
The Egyptian Journal of Hospital Medicine Vol., 8 :18 – 31                  September 2002  

                                                                                                                  I.S.S.N: 12084 

                                                                                                                 1687-2002 

 

 

On The Interaction between Induced Diabetes Mellitus and Schistosomiasis: 

Mechanism and Protection 
 

Nahla S. El-Shenawy and Maha F. M. Soliman 
 

Zoology Department, Faculty of Science, Suez Canal University, Ismailia, Egypt. 
 

 

Abstract 
         In this study mice were percutaneously exposed to 50 S. mansoni cercariae. Seven weeks 
post infection (pi), infected mice were either injected i.p. a single dose of alloxan (200 mg kg

-1
) 

or treated with a single dose of alloxan followed, three days later, with daily i.p. treatment of 

ethanolic extract of Cleome droserifolia (0.31 g kg
-1
) for 18 days. Diabetes mellitus (DM) 

affected characteristics of Schistosoma infection as shown in alteration of oogram pattern, 
impairing of egg maturation and lowering of faecal egg output. However, extract treatment 

(EXT) affected the previously mentioned aspects in addition to its remarkable effect on worm 

load, diminishing of hepatic granulomas and suppressing the formation of involutional 
granulomas. Results indicated that DM increased the complications of schistosomiasis that was 

manifested by the augmented increase of serum glucose level, the severe decrease of serum 

thyroid hormones (tri-iodothyronine; T3 and tetra-iodo-thyronin; T4), insulin levels, liver 
glycogen content and hepatic DNA. In addition, a decrease in hepatic GSH that was 

accompanied by an increase in serum uric acid were observed in infected-DM mice. Serum total 

proteins concentrations were obviously decreased and some of protein fractions were also 

decreased or absent in both infected and infected-DM mice except for gamma globulin that was 
increased in both groups. EXT succeeded efficiently to alleviate these alterations in infected-

diabetic mice, to various extents. The beneficial effects of EXT on thyroid and pancreatic 

hormones status seem to be contradictory to its beneficial anti-schistosomiasis effects. This 
contradiction may suggest that EXT exerts its beneficial effects through its direct effects on the 

parasite, not secondary to its effect on the host. The current results showing differential effects 

of both diabetes and extract on schistosomiasis, though both are beneficial, serve to corroborate 

this hypothesis.  
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Introduction 
         The physiological relationship betw-
een S. mansoni and its host is complex 

moreover, the details of several bioche-

mical processes affecting this relationship 
are still to be determined

 
(Neves et al., 

2002). Host provides a nutrient-rich enviro-

nment from which the parasite benefits by 
taking up copious amounts of glucose and 

other metabolites needed for its develo-

pment and reproduction. Since the host 

environment is crucial for the biology of the 
parasite, therefore, changes in the host 

metabolism due to other illnesses, or 

physiological complications could alter the 
normal course of schistosomiasis (Hulstijn 

et al., 2002). Doubtless, changes in the 

metabolic pathways of mammalian hosts 
should affect schistosomiasis, as metabolic 

changes accompanying malnutrition 

(Rocha, 1982), vitamin deficiency 
(Turchetti-Maia et al., 1983), administrat-

ion of enzyme inhibitor or hormonal 

therapy (Chen et al., 1991) and insulin- 
dependent diabetes mellitus

 
(Hulstijn et al., 

2001 & 2002).  

         The importance of several hormones 

(insulin, steroids and thyroid hormone) on 
worm development, egg production and the 

way schistosomes might exploit host 

signaling molecules to evade the hosts' 
immune system was emphasized 

(Mendonca et al., 2000 and Salzet et al., 

18 
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2000). Moreover, Pearce et al. (1991) 

reported that egg production of S. mansoni 

was associated with a switch from a cellular 
response (thymic helper 1; Th1) to humoral 

response (thymic helper 2; Th2) in the host. 

Besides, the spontaneous development of 

diabetes mellitus (DM) in non-obese 
diabetic mice has been shown to be 

mediated by a Th1 response against beta 

cell antigens (Cooke et al., 1999).  
         Cleome species have been used in 

folk medicine since ancient times. Among 

the disorders treated are scabies, rheum-

atism, and inflammation (Hussein et al., 
1994). Cleome droserifolia has hypogly-

cemic properties (Yaniv et al., 1987) and 

possible antimalarial effect (Nicola et al., 
1996).  

         Therefore, this work aimed to 

determine whether incidence of DM or 
treatment using C.droserifolia extract could 

influence schistosomiasis and to investigate 

the relationship between the schistose-

miasis  and diabetes.  
 

Materials and Methods 
 

Infection, Induction of Diabetes and 

Treatment  
         Forty male Swiss albino mice were 

supplied from experimental research center 

of Theodor Bilharz Institute, Cairo, Egypt, 
and weighing 20-22 g. The mice were 

housed in controlled temperature and fed 

standard diet ad labium and were randomly 

divided into different experimental groups. 
Group (I) served as non-infected control (n 

= 10). Thirty of mice were percutaneously 

exposed to 50 S. mansoni cercariae 
(Egyptian strain) and were equally divided 

into 3 groups. Group (II) was non-treated 

infected mice and group (III) was injected 

i.p. a single dose of alloxan (200 mg kg
-1
 

body weight) (Szkudelski, 2001). Group 

(IV) was treated with alloxan as previously 

mentioned in group II, then 3 days later this 
group was treated daily with ethanolic 

extract of C. droserifolia (Egyptian 

pharmacopoeia, 1984) at dose rate 0.31 g 
kg

-1
 for 18 days. This dose was determined 

according to preliminary studies that proved 

its effectiveness (unpublished data). 

Treatment regimens were started seven 

weeks post-infection (pi). Three days after 

administration of alloxan, blood glucose 
levels were measured in all animals; 

alloxan-treated mice having blood glucose 

level less than 120 mg dl
-1
 was excluded 

from this study.  

 

Parasite load and Kinetics of Faecal Eggs 

Releasing 
          Seventy days after cercarial exposure, 

all animals were sacrificed. Adult worms 

were recovered from the portal and 

mesenteric veins by perfusion (Smithers & 
Terry 1965). For intestinal egg counts 

(oogram pattern), 1 cm long fragments from 

the beginning of the distal part of the small 
intestine were crushed between two glass 

slides (Machado-Silva et al., 1991). 

According to Prata (1957), one hundred per 
oogram were randomly chosen and quail-

fied under bright field microscopy (100X).  

         Feacal sample were collected three 

times per week starting from week 7 pi till 
the end of experiment from each mouse 

individually. The faeces were processed 

according to the Kato-Katz technique (Katz 
et al., 1972) where three slides per animal 

were inspected. 

 

Biochemical Alterations 

         Blood glucose concentrations were 

measured using Glucometer Elite test 

(Hulstijn et al., 2002). Serum total proteins 
were determined using Bio-Rad protein 

assay reagent (Bio-Rad Laboratories, 

Hercules, CA. USA). Serum uric acid was 
determined at 546 nm using enzymatic 

colorimetric method (uricase-PAP) (Fossati 

et al., 1980). Serum insulin concentrations 

were estimated using an enzyme-linked 
immunosorbent assay (ELISA) kit 

(Mercodia AB, Uppsala, Sweden) with rat 

insulin as a standard (Starr et al., 1978). 
Levels of serum T3 and T4 were measured 

using ELISA kit (Mercodia AB, Uppsala, 

Sweden) according to Chopra et al. (1971) 
and Liewendahi (1990), respectively. Liver 

glycogen and reduced glutathione (GSH) 

levels were determined according to Seifter 

et al. (1951) and Beutler et al. (1963) 
respectively. 
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Blood Electrophoretic Pattern 

          Technique of cellulose acetate zone 

electrophoresis was used for analyzing 
plasma protein (Rand & Murray, 1999). 

Electrophoresis of sample in electrolyte 

buffer (Tris-barbital-sodium barbital, 

Electra HR buffer Helena, Laboratories, 
U.K., Cat # 5805) pH 8.8, was performed 

for 25 minutes and the current was adjusted 

to 250 volts. Separated protein bands were 
visualized in characteristic position after 

being stained (Ponceau's fixative dye 

solution, Helena Biosciences, Sunderland, 

Tyne and wear, SR 53XB) for 5 minutes. 
Then, they were rinsed in 95% glacial 

acetic acid: ethanol (3:7; V/V). 

Densitometer scanning converted bands to 

characteristic peaks of albumin, 1-

globulin, 2-globulin, - globulin and - 

globulin. 

 

Kinetics of Granuloma Formation and 

nucleic acid Analysis 
          Specimens of Liver were fixed in 

10% buffered formalin for histological 

examination using haematoxylin and eosin.  

Granuloma size was determined in 
histological sections by using an optical 

micrometer. 70 granulomas with central 

ovum were examined; data are presented as 
mean cross-sectional diameter ± standard 

error (SE).  Density of total granuloma 

formation and number of each stage in an 

area equal to 1 mm
2
 were analyzed by 

bright field microscopy.  Granulomas were 
classified according to Lenzi et al. (1998) 

being discriminated to exudative and 

involutional stages. For visual evaluation of 

hepatocytic nucleic acids content, liver 
sections were stained using methyl green 

pyronine (Bancroft & Stevens, 1996).  

 

Statistical analysis 

  The statistical program SPSS 11.0 

for Windows was used for data processing. 

Data was given as mean ± SE. One-way 
analysis of variance followed by Tukey–

Kramer multiple comparisons test was 

used.  

 

Results 
         Results of worm recovery from each 

infected group were shown in Table 1. DM 
had no effect on worm recovery while 

extract treatment (EXT) seemed to affect 

the worm burden slightly with a reduction 
rate 13.5% as compared to infected-DM; 

this reduction was observed mainly in 

number of total female worms (P < 0.01). 

Consequently, the sexual bias (male per 
female worms) was changed in EXT mice.  

 

Table 1: Male and female worms recovered from mice infected with 50 cercariae of S. 

                mansoni at week 10 pi under different treatment regimens 

 
Results are given as mean ± SE of eight mice in each group. a (p < 0.05) infected-DM versus  EXT.  

 

         Intestinal oogram pattern was given in 

Table 2. Both DM and EXT increased the 
percentage of total dead eggs. DM mainly 

affected dead immature eggs while the 

effect of extract was on dead mature ones 

(Table 2). The percentage of live mature 
and immature eggs was rather different 

between groups, as well as the percentage 

of live and dead eggs. Low percentages of 
live mature and immature eggs were found 

in infected-DM mice as compared to 

fectedgroup while EXT resulted in low 

percentage of live immature ones. 

Groups 

Male 

worms 

hepatic 

Female 

worms 

hepatic 

Total 

Worms 

hepatic 

Male 

worms 

Promesent. 

Female 

worms 

Promesent. 

Total 

Worms 

Promesent. 

Mean total 

worms 

Infected 
5.4 

±  0.5 
2.8 

±  0.4 
8.2 

±  0.9 
8.5 

±  0.4 
4 

± 0.28 
12.5 
± 0.2 

20.7 
± 0.9 

Infected - 

DM 

5.3 
±  0.45 

2.12 
±  0.35 

7.4 
± 0.8 

8.5 
±  0.9 

3.4 
±  0.4 

11.9 
±1.1 

19.3 
±1.9 

EXT 
4.5 

±  0.8 

3.00 

±  0.5 

7.5 
± 1.3 

6.5 
±  0.7 

2.7  a 
±  0.3 

9.2 

±  0.9 

16.7 a 
± 1.01 9 
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Table 2: Intestinal oogram pattern of mice infected with 50 cercariae of S. mansoni at 

week 10  pi  under different treatment regimens. 

 

 

Results are given as mean ± SE of eight mice in each group.  
a 
(p < 0.001) infected versus infected-DM  

groups; b (p < 0.001) infected-DM versus EXT groups. 
 

 

The kinetics of fecal egg output (Fig. 1) 

was characterized by an increasing in the 
number of eggs with the duration of 

infection. Starting from week 8 pi (one-

week post treatment) egg elimination was 

observed in both infected-DM and EXT 
groups. This elimination became very high 

in week 9 and extended to week 10 pi in 

infected-DM group as compared to infected 
(p < 0.01) and EXT (p < 0.05) groups. In 

EXT group, the elimination of eggs reached 

to a stable phase with egg-laying lower than 

infected group. 
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Fig. 1: Kinetics of faecal eggs releasing from mice infected with 50 cercariae of S. mansoni  

            following different  treatment  regimens at week  7, 8, 9 and  10 pi. II: Infected; III:  

            Infected-DM; IV:  Infected-DM and EXT. 
a 

(p < 0.01)  infected versus infected-DM  

            mice; 
b 

(p < 0.05) EXT versus infected-DM mice (n = 8). 

 
 

Groups shell 
Dead 

immature 

Indefin- 

able 

Dead 

mature 

Total 

dead 

Early 

immature 

Late 

mature 
Mature 

Total 

live 

Infected 
2.8 

± 0.6 

6.7 

± 1.5 

3 

± 0.7 

1 

± 0.4 

13.5 

± 2.3 

18.3 

± 1.9 

37.5 

± 4.8 

30.7 

± 2.3 

86.5 

± 2.3 

Infected - 

DM 

2.25 

± 0.3 

40.75 
± 2.7 a 

2.75 

± 0.2 

5.50 
± 1.0 a 

51.25 

± 1.5 a 

11.50 

± 1.6 a 

22.0 

± 2.5 a 
15.25 

± 2.8 a 

48.75 

± 1.5 a 

EXT 
1.5 

± 4.2 

24.25 

± 2.5b 

1.5 

± 0.4 

15.25 

± 2.4b 

42.5 

± 3.5 

8.5 

± 1.4 

21.5 

± 0.6 

27.5 

± 3.4 b 

57.5 
± 3.5 
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         Serum glucose levels of all groups 

were summarized in Fig. 2. Both infection 

and its association with DM increased 
glucose level. EXT significantly reduced 

the fasting blood glucose levels as 

compared to infected-DM group (P < 

0.001). Significant decreases in liver 

glycogen content was accompanied with 

high glucose level in infected and infected-
DM groups while extract-treatment signify-

cantly enhanced liver glycogen content 

(Fig. 2). 
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Fig. 2: Serum glucose and glycogen contents of mice infected with 50 cercariae of S. mansoni at 

week 10 pi under different treatment regimens. I: control negative; (II- IV) as described in 

Fig. 1. 
a
(p < 0.05) negative control versus infected;

 b
(p < 0.02)   infected versus infected-DM 

mice; 
c 
(p < 0.001) infected-DM versus EXT, (n =8). 

 

 
         Levels of serum T3, T4, T3/T4 ratio, 

and insulin were decreased in both infected 

and infected-DM mice as compared to 
control and infected groups, respectively. 

Increases in all hormones levels were 

observed following EXT (Table 3). There 

was no significant difference in serum T4 
level between infected and infected-DM 

mice (Table 3). Results revealed a highly 

significant decrease in fasting serum insulin 
level in infected mice (50%) as compared 

with the normal group, while infected-DM 

mice had 13.6% depression of insulin as 

compared with infected mice (Table 3). 

EXT enhanced the insulin level of infected-
DM mice by 27%. Results revealed that the 

level of serum uric acid of infected-DM 

mice has been reduced with EXT (Table 3). 

Hepatic GSH levels of infected and 
infected-DM mice were significantly decli-

ned as compared to control and infected 

mice, respectively while the levels were 
increased after EXT (Table 3).  
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Table 3: Biochemical parameters of mice infected with 50 cercariae of S. mansoni at week  

               10 pi under different treatment regimens. 
 

Parameters 

 

Negative control 

 

 

Infected 

 

 

Infected-DM 

 

EXT 

Serum 

T3 

(ng dl-1) 

 

270.8 ± 7.4 

(254.8 – 288.6) 

 

228.7 ± 11.1 a 

(200.6 – 248.4) 

 

183.5 ± 2.9 b 

(176.9 – 190.4) 

 

269.8 ± 3.1c 

(261.2 – 274.6) 

T4 

(nmol dl-1l) 

43.4 ±  0.7 

(41.8 – 45.0) 

37.4 ± 0.3 a 

(36.6 – 37.8) 

35.8 ± 0.3 

(35.3 – 36.7) 

40.1 ± 0.7 c 

(38.6 – 41.5) 

T3/T4 ratio 
20.1 ±  0.4) 

(18.7 – 20.6) 

20.6 ± 0.1 

(18.3 – 22.4 

15.8 ± 0.2 b 

(15.5 – 16.2) 

21.7 ± 0.5 c 

(20.3 – 22.8) 

Insulin 

(µU ml-1) 

27.7 ±  0.6 

(25.8 – 28.8) 

13.9 ± 0.4 a 

(12.8 -14.8) 

11.1 ± 0.3 

(10.4 – 12.0) 

15.3 ± 0.6 c 

(14.5 – 17.3) 

Uric acid 

(mg dl-1) 

3.1 ± 0.1 

(3.1 - 3.4) 

4.9 ± 0.1 a 

(4.6 – 5.0) 

4.5 ± 0.1 

(4.3 – 4.9) 

4.1 ± 0.1 

(3.9– 4.5) 

Liver 

GSH 

(mg g-1) 

 

 

4.7 ± 0.1 

(4.4 – 4.9) 

 

 

3.1 ± 0.1 a 

(2.9 – 3.5) 

 

 

2.7 ± 0.2 

(2.5 – 3.6) 

 

 

3.9 ± 0.4 c 

(3.0 – 4.6) 

 

 
Results are given as mean ± SE of eight mice in each group. 

a
(p < 0.001) infected mice versus 

negative control;
 b

(p < 0.01)  infected-DM versus infected mice; 
c 

(p < 0.001) infected-DM 

versus EXT. The minimum and maximum values are shown in parentheses 
 

         As seen in table 4, serum total 

proteins were increased after EXT.  Serum 

albumin and alpha globulin concentrations 
were significantly decreased (53.7

 
% and 

9.4%, respectively) in infected group (P < 

0.001) as compared to control. Beta 
globulin was absent and gamma globulin 

increased in infected mice as compared to 

control, while, these fractions of protein 

remained nearly in the same level in 

infected-DM mice. EXT induced highly 

significant increase of all these parameters 
except for gamma globulin concentration 

that was highly decreased (Fig. 3). A/G 

ratio was higher in the case of infected and 
infected-DM mice than that of control and 

EXT groups, respectively (Table 4).  

 

Table 4: Serum total protein and its fractions of mice infected with 50 cercariae of S. 

               mansoni at week 10 pi under different treatment regimens 
 

Parameters 
 

Negative control 
 

Infected 
 

Infected-DM 
EXT 

Total protein 
 
 

Albumin (%) 
 

 (%) 

 

 (%) 

 

 (%) 

 
A/G ratio 

8.9 ± 0.2 
(8.3 – 9.4) 

 
76.2 

 
17.7 

 
29.6 

 
19.0 

 
1.11 

5.1 ± 0.4 a 
(4.0 – 6.0) 

 
53.7a 

 
9.4 a 

 
-- 
 

24.4 a 
 

1.74 

3.1 ± 0.1b 
(2.9 – 3.3) 

 
51.8 

 
7.7 b 

 
-- 
 

25.6 
 

1.43 

5.7 ± 0.1 c 
(5.2 – 5.8) 

 
63.5 c 

 
11.4 

 
14.4 c 

 
18.4 c 

 
1.20 

 

Results are given as mean ± SE of eight mice in each group. a(p < 0.001) negative control versus infected; 

b(p < 0.02) infected versus infected-DM mice; c (p < 0.01) infected-DM versus EXT. The minimum and 

maximum values are shown in parentheses. 
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Fig. 3:  Serum protein electrophoritic pattern of mice infected with 50 cercariae of S.              

mansoni at week 10 pi under different treatment regimens in stained histological               

sections. Groups I-IV as ascribed in Fig. 2.  

 

         The various stages of granuloma 

evolution were present in both infected and 
treated groups with clear predominance of 

exudative type in EXT mice (Fig. 4 & 5). 

EXT significantly reduced the size of 
hepatic granulomas compared to infected-

DM mice (P< 0.01) while weak reduction 

was observed in infected-DM mice (P< 
0.05) as compared to infected ones (Fig. 5 

& 6). In contrary, number of granuloma / 1 

mm
2
 was not affected by different treatment 

regimens except marginally in infected-DM 

compared to infected mice (P= 0.05) (Fig. 

6). Both Infection and induction of DM 
showed marked reduction in the nucleic 

content of hepatocytes while no reduction 

was observed after EXT (Fig. 7). 
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Fig. 4:  Percentage of different stages of hepatic granuloma formation / 1mm
2
   of mice              

infected with 50 cercariae of S. mansoni at week 10 pi under different treatment              

regimens in stained histological sections. Groups II-IV as described in Fig. 1.
 b 

(p <              

0.01) EXT versus infected-DM mice. (n= 8). 

 

 
 

Fig. 4:  Hepatic granuloma formation in mice infected with 50 cercariae of S. mansoni at              

week 10 pi under different treatment regimens in stained histological sections. A:   

infected mice; B: infected-DM and C: EXT mice (X 200). 
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Fig. 6:  Hepatic granuloma diameters and density/1mm

2
 of mice infected with 50 cercariae              

of S. mansoni at week 10 pi under different treatment regimens in stained histological 

sections. Groups I-IV as described in Fig. 1. 
a 

(p < 0.05) infected versus infected-DM 

mice;  
b 

(p < 0.01) EXT versus infected-DM mice. (n= 8). 

 

 
 

Fig. 7: Methyl green pyronine stained liver sections of mice infected with 50 cercariae of S.            

mansoni at week 10 pi under different treatment regimens showing the nucleic contents of 

hepatocytes. A: negative control; B: Infected; C: infected-DM and D:  EXT (X 1000).  

 

Discussion 

         Relatively few studies have 

investigated the effect of DM on schistos-

omiasis. However, there are many aspects 
concerning the interaction between the two 

diseases that still need to be declared and 

hence was the aim of this work.  

         Apparently, in the present study both 
DM and EXT affected the oogram pattern 

with high percentage of dead eggs seen in 

both infected-DM and EXT groups. In 
infected-DM mice, high percentage of 

immature dead eggs and low live mature 

ones compared to infected mice suggested 
impairment of egg development and 

maturity that could be related to host 

metabolic changes caused by DM. This in 

turn might be confirmed by lower faecal 

egg excretion and equal worm load in 

infected-DM mice as compared to infected 

ones. In this regard, Shafrir (1997) 
mentioned that, a single non-diabetogenic 

dose of streptozotocin (STZ) could affect 

specifically the reproductive organs of S. 

mansoni worm with no affect on worm 
survival. Concerning the changes in oogram 

pattern, the possible role for insulin in this 

sense seems doubtful since Clemens and 
Basch (1989) concluded that glucose uptake 

by the worm is insulin independent, 

because no insulin receptors were detected 
and high concentrations of insulin failed to 

affect glucose consumptions of worms in 

vitro. However, non-enzymatic glycosylati-

on of proteins of the worm due to 
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hyperglycaemia of the host cannot be 

discarded as a causative mechanism behind 

the impairment of the reproductive capacity 
of the female worm or the ability of the egg 

to mature (Hulstijn et al. 2001). On the 

other hand, EXT decreased survival rates of 

worms, increased the percentage of dead 
mature eggs and lowered fecal eggs output 

as compared to infected group suggesting a 

different mechanism of action compared to 
alloxan. However, this is the first report of 

this natural extract action on schistose-

miasis that needs further investigation.  

         Current results showed that bioche-
mical parameters indicating liver functions 

were disturbed with Schistosoma infection 

and DM induction. The increased serum 
glucose of infected-DM as compared to 

infected mice (Fig. 2) might be derived 

from glycogenolysis and / or gluconeo-
genesis of diabetic mice (Beck-Nielson et 

al., 1994). These mechanisms were 

extensively reported to be the causative 

reasons eventually leading to hypergl-
ycemia in different diabetic states (Guyton 

& Hall, 2000). Additionally one or more of 

these mechanisms could be operating in 
infected mice eventually leading to the 

observed hyperglycemia (Fig 2). However, 

EXT significantly suppressed the rise of 
peripheral blood glucose concentrations as 

compared to infected-DM. Decreasing the 

blood glucose in diabetic rat due to the 

EXT has been previously mentioned 
(Nicola et al., 1996) which gives an additi-

onal support to our findings. The obtained 

depletion of liver glycogen stores of infec-
ted or infected-DM mice (Fig. 2) was 

concomitant with the results of Abdel-

Moneim et al. (1997) on DM mice and that 

could be due to the loss of glycogen 
synthestase-activiting system (Annamala & 

Augusti, 1980) and/or increased activity of 

glycogen phospho-rylase (Abdel-Moniem 
et al., 2001). Results revealed enhancement 

of insulin levels after administration of the 

extract, which could be mechanism behind 
the hypoglycemic effects of C.  droserif-

olia. The role of EXT in enhancing insulin 

levels could be secondary to property as an 

antioxidant (Nicola et al., 1996). Therefore, 
EXT could have a protective effect on the 

pancreating cells against oxidative stress-

induced cellular damaged which certainly 

affects the synthetic capacity of these cells.   

         Serum T3 and T4 levels were 
appropriate indicators of thyroid function 

(Guyton & Hall, 2000). T3 level decreased 

approximately by 15% and 19% in infected 

mice and infected-DM as compared to 
control and infected mice respectively. 

These decreases reflect that significant 

reduction in T3 /T4 ratio in the infected-DM 
group. Several systemic non-thyroid 

diseases induce subnormal T3 levels 

indicating impaired microsomal capacity to 

convert T4 to T3 and the mechanism behind 
that is the development of oxidative states 

(Itoh et al., 1989). Therefore, it is reason-

nable to conclude that infection-induced 
liver damage could be the mechanism 

behind the observed decrease in T3 of 

infected-DM mice. Schistosomiasis infect-
ion (Hassan, et al., 1991) and diabetes 

(Sambandam et al., 2000) suppressed 

thyroid hormones (T3 and T4) and insulin 

serum levels that regulate the basal 
metabolic rate. It is clear that the induction 

of diabetes augmented the effect of 

infection on reducing thyroid hormones 
levels. Disturbance in thyroid hormones 

and/or insulin function should result in 

general failure of energy metabolism of the 
host that may affect in way or another 

energy metabolism of the parasite. This 

could be a hypothesis that linking T3 and T4 

depletion accompanying schistosomiasis to 
impaired reproductive capacity of the 

worm. However, EXT restored the serum 

T3 back to its normal levels (Table 3) which 
seems to be secondary to its effect as an 

antioxidant. The effect of EXT in 

increasing thyroid hormone levels may 

reflect its effects on enhancing insulin level, 
since insulin has been reported to be able to 

stimulate the hepatic T3 /T4  conversion and 

to improve the synthetic capacity of the 
thyroid cells (Jennings, 1984). The findings 

of the present study showed that the T3/T4 

ratio was unchanged in infected mice, 
which was due to decreased level of both T3 

and T4. Moreover, T3/T4 ratio increased 

significantly after EXT as compared with 

infected-DM. 
         High rate of oxidative processes, 

formation of hepatic malondialdehydein 
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due to the peroxidative damage to the liver 

microsomal membrane lipid and impair-

ment of the antioxidant defense (Gharib et 
al., 1999; El-Sokkary et al., 2002; El-

Shenawy & Soliman, unpublished data) 

characterize schistosomiasis. Meanwhile, 

the complications of  DM may be attributed 
to hyperglycemia that may directly or 

indirectly contribute to excess formation of 

free radicals (Feillet-Coudray et al., 1999) 
and impairment of antioxidant systems 

(Ďuračková, 1999). Among the antioxidant 

defense mechanisms are GSH and uric acid 

that remove reactive oxygen species once 
formed (Bonnefont-Rousselot et al., 2000). 

In the present study, hepatic GSH decreased 

significantly by 34% and 13% in infected 
and infected-DM mice as compared to 

control and infected groups respectively, 

which indicates that schistosomiasis 
concurrently with induction of diabetes 

liberated more free radicals. In contrast, 

EXT raised the hepatic GSH by 31% as 

compared to the infected-DM (Table 3). 
These observations are in accordance with 

the findings of Szkudelski et al. (1998) who 

reported that alloxan depleted hepatic GSH 
content in rat due to the higher levels of 

free radical generation that convert more 

reduced GSH to its oxidized form. Possible 
improvement in insulin action secondary to 

its enhanced levels and manifested as the 

hypoglycemic effect of EXT might be 

attributed to its ability to improve the 
physical state of plasma membrane and its 

related activities as glucose transport which 

is basically controlled by insulin (Guyton 
and Hall, 2000). Increased uric acid content 

in infected and infected-DM groups 

suggests that it acted together with GSH to 

offer significant protection against oxygen 
free radical-induced liver injury. Indeed, 

Sharma & Buetner (1993) have confirmed 

the role of uric acid as antioxidant in 
diabetic rats.  

         More decrease of serum total protein 

(hypoproteinemia) of infected-DM mice 
than infected group (Table 4) might be 

ascribed to the exaggerated liver damage 

caused by DM to infected mice. In fact 

decreased amino acids uptake or hepatic 
protein synthesis was reported to be 

depressed due to liver disease (Garber, 

1980). EXT significantly increased serum 

total proteins and albumin concentration as 

compared to infected-DM that might be a 
result of increasing serum insulin level 

(Table 3). In this regard, Flaim el al. (1985) 

noticed that decrease of serum total proteins 

and albumin in diabetic animals was 
restored to control rates by insulin 

treatment which accelerates amino acids 

transport through cells and stimulates the 
protein manufacturing machinery of the cell 

(Guyton & Hall, 2000). The present study 

showed a decrease in alpha and beta 

globulin needed for the transport of T3 and 
T4 as described by William (2001). 

Therefore, serum depletion of T3 and T4 

might be due to lacking of thyroid binding 
proteins needed for their transport. In 

addition, the congenital absence of one or 

more of the plasma protein fractions 
indicates a defect in blood immunity 

(William, 2001) which may explain the 

exacerbation of schistosomiasis due to 

diabetes on impaired protein synthesis. On 
the other hand, the observed increased in 

gamma globulin fraction in case of infected 

and infected-DM mice may represent 
responsive mechanism enhancing the 

immunity of the host. 

         Granuloma diameter was not highly 
affected by DM as previously mentioned by 

Mahmoud (1979) who noticed marked 

reductions in the areas of inflammation 

around S. mansoni eggs in chemically-
induced as well as mutation diabetes in the 

infected mice. In contrary, EXT diminished 

granuloma sizes extensively and decreased 
number of involutive granulomas as 

compared to the infected-DM mice that 

might suggest a possible antifibrotic role of 

C. droserifolia. Since granuloma formation 
has been shown to be affected though cell-

mediated immune response (Wakelin, 

1998), therefore, the EXT could operate 
through its interference with immune 

response of the host. Results showed that 

both infection and DM provoked 
hepatocytic nucleic acid damage, which 

was not observed after EXT. Indeed, 

Hulstijn et al. (2002) observed that DNA 

was damaged by the induction of DM using 
STZ in mice. This damage could be 

secondary to the development of oxidative 
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stress due to either schistosomiasis or DM. 

DNA damage has been reported to be one 

of the depleting consequences of oxidative 
stress (Jornot et al., 1998). 

         In conclusion, host environmental 

changes caused by alloxan-induced DM 

influenced the biological characteristics of 
Schistosoma worms and enhanced the 

aspects of schistosomiasis. The induction of 

diabetes augmented the effect of infection 
by enhancing the hypothyroidism, 

hypoinsulism and hypoproteinemia which 

could be secondary to the observed 

enhancement of oxidative stress. Based on 
these assumptions the beneficial effects of 

EXT on thyroid and pancreatic hormones 

status seems to be contradictory to its 
beneficial anti-schistosomiasis effects. This 

contradiction may suggest that EXT exerts 

its beneficial effects through its direct 
effects on the parasite, not secondary to its 

effect on the host. The current results 

showing differential effects of both diabetes 

and extract on schistosomiasis, through 
both are beneficial, serve to corroborate this 

hypothesis. The present study emphasizes 

the necessity of further investigations to 
delineate the precise mechanism (s) of EXT 

protection. 
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 تالويكاًيكيت والحواي: عي التفاعل بيي هرض السكر الوستحث والبلهارسيا 
 

 هها فريد هحود سليواى   -ًهلت سليواى هحود الشٌاوي 
جوهىريت  –اإلسواعيليت  -جاهعت قٌاة السىيس –كليت العلىم  -قسن علن الحيىاى

 هصر العربيت

 
 

توىىع وىىةّٓ فِىىلاىا اسبشىىت س ما ضبْصىىْهت هتًضىىًْٔ ّ م ىىة صىى     فىىٔ ُىىلٍ اسة اصىى          

هشوْوى  اىتم   هْة ى   ( 1): ٔ ثالث  هشوْوىتت أصتم ع هي اإلصتم  تن تقض ن اسح ْاًتت إس

(  كىن/هشىن 200)هشوْو  تن حقٌِت مشلو  ّاحةة هي األسْكضىتى فىٔ اسبشْ ىل اس ل بىًْٔ ( 2)
هشوْو  تىن اصىبحةاث اسضىكل مِىت متإلاىتف  إسىٔ والةِىت  ْه ىت  ّ ( 3)الصبحةاث اسضكل مِت  

م ىة ثىالث أ ىتم هىي اسو تسشى  ( نكشى/ةىن 0.3) ْم متسوضبخلص اسكحْسٔ سٌ تت اسضىوٍْ  11سوةة 

اّاىحع اسة اصى  اى . ّ ُلا متألاتف  إسٔ هشوْو  اىتم   صىتس   هىي اساِىلاى. متألسْكضتى

اصبحةاث اإلصتم  متسضكل  قة أثل ولٔ م ى  اسٌىْاحٔ اسختصىَ متس ا ىم ف وىت  خىص اسب   ىل 

   اس ىْ  فٔ ًضب األطْا  اسوخبلا  سل ْ ضتت فىٔ األًضىش  ّ صتصىَ ا تاىت  ًضىاسولحْظ  

ّ هىىي ًتح ىى  اصىىلٓ فىىئى اسو تسشىى  . اسو ىىع ّ كىىلسخ إًخاىىتد اوىىةاا اس ْ ضىىتت فىىٔ اس ىىلا 

متسوضبخلص اسٌ ىتتٔ قىة أثىلت ولىٔ اسضىوتت اسوىلكْ ة صىتمقت متألاىتف  إسىٔ توث لُىت اسْااى  

تقلى ص ًضى   ولٔ وةا اسة ىةاى اسوضىبلة   ّ تقلى ص حشىن  األّ ام اسح    ى  اسك ة ى  ّكىلسخ 
ّقة أشت ت اسٌبتئج ا ضىت  مىوىا اإلصىتمَ متسضىكل قىة  اا هىي هضىتواتت . بقةه  هٌِتاألًْا  اسو

اإلصتم  متس لِت ص ت ّاسلٓ توثم فٔ اسز تاة اسوضتوا  سوضبْٓ اسشلْكْ  فٔ اسةم ّاسلٓ كىتى 

) هصحْمت مٌقص حتا فٔ كم هي هحبىْٓ اسشل كىْة ي فىٔ اسك ىة ُّْ هًْىتت اس ىةة اسة قا ى  

ّ األًضى ْس ي فىٔ اسوصىم ّ كىلسخ (  4T  ُلهىْى اسث لّكضى ي   3T ي ؛ ثالثىٔ  ْا ىة اسث ىلًّ

ّ ذسىخ متإلاىتف  إسىٔ أى ًقىص اسشلْتىتث ْى فىٔ اسك ىة ّ . اسحته  اسٌّْٓ فٔ اسخال ت اسك ة  

ّقىة سىْحن ًقىص تلك ىز اس ىلّت ي . اسلٓ كتى هصحْمت  مز ىتاة فىم هضىبْٓ حىته  اس ْ  ىخ

   أًْا  اس لّت ٌتت فٔ كم هي اساِلاى اسوصتم  اسكلٔ فٔ اسوصم ّكلسخ ًقص أّ أصباتء م
متس لِت ص ت أّ اسوصتم  متس لِت صى ت ّ اسضىكل ه ىت   هتوىةا ةزئ ى  اسشتهىت اسبىٔ  اات فىٔ ًاىش 

ّ . ًش  اسوضبخلص اسٌ تتٔ ماكم ة ة فٔ تخا ل حةة اسب   لات اسضتمق ذكلُت.  اسوشوْوب ي

 تتٔ ولٔ ُْ هًْتت كال  هىي اس ىةٍ  اسة قا ى  هي اسوالحن اى اسبوث لات اسوا ةة سلوضبخلص اسٌ

ّ هي ُلا اسبٌتق   قبىل  . ّاس ٌكل تس ت ةّ هٌتقضَ سبوث لٍ اسوا ة اة هضتواتت اس لِت ص ت

موىا اسبوث ل اسٌتفع سلوضبخلص اسٌ تتٔ قة  كىْى هىي صىالأ تىوث لٍ اسو تشىل ولىٔ اس ا ىم ّ سى ش 

صىبال  فىٔ اسبىوث لات أّةىَ تْاى  أ  اصى  ّّ تؤ ىة ًبىتئج ُىلٍ اسة. ًب شَ توث لٍ ولٔ اس تئىم

 .اسوا ةٍ  سكم هي هلد اسضكال اسوضبحث ّ اسوضبخلص اسٌ تتٔ  ولٔ  هلد اس لِت ص ت
 


