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Abstract: Daflon is a phlebotonic drug widely used in chronic venous or lymphatic insufficiency. This study designed to
investigate the relation of daflon with hyaluronan as a mediator for the hepatoprotective effect against Carbon
tetrachloride (CCl,) and/or y-radiation induced liver damage. Animals of this study were administered CCly (1 ml/kg
b.wt.), exposed to y-radiation (1Gy) and treated with daflon (100 mg/kg/day). Results: Our results showed the
ameliorative effect of daflon on cytochrome P450 (CYT P450), lipid peroxidation (MDA), liver enzymes (aspartate
amino transferase; AST, alanine aminotransferase; ALT and gamma glutamyl transferase; y-GT), antioxidant capacity
(reduced glutathione; GSH and glutathione per oxidase; GPx), inflammatory markers (C-reactive protein; CRP and
interlukin- 6; IL-6), alpha-fetoprotein (AFP) and extra cellular matrix proteins (hyaluronan; HA and hyaluronidase;
HAase) which was supported by histopathological examination of liver sections compared to the damage induced in
CCL,4 and/or rats exposed to radiation. It could be concluded that the hepatoprotective effect of daflon is mediated via
antioxidant and anti-inflammatory activity in addition to preserving native tissue hyaluronan by preventing its

degradation.
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INTRODUCTION

Fruits and vegetables are rich of polyphenolic compounds
namely flavonoids. They have many natural properties
including antibacterial, antiviral, anticancer,
immunostimulant and antioxidant effects (Hosseinimehr
et al., 2009). Flavonoids are currently used as therapeutic
agents. For example, diosmin and hesperidin, besides
being natural constituents of foods of plant origin, are
present in high amounts in phlebotonic preparations such
as Daflon® (Quintieri et al., 2010) which is widely used
for the management of hemorrhoidal disease and chronic
venous disease in addition to radiation protection for the
patients undergo medical practice such as radiotherapy as
regarded in cancer patients (Hosseinimehr et al., 2009).
Hesperidin is hydrolyzed by intestinal microflora to its
aglycone hesperetin (the flavanone analogue of
diosmetin) (Quintieri et al., 2010). In addition, diosmetin
is partly converted in vivo to hesperetin (Spanakis et al.,
2009). Both diosmetin and hesperetin have inhibitory
effect on cytochrome P450 (CYT P450) activity
(Quintieri et al., 2010).

Hyaluronan (HA) is a high molecular weight
polysaccharide that is distributed in all body tissues and
fluids (Rostami and Parsian, 2013). The generation of
lower molecular weight forms of HA (LMW-HA, ~100-
500 kDa)) from native high-molecular-mass HA
molecules (HMW-HA, ~4,000 kDa) takes place either by
hyaluronidase-mediated  degradation or  oxidative
hydrolysis under pathological conditions (Yang et al.,
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2012). Under these conditions, LMW-HA is more
polydisperse, fragmented and stimulates inflammatory
cells (Bonafe et al., 2014). The liver is the most important
organ involved in the synthesis and degradation of HA.
HA is synthesized by special enzymes that are located on
the inner surfaces of plasma membranes in some tissue,
such as the synovial lining cells and hepatic stellate cells
(HSCs). These enzymes are called hyaluronic acid
synthases (Rostami and Parsian, 2013).

CCL, is a well-documented hepatotoxin used to induce
acute and chronic toxic liver injury in a many of
laboratory animals. The toxicity mechanism of CCl, takes
place through biotransformation of CCly by the hepatic
microsomal CYT P450 to produce hepatotoxic
metabolites, namely trichloromethyl free radicals (CCl;
and CCl;00)). These highly reactive compounds reacts
with sulfhydryl group, protein-thiol and reduced GSH,
thus covalently bind to the cell membrane and leads to
disruption of hepatocellular membrane, via lipid
peroxidation and this end at necrosis of the cell. This is
followed by chloromethylation, saturation, peroxidation
and progressive destruction of the unsaturated fatty acid
of the endoplasmic reticulum membrane phospholipids
(Lee et al., 2007, Noori et al., 2009 and Al-Rasheed et al.,
2014). Also, CCL, metabolism involves the activation of
tissue macrophages which is accompanied by the
production of inflammatory and profibrogenic mediators
such as transforming growth factor-f and interleukin-6
(Al-Rasheed et al., 2014).

Exposure of human to natural background radiation
represents a major health dilemma which results in an
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increase of radiation burden in humans as a result of
technological advancements, since exposure to low level
radiation has become common during a vast amount of
human activities such as diagnostic and medical
procedures, as well as occupational exposure in radiology
workers (Godekmerdan et al., 2010). According to the
Nations Scientific Committee on the effects of Atomic
Radiation (UNSCEAR 1986) Report, acute doses above 2
Gy, between 2 and 0.2 Gy, and below 0.2 Gy are regarded
as high, intermediate and low doses, respectively. Low
radiation leads to stimulation of the immune system,
while high radiation dose has an immunosuppressive
effect (Farooqu et al., 2011).

We aimed to evaluate the hepatoprotective efficiency of
daflon against liver damage in personal might actively or
passively exposed to intermediate dose of radiation.
Accordingly, this aim was achieved through CCL, as a
model of liver damage in irradiated rats. Hence,
cytochrome P450 (CYT P450), lipid per oxidation
(Malondialdehyde, MDA), liver enzymes (aspartate
amino transferase; AST, alanine aminotransferase; ALT
and gamma glutamyl transferase; y-GT), antioxidant
capacity (reduced glutathione; GSH and glutathione
peroxidase; GPx), inflammatory markers (C-reactive
protein; CRP and interlukin- 6; IL-6), alpha-fetoprotein
(AFP) and extra cellular matrix proteins (hyaluronan; HA
and hyaluronidase; HAase) were assayed to investigate
this  effect accompanied with histopathological
examination of liver tissue.

MATERIALS AND METHODS

Materials

All Chemicals and CCly; were obtained from Sigma-
Aldrich Chemical Co., USA. Daflon® (Servier Egypt
Industries Limited, 6™ October City, Giza, Egypt),
consisting of 90% diosmin and 10% hesperidin, was
dissolved in isotonic (0.9% NaCl) saline solution
immediately before use.

Experimental animals

Male albino rats (120-150g), 6 weeks old obtained from
the Egyptian Holding Company for Biological Products
and Vaccines were used as experimental animals. The
animals were housed in well ventilated rooms with
controlled temperature (25°C), humidity (45-75%) and
photoperiod (12-h/12-h light/ dark cycle). All animals had
free access to chow and water. The animals were
acclimated for one week before experiment. This
experiment  was  carried out according to
recommendations in the Guide for the Care and Use of
Laboratory. Animal procedures were performed in
accordance with the National Institute of Health (NIH
No.85:23, revised 1996) and in compliance with the
regulations of National Center for Radiation Research and
Technology (NCRRT). All experimental procedures were
done avoiding animal suffering.

Irradiation procedure

Whole body gamma-irradiation of rats was performed
with a Canadian gamma cell-40, (*’Cs) at the NCRRT,
Cairo, Egypt at a dose rate of 0.45 Gy /min. Rats exposed
to 1Gy of whole body y-radiation on the 20"day.

Induction of hepatotoxicity by CCl,

CCly (1ml/kg b.wt.) was administered intraperitonealy 1:1
diluted with olive oil, for two successive days of the
experimental course to induce hepatotoxicity (Althnaian
et al., 2013). Induction of liver toxicity in rats by CCly
was the zero time of experiment.

Animal groups

Rats were divided into eight equal groups (6rats/group):
(1) Control group: animals received 0.5ml olive oil via
oral tube for 21 days, (2) Radiation group (R): rats
received 0.5 ml olive oil via oral tube during 21 days and
exposed to 1Gy, (3) Carbon tetrachloride intoxicated
group (CCL,): rats received CCL4, (4) carbon
tetrachloride intoxicated and irradiated group (CCIl4tR):
rats received CCly and exposed to 1Gy, (5) Daflon (D)
group: rats received 100mg/kg/day of daflon via oral tube
(Sezer et al., 2011) for 16 consecutive days which
corresponds to 0.5 ml D suspension were administered via
oral tube to the rats started from 5" day until the end of
experiment, (6) Daflon treated and irradiated group
(D+R): rats received D and exposed to 1Gy, (7) Carbon
tetrachloride intoxicated and daflon treated group
(CCl4+D): rats received CCly and D, and (8) Combination
group (CCly+D+R): rats received CCly, D and exposed to
1Gy. Animals were sacrificed after one day post exposure
to y-radiation. Serum and liver tissue were collected for
biochemical and histopathological examinations.

Biochemical assays

The GSH content was determined photometrically at 412
nm using 5, 5-dithiobis-2-nitrobenzoic acid (Ellman,
1959). The activity of GPx was assayed according to the
method of Gross et al. (1967). AST and ALT were
determined according to Reitman and Frankel, (1957) and
v-GT according to Szasz, (1974). The extent of lipid
peroxidation was assayed by the measurement of MDA
according to the procedure described by Yoshioka et al.
(1979). All photometric determinations were done using
(Thermo  Electron UV-Visible spectrophotometers
U.S.A.). CRP was measured using a test reagent kit
according to the modified method of Schultz and Arnold,
(1990). AFP was measured by ELISA (provided by
Diagnostic Systems Laboratories, Inc., Webstar, Texas,
USA). IL6 was measured by ELISA kit provided by
(Quantikin R&D system USA). Hyaluronan (HA)
concentration was measured using an ELISA kit supplied
by (MyBiosource USA) according to manufacturer’s
instruction. HAase activity was measured by ELISA kit
supplied by Uscn Life Science Inc. according to
manufacturer’s instruction (Bansal et al., 1982) using
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ELISA microplate reader (DV 990 BV 4/6; Gio De Vita
and Co., Rome, Italy).

Detection of CYT P450
CYT P450 was detected by gene expression using real
time PCR (RT-PCR) according to method stated by Livak
and Schmittgen, (2001).

RNA extraction: In liver tissue homogenate, total RNA
was isolated using RNeasy Purification Reagent (Qiagen,
Valencia, CA) according to the manufacturer’s
instruction. Liver homogenate was mixed with 1ml
chloroform for 15 s. The suspension was then incubated at
room temperature for 15min and centrifuged at 3000g for
45 min. After isopropanol precipitation of the supernatant,
the pellet was washed twice with 80% ethanol and air-
dried. Then, it was dissolved in 200ul RNase-free water.
The purity (A260/A280 ratio) and the concentration of
RNA were detected using spectrophotometry (Gene Quant
1300, Uppsala, Sweden).

cDNA synthesis: The yielded RNA in a volume of 4pug
was utilized for cDNA synthesis using an Oligo (dT)12-
18 primer and Superscript™ II RNase Reverse
Transcriptase. Afterwards, the reaction mixture was
incubated at 42°C for 1h (the kit was supplied by
SuperScript Choice System (Life Technologies, Breda,
the Netherlands)).

Real-time quantitative polymerase chain reaction (PCR):
Real-time PCR (RT-PCR) (Step One Plus Applied
Biosystem, USA) amplification was carried out using 10
pL amplification mixtures containing Power SYBR Green
PCR Master Mix (Applied Biosystems, Foster City, CA
USA), equivalent to 8 ng of reverse-transcribed RNA and
300 nM primers. Relative expression of studied gene was
calculated using the comparative threshold cycle method.
All values were normalized to the GAPDH genes. The
primer used to specifically amplify the gene of CYT P450
was forward: 5-ACTTCTACCTGCTGAGCAC-3' and
reverse: S5-TTCAGGTCTCATGAA CGGG-3'. The
internal control gene of GAPDH was amplified using the
primers: forward: 5'- CTCCCATTCTTCCACCTTTG-3'
and reverse 5'- CTTGCTCTCAGTATCCTTGC-3".

Histopathological study

Autopsy samples of liver were taken from different
animals groups (3 samples/group) and fixed in 10%
formaldehyde for 24hrs. Serial dilutions of methanol,
ethanol and absolute ethanol were used for dehydration
after washing by water. Then samples were cleared in
xylene and fixed in paraffin at 56°C in hot air oven for
24hrs. Blocks of paraffin bees wax tissue were organized
for sectioning at 4 microns thickness by slidge
microtome. The tissue sections were fixed on glass slides,
deparaffinized and stained by hematoxylin and eosin stain
for histological investigation (Banchroft et al., 1996).
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Analysis of data

Statistical analyses of all data were presented as the mean
+ Standard Error (SE). Statistical analyses were
performed by one-way ANOVA test followed by Duncan's
post hoc test for multiple comparisons. Differences were
considered statistically significant for values of P<0.05.
All data were analyzed by SPSS PC-software version 21
for Microsoft Windows (SPSS Inc., Chicago, IL, USA).

RESULTS

Biochemical assays

In the present study, the expression of liver CYT P450
mRNA of control group was 1.12+0.07 folds. In group
injected with CCL, and/or exposed to R, a significant
increase in CYT P450 mRNA was observed as compared
to control group. Also, the CYT P450 mRNA results
showed a significant elevation in CCL4+R compared to R
group and CCL,4 group. The experimental data showed no
significant change in the expression of liver CYT P450
mRNA in group administered with D compared to control
group (P <0.05). Meanwhile, the results revealed
significant improvement in CCL, and/or R groups after
administration of D compared to CCL, and/or R groups
(P<0.05) (fig. 1).
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Fig. 1: Effect of Daflon on gene expression of liver CYT
P450 mRNA in CCL, and/or R-induced hepatic damage
in rats. Each value represents the mean + SE (n=6). Mean
values represent at (P<0.05) significant differences from
“control, °R, “CCL,and ‘CCL,+D+R.

In the control group, GSH level and GPx activity of liver
tissue were 51.08+£51.08 and 130.72+2.59 respectively,
while lipid peroxidation (MDA) was 43.78+3.77 (fig. 2).
In groups treated with CCly and/or R, the results showed
significant decrease in liver antioxidant (GSH and GPx)
(fig. 2a&b) whereas MDA showed significant increase
compared to control (fig. 2¢) (P<0.05). In CCL4+R group,
liver antioxidant showed significant decrease compared to
R group and no significant change compared to CCly
group (fig. 2a&b). In addition, in CCL4+R group, liver
MDA revealed significant increase compared to R group
and significant decrease compared to CCly group (fig. 2c)
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Fig. 2: Effect of Daflon on liver (a) GSH (mg GSH/ gm wet tissue) (b) GPx (U/ mg protein) and (¢) MDA (nmole/gm
wet tissue) in CCL,and/or R-induced hepatic damage in rats. Each value represents the mean + SE (n=6).Mean values
represent at (p<0.05) significant differences from “control, "R, ‘CCLsand ‘CCL,+D+R.

(P<0.05). The data showed no significant change in liver
GSH, GPx and MDA in D group compared to control
group (P<0.05) (fig. 2). Administration of D in group
injected with CCL,; and/or exposed to R revealed
significant increase in GSH compared to CCL4 and/or R
and no significant change observed compared to control
(fig. 2a) (P<0.05). Furthermore, administration of D to
CCL4 and/or R groups ameliorates significant disorder in
liver GPx and MDA compared to CCL, and/or R (figs.
2bé&c) (P<0.05). The experimental results observed that,
GPx activity and MDA content significantly much
improved in CCL,+D+R group compared to CCL4+D
group (figs. 2b&c) (P<0.05).

The serum levels of liver enzymes (AST, ALT and y-GT)
of control group were 50.27£1.05, 36.98+0.72 and
8.65+0.17, respectively (fig. 3). In CCl, and/or R groups,
significant elevation in these enzymes was observed
compare to control group. The results showed in CCL4+ R
significant increase in y-GT compared to CCl, group (fig.
3c) and significant raise in all liver enzymes compared to
R group (fig. 3) (P<0.05). In addition, serum levels of
liver enzymes (fig. 3) revealed that no significant changes
in D group compared to control group (P<0.05). Also, the
data showed an amelioration in liver enzymes of CCL,
and/or R group after administered of D compared to
CCL4 and/or R groups (P<0.05) (fig. 3).

The inflammatory markers (IL-6 and CRP) of control
group were 29.65+0.98 and 1.09+0.035, respectively
(figs.4a&b). In groups treated with CCly and /or R, the
data revealed significant increase compared to control
group. Whereas in CCL4+R group, the results showed
significant elevation in serum levels of IL-6 and CRP
compared to R group and CCL, group. The experimental
data indicated the serum levels of IL-6 and CRP in D
group and showed no significant change compared to
control group (fig. 4) (P<0.05). However, there were
significant improvement in IL-6 and CRP serum levels in
CCl, and/or R groups administered with D compared to
CCL,4 and/or R (fig. 4) (P<0.05). Also, the results of CRP
displayed more amelioration in CCL4+D+R  group
compared to CCL4+D group (fig. 4b) (P<0.05).

The serum AFP level of control group was 0.25+0.023
(fig.5). In rats treated with CCly; and/or R showed
significant increase in serum AFP compared to control.
The experimental data demonstrated that no significant
change in AFP in D group as compared to control group
(fig. 5) (P<0.05). The rats treated with D in CCl, and/or R
revealed a significant improvement in AFP levels
compared to CCl, and/or R (fig. 5) (P<0.05).

The liver HA and HAase activity of control group were
15.39+0.08 and 16.2+0.11, respectively (figs. 6a&b). In
rats injected with CCL, and/or exposed to R groups,
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Fig. 3: Effect of Daflon on serum levels (U/L) of (a) AST, (b) ALT and (c¢) y-GT in CCL, and/or R-induced hepatic
damage in rats. Each value represents the mean = SE (n=6). Mean values represent at (P<0.05) significant differences

from “control, °R, °CCL,and *CCL+D+R.

significant increase in liver HA and HAase activity (fig.
6) were observed compared to control rats. The results
showed that, there was no significant change in HA level
and HAase activity of D group compared to control group
(fig. 6) (P<0.05). In addition, HA and HAase results
revealed a significant attenuation in CCL4 and/or R groups
after administered of D compared to CCL4and/or R group
(P< 0.05). In CCL4+D+R group, the data revealed a more
prominent modulation in HA content and HAase activity
more than CCL4+D group at (P<0.05) (fig. 6).

The histological examination of the liver

In group of rats kept as control, histological examination
to liver sections showed that there was no
histopathological alteration and the normal histological
structure of central vein and portal area with the
surrounding hepatocytes were recorded as in (fig. 7A).

In groups of rats injected with CCL, and/or exposed to R-
induced hepatic damage, the histopathological
examination observed that Kupffer cells were proliferated
in between the hepatocytes associated with dilatation in
the central vein in R group (fig. 7B), whereas the portal
area was infiltrated by inflammatory cells associated with
congestion in the portal vein and degeneration in the
hepatocytes of CCL, group (fig. 7c¢) and the microscopic
examination of liver section of CCL,+R revealed
hyperplasia in the bile ducts with dilatation and
congestion in the portal vein as well as fibrosis,
inflammatory cells infiltration and oedema in the portal
area (fig. 7D).

After administrated of D, the microscopic examination
showed that the central vein was dilated in D group (fig.

8A), the Kupffer cells were proliferated in diffuse manner
between the hepatocytes in D + R group (fig. 8B), diffuse
kupfter cells proliferation in CCL4+D group (fig. 8c) and
the portal vein was congested in CCL,+D+R (fig. 8d).

DISCUSSION

During a hepatocelluar injury, the serum HA level rises.
Transformation of stellate cells to myofibroblasts, release
of various extracellular matrix (ECM) components such
as elastin, collagens, glycoproteins and proteoglycans and
HA is a later event. Furthermore, HAase hydrolyses the
1-4 glycoside bond between N-acetyl-D-glucosamine and
D-glucuronic acid in HA, and makes fragments of
different sizes (Rostami and Parsian, 2013). The HA-
LMW stimulation is responsible for inflammatory cell
migration and homing in damaged tissues but the HA-
HMW have contradictory effect as it has anti-angiogenic
properties and block the pro-inflammatory effect of
LMW. The results obtained after daflon administration
display modulation as revealed by a significant elevation
reduction in liver HA level and HAase activity in daflon
treated rats compared to CCL, and/or R rats. This may be
attributed to the daflon inhibitory effect on HAase and HA
degradation (Martinez et al., 2011) to its fragmented
LMW-HA which results in accumulation of HMW-HA in
damaged tissue and elicits its protective effect.
Subsequently, the HMW-HA interacts with CD44 receptor
and prevents extensive liver damage and massive fibrosis
(Bonaf¢ et al., 2014). Beside this view, the daflon
metabolites, diosmetin and hesperetin, are potent
inhibitors of CYT P450 (Quintieri et al., 2010).
Interestingly, the chemical structure of hesperidin might
be responsible for antioxidant behaviour through direct
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scavenge of ROS and activation of antioxidant enzymes
(Hussein and Othman, 2010 and Kunti¢ et al., 2010).
Moreover, hesperidin could augment cellular antioxidant
defence  capacity  through the induction of
hemeoxygenase-1 (HO-1) via erythroid 2-related factor 2
(Nrf2) dependent manner and extra cellular signal-
regulated protein kinases land 2 (ERK !2) signalling
pathway (Parhiz et al., 2015). Pradeep et al. (2008)
elucidated the hepatoprotective effect of hesperidin
against radiation induced liver damage and attributed this
effect to antioxidant efficacy and reduction of liver
enzymes. Also, Tamilselvam et al. (2013) reported that
hesperidin reduced MDA level and enhanced activity of
GPx with recovered levels of reduced GSH. So from our
data, daflon administration to rats showed cell membrane
stabilizing property and hepatoprotective efficacy. This
was confirmed with histological observation in D liver
sections revealed diffuse kupffer cells proliferation and
the portal vein was congested (fig. 8). These results are in
agreement with the findings of Tahir et al. (2013).
Meanwhile, a marked reduction in serum IL-6, CRP and
AFP level have shown after administration of daflon (fig.
4, 5). This elicited anti-inflammatory effect of daflon
could be attributed to the up-regulation of peroxisome
proliferator activated receptor gamma (PPARY) and down-
regulation of nuclear factor- kappa B (NF- «B) by
hesperidin (Mahmoud, 2014). As elucidated in previous
studies, daflon reduced IL-6 (Tamilselvam et al., 2013,
Tahir et al., 2013, Mahmoud, 2014 and El-Marasy et al.,
2014), CRP (Rizk and Sabri, 2009) and AFP levels (Fathy
et al., 2014) which are in agreement with our data.

The metabolites of CCl, induces hepatic toxicity through
a significant increase in CYT P450 activity (Bahashwan
et al., 2015), depletion of antioxidant, GPx activity (Yeh
et al., 2013) and GSH levels (Lee et al., 2007). Depletion
of antioxidants results in enhanced MDA (Saad et al.,
2014) as shown in our results (fig. 2). So that, the increase
in serum levels of hepatic enzymes (AST, ALT and y-GT)
observed in the present study (fig. 3) attributed to the liver
injury by CCly, because these enzymes are placed in
cytoplasmic area of the cell and released into circulation
after cellular damage (Althnaian et al., 2013).
Furthermore, CCL, intoxication significantly increased
ALT, AST, y-GT, CRP (Sehrawat and Sultana, 2006 and
Sadek and Saleh, 2014) and IL-6 in serum of rats (Zhao et
al., 2013). These finding are supported by the
experimental data as shown in (fig. 3 and 4). The
histopathological observation is consistent with the
previous finding where the inflammatory cells infiltrated
with congestion in the portal vein in portal area
accompanied by degeneration of hepatocytes (fig. 7c¢).
The increase levels of IL-6 and CRP in present study (fig.
4) might be related to the activation of nuclear factor-xB
(NF-xB) by CCly which contributes to the production of
inflammatory cytokines. IL-6 triggers the activation of
transcription factors that bind to DNA elements and

stimulate CRP transcription (Al-Rasheed et al., 2014).
The elevated serum level of AFP observed in rats treated
with CCly (fig. 5) could be due to formation of ROS and
oxidative DNA damage by CCl (Sarhan et al., 2012).
AFP is a fetal glycoprotein, following birth its levels
decrease rapidly and increase significantly in certain
pathologic conditions (Mousa et al., 2012). Similarly,
Engelhardt et al. (1967) reported that AFP level was
increased significantly after the exposure to CCly. The
observed elevation in HA level and HAase activity as
shown in (fig. 6) might be due to inflammatory response
of liver cells resulted from induction of ROS by CCL,
(Saad et al.,, 2014). Particularly, degradation of the
normally protective HMW- HA into the pro-inflammatory
LMW-HA fragments is initiated by ROS, which in turn
propagate the inflammatory response via the induction of
inflammatory chemokines and cytokines by monocytes,
macrophages and dendritic cells migrate and home in
damaged tissues (Eberlein et al., 2008). Also, Monzon et
al. (2010) observed that exposure to ROS results in
increased HAase activity which promote and orchestrate

inflammatory ~ responses  associated =~ with  HA
fragmentation.
120 -
N
100 - 1
<
—_ 1L
T 80
I
i<
< 6 abed
- abhd E -
40 E . =
20 - ac bed c ac ac
0
>
& < & v,s- o & \?,sa ) &
¢ & & ¥
a o
12 -
10 1
s 4
Fl
6 T
"_:' J‘ abed
24 +
- ahd = =
2 acd
abed abed be
a
o 2] e : : :
R N N &9 &
,“0'6 fond N ) C? hxo’
bt (o7 O v
b ¢

Fig. 4: Effect of Daflon on serum (a) IL-6 (pg/ml) and (b)
CRP (mg/ml) in CCL4 and/or R-induced hepatic damage
in rats. Each value represents the mean + SE (n=6).Mean
values represent at (p<<0.05) significant differences from
scontrol, °R, “CCL,and ‘CCL,+D+R.
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°CCLjand ‘CCL,+D+R.
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Fig. 6: Effect of Daflon on liver (a) HA (ug/mg tissue)
and (b) HAase (U/ mg protein) in CCL, and/or R-induced
hepatic damage in rats. Each value represents the mean +
SE (n=6).Mean values represent at (p<0.05) significant
differences from “control, "R, °CCL,and ‘CCL+D+R.

On the other hand, radiation promotes lipid peroxidation
formation (MDA) via the generation of free radicals
which attack fatty acid moiety of cell membrane, which
cause interphase cell death. The deleterious effect
provoked by radiation may extend to many enzyme
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systems and DNA other than the damage of cell
membranes by lipid per oxidation (El-Batal et al., 2012).
Data of R and R+CCL, groups displayed significant
increase in MDA and decrease in GSH and GPx (fig. 2).
The observed decreases in antioxidant capacity could
attribute to its consumption during neutralization of the
oxidative stress induced by irradiation (Shirazi et al.,
2013). Besides, the intermediate dose of whole body
irradiation have a modulatory effect on detoxifying
enzymes (CYT P450) which enhance formation of toxic
substances (Rendic and Guengerich, 2012) as proved in
the present study (fig. 1). The inflammatory response after
radiation increases the intracellular ROS generation,
which leads to the activation of stress activated
transcription factor NF-kB. Accordingly, NF-kB binds to
specific sequences in the promoter region of target genes
which in turn enhance a variety of pro-inflammatory
molecules expression such as IL-6 (Das et al., 2014)
Subsequently, the indicated rise in CRP level due to
radiation exposure might be attributed to IL-6 which
stimulates CRP transcription (Al-Rasheed et al., 2014).
This might explain the significant elevation of IL-6, CRP
and AFP in R and R+CCL, groups (fig. 4, 5). Thus, the
observed elevation of liver enzymes (fig. 3) could be
attributed to oxidative stress and inflammation induced by
y-radiation which causes liver tissue damage and leakage
of cellular enzymes (Pradeep et al., 2008). The results of
the present study showed a significant rise in liver HA and
liver HAase post irradiation (fig. 6) this might be
attributed to radiation induce generation of ROS and
stimulate HAase activity which act to break down the
ECM component HA into LMW fragments under
oxidative conditions occurs at sites of inflammation,
tissue injury and tumorigenesis (Li et al., 2000 and
Eberlein et al., 2008). These results were also confirmed
by histopathological observation of Kupffer cells which
were proliferated between the hepatocytes. This was
associated with dilatation in the central vein in R liver
sections (fig. 7B). These results are in agreement with the
findings of Pradeep et al., 2008.

Worthwhile, the combination of radiation with daflon in
CCL4+D+R group show augmented antioxidant and anti-
inflammatory effect observed in improvement of GPx,
MDA, CRP, HA and HAase data compared to CCL4+D
group (fig. 2bc, 4b and 6a). Pathak et al. (2007), reported
that the exposure to intermediate dose of gamma radiation
stimulate the enzymatic GPx and non-enzymatic defence
GSH which enhance the endogenous antioxidant
machinery and protect the organs from the damage caused
by oxidative stress. The augmented antioxidant
improvement due to this combination could be
responsible for decrease of cellular damage (MDA) and
subsequently the observed decrease of HA, HAase and
tissue damage marker (CRP).
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Fig. 7: Histopathological examination of liver sections. A) Liver of rat in control group showing normal histological
structure of central vein (CV) and portal area (Pa) with the surrounding hepatocytes (h) (H&E X400). B) Liver of rat in
R group showing dilatation in the central vein with diffuse Kupffer cells proliferated in between the hepatocytes (H&E
X400). C) Liver of rat in CCL4 group showing inflammatory cells infiltration (M) with congestion in the portal vein
(PV) in portal area with and degeneration in the hepatocytes (h) (H&E X400). D) Liver of rat in CCL,+R group
showing dilatation and congestion in the portal vein (PV), hyperplasia in bile duct (bd) with oedema (o), inflammatory

Fig. 8: Histopathological examination of liver sections. (A) Liver of rat in D group showing dilation in central vein
(CV) (H&E X400). (B) Liver of rat in D+R group showing normal histological structure of the hepatocytes with
diffuse Kupffer cells proliferation in between (H&E X400). (C) Liver of rat in CCL4+D group showing diffuse kupffer
cells proliferation in between the hepatocytes (arrow) (H&E X400). (D) Liver of rat in CCL4+D+R group showing
congestion in portal vein (pv) (H&E X400).
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CONCLUSION

In conclusion, our data revealed that daflon has hepato-
protective properties against CCly and radiation induced
hepatotoxicity. These protective affects attributable to
more than one mechanisms namely: Modulation of
metabolizing enzymes favoring low CCly generated free
radical accumulation, antioxidant activity, anti-
inflammatory effect and inhibition of hyaluronan
degradation to prevent further tissue damage.

ACKNOWLEDGEMENTS

Authors acknowledge Prof. Dr. Adel Bakeer Kholoussy
(Professor of Pathology, Cairo University) for
accomplishing the examination of liver sections in the
current study.

REFERENCES

Al-Rasheed NM, Al-Rasheed NM, Faddah LM, Mohamed
AM, Mohammad RA and Al-Amin M (2014). Potential
impact of silymarin in combination with chlorogenic
acid and/or melatonin in combating cardiomyopathy
induced by carbon tetrachloride. Saudi. J. Biol. Sci.,
21(3): 265-274.

Althnaian T, Albokhadaim I and El-Bahr S M (2013).
Biochemical and histopathological study in rats
intoxicated with carbontetrachloride and treated with
camel milk. Springer Plus., 2: 57-64.

Bahashwan S, Hassan MH, Aly H, Ghobara MM, El-
Beshbishy HA and Busati I (2015). Crocin mitigates
carbon tetrachloride-induced liver toxicity in rats. J.
Taibah. Univ. Med. Sci., 10(2): 140-149.

Banchroft JD, Stevens A and Turner DR (1996). Theory
and Practice of Histological Techniques. 4" ed.
Churchil Livingstone, New York, London, San
Francisco, Tokyo.

Bansal MR, Kanwar KC and Gupta GS (1982).
Immunoenzymic Studies on testicular hyaluronidase
from rheusus Monkeys (Macacamulatta). J. Reprod.
Fert., 64(2): 267-273.

Bonafé F, Govoni M, Giordano E, Caldarera C M,
Guarnieri C and Muscari C (2014). Hyaluronan and
cardiac regeneration. J. Biomed. Sci., 21: 100-113.

Das U, Manna K, Sinha M, Datta S, Das DK,
Chakraborty A, Ghosh M, Saha KD and Dey S (2014).
Role of Ferulic Acid in the Amelioration of lonizing
Radiation Induced Inflammation: A Murine Model.
PLOS ONE., 9(5): €97599.

Eberlein M, Scheibner K, Black K, Collins S, Chan-Li Y,
Powell J and Horton M (2008). Anti-oxidant inhibition
of hyaluronan fragment-induced inflammatory gene
expression. J. Inflamm. (Lond)., 5: 20-30.

El-Batal Al, Thabet NM, Osman Ah, Abdel Ghaffa Ab Ra
B and Azab Kh Sh (2012). Amelioration of oxidative

Asmaa A Hassan et al

damage induced in gamma irradiated rats by nano
selenium and lovastatin mixture. WASJ., 19(7): 962-
971.

Ellman GL (1959). Tissue sulfhydryl groups. Arch.
Biochem. Biophys., 82: 70-77.

El-Marasy SA, Abdallah HM, El-Shenawy SM, El-Khatib
AS, El-Shabrawy OA and Kenawy SA (2014). Anti-
depressant effect of hesperidin in diabetic rats. Can. J.
Physiol. Pharmacol., 92(11): 945-952.

Engelhardt NV, Lazareva MN, Abelev GI, Uryvaeva IV,
Factor VM and Brodsky VY (1976). Detection of
alpha-fetoprotein in mouse liver differentiated
hepatocytes before their progression through S phase.
Nature., 263(5573): 146-148.

Farooqu A, Mathur R, Verma A, Kaul V, Bhatt AN, Singh
J, Adhikari JS, Afrin F, Singh S and Dwarakanath BS
(2011). Low-dose radiation therapy of cancer: Role of
immune enhancement. Expert. Rev. Anticancer. Ther.,
11(5): 791-802.

Fathy SA, Abdel-Hamid FF, Agwa SA and El-Diasty SM
(2014). The Anti-proliferative effect of hesperidin on
hepatocarcinoma cells HepG2. Egypt. Acad. J. Biolog.
Sci., 6(2): 75-83.

Godekmerdan A, Ozden M, Ayar A, Gursu M F, Ozand A
T and Serhatlioglue S (2004). Original article:
diminished cellular and humoral immunity in workers
occupationally exposed to low levels of ionizing
radiation. Arch. Med. Res., 35: 324-328.

Gross RT, Bracci R, Rudolph N, Schroeder E and Kochen
JA (1967). Hydrogen peroxide toxicity and
detoxification in the erythrocytes of newborn infants.
Blood., 29(4): 481-493.

Hosseinimehr S J, Ahmadi A, Mahmoudzadeh A and
Mohamadifar S (2009). Radioprotective Effects of
Daflon Against Genotoxicity. Induced by Gamma
Irradiation in Human Cultured Lymphocytes. Enviro.
Mol. Mutagen., 50: 749-752.

Hussein MA and Othman SM (2010). Structure
antioxidant activity relationship and free radical
scavenging capacity of hesperidin. 1JPI's J. Medicinal.
Chem., 2: 7-20.

Kunti¢ V, Brbori¢ J, Holclajtner-Antunovi¢ 1 and
Uskokovi¢- Markovic S (2014). Evaluating the
bioactive effects of flavonoid hesperidin- A new
literature data survey. VSP., 71(1): 60-65.

Lee KJ, Choi JH and Jeong HG (2007). Hepatoprotective
and antioxidant effects of the coffee diterpenes
kahweol and cafestol on carbon tetrachloride-induced
liver damage in mice. Food. Chem. Toxicol., 45(11):
2118-2125.

Li Y, Rahmanian M, Widstrom C, Lepperdinger G, Frost
GI and Heldin P (2000). Irradiation-induced expression
of hyaluronan (HA) synthase 2 and hyaluronidase 2
genes in rat lung tissue accompanies active turnover of
HA and induction of types I and III collagen gene
expression. Am. J. Respir. Cell. Mol. Biol., 23(3): 411-
418.

Pak. J. Pharm. Sci., Vol.31, No.4, July 2018, pp.1191-1201

1199



Hyaluronan as a mediator for the hepatoprotective effect of daflon

Livak KJ and Schmittgen TD (2001). Analysis of relative
gene expression data using real-time quantitative PCR
and the 22DDCT. Methods., 25: 402-408.

Mahmoud AM (2014). Hesperidin protects against
cyclophosphamide-induced  hepatotoxicity by up
regulation of PPAR-y and abrogation of oxidative stress
and inflammation. Can. J. Physiol. Pharmacol., 92(9):
717-724.

Martinez A L, Gonzalez-Trujano M E, Chavez M, Pellicer
F, Moreno J and Lopez-Muinoz FJ (2011). Hesperidin
produces anti-nociceptive response and synergistic
interaction with ketorolac in an arthritic gout-type pain
in rats. Pharmacol. Biochem. Behav., 97(4): 683-689.

Monzon ME, Fregien N, Schmid N, Falcon NS, Campos
M, Casalino-Matsuda SM and Forteza RM (2010).
Reactive oxygen species and hyaluronidase 2 regulate
airway epithelial hyaluronan fragmentation. J. Biol.
Chem., 285(34): 26126-26134.

Mousa N, Yahia G, Abdel-Aziz A and Abd-Elaal I (2012).
Increased a-fetoprotein predicts steatosis among
patients with chronic hepatitis ¢ genotype 4. Int. J.
Hepatol., 636392 (5 pages).

Noori S, Rehman N, Qureshi M and Mahboob T (2009).
Reduction of carbon tetrachloride-induced rat liver
injury by coffee and green tea. PIN., 8(4): 452-458.

Parhiz H, Roohbakhsh A, Soltani F, Rezaece R and
Iranshahi M (2015). Antioxidant and anti-Inflammatory
properties of the citrus Flavonoids hesperidin and
hesperetin: An updated review of their molecular
mechanisms and experimental models. Phytother. Res.,
29(3): 323-331.

Pathak C, Kumar P, Kumar S, Khanduja K and Sharma S
(2007). Whole body exposure to low-dose gamma
radiation promotes kidney antioxidant status in balb/c
mice. J. Radiat. Res., 48(2): 113-120.

Pradeep K, Park SH and Ko KC (2008). Hesperidin a
flavanoglycone protects against gamma-irradiation
induced hepatocellular damage and oxidative stress in
Sprague-Dawley rats. Eur. J. Pharmacol., 587(1-3):
273-280.

Quintieri L, Bortolozzo S, Stragliotto S, Moro S,
Pavanetto M, Nassi A, Palatini P and Floreani M
(2010). Regular Article: Flavonoids Diosmetin and
Hesperetin are Potent Inhibitors of Cytochrome P450
2C9-mediated Drug Metabolism in vitro. Drug. Metab.
Pharmacokinet., 25(5): 466-476.

Reitman S and Frankel S (1957). A colorimetric method
for the determination of serum glutamic oxalacetic and
glutamic pyruvic transaminases. AJCP., 28(1): 56-63.

Rendic S and Guengerich FP (2012). Summary of
information on the effects of ionizing and non-ionizing
radiation on cytochrome P450 and other drug
metabolizing enzymes and transporters slobodan. Curr.
Drug. Metab., 13(6): 787-814.

Rizk SM and Sabri NA (2009). Evaluation of clinical
activity and safety of Daflon 500 mg in type 2 diabetic
female patients. Saudi. Pharm. J., 17(3): 199-207.

Rostami S and Parsian H (2013). Hyaluronic acid: From
biochemical characteristics to its clinical translation in
assessment of liver fibrosis. Hepat. Mon., 13(12):
e13787 (9 pages).

Saad AA, Mokhamer EHM, Abdel Mohsen MA and
Fadaly GA (2014). Attenuation of carbon tetrachloride-
induced hepatic fibrosis by glycine, vitamin E and
vitamin C. J. Exp. Integr. Med., 4(3): 180-186.

Sadek KM and Saleh EA (2014). Fasting ameliorates
metabolism, immunity and oxidative stress in carbon
tetrachloride-intoxicated rats. Hum. Exp. Toxicol.,
33(12): 1277-1283.

Sarhan NAZ, El-Denshary ES, Hassan NS, Abu-Salem
FM and Abdel-Wahhab MA (2012). Isoflavones-
enriched soy protein prevents CCL4-induced
hepatotoxicity in rats. ISRN Pharmacology., 347930 (8
pages).

Schultz DR and Arnold PI (1990). Properties of four acute
phase proteins: C-reactive protein, serum amyloid A
protein, glycoprotein and fibrinogen. Semin. Arthritis.
Rheum., 20(3): 129-147.

Sehrawat A and Sultana S (2006). Evaluation of possible
mechanisms of protective roles of Tamaricgallica
against DEN initiated and 2-AAF promoted hepato
carcinogenesis in male Wistar rats. Life Sci., 79(15):
1456-1465.

Sezer A, Usta U, Kocak Z and Yagci MA (2011). The
effect of a flavonoid fractions diosmin + hesperidin on
radiation-induced acute proctitis in a rat model. J. Can.
Res. Ther., 7(2): 152-156.

Shirazi A, Mihandoost E, Ghobadi G, Mohseni M and
Ghazi-khansari M (2013). Evaluation of radio-
protective effect of melatonin on whole body
irradiation induced liver tissue damage. Cell. J.,
14(4): 292-297.

Spanakis M, Kasmas S and Niopas [ (2009).
Simultaneous determination of the flavonoid aglycones
diosmetin and hesperetin in human plasma and urine
by a validated GC/MS method: in vivo metabolic
reduction of diosmetin to hesperetin. Biomed.
Chromatogr., 23: 124-131.

Szasz G (1974). Methods of Enzymatic Analysis. 2™ed.
Academic PresInc, NewYork.

Tahir M, Rehman MU, Lateef A, Khan R, Khan AQ,
Qama, W, Ali F, O’Hamiza O and Sultana S (2013).
Diosmin protects against ethanol-induced hepatic
injury via alleviation of inflammation and regulation of
TNF-a and NF-kB activation. Alcohol., 47(2): 131-139.

Tamilselvam K, Nataraj J, Janakiraman U, Manivasagam
T and Essa MM (2013). Antioxidant and anti-
inflammatory potential of hesperidin against 1-methyl-
4- phenyl-1, 2, 3, 6- tetrahydropyridin induced
experimental Parkinson’s disease in mice. Int. J. Nut.
Pharmacol. Neurol. Dis., 3(3): 294-302.

Yang C, Cao M, Liu H, He Y, Xu J, Du Y, Liu Y, Wang W,
Cui L, Hu J and Gao F (2012). The high and low
molecular weight forms of hyaluronan have distinct

1200

Pak. J. Pharm. Sci., Vol.31, No.4, July 2018, pp.1191-1201



effects on CD44 clustering. J. Biol. Chem., 287(51):
43094-43107.

Yeh YH, Hsieh YL and Lee YT (2013). Effects of yam
peel extract against carbon tetrachloride-induced
hepatotoxicity in rats. J. Agric. Food. Chem., 61(30):
7387-7396.

Yoshioka T, Kawada K, Shimada T and Mori M (1979).
Lipid peroxidation in maternal and cord blood and

Asmaa A Hassan et al

protective mechanism against activated-oxygen
toxicity in the blood. Am. J. Obstet. Gynecol., 135(3):
372-376.

Zhao X (2013). Hawk tea (Litseacoreanalevl. var.
lanuginose) attenuates CCly-induced hepatic damage in
Sprague-Dawley rats. Exp. Ther. Med., 5(2): 555-560.

Pak. J. Pharm. Sci., Vol.31, No.4, July 2018, pp.1191-1201

1201



