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Vitamin E reduces hepatic fibrosis in mice
with Schistosoma japonicum infection
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Abstract. To investigate whether vitamin E protects against
hepatic fibrosis in mice with Schistosoma japonicum infec-
tion, 24 pathogen-free Kunming mice were selected and
randomly divided into four groups: control (uninfected,
untreated), model (infected, untreated), low-dose intervention
(infected, vitamin E-treated, 30 mg/g bodyweight/day) and
high-dose intervention (infected, vitamin E-treated, 60 mg/g
bodyweight/day). Mice were infected with Schistosoma
Jjaponicum by inoculating abdominal skin with snail hosts. The
activities of malondialdehyde (MDA), superoxide dismutase
(SOD), glutathione peroxidase (GPx) and catalase (CAT) were
detected in hepatic tissue by colorimetry. The expression levels
of laminin (LN), hyaluronic acid (HA), procollagen type III
(PC-III) and type IV collagen (IV-C) were detected in the
serum by radioimmunoassay. Finally, areas and numbers of
granulomas were assessed through histopathology 42 days
following treatment. The results revealed that mean areas of
granulomas were smaller in the low- and high-dose intervention
groups compared to those in the model group. Furthermore,
the higher dose of vitamin E resulted in smaller granulomas
than the low dose. The levels of LN, HA, PC-III and IV-C in
the serum were lower following vitamin E treatment than in
the model group. By contrast, activity of SOD, GPx and CAT
in hepatic tissue was higher following vitamin E treatment
compared to the model group. The activity of MDA was lower
in hepatic tissue following vitamin E treatment compared to the
model group, but was higher compared to controls. In general,
the higher dose of vitamin E affected measurements to a greater

Correspondence to: Dr Xuefeng Wang, Department of Pathogen
Biology and Immunology, School of Medicine, Anhui University of
Science and Technology, Dongshanzhong Road 25, Huainan, Anhui
232001, P.R. China

E-mail: wangxxff1023@126.com

Abbreviations: MDA, malondialdehyde; SOD, superoxide dismutase;
GPx, glutathione peroxidase; CAT, catalase; LN, laminin; HA,
hyaluronic acid; PC-III, procollagen type III; IV-C, type IV collagen

Key words: Schistosoma japonicum, hepatic fibrosis, superoxide
dismutase, glutathione peroxidase, malondialdehyde, granulation
nodus

extent than the lower dose. In conclusion, vitamin E treatment
may reduce the growth of granulomas, slowing the process of
hepatic fibrosis, and this effect may be the result of the altered
activity of the oxidation-reduction enzyme system.

Introduction

Schistosomiasis, a common parasitic disease in tropical and
subtropical regions, currently affects more than 600 million
individuals worldwide (1). This infectious disease occurs in
southern regions of China and, despite extensive preventative
measures, there remain epidemic areas in the country (2). One
significant effect of schistosome infection is liver damage,
mainly resulting from egg-induced granuloma formation and
progressive hardening of the liver (fibrosis) (3). As with other
forms of liver disease, this damage occurs through immune
responses, oxidative stress and other mechanisms (4). Studies
of other liver diseases have shown that antioxidants, which alter
oxidoreductase activities, may improve symptoms (5). One
antioxidant, vitamin E, has shown some efficacy in treating
liver damage caused by infection with other Schistosoma
species (6). Here, we investigated the effects of vitamin E on
liver fibrosis in schistosome-infected mice.

Materials and methods

Experimental animals. A total of 36 female Kunming mice
(pathogen-free), 6-weeks-old and weighing 25 (+2) g, were
purchased from the Nanjing Medical University Animal House
(China). Mice were randomized to four groups, with 8 mice
per group: control, model, low-dose intervention and high-dose
intervention. The model, low-dose intervention and high-dose
intervention groups were infected with schistosome cercariae
through the abdominal skin (~25+2 cercariae per mouse).
Control mice were not infected. Mice in the low-dose and high-
dose intervention groups were administered vitamin E at 30 and
60 mg/day/kg, respectively, from the day of infection. Vitamin E
was dissolved in 2 ml normal saline and administered intragas-
trically. Mice in the control and model groups were administered
an equivalent volume of normal saline by intragastric adminis-
tration. Treatment occurred every day for 42 days; subsequently,
all mice were sacrificed for analysis. Blood samples were
collected by retro-orbital bleeding. Following opening up of the
abdomen, the whole livers were removed. Hepatic middle lobule
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slices were harvested and remaining liver tissue was cryopre-
served for subsequent studies. Snails infected with schistosome
cercariae were obtained from the Hunan Institute of Parasitic
Disease, and animal surgical instruments and equipment were
from Nanjing Medical University Animal House.

Liver tissue homogenates. Liver tissue was thawed and rinsed,
then cut into pieces. Tissue (0.2 g) was placed into a 10-ml
beaker. A volume of homogenate solution (0.1 mM Tris-HCL,
0.01 mM EDTA-2Na, 0.01 mM sucrose, 0.8% NaCl) nine times
(w:v=1:4) the amount of tissue was added. Liver was processed
with a homogenizer for 6-8 min in order to fully homogenize
the pieces. Samples were centrifuged at 3,000 x g at 4°C for
10-15 min. Appropriate amounts of clear supernatant liquid
were used for protein detection.

Malondialdehyde (MDA), superoxide dismutase (SOD),
glutathione peroxidase (GPx) and catalase (CAT) detection.
MDA, SOD, GPx and CAT activity in liver tissue homogenates
was detected by colorimetry according to the manufacturer's
instructions. Concentrations were calculated by standard curve.
MDA, SOD, GPx and CAT assay kits were obtained from the
Nanjing Jiancheng Bioengineering Institute (Nanjing, China).

Laminin (LN), hyaluronic acid (HA), procollagen type III
(PC-III) and type 1V collagen (IV-C) detection. The LN, HA,
PC-IIT and I'V-C concentrations in liver tissue homogenates were
detected by radioimmunoassay according to the manufacturer's
instructions. LN, HA, PC-IIT and IV-C assay kits were provided
by the Tianjin Atomic Energy Industry (Tianjin, China)

Liver pathology. The middle lobule of the liver was fixed in
4% formaldehyde, embedded in paraffin, sectioned at a 4-ym
thickness and collected onto glass slides. Paraffin-embedded
samples were dewaxed and stained with H&E. In order to
determine the number and size of granulomas, five different
visual fields were captured at x400 magnification. An image
analysis system (Ventana Medical Systems, Inc., Tucson, AZ,
USA) was applied to measure the granuloma area.

Statistical methods. SPSS13.0 statistical software was used
to analyze data. Analysis of variance was used to compare
results, with inter-group comparison performed by the SLN-q
test. The a level was set at 0.05. All values are expressed as the
means + standard deviation.

Results

Vitamin E treatment improves liver pathology in infected mice.
Livers from mice in the control group were full, brown, with
sharp edges, soft texture, clear lobules and normal structure
under microscopic examination. The portal and hepatic sinus
appeared normal with uniform distribution (Fig. 1A). Mice in
the model group had enlarged livers with pale nodular bulges
on the surface. Microscopic examination revealed granulomas
containing eggs, inflammatory infiltration and surrounding
fibroplastic proliferation. Partial nodule edges were irregular,
and partial hepatic sinus and portal areas were pressed, twisted
and deformed, with more inflammatory cells in the perisinu-
soidal space (Fig. 1B). Compared to the model group, livers
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Figure 1. H&E-stained liver tissue from mice infected with Schistosoma.
(A) Control group; (B) model group; (C) low-dose group; (D) high-dose group.
Granuloma formation is present in the model, low-dose and high-dose groups.

Table I. Granuloma number and area in animal models of
schistosomiasis treated with vitamin E.

Treatment n Mean no. of Mean area of
group granulomas granuloma (mm?)
Control 8 0.0+0.00 0.0+0.00
Model 8 12.9+1.36 6.1+0.89*
Low-dose 8 11.8+2.18% 4.5+0.75%
High-dose 8 11.4+2.20° 2.7£0.78b¢

F 101.62 111.13

P 0.00 0.00

1P<0.05 vs. the control group; "P<0.05 vs. the model group; “P<0.05
vs. the low-dose group.

from mice receiving low- and high-dose vitamin E interven-
tion had fewer pale nodular bulges on the liver surface and
less deformation. Furthermore, microscopic examination
revealed egg-containing granulomas, inflammatory infiltration
and surrounding fibroplastic proliferation. In the two treatment
groups, partial nodule edges were irregular, and partial hepatic
sinus and portal areas were pressed, twisted and deformed,
with more inflammatory cells in the perisinusoidal space and
hepatic sinus (Fig. 1C and D).

Granuloma number and areas were improved in infected mice
receiving vitamin E treatment. Livers from control (uninfected
and untreated) mice exhibited no granulomas; therefore, the
mean numbers and areas of granulomas in each of the infected
groups were significantly increased over the controls (Table I).
However, the mean areas of granulomas in the low- and
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Table II. Concentrations of LN, HA, PC-III and I'V-C in liver tissue homogenates from vitamin E-treated and untreated mice.

Groups n LN (ng/ml) HA (ng/ml) PC-III (ng/ml) IV-C (ng/ml)
Control 8 53.9+6.36 708.9+29.54 72.0+6.59 32.0+5.95
Model 8 89.5+8.32* 1,466.9+124.40* 122.4+9.72* 45.5+3.78"
Low-dose 8 75.6+6.25° 1,254.8+121.62%° 91.1+8.45% 41.8+£3.65*
High-dose 8 70.8+11.59%° 1,003.6+143.63%¢ 83.9+7.14%° 36.0+4 070
F 24.46 66.04 56.90 17.05
P 0.00 0.00 0.00 0.00

"P<0.05 vs. the control group; "P<0.05 vs. the model group; °P<0.05 vs. the low-dose group. LN, laminin; HA, hyaluronic acid; PC-III, procol-

lagen type III; IV-C, type IV collagen.

Table III. Concentrations of MDA, SOD, GPx and CAT in liver tissue homogenates from vitamin E-treated or untreated models

of schistosomiasis.

Groups n MDA (U/mg) SOD (U/mg) GPx (U/mg) CAT(U/mg)
Control 8 2.6+0.48 171.9+9.43 41.2+2.55 18.7+5.33
Model 8 5.8+0.54* 66.6+9.77 16.5+2 46 6.65+1.12°
Low-dose 8 4.6+0.56° 93.1+11.43*° 2324272 10.85+1.79*°
High-dose 8 3.840.37b¢ 134.6+13.720¢ 30.243.31%5¢ 13.6+1.51%°
F 60.33 136.31 114.80 136.31
P 0.00 0.00 0.00 0.00

1P<0.05 vs. the control group; °P<0.05 vs. the model group; “P<0.05 vs. the low-dose group. MDA, malondialdehyde; SOD, superoxide

dismutase; GPx, glutathione peroxidase; CAT, catalase.

high-dose intervention groups were smaller than those in
the model group. Furthermore, the higher dose of vitamin E
resulted in even smaller granulomas than the lower dose.

Vitamin E lowers markers of liver fibrosis in infected mice.
To better measure liver fibrosis, we measured the concentra-
tions of several markers (Table II). LN, HA, PC-III and IV-C
concentrations were elevated in each of the infected groups
compared to controls. However, in mice receiving vitamin E
treatment, each of these markers exhibited reduced levels
compared to the model group. Furthermore, the high-dose
intervention group had lower concentrations of HA and IV-C
than the low-dose intervention group.

Oxidoreductase enzymes are altered following vitamin E treat-
ment. To gain an understanding of the potential mechanism
behind the observed improvements in liver fibrosis, we measured
markers of oxidoreductase activity in liver tissue (Table III).
The concentrations of MDA detected in liver samples from
all infected groups were significantly higher compared to the
control liver samples. However, MDA levels were highest in
the model group and significantly lower than the model group
in the two vitamin E treatment groups. By contrast, concentra-
tions of SOD, GPx and CAT detected in liver samples from all
infected groups were significantly lower than in control liver
samples. However, levels of SOD, GPx and CAT were lowest in
the model group, and vitamin E treatment resulted in significant
increases in these levels compared to the model group.

Discussion

Schistosomiasis is a parasitic disease that infects a multitude
of host species, including humans. The disease originates from
several Schistosoma species, including Schistosoma mansoni,
Schistosoma haematobium and Schistosoma japonicum. The
most common of these in China is Schistosoma japonicum,
which, despite recent preventative measures, still infects more
than 800,000 individuals a year (7).

Schistosomiasis causes progressive liver damage.
Schistosoma eggs implant in the liver sinus and, with marked
antigenic characteristics, cause local and systemic immune
responses (8,9). The eggs stimulate granuloma formation and
lead to progressive liver fibrosis. Indeed, over time, the eggs,
which continuously release antigens, activate hepatic stellate
cells (HSCs), only increasing granuloma formation and exac-
erbating fibrosis. Furthermore, granulomatous nodules may
impede the liver portal system, causing severe portal hyperten-
sion with bleeding and liver failure.

Schistosome-induced liver fibrosis is closely linked to the
immune response. Egg antigens induce imbalance in T-cell
immunity, thought to be a trigger of liver fibrosis (10). In
addition, schistosome infection causes imbalance of Th1/Th2
cell immunity, excessive activation of Th2 and activation of
HSCs into muscle-like fibroblasts. These fibroblasts increase
collagen formation and suppress its decomposition, which
eventually produces matrix protein deposition and fibrosis.
Th2-derived IL-13 and IL-4 cytokines cause liver damage and
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proliferation of fibrous tissue (11,12), accelerating fibrosis
through activation of macrophages and induction of TNF-a
and other inflammatory cytokines.

Oxidative stress also plays a significant role in the process
of liver fibrosis. A previous study (13) reported that lack of
oxygen stimulates HSC activity and promotes expression
of vascular endothelial growth factor and proliferation of
collagen. In schistosome-induced liver damage, abnormal
expression of MDA, SOD and other redox factors was found
to promote liver fibrosis. Increased levels of MDA indicate
lipid peroxidation, which may activate HSCs and directly
stimulate collagen gene transcription (14). SOD protects cell
structure and function and prevents liver fibrosis by elimi-
nating superoxide anions produced during lipid peroxidation
(15). In animal models of schistosomiasis, oxygen-free radical
damage leads to liver fibrosis (16,17). Thus, it is hypothesized
that interventions affecting the activity of the oxidative stress
system may effectively alleviate liver injury.

One source of intervention is fat-soluble vitamins with
strong reducing activity, which may block free-radical
oxidation and lipid peroxidation. Vitamin E, one of the most
abundant fat-soluble antioxidants in the human body (18), is
capable of protecting membrane lipids from damage caused
by oxygen free radicals (19). In a study of carbon tetrachloride-
induced liver fibrosis, vitamin E blocked oxidative stress and
alleviated liver damage (20). Here, we investigated the effects
of vitamin E on liver pathology in schistosome-infected mice.
Vitamin E treatment reduced the effects of schistosome infec-
tion on the liver. While granuloma formation occurred with
the same frequency as in untreated infected animals, the size
of granulomas was significantly reduced in those treated with
vitamin E. In addition, serum indicators of liver fibrosis (LN,
HA, PC-IIT and IV-C) were significantly lower in infected
animals treated with vitamin E than in untreated infected
animals and, indeed, this effect was dose-dependent.

We also investigated the potential mechanism for this reduced
progression of liver fibrosis by assessing markers of oxidative
stress in livers from untreated and treated mice. MDA, which
is typically increased in liver fibrosis, was reduced in vitamin
E-treated mice compared to untreated infected mice, suggesting
areduced level of lipid peroxidation. Similarly, levels of the anti-
oxidant enzymes SOD, GPx and CAT increased in the infected
animals treated with vitamin E compared to the untreated
infected animals, indicating that vitamin E treatment stimulated
antioxidant activity. This antioxidant activity may be responsible
for the less severe liver pathology observed in infected animals
treated with vitamin E compared to untreated infected animals.

In conclusion, vitamin E treatment appears to stimulate
antioxidant activity within the liver in order to fight fibrosis
following schistosome infection. Most measurements were
markedly improved in the high-dose intervention group,
suggesting that a high dose of vitamin E may slow progression
of liver fibrosis in individuals affected by schistosomiasis.
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