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Abstract

The effects of vitamin C on the gramoxone toxicity in the duodenal goblet cells of rats were investigated
using histochemical methods. Rats in control, gramoxone and gramoxone + vitamin C (Vt. ) group, aged 6 to 7
weeks, were fed 18% casein diet. In the gramoxone group, neutral and acid mucins of the goblet cells in villi
and crypts of duedenum tended to decrease as compared with the control group. And the goblet cells
secreting nonsulphated mucins tended to increase in number, being usually accompanied by a decrease of
the goblet cells secreting sulphated mucins which are prominent in the duedenal mucesa of control group.
However, the goblet cells secreting nensulphated mucins tended to increase in the gramoxone + Vt. C group.
Morphological changes of the goblet cells in the gramoxone group were noted vacuolation and demolition of
goblet cells, while those changes were not significant in the gramoxone + V1. C group. It seems to be that Vt.
C has alleviating effects on the gramoxone toxicity in secretion and production of the duodenal goblet cells.
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INTROGDUCTION

The production and use of herbicides for destructi-
on of noxious weeds has increased markedly. Of the
most commorly used, herbicides gramoxone {paragu-
at; 1,1, -dimethyl-4,4' -bipyridium dichloride) has
been reported to cause necrotic effects in animal [u-
ng, liver, and kidney, the suppressed activities of alka-
line and acid phosphatases, and the alterations in the
nature of the mucosubstances in the rat intesting’,
Gramexone has been reported to have rigorous effe-
cts on lipid contents, glycogen metabolism of liver,
activities of sGOT, sGFT, chalinesterase, and alkaline
and acid phosphatases®. Suggested mechanism of gr-
amoxone toxicity is related to the formation of sup-

1 eroxide, hydrogen peroxides and NADPH dependent
lipid peroxides, the damage to hemoglobin by free
radical, and the catabolism of protein and hemolysis
by lipid peroxides in cell membrane®”.

Vi. C(L-ascorbic acid) deficiency results in the con-
dition known as scurvy, which is characterized by an
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inability of tissues of mesenchymal origin to produce
and maintain osteocollagenous fibers and ground su-
bstances”. Also, Vt. C plays an important role in num-
erous biclogical mechanisms including collagen synt-
hesis, the healing of wounds, the union of bone frac-
tures, the regeneration of nerve cells, the metabolism
of folic acid, the absorption of iron, carnitine synthe-
sis, norepinephrine synthesis, degradation of cholest-
erol, and the metabolism of tyrosine®'?, Vt. C acts as
an antioxidant, and converts active oxyger: such as
superoxide radical into less toxic or non-toxic to the
cell', Rats given daily doses of 6.5g of Vt. C/kg body
weight were not showed any abnormal toxicities™,
Vt. C increased the mobility of leukocytes, serum

‘levels of immunoglobulins, and antibody formation'.

According to previous report', it seemed 1o be that
Vt. C has alleviating effects on the gramoxone toxicity
in rats with regard to the growth gain, feed efficiency
ratio, lipid contents of liver, and TBA value. More-
over, the changes of liver protein patterns, such as the
decrease of high molecular weight protein and the
increase of low molecular weight protein were obs-
erved in the gramoxone+Vt. C group. This study was
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performed to examine the effect of dietary supple-
mentation of Vt. C on the gramoxone toxicity in the
mucin secretion and morghological changes of the
gobiet ceils in the duodenum of rat.

MATERIALS AND METHODS

in order to determine the effects of dietary supple-
mentation of Vt. C en 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 grarhoxo-
eVt Created group (alleviating group). Rats in
the control and gramoxone-treated groups were fed
' 18% casein diet and 18% casein+0.04% gramoxone
diet for 4 weeks, respectively. In the case of the gram-
oxone+Vt. C—reated 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. Experimentai diets were prepared according
to the composition shown in Tabie 1.

At the end of the desired experimental days, rats
were fasted for 18 hours and sacrificed immediately
under ether anesthesia. The duodenal mucosa was
removed immediately and then fixed for 24 hours in
a solution of 10% neutral buffered formalin, dehydr-
ated, and embedded in paraffin according to routine
methods.

Sections were cut at 5 to 6um in thickness, depara-

Table 1. Compasition of the experimental diets

Constituents (%) CG GG GVG
Corn starch 72 72 69
Casein 18 18 18
Corn oil 5 3 5
Salt mixture” 4 4 4
Vitarmin mixture i 1 1
L-ascorbic acid - - 3
Gramoxone - 0.04 0.04

Abhreviations : CG, 18% casein diet (contral greup) ; GG,
18% casein +0.04% gramoxone dietigramoxone group} ;
GVG, 18% casein+0.04% gramoxone + 3% L-ascorbic acid
diet (gramoxene—vitamin C group)

"Sait mixture : Purchased from Nutritional 8iochemicals Co-
rp., Cleveland, Ohio, U.S.A.

?¥Vitamin mixture @ Vitamin diet fortification mixture ; purcha-
sed from Nutritional Biochemicals Corp., Cleveland, Chio,
U.S.AL

fiinized and the subjected to histological and histo-
chemical staining procedures were as follows :

t. Hematoxylin and eosin (H-E) staining for the ge-
neral observation of histological structure.

2. Periodic acid-Schiff (PAS) reaction for studying
neutral mucins'.

3. Alcin blue (AB) pH 2.5 staining for the demons-
tration of acid mucins',

4. AB pH 1.0 staining for the selective characteriz-
ation of sulphated mucing'™.

5. AB pH 2.5-PAS staining sequence distinguishes
PAS positive (red) neutral from AB positive (blue) acid
mucins'®'™,

6. AB pH 1.0-PAS staining sequence distinguishes
PAS paositive (red} neutral from AB positive (blue) sul-
phated mucins™,

7. Aldehyde fuchsin (AF) pH 1.7-AB pH 2.5 stain-
ing sequence distinguished AF positive (purple) suip-
hated from AB positive (blue) nonsulphated mucins®.

With AB pH 2.5-PAS sequence, cells containing
both acid and neutral mucins usually showed purple,
bluish purple, or reddish purple staining. With AB
pH 1.0-PAS sequence, cells containing both sulphat-
ed and neutral mucins usually showed purple, bliuish
purple, or reddish purple staining. In the AF pH 1.7-
AB pH 2.5 sequence, cells staining bluish purple con-
taining both sulphated and nonsuiphated mucins.

RESULTS AND DISCUSSION

Examination of H-E stained sections of duodenal
mucosa of the controi group revealed no significant
histoiogical abnormalities. The histochemical stain-
ing patterns of mucins observed the goblet cells of
both villi and crypts of the duedenum in the control,
gramoxone-treated and gramoxone+Vvt. C~treated
groups are outiined in Tables 2~7.

The duodenal goblet cells of the control group con-
taining both acid and neutral mucins, although the
differences existed in amounts of mucins, tended to
increase amounts of acid mucins with the duration of
feeding time.

judging from the compositions of the acid mucins
in the duodenal goblet cells of the controi group, the
goblet cells containing sulphated and neutral mucins
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Table 2. PAS staining properties of mucosubstances of goblet celis in the duoderum of rats fed the experimental dicts

CG GG GVG*
Cells -
2wks 3wks Awks 2wks 3wks dwks 3wks 4wks
IWGC 3-4R>1-2R,+R 3R>1RxR  3-4R>»1-2R,xtR 3R>0,xR 2-3R, xR0 x-1R,0>2R  3-4R,+-1R>0 3-4R,x-1R>0
IWGC  3-4R>1-2R 3R> 1-2R,+R 3-4R>1-2R 3R> +-1R 2-3R>» R0 %-1R>2-3R,0 3-4R>1R,R  3-4R>1-2RxR
UCGC 3-4R>1-2R 3-4R>1~2R 3R>1-2R 2-3R>+1R, 0 2-3R>»+R0O +-1R>2R,0 3R>1-2R, xR0 1-3R> +R,0

LCGC 1-2R>+R, 3R ZR>1R+R  1-2R>3R, xR G,x-2R

0,£R>1-2R 1-2R,£R>0  1-3R>=zxR0 1-3R>+R -

Numbers indicate the relative intensity of the staining @ 4, very intense ; 3, intense ; 2, moderate ; 1, weak ; =, trace ; 0, absent

Abbreviation : CG, 18% casein diet (control group) ; GG, 18% casein +0.04% gramoxone diet (gramoxone group) ; GVG, 18%
casein +0.04% gramoxone + 3% L-ascothic acid diet(gramoxone~vitamin C group) ; UVGC, goblet cells of upper portion of
intestinal villi 3 (VGC, goblet cells of fower vilii ; UCGC, goblet cells of upper portion of intestinal crypts ; LCGC, goblet cells of

lower portion of intestinal crypts 3 R, red ; >, most marked
Others are the same as thase in Table 1

Table 3. Alcian blue pH 2.5 staining properties of mucosubstances of goblet celis in the duodenum of rats fed the experimental
diets ‘
CG GG GVG*
Cells
2wks 3wks 4wks 2wks 3wks 4wks 3wks 4wks

WWGC  2-3B>1B 3-4B>+B18  3-48>1B, +£B,0%>1-3B 1-4B,+B,C  +-1B0O>28 +-18>02-38  2-3B+-1B>Q
VG 38> +-28 3-4B>1B 3-4B>1-28  2-38>xB0  3B>4-18  :-1B0>28  3-4B>+-2B 3-4B>>1-28
UCGC  1-38 3B>48,+-18  3-48>1-2B 1-2B> +B,0 1-28,58,0 +-18>2B0 -18,>02-38 2-3€,2-18
LCGC  2-3B>>&-1B 2-3B>x-1B 2-3B>1-1B +B,0>18 +B0>1B  +-1B>2B +B>1-2B,0 +-2B>0

Abbreviation : B, blue. Others are the same as those in Table 1 and 2

were seen mixed with those showing nonsulphated
and neutral mucins, and the amounts of mucins in the
goblet cells were most prominent in the villi than in
the crypts [Fig. 1A, 2A, 3A, and 4A).

These observations are consistent with previous res-
ults®***_In the gramoxone-treated group, neutral
and acid mucins tended to decrease as compared wi-
th the control group, and this tendency was found to
be significant in the gobiet cells of 4 week-feeding
group. In the villi and crypts of duodenum, both stain-
ing properties of the goblet cells containing sulphated
mucins and the goblet celis containing nonsulphated
mucins appeared to decrease, and staining properties
of the former were severely affected rather than the
latter. And the goblet cells containing nansulphated
mucins tended to increase in number, while the go-
blet cells containing strong sulphated mucins tended
to decrease comparatively (Fig. 1B, 2B, 3B, and 4B).

Armounts of the neutral and acid mucins of the go-
blet cells appeared to increase all over again in the gr-
amoxone+Vt. C~treated group as compared with the
gramoxone-treated group. And the goblet cells secre-
ting nonsulphated mucins tended to decrease in num-
ber, while the goblet cells secreting strong sulphated

mucins tended to increase (Fig. 1C, 2C, 3C, and 4C).

In the gramoxone-treated group, the upper villi and
the crypts of duodenal mucosa showed changes in
the histological structures of goblet cells. Among the
goblet cells of the upper villi and crypts were pres-
ented a [arge number of the goblet cells with vacuol-
ation, demolition and indistinctness of cell membra-
ne (Fig. 1B, 2B, 3B, and 48). Especially, the lower cry-
pts were lined by a large number of immature goblet
cells.

in the gramoxone+Vt. C-treated group, the vacuo-
lation and demolition of the goblet cells were not sig-
nificant as compared with the gramoxone-treated
group (Fig. 1€, 2C, 3C, and 4C), while immature and
middle mature goblet cells were plentifully observed
in the Jower crypts of the former group. The results
obtained in the gramoxone-treated group were simil-
ar to the results of previous studies of DDVP, malath-
ion, dipterex and EPN*, bassa”, thiodan®™, and gra-
moxone* though some differences of morphological
changes and [ife span of goblet cells existed.

It has been found that the mucins of tissue play an
important role in the initiation and control of cell div-
ision, and there is no active tissue proliferation in the
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Ducdenum of rat showing goblet cells of villi in the control (1A), gramoxone (1B) and gramoxone + Vt, C groups (1C) fed
for 3 weeks.

PAS stain.x 400. In control group, PAS stainability of goblet cells appeared iniense or very intense red coloring. But in the
gramoxone group, the stainability of goblet cells become diminished markedly as compared with those of contro! group. And
disordered epithelial lining in the luminal surface of upper villi is seen. The demolition and vacuolation of goblet celis in

upper villi are also prominent features. No significant differences existed between control and gramoxone-vitamin C groups.

Fig. 1.

-3 ~
Fig. 2. Duodenum of rat showing goblet cells of crypts and vitli in the control (2A), gramoxone
group fed for 3, 4, and 3 weeks, respectively.
Alcian blue pH 2.5 stain.x 400. In the control group, the alcianophilia in the goblet cell of upper crypt appeared intense or
very intense blue coloring. But in the gramoxone group, the alcianophilia in goblet cells of upper crypt was markedly
diminished than those of control group and the demolition and vacuolation of goblet cells are also prominent features. The
alcianophilia of goblet cells of lower vilii in gramoxone-Vt. C group are markedly increased than those of gramoxone
group.

Y £l

(2B), and gramoxone + V1. C (2C)

: - B : B ; » = ) ]
Fig. 3. Duodenum of rat showing goblet cells of villi and crypt in the controf (3A), gramoxone (3B} and gramoxone + Vt, C gro-
up (3C) fed for 4, 3, and 4 weeks, respectively,
Alcian blue pH 1.0-PAS stain. < 400. In the control group, most of goblet cells in lower villi appeared intense to very intense
purple coloring. In the lower crypts of gramoxone group, the stainability of goblet cells decreased severely as compared with
those of control group, In the upper crypts of the gramoxene-Vi. C group, no significant differences existed between control
and gramoxcne-vitamin C group.
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Fig. 4. Duodenum of rat showi
fed for 3 weeks.

ng goblet cells of lower villi in the control (4A), gramoxone (48) and gramoxone-Vt. C group (4C)

it e T

Aldehyde fuchsin pH 1.7-alcian blue pH 2.5 stain. X 400. Most of goblet ceils of control group appeared intense purple or
blue coloring. In the gramoxone group, the stainability of goblet cells decreased severely as compared with those of
control group. However, the stainability in the goblet cells of gramoxone-Vt. C group increased obvicusly as compared

with those of gramoaxane group.

abscence of mucins®™. Additionally, it proved that un-
stable mucopolysaccharide—calcium complexes in
tissue resulted from the radiation of X-ray, the presen-
ce of viruses, external wounds, changes in the secret-
ion of hormones, changes in the metabolism of calc-
um ion, and also from a lack in the supply of mucins.
Those conditions cause abnormal cell division™™.
Mucins secreted from mucous cells in the digestive
tracts play an important physical role as a lubricant
on the surface of the mucosa in the digestive tract.
They protect the mucosa of the digestive tracts from
various chemicals, toxins of disease, mechanical sti-
rulation, and various kinds of digestive enzyme™2.

The cell surface sialoglycopeptides appear to play
a role in celiular recognition phenomena® and the
sulphated mucins may be related to cellular prolifer-
ation®*, Changes in the mucous protective barrier
has been suggested as a basis for chronic gastric uicer
and acute ulceration of the stomach or duodenum.
An alteration in this barrier might result from decreas-
ed mucin production, thereby rendering that the gast-
ric mucous membrane is more susceptible to dama-
ge. Also, acute and chronic ulcer diseases induced
histochemical changes in the preformed mucins and
a decrease in production of mucins™.

It was suggested that carcinoma cells of stomach
may be arised from immature mucous cells of regen-
eration and proliferation or metaplastic mucous cel-
15", Also, those metaplastic cells may be change to
malignant type through stages of hyperplasia, dyspla-

sia, and anaplasia and chronic gastritis and carcino-
ma of the stomach induced changes in the composi-
tions and contents of the mucins in the gastric muco-
sa™. As in humans, histological normal mucosa adja-
cent to carcinomas of the large intestine showed that
there is an increase of nonsulphated mucins(sialomu-
cins) accompanied usuaily by a decrease or abscence
of the sulphated mucins (sulphomucins), in contrast
with normal mucosa in which sulphated mucins pr-
edominate.

The rectal mucosa with ulcerative colitis and Cro-
hn's disease of human showed that there was an inc-
rease of nonsulphated mucins accompanied usuaily
by a decrease of suiphated mucins which were pre-
dominate in the normal mucosa®™. The part played
by sialic acids is not yet known. It suggests that tum-
or cells are coated with neuraminidase-sensitive sia-
lic acids which may not only hide their antigens from
the host, but also shield them from his immunocom-
petent cells™.

Increased amounts of sulphated mucins in intestin-
al mucosa have been considered to be related to the
decteased solubility of such mucus in patients with
cystic fibrosis™.

Decreased amounts of galactosamine in granuiat-
ion tissue and costal cartilage of guinea pig with scu-
rvy have been considered to be related to an injury
in the metabolism of mucins, Moreover, the produc-
tion of galactosaminoglycan containing galactosam-
ine was infringed by the lower sulphate (*S) absorpt-
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ion and lower content of galactosamine. Furtherm-
ore, changes in the mucins content resulted from stri-
kingly decreased content of VL. C in adrenal gland,
and occurred when the decreases of body weight sta-
rted"”.

Gramoxone+Vt. C-treated group has been obser-
ved in an increase of amounts of acid and neutral
mucing as compared with gramoxone-treated group.
And, restored histochemical properties of mucins
and, morphological changes of goblet cells in the villi
and crypts of duodenum were usually accompanied
by an increase of immature and middle mature gobl-
et cells in the lower crypts.

Consequently, our results suggest that ascorbic
acid alleviates not only the toxicity of the morpholo-
gical changes of goblet cells by gramoxone, but also
the toxicity of the metabolism of mucins.
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