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Hepatoprotective activity of viscosine is mediated
by attenuation of hepatic macrophages and iNOS
expression in CCls-intoxicated rats

Hamid Ali,**° Nurul Kabir,* Muhammad Raza Shah{d Akhtar Muhammad,e'd
Safdar Ali," Shahab Mehmood,® Amjad Ali," Abid Ali' and Azra Jahan’

This study investigated the molecular mechanism(s) of the protective effects of a C-alkylated flavonoid,
viscosine on an animal model of CCly-induced hepatotoxicity. Viscosine at 20, 50 and 100 mg kg™t was
orally administered in a dose dependent manner per day for 3 days before the CCl, (1:1 v/v in olive oil,
1 ml kg™ treatment and 2 days after the treatment. Hepatoprotection was assessed in terms of reduction
in serum enzyme activities (ALT, AST, and ALP) that occur after CCly injury, and by histopathology and
immunohistochemistry. The rise in serum levels of alanine aminotransferase (ALT), aspartate amino-
transferase (AST), and alkaline phosphatase (ALP) in CCly-intoxicated rats was markedly suppressed by
viscosine in a concentration dependent manner. The decrease in the activity of hepatic antioxidant
enzyme, SOD, was significantly prevented by viscosine, likewise gradually the levels of MDA and GSH
were also normalized compared to silymarin. Viscosine also reduced the CCly-induced damaged area
from 2% to 0% as assessed by histopathology and prevented the mixed inflammatory infiltrate. Viscosine
attenuated the inflammation in the liver around the injured central vein region by downregulating the
CCly induced activation of hepatic CD68+ macrophages, thereby reducing their number as well. The
expression of inducible nitric oxide synthase (INOS) was more potentially suppressed by viscosine com-
pared to the FDA approved positive control silymarin. The results of this study indicate that viscosine
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could be effective in protecting the liver from acute CCly-induced injury. The hepatoprotective mecha-
nisms of viscosine may be related to the free radical scavenging and attenuation of oxidative stress, as
well as to the inhibition of inflammatory response in the liver. Here, we are proposing a novel mechanism

www.rsc.org/toxicology of action of viscosine and suggesting that it may be a safe and better in vivo antioxidant.
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The liver is a vital organ that metabolizes all foreign
compounds, drugs and toxic chemicals and hence, it is very
susceptible to injury." Worldwide, inflammation of the liver or
hepatitis is a very serious health problem with a staggering
incidence of 550 million.”> Hepatitis is more common in devel-
oping countries such as Pakistan where ~35 million people are
believed to be infected with various hepatitis viruses.?
Complications of hepatitis such as cirrhosis are life threaten-
ing, and have no specific treatment available and lead to mor-
tality around the world. Many drugs cause liver injury and
upon its continuous insult lead to fulminant hepatitis and
mortality in most cases.”

The uses of synthetic or conventional drugs are mostly
inadequate to treat these liver diseases and can have serious
adverse effects. A number of drugs induce liver injury; one of
them is acetaminophen, the most popular selling analgesic
drug in the US and the world.>® Although it is safe at thera-
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peutic doses, overdose can cause severe liver injury manifested
as centrilobular necrosis.” Acetaminophen associated toxicity
generates reactive metabolites that leads to adduct formation
causing severe oxidative stress. In rodents it causes mitochon-
drial dysfunction and nuclear fragmentation from the necrosis
of hepatocytes.” Isoniazid (INH) is another widely used anti-
tuberculous drug associated with idiosyncratic liver injury in
susceptible patients. Most of the anti-TB drugs (INH, rifampicin
and pyrazinamide) have been found to be potentially hepato-
toxic.® Up to 20% of INH treated patients reportedly showed
elevated levels of alanine aminotransferase whereas hepato-
toxicity can occur in up to 2% of patients.'®'! Most cases of
liver biopsies from patients with severe INH induced hepato-
toxicity are indistinguishable from the pathology of viral
induced hepatitis which is characterized by necrosis, inflam-
mation and infiltration of eosinophils."> Many natural
products contain polyphenolic compounds with antioxidant
properties that prevent the deleterious effects of toxic agents
either by scavenging free radicals or modulating the inflamma-
tory response'®'? and thus, protect from liver diseases.'’
Silymarin is a very well-known standardized extract, containing
a mixture of flavonolignans consisting of silibinin, isosilibinin,
silicristin, silidianin, and others isolated from the herb milk
thistle (Silybum marianum L.) which is traditionally used for
the treatment of liver disorders.'® The mechanism of the
hepatoprotective action of silymarin is proposed to be due to
its antioxidant, anti-inflammatory, immunomodulatory’” and
antifibrotic properties.’® In experimental models of hepato-
toxicity, including the CCl-induced hepatitis, the injured
hepatocytes release different soluble inflammatory mediators."’
In the hepatocytes, cytochrome P450 activates CCl, to form its
trichloromethyl radical, (CCl;7). Then the CCl;™ radicals bind
to cellular components such as nucleic acids, proteins and
lipids, impairing cellular processes like lipid metabolism and
leading to fatty degeneration. The formation of CCl;~ radical
adducts with DNA is thought to be an initiator of liver
cancer.”® The CCl;~ radicals in turn react with cellular oxygen
forming the trichloromethylperoxy radical CCl;00™ species.
The CCl;007 initiates a chain of reactions which attacks and
destroys polyunsaturated fatty acids causing lipid peroxidation.
The adverse effects of lipid peroxidation result in leaking of
the plasma membrane and the membranes of the intracellular
organelles causing the loss of intracellular calcium and sub-
sequent cell damage.*" The breakdown products of fatty acids
are reactive aldehydes, which can form binding interactions
with the functional groups of proteins and thus halt enzymatic
activities. CCl, intoxication also causes hypomethylation that
leads to inhibition of protein synthesis and may also inhibit
the secretion of lipoproteins. CCl, at a molecular level activates
a number of factors such as TNF-a, nitric oxide and TGF-a
and TGF-f in the cell which cause hepatocyte destruction
and fibrosis.>> TNF-a is one of the main key mediators of
hepatitis,> an early rise of its level induces expression of pro-
inflammatory genes of inducible nitric oxide synthase (iNOS),
cyclooxygenase-2 (COX-2) and resident macrophages of the
liver."> TNF-a initiates the process of apoptosis while TGFs
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direct towards liver fibrosis. Processes involved in CCl, toxicity
can specifically interrupt cellular methylation, and calcium
levels causing membrane damage>® which consequently
induce hepatic injury, inflammation, necrosis and apoptosis.>®

Dodonaea viscosa, belongs to the family sapindaceae, and
the genus Dodonaea consists of 60 species. Different classes of
major secondary metabolites were reported from Dodonaea
viscosa like diterpenoids, triterpenoid saponins, flavonoids,
viscosine,*® hautriwaic acid,”” methylenebissantin,*® tannins
and sterols.*® Dodonaea viscosa is widely used in folk medicine
for the treatment of a number of diseases including diabetes,*°
ulcer’® and hepatitis.*?

Viscosine, a naturally occurring C-alkylated flavonoid
(4',5,7-trihydroxy-3,6-dimethoxyflavone) was isolated previously
by our research group from Dodonaea viscosa.>® Viscosine has
been shown to possess antinociceptive and lipoxygenase
inhibitory activities both in vivo and in vitro.>*** Recently their
pharmacokinetic profiles®® as well as pharmacological effects
on the GABA receptors have also been reported.’® We have
previously reported the mechanism of hepatoprotection of
hautriwaic acid, one of the bioactive constituents of Dodonaea
viscosa.>” Viscosine is structurally related to the CNS-active
flavonoids, 2-MeOgMF and 3-OH’, MeOgMF.*® Taking into
account our interest in the pharmacological and therapeutic
significance of the bioactive compounds from Dodonaea
viscosa, the present study aims to investigate the possible
mechanism of hepatoprotection by viscosine by down-
regulating the activation of Kupffer cells and iNOS expression
in a chemical-induced liver injury model.

2. Materials and methods
2.1. Chemicals and antibodies

CCl, was obtained from Sigma Chemical Co., St Louis, MO,
USA. Silymarin was purchased from MP Biomedicals Rue
Geiler de Kaysersberg lllkirch Cedex 67402, France. Viscosine
was isolated from Dodonaea viscosa according to the methods
described.>® Bovine serum albumin (BSA), Cu/Zn superoxide
dismutase (Cu/Zn SOD), and glutathione (GSH) were pur-
chased from Sigma-Aldrich (Taufkirchen, Germany).
Diagnostic kits for the plasma alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were purchased from
Roche Diagnostics GmbH, Mannheim, Germany. Mono-basic
and dibasic sodium phosphate and Triton X-100 were obtained
from Fisher Scientific (Fair Lawn, NJ). Rabbit polyclonal anti-
iNOS antibodies (ab3523), and mouse monoclonal anti-CD68
[ED1] antibody (ab31630) were purchased from Abcam
(Cambridge, UK). Glass slides, cover slip and Roti-immuno-
block, for immunohistochemistry were from Carl Roth,
Karlsruhe, Germany. All other chemicals were of the highest
grade available.

2.2. Animals

Male Wistar rats weighing 180 to 200 g were housed in indivi-
dual cages which were kept at 22 °C to 26 °C under 12-hour

Toxicol. Res., 2016, 5, 1688-1698 | 1689

1Z0Z Jaquiadaq 60 Uo Jasn Alun eBny Aq 9758955/8891/9/S/8]0111B/S8.1X0)/W0o dnoolwepese//:sdiy Woll papeojumod



Paper

light/dark cycles, with free access to standard laboratory chow
and tap water ad libitum. All animals received humane care
and all protocols involving the animals were in compliance
with the guidelines approved (Animal study protocol#2013-
006) by the Institutional Ethics Committee of ICCBS, Karachi
University adhering to the guidelines of the Institutional
Animal Care and Use Committee (IACUC) for animal studies.

3. Experimental design
3.1. CClg-induced liver injury

The animals were randomly divided into six groups each
having six rats as described below. Group 1 (normal control)
was injected with vehicle only (1 ml per kg body weight olive
oil); Group 2 (hepatitis model) was injected with intraperito-
neal injection of CCl, (1 ml kg™") with 1:1 olive oil; Group 3
(positive control) was injected with an intraperitoneal injec-
tion of CCl, (1 ml kg™!) with 1:1 olive oil and also received
silymarin (200 mg kg™, oral), per day for 3 days before the
CCl, treatment and 2 days after the treatment; Groups 4-6
were injected with intraperitoneal injection of CCl, (1 ml kg™")
with 1:1 olive oil but also received viscosine at a dose of 20,
50 and 100 mg per kg body weight per day for 3 days before
the CCl, treatment and 2 days after the treatment.

3.2. Determination of oxidative stress markers

The livers were homogenized (Polytron homogenizer) in
50 mM phosphate buffer saline (PBS), pH 7.4 (Kinematica,
Lucerne, Switzerland). A Beckman L7-65 Ultracentrifuge
(Beckman, Fullerton, USA) was used to separate the super-
natants at 15 000g for 20 min, at 4 °C. The supernatants were
used for determination of the Cu/Zn SOD activity, MDA and
GSH content. The Cu/Zn SOD activity was measured at 550 nm
by using a UV-VIS spectrophotometer from the decrease in
cytochrome ¢ reduction by superoxide radicals as described
previously.*® Likewise, the GSH and MDA contents were deter-
mined according to a reported study.’’ To deproteinize, the
supernatant was centrifuged for 8 minutes at 4500g with 1.2 M
metaphosphoric acid (Rotina 420R, Andreas Hettich GmbH,
Tuttlingen, Germany). Then, a solution consisting of 700 pl of
0.3 mM NADPH in phosphate buffer saline, 25 pl of the depro-
teinized sample and water, and 100 pl of 6 mM DTNB, were
mixed to a final volume of 1.0 ml in a cuvette. After that, 10 pl
of glutathione reductase (50 U ml™") was added to the mixture
and absorbance was monitored at 405 nm for 30 min. The
glutathione content in the samples was determined from the
standard curve using a series of dilutions of glutathione stock
solution. Bradford’s method was used for protein content in
the liver homogenates.*!

3.3 Cytotoxicity analysis using 3T3, CC-1 and MDBK cell
lines

The cytotoxicity of viscosine was evaluated using 3T3, CC-1
and MDBK cell lines. Briefly 3T3 cells were grown in DMEM
supplemented with 10% FBS, CC1 cells were cultured in
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EMEM added with 2 mM r-glutamine, 1% NEAA, 20 mM
HEPES, and 10% FBS, whereas MDBK cells were grown in
RPMI-1640 supplemented with 5% FBS in 75 cm” flasks, and
incubated in a 5% CO, incubator at 37 °C until they attained
70% confluence. The cytotoxicity of viscosine was evaluated
using 6 x 10* cells per mL by the MTT colorimetric assay as
described.?**

4. Histopathological examination and
quantification of the liver damage

Liver tissues were rapidly removed and fixed in 10% neutral
buffered formalin, dehydrated through a graded series of
alcohol, embedded in paraffin, and cut into 6 pm thick sec-
tions. The liver tissues were stained with Hematoxylin-Eosin
(H&E) and Periodic Acid Schiff’s (PAS) stains. The tissues were
then examined under bright field and multichannel fluo-
rescence microscope at different magnifications using a Nikon
90i microscope. Histopathological analysis of the liver under
different conditions was carried out and the necrotic area was
measured in 30 different sections of the liver using the NIS-
elements software from Nikon, Japan. Then the damaged area
was quantified using the same software and the necrotic area
was expressed as percent damage compared to the whole area
of the section.

4.1. Immunohistochemistry analysis

For immunohistochemistry, 6 pm thick liver sections were
used, as described.”” Briefly, the slides were deparaffinized in
xylene and dehydrated in graded alcohol. The liver sections
were incubated for 1 hour with primary antibodies for liver
macrophages, clone ED1 (diluted 1:100), and anti-INOS
(diluted 1:50). After thoroughly washing with PBS, the sec-
tions were then incubated with the secondary antibody, Texas
Red-conjugated goat anti-mouse IgG (1:100) for 45 min. Then
the slides were counterstained with DAPI, and mounted, while
the expression profile and cellular localization of liver macro-
phages and iNOS were analyzed by multichannel fluorescence
microscopy (Nikon 90i, Japan).

5. Statistical analysis

The data were analyzed using the SPSS software. Differences
among groups were assessed by one-way ANOVA followed by
t-test. Values in the text are means + SD, standard deviation.
Differences with p < 0.05 were considered to be statistically
significant.

6. Results

6.1. Histopathology

A histopathological study of the normal control liver showed a
typical central vein lined with endothelial cells and normal
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hepatocytes making hepatic cords of cells with clear cell
boundaries and sinusoidal spaces (Fig. 1A and B). The CCl,
induced liver injury group was characterized by an increase in
inflammatory infiltrate around the central vein and the hepato-
cytes showed ballooning degeneration in the central vein
region (Fig. 1C and D). The silymarin treated group showed
some protection against this injury but still inflammation was
present around the central vein region. Treatment with sily-
marin reduced the mixed inflammatory cells at the site of
injury (Fig. 1E and F). However, viscosine (20 mg kg™, 50 mg
kg™" and 100 mg kg™'), dose dependently decreased the
abnormality of the liver architecture induced by CCl, (Fig. 1G
and H) and showed hepatic cells with a well-preserved cyto-
plasm, nucleus, nucleolus and central vein (Fig. 1I-L) as com-
pared to the silymarin treated group. Viscosine at a dose of
100 mg kg™' completely abolished the damage caused by
CCl,-produced reactive oxygen species. Therefore, it appears
that one of the reasons for hepatoprotection by viscosine is its
strong scavenging capabilities of reactive oxygen species and
inhibition of the formation of adducts.

Paper
6.2 Effects of viscosine on serum levels of ALT, AST, and AP

Treatment with CCl, caused elevated blood levels of ALT, AST,
and AP representing membrane damage due to oxidative
damage to the hepatocytes (Fig. 2A). The AP elevated levels were
due to increased damage to the bile duct cells which are located
at the portal triad region. Silymarin treatment showed protec-
tion by decreasing the levels of ALT, AST and AP (Fig. 2A) which
correlated with the quantification of pathological changes in
histology (Fig. 2B). The elevated levels of ALT, AST, and ALP
were reduced despite CCl, treatment in the animals treated
with viscosine, 20 mg kg™ (Fig. 2A). Treatment with viscosine
(50 mg per kg and 100 mg per kg body weight) showed signi-
ficant hepatoprotective activity that was superior to silymarin
(200 mg kg™'). Quantification of the histopathological data
showed 0% pathology in the normal control group (Fig. 2B).
CCl, administration caused huge pathological changes (50%
damage) in the model hepatitis group (Fig. 2B). However, treat-
ment with viscosine at 20 mg per kg, 50 mg per kg and 100
mg per kg body weight restricted (p < 0.001) the pathological

Fig. 1 Liver histology after CCl, intoxication. Histopathology of the liver showing normal (green arrows) central vein, hepatic cords and sinusoids in
the untreated normal control (normal, A, B); pale necrotic areas (red arrows) after CCl, treatment in the control group (CCl,, C, D); protection by the
positive control 200 mg kg™ silymarin (CCl, + silymarin E, F); protection by viscosine (20 mg kg™?) (CCl, + viscosine, G, H), 50 mg kg™ (CCl, + vis-
cosine, |, J); protection by the viscosine treated group (100 mg kg™ (CCl, + viscosine, K, L), chemical structure of viscosine (M). Note that the
hepatoprotection by viscosine at a dose of 100 mg kg™ is better than that of silymarin or viscosine at a low dose of 20 mg kg™, Note that the
viscosine protection is better than that of silymarin. Scale bar for A, C, E, G, | and K is 250 um and is shown in G. Scale bar for B, D, F, H, J and L is
25 pm and is shown in H.
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Fig. 2 Quantification of the effects of viscosine on CCl,-induced liver injury. (A) Serum ALT, AST and ALP levels as markers of liver injury under
various conditions. Note that viscosine showed complete protection against CCls-induced liver injury as compared to CCl, (P < 0.001) or CCly + sily-
marin (P < 0.001). (B) Percent damage of the liver as assessed by histology under various conditions. Note the slight damage (3%) in the silymarin

group whereas viscosine showed no damage (0.1%).

changes to 2%, 1% and 0% respectively. Therefore, viscosine
was better at hepatoprotection compared to silymarin which
showed 10% damage (Fig. 2B).

6.3 Periodic acid Schiff’s staining of liver treated with
viscosine

Light microscopic evaluation of liver tissues showed normal
hepatic architecture (Fig. 3A) in the control group. The usual
glycogen deposits were present in the hepatocyte cytoplasm in
the untreated group (Fig. 3A). After 24 h of CCl, treatment,
necrotic changes of hepatocytes were evident along with
decreased glycogen content (Fig. 3B). In the silymarin treated
group, inflammatory cell infiltration and slight vacuolar
degeneration around the central veins and sinusoids were
detected which was also associated with decreased glycogen
content (Fig. 3C). Treatment with viscosine did not restore the
glycogen deposits compared to the CCl, control or silymarin

1692 | Toxicol Res., 2016, 5, 1688-1698

treated group (Fig. 3D), probably due to the high-energy
demand of the hepatocytes for the possible repair processes in
CCl,-given animals. In all other aspects, viscosine completely
preserved the hepatic architecture of hepatocytes like normal
hepatocytes.

6.4. Effect of viscosine on oxidative stress

In order to investigate the antioxidant effects of viscosine
against CCl-induced oxidative stress in the liver of different
experimental groups, markers of oxidative stress such as
malondialdehyde, glutathione, and superoxide dismutase (MDA,
GSH, and SOD) were measured. Fig. 4 shows the dose depen-
dent effects of viscosine on CCl -induced oxidative stress. In
the CCl -intoxication group, the MDA level was significantly
elevated (P < 0.01). However, hepatic MDA levels were signifi-
cantly reduced with 20, 50, and 100 mg per kg body weight
doses of viscosine (P < 0.05). On the other hand, CCl, dramati-
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Fig. 3 Periodic-acid Schiff's (PAS) staining of liver sections of rats
treated with viscosine. Photomicrographs of liver sections of rats
showing the normal distribution of glycogen in the hepatocytes of the
control rat (A). Depletion of glycogen in the hepatocytes of CCly treated
group (B). Glycogen in the hepatocytes of rat liver treated with silymarin
(C) or viscosine (100 mg kg™) (D). Scale bar is 25 pm.

cally reduced the level of GSH compared with the normal
control group in the liver of rats (P < 0.01). However, its level
was increased significantly by pretreatment with viscosine
(P < 0.05). The hepatic antioxidant enzyme (SOD) activities
were decreased significantly in the liver of rats treated with
CCl, alone compared to the normal control group (P < 0.01).
However, co-administration of viscosine significantly (P < 0.05)
attenuated changes produced by CCl, in hepatic SOD in a dose
dependent manner.

6.5 Cytotoxicity assay

The cell lines 3T3 (mouse embryo, fibroblast cells), CC1 (rat,
epithelial, liver cells) and MDBK (bovine kidney cells) were pur-
chased from ATCC. Cytotoxicity of pure viscosine at different
concentrations was evaluated using these cell lines to ensure
that it was not toxic. Viscosine was incubated with 3T3, CC1
and MDBK cell lines for 24 hours, we found that 0.5, 5 or
50 pg mL ™" has very little to no cytotoxic effects (Fig. 9B). From
the data it is clear that viscosine is non-cytotoxic.

7. Immunohistochemistry of Kupffer
cells (KCs) of the liver

Liver inflammation is associated with the activation of CD68+
macrophages and migration of macrophages into hepatic
cords where these macrophages secrete proinflammatory cyto-
kines such as TNF-a and IL-6.** Slender-looking sinusoidal-
lining CD68+ immunoreactive cells with distinct enlarged
nuclei were present in the normal control group (Fig. 5A-C) in
a small number around the central vein (P < 0.001, Fig. 7). The
DAPI stain was useful in identifying the elongated shaped
nucleus of the macrophages as shown in Fig. 5B. From double

This journal is © The Royal Society of Chemistry 2016
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Fig. 4 Effects of viscosine on the hepatic oxidative system. MDA (A),
GSH (B), and SOD (C), in CCl-intoxicated rats. Data are expressed as the
mean + SD, n = 10. **P < 0.01, when compared to the normal control;
*P < 0.05, **P < 0.01, when compared to the CCl,; model control. Group
I: normal control; Group IIl: CCl; model control; Group Ill: 200 mg kg™
silymarin + CCl,; Group IV: 20 mg kg™ viscosine + CCls; Group V:
50 mg kg™ viscosine + CCl,; Group VI: 100 mg kg~ viscosine + CCly.

and triple channel fluorescence microscopy it is evident that
the resident macrophage cells exhibit a characteristic
elongated shape with some processes while they are in the
sinusoidal spaces (Fig. 6A and B). Upon CCl, induced liver
injury, the CD68+ macrophages were more densely stained and
were more numerous in number (Fig. 5D and 6C, D) especially
in the injured area around the central vein. There was a huge
mixed inflammatory cell infiltrate around the central vein
region which was clear from the DAPI staining (Fig. 5E).
CD68+ cells were present in a larger number (P < 0.001, Fig. 7)
compared to the normal control in the central vein region
(Fig. 7). It is obvious from Fig. 5G that silymarin treatment
decreased the number of activated macrophages (P < 0.001,
Fig. 8) around the central vein compared to the CCl, control
group. From the DAPI staining (Fig. 5H) it is clear that the
positive control silymarin did not completely reduce the
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Fig. 5 Effects of viscosine on CD68+ Kupffer cells. Immunohistochemistry for CD68+ cells of liver showed normal central vein (A) and hepatocyte
nucleus stained with DAPI (B) or in DIC image (C) of the control (A, B, C) group and increased migration of CD68+ cells (D) at the site of injury
caused by CCl, treatment (D, E, F). Silymarin treatment (G, H, ) slightly reduced the activation of CD68+ cells (G). Normal distribution of CD68+
cells treated with 100 mg kg™ viscosine (J, K, L), CD68+ cells (J). DAPI (nucleus) is represented by green. Scale bar is 25 pm.

number or morphology of the activated macrophages in the
injured region (Fig. 6E and F). Interestingly viscosine signi-
ficantly decreased (P < 0.001, Fig. 7) the number of CD68+
macrophages around the central vein (Fig. 5]) to levels very
similar to that of the normal control group while the DAPI
staining revealed a normal morphology of the nuclei (Fig. 5K)
compared to the normal control as well as the CCl; control
group. Therefore, viscosine treatment limited the number and
activity of the hepatic sinusoidal macrophages (P < 0.001,
Fig. 7), despite the CCl, treatment as evidenced from the
double and triple channeled immunohistochemistry (Fig. 6G
and H).

8. Immunohistochemistry of
inducible nitric oxide synthase (iNOS)
As expected, no apparent expression of iNOS was detected in
the livers of the normal control group (Fig. 8A and B) which is

further confirmed in Fig. 8C. CCl -intoxication induced strong
expression of iNOS in the liver and the expression of iNOS

1694 | Toxicol. Res., 2016, 5, 1688-1698

were localized in the cytoplasm and surrounding the nuclei of
hepatocytes (Fig. 8D), which were further confirmed from the
double channel fluorescence of iNOS and DAPI (Fig. 8F).
Pretreatment and posttreatment with viscosine at 20, 50 and
50 mg kg™, dose-dependently reduced the iNOS immunoposi-
tivity (Fig. 8J), which were further confirmed and much more
evident from the double channel fluorescence of iNOS with
DAPI (Fig. 8L). In the silymarin treated group iNOS immuno-
positive hepatocytes were still present around the central vein
region. The iNOS expression was negligible in normal treat-
ment groups (Fig. 8A and C), whereas iNOS expression was
decreased in the viscosine treated group at 50 mg kg™'. The
hepatocyte nuclei as well as the Kupffer cells were immuno-
negative for iNOS in the normal control as well as the viscosine
treated group.

9. Discussion

CCly-induced acute hepatic injury is widely used as a model
for the screening of hepatoprotective drugs. The main goal of

This journal is © The Royal Society of Chemistry 2016
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Fig. 6 Viscosine reduced the number of CD68+ cells. double fluor-
escence for CD68 and DAPI in normal control rat liver (A, B) and in the
CCly induced liver injury showed numerous CD68+ cells along the sinu-
soids around the central vein (C, D). Silymarin positive control decreased
the number of CD68+ cells to some extent (E, F), whereas the 100 mg
kg™! viscosine treated group showed CD68+ immunocytochemistry
similar to that of the normal control (G, H). Scale bar is 25 pm.

this study was to determine a possible mechanism for the
hepatoprotective potential of viscosine in the CCl,-intoxicated
model. Our results suggest that viscosine can prevent acute
CCl, induced hepatotoxicity, by attenuation of the oxidative
and the inflammatory response as well as reduction of the
expression of iNOS in the liver. Liver macrophage population
was highly reduced in the viscosine treated group compared to
CCl, and the positive control silymarin treated group. The
dose dependent decrease in serum AST, ALT and ALP activity
by viscosine in CCl -intoxicated rats indicates that viscosine
preserves the hepatocellular membrane structural integrity,
which was further confirmed and supported by the histological
findings. Furthermore, viscosine seems to possess a consider-
ably stronger activity against CCly-induced liver damage than
the positive control silymarin which is widely recognized as a
potent hepatoprotective agent. Based on our results and pre-
vious studies, we propose a mechanism of viscosine-mediated
hepatoprotection which is summarized in Fig. 9.

This journal is © The Royal Society of Chemistry 2016
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Oxidative stress is associated with increased production of
free radicals which have been implicated in the pathogenesis
of acute hepatic disorders, including CCly-intoxication.** CCl,
metabolism via the cytochrome P450 leads to the formation of
CCl;~ free radicals leading to lipid peroxidation®* and impair-
ment of the antioxidant status of hepatocytes which ultimately
results in hepatocyte degeneration and liver fibrosis.*”> These
oxidative injuries of hepatocytes were successfully prevented
by viscosine. Our results suggest that the hepatoprotective
effects of viscosine may be due to its antioxidant properties.
The results of this study showed the hepatoprotective and anti-
inflammatory effects of viscosine in the CCly-induced liver
injury similar to the reported compound berberine.*?

The resident hepatic macrophages carry out very important
functions in modulating the severity of the hepatic inflam-
mation.*>** It has been suggested that in acute liver injury, the
injured hepatocytes and Kupffer cells produce a variety of
proinflammatory cytokines, such as tumor necrosis factor-a
(TNF-o) and monocyte chemoattractant protein (MCP), and
this subsequently contributes to hepatic injury.*>*® Their
expression level rises in acute liver injury following exposure to
hepatotoxic chemicals,””*® contributing to the hepatotoxicity
induced by CCl,.**° TNF-a stimulates the process of inflam-
mation and liver fibrosis but does not directly cause hepato-
cyte necrosis in CCly-induced hepatotoxicity.48 The results of
current research agree well with the already reported studies
involving berberine®" and other alkaloids.” Our study revealed
that viscosine effectively suppressed the infiltration of proin-
flammatory cells (Fig. 2C and D) around the central vein and
inhibited the expression of TNF-a, and its downstream
mediators, iNOS and COX-2, which are involved in the process
of inflammation. The downregulation of TNF-a, iNOS, and
CD68 expression by viscosine suggests its important role in
the attenuation of the CCl,-induced inflammatory cascade in
liver diseases.

TNF-a also induces the expression of iNOS which produces
nitric oxide (NO°) causing a chemically induced stress.” In the
mitochondria, NO' may react with superoxide (0*”) to
produce peroxynitrite (ONOO™), which are mediators of cellu-
lar dysfunction. In both acute and chronic liver injury over-
expression of iNOS has been reported,> but the role played by
NO’ in causing tissue damage is still controversial. It seems
that iNOS-derived NO" could regulate expression of proinflam-
matory genes, contributing to inflammatory liver injury.*®
It has been shown in various experimental models of acute liver
injury that hautriwaic acid downregulates activated CD68+
macrophages,”” while berberine suppressed the downstream
pathway of proinflammatory mediators such as iNOS and
COX-2.>* In this study, increased CD68+ cells and iNOS
expression around the injured central vein region in CCl,-
intoxicated rats indicate enhanced production of nitric oxide
and nitrosative stress, as a response to liver injury. Our results
suggest that activated CD68+ cells and iNOS expression in
acute CCly-induced liver injury and its inhibition by viscosine
exert beneficial effects in the prevention of acute hepatic
damage. Most importantly, the results obtained from this
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Fig. 7 Quantification of the CD68+ cells to elucidate the effects of viscosine treatment on the CCls-induced liver injury. CCls-induced liver injury
showed increase in the number of CD68+ cells (P < 0.001) as compared to the normal control in the central vein region (P < 0.001). Silymarin treat-
ment (P < 0.001) somewhat reduced this number while viscosine (P < 0.001) reduced this number to control levels. Note that 100 mg kg™ viscosine
reduced the number of CD68+ cells around the central vein region in a dose dependent manner more than the positive control silymarin

(P<0.001).
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Fig. 8 Immunohistochemical detection of iINOS. iINOS immunoreactivity was almost absent in the livers of the normal control group (A, B, C).
Strong iINOS immunoreactivity in the livers of CCly-treated group (D, E, F) was observed. The CCl, treated group showed strong iNOS immunoposi-
tive hepatocyte nuclei around the central vein region. Presence of immunopositive cells for iNOS in the silymarin treated group (G, H, I). In the
100 mg kg~ viscosine treated group only minute traces of iNOS immunopositivity around the central vein hepatocytes and endothelial cells (J, K, L)
were seen.
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Fig. 9 (A) Possible proposed mechanisms of hepatoprotective activity
of viscosine. Upon exposure of liver hepatocytes to CCl, oxidative stress
is induced due to its metabolism into highly reactive free radicals. CCly
induced oxidative stress can trigger the release of TNF-a from injured
hepatocytes and Kupffer cells, which can further activate NFkB allowing
its nuclear translocation. Consequently, NFkB stimulates the expression
of INOS and COX-2. The final product of iNOS, COX-2 and NO’, contrib-
utes to oxidative stress and on the other hand, initiates the cascade of
inflammatory responses in the injured liver. Inflammation, in turn, is
associated with the release of highly reactive oxygen and nitrogen
species from inflammatory cells, further exacerbating the oxidative
stress. Viscosine prevents oxidative damage, as indicated by the
decrease in lipid peroxidation, and improves the antioxidant status.
Furthermore, viscosine suppresses the inflammatory response by down-
regulating the proinflammatory cascade initiated by TNF-a, and attenu-
ates oxidative stress by iNOS inhibition. (B) Cytotoxicity effects of the
test materials on 3T3 mice fibroblast cell line, CC1 (rat, epithelial, liver
cells) and MDBK (bovine kidney cells). Cells were incubated with visco-
sine at different concentrations for 48 h then MTT was added for 4 h fol-
lowed by addition of DMSO and the absorbance was read at 540 nm
using a 96-well plate reader. Results are expressed as mean + SD of
three replicates. Positive control is normal fibroblasts without any
treatment.

study suggest the possibility of therapeutic application of
viscosine in patients with liver injury, although further
studies, in a more chronic model of liver fibrosis, are required
to explore its mechanism of action in detail.

Our study and others regarding viscosine suggest that it
could be a potent inhibitor of enzymes involved in the inflam-

This journal is © The Royal Society of Chemistry 2016
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matory process such as iNOS or lipoxygenase®® in addition to
its anti-oxidant activity. Although viscosine has structural
similarity to apigenin, quercetin or resveratrol in terms of its
polyphenol and flavonoid structure, it is different from them
in having the methoxy groups at positions 3 and 6 of the
flavonoid which have been shown to enhance the nitric oxide
production activity.>®> The clinical trial failure of quercetin or
resveratrol has been suggested to be due to poor bioavailability
resulting from rapid deactivation of the hydroxyl groups on
aromatic rings in the intestine and liver—a phenomenon
which has been shown to be countered by methylated
flavonoids which can accumulate in vivo to 150 fold more than
their non-methylated counterparts.’® This would make visco-
sine a better anti-oxidant compared to apigenin, quercetin or
resveratrol—all of which lack the protective methyl groups.
Altogether it appears that viscosine could be a better flavonoid
in vivo because of its anti-inflammatory and other activities in
addition to its long lasting antioxidant activity.
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