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ABSTRACT

Schistosomiasis is the second
most prevalent tropical disease in the
world after malaria and is caused by
the Schistosoma, genus of fluke. The
pathophysiology of schistosomiasis is
due to the immune response against
the schistosome eggs. The clinical
manifestations depend on the species
of parasite, intensity of worm burden,
and immunity of the person to the
parasite. Many trials were done for
production of vaccine against infec-
tion of shistosomiasis and many ef-
forts were spent to prevent infection,
but the rate of new cases is still high.
On the other hand, we need a meth-
od to prevent or at least decrease the

1

-

inflammatory reaction caused by
schistosomiasis. This study aimed to
the evaluation of possible protective
effect of anti-oxidant b-carotene on
S.mansoni infected mice or decrease
the inflammatory reaction caused by
schistosomiasis. Sixty mice were
included in this study and they were
divided into 4 groups, every group is
15 mice:Group (1): (treated infected
group); Group (2): (treated non-
infected group); Group (3): (infected
group) and Group (4): (normal con-
trol). The results: b-carotene reduced
worm .burden to about 20%. b-
carotene significantly reduced hepatic
and intestinal tissue egg load with a
reduction percentage of 26% and
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2 THE PROTECTIVE ROLE OF ANTI-OXIDANT etc..

18% respectively. b-carotene normal-
ized the serum enzyme AST that
were elevated by schistosomal infec-
tion. b-carotene did not significantly
change serum proteins both in infect-
ed and non infected animals. b-
carotene exerted immunomodulatory
effects on inflammatory reaction of
hepatic schistosoma reflected as sig-
nificant reduction in mean cellular
infitration diameter, more circumscrip-
tion and less inflammatory cellular
content, as well as more inflammatory
reaction changes in schistosomal
ova. We recommended further stud-
ies to judge the protective efficacy of
b-carotene through histological study
of animal skin and to judge its thera-
peutic efficacy if administered adju-
vant with antibilharzial therapy.

INTRODUCTION

Schistosomiasis is the second
most prevalent tropical disease in the
world after malaria and is caused by
the Schistosoma, genus of fluke (7).
In some parts of the world, it is also
known as bilharzia in honor of Theo-
dore Bilharz who is the first identified
the etiological agent for Schistosoma
hematobium in Egypt in 1851 (10),

Recent, World Health Organiza-
tion (WHO) reports estimate that 500-
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600 million people in 74 tropical and
subtropical countries are at risk for
schistosomiasis. Over 200 million
people in these countries are infect-
ed. Of these, 120 million are sympto-
matic, with 20 million having severe
clinical disease (16). In Egypt, schis-
tosomiasis is not only a prime health
problem, but it is also an economic
one, as it affects millions of farmers at
an early age, diminishing their pro-
ductivity and exerting a serious soci-
oeccnomic preblem.

The pathophysiology of schistoso-
miasis is due to the immune response
against the schistosome eggs. The
clinical manifestations depend on the
species of parasite, intensity of worm
burden, and immunity of the person
to the parasite (15),

Many trials were done for pro-
duction of vaccine against infection
of shistosomiasis and many efforts
were spent to prevent infection, but
the rate of new cases is still high.
On the other hand, we need a
method to pievent or at least
decrease the inflammatory reaction
which could be caused by schistoso-
miasis.

B-carotene, is an important micro-
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nutrient with antioxidant capacity
widely distributed in leafy vegetables,
carrots and certain red and yellow
fruits. B-carotene is a lipid soluble
chain breaking antioxidant and is the
most common carotenoid in food (26),
B-carotene has been accepted to
function as precursor of retinoic acid;
quencher of electronically excited
species such as singiet oxygen and
antioxidant in tissues and plasma
(32), Several studies have shown
that B-carotene act as antioxidant (4),
can enhance immune function inde-
pendently of any provitamin activity
(3), enhance epithelial integrity (35),
has anti-inflammatory activity (27),

and anti-cancer activity (anti-
carcinogenesis) (24),
AIM OF THE WORK

This study aimed to the evaluation
of possible protective effect of anti-
oxidant pB-carotene on S.mansoni
infected mice or decrease the in-
flammatory  reaction caused by
schistosomiasis.

MATERIALS AND METHODS
Sixty mice were included in this study
and they were divided into 4 groups,
each group is 15 mice:

Group (1) : (treated infected group),

the mice received b-

carotene 2mg/kg b. wt., dai-
ly for five consecutive days
and then infected with
8010 S. mansoni cercari-
ae for each mouse.

Group (2) : (treated non-infected

group), the mice were re-
ceived b carotene 2mg/kg
daily for five consecutive
days.
Group (3) : (infected group),
the mice infected with
80+10 S. mansoni cercari-
ae, per-mouse.

Group (4) : (normal control), the mice
representing  non-infected
non- treated.

Scarification of mice was done 9
weeks post infection.

The study included the following
items:

1- Parasitology: study of worm bur-
den and worm distribution in he-
patic and intestinal vasculature, as
well as tissue egg counting in he-
patic and intestinal tissue.

2- Histological study of the different
changes in both hepatic and intes-
tinal tissue to study possible
changes or modifications in schis-
tosomal lesions and hepatic fibro-
sis.

3- Laboratory estimation of some liver
function tests (serum total protein,

MANSOURA MEDICAL JOURNAL
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serum albumin, serum globulin,
"ALT", and "AST") and Kidney
function tests (serum urea).

RESULTS
In relation to the worm burden

The percentage of worms recovered
from the liver of S.mansoni infected
mice group 3 was reached 18.5%.,
while those recovered from portome-
sentric veins reached 81.5%. On the
other hand, in the group (1) the per-
centage of worms in the liver was
about 26.8% while the remaining is in
the portomesentric tributaries and
there was no hepatic shift occurred in
group (). In hepatic and intestinal
vasculature, the mean number of
worms was 24.8 worm/mouse in
group (3) while in group (I) was 19.8
worm/mouse and there was a signifi-
cant reduction between the two
groups of mice (P.0.<.01) by 20.2%.
So, it was found that the worm bur-
den is less in group (I) than in group
(3). This reduction of worm burden
was 20% and this is due to adminis-
tration of b-carotene Table (1),

The number of schistosoma ova
per gram liver tissue reached 15-16 x
103 ova/g. tissue, while that of intes-
tinal tissue was 19- 20 x 103 ova/gm.
tissue in group (3), while in group (I)
the ova count was 11 X 103 ova/g liv-
er and 15 -16 x103 ova / g. intestine.
So, in group (1), the tissue ova counts
Vol. 36, No. 3 & 4 July., & Oct, 2005

significantly declined where the per-
centage of reduction reached about
18.02% and 26.7% in the intestine
and liver respectively.

Table (2)

Laboratory estimation of serum
proteins, globulin, A/G ratio are the
same in both groups (I) and (3). b-
carotene did not significantly change
serum proteins in both infected and
non infected animals. Table (3). He-
patic transaminases (ALT, AST) were
significantly lower in group (l) than
group (2) Table (4). Blood urea of
group (3) was elevated than group
(4). Blood urea of mice infected by S.
mansoni cercariae was significantly
(p>0.01) elevated if compared with
group (4) Table (5).

About the inflammatory cell for-
mation  and its effect on the egg;
Regarding histological examination
of hepatic sections 9 weeks post in-
festation, we found multiple periovu-
lar inflammatory cells in both portal
tracts and hepatic lobules. The di-
ameters of the inflammatory cells
ware less and occupied more re-
stricted site in group (l) than in group
(3). Table (6): showed that b-
carotene exerted immunomodulato-
ry effects on hepatic schistosomal
inflammatory reaction reflected as
significant reduction in mean inflam-
matory cell diameter.



Table (1):The effect of oral administration of - carotene on the worm
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burden and worm distribution in infected S. mansoni

Atk Miesn G - Worm distribution
Group No. of | parasitic | worm | Mecan
mouse | reduction in n.of | nieann.of
worms liver | pairs e
Liver Intestine
. E o | 2 | 2 = 2 |l
2 |e|ls|E|S | |2]|E
- IE ISIZFE-I® [|&|8

[ Treated
| Infected

| “Groupl™ | 1.04 032]04] 06 ]03]02] 02] 0.5
Infected | 24.8
“Group3” _ - _ = = = =
0.86 0.38 1038 1.06103]02]0.01] 0.4
SR S == e . e

* indicate highly significant (P<0-01

Table (2): The effect of oral administration of anti-oxidant [}-carotene on the ova
count in intestinal and hepatic tissue of infected mice.

Animal group Intestinal ova count/g tissue Hepatic ova count/g tissue
Mean SE % reduction Mean SE % reduction
- . -_U
Treated 15650.3 11210.3
Infected 2 18.03 o 26.8
“Groupl” 492.5 2754
Infected 19114.4 15298.9
“Group3” _ 22
688.9 648.9

Indicate highly significant P<0.01

Table (3): The effect of oral administration of anti-oxidant B-carotene on the
serum protein. globulin, and A/G ratio, of infected S. mansoni mice.

Animal Protein gm / | Albumingm/ § Globulin gm Albumin /
Groups dL dL /dL Globulin ratio
Group 1 5.06 0.1 34 0.1 25 8.1 14 0.1
e e
Group 2 %13-20.} 33 04 24 0.2 1.): 02
aax i s B
Group 3 o 34 0.06 28 03 1.3 0.1
s T o2
Group 4 5.7- 01 34 007 23 02 15 03
e — on. e
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Table (4): The effect of oral administration of anti-oxidant B-carotene on hepatic
enzymes of infected mice.

Animal groups ALT Unit/ ml AST unit/ ml
Group | 422 1.6* 32.7 2.2%
st
Group 2 384 1.7 348 1.9
= e R
Group 3 47.2+2.4* 48.05+2.5*
Group 4 362 1.6 33.6 2.05
B 1 T T

2w
- *Indicate highly significant P<0.01 if compared with group ().
- #Indicate highly significant P<0.01 if compared with group (1)
- Values are expressed as mean _S.E.

Table (5) :The effect of oral administration of anti-oxidant B-carotene
on the blood urea of infected mice.

Animal groups Blood urea mg/dl
e a0 =ty

Group 1 49.01 4.6

S

Group 2 40.8 23
T AT

Group 3 563 2.8*
Group 4 399 1.9
S5 BT

* [ndicate highly significant p>0.01, if compared with group (4).
- Value are expressed as mean _ S.E.

Table (6) : The effect of oral administration of anti-oxidant f3-carotene on the
inflammatory cell diameter of infected mice .

Animal group inflammatory cell diameter
Group | 217.4_llS.65*
Group 3 294.7 16.18

AT T

* Indicate highly significant (P<0.01)
- Value are expressed as mean _ S.E.

Vol. 36, No. 3 & 4 July., & Oct, 2005
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Fig. (1) : Hepatic section of infecied

mice for 9 weeks. Large
cellular infeltration(IC) formed

of densely packed
inflammatory cells with
irreguiar outline (arrow),

surrounding intact ova ( head
arrow) (with still nucleated
miracidium).Hx and cosin
stain (x 200).
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Fig. (3): Hepatic section of infected mice
for 9 weeks.Note the following large
fibrocellular infilteration (CI) in the
peripheral area suarrounding dead ova
(arrow) , central area of collagen
fibers(CF), vaculated hepatocytes (V)
and ghosts of cells(g). Hx and cosin
stain (x200)

Fig. (2): Hepatic section of infected
mice treated by B-Carotene.
Small area of cellular

infeltration (CI) with regular
outline (arrow)surrounding
dead ova (head arrow). Hx and
cosin stain (x200).

-
3
-

¥

-QP&
o Rt
o

d 2=V
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Fig: (4) Hepatic section of infected mice
treated by B-carotene. Fibrocellular
inflammatory cell(IC) smaller in
size, with.less inflammatory cells,

-small central area of collagen
fibers(CF). partial improvement
of hepatocytes(H) and small ova

(armow)in  comparisone  with
Fig.3). Hx and cosin stain (x
200).

MANSOURA MEDICAL JOURNAL
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Fig: (5): Hepatic section of infected mice
treated by P-carotene. Note the
following:small ova in terminal
venulc(arrow) and failure to develop

Fig. (6): Hepatic section of infected mice
treated by P-carotene. Note the
following:deformed ova (arrow),
in the central vein (cv)with

cellular infeltration(CI) in hepatic surrounding scanty cellular
parenchyma. Hx and cosin stain infeltration(CI), scattered
(x200). inflammatory cells(head arrows)

in between the hepatocvtes. Hx
and cosin stain (x 400).

Fig. (7): Section of small intestine infected Fig. (8): Section of small intestine infected
mice for 9 weeks. Cellular {nif-c [br? weeks. Multiple cc]lulfir
infeltration(Cl) developed in infeltration(CIl) developed in
between the clands of the mucosal between the glands of the mucosal

-] ol SN
layer and areas of fibrosis (arrow). 1'l:\Lr i t{b.0515 (F).Mnssan
s 3 5 trichrome stain (x 400).
Masson trichrome stain (x 200).

Vol. 36, No. 3 & 4 July., & Oct, 2005
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DISCUSSION

As regards the worm burden and
distribution, it has been widely dem-
onstrated that the number of adult
S.mansoni that can be recovered by
portal perfusion is generally about 40-
50% of the numbers of cercariae to
which the host was exposed six or
more weeks previously, however the
sites of attrition of schistcsomes that
fail to mature has not been clearly es-
tablished (20),

When the worms are affected by
the presence of an extraneous chemi-
cal compound within the host, they re-
lease their hold on the walls of the
host vessels and subsequently swept
by the blood flow out of the mesenter-
ic and hepatic vessels. If they are not
seriously damaged by phagocytes
they will be return to their normal
sites, when the compound is with-
drawn or excreted , this movement to
and from the liver is termed as the he-
patic shift, and it is reflected by abnor-
mally high proportion of worms in the
liver of the treated host (12), and is
commonly used to detect and evalu-
ate antischistosomal properties (30),

In this study, the worm burden
was found less in group (1) than
group (3). This may be attributed to

enhancement of skin integrity by b-
carotene, that may retard or hinder
cercarial skin penetration. The en-
hancement of gap junction intracellu-
lar communication by b- carotene
was demonstrated by (35). There
is physiological non-immune mecha-
nism promote the resistance of
animal models to infection with
schistosmes such as skin thickness
(31). Wagmann et. al, (1993) (33),
showed that there is contribution
towards resistance against schisto-
somes by immune response mediat-
ed by a number of different leucocy-
tes including macrophages,
neutrophils , natural killer cell, T-
and B-lymphocyte. On the other
hand , mice deficient in B-lymphocyte
have higher susceptibility to S.
mansoni infection  judged by in-
creased egg tissue load and elevated
mortality.

The percentage of worms recov-
ered from the liver of S.mansoni in-
fected mice group 3 was reached
18.5%., while those recovered from
portomesentric veins reached 81.5%,
these agree with that of (12) and (13)
whom reported 80% and 84% re-
spectively. In the present work this re-
duction in worm burden after caro-
tene administration gives a very good

MANSOURA MEDICAL JOURNAL
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promising level of protection at the
tested dose

As regard to schistosoma ova: By
studying the intestinal and hepatic
ova count,Abdel-Wahab, () conclud-
ed that each worm pair produces
300-3000 eggs daily for the duration
of life span, which may reach 38
years. In the present work: egg sount-
ing in hepatic and intestinal tissues of
group (1) is less than in group (3) with
a statistical significant. So, carotene
significantly reduced hepatic and in-
testinal tissue egg load with a reduc-
tion percentage of 26% and 18% re-
spectively. The high proportion of ova
in the intestinal tissue than in the liver
may be due to increased proportion
of pairing among schistosomes in the
portomesentric tributaries and most of
eggs actually trapped in the wall of
large intestine rather than liver (13),
The reduction in the ova count and its
correlation with reducing number of
worms was proved by (28) who con-
cluded that any reduction in worm
burden should be result in a corre-
sponding decrease in the number of
oviposition.

The results of serum proteins ac-
tivity obtained in the present study re-
vealed non significant changes in ser-

Vol. 36, No. 3 & 4 July., & Oct, 2005

umn total protein, albumin, and globu-
lin in S.mansoni infected mice and
control group. The same results were
reported by (8). On the contrary, sev-
eral studies demonstrated reduction
in serum total protein in response to
schistosomal infection in mice (2).

As regard Liver enzymes "ALT"
and "AST", our results showed in-
creased level in case of S.mansoni
infected group (group 3) compared
with normal control group. This could
be attributed to liver cell damage and/
or impaired permeability of cell mem-
brane (9). Our results agree with that
of (22) who reported the same results.
Cha et al., (1980)(®) explained the el-
evated "ALT" and "AST" level being
due to the heavy schistsoma eggs
deposition lodged in the micro vascu-
lature of the liver.

The level of "ALT" and "AST" in
the treated group did not show signifi-
cant changes if compared with control
group, these were explained by (21)
who reported that (carotene did not
cause adverse side effect on hepato-

cyte.

On the other hand, the serum
transaminase "AST" level has tenden-
cy for normalization in treated infect-
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ed group (group 1) if compared with
infected group (group3). This could
be due to decrease in egg production
and decrease in worm burden which
were evidenced in parasitological part
of this study. Konoplia et. al, (19296)
(17) showed that carotene decreased
the level of the biochemical signs of
the hepatocyte injury and lowered or
abolished the immunosuppressive ef-
fect of toxins. Also, there is immu-
nomodulatory effect of carotene in
toxic affection of the liver associated
with blocking or retarding of entry of
the suppressing substances to the
vasculatures channel of the hepato-
cyte and _carotene protects the cell
against cytotoxicity and genotoxicity
(18),  EL-Shiekh et al, (1989)
(1)reported a significant improve-
ment in the level of serum transami-
nases (ALT and AST), the general
health and nearly disappearance of
clinical signs together with correction
of nearly all the disturbed parameters
of male Friesian calves with vitamin A
deficient diet after given intramuscu-
lar injection of single dose of vitamin
A at a rate of 10.000 unit per head cf
male Friesian calves.

The level of serum urea was found
to be remarkably increased in
S. mansoni infected mice the

same results was recorded also by
(22) who regarded that to the en-
hanced catabolism of tissue proteins
and nucleic acid in schistosomal in-
fected mice. It is well known that in-
creased degradation of protein is fol-
lowed by elevated blood urea. Also,
antigen antibody complex in schistos-
oma infected mice was found to be
accumulated iin the glomerulus caus-
ing reduced filtration rate. Much im-
provement was achieved in serum
urea in group (1) may be attributed to
that b- carotene and vitamin A are
necessary for enhancement of the
metabolic processes of protein and
non protein nitrogen compound (11),

The inflammatory reaction related
to infection by S. mansoni is caused
by the host cell mediated response
against antigens from the parasite
eggs, which results in hepatic and in-
testinal glaucomatous inflammatory
reactions (29).

In this study, administration of
beta-carotene in schistosoma manso-
ni infected mice resulted in hepato-
histologically picture as:-

1- Significant reduction in mean in-
flammatory cell diameter, restricted
site of inflammatory cell reaction and
less inflammatory cellular content.

MANSOURA MEDICAL JOURNAL
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These immunomodulatory effect can
be attributed to the anti-inflammatory
activity of p-carotene (5), enhance-
ment of T- lymphocyte proliferative re-
sponse by beta-carotene (3) , and to
the anti-oxidant or anti-cytotoxicity ac-
tivity of beta-carotene (18).

2- More inflammatory reaction in
deposited schistosomal ova ; the site
of artigen that trigger inflammatory
response; such that some ova failed
to induce inflammatory cell reaction ,
attacked by pigmented macrophage
cells, and undergo inflammatory reac-
tion while still in terminal venules.
This reflects the anti-cytotoxic activity
of b-carotene and its enhancement of
phagocytosis of the macrophage cells
that developed from either tissue his-
tiocytes or peripheral blood monocy-
tes, (3).

Several studies have shown that
carotenoids can enhance immune
func:ion independently of any provita-
min activity (). The mechanism of
immuno-enhancement may include
the antioxicant singlet oxygen trap-
ping capacities , enhancement of T-
and B- lymphocyte proliferative re-
sponse to mitogen , and increasing
cytotoxic T- cell and macrophage tu-
mor killing activity (3). Hoglent et al.
(1997)(14) stated that large dose of vi-

Vol. 36, No. 3 & 4 July., & Oct, 2005

tamin A enhances both Kupffer cell
and peripheral monocyte cell func-
tion, i.e. phagocytosis. and consump-
tion of carotenoid rich vegetable en-
hance N-K cell number as well as
lymphocyte proliferation. There are
several possibilities for the anti-
inflammatory action of p-carotene,
one of which involves thie neutrophils
which is not only a mediator , but also
a promoter of inflammation (5). Beta
carotene protects the cell against cy-
totoxicity and genotoxicity (18) . The
upregulation of the activity of the
phagocytic cells , Kupffer cells and
peripheral blood monocytes may play
a role in the vitamin A against chemi-
cal-induced liver injury (14),

Summary: B-carotene reduced
worm burden to about 20%.b-
carotene significantly reduced hepatic
and intestinal tissue egg load with a
reduction percentage of 26% and
18% respectively.B-carotene normal-
ized the serum enzyme AST that
were elevated by schistosomal infec-
tion, the decline in "AST" after B-
carotene was significant. B-carotene
did not significantly change serum
proteins both in infected and non in-
fected animals. p-carotene excerted
immunomodulatory effects on hepatic
schistosomal histogenesis reflected
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as significant reduction in mean in-
flammatory cell diameter, more cir-
cumscription and less inflammatory
cellular content, as well as more in-
flammatory reaction in schistosomal
ova.

We recommended further studies
to judge the protective efficacy of

B-carotene thrcugh histological
study of animal skin and to judge
its therapeutic efficacy if admin-
istered adjuvant with antibilharzial
therapy.
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