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hepatic stellate cells intramuscularly (IM) injected with MTX (3 mg/ kg B wt). Fucoidan

administration (200 mg/kg B wt) prior (protective group) and simultaneously
with MTX ameliorated the induced hepatic damage. It lowered the serum
enzymes and malondialdehyde (MDA) formation besides restoring the
normal histological structure. Fucoidan (therapeutic trials) slightly
ameliorated the effects previously induced by MTX when compared with the
protective trial. Suppressive effect of fucoidan on activated hepatic stellate
cells (HSC) was evaluated using immunohistochemical staining. In
conclusion, our finding proved that fucoidan administration prior and
simultaneous or after MTX induced protective and therapeutic effects.
Moreover, it reduced the hepatic lesions through scavenging oxidative
stressors and down regulating the pro-inflammatory cytokines.
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INTRODUCTION

Rheumatoid arthritis is the most common inflammatory autoimmune disorder, causing progressive joint destruction as
a result of chronic synovitis (Puszczewicz and Iwaszkiewicz 2011, Eberhardt, 2007). MTX, in low dose, is used
commonly as a cytotoxic agent in the treatment of leukemia and other malignancies as well as in the inflammatory
diseases such as psoriasis and rheumatoid arthritis. Efficacy and toxicity for MTX appear related to absorbed dose of
MTX, not to route of administration (Goodman et al., 2014, Ghaffar et al., 2011, Sener et al., 20062, Sener et al.,
2006"). Even at low doses, MTX has been associated with hepatic disorders, mostly elevated liver enzymes, that may
lead to treatment cessation (Visser et al., 2009, Kremer et al., 1994) The histological abnormalities in patient treated
with MTX include non specific histological feature such as fatty change, focal liver cell necrosis, portal tract
inflammation, nuclear pleiomorphism and fibrosis with collagen accumulation in the peri-sinusoidal space (Laharie
et al., 2008, Gilbert et al., 1990). With the widespread use of MTX, hepatotoxicity seems to be the most important
potential major side effect (West, 1997). The pathogenesis of drug or toxin induced liver injury usually involves the
toxic metabolites that either elicit an immune response or directly affect the biochemistry of the cell. Intracellular
stress can lead to apoptotic or necrotic cell death, depending on the extent of mitochondrial involvement and the
balance of factors that activate and inhibit the Bcl 2 family of proteins and the caspases. Nowadays, it is well known
that drug metabolites promote a variety of chemical reactions including depletion of reduced glutathione (GSH) or
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promotes oxidative stress with consequent effects on proteins, lipids and DNA resulted in mitochondrial and nuclear
damage (Uraz et al., 2008, Kaplowitz, 2002, Gill, 2001). However, the number of laboratory animal studies in which
microscopic and biochemical changes have been evaluated together are scarce.

Brown seaweeds have been the mainstay of the Japanese diet and have been documented in traditional Chinese
medicine for over 1000 years (McLellan, 1992). Fucoidan is a sulfated polysaccharide purified from brown algae,
such as Fucus vesiculosus, and has been shown to have various pharmacological properties such as hematopoietic
progenitor cells activation (Choi et al., 2005, Sweeney et al., 2002, Frenette et al., 2000), anticoagulant (Matsubara
et al., 2001), antitumor (Maruyama et al., 2003), anti-inflammatory (Angstwurm et al., 1995), antioxidant (Maka et
al., 2013, Hu et al., 2003) and promoted the immune function (stimulates multiple functions of dendritic cells) (Kim
et al., 2008, Yang et al., 2003). Fucoidan also protected tissues from various types of injury by increasing the hepatic
growth factor (Fukuta and Nakamura, 2008). Fucoidan has recently been reported to reduce liver fibrogenesis by
protecting from hepatic cell death and inducing HSC death (Hayashi et al., 2008) as well as showing anti-oxidative
properties against CCl4-induced acute liver injury (Kang et al., 2008). However, the mechanism by which fucoidan
elicits its hepatoprotective effect on chronic liver fibrosis has previously been reported (Hong et al., 2012).

This experimental study was conducted to assess the possible protective and therapeutic effects of fucoidan, brown
algae extract, to alleviate the pathological changes in liver of the experimental rats treated with MTX.

MATERIALS AND METHODS

Experimental animals and design:

Fifty Swiss male albino rats (150-175 g) were divided randomly into 5 equal groups which separately housed in five
clear polycarbonate cages. They were provided with a standard animal diet and water ad libitum. The rats were kept at
a temperature of 21 + 2C° in a 12-hour light/dark cycle. All experiments were performed in accordance with protocols
approved by the Animal Care and Use Committee of Najran University (Saudi Arabia kingdom). Gp 1 (control) was
received the equivalent volumes of saline. Gp 2 was orally given fucoidan (200 mg/kg B wt) for 90 days
(Raghavendran et al., 2007). Gp 3 was IM injected with MTX (3 mg/ kg B wt) twice weekly for 45 days (Lin et al.,
2014). Gp 4 (protective) was daily orally given fucoidan (200 mg/kg B wt) for 45 days. After that, the rats were IM
injected with methotrexate (3mg /kg B wt) twice weekly for another 45 days, 2 hours after fucoidan treatment. Gp 5
(therapeutic) was IM injected with methotrexate (3 mg/kg B wt) twice weekly for 45 days and then fucoidan (200
mg/kg. B wt) was orally given for other 45 successive days.

Chemicals:

Methotrexate was purchased from David Bull Laboratories, Mulgrave — Victorica, Australia. Fucoidan powder was
purchased from Sigma Chemical, Co. Ltd. (St. Louis, MO, USA). The chemicals were stored under proper conditions
according to Sigma instructions. All other chemicals used will be of the finest analytical grade.

Assay of serum enzymes

At the end of the experiment, blood was obtained from the tail vein. Serum was separated and was used for analysis of
the following indices: alanine aminotransferase (ALT), aspartate aminotransferase (AST) was evaluated by using
commercial test kits (Randox Laboratories LTD Co., UK.) according to (Reitman, 1957), GSH was evaluated by
using readymade kits provided by Randox Laboratories LTD Co. UK. Lipid peroxide malondialdehyde (MDA) was
also determined by enzymatic colorimetric method by using readymade kits provided by Biodiagnostic according to
(Satoh, 1978). Creatinine and urea were evaluated by using kits provided by Colorimetric Randox, UK. MDA
(Bioxytech Oxis International, Inc) according to Satoh K 1978.

Pathological Examinations

All animals were humanely sacrificed at the end of experiment. Liver specimens were collected for histopathological
examination. Specimens were immediately fixed in neutral buffered formalin and 5u thick paraffin sections were
prepared, stained with hematoxylin and eosin (Bancroft et al., 1990). The stained sections were examined blindly by
two experts for evaluation of hepatic lesions.

Immunohistochemical study of aSMA

For the detection of aSMA, a rat monoclonal primary antibody against aSMA (Sigma, Munich, Germany) was used.
Antigen localization was achieved using the avidin-biotin complex (ABC) technique (Hsu et al., 1981).

Statistics

Data analysis was achieved using the Graph- Pad Instat software (Version 2.0 Philadelphia, 1993). Data were
expressed as mean + SD. Comparisons were done using one-way ANOVA followed by Tukey-Kramer as post
ANOVA test. Criterion for significance was chosen to be at p<0.05.

RESULTS

Assessment of hepatic function using biochemical tests
Table (1) showed that fucoidan significantly decreased the serum transaminases in gps 4 & 5 in comparison with gp 3.
Moreover, it markedly increased the GSH in gps 4 & 5 than gp 3, where it significantly decreased when compared
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with the control. Furthermore, gp 4 showed marked increase in GSH than gp 5. The MDA was significantly increased
in gp 3 when compared with the control; meanwhile, it was significantly decreased in gps 4& 5, than gp 3 and was
decreased in gp 4 than gp 5.

Pathological finding

Hematoxylin and Eosin stain:

The liver of control rats showed a normal histological appearance of hepatocyte and sinusoidal architectures (Fig 1).
However, in fucoidan-treated rats showed slight periportal increase in hepatocytes eosinophilia (Fig 2), distended
sinusoid with neutrophilic band cells of extrahematopoiesis (Fig 3) and slight activation of the kupffer cells (Fig 4). In
the MTX-treated rats, the liver showed extensive coagulative necrosis invaded or completely replaced with
lymphocytes and eosinophils (Figs 5 and 6). Periportal areas of fibrous connective tissue proliferation infiltrated with
numerous macrophages engulfed yellowish brown hemosiderin pigments were visualized (Figs 7 and 8). Organized
thrombus and foamy hepatocytes and macrophages were noticed in the fibrotic areas (Fig 9). Congestion and
hemorrhage were detected throughout the hepatic parenchyma (Fig 10). Micro and macro-vesicular steatosis were
seen (Fig 11). Numerous megalohepatocytes and diploid hepatocytes with enlarged nuclei were detected (Fig 12). The
normal radial arrangements of hepatocytes from central vein were severely distorted with severe cholestasis. The latter
was represented by yellowish or brown pigment among the hepatocytes. Foci of apoptotic cells were detected. In rats
of protective group showed significant reduction in the lesions that induced by MTX alone or individually absent and
restored to the normal appearance. The reported lesions were represented by swollen and mild hydropic degeneration
in the periportal hepatocytes (Fig 13). Hypertrophy and activation of the kupffer cells (Fig 14) were seen with
multiple aggregates of neutrophilic band cells and erythroid precursor in the sinusoids and congestion (Fig 15).
Sometimes, the portal areas revealed congested portal vein and round cells infiltration (Fig 16). Apoptotic cells were
not observed in this group. However, fucoidan treatment did not completely alleviate the lesions, and severe
congestion (Fig 17), small areas of coagulative necrosis infiltrated with macrophages and eosinophils (Fig 18) and
intense periacinar aggregations of round cells and eosinophils (Fig 19). The portal areas revealed biliary and oval cells
proliferation besides few fibrous connective tissues infiltrated with round cells and eosinophils (Fig 20).

Effect of fucoidan on a-SMA expression in hepatic stellate cells

The data of immunohistochemical stained sections of livers were given in Figs (21-26). A normal liver or that only
received fucoidan showed normal expression of a-SMA positively stained brown HSC (Figs 21 and 22). The
Immunohistochemical stained sections of liver treated with MTX showed strong immunoreactive expression of a-
SMA represented by brown color of a- SMA positively among hepatic stellate cells mainly around center veins and
forming intra-acinar thick bands (Figs 23 and 24). In contrast, the protective group showed little brown coloration
scattered around hepatic sinusoids (Fig 25). The treated-group showed deceased the number of positive stained cells
comparable with the MTX (Fig 26).

Table (1): Mean enzyme activity and concentration with standard error

AST ALT GSH MDA |
Group | 23.45%+251 19.58 * +1.20 2.27*+0.23 0.295 °+0.023
Group Il 23.55 % +2.90 20.52 ° +1.04 2.85%+0.15 0.289 * +0.016
Group I 60.34 ° +4.8 58.15 ° +3.36 0.92 ©+0.09 1.60 °+0.19
Group IV 35.° #3.17 32.75° +1.66 1.65° +0.12 0.55 ° +0.021
Group V 445°+2.10 41.56° +2.42 1.32°+0.15 0.81° +0.04

Mean with the same letter is showing a non-significant change

Mean with different letters is showing a significant change
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Figs (1-4): Liver of control or received Fucoidan rat shows: normal hepatocytes and sinusoidal architectures in the
control (1) and in the Fucoidan periportal increase in hepatocytes eosinophilia (2), distended sinusoid with
neutrophilic band cells of extrahematopoiesis (3) and activation of the kupffer cells (4). HE x Scale bar = 20
pm.
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Figs (5-12): Liver of rat received MTX shows: extensive coagulative necrosis invaded (5) or completely replaced
with lymphocytes and eosinophils (6), area of fibrous connective tissue proliferation (7) infiltrated with
numerous macrophages engulfed willowish brown hemosiderin pigments (8), organized thrombus and foamy
hepatocytes and macrophages in the fibrotic area (9), congestion and hemorrhage (10), macrovesicular
steatosis (11) and megalohepatocytes and neumerous diploid hepatocytes (12). HE x Scale bar = 20 pm.
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6 Yo (07 4 .
Figs (13-16): Liver of rat of protective group shows: swollen and mild hydropic degeneration (13), hypertrophy and

activation of the kupffer cells (14), multiple aggregates of neutrophilic band cells and erythroid precursor in
the sinusoids and congestion (15) and portal area with congested portal vein and round cells infiltration (16).

HE x Scale bar = 20 pm.
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Figs (17-20): Liver of rat of therapeutic group shows: severe congestion (17), small area of coagulative necrosis
infiltrated with macrophages and eosinophils (18), intense periacinar aggregation of round cells and
eosinophils (19) and portal area with biliary and oval cells proliferation besides few fibrous connective tissue
infiltrated with round cells and eosinophils (20). HE x Scale bar = 20 pm.
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Figs (21-26): Representative Immunohistochemical staining patterns of & SMA in: A normal liver or that only
received fucoidan shows normal expression of a- SMA for hepatic stellate cells (21, 22), Strong
immunoreactive expression of a- SMA represented by brown color of a- SMA positively myofibroblasts
among hepatic stellate cells with MTX. Notice the intra-acinar reaction of the delicate fibrous proliferation
(23, 24), Weak immunoreactive response of a- SMA of hepatic stellate cells in protective group (25) and
moderate immunoreactive staining in the therapeutic in compared with MTX (26). Scale bar = 20 pum.

DISCUSSION

The current investigation showed that fucoidan protected and partially ameliorated the adverse effects of MTX-injury
and fibrogenesis, in rat liver, by scavenging the oxidative stress suppressing the hepatic inflammation, attenuating the
hepatic oxidative stress, and inhibiting the HSC-activation. The rat was proven to be an ideal biomonitor for hepatic
fibrosis (Semiha et al., 2006). Drugs used for cancer chemotherapy are well known to produce acute toxic side effects
in multiple organ systems (Kim, 1999). It has been reported that liver damage may occur as well in particular high
doses or following chronic administration of MTX (Uraz et al., 2008, Sener et al., 2006%). MTX causes oxidative
tissue damage by increasing lipid peroxidation in the liver tissue and decreasing the level of antioxidant enzymes,
which cause hepatic necrosis, inflammation, and fibrogenesis. The conversion of MTX to its major extracellular
metabolite (7-hydroxymethotrexate) takes place in the liver, where it is oxidized by a soluble enzymatic system.
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(Johovic et al., 2003). Moreover, increased AST and ALT values, biochemical indicators of liver damage, and
histopathological findings supported this conclusion (Vardi et al., 2010). The current study revealed that fucoidan is a
potent antioxidant through a marked decrease in MDA and increase in GSH in gps 4&5 when compared with gp 3.
Moreover, ALT and AST activities were decreased in gps 4&5 when compared with gp 3. The histopathology of our
study revealed improved hepatic architecture in both protective and therapeutic groups than MTX treated group.
Chronic hepatitis is commonly associated with fibrogenesis (Marra et al., 2002). Von Kupffer cells are the resident
hepatic-macrophages, which upon activation release toxic cytokines and ROS which kills the hepatocytes and
promotes inflammatory responses (Luckey & Petersen, 2001). The Kupffer cells are activated through the TLR4
expressed on their cell-surface those results in nuclear factor- kappa beta (NF-k B) and activator protein-1 (AP-1)
activation. The NF-k f is translocated into the nucleus to activate the transcriptional factors, of proinflammatory IL-1,
IL-6 and TNF-a that mediate the inflammatory response (McGavin & Zachary, 2003). Quite unexpectedly, the
hepatic stellate cells appeared to be involved in the hepatic immune response, since they expressed TLRs (Notas et
al., 2009). NF- k B is anti-apoptotic for HSC and ensures that these cells persist despite exposure to a variety of pro-
apoptotic stimuli (Lang et al., 2000). In our study the improved pathological and immunohistochemical picture of
liver in gps 4&5 than gp 3 could be attributed to inhibition of proinflammatory cytokines expression that suppressed
inflammation and increased sensitivity of HSC to apoptosis and subsequently this can lead to a compensatory
hepatocyte- proliferation. This was confirmed by the increased regenerative capacity of hepatocytes in gps 4&5.

Liver fibrosis is a consequence of chronic hepatitis and involves the abnormal accumulation of extracellular
matrix proteins, particularly collagen (Tsukada et al., 2006). The hepatic stellate cells (HSC) account for 5-8% of the
total cell-count in the normal liver. They are located in the perisinusoidal spaces of Disse, in between the sinusoidal
endothelium and hepatocytes, with a higher frequency in the periportal areas than centrolobular (Wake, 1995).The
HSC are the primary cells, in the liver, that are responsible for excess collagen synthesis during hepatic fibrosis
(Zakim et al., 2003). The activation of the quiescent HSC and their subsequent differentiation into myofibroblasts-
like cells is very reliably indicated by the expression of a-smooth muscle actin, an actin isoform which is absent in the
other resident liver cells in both normal and injured liver (Rubbia-Brandt et al., 1997). Among the large variety of
cytokines, secreted by HSC, is TGF-B1 which most likely represents the highest impact on collagen over-production
and accumulation in liver fibrosis (Poli, 2000). The examination of immunohistochemical stained tissue in our work
confirm that fucoidan reduced the MTX-induced liver fibrosis. The immunohistochemical stained sections of liver
treated with MTX showed strong immunoreactive expression of a- SMA. In contrast, the protective and therapeutic
groups showed little brown coloration scattered around hepatic sinusoids. Low grade of fibrosis was encountered in
gps 4&5, while, high grade of fibrosis were recognized in gp 3. It could be concluded that the oral administration
fucoidan (prophylactic) was highly effective in preventing and reversing the MTX-induced hepatic injury and fibrosis.
Meanwhile the treatment trials showed moderate improvement of hepatic function parameters. Such beneficial action
could block of the oxidative stress and suppressing pro-inflammatory cytokines and subsequently inflammatory cell
infiltration.
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