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Abstract: This study was aimed to comparison of the effects of the chronic use of the Ribavirin and caffeic acid
phenethyl ester (CAPE) on the pancreatic damage and hepatotoxicity in rats. Methods: The rats were given orally 30
mg/kg/day doses of Ribavirin for 30 days, and intraperitoneally 10 umol/kg doses of CAPE. The 37 rats were divided
into 4 groups: (I) Control (n=7), (Il) Ribavirin (R) (n=10), (lll) CAPE (n=10), and (IV) R+CAPE (n=10). Results: Ribavirin
and CAPE yielded similar results in terms of Serum, total antioxidant status (TAS), total oxidant status (TOS), amy-
lase, lipase, and insulin compared to the control group. However, while Ribavirin provided similar results with the
control group in terms of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) enzymes, the CAPE
group had elevated AST and ALT levels compared to the control group. Histopathologic evaluations revealed that
CAPE or Ribavirin had no degenerative effects on both the pancreas and liver tissues. In this way, the biochemical
results were confirmed by the histopathologic results. Conclusion: It can be concluded that Ribavirin does not lead
to any pancreatic damage and hepatotoxicity, and has more beneficial effects than CAPE on especially liver tissue.
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Introduction suggested as an inhalation treatment for severe
respiratory syncytial virus infections in children
[1, 2] and also in combination with interferon-a

for the treatment of chronic hepatitis C virus

The most common drawbacks of antiviral drugs
are their side effects. These effects often bring

about some other problems including toxic
effects, inadequacy of the treatment, the devel-
opment of drug resistance, and the absence of
further treatments. Although antiviral drugs are
commonly and routinely taken by the patients
with chronic infection, very few studies can be
found in the literature that discuss whether
these antiviral drugs lead to degenerative dis-
orders like pancreatic and hepatic damage.

Ribavirin  (1-B-d-ribofuranosyl-1,2,4-triazole-3-
carboxamide) is a synthetic nucleoside analog
with in-vitro antiviral activity, which has been

(HCV) infection [2, 3]. Moreover, Ribavirin has
been reported to perform direct antiviral activi-
ty against many DNA and RNA viruses [2, 4, 5].

The clinical advantages of Ribavirin are hin-
dered by its side-effects, especially causing the
curable dose-reliant hemolytic anemia as a
result of long-term administration. The mecha-
nism of hemolytic anemia has yet to be proven;
however, it is reported that a metabolite of
Ribavirin, called Ribavirin triphosphate, is likely
to accumulate in erythrocytes and thus rival the
erythrocyte ATP to function as a source of ener-
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gy, which in turn reduces the lifespan of the
erythrocytes [2, 4, 6].

Ribavirin has been reported in several studies
to have an antiproliferative effect on lympho-
cytes [2, 6, 7] and to elongate skin allograft sur-
vival in rats [7, 8]. Moreover, it has been sug-
gested that Ribavirin is likely to intermediate
immunomodulation by modifying the network
of cytokines. In particular, the immunomodula-
tory function of Ribavirin resulting from cyto-
Kine alteration has recently been shown in
some investigational models of viral hepatitis,
contact hypersensitivity, or inflammatory reac-
tion to bacterial superantigen [6, 8].

Caffeic acid phenethyl ester (CAPE) is a biologi-
cally active ingredient of bee honey propolis
and has long been used as a conventional ther-
apy. Recent studies have reported that CAPE
has anti-inflammatory, antioxidant, immuno-
modulatory, antimycotic, and anticarcinogenic
effects [9, 10]. Also, many studies have report-
ed that CAPE has protective effects against
hepatotoxicity. For example, Tomur et al [11]
reported that CAPE attenuates bile duct liga-
tion (BDL) induced cholestatic liver injury and
the hepatoprotective effect of CAPE is associ-
ated with antioxidative potential. Albukhari et al
[12]reported that CAPE protects against tamox-
ifen induced hepatotoxicity. Saavedra-Lopes et
al [13] reported that CAPE was able to protect
the liver against normothermic ischemia-reper-
fusion (I/R) injury in rats. Gokcimen et al [14]
reported that CAPE has protective effects on
doxorubicin- induced hepatocellular damage.
Kus et al [15] and Lee et al [16] reported that
CAPE treatment prevents carbon tetrachloride
(CCl,) induced liver damage in rats. Also, Koyu
et al [17] reported that CAPE reduces vancomy-
cin induced pancreatic damage. Turkyilmaz et
al [18] revealed that CAPE had beneficial
effects on the course of acute necrotizing pan-
creatitis (ANP) in rats, and shows promise as a
treatment for ANP.

Because these studies clearly show that CAPE
has protective effects against hepatotoxicity
and pancreatic damage, we aimed to compari-
son of the chronic effects of Ribavirin and CAPE
on the hepatotoxicity and pancreatic damage in
this present study.

A literature review spanning over the last few
decades has revealed no publication reporting
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the effects of chronic use of Ribavirin on the
pancreatic and hepatic damage. Based on this
scarcity, the present study is aimed to contrib-
ute to the literature with comparison of the
chronic effects of Ribavirin and CAPE on the
pancreas and liver tissues.

Materials and methods
Animals, care, and nutrition

A total of 37 female Wistar Albino rats weighing
200-250 g were randomly divided into four
groups. The rats were provided with appropri-
ate laboratory conditions with a 12-hour light/
dark cycle and a room temperature of 21+3°C.
The study was approved by the Necmettin
Erbakan University Experimental Medical Rese-
arch Center’s Experimental Animals Ethics
Committee, Konya, Turkey.

Animals and treatment

The rats were given orally 30 mg/kg/day doses
of Ribavirin for 30 days, and intraperitoneally
10 ymol/kg doses of CAPE. The 37 rats were
divided into 4 groups: (I) Control (n=7), (Il
Ribavirin (R) (n=10), (lll) CAPE (n=10), and (IV)
R+CAPE (n=10). At the end of the experiment,
all the rats were sacrificed using a Ketamine/
Xylazine combination and shortly thereafter,
blood and tissue samples were taken for bio-
chemical and histopathologic examination.

Biochemical analysis

The lipase, amylase, aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT)
parameters were photometrically measured
using an Abbott ARCHITECT ¢16000 device.
Insulin levels were measured with enzyme-
linked immunosorbent assay (ELISA) (Cayman
Cat. No A05105). For the evaluation of the total
antioxidant status (TAS) of supernatant frac-
tions, a new, programmable and colorimetric
measurement method developed by Erel was
used. By this method, the most effective bio-
logical radicals called Hydroxyl radicals are pro-
duced. During the test, the hydrogen peroxide,
which is present in reagent 2, is mixed with the
ferrous ion solution that is available in reagent
1. The radicals produced in this way, including
brown-colored dianisidinyl radical cations
which are produced by the hydroxyl radicals,
are also effective radicals. This method enables
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Table 1. Comparison of Lipase, Amylase, AST, ALT levels between groups

Dependent Variable (I) GROUPS (J) GROUPS Mean Difference (I-J) Std. Error Sig.
LYPASE CAPE K -0.12286 0.73906 0.998
R -0.36571 0.73906 0.959
R+CAPE -0.35143 0.73906 0.964
K R -0.24286 0.67466 0.984
R+CAPE -0.22857 0.67466 0.986
R R+CAPE 0.01429 0.67466 1
AMYLASE CAPE K -37.97143 79.36116 0.637
R -65.68571 79.36116 0.417
R+CAPE -53.82857 79.36116 0.505
K R -27.71429 72.44649 0.706
R+CAPE -15.85714 72.44649 0.829
R R+CAPE 11.85714 72.44649 0.871
AST CAPE K 389.28571" 21.75174 0
R 399.71429" 21.75174 0
R+CAPE 390.85714" 21.75174 0
K R 10.42857 19.85654 0.952
R+CAPE 1.57143 19.85654 1
R R+CAPE -8.85714 19.85654 0.97
ALT CAPE K 170.54286" 14.54516 0
R 159.68571" 14.54516 0
R+CAPE 146.82857" 14.54516 0
K R -10.85714 13.27785 0.845
R+CAPE -23.71429 13.27785 0.306
R R+CAPE -12.85714 13.27785 0.769

“The mean difference is significant at the 0.05 level.

the measurement of the antioxidative effect of
the sample against the ineffective radical reac-
tions that are initiated by the resultant hydroxyl
radicals. The test yields perfect precision val-
ues lower than 3%. The TAS results are stated
as nmol Trolox equivalent/mg protein. The total
oxidant status (TOS) of supernatant fractions
was evaluated by using a newly developed, pro-
grammable and colorimetric measurement
method developed by Erel. The ferrous ion-o-
dianisidine complex is oxidized to ferric ion by
the oxidants present in the sample. The oxida-
tion reaction is elevated by glycerol molecules,
which are plentifully available in the reaction
agent. In an acidic medium, a colored complex
is formed with xylenol orange by the ferric ion.
The total amount of oxidant molecules avail-
able in the sample is the determining factor for
the color intensity, which can be measured
spectrophotometrically. Hydrogen peroxide is
then used to calibrate the test, and the results
are expressed in terms of nmol H,0, equiva-
lent/mg protein [19].
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Histopathologic analysis

Hematoxylin and eosin procedure: At the first
stage, the tissues were dipped into a solution
of 10% formaldehyde and were then embedded
into paraffin blocks. With the aid of a micro-
tome, 4-micron sections were cut from the
blocks. Under standard protocols, all the tis-
sues were stained with hematoxylin and eosin.
The slides were evaluated using an Olympus
(Tokyo, Japan) BX51 microscope.

Histopathologic examination

All the pancreatic tissues were evaluated for
edema formation, inflammatory cell infiltration,
and acinar cell necrosis [20, 21].

Hepatic injury was evaluated for cytoplasmic
vacuolation, focal nuclear pyknosis, cytoplas-
mic hypereosinophilia, loss of intercellular bor-
ders, and severe necrosis with disintegration of
hepatic cords, hemorrhage and neutrophil infil-
tration [22].
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Table 2. Comparison of TAC and TOS levels between groups

Dependent Variable (I) GROUP (J) GROUP Mean Difference (I-J) Std. Error Sig.
TOS CAPE K 0.79429 26.31215 1
R -14.97429 26.31215 0.94
R+CAPE -10.67571 26.31215 0.977
K R -15.76857 24.0196 0.912
R+CAPE -11.47 24.0196 0.963
R R+CAPE 4.29857 24.0196 0.998
TAS CAPE K 0.35151 0.13637 0.075
R 0.30209 0.13637 0.15
R+CAPE 0.38023" 0.13637 0.049
K R -0.04943 0.12449 0.978
R+CAPE 0.02871 0.12449 0.996
R R+CAPE 0.07814 0.12449 0.922

“The mean difference is significant at the 0.05 level.

Table 3. Comparison of insulin levels between groups

minutes incubation with alkaline

(I) GROUPS (J) GROUPS Mean Difference (I-J) Std. Error

phosphatase-linked polymers. Sec-

K R -0.04457
R+CAPE 0.04443
R R+CAPE 0.089
CAPE K 0.27257
R 0.228
R+CAPE 0.317 0.3021

0.24994
0.32793
0.33006
0.21166
0.21494

Sig.
& tions were then counterstained with
1 . .
hematoxylin on the machine, dehy-
1 drated in alcohols, and mounted with
1 mounting medium (Sakura Finetek
0.732 USA Inc, Torrance, California). Pre-
0.862 pared tissues were observed by his-

0.865 topathologists unaware of the experi-

“The mean difference is significant at the 0.05 level.

Immunohistochemical procedures

Immunohistochemical examination was per-
formed on a Leica Bond-Max automated IHC/
ISH platform (Leica Microsystems Inc, Buffalo
Grove, lllinois). Four micrometer paraffin sec-
tions were dewaxed in a Bond Dewax solution,
rehydrated in alcohol and Bond Wash solution
(Leica Microsystems). Antigen retrieval was
performed using a high-pH (ER2) retrieval solu-
tion for 15 minutes followed by endogenous
peroxidase blocking for 5 minutes on the
machine. Anti-mouse monoclonal antibody
Bcl-2 (C-2: sc-7382, Santa Cruz Biotechnology,
Inc. in dilution 1:200), anti-mouse monoclonal
antibody Bax (B-9: sc-7480, Santa Cruz
Biotechnology, Inc. in dilution 1:100) and anti-
mouse caspase-3 (CPP32) monoclonal anti-
body (clone JHMG62, Leica Biosystems Ltd,
Newcastle) was applied at 1:50 dilution for 60
minutes at room temperature. Detection was
performed using the Bond Polymer Refine Red
Detection system (Leica Microsystems) with a
15 minute post primary step followed by 25

1008

mental study groups. The numbers

of apoptotic cells were counted in

ten randomly selected microscope
fields under a 400x magnification in a blind
fashion. We calculated the average number of
stained neurons for each set of ten fields and
expressed as the number of the positive cells/
high-power field.

Statistical analysis

The data for the biochemical parameters were
analyzed by ANOVA, followed by the post hoc
Tukey test and Dunnet T3. All the data were
evaluated using SPSS Windows 20.0 (IBM,
Statistical Package for the Social Sciences). A p
value of <0.05 was considered statistically
significant.

Results

Biochemical results revealed that Ribavirin and
CAPE yielded similar results in terms of Serum
TAS, TOS, amylase, lipase and insulin compared
to the control group. However, while Ribavirin
provided similar results with the control group
in terms of AST and ALT, the CAPE group had
increased AST and ALT levels compared to the
control group (Tables 1-3).
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Figure 1. Pancreas tissue (Hematoxylin and Eosin Staining). In the Riba- ) R
virin + CAPE group the pancreatic tissues (H&E, x100) had normal his-  Since then, Ribavirin has been

tomorphological appearance (A) similar to control group (D), whereas in
the Ribavirin (B) and CAPE groups (C) the pancreases (H&E, x100) were
normal and had minimal edema formation and inflammation with no

acinar necrosis.

Histopathologic results

Pancreas: In the Ribavirin + CAPE group the
pancreatic tissues (H&E, x100) had normal his-
tomorphological appearance (Figure 1A) simi-
lar to control group (Figure 1D), whereas in the
Ribavirin (Figure 1B) and CAPE groups (Figure
1C) the pancreases (H&E, x100) were normal
and had minimal edema formation and inflam-
mation with no acinar necrosis (Figure 1).

Liver

In the Ribavirin (Figure 2A) and Ribavirin +
CAPE groups (Figure 2B), the livers (H&E, x100)
had normal margins with no evidence of puru-
lent infiltration, nuclear pyknosis, cytoplasmic
hypereosinophilia, hemorrhage, or necrosis
whereas in the CAPE group (Figure 2C) the liv-
ers (H&E, x200) presented with dilated sinu-
soids - which reflected mild hepatic injury -
along with mild cytoplasmic vacuolization and
nuclear pyknosis (Figure 2).

Immunohistochemical (IHC) results were simi-
lar to hematoxylin and eosin staining results.
Thus; in the Ribavirin (Figure 2D) and Ribavirin
+ CAPE groups (Figure 2E) the livers (IHC, x100)
had normal with no evidence of apoptosis,
whereas in the CAPE group (Figure 2F) the liv-
ers (IHC, x100) presented slight apoptosis
increase (Figure 2).
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Discussion

The present study is an attempt to
add the Ribavirin to World Health
Organization (WHO) Model List of
Essential Medicines for the treat-
ment of viral hemorrhagic fevers
(VHF), specifically for Lassa fever,
Argentine hemorrhagic fever (AHF),
Crimean-Congo hemorrhagic fever
(CCHF) and hemorrhagic fever with
renal syndrome (HFRS) [4, 23-27].

Sidwell et al [4] was the first to sug-
gest that Ribavirin is a wide-spec-
trum antiviral drug which conveys
minimal toxicity and is active
against a variety of RNA and DNA
viruses in culture and in animals.

reported effective for the treat-
ment of 1) respiratory syncytial
virus (RSV) infection in immuno-
suppressed and high-risk children,
and adults, 2) viral hemorrhagic
fevers (VHFs) caused by Arenaviridae and
Bunyaviridae [23-27] and 3) hepatitis C virus
(HCV) infection. However, for Hantavirus pulmo-
nary syndrome [27, 28], Rift Valley fever, or
Filoviruses [27, 29], Ribavirin has not been
reported effective.

Although the exact mechanism of this drug has
yet to be proven, the drug seems to be interven-
ing the intracellular RNA and DNA synthesis
and then constraining the protein synthesis
and viral reproduction of the RNA or DNA virus-
es that are susceptible to Ribavirin [27, 30]. The
use of Ribavirin has been approved by the
United States Food and Drug Administration
(FDA) for the treatment of respiratory syncytial
virus and hepatitis C virus infection. Yet, no
antiviral drug has been confirmed by FDA for
the treatment of viral hemorrhagic fevers.

There is a scarcity in the numbers of animal and
human studies on the clinical effects of
Ribavirin. Although they are limited, these stud-
ies demonstrate a clear advantage of Ribavirin
treatment, especially in terms of tolerability
and safety [27].

A literature review on relevant studies revealed
that only a few publications have been conduct-
ed related to the effects of Ribavirin on hepato-
toxicity and pancreatic injury.

Int J Clin Exp Med 2014;7(4):1005-1013
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Figure 2. Liver Tissue (Hematoxylin and Eosin Staining & Immunohistochemistry). In the Ribavirin (A) and Ribavirin
+ CAPE groups (B), the livers (H&E, x100) had normal margins with no evidence of purulent infiltration, nuclear pyk-
nosis, cytoplasmic hypereosinophilia, hemorrhage, or necrosis whereas in the CAPE group (C) the livers (H&E, x200)
presented with dilated sinusoids - which reflected mild hepatic injury - along with mild cytoplasmic vacuolization
and nuclear pyknosis. Immunohistochemical (IHC) results were similar to hematoxylin and eosin staining results.
Thus; in the Ribavirin (D) and Ribavirin + CAPE groups (E) the livers (IHC, x100) had normal with no evidence of
apoptosis, whereas in the CAPE group (F) the livers (IHC, x100) presented slight apoptosis increase.

Single use of Ribavirin has been tried in the
treatment of hepatitis C virus infection such as
in patients with hepatitis C recurring after liver
transplant and in the patients with renal trans-
plant; however, the results have often been
inconsistent. In most of these studies, Ribavirin
monotherapy was reported to improve liver
enzyme levels and not to have any remarkable
effect on HCV viremia. It was also reported that
this therapy leads to significant histological
development while reducing hepatic inflamma-
tion and necrosis but has no effect on necroin-
flammation or even exacerbates the fibrosis.
Salam et al [31], for example, reported that
Ribavirin, as an antiviral drug, provides protec-
tive effects for the liver in the carbon tetrachlo-
ride (CCl,) model of hepatic toxicity. They also
reported that the amount of leakage of hepato-
cellular enzymes ALT and AST into plasma was
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significantly decreased and the histological
degree of hepatocyte necrosis was reduced
[31-37].

In our study as well, Ribavirin yielded similar
AST and ALT levels as the control group did. It
was also found that Ribavirin has positive
effects on these enzymes, likely because it
does not have any toxic effects on the liver. We
considered that this was because both the
Ribavirin and Ribavirin + CAPE groups present-
ed with normal-margin hepatic tissues with no
evidence of purulent infiltration, nuclear pykno-
sis, cytoplasmic hypereosinophilia, hemor-
rhage, and necrosis.

Interestingly, we also found that CAPE - but not
Ribavirin - led to an increase in AST and ALT
levels. Furthermore, the CAPE group yielded
dilated sinusoids, which reflected mild hepatic

Int J Clin Exp Med 2014;7(4):1005-1013
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injury, along with mild cytoplasmic vacuoliza-
tion and nuclear pyknosis.

Fang et al reported that 8-day dosing of
Ribavirin (120 mg/kg/day), levovirin (2000
mg/kg/day) and viramidine (120 mg/kg/day)
did not induce any of the main Cytochromes
P450 (CYPs) (including CYP1A, 2B, 3A and 4A)
at the protein level and had no remarkable
effect on the mRNA expression of hepatic toxi-
cology genes in rats. This means that the use of
Ribavirin does not lead to any effect on hepatic
enzymes even when applied at a four times
higher dose than our level. Accordingly, it is
clear that a high dose of Ribavirin does not lead
to any significant changes at the transcription
level of most of the hepatic toxicological genes
[4].

Irena et al demonstrated that Ribavirin is likely
to constrain the progress of Experimental auto-
immune encephalomyelitis (EAE) by inhibiting
the development of inflammatory mediators
including tumor necrosis factor and IL-1, as pre-
viously reported in an experimental model of
viral hepatitis by Ning et al [6, 34]. On the other
hand, Chaudhari et al [38] reported that the
combined use of Ribavirin and interferon may
cause drug-induced pancreatitis in patients
with chronic HCV.

In the present study we investigated the effects
of Ribavirin on pancreatic injury and found nor-
mal pancreatic tissues with no inflammation of
acinar necrosis as a result of concurrent Rib-
avirin therapy on liver and pancreas tissues.
Also, Banting and Best found that insulin is
secreted from Langerhans islets, in 1921. With
this discovery, the pancreas-insulin relation-
ship has been an important factor in the evalu-
ation of pancreatic injuries resulting from non-
surgical methods or chemical toxic substances
[39,40].Inthe present study we found that Riba-
virin and CAPE groups yielded similar results in
terms of serum insulin levels, compared to the
control group.

Levent et al [41] reported that the chronic hep-
atitis C (CHC) patients who undertook pegylat-
ed interferon alfa-2b and Ribavirin therapy
yielded significantly higher values of SOD, GSH-
Px than pretreatment levels. Also, the MDA lev-
els were significantly reduced while SOD and
GSH-Px levels increased and the ALT, AST levels
were reduced to the control levels after treat-
ment.
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In our study, the Ribavirin and CAPE groups
yielded similar results in terms of Serum TAS
and TOS, compared to the control group, as
reported by Levent et al [40], and while Ribavirin
provided similar results with the control group
in terms of AST and ALT, the CAPE group had
elevated AST and ALT levels compared to the
control group.

Conclusions

It can be concluded that Ribavirin does not lead
to any pancreatic damage and hepatotoxicity,
and has effects more beneficial than CAPE on
liver tissue. Further studies are warranted to
analyze the effects of Ribavirin in longer peri-
ods and with different doses.
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