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Abstract
Schistosoma species is a blood-parasite causing schistosomiasis, a neglected tropical
pathological disorder affecting millions of people worldwide. This work studied the efficiency of curcumin in restoring liver and spleen ratios to body weight and enhancing the histological architecture in S. mansoni infected mice. Forty CD1 male mice were divided into
four groups (10mice/group). G1 (treated with phosphate buffer and act as control), G 2
(treated with curcumin), G3 (infected-untreated), and G4 (infected & treated with curcumin).
After seven weeks of infection, each group was injected for three times/week intraperitoneal.
The mice body weights were weekly recorded and they were sacrificed by the end of the 8th
week. Liver and spleen were removed immediately and weighted to calculate their ratios to
body weight. The histological sections of liver and spleen were prepared to study pathological changes between the different groups. Granuloma number and diameter change rate in
liver were done. The result showed that schistosomiasis caused significant retardation in
body weights in experimental mice. Curcumin mildly enhanced body weight in certain
weeks. Liver ratio to body weight was significantly reduced in infected mice treated with
curcumin as compared with infected untreated ones. There was a marked improvement in
liver and spleen histopathology in curcumin-treated mice.
Keywords: Anti-schistosomal, curcumin, histopathology, liver, spleen, granuloma, organs
ratios.

Introduction
Schistosoma is a blood-dwelling parasitic
worm that causing schistosomiasis, a neglected tropical pathological disorder affecting
millions of individuals worldwide (WHO,
2018). Schistosomiasis mansoni led to hepatosplenic disease with risky complications
(Richter et al, 2015). Intestinal causes many
disorders as abdominal pain, diarrhea, and
bloody stool, Liver enlargement in advanced
cases with an accumulation of fluid in peritoneal cavity and hypertension (WHO,
2019). S. mansoni-infected animals suffered
from significant growth retardation and
hepatosplenomegaly (Jatsa et al, 2018). Liver enlargement is assigned in the more advanced cases with an accumulation of fluid
in the peritoneal cavity and hypertension of
the abdominal blood vessels (WHO, 2019).
Spleen is affected by schistosomiasis in different degrees concerning the hepatic portal

circulation (Wang et al, 2015 ). Egg production by the female S. mansoni, which may
reaches per day from hundreds to thousands,
is the principal stimulant of the chronic lesions, as it causes granuloma formation in
different body organs like gut, intestine, liver, spleen, bladder, and even lungs (Araújo et al, 2010; Wang et al, 2015).
Schistosomiasis treatment is still depended
on praziquantel (PZQ) as a drug of choice
(Hotez et al, 2007). But, its efficiency has
been reduced in the infected animals (Crellen et al, 2016). So, it was important to monitor for new drugs under global pressure on PZQ
use (Woldegerima et al, 2019).

Curcumin isolated from the rhizome of
plant Curcuma longa has a principal active
ingredient in tropical and subtropical counet al, 2011). Curcumin have different therapeutic biological activities including, anti-inflammatory, antioxidant, antitu-

mor anticoagulant, and hepatoprotective activities (Anand et al, 2008). Antischistosomal therapeutic effects of C. longa extract
was proved (Mahmoud and ELbessoumy,
2014; Hussein et al, 2017).
This work aimed to study efficacy of curcumin in healing schistosomiasis in infected
mice and its ability in enhancing the liver
and spleen ratios as compared to the body
weight.
Material and Methods
Experimental animal and design: Forty
white male albino mice with an average
weight of 20 ± 3 g were obtained from Theodore Bilharz Research Institute (TBRI, Imbaba, Giza, Egypt). The animals were then
placed in the animal house of the Zoology
Department, Faculty of Science, Port-Said
University. They were divided into four
groups of 10mice each. G1 was treated with
phosphate buffer (solvent of curcumin), G2
was treated with curcumin, at dose of 20mg/
kg of body weight, G3 was infected but untreated as positive control, and G4 was infected and treated with curcumin as control
negative.
All mice were left in the animal house for a
week for adaptability. The G1 and G2 are
negative animals while, the mice in groups
3, and 4 were incubated with 60±10 S. mansoni cercariae for an hour according to a partial immersion technique of Olivier and
Stirewatt (1952). Stool samples were collected after 7 weeks post-infection in G3 &
G4 to check for S. mansoni eggs under light
microscope to prove positivity. Body weights of mice were recorded weekly from the
first week of infection until the 8th experimental week (second week post-treatment).
Powder curcumin (C21H20O6) was purchased from Sigma Aldrich. 1M phosphate
buffer pH 7 was used as a solvent of curcumin to make the used proper concentration
(20mg/kg body weight). All mice either infected or not were given treatment at the
same time. At the 7th week post-infection,
mice were injected intraperitoneal (IP) with
20mg/kg of body weight for groups 2, and 4.

The different injections were applied three
days/week for two weeks. The scarification
of mice in all groups occurred at the end of
the second week of treatment, one day after
receiving the last dose of the different regimens.
Organs ratio/indices: Immediately before
scarification, each mice was weighed individually and the liver and spleen were removed from the body. The organs were
dried on clean filter paper. The liver and the
spleen indices were calculated as the ratio of
liver and spleen, respectively to each
mouse's body weight (g).
Histopathological studies: Immediately
after dissection, parts of liver, and spleen
were fixed in 10% buffered formalin, embedded in paraffin, sections of 4
thickness were stained with hematoxylin, and eosin. Histological changes between the
groups were captured using CMEX (10
pros) software.
The mean granuloma diameter and its number were done after Mahmoud and Warren
(1974) and Reis et al. (2001), respectively.
The mean values reduction rates of granuloma diameter and number in group treated
with curcumin were carried out according to
the equation P= (C-V) / C* 100 (P = reduction percentage, C = averages number or diameter of granulomas in infected-un-treated
mice, & V = averages number or diameter of
granulomas in infected-treated mice.
Statistical analysis: Data were subjected to
-test version 20 of the SPSS program to determine the significance of results. A value of P < 0.05 was considered
significant.
Results
The averages changes in body weights of
different groups were given (Tab. 1). In the
normal negative groups G1 & G2), there
were no significant changes among mice all
over the experiment. However, there were
significant changes in the average of the
body weights in the infected untreated animals as compared with the control phosphate buffer mice. The infected-untreated

mice showed a significant increase in body
tion to the 6th week (29.31±0.94) as compared with the negative control group.
At experimental end, infected-untreated
mice showed a significant decrease (P<0.03)
in body weight (21±1.22). Infected mice treated with curcumin showed significant body
weights enhancement in 1st week as compared to infected-untreated ones (P<0.03).
There were changes in body organ ratios
of mice 2 weeks post-treatment (Tab. 2). In
the normal negative mice
affect both liver and spleen ratios to body
weight as compared to phosphate buffer group. Infected-untreated mice showed a significant rise in liver (9.83±0.28, P<0.000), and
spleen (1.38±0.09, P<0.03) ratios to body
weight as compared with control mice. Curcumin significantly enhanced and reduced
liver/body weight (8.27±0.13) ratio in infected treated mice (P<0.01) as compared with
infected untreated ones.
Microscopically liver in phosphate buffer
mice showed normal hepatocytes radiating
from central vein (Fig. 1A). Hepatocytes
were acidophilic with central pale stained
nuclei separated by alternated blood sinusoids forming a network. Sinusoid-associated
macrophages, Kupffer cells were seen (Figs.
1A, B). Control mice treated with curcumin

weight from 3rd week (24.63±0.98) of infecshowed slightly dark hepatocytes without
changes in the central veins nor blood sinusoids (Figs. 1C, D).
The infected-untreated mice showed some
pathological changes in liver tissues. Granulomas were composed of fibrous and inflammatory cellular portions (Fig. 1E), with deformed areas as dilated sinusoids and damaged hepatocytes (Fig. 1F). Portal veins were
highly dilated with some cellular infiltration
diffusion (Fig. 1G). Infected mice treated
with curcumin showed pathological changes
enhancement than in untreated mice, especially hepatocytes as the intact cells inc-reased (Fig. 1H, I). Granulomas number was
significantly reduced (P<0.000) as compared with infected untreated mice (Tab. 3).
In normal uninfected groups (Figs. 2A, D),
spleen parenchyma architecture was co-mposed mainly of red pulp (lightly stained) and
white pulp (highly stained). White pulp with
central arteriole was surrounded by immune
cells. Pathological lesions in infected-untreated mice were partial disappearance of boundary between white and red pulps, necrotic
areas (Fig. 2E, F) and fibrosis in some splenic regions (Fig. 2G). Spleen of infected mice
treated with curcumin showed neither fibrosis nor fibrotic areas reduction (Fig. 2H, I).

Table 1: Changes in the average body weights of mice during experimental period (n=10).
Group

1st
Week

2nd
Week

3rd
Week

4th
Week

5th
Week

6th
Week

1st Week
of Treatment

2nd Week of
Treatment

Phosphate
buffer

20.83±0.31

21.17±0.54

20.67±0.76

21.33±0.76

22.50±0.67

24.0±0.58

24.50±0.43

24.33±0.61

Curcumin

21.0±0.52

20.83±0.87

21.17±0.87

22.0±0.86

23.17±0.87

23.83±0.95

24.83±0.75

25.17±0.65

20.75±0.84

22.38±0.88

24.63±0.98 a

27.25±1.16 a

27.25±1.05 a

29.31±0.94 a

23.50±1.09

21±1.22 a

23±1.08

24.38±0.69

27.85±0.32 b

27.75±0.92

28.25±0.63

30.13±0.66

27.50±0.96 b

22.50±1.62

Infected
untreated
Infected +
curcumin

a

significant difference from phosphate buffer group, b significant difference from infected untreated group.

Table 2: Changes in organ/body ratio of mice after 2 weeks of treatment.
Group
Liver weight
Liver/body ratio
Spleen weight
Spleen/body ratio
Phosphate buffer
1.10±0.08
4.49±0.23
0.09±0.01
0.39±0.01
Curcumin
1.31±0.06
5.24±0.30
0.11±0.01
0.42±0.02
Infected untreated
2.28±0.14
9.83±0.28 a
0.34±0.06
1.38±0.09 a
Infected + curcumin
1.85±0.29
8.27±0.13 b
0.28±0.02
1.28±0.05
Table 3: Granuloma reduction rate of infected curcumin treated mice.
Variants
Average
Reduction rate
P value

Diameter (µm)
398.96± 27.84
14.6
-

Number
14.17±1.66
49.72
0.000

Discussion
Growth retardation is one of the main symptoms correlated with schistosomiasis mansoni (Bergquist et al, 2004). This retardation was proved in the present swtudy as the
infected-untreated mice showed significant
reduction in average of body weight especially in the last experimental week compared
with control mice. Curcumin treated mice
experimental study as compared to the infected untreated mice. The significant changes
were recorded only in the third week of infection and the first week of treatment.
In the current study, there were highly significant increases in the liver and the spleen
to body ratio of the infected untreated animals when compared with the control mice.
Enlargement of the liver resulted from egg
deposition in liver and spleen enlargement
was due to passive congestion of blood flow
and hyperplasia reticuloendothelial tissues
(Hamed, 2011; Wilson et al, 2011). Curcuma longa rhizome was proved by Kim et al.
(2011) as a drug causing enhancement in
liver/body ratio.
Schistosomiasis correlated with some histopathological disorders in the liver including atrophy of liver lobules, damage of hepatic cords, degeneration of cells and finally
necrosis due to granuloma, and Kupffer cells
hypertrophy and pigmentation. These disorders also include depletion of carbohydrates
and raised lipid vacuoles (Mostafa, et al,
2011; Mahmoud et al, 2016).
In the present study, liver sections of infected-untreated mice showed granulomas,
dilation of blood sinusoid, damaged hepatocytes, and cellular infiltration. The efficiency of C. longa itself to heal the histopathological disorders in the liver tissue was reported (Elhaggagy et al, 2014). In this study,
curcumin caused an enhancement degree of
the hepatic histopathological disorders. Reduction in granuloma number in the infected
group treated with curcumin may be used as
an indicator of reduction in egg deposition,
as eggs release proteolytic enzymes inducing

typical
nu
deposits (Cheever et al, 2000).
In infected-untreated mice, spleen sections
showed necrotic regions, fibers formation,
and no boundary between the white and the
red pulps. This agreed with Dakhil et al.
(2017). Infected mice treated with curcumin
showed enhancement necrotic and fibrotic
regions. The therapeutic ability of curcumin
in enhancing the architecture of the spleen
agreed with Badria et al. (2015).
Conclusion
The study showed that schistosomiasis caused severe pathological lesions in both liver
and spleen tissues of infected untreated mice. But, curcumin enhanced liver/body ratio
and hepatomegaly disorder reduced as compared with infected-untreated mice. So, curcumin ameliorated the pathological changes
among in infected-treated mice. Curcumin
could be a marker to evaluate therapeutic
efficiency.
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Explanation of Figures
Fig. 1: Liver sections of mice treated with: A-B (phosphate buffer), C-D (curcumin), E-G (infected-untreated), and H-I (Infected + curcumin). HC; hepatocytes, BS; blood sinusoids, KC; Kupffer cells, Black arrowhead; deformations areas, White arrowhead; cellular infiltration,
G; granuloma, Black arrow; fibrous portion of granuloma, White arrow; cellular portion of granuloma.

Fig. 2: Spleen sections of mice treated with: A-B (phosphate buffer), C-D (curcumin), E-G (infected-untreated), and H-I (Infected + curcumin). RP; red pulp, WP; white pulp, CA; central arteriole, Black arrowhead; necrotic areas, White arrowhead; fibrosis.

