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ABSTRACT

This study aimed to investigate the role of Bokaveérrata oleo — gum resin in ameliorating livisrosis induced
by thioacetamide(TAA) in rats. Serum liver enzyhiksbin , plasma fibrinogen,serum hepatocyte gtlovactor
levels, hepatic reduced glutathione content wetienesed . Also, hepatic NQO1 and BCL-2 gene eswadevels
were detected by semiquantitative RT-PCR. Moredvistopathological investigation of liver tissueciens was
carried out. TAA-challenged group showed signiftoglevation in the activity of serum liver enzymm@krubin and
hepatocyte growth factor levels accompanied witinificant reduction in plasma fibrinogen level ahdpatic
reduced glutathione content. Significant downragah in hepatic NQO1 and BCL-2 gene expressioaléewere
detected in TAA-challenged group relative to thgatiee control group. Histopathological investigati of liver
tissue sections of rats in TAA-challenged grogvenled many fibrotic features. Boswellia serrdtaated group
showed significant depletion in serum liver enzyraesvity, bilirubin and hepatocyte growth factéevels
associated with significant elevation in plasmiarifiogen level and hepatic reduced glutathione enohto near
normal values. Moreover, this group showed dramagicegulation in hepatic NQO1 and BCL-2 gene exgioes
levels versus TAA-challenged group. Interestingtgatment with Boswellia serrata resulted in et
improvement in the histological feature of livesstie. In conclusion,this study provides a cleadeawe for the
promising role of Boswellia serrata gum extrattthe retrogradation of liver fibrosis in the expaental model.
Thes effect afforded by Boswellia serrata was Yikattributable to its hepatoprotective activitynt@xidant
capacity and antiapoptotic potential.

Keywords: liver fibrosis,Boswellia serrataantioxidant, apoptosis, Rats.

INTRODUCTION

Liver is the main organ responsible for multitude essential functions and plays an important ralethe
metabolism of foreign compounds entering the bddyman beings are exposed to these compounds through
consumption of contaminated food or during exposorehemical substances in the occupational enmiga.
These foreign compounds produce variety of toxiaifeatations particularly in the liver[Ih Egypt, liver diseases

are one of the most prominent Kkillers specificdilyrosis, hepatitis C virus (HCV) and cirrhosis tthadter the
functions of the liver[2] .

Liver fibrosis is a wound healing process that ltssfrom chronic liver damage, such as alcohol abesronic
hepatitis, nonalcoholic steatohepatitis and overlohmetal ions [3,4].Liver fibrosis is the finahjhway for most
chronic liver diseases and is the main reason ricreased mortality in affected patients. Fibroigsue is
characterized by loss of normal structure, replasgnof blood vessels and other parenchymal strestioy
increasingly stable extracellular matrix (ECM),vitnich type | fibrillar collagen is the major componi[5]. In the
presence of hepatic injury, hepatic stellate c@HSCs) become activated and transformed into malifve
myofibroblast-like cells, which are the major sauaf ECM. In general, liver fibrosis is an imbalartmetween the
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synthesis and degradation of ECM and it is reveedilefore turning into cirrhosis, which is the ireesible end
stage leading to liver failur]. Despite significant progress in our understagdof fibrogenesis, injury stimuli
process, inflammation, HSC activation and ECM esgian, there is still no standard treatment fogrlifibrosis.

Thioacetamide (TAA, CH3-C(S) NH2) is a hepatotoxand hepatocarcinogenic when administered in the
experimental animals, and is widely used as a mofielcute and chronic liver diseg3g. Briefly, TAA causes
hepatocyte injuryvia biotransformation of TAA by cytochrome P450 2E1 @E1) enzymes located in the
microsomes of liver cells into a highly reactivaitintermediate known as thioacetamide sulphukid®e (TASG)
[8].This toxic metabolite induces hepatotoxicity different grades of liver damage including fibspshodular
cirrhosis, production of pseudolobules, prolifesatiof hepatic cells, and necrosis of parenchymis dal the
experimental animal8].

In traditional medicine,several plants and herbgehlaecen used experimentally to treat liver dismgecluding
liver cirrhosis[10,11] Boswellia serrata (Burseraceae), tree grows in tropical parts ahAsd Africa[12]. The
oleo-gum-resin of the plant is known to possessadety of activities such as antiarthritic, antiamhmatory,
antitumour and anticarcinogenic effect [13, 1#andeyet al. [15] reported that the alcoholic extract of oleo-gum-
resin ofBoswellia serratgpossesses hepatoprotective activity that may kdaalthe presence of acetyboswellic
acid.

The present study was planned to investigate tfieaey of Boswellia serrata methylene chloride extract in
management of liver fibrosis induced by thioan®te in rats . In this study, we assessed the nméimaof action
of Boswellia serrata gurextract in the retrogradation of liver fibrosisthe experimental model.

MATERIALS AND METHODS

I. Materials

Plant material

Boswellia serrateoleo-gum resin was purchased from local specialiragket (seed, spices and medicinal plant
company,Cairo,Egypt).Boswellia serrata taxonomical feature was kindly confirmed by Prafalim EI-
Garf,professor of plant taxonomy, Botany Departmdrdaculty of Science, Cairo University, Egypt.Voach
specimen was kept in the museum of the DepartméntPltarmacognosy, Faculty of pharmacy, cairo
University,Egypt.

Chemicals

Thioacetamide (TAAWwas purchased from Sigma Aldrich.Chemical.Co. L{&tis,MO, USA) as pure crystals. It
was dissolved in saline and freshly prepared pigoeach injection. All other chemicals and solvewesre of
analytical grade and were obtained from commesnalces.

Preparation of Boswellia serrata methylene chloride extracts (BSMC).

Boswellia serrateoleo-gum resin extract was prepared by adding #b@@ethylene chloride to 1 kg &oswellia
serrataoleo-gum resin poweder and left for 72 hrs at raemperature. The extract was filtered using fifiaper
and the solvent was evaporated at@Qnder reduced pressure using rotary evaporatid@ph, Germany) [16]

Experimental Design

For the present study, forty adult male albino @tdVistar strain weighing 150-200 g were obtairezin the
Animal House Colony of the National Research Cerdairo, Egypt. The animals were housed in polyplenme
cages in an environmentally controlled clean agmmowith a temperature of 25+1°C, an alternating light/12h
dark cycle, a relative humidity of 60 + 5% and feeess to tap water and a standard pellet di¢d. iRaxre allowed
to adapt to these conditions for 2 weeks beforénnéng the experimental protocol. The study wasrapgd by the
Ethics Committee for Medical Research, National€esh Centre,Cairo, Egypt. After the acclimatizatperiod,
the animals were divided into four groups (10 fayjsoup) of equal average body weight and keptefi wentilated
cages.They were labeled normely. Group (1): nommealthy animals served as negative control gr@spup (2):
positive control group (TAA group) in which the sawere intraperitoneally administered with TAA @ibved in
0.9% normal saline) in a dose of 200 gy b.wt. twice weekly according to Bruekt al[17] for 7 consecutive
weeks for induction of liver fibrosis, Group (3): Boswellia serrataontrol group in which the rats were treated
orally with methylene chloride extract Bbswellia serrataoleo-gum resin (dissolved in distilled water) id@se of
175mg/ kg b.wt. according to Jyotlet al[18] daily for 8 weeks. and Group (4Boswellia serratatreated group
in which the rats were treated orally withBoswellia serrataleo- gum resin methylene chloridgtract (dissolved
in distilled water ) in a dose of 175mkg b.wt. Daily for 8 weeks following the administion of TAA 200mg/kg
b.wt for 7 weeks.
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Body weight of rats was recorded once every weakonitor body weight change and to determineditses for
induction of liver fibrosis and treatment. Afterianal treatment was over, rats were fasted 12 hdhes, they were
anaesthetized with diethyl ether and blood samplesre collected from the retroorbital venous pkxin

centrifuge tubes .One portion of each blood samjale collected on EDTA for separation of plasma #edother
portion was collected in a tube free from antiadagt for separation of serum. Both plasma andrsesamples
were separated by centrifugation at 1800 xg fomirtutes at 4 °C using cooling centrifuge. Aliquofgplasma and
serum were frozen and stored at -20°C for furthechemical analysis.

After blood collection, the rats were sacrificed dgrvical dislocation.liver from each rat was qliyck&xcised and
thoroughly washed with isotonic saline and blottied. The whole liver of each rat in the differegroups was
divided into three portions; the first portion wasap-frozen directly in liquid nitrogen and stoed80°C prior to
RNA isolation for gene expression analysis, thesdgortion was homogenized in phosphate buHet 7.4) to
give 20. w v homogenate[19]This homogenate was centrifuged at 1700 xg and f4?C10 min. and the
supernatant was stored at -80°C until analysiss.Shpernatant (28) was used for the determination of hepatic
reduced glutathione content. Whereas, the thirdigo of the liver was fixed in formal saline (10%jr
histopathological examination.

METHODS

Biochemical analysis

Aspartate aminotransferase (AST) and alanine amsinsterase (ALT) activities in serum were assaygdibetic
method using Randox laboratories kits (UK) accagdimthe methods recommended by the Committee apries
of the Scandinavian Society for Clinical Chemisand Clinical Physiologf20]. Serum alkaline phosphatase (ALP)
activity was estimated by colorimetric method [2&]ng kit from Quimica Clinica Aplicada ( Amostdarragona,
Spain ). Serum bilirubin level was determined bjodmetric method according to Scherlock [22] usiRgndox
laboratories kit (UK). Serum hepatocyte growth dact(HGF) was estimated by enzyme linked immuniosot
assay (ELISA) technique using a kit purchased f@lory Science Co., Ltd (USA), according to the nfacturer’'s
instructions provided with HGF assay kit. Plasnimifiogen was estimated by enzyme linked immunosuragsay
(ELISA) technique using fibrinogen ELISA kit ptrased from Glory Science Co., Ltd (USA), accordinghe
manufacturer’s instructions provided with fibrinagassay kit. Hepatic reduced glutathione conteag gquantified
by colorimetric method according to Beuttdral [23] using kit purchased from Bio-Diagnostic Cd&gypt).

Gene expression analysis

100 mg of liver tissue was used for RNA extractimmg PegGold Trifast (Biotechnologie GmbH, USA¢@tling

to the manufacturer’s instructions. Primer sequefoced actin gene is: Forward, ccttcctgggcatggagtcct; ey
ggagcaatgatcttgatcttc. Primer sequence for BCL-2neges: Forward, cctggtggacaacatcgec; Reverse,
aatcaaacagaggccgcatgc. Primer sequence for NQO1 Ferward, aacgtcattctctggccaattc, Reverse,
gccaatgctgtacaccagttga. Qiagen on step RT PQRidgen Inc, USA) was used for RNA reverse trapsiom and
subsequent amplification. PCR reaction was perfdrseparately for 3 actin , BCL-2 and NQO1 by adding
RNA to PCR mixture and making the reaction volum&®ul. PCR mixture contained 2 mM tris Cl, 10 mM KCL,
(NH), SO, , 1.25 mM MgCJ, 0.1 mM dithiothreitol; PH 8.7, 0.4 mM dNTPs mirg Qiagen one step RT PCR
enzyme mix (contains OmniscriptTM Reverse transasp , SensiscriptTM Reverse transcriptase andskot
TagR DNA polymerase), and 048V of each specific primer. The reaction mixture wasjected to reverse
transcription at 50°C for 30 minutes then to 35leyof PCR amplification as follows: denaturatiardd°C for 1
min, annealing at 55°C for 1 min and extension 2fC7for 1 min. The PCR products were separated .b6f61
agarose gel and visualized by gel documentatiotesysThe gene expression levels were semiquantifsiag
Lablmage analysis (Lablmage2.7.0, Kapelan GmbHhsoé.

Histopathological examination

After fixation of liver tissues obtained from san the different studied groups in 10% formalrsal for twenty
four hours, washing was done in tap water .Theerial dilutions of alcohol (methyl , ethyl andsalute ethyl)
were used for dehydration . Specimens were cldargglene and embedded in paraffin at 56 degrdetrair oven
for twenty four hours. Paraffin bees wax tissueckéowere prepared for sectioning at 4 micronskitess by
slidge microtome. The obtained tissue sections weskected on glass slides, deparaffinized, staifmsd
hematoxylin and eosin stains. After that, exwmation was done through the light electric wscopd®*:

Statistical analysis

Data were analyzed using version 13 of computeed&iatistical Package for Social Sciences (SA&Sults are
expressed as means + SD of three independent m@s. Statistical significance of difference wasedmined
using analysis of variance (One way ANOVA). Furthtatistical analysis for post hoc comparisons gasied out
using LSD test. A value of P <0.05 was definedtasssically significant.
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RESULTS

The data presented rable (1) showed that administration of thioacetamide is ggnificantly increases {®.05)
the activity of serum AST relative to the negaticontrol group(95.6 + 2.7 vs 53.0x 3.Bpswellia serrata
control group showed insignificant change (P>0.@bserum AST activity in comparison with the neégatcontrol
group (48.4 + 1.13vs 53.0+3.2). Significant éese (R0.05) in serum AST activity was recorded in
Boswellia serratareated group versus the positive control(TAAup ) (66.0 +3.09s 95.6+2.7). similar trend
was noticed concerning serum ALT activity as siigaifit increase (P<0.05) in serum ALT activity wasedted in
the positive control group as compared to the atieg control group (82.0 + 1% 39 +3.1).Boswellia serrata
control group exhibited insignificant change (PH).th serum ALT activity with respect to the negaticontrol
group (38.4 + 1.1lvs 39.0+3.1). MeanwhileBoswellia serratatreated group displayed significant
decrease(®0.05) in serum ALT activity as compared to thesifiee control group (TAA group) (58.4 + 1.1vs
82.0+£1.5) Inthe same manner , significantéase(P<0.05) in serum alkaline phosphatase (At®#jity was
obtained in the positive control group(TAA growgs compared to the negative control group (1552.6 vs
106+0.7). In contrasBoswellia serratacontrol group displayed significant decrease((B5) in serum ALP activity
relative to the negative control group (96.6 #1s5106.0+ 0.7).As wellBoswellia serratatreated group revealed
significant decrease {®.05) in serum ALP activity in comparison witie positive control(TAA group) (116.5
+1.8vs 155.0 £2.6 ). Similarly, serum bilirubin levefs significantly elevated(P<0.05) in the positaentrol
group( TAA group) versus the negative controlup@.06+0.03/s 0.81 + 0.02) .ButBoswellia serratacontrol
group showed insignificant change (P>0.05) in sebilirubin level compared with the negative contgobup (0.79
+0.02 vs 0.81+0.02). WhereasBoswellia serratareated group revealed significant decreas®(@5) in serum
bilirubin level with respect to the positive contgmoup (TAA group) (1.3+0.0ds 2.06+0.03)Tablel).

Table (1): Effect of Boswellia serrata oleo- gum resin extract on liver functions of ramodel of liver fibrosis

Negative control

Positive control group

Boswellia serrata

Boswellia serrata

Group (TAA group) control group treated group
AST(U/L) 53.0+£ 3.2 95.6 + 2% 48.4+1.13 66 .0+3.09
ALT(U/L) 39.0+3.1 82.0+1.5 384+11 58.4+1.}2
ALP(U/L) 106.0+0.7 155.0 + 2%6 96.6 1.8 116.5 +1.8
Bilirubin(mg/dL) 0.81 +0.02 2.06+0.03 0.79 £0.02 1.310.04

Results are expressed as means +SD for 10 ratsipgr
“a” significant difference as compared to the néiga control group at P<0.05
"b” significant difference as compared to the pos control (TAAgroup) at P<0.05

Table (2): Effect of Boswellia serrata oleo-gum resin extract on hepatic glutathione cdant, plasma fibrinogen and serum hepatocyte
growth factor levels in rat model of liver fibrosis

Negative Positive control |Boswellia serrata|Boswellia serrata.
control group |group(TAA group) |control group treated group
Reduced
glutathione |12.84+0.8 7.5+0.9 13.07 £ 0.75 9.9+0.34
(mg/ g.tissue)
FBG
(ug/mL) 2116.6+ 28 (1808 6.2 2115.0+12.9 |2053.5+4.7
HGF
(ng/L) 104.6+1.7 |182.2+2.2 102.0+1.7 133.0+2.16

Results are expressed as means + SD for 10 ratsupg
FBG: Fibrinogen.
HGF: Hepatocyte growth factor
“a” significant difference as compared to the nége control group at P<0.05
"b” significant difference as compared to the pasit control(TAA group) at P<0.05

As shown in Table (2), hepatic reduced glutathig8&H) content of rats administered thioacetamigsifive
control group) was significantly decreased (P<6Xompared to the negative control group (7.5+912.8+0.8).
Boswellia serratacontrol group showed insignificant change (P>P.05 hepatic GSH content relative to the
negative control group (13.07 £ 0.75 vs 12.8+0.8)leanwhile, Boswellia serratatreated group displayed
significant increase @.05) in hepatic GSH content in comparison witle ghositive control group(TAA
group)(9.9 + 0.34 vs 7.5+0.9).Similarly plasma ififlmgen level in rats with liver fibrosis (positieentrol group) or
TAA group revealed significant reduction<{®05) versus the negative control group (1808 16.2V¥16.6+ 28).
But, Boswellia serratacontrol group showed insignificant changeQF05) in plasma fibrinogen level compared
with the negative control group (2115 + 129 2116.6+ 28).HoweveBoswellia serratatreated group revealed
significant elevation (#0.05) in plasma fibrinogen level as compared &pbsitive control group or (TAA group)
(2053.5 + 4.7 vs 1808 16.2).Also, the data illustdain Table (2) revealed significant increase (F35) in serum
HGF level was demonstrated in rat with liver fiieo§oositive control group or TAA group) as commhte the
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negative control group (182.2+2.2 vs 104.6+1Bdswellia serratacontrol group showed insignificant change
(P<0.05) in serum HGF level in comparison with theatag control group (102.0 £ 1.7 vs104.6+1.7).Mehibsy
Boswellia serratareated group exhibited significant decrease (0n serum HGF level relative to the positive
control group (TAA group) (133.0£ 2.16 182.2+2.2).( Table 2).

Data depicted in Table (3) and Fig (1)revealed,thwpatic NQO1 gene expression level is signifigant
reduced(R0.05) in the liver of rats with liver fibrosis (pitive control group or TAA group)compared with the
negative control group (0.21+0.04 0.87+0.01). MeanwhilBoswellia serratacontrol group showed significant
increase ( R0.05) in hepatic NQO1 gene expression level ndatb the negative control group (1.02+0.02
vs0.87+0.01). Similarly, significant increase<(P05) in hepatic NQO1 was detected irBoswellia serratatreated
group with respect to the positive control groupfTgroup) (0.62+0.03vs 0.21+0.01).In the same manhapatic
BCL-2 gene expression level of the positive cdn{AA group) showed significant reduction ( P<B)0as
compared to the negative control group(0.32+@910.69+0.01).But hepatic BCL-2 gene expressiorelléw
Boswellia serrata control group did not show any significant charfge>0.05) relative to the negative control
group (0.62+0.03vs 0.69+0.01). Meanwhile, hepatieL® gene expression level revealed significanvaien (
P<0.05) inBoswellia serratatreated group in comparison with the positivetcalrgroup(TAA group) (0.45+0.22
vs 0.32+0.01) ( Table 3) and Fig(1).

Table (3): Effect ofBoswellia serrata gum methylene chloride extract on hepatic gene psession levels of NQO1 and BCL-2 in rat
model of liver fibrosis

Negative Positive Boswellia serrata| Boswellia serrata
control group
control group (TAA group) control group treated group
NQO1 0.87+0.01 0.21+0.01 1.02+0.02 0.62+0.03
BCL-2 0.69+0.01 0.32+0.01 0.62+0.03 0.45:0.%2

Results are expressed as means + SD for 10 ratsupg
“a” significant difference as compared to the néiga control group at P<0.05
"b” significant difference as compared to the fing control (TAA group) at P<0.05

3 2z 1
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100bp - MNOD1
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1000

Fig (1): RT-PCR product of hepatic NQO1, BCL-2 ad B-actin genes expression in the negative contropgsitive control Boswellia
serrata control and Boswellia serrata treated rats. Lane 1 represents negative controlane 2 represents positive control, lane 3
represents Boswellia serrata control , lane 4 represents Boswellia serrata treated group and lane 5 represents DNA marker

Histopathological findings

Histological examination of liver tissue sectiorfsrats in the negative control group showed noopiathological
alteration and the normal histological structuréhef central vein and surrounding hepatocytes wetieed (Fig 2).
Histological examination of liver tissue sectiorisais in Boswellia serratacontrol group showed no evidence of
histopathological changes and the normal histoldgitucture of the central vein and surroundingatecytes were
recorded (Fig.3). Histological investigation ofdr tissue sections of rats in the positive congnaup revealed
multiple number of newly formed bile ductules withflammatory cells infiltration and fibroblastic ke
proliferation in the portal area with congestiortfie central and portal veins.The hepatic parenehwas divided
into nodules by the proliferating fibroblasts anflammatory cells infiltration (Fig. 4). Histologit investigation of
liver tissue sections of rats iBoswellia serratatreated group showed Inflammatory cells infilwatin few manner
in the portal area as well as between the hepatsciftig.5).
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Fig(2): Photomicrograph of liver tissue section of
rats represented the negative control group
showing normal histological structure(H&Ex40).

Fig (4): Photomicrograph of liver tissue section o
rat represented the positive control group showing
multiple number of newly formed bile ducts (b)
with inflammatory cells infiltration (m) and
fibroblastic cell proliferation (f) in between as well
as sever congestion in central (cv) and portal vein
(pv) (H&EX40).

Fig (3): Photomicrograph of liver tissue section ¢
rat in Boswellia serrata control group showing

normal  histological  structure  (H&Ex40).
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Fig(5): Photomicrograph of liver tissue section ¢
rat in Boswellia serrata treated group showing
few inflammatory cells infiltration (m) in the
portal area and in between the hepatocytes
(H&Ex40).

DISCUSSION

Liver fibrosis has become a serious health proldecause of the wider use of prescribed medicatiotisadverse
reactions in modern life of today or the drug mésusonsequently, the current research has targetdiiding new
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therapeutic alternatives and analyzing their meishamo get rid of the signaling routes and redimelbss induced
on the livef25] .Beyond the techniques with artificial pharmacoltigg, search also chases alternative
techniquesthat depend on natural products.In peaticit targets those plants with known medicatdry or
confirmed prospective of positive results agaii tlnesses of the liver or other body parts[P6]aid these
initiatives, in this study,we analyzed the mechanbf methylene chloride extract of Boswellia serraleo- gum
resin.

Thioacetamide (TAA) is a well-established agent ifmduction of liver fibrosis in the experimentahimal
model[27].TAA induces hepatocyte damage via its aielite, TASQ,which damages the macromolecules of
hepatocytes causing damage of DNA molecules,oxidatf protein molecules,and peroxidation of thel cel
membrane biomolecules[28,29] When hepatic cell mambis damaged, the enzymes ALT, AST and ALP which
are normally located in the cytosol, leaked inteuation from hepatocytes[3®s a result, the activity of these
enzymes( ALT, AST and ALP) is increased in seruiherefore,the increased activity of serum ALT, A&Td
ALP is considered as the most frequent indicatorlif@r diseases. In this study, administrationTéfA in rats
elicited significant increase in the activity ofrsm ALT, AST and ALP as well as serum bilirubin é&vThese
findings are in accordance with those of the eadiadies which demonstrated similar biochemicangfeq31].
Thioacetamide causes oxidative stress and enhafneesradical- mediated damage to proteins, lipidd a
deoxyribonucleic acid (DNA)[32-35]. Such oxidatigtress was indicated by the occurrence of thatbegllular
injury leading to cell necrosis and discharge & tontents of the hepatocytes into the blood stréaimas been
reported that serum ALT and AST activities are v&psitive indicators for necrotic lesions withie fiver because
their ease liberation from the hepatocyte cytoplasta the blood stream[27] as a result of membrhpiel
peroxidation[36] TAA is known to cause changes in cell membranenpability by its metabolite TAS{37] and
the elevated serum enzymes are indicative of egllelakage and loss of functional integrity of tiver [38] .The
elevated serum level of bilirubin in TAA administer group in the current study comes in line with gnevious
results of El-Kott and Owayss[39]. The increasdduiin level in serum indicates the diffused hatanthe liver
with more and more liver tissue damgd@]. Thus , the elevated serum values of eachld? And bilirubin in TAA
administered rats clearly indicates the liver igjur concomitant with liver dysfunction due to AAntoxication
.As the increased serum ALP activity and bilirubevel are also related to the function of hepedills[41] .

Interestingly, treatment witlBoswellia serrataoleo- gum resin extract for 8 weeks effectivelyamsed the
significant elevation in serum ALT, AST, ALP actigis and bilirubin level in TAA administered rafEhese
findings are in agreement with thoselbfahimet al [42] who found that administration 8oswellia serratagum
extract significantly reduces the damaging immdcparacetamol on the liver . The positive effief Boswellia
serrataon liver enzymes is possibly ascribed to the iitbrlg impact ofBoswellia serrataextracts on the synthesis
of 5 LOX (Lipo oxygenase enzyme) which is primarigsponsible for injury and inflammation of hepates.
Moreover lbrahim et al. [42] stated that Boswellia serrataextracts reduces the damaging infitTAA on
hepatocytes membrane.ThiBpswellia serratapossesses anti-inflammatory and hepatoproteciitiwity. Such
activity of Boswellia serratacould be attributed to its content of boswedlzids, the main active constituents of
gum resin oBoswellia serrataBBoswellic acids have been used for the treatmeimflammatory diseases for many
years in the different countries of the eastd®fe in detail, Ammon et 4f¥ stated that Acetyl-boswellic acids
exhibit anti-inflammatory behavior by inhibitingukotriene synthesis[44] This effect is mediated through the
inhibition of the activity of the enzyme 5LOX thrgln a non-redox reaction. concerning,the hepatogtiveeeffect

of Boswellia serratdt has been speculated thBbswellia serratanay reduce the production of nitric oxide in the
hepatocytes and this may be responsible fohéysatoprotective action[45]Supporting evidences indicated the
prophylactic and curative efficacy d@oswellia serratain maintaining the integrity and functional statab
hepatocytes[42,46] The underlying mechanism for this effect is tlmatrat liver microsomes and hepatocytes, 11-
ketoB-boswellic acid undergoes extensive phase | meaholOxidation of 11-ket@-boswellic acid to its
hydroxylated metabolites is the principal metabafiwte. In vitro,11-ketof-boswellic acid yielded metabolic
profiles similar to those obtained wivo in rat plasma and liver[47Boswellia serrataor boswellia acids,exhibit
potent anti-inflammatory properties demonstratethkin vivo and vitro.Triterpenes in boswellic acid reduce the
synthesis of leukotrienes in intact neutrophilgrdyibiting 5-lipoxygenase, the key enzyme involwediosynthesis
of leukotrienes, which mediate inflammation leuleries form via the lipoxygenase pathway,subseqteetiie
enzymatic oxidation of arachidonic acid.leukotrignéncite chemotaxis, chemokininesis,superoxide ceddi
formation and phagocytic expulsion of lysososraymes[48].

Superoxide radicals are reactive oxygen specieS R&s found to control tightly with mitochondr&@ginaling the
cellular hemeostasis by regulating fundamentall adath and cell survival processes like apoptosis
outophagy[49].Additionally ROS production enhancesitochondrial depolarization and hence affecting
transmembrane potential[50].Consequently boswaelticl can enhance cell survival by reducing ROS yetdn
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and consequently preserving mitochondrial transmean potential to protect the cell against celltlesagnals.
Therefore, it could prevent the leakage of livezyanes into serum and restore the liver functions.

It is well known that the toxicity of TAA resultsdm its bioactivation in the liver to its reactineetabolites, causing
the production of ROS responsible for oxidativessr [51]. This is followed by glutathione deplatioeduction of
SH-thiol groups and oxidation of cell macromolesul@cluding lipid§52].

The present study showed significant depletion épdtic glutathione content in TAA administered rafhis
finding coincides with that of Saret al [53] and Diez-fernandeet al [54 ] . In tissues, glutathione occurs in a
reduced (GSH) and oxidized form (GSSG). More th&@&69%f the total glutathione occurs as GSH [55, 56]
.Glutathione plays a key role in detoxificationR®S and reactive electrophilic compouifsig, 58] TAA is known

to induce hepatocyte damage following its metabolte TASQ, via a critical pathway involving cytochrome
P450-mediated biotransformati¢dl]. These metabolites are highly reactive and tlead to the denaturation of
cellular biomolecules such as lipids, resultinglipid peroxidation [59]. The mechanisms that cdmite to the
occurrence of lipid peroxidation not only includeygen free radical generation, but also includerattons in the
cellular antioxidant defense system in associatiith a decline in the intracellular free radicahgengers [60].
Another additional mechanism for the decline ofdtepreduced glutathione content by TAA in our studay be
related to the inhibition of its regenerating eneymglutathione reductase (GSH-Rx), by TAA adntiaton[61]
‘Reduced glutathione ( GSH) is regenerated fromipadtiglutathione (GSSG) and NADPH in a reactioralyatd

by GSH-Rx. NADPH, in turn, is generatet the hexose monophosphate shunt by a reactioryzathby glucose

6 phosphate dehydrogenase ( G6R&Y]. Therefore, the deficiency of GSH content in theeliseems to be
attributed, in part, to a deficiency in G6PDH whishconsidered a house keeping enzyme that casatheefirst
step in the pentose phosphate pathway to produd@P¥ that is necessary for the reduction of GSSG361[63]
.Onthe other side, treatment of TAA-challenged ratthvBoswellia serratainduced a significant elevation in
hepatic reduced glutathione content. This resalta conformity with the previous study oHartmann et al .[64]
who stated thatthe treatment witlBoswellia serrataproduces significant increase in the activityglfitathione in
the experimental model of colites.Accumulated ew@s have suggested that essential oils (monotespe
sesquiterpenes and phenolic compoundsBadwellia serattaare the important sources of natural antioxidants.
These essential oils might be helpful in preventthg progression of many diseases induced by dxa&lat
stress[65]In vitro study on the methanolic and aqueous extraBasfvellia serratarevealed that it contains high
amount of total flavanoids and total phenolics compls that significantly inhibit the nitrite fornnan, superoxide
free radical generation, scavenge DPPH and spatatiglone[66]. In a series of experiments, it was found that
relatively low concentrations of flavonoids stimigla transcription of a critical gene for GSH syisikan the cells
[67].

From another point of view, boswellic acides (BAs)tent ofBoswellia serratagum resin may be responsible for
restoring heptic glutathione content in the treated.BAs possess anti- fibrotic activity as they aotent inhibitors
of TGF-B1 signalingn vivo[68]. TGF-B1 may be a key growth factor in the inibatiof fibrosis[69] . TGF-R1
down regulates the mRNA synthesis of glutamateedystligase, the rate-limiting enzyme in the praaurcof the
antioxidant molecule glutathione [70] . Glutathiosgnthesis is decreased in TGF-3 over expressitg [iTil].
Therefore the down- regulation of TGF-R1 by BAsasponsible for the up- regulation of glutathiooatent of the
liver.

Fibrinogen is a glycoprotein of molecular weightpegximately 340,000 daltons, present in the plagha

concentration in the range of 2—4 g/l. It is systhed in the liver (1.7-5 gm/day), and by the magadcytes [72].
In this study, Plasma fibrinogen levels showed ificant decrease in TAA-challenged group in compami with as
the negative control group. This finding is iregment with Changt al[73] . Aster[74] reported that low level
of fibrinogen among other coagulation proteinsibrdsis is classically ascribed to insufficient g synthsis.In
addition, the decreased fibrinogen level in lifibrosis may occur due to the increased fibrinogegradation
products.

Plasma fibrinogen level was significantly increased Boswellia serratatreated group versus the positive control
group(TAA group) . In 2010, Mallik et al.[75] fommated a cream using oleo-gum-resinBokwellia serrataand
applied the cream topically on the excision woundate as single dose at different percentagesulResf the
application of this formulation indicated thBbswellia serratainfluences various phases of wound healing like
fibroplasias, collagen synthesis and wound coribactlecreases surface area and increases thketstnength of

the wound as well resulting in faster healing[7Bpswelliaserratahas been shown to reduce platelet aggregation
and increase fibrinogen. Modes of action appayentiolve eicosanoid modulation, inhibition of emags as well

as inflammatory mediators and antioxidant act[viBy77]In particular,the antioxidant andhepatoprotective
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activity of Boswellia serrata active ingredientsrésponsible for restoring liver functions[42,46ittwconsequent
productionof fibrinogen

Hepatocyte growth factor (HGF), also known as Sé€aiter factor) is a pleiotropic cytokine involvad many
complex biological processes, from embryogenesid #gsue regeneration to tumour growth, metastasi$
angiogenesis[78].Serum hepatocyte growth factor (HGF) was signifilyaincreased in rats administered TAA
relative to the negative control ones. HGF playraportant role in liver regeneration as an enih@cor paracrine
factor. In the liver, HGF is synthesized by nongudéwymal cells and targets both parenchymal hepts@nd bile
duct epithelial cells [79]. The signal-transdurireceptor for HGF is the c-met protooncogene pebadif
transmembrane tyrosine kinase[8@htsumoto and Nakamuf@9] reported that HGF mRNA and HGF activity are
increased in the liver of rats after various livguries. Also, HGF level is increased markedlyniouse liver after
various liver injuries such as hepatitis, ischemlaysical crush and partial hepatectoj®¥]. HGF promotes hepatic
survival by stimulating liver regeneration and pding hepatoprotection in various models of livejury. It has
been proven that HGF,transforming growth factoTGF- ) and epidermal growth factor (EGF) are the main
growth factors secreted after hepatic injury. HGFhie most potent mitogen for mature hepatocytesaats as a
hepatotropic factor. Treatment of TAA-challengedsraith Boswellia serrata produced significant m&éhn in
serum HCF level as compared to the positive conéits| (TAA group).

A protection afforded byoswellia serrataagainst the increased HGF serum level was likélybatable to its
antioxidant [76], anti-inflammator{” and hepatoprotective effects.These propertiesBoswellia serratacould
improve the structural and functional integritytlé liver leading to the reduced HGF protection.

NADPH quinone oxidoreductase 1 (NQO1) is the mpjmasell detoxification enzyme controlled BNrf2 which is

an important transcription factor that regulatesoaidative stress reactiori82] . In this study, TAA administered
group exhibited significant reduction in hepatic 3Qgene expression level relative to the negatbrgrol group.
Demirel et al. [83] stated that TAA administrationrats loweredNrf2 gene expression in the liver. And hence, the
significant reduction of NQO1 gene expression inAFAadministered rats could be attributed to thedong effect

of TAA on Nrf2 gene expression. Interestingly, significanvaten in hepatic NQO1 gene expression level was
detected in Boswellia serratatreated group in comparison with the positive oangroup(TAA group). This
apparent effect dBoswellia serrateon amelioration of NQO1 gene expression level@dnd due to the antioxidant
activity of its active constituents as reportedIrivastava et al.[76]. This potent effect of BoBiaeserrata helps in
counteraction of oxidative stress elicited by TAAd&n turn restoration of NQO1 gene expressionllavéhe liver

of the treated rats.

BCL-2 gene is the founding member of the BCL-2 fgnaif proteins that regulate cell death (apop{j84 .
Upregulated apoptosis of hepatocytes is increagivighved as a nexus between liver injury and fitrosn our
study, TAA administration induced, significant degse in BCL-2 gene expression level in the liedaitive to the
negative control group . Cytotoxic drugs and callidtress activate the intrinsic mitochondrial apbp pathway
[85] so that the inhibitors of BCL-2 activate caspasiifiating apoptosis, whereas inducers of BCL-2uicel
necrosis of cells [86] .In consistent with our leSUTAA has been reported to cause upregulatfoBax protein
and downregulation of the antiapoptotic protein BZland its translocation into the mitochondria, stag
apoptosis[87] .

Boswellia serratatreated group displayed significant up regulafiloBCL-2 gene expression level in the liver of
TAA administered rats versus positive control r@f®\A group) .This finding highlights the potentiable of
Boswellia serratain retarding TAA-induced apoptosis. IntracelluR©S loading directly entail the depletion of
intrinsic antioxidant potentials and the activatafrthe transduction pathways leading to apopti@s89]

This fact speaks for the importance of the antiartdnechanism in the therapeutic actioBoéwellia serratd76]
against liver fibrosis associated with hepatic dpsig. As the downregulation of ROS loading of hepgtes and
the activation of the antioxidant defense systeny mecount for the inhibition of apoptosiwgith consequent
upregulation of hepatic BCL-2 gene expression level

In the histopathological investigations of thisdstunumerous macronodules were seen on the surfadbrofid

livers of rats administered TAA for 6 consecutiveeks (positive control group). Moreover, the litissue section
showed portal fibrosis and expansion of connectissue (portal and peripheral fibrosis). Furthermanultiple
numbers of newly formed bile ductules with inflantorg cells infiltration and fibroblastic cells pifaration were
detected in the portal area accompanied with acgingein the central and portal veins. The heppéicenchyma
was divided into nodules by the proliferating fiblasts and inflammatory cells infiltration. Similindings have
been demonstrated by Noetial[27] who found that TAA administration produces pofthtosis consisting of
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expansion of the connective tissue of the portahahlso chronic poisoning with TAA by intraperitad injection
induced changes in the periportal collagen def@®it Moreover, progressive changes in the liver, sagleellular
necrosis as well as hepatic fibrosis with the farameof pseudo-lobules due to TAA intoxication hdaen reported
by Zsigmond et al .[91]. The present histopathologiegsamination of rat liver tissue fromoswellia serrata
controlgroup showing normal liver architecture with evidence of pathological alteration. This wesbably due
to the hepatoprotective activity of the plant eztra

The current histopathological findings indicatetthat Boswellia serratarestores the structural organization of
the liver. Boswellia serratareatment daily for 8 weeks after 6 weeks of TAAramistration ameliorated liver
tissue damage to great extent as documented bprésence of few inflammatory cells infiltration whiwas
observed in few manner in the portal area as veebetween the hepatocytes This indicates its plditmaintain
the structural integrity of hepatocytic cell mesufie .This effect ofBoswellia serratdasconsidered as an index of
its hepatoprotective potential.

In conclusion, our data provided a clear evidence for the pogettifibrotic efficacy ofBoswellia serratagum
extract in the experimental model of liver fibroBisswellia serrataoffered multimechanistic approaches for
regression of liver fibrosis including hepatopradivee activity, antioxidant capacity and antiapoptot
potential. These findings would encourage furthedists on the pharmacological significance of ugitagt extracts
as alternative medicines for treating liver dissase
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