resear-
chers>#2529),

According to Enwonwu and Sreebny®, the usual
richness characteristic of both the endoplasmic
reticulum membrane and the cytoplasmic ribo-
somes was observed in the liver of well-fed rats.
They also reported that conspicuous dilations of the
membrane cisternae, well-defined lipid inclusions,
and abnormal accumulation of glycogen were ob-
served in the liver of rats fed low protein diets.
Moreover, cloudy swelling of the centrilobular re-

gion, fatty degeneration, and early necrosis of the
liver occurred in rats which had been both fed pro-
tein deficient diets and had been administered di-
uron®. Similar results were observed in the liver of
rats which had also been fed a protein deficient
diet, but administered DDT®. Madhavan and
Gopalan® showed that lesions of the liver occurred
more weakly in rats fed 20% casein diet and treated
with aflatoxin than among those rats fed 4% casein
diet and similarly treated. They suggested that a
high level of dietary protein had some correlating,
protective effects against such aflatoxin injury.

Glycogen distributions in the liver of rats derived
from PAS staining method are shown in Table 6. Ac-
cording to Park®, the distribution of hepatic glyco-
gen was marked, during the infancy of rats, though
seen to become depressed after rats had reached 6
weeks of age. Dietary protein levels appeared to
have little effect on the glycogen distributions in the
liver of rats. Nevertheless, slight increases in glyco-
gen levels were observed in the liver of rats fed the
high protein diet.

Generally, the administration of gramoxone re-
sulted in a prominent increase of glycogen distribu-
tions in the liver of rats. These results were found to
be in agreement with the results of Corrin and Ater-
man®. They reported that the administration of vari-
ous levels of cortisone for 4 days caused an increase
in hepatic glycogen levels, particularly and most
prominently in the periportal region. According to
Hong et al.?, the introduction of a rodenticide, es-
pecially RH 787, resulted in the destruction of
Langerhans' islets in the pancreas of rats. Judging
from those results, one can deduce that the afore-
mentioned heightened distribution levels of glyco-
gen found to be present in the liver of gramoxone-
treated rats might most likely be attributed to inter-
ferential reactions of the pancreas. Tables showing
the morphologic changes and glycogen distribution
in the livers of rats fed the experimental diets, are
given in Figs.1, 2, 3 and 4.
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Fig. 1. Hepatic cells in periportal regions of rat liver with PAS stain. The red granules in the cytoplasm are glycogen. Lipid
droplets occurred in both 1A and 1B, but they were not changed severely. An increase in the number of Kupffer cells
was noticed in rats fed 1B. 1A, 18% casein diet group ; 1B, 18% casein-0.04% gramoxone group ; p, portal area. X400.

Fig. 2. Hepatic cells in periportal regions of rat liver with PAS stain. The intense red granules in the cytopl of 2B are glyco-
gen, and fat changes occurred more severely in 2B than in 2A. Both the slight, cloudy gross swelling existed and lipid
droplets in a few hepatic cells were observed in 2A. Moderate, cloudy swelling and severe increases in the number of

lipid droplets and Kupffer cells were observed in 2B. 2A, 5% casein diet group ; 2B, 5% casein-0.04% gramoxone
group ; P, portal area. X400.
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Fig. 3. Hepatic cells in centrolobular (left) and midlobular regions (right) of rat liver with PAS stain. The moderate red granules
in the cytoplasm of 2C and 2D are glycogen, and fat changes appeared severely in both of them. 2C and 2D, 5%
casein-0.04 gramoxone ; CV, central vein. X400.

Fig. 4. Hepatic cells in midloubular (left) and periportal regions (right) of rat liver with PAS stain. The intense red granules in the
cytoplasm of 3A and 3B are glycogen. Fat changes did not occur severely in both of them. Slight cloudy swelling was
shown in 3B, but it was not serious. An increase in the number of Kupffer cells existed in 3B. 3A, 36% casein diet
group ; 3B, 36% casein-0.04% gramoxone group; ; P, portal area. X400.
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