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ARTICLE INFO ABSTRACT
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Keywords: rats. Rats with biliary obstruction induced by disuligation and sectic
bl ductfeation of the common bile duct were randomly and blindégigned to receit
vinpocetine either vinpoetine (2.1, 4.2, 8.4 mg/kg) or saline once a daslly

starting one day after surgery and continued far pronth thereafte
At the end of the treatment period, rats were dileend analyzed fi
blood biochemistry, liver and bone histopatholo@pmpare to thei
sham-treated counterparts, bile dlighted (BDL) rats exhibite
markedly elevated serum activities of alanine amnarsferase (ALT
aspartate aminotransferase (AST), and alkalinepdtaie (ALP) as we
markedly raised serum bilirubin levélistopathological examination
BDL rats revealed focal necrosis, degenerated beptEs, bile dus
hyperplasia and inflammatory cell infiltrates. Hishemical stainin
using Feulgen and Periodic ad@ahiff's (PAS) staining show
depletion of liver §ycogen and markedly decreased deoxyribonu
acid (DNA) content in hepatocytes. Reduced osteocgllularity an
few areas of regenerating bone were observed in B&ts. Th
administration of vinpocetine to BDL rats resulteddosedependet
decrease in serum ALT, AST, ALP activities by 3844%, 17.t
43.9% and 26.5989.2%, respectively. Serum bilirubin decrease:
19% after 8.4 mg/kg of vinpocetine. The drug alssuited i
amelioration of the pathological changes in therjincreased glycog n
and DNA content of hepatocytes and improved borlkilagty anc
increased bone regeneration ddspendently. These findings sugge
beneficial effect for vinpocetine on liver damagedabone chang
caused by biliary obstruction in rats.

This is an open access article under@le-BY-SAlicense.

@0

1. Introduction

The formation of bile is an essential function bé tiver. This complex aqueous fluid consists
mainly of water in which there is bile salts, hiliin, proteins, cholesterol amino acids, steroids,
xenobiotics. Bile which is primarily produced bypatocytes and modified by cholangiocytes
through secretion and absorption is necessaryh®retimination of potentially toxic lipophyllic
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substances, and xenobiotics. Cholestasis resuis the cessation or impairment of bile flow
(Boyer, 2013). Cholestatic liver diseases encongzass wide spectrum of disorders, the main
pathological alteration in which is the cessatiostagnation of bile flow that occurs in conditions
such as viral hepatitis, primary sclerosing chol@sgsepticaemia, biliary stricture, drug-induced
cholestasis and many others (Pérez Ferndndez ,eR(fl4; Freedman, 2011). Cholestasis is
associated with marked increase in liver bile aeidd bilirubin levels and in regurgitation of these
biliary constituents in the blood and other tissuieghe liver, this will eventually results in smus
liver injury; the back pressure exerted by the saag bile on the liver cells causing anoxia and
ischaemia as well as the toxic effects of the acdatad bile salts themselves results in hepatic
injury. The failure to secrete bile or cholestagidl ultimately result in liver cirrhosis, and
hepatocellular failure (Solter, 2005; Yang et 2010; Boyer, 2013). There is also an increase in
the risk of developing hepatocellular or cholanglhdar carcinomas in ling-term cholestasis (Li
and Apte, 2015). Moreover, prolonged cholestasih @s that occurring in the context of primary
sclerosing cholangitis is also an important fadtorthe development of osteoporosis in these
patients (Le Gars, 2002; Gasser, 2009). In the gemant of cholestatic disorders, the primary
goal is the alleviation of the underlying causeval as improving the state of the liver cells eg.,
by the use of ursodeoxycholic acid or antioxiddifes silymarin (Woolbright and Jaeschke, 2012).
New therapeutic approaches are therefore needddaease liver injury and/or metabolic bone
disease in cholestatic disorders.

Vinpocetine (vinpocetine-ethyl apovincaminate), fiyathetic derivative of vincamine, an extract
of periwinkle, is a drug that is widely used in theatment of cognitive decline due to
cerebrovascular insufficiency associated with adimgncreasing cerebral blood flow and regional
glucose uptake (Hadjiev 2003; Jovartoet al. 2013). Previously, vinpocetine has beemwshim
alleviate hepatocellular damage caused by the bipat carbon tetrachloride (CCI4) in the rat
(Abdel-Salam et al., 2007). In this study, the @ffef vinpocetine on liver tissue damage and
fibrosis as well as on bone changes induced bydhite ligation in rats is examined. The latter is
widely used to model human cholestatic liver dise@&untouras et al., 1984; Salas et al., 2007;
Sheen et al., 2016).

2. M aterials and methods
2.1. Animals

Sprague—Dawley rats of either sex, weighing 180-¢00 body weight were used throughout the
experiments. Animals were housed under standardrdadry conditions with free access to
standard laboratory chow and water ad libitum. Aadiprocedures were performed in accordance
with the Ethics Committee of the National Resedateimtre and followed the recommendations of
the National Institutes of Health Guide for Carel &fse of Laboratory Animals (Publication No.
85-23, revised 1985).

2.2. Surgery

Under light ether anaesthesia, midline laparotonag werformed, the common bile duct isolated
and ligated with 4-0 silk suture in two places jasbve the duodenum anterior to the pancreas and
posterior to the hilum of the liver. The bile dugas cut between the two ligatures and the
abdominal wall was then closed in two layers bytiomous silk suturing. Rats were given topical
betadine as an antiseptic and 0.2 ml gentamicrarmiscularly to control post-surgical infection.
The rats were then allowed to recover with freeeasdo food and water after the surgery. Sham
operated rats were subjected only to midline lapang and manipulation of the bile duct.

2.3. Study design

Rats with ligation-section of the common bile dwetre randomly and blindly assigned to different
groups, six rats each. Rats received either virtpeeg2.1, 4.2, 8.4 mg/kg) or saline. Drug

treatment started 1 day after surgery and contiored weeks. In Sham-ligated animals, the duct
was located, manipulated, and replaced. At thedrtie treatment period, rats were killed and

Nabila S. Hassan et.al (The ameliorative effect of vinpocetine on liver fibrosisand bone changes...)



60 International Journal of Halal Research N321-7868

Vol. 2, No. 2, December 2020, pp. 58-69
T—

analyzed for blood biochemistry and liver patholod@yhe doses were selected on the basis of
previously published studies (Abdel-Salam et &107).

2.4. Biochemical assessment

At the end of the experiments, blood samples wetaimed from the retro-orbital vein plexuses,
under ether anaesthesia. Alanine aminotransferals€) (and aspartate aminotransferase (AST)
activities in serum were determined according tatrRen-Frankel colorimetric transaminase
procedure (Crowley, 1967), whereas colorimetricedaination of ALP activity was done

according to the method of Belfield and Goldber®7) using commercially available kits

(BioMérieux, France). Bilirubin in plasma was detéred using commercially available kit

(BioMérieux, France).

2.5. Histopathological and histochemical evaluation

After the end of the treatment period, rats wehedk livers and right tibia were excised and fixed
in 10% formalin saline. Sections were prepared stathed with hematoxylin and eosin (H & E)
for histopathological examination. Histological @stigations were carried out using Feulgen stain
for deoxyribonucleic acid (DNA) content and Perodicid-Schiff's (PAS) stain for hepatic
glycogen distribution.

2.5.1. Morphometric analysis

Qwin Leica image processing and analysis systemm(idge, UK) was used for the
determination of the percentage of damaged aréa®<gis and necrosis), DNA optical density,
glycogen optical density, osteocytes measuremertshee area of bone damage.

3. Results
3.1. Effect of vinpocetine on serum liver enzymes and bilirubin in BDL rats

Data are presented in Fig.1. Bile duct ligation éme month resulted in marked and significant
elevation of alanine aminotransferase (ALT) andagsgpe aminotransferase (AST) activities in
serum by 355.6% and 685.8%, respectively as cordpaith their sham control values (98.4 + 4.7
vs. 21.6 £ 1.3 IU/L and 615.3 + 42\&. 78.3 £ 4.9 IU/L, respectively). On the other haselrum
alkaline phosphatase activity increased by 590.282.6 + 36.#s. 138.0 + 11.5 IU/L). There was
also significant elevation in serum bilirubin whigkached 5.85 + 0.25 mg/dl compared with sham
value of 0.24 + 0.04 mg/dl. The administration afpocetine at doses of 2.1, 4.2 and 8.4 mg/kg
caused a dose-dependent decrease in serum astigftidLT by 33.6%, 59.3% and 64.4%,
respectively. Similarly, AST activities fell by BP6, 21.3% and 43.9% and ALP activities
decreased by 26.9%, 39.4% and 39.2% after treatwiémthe drug at the above doses compared
with the corresponding BDL-saline control valuesrn bilirubin showed a 19% decrease after
the highest dose of vinpocetine compared with trgrol group.

3.2. Effect of vinpocetine on liver histopathological changesin BDL rats

Liver sections from sham operated rats showed rlotrepatic architecture (Fig. 2A). Liver
sections of control rats with bile duct ligatiorvealed disorganization of hepatic cords, ballooning
and fatty degeneration of hepatocytes, congesteddbiessels with hyperplasia in bile ducts
associated with inflammatory infiltrate. Focal ereaf necrosis were seen (Fig. 2B & C).
Examination of liver sections from rats treatedhwitnpocetine revealed prominent improvement
in cells structure and in bile duct hyperplasiaeThighest dose of vinpocetine examined (8.4
mg/kg) showed the most prominent improvement inakagytes architecture and the number of
binucleated cells is reduced (Fig. 2D-F). Quantitaimage analysis of the area of damage on
slides stained with haematoxylin and eosin is showhig. 3. A dose-related decrease in the %
damaged area by 38.9%, 46.3% and 85.4% was segrvimfpocetine administration in 2.1 mg/kg,
4.2 mg/kg and 8.4 mg/kg, respectively as compardle BDL-saline control group.
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Fig. 1. Effect of vinpocetine on serum alanine aminotrarede (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), and bilirubin in bilgated rats. *p<0.05 vs. Sham control and between
different groups as shown on the graph. +p<0.0B{A. control.

Fig. 2. Hx & E stained sections from the liver of: (A) Simaontrol rat showing central veins, portal tracts
and hepatic cords separated with blood sinusoid$@X (B & C) BDL rat with congestion, cytoplasmic
necrosis, mononuclear cellular infiltration andyategeneration. Bile ducts show hyperplasia anddmnage
(X400). (D) BDL + vinpocetine 2.1 mg/kg showing prment improvement in cells structure and clear
hypertrophy in bile duct hyperplasia (X300). (E & BDL + vinpocetine 4.2 and 8.4 mg/kg hepatocytes
showing prominent improvement in hepatocytes aechitre and number of binucleated cells are seeBdX1
& X400).
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Fig. 3. The area of damage (%) in liver of BDL rats treatéth different doses of vinpocetine. *p<0.05 vs
Sham contro. +p<0.05 vs. BDL-saline

3.3. Effect of vinpocetine on liver DNA in BDL rats

The DNA reaction in BDL rats treated with salineosled marked decrease in DNA reaction and
markedly increased inflammatory cells comparedhtans operated rats (Fig. 4A & 4B). Rats that
received vinpocetine at 2.1 mg/kg showed mild deseein DNA reaction in hepatocytes and
marked increase in inflammatory cells (Fig. 4C)atRtreated with 4.2 mg/kg showed moderate
decrease in DNA reaction in hepatocytes and mankegtase in inflammatory cells (Fig. 4D),
while rat given high dose of the drug (8.4 mg/k@pwed improvement in DNA reaction in
hepatocytes and marked increase in inflammatorlg ¢Eig. 4E). The optical density of DNA
content (%) is shown in Fig. 5. The content of DA by 30.1% in BDL rats compared with the
sham control group. Vinpocetine given to BDL ratgl2 mg/kg and 8.4 mg/kg caused significant
increase in DNA by 26.6% and 41.8% content was sfter treatment with the drug at 8.4 mg/kg
compared with the BDL-saline control group.

A S : B

Fig. 4. Feulgen staining of sections from the liver of) (8ham control rat. (B) BDL rat showing marked

decrease in DNA reaction. (C-E) BDL + vinpocetimm®wing dose-dependent increase in DNA reaction in
hepatocytes (Feulgen X 400).
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Fig. 5. DNA optical density (Feulgen stain) (%) in livef BDL rats treated with different doses of
vinpocetine. *p<0.05 vs. Sham control. +p<0.05BBL-saline. #p<0.05 vs. vinpocetine 2.1 mg/kg

3.4. Effect of vinpocetine on liver glycogen in BDL rats

In bile duct ligated rats treated with saline hapglycogen distribution with Periodic acid-Sch#f’
(PAS) showed marked depletion compared with thenstantrol group (Fig. 6A & 6B). Increased
PAS staining for glycogen was increased by vingoeein a dose-dependent manner compared
with BDL control group (Fig. 6C-E). The optical dgty of glycogen content (%) is shown in Fig.
7. Significant increase in glycogen content wassafter treatment with the drug at 8.4 mg/kg
compared with the BDL-saline control group.

Fig. 6. Periodic acid-Schiff's staining of sections frofmetliver of: (A) Sham control rat. (B) BDL rat
showing marked depletion in hepatic glycogen. (BBL + vinpocetine showing dose-dependent increase
in glycogen content in hepatocytes (PAS X150).
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Fig. 7. Glycogen optical density (%) (Periodic acid-Sthitain) in liver of BDL rats treated with diffent
doses of vinpocetine. *p<0.05 vs. Sham control.+PS®s. BDL-saline. #p<0.05vs. vinpocetine 2.1 or
vinpocetine 4.2 mg/kg

3.5. Effect of vinpocetine on bone histopathological changesin BDL rats

Sections from the bone in sham control rats redealerage osteocyte cellularity and distribution,
normal mineralization pattern and few areas of megating bone (Fig. 8A). In contrast, BDL rats
showed decreased osteocytic count and few ardamnefregeneration (Fig. 8B). In the rats treated
with lowest dose of vinpocetine the osteocyte ¢ality was improved and more areas of bone
basophilic cartilaginous tissue appeared withinlibae tissue representing areas of regeneration
started to increased (Fig. 8C). Both parameteprdwed the most in the group receiving the
highest doses of vinpocetine (Fig. 8D & 8E). Thenparison of bone sections between different
groups using the image analyzer morphometric studieealed decrease in osteocyte count and the
areas of regenerating new bone formation in the BRlup and a dose dependent improvement in
such parameters in the vinpocetine groups (Figs10).

I

Fig. 8. A photomicrograph of the bone cortex from (A) Shieated rat showing well-formed cortical bone
with osteocyte cellularity. (B) BDL rats showingaieased osteocyte count and regenerative bonelss(&)
BDL + vinpocetine 2.1 mg/kg showing more compacpegrance of the shaft and increased osteocyte
cellularity with rounded nuclei (D) BDL + vinpocag 4.2 mg/kg showing improved cell count and bone
regeneration (E) BDL + vinpocetine 8.4 mg/kg wittone osteocytes and islands of bone regeneration
(HX.& E.X100).
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Fig. 9. Osteocyte count (mean +SEM) in bone of BDL ratated with different doses of vinpocetine.
*p<0.05 vs. Sham control. +p<0.@8. BDL-saline. #p<0.0%s. vinpocetine 2.1 or vinpocetine 4.2 mg/kg
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Fig. 10. Areas of new bone formation (mean £SEM) in boh@&DL rats treated with different doses of
vinpocetine. *p<0.05 vs. Sham control. +p<O0W35BDL-saline. #p<0.0%s. vinpocetine 2.1 or vinpocetine
4.2 mg/kg

4. Discussion

The rat bile duct ligation model is a widely usea@ dhat mimics in many aspects the condition of
biliary obstruction in humans such as that occgrim biliary atresia and primary sclerosing
cholangitis. The model offers the opportunity toadst both the acute and chronic sequel of
obstruction to bile flow such as the complicatiityyrdsis, sepsis and brain oedema (Yang et al.,
2010; Yang et al., 2015). In this study, bile dligation for one month caused significantly
elevated serum activities of ALT and AST. Thesedategellular enzymes are released into the
circulation upon damage to hepatocytes in amotnatsi$ dependent on the extent of liver damage.
There was also markedly increased serum ALP agtitdkaline phosphatase is a cell wall enzyme
and its synthesis and release from cell surfacee@ses when there is stagnation to bile flow
(Giannini et al., 2005). Markedly increased acyivaf ALP in liver and serum is detectable within
12h after bile duct ligation (Kaplan, 1979, 198B8he increased serum ALP activity therefore
reflects the severity of biliary obstruction. Theegent study also showed that on histopathological
examination, the liver tissue suffered ballooniridhepatocytes, fatty degeneration, inflammatory
cell infiltration, bile duct hyperplasia and focaécrosis. These results are consistent with the
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pathological alterations reported in this modeltHair study, Zepeda-Morales et al. (2016) found
extensive bile duct proliferation and periductakdisis after one month of bile duct ligation in the
rat. Other authors reported ductular proliferatonl an increase in periportal collagen eight weeks
after bile duct ligation in rats (Salas et al., 2DAnflammation is a hallmark of cholestasis doe t
the action of the hydrophobic bile salts on theediparenchyma (Zollner and Trauner, 2006;
Wenniger and Beuers, 2010). Following bile ducatign there is time-dependent inflammatory
cell infiltration starting from the seventh dayeafsurgery and decreases with the development of
fibrosis around two weeks post-obstruction (Alcatzal., 2008). One of the important metabolic
functions of the liver is the regulation of carbdhgte metabolism through glycogensis,
glycogenolysis and gluconeogenesis (Giannini et 2005). Liver glycogen thus reflects the
synthetic capacity of the liver and is subject lterations in liver disease. In this study, marked
depletion of glycogen was observed in hepatocytes bile duct ligated rats.

Osteopenic bone disease is also an important &atmplicating long standing cholestasis (Le
Gars, 2002;Patel and Munoz, 20150steoporosis has been reported in 15% of patwiits
primary sclerosing cholangitis (Angulo et al., 2D11Several factors underlie the occurrence of
metabolic bone disease in these patients includirtgeased liver synthetic capacity with decreased
formation of fibronectin, Insulin-like growth faatd, impaired hydroxylation of vitamin D and
increased levels of cytokines (Nakchbandi et2f114). In the present study bile duct ligation for
one month caused decreased osteocyte count anderagiee bone islands. These findings are
consistent with earlier observations (Abdel-Saldrale 2008a,b) and suggest the suitability of this
model to study the pathogenetic mechanisms of bbarges in conditions of chronic cholestasis.

Our results show that the administration of vingimeewas able to ameliorate the increase and to
decrease liver damage and to lessen the exteifirois as well as maintain the liver architecture.
Vinpoectine also caused marked improvement in ttbgdogical bone changes due to bile duct
ligation. These data support the findings in thd Gbdel of hepatotoxicity (Abdel-Salam et al.,
2007) and in hepatic ischaemia/reperfusion injutgk{ and Abdelsalam, 2013). The mechanism
by which vinpocetine protects against the bile saicity is not clear. Vinpocetine is widely
prescribed to treat chronic cerebral hypoperfusind the consequent cognitive deficits that occur
due to aging (Patyar et al., 2011). Initially, awntation of cerebral blood flow and metabolism
has been suggested to account for the drug effdatdjiev 2003; Jovanogiet al. 2013). Recently,
vinpocetine was found to possess anti-inflammatactions by decreasing the release of the
proinflammatory cytokines such as tumour necroactdr-alpha (TNFe), interleukin-B (IL-1p),
IL-1a, and IL-8 (GOmez et al., 2013; Liu et al., 201¥)npocetine was also shown to have
antioxidant potential (Abdel-Salam et al., 2011kiZand Abdelsalam, 2013) and to increase
glucose availability to tissues (Nivison-Smith ét 2015). Vinpocetine might therefore protect
against liver damage caused by bile duct ligatypddxcreasing inflammation and oxidative stress.

5. Conclusion

At the present time, the use of hydrophilic bilédasrsodeoxycholic acid is the only available
treatment for chronic cholestasis (Wenniger andeBgu2010). The present study suggests that
vinpocetine could be useful in this condition kseif or as an “add on” therapy to ursodeoxycholic
acid.
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