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ABSTRACT 
 
This study aimed to investigate the role of  Boswellia serrata oleo – gum resin in ameliorating liver fibrosis induced 
by thioacetamide(TAA) in rats. Serum liver enzymes bilirubin , plasma fibrinogen,serum hepatocyte growth factor 
levels, hepatic reduced glutathione content were estimated .  Also, hepatic NQO1 and BCL-2 gene expression levels 
were detected by semiquantitative RT-PCR. Moreover, histopathological investigation of liver tissue sections was 
carried out. TAA-challenged group showed significant elevation in the activity of serum liver enzymes, bilirubin and 
hepatocyte growth factor levels accompanied with significant reduction in plasma fibrinogen level and hepatic 
reduced glutathione content.  Significant downregulation in hepatic NQO1 and BCL-2 gene expression levels were 
detected in TAA-challenged group relative to the negative control group. Histopathological investigation of liver 
tissue sections of rats in  TAA-challenged group  revealed many fibrotic features.  Boswellia serrata -treated group 
showed significant depletion in serum liver enzymes activity, bilirubin and  hepatocyte growth factor levels  
associated with  significant elevation in plasma fibrinogen level and hepatic reduced glutathione content to near 
normal values. Moreover, this group showed dramatic upregulation in hepatic NQO1 and BCL-2 gene expression 
levels versus TAA-challenged group. Interestingly, treatment with Boswellia serrata resulted in    marked 
improvement in the histological feature of liver tissue. In conclusion,this study provides a clear evidence for the 
promising role of Boswellia serrata   gum extract in the retrogradation of liver fibrosis in the experimental model. 
Thes effect afforded by Boswellia serrata was likely attributable to  its hepatoprotective activity, antioxidant 
capacity  and antiapoptotic potential. 
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_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

Liver is the main organ responsible for multitude of essential functions and plays an important role in the 
metabolism of foreign compounds entering the body. Human beings are exposed to these compounds through 
consumption of contaminated food or during exposure to chemical substances in the occupational environment. 
These foreign compounds produce variety of toxic manifestations particularly in the liver[1]. In Egypt, liver diseases 
are one of the most prominent killers specifically fibrosis, hepatitis C virus (HCV) and cirrhosis that alter the 
functions of the liver[2] . 
 
Liver fibrosis is a wound healing process that results from chronic liver damage, such as alcohol abuse, chronic 
hepatitis, nonalcoholic steatohepatitis and overload of metal ions [3,4].Liver fibrosis is the final pathway for most 
chronic liver diseases and is the main reason for increased mortality in affected patients. Fibrotic tissue is 
characterized by loss of normal structure, replacement of blood vessels and other parenchymal structures by 
increasingly stable extracellular matrix (ECM), in which type I fibrillar collagen is the major component [5]. In the 
presence of hepatic injury, hepatic stellate cells (HSCs) become activated and transformed into proliferative 
myofibroblast-like cells, which are the major source of ECM. In general, liver fibrosis is an imbalance between the 
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synthesis and degradation of ECM and it is reversible before turning into cirrhosis, which is the irreversible end 
stage leading to liver failure [6]. Despite significant progress in our understanding of fibrogenesis, injury stimuli 
process, inflammation, HSC activation and ECM expression, there is still no standard treatment for liver fibrosis.  
 
 Thioacetamide (TAA, CH3-C(S) NH2) is a hepatotoxin and hepatocarcinogenic when administered in the 
experimental animals, and is widely used as a model of acute and chronic liver disease [7]. Briefly, TAA causes 
hepatocyte injury via biotransformation of TAA by cytochrome P450 2E1 (CYP2E1) enzymes located in the 
microsomes of liver cells into a highly reactive toxic intermediate known as thioacetamide sulphur dioxide (TASo2)

 

[8].This toxic metabolite induces hepatotoxicity in different grades of liver damage including fibrosis, nodular 
cirrhosis, production of pseudolobules, proliferation of hepatic cells, and necrosis of parenchyma cells in the 
experimental animals [9]. 
 
 In traditional medicine,several plants and herbs have been used experimentally to treat liver disorders,including 
liver cirrhosis[10,11] . Boswellia serrata  (Burseraceae), tree grows in tropical parts of Asia and Africa[12] . The 
oleo-gum-resin of the plant is known to possess a variety of activities such as antiarthritic, antiinflammatory, 
antitumour and anticarcinogenic effect [13, 14] . Pandey et al. [15] reported that the alcoholic extract of oleo-gum-
resin of Boswellia serrata possesses hepatoprotective activity that may be due to the presence of acetyl-α-boswellic 
acid.  
 
The present study was planned to investigate the efficacy of Boswellia serrata  methylene chloride extract in 
management of  liver fibrosis induced  by thioacetamide in rats . In this study, we assessed the mechanism of action 
of Boswellia serrata gum extract in the retrogradation of liver fibrosis in the experimental model. 
 

MATERIALS AND METHODS 
 

I.  Materials 
Plant material 
Boswellia serrata oleo-gum resin was purchased from local specialized market (seed, spices and medicinal plant 
company,Cairo,Egypt). Boswellia serrata taxonomical feature was kindly confirmed by Prof.Ibrahim El-
Garf,professor of plant taxonomy, Botany Department, Faculty of Science, Cairo University, Egypt.Voucher 
specimen was kept in the museum of the Department of Pharmacognosy, Faculty of pharmacy, cairo 
University,Egypt.  
 
Chemicals  
Thioacetamide (TAA) was purchased from Sigma Aldrich.Chemical.Co., (St.Louis,MO, USA)  as  pure crystals.  It 
was dissolved in saline and freshly prepared prior to each injection. All other chemicals and solvents were of 
analytical grade and were obtained from commercial sources.  
 
Preparation of Boswellia serrata methylene chloride extracts (BSMC). 
Boswellia serrata oleo-gum resin extract was prepared by adding 4000ml methylene chloride to 1 kg of Boswellia 
serrata oleo-gum resin poweder and left for 72 hrs at room temperature. The extract was filtered using filter paper 
and the solvent was evaporated at 40 ◦C under reduced pressure using rotary evaporator (Heidolph, Germany) [16]. 
 
Experimental Design 
For the present study, forty adult male albino rats of Wistar strain weighing 150-200 g were obtained from the 
Animal House Colony of the National Research Centre, Cairo, Egypt. The animals were housed in polypropylene 
cages in an environmentally controlled clean air room with a temperature of 25±1˚C, an alternating 12h light/12h 
dark cycle, a relative humidity of 60 ± 5% and free access to tap water and a standard pellet diet. Rats were allowed 
to adapt to these conditions for 2 weeks before beginning the experimental protocol. The study was approved by the 
Ethics Committee for Medical Research, National Research Centre,Cairo, Egypt. After the acclimatization period, 
the animals were divided into four groups (10 rats / group) of equal average body weight and kept in well ventilated 
cages.They were labeled normely.  Group (1): normal healthy animals served as negative control group, Group (2): 
positive control group (TAA group) in which the rats were intraperitoneally administered with TAA (dissolved in 
0.9% normal saline) in a dose of 200 mg ⁄ kg b.wt. twice weekly according to Bruck et al.[17] for 7 consecutive  
weeks for induction of liver fibrosis, Group (3):     Boswellia serrata control group in which the  rats were treated 
orally with methylene chloride extract of Boswellia serrata oleo-gum resin (dissolved in distilled water) in a dose of 
175mg  ⁄ kg b.wt. according to Jyothi et al.[18]  daily for 8 weeks. and Group (4):  Boswellia serrata  treated group 
in which the  rats were treated orally with     Boswellia serrata oleo- gum resin methylene chloride extract (dissolved 
in distilled water )  in a dose of 175mg  ⁄ kg b.wt. Daily for 8 weeks following the administration of TAA 200mg/kg 
b.wt for 7 weeks. 
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Body weight of rats was   recorded once every week to monitor body weight change and to determine the doses for 
induction of liver fibrosis and treatment. After animal treatment was over, rats were fasted 12 hours, then they were 
anaesthetized with diethyl ether and blood samples  were collected from the  retroorbital  venous plexus  in 
centrifuge tubes .One portion of  each blood sample was collected on EDTA for separation of plasma and the other 
portion was collected in  a tube free from anticoagulant for separation of serum. Both plasma and serum samples 
were separated by centrifugation at 1800 xg for 15 minutes at 4 ºC using cooling centrifuge. Aliquots of plasma and 
serum were frozen and stored at -20˚C for further biochemical analysis. 
 
After blood collection, the rats were sacrificed by cervical dislocation.liver from each rat was quickly excised and 
thoroughly washed with isotonic saline and blotted dry. The whole liver of  each rat  in the different groups was 
divided into three portions; the first  portion was snap-frozen directly in liquid nitrogen and stored at -80°C prior to 
RNA isolation for gene expression analysis, the second portion   was homogenized in phosphate buffer (PH 7.4) to 
give 20٪ w⁄ v homogenate[19]. This homogenate was centrifuged at 1700 xg and 4ºC for 10 min. and the 
supernatant was stored at -80ºC until analysis .This supernatant (20 ٪) was used for the determination of hepatic 
reduced glutathione content.  Whereas, the third portion of the liver was fixed in formal saline (10%) for 
histopathological examination.  
 
METHODS 
Biochemical analysis 
Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities in serum were assayed by kinetic 
method using Randox laboratories kits (UK) according to the methods recommended by the Committee on Enzymes 
of the Scandinavian Society for Clinical Chemistry and Clinical Physiology [20]. Serum alkaline phosphatase (ALP) 
activity was estimated by colorimetric method [21] using kit from Quimica Clinica Aplicada ( Amosta ⁄ Tarragona, 
Spain ). Serum bilirubin level was determined by colorimetric method according to Scherlock [22] using Randox 
laboratories kit (UK). Serum hepatocyte growth factor  (HGF) was estimated by  enzyme linked immunosorbent 
assay (ELISA) technique using a kit purchased from Glory Science Co., Ltd (USA), according to the manufacturer’s 
instructions provided with HGF assay kit. Plasma fibrinogen was estimated by enzyme linked immunosorbent assay 
(ELISA) technique using   fibrinogen ELISA kit purchased from Glory Science Co., Ltd (USA), according to the 
manufacturer’s instructions provided with fibrinogen assay kit.  Hepatic reduced glutathione content was quantified 
by colorimetric method according to Beutler et al. [23] using kit purchased from Bio-Diagnostic Co. ( Egypt).  
 
Gene expression analysis 
100 mg of liver tissue was used for RNA extraction using PeqGold Trifast (Biotechnologie GmbH, USA) according 
to the manufacturer’s instructions. Primer sequence for β actin gene is: Forward, ccttcctgggcatggagtcct; Reverse, 
ggagcaatgatcttgatcttc. Primer sequence for BCL-2 gene is: Forward, cctggtggacaacatcgcc; Reverse, 
aatcaaacagaggccgcatgc. Primer sequence for NQO1 is: Forward, aacgtcattctctggccaattc, Reverse, 
gccaatgctgtacaccagttga.  Qiagen on step RT PCR kit (Qiagen Inc, USA) was used for RNA reverse transcription and 
subsequent amplification. PCR reaction was performed separately for ß actin , BCL-2 and NQO1 by adding 2 µg 
RNA to PCR mixture and making the reaction volume to 50 µl. PCR mixture contained 2 mM tris Cl, 10 mM KCL, 
(NH)2 SO4 , 1.25 mM MgCl2, 0.1 mM dithiothreitol; PH 8.7, 0.4 mM dNTPs mixture, Qiagen one step RT PCR 
enzyme mix (contains OmniscriptTM Reverse transcriptase , SensiscriptTM Reverse transcriptase and Hot star 
TaqR DNA polymerase), and 0.6 µM of each specific primer. The reaction mixture was subjected to reverse 
transcription at 50°C for 30 minutes then to 35 cycles of PCR amplification as follows: denaturation at 94°C for 1 
min, annealing at 55°C for 1 min and extension at 72°C for 1 min. The PCR products were separated on 1.5% 
agarose gel and visualized by gel documentation system. The gene expression levels were semiquantified using 
LabImage analysis (LabImage2.7.0, Kapelan GmbH) software. 
 
Histopathological examination 
After  fixation of  liver tissues obtained from rats in the different studied groups in 10% formal saline  for twenty 
four  hours,  washing was done in tap water .Then,  serial  dilutions of alcohol (methyl , ethyl and absolute ethyl) 
were used for dehydration . Specimens were cleared in xylene and embedded in paraffin at 56 degree in hot air oven 
for twenty four hours. Paraffin bees wax tissue blocks were prepared   for sectioning at 4 microns thickness by 
slidge microtome. The obtained tissue sections were collected on glass slides, deparaffinized, stained by 
hematoxylin and eosin stains.   After that,   examination was done   through the light electric   microscope [24]. 
 
Statistical analysis 
Data were analyzed using version 13 of computer based Statistical Package for Social Sciences (SPSS). Results are 
expressed as means ± SD of three independent experiments. Statistical significance of difference was determined 
using analysis of variance (One way ANOVA). Further statistical analysis for post hoc comparisons was carried out 
using LSD test. A value of P <0.05 was defined as statistically significant. 
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RESULTS 
 

The data presented in Table (1) showed that administration of thioacetamide in rats significantly increases (P˂0.05) 
the activity of  serum AST relative  to the  negative control group(95.6 ± 2.7 vs  53.0± 3.2). Boswellia serrata 
control group showed insignificant change (P>0.05)  in serum AST activity in comparison with the negative control 
group (48.4 ± 1.13vs 53.0±3.2).    Significant decrease (P˂0.05)  in serum  AST activity   was recorded   in 
Boswellia serrata treated group  versus  the positive  control(TAA group ) (66.0 ±3.09 vs 95.6±2.7).  similar trend 
was noticed concerning serum ALT activity as significant increase (P<0.05) in serum ALT activity was detected   in 
the  positive control group as compared to the  negative control group (82.0 ± 1.5 vs 39 ±3.1). Boswellia serrata   
control group exhibited insignificant change (P>0.05) in serum ALT activity with respect to the negative control 
group (38.4 ± 1.1 vs 39.0±3.1).   Meanwhile, Boswellia serrata treated  group   displayed significant 
decrease(P˂0.05) in serum ALT activity  as compared to the  positive control group (TAA group) (58.4 ± 1.1vs 
82.0±1.5)     In the same manner , significant increase(P<0.05) in serum  alkaline phosphatase  (ALP) activity  was 
obtained   in  the positive control group(TAA group) as compared to the negative   control group (155.0 ± 2.6 vs 
106±0.7). In contrast, Boswellia serrata control group displayed significant decrease (P˂0.05) in serum ALP activity 
relative to the negative control group (96.6 ±1.5 vs 106.0± 0.7).As well, Boswellia serrata treated group revealed 
significant decrease (P˂0.05)   in serum  ALP activity  in comparison with the  positive control(TAA group) (116.5 
±1.8 vs 155.0 ±2.6 ). Similarly, serum bilirubin  level was significantly elevated(P<0.05) in the positive control 
group( TAA group) versus  the  negative control group(2.06±0.03 vs 0.81 ± 0.02) .But, Boswellia serrata control 
group showed insignificant change (P>0.05) in serum bilirubin level compared with the negative control group (0.79 
±0.02 vs 0.81±0.02).   Whereas,    Boswellia serrata treated group revealed significant decrease (P˂0.05)   in serum 
bilirubin level with respect to the positive control group (TAA group) (1.3±0.04 vs 2.06±0.03) (Table1). 
  

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

 Negative  control 
Group 

Positive  control group  
(TAA group) 

Boswellia serrata 
control group 

Boswellia serrata 
 treated group 

AST(U ⁄ L) 53.0± 3.2 95.6 ± 2.7a 48.4 ± 1.13 66 .0±3.09 b 
ALT(U ⁄ L) 39.0 ±3.1 82.0 ± 1.5 a 38.4 ± 1.1  58.4 ± 1.1b  
ALP(U⁄ L) 106.0±0.7  155.0 ± 2.6a 96.6 ±1.5a 116.5 ±1.8b 

Bilirubin(mg ⁄ dL) 0.81 ± 0.02 2.06±0.03a 0.79 ±0.02 1.3±0.04b 

Results are expressed as means ± SD for 10 rats/ group. 
“a”  significant difference as compared to the negative  control  group at P<0.05 

”b”  significant difference as compared to the positive control (TAAgroup) at P<0.05 
 

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

 
  Negative   

control group 
Positive  control   
group(TAA group) 

Boswellia serrata 
control group 

Boswellia serrata 
 treated group 

Reduced 
glutathione  
(mg ⁄ g.tissue) 

 
12.8±0.8 

  
7.5±0.9a 

 
13.07 ± 0.75 

 
9.9 ± 0.34b 

FBG 
(µg ⁄ mL) 

 
2116.6± 28 

 
1808 ±6.2a 

 
2115.0 ± 12.9  

 
2053.5 ± 4.7b 

HGF 
(ng ⁄ L) 

 
104.6±1.7 

 
182.2±2.2a 

 
102.0 ± 1.7 

 
133.0± 2.16 b 

Results are expressed as means ± SD for 10 rats / group 
FBG: Fibrinogen. 

HGF: Hepatocyte growth factor 
“a”  significant difference as compared to the negative  control group at P<0.05 

”b” significant difference as compared to the positive control(TAA group) at P<0.05 
 
As shown in Table (2), hepatic reduced glutathione (GSH) content of rats administered thioacetamide  (positive 
control group) was significantly decreased (P<0.05)as compared to the negative control group (7.5±0.9 vs 12.8±0.8).    
Boswellia serrata control group  showed insignificant change (P>0.05) in  hepatic GSH content relative to the 
negative  control group (13.07 ± 0.75 vs 12.8±0.8).  Meanwhile, Boswellia serrata treated group displayed 
significant increase (P˂0.05) in hepatic GSH content in comparison  with the positive control group(TAA 
group)(9.9 ± 0.34 vs 7.5±0.9).Similarly plasma fibrinogen level in rats with liver fibrosis (positive control group) or 
TAA group revealed significant reduction (P˂0.05) versus the negative control group (1808 ±6.2vs 2116.6± 28).  
But,   Boswellia serrata control group showed insignificant change(P˂0.05) in plasma fibrinogen level compared   
with the negative control group (2115 ± 12.9 vs 2116.6± 28).However, Boswellia serrata treated group revealed 
significant elevation ( P˂ 0.05) in plasma fibrinogen level as compared to the positive control group or (TAA group) 
(2053.5 ± 4.7 vs 1808 ±6.2).Also, the data illustrated in Table (2) revealed significant increase (P< 0.05) in serum 
HGF level was demonstrated in rat with liver fibrosis (positive control group or TAA group) as compared to the 
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negative control group (182.2±2.2 vs 104.6±1.7). Boswellia serrata control group showed insignificant change 
(P˂ 0.05) in serum HGF level in comparison with the negative control group (102.0 ± 1.7 vs104.6±1.7).Meanwhile, 
Boswellia serrata treated group exhibited  significant decrease (P<0.05) in serum HGF level  relative  to the positive 
control group (TAA group) (133.0± 2.16 vs 182.2±2.2).( Table 2). 
 
Data depicted in Table (3) and Fig (1)revealed that, hepatic NQO1 gene expression level is significantly 
reduced(P˂0.05) in the liver of rats with liver fibrosis  (positive control group or TAA group)compared with the 
negative  control group (0.21±0.01 vs 0.87±0.01). Meanwhile Boswellia serrata  control group  showed  significant 
increase ( P˂0.05) in hepatic NQO1 gene expression  level relative to the negative control group (1.02±0.02 

vs0.87±0.01). Similarly, significant increase (P˂0.05) in hepatic NQO1 was detected in     Boswellia serrata  treated 
group with respect to  the positive control group(TAA group) (0.62±0.03vs 0.21±0.01).In the same mannar, hepatic 
BCL-2 gene expression level of the  positive control (TAA group)  showed significant reduction ( P<0.05) as 
compared to the  negative  control group(0.32±0.01 vs 0.69±0.01).But hepatic BCL-2 gene expression level in     
Boswellia serrata  control group did not show any significant change ( P˃ 0.05) relative  to the negative control 
group (0.62±0.03vs 0.69±0.01). Meanwhile, hepatic BCL-2 gene expression level revealed significant elevation ( 
P˂ 0.05) in Boswellia serrata  treated group in comparison with the positive control group(TAA group)  (0.45±0.22 
vs 0.32±0.01) ( Table 3) and Fig(1). 
 

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

 

 
Negative 

control group 

Positive 
control group 
(TAA group) 

Boswellia serrata 
control group 

Boswellia serrata 
treated group 

NQO1 0.87±0.01 0.21±0.01a 1.02±0.02a 0.62±0.03b 

BCL-2 0.69±0.01 0.32±0.01 a 0.62±0.03 0.45±0.22b 

Results are expressed as means ± SD for 10 rats / group. 
“a”  significant difference as compared to the negative  control  group at P<0.05 

”b”  significant difference as compared to the  positive control (TAA group) at P<0.05 
 

 
 

 
 

Fig (1):  RT–PCR product of hepatic NQO1,  BCL-2 and  β-actin genes expression  in the negative  control , positive control Boswellia 
serrata  control  and     Boswellia serrata  treated rats. Lane 1 represents negative  control, lane 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 sections of rats in the negative control group showed no histopathological 
alteration and the normal histological structure of the central vein and surrounding hepatocytes were noticed (Fig 2). 
Histological examination of liver tissue sections of rats in     Boswellia serrata  control group showed no evidence of  
histopathological changes and the normal histological structure of the central vein and surrounding hepatocytes were 
recorded  (Fig.3). Histological investigation of liver tissue sections of rats in the positive control group revealed 
multiple number of newly formed bile ductules with inflammatory cells infiltration and fibroblastic cells 
proliferation in the portal area with congestion in the central and portal veins.The hepatic parenchyma was divided 
into nodules by the proliferating fibroblasts and inflammatory cells infiltration (Fig. 4). Histological investigation of 
liver tissue sections of rats in  Boswellia serrata  treated group showed Inflammatory cells infiltration in few manner 
in the portal area as well as between the hepatocytes  (Fig.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 of  

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 of 

rat in Boswellia serrata control group showing 

normal histological structure (H&Ex40).

 

Fig(5): Photomicrograph of  liver tissue section of 
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 problem because of the wider use of prescribed medications with adverse 
reactions in modern life of today or the drug misuse. consequently, the current research has targeted on finding new 
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therapeutic alternatives and analyzing their mechanism to get rid of the signaling routes and reduce the loss induced 
on the liver[25] .Beyond the techniques with artificial pharmacology,the search also chases alternative 
techniquesthat depend on natural products.In particular, it targets those plants with known medical history or 
confirmed prospective of positive results against the illnesses of the liver or other body parts[26].To aid these 
initiatives, in this study,we  analyzed the mechanism of methylene chloride extract of Boswellia serrata oleo- gum 
resin. 
 
Thioacetamide (TAA) is a well-established agent for induction of  liver fibrosis in the  experimental animal 
model[27].TAA induces hepatocyte damage via its metabolite, TASO2,which damages the macromolecules of 
hepatocytes causing damage of DNA molecules,oxidation of protein molecules,and peroxidation of the cell 
membrane biomolecules[28,29] When hepatic cell membrane is damaged, the enzymes ALT, AST and ALP which 
are normally located in the cytosol, leaked into circulation  from  hepatocytes[30] .As a result, the activity of  these 
enzymes(  ALT, AST and ALP) is increased in serum.  Therefore,the increased activity of serum ALT, AST and 
ALP is considered as the most frequent indicator for liver diseases. In this study, administration of TAA in rats 
elicited significant increase in the activity of serum ALT, AST and ALP as well as serum bilirubin level. These 
findings are in accordance with those of the earlier studies which demonstrated similar biochemical changes [31]. 
Thioacetamide causes oxidative stress and enhances free radical– mediated damage to proteins, lipids and 
deoxyribonucleic acid (DNA)[32-35].   Such oxidative stress was indicated by the occurrence of the hepatocellular 
injury leading to cell necrosis and discharge of the contents of the hepatocytes into the blood stream. It has been 
reported that serum ALT and AST activities are very sensitive indicators for necrotic lesions within the liver because 
their ease liberation from the hepatocyte cytoplasm into the blood stream[27]  as a result of membrane lipid 
peroxidation[36] . TAA is known to cause changes in cell membrane permeability by its metabolite TASO2

 [37] and 
the elevated serum enzymes are indicative of cellular leakage and loss of functional integrity of the liver [38] .The 
elevated serum level of bilirubin in TAA administered group in the current study comes in line with the previous 
results of El-Kott and Owayss[39]. The increased bilirubin level in serum indicates the diffused harm to the liver 
with more and more liver tissue damage [40]. Thus , the elevated serum values of each of ALP and  bilirubin in TAA 
administered rats clearly indicates the liver injury in  concomitant  with liver dysfunction due to TAA intoxication 
.As the increased serum ALP  activity and  bilirubin  level are also related to the function of hepatic cells[41]  . 
 
 Interestingly, treatment with Boswellia serrata oleo- gum resin extract for 8 weeks effectively reversed the 
significant elevation in serum ALT, AST, ALP activities and bilirubin level in TAA administered rats. These 
findings are in agreement with those of  Ibrahim et al. [42] who found that administration of Boswellia serrata  gum 
extract  significantly reduces  the damaging impact of  paracetamol on the liver .  The positive  effect of     Boswellia 
serrata on liver enzymes is possibly ascribed to the inhibitory impact of Boswellia serrata extracts on the synthesis 
of 5 LOX (Lipo oxygenase enzyme) which is primarily responsible for injury and inflammation of hepatocytes. 
Moreover, Ibrahim et al. [42] stated that  Boswellia serrata extracts reduces the damaging insult of TAA  on 
hepatocytes membrane.Thus, Boswellia serrata possesses anti-inflammatory and  hepatoprotective activity. Such 
activity of Boswellia serrata could be attributed  to its content of  boswellic acids, the main active constituents of 
gum resin of Boswellia serrata.Boswellic acids  have been used for the treatment of inflammatory diseases for many 
years in the different  countries of the east[43].More in detail,Ammon et al.[44] stated that Acetyl-boswellic acids 
exhibit anti-inflammatory behavior by inhibiting leukotriene synthesis[44] . This effect is mediated through the 
inhibition of the activity of the enzyme 5LOX through a non-redox reaction. concerning,the hepatoprotective effect 
of  Boswellia serrata,it has been speculated that  Boswellia  serrata may reduce the production of nitric oxide in the 
hepatocytes and this may be responsible for its hepatoprotective action[45].  Supporting evidences indicated the  
prophylactic and curative efficacy of Boswellia serrata in maintaining the integrity and functional status of 
hepatocytes[42,46]  .  The underlying  mechanism for this effect is that  in rat liver microsomes and hepatocytes, 11-
keto-β-boswellic acid undergoes extensive phase I metabolism. Oxidation of 11-keto-β-boswellic acid to its 
hydroxylated metabolites is the principal metabolic route. In vitro,11-keto-β-boswellic acid yielded metabolic 
profiles similar to those obtained in vivo in rat plasma and liver[47]. Boswellia serrata or boswellia acids,exhibit 
potent anti-inflammatory properties demonstrated both in vivo and vitro.Triterpenes in boswellic acid reduce the 
synthesis of leukotrienes in intact neutrophils by inhibiting 5-lipoxygenase, the key enzyme involved in biosynthesis 
of  leukotrienes, which mediate inflammation leukotrienes form via the lipoxygenase pathway,subsequent to the 
enzymatic oxidation of arachidonic acid.leukotrienes incite chemotaxis, chemokininesis,superoxide radical 
formation  and phagocytic  expulsion of  lysosomal enzymes[48]. 
 
Superoxide radicals are  reactive oxygen species ROS was found  to control tightly with mitochondrial signaling  the 
cellular hemeostasis  by regulating fundamental cell death and cell survival processes like apoptosis 
outophagy[49].Additionally ROS production enhances mitochondrial depolarization and hence affecting 
transmembrane potential[50].Consequently boswellic acid can enhance cell survival by reducing ROS production 
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and consequently preserving mitochondrial transmembrane potential to protect the cell against cell death signals. 
Therefore, it could prevent the leakage of liver enzymes into serum and restore the liver functions. 
 
It is well known that the toxicity of TAA results from its bioactivation in the liver to its reactive metabolites, causing 
the production of ROS responsible for oxidative stress  [51]. This is followed by glutathione depletion, reduction of 
SH-thiol groups and oxidation of cell macromolecules, including lipids [52].  
 
The present study showed significant depletion in hepatic glutathione content in TAA administered rats .This 
finding coincides with that of Sanz et al. [53] and Diez-fernandez et al. [54 ]  . In tissues, glutathione occurs in a 
reduced (GSH) and oxidized form (GSSG). More than 99% of the total glutathione occurs as GSH [55, 56] 
.Glutathione plays a key role in detoxification of ROS and reactive electrophilic compounds [57, 58]. TAA is known 
to induce hepatocyte damage following its metabolism to TASO2, via a critical pathway involving cytochrome 
P450-mediated biotransformation [51]. These metabolites are highly reactive and thus lead to the denaturation of 
cellular biomolecules such as lipids, resulting in lipid peroxidation [59]. The mechanisms that contribute to the 
occurrence of lipid peroxidation not only include oxygen free radical generation, but also include alterations in the 
cellular antioxidant defense system in association with a decline in the intracellular free radical scavengers [60]. 
Another additional mechanism for the decline of hepatic reduced glutathione content by TAA in our study may be 
related to the inhibition of its regenerating enzyme, glutathione reductase  (GSH-Rx),  by TAA administration[61] 
.Reduced glutathione ( GSH) is regenerated from oxidized glutathione (GSSG) and NADPH in a reaction catalyzed 
by GSH-Rx. NADPH, in turn, is generated via the hexose monophosphate shunt by a reaction catalyzed by glucose 
6 phosphate dehydrogenase ( G6PD) [62].  Therefore, the deficiency of GSH content in the liver seems to be 
attributed, in part, to a deficiency in G6PDH which is considered a house keeping enzyme that catalyses the first 
step in the pentose phosphate pathway to produce NADPH, that is necessary for the reduction of GSSG to GSH[63] 

.On the other side, treatment of TAA-challenged rats with Boswellia serrata induced a significant elevation in 
hepatic reduced glutathione content. This results is in conformity  with the previous study of  Hartmann et al .  [64]  
who stated that  the treatment with Boswellia serrata  produces significant increase in the activity of  glutathione in 
the experimental model of colites.Accumulated evidences have suggested  that essential oils (monoterpenes, 
sesquiterpenes and phenolic compounds) of Boswellia seratta are the important sources of natural antioxidants. 
These essential oils might be helpful in preventing the progression of many diseases induced by oxidative 
stress[65]. In vitro study on the methanolic and aqueous extract of Boswellia serrata revealed that it contains high 
amount of total flavanoids and total phenolics compounds that significantly inhibit the nitrite formation, superoxide 
free radical generation, scavenge DPPH and spare glutathione[66] . In a series of experiments, it was found that 
relatively low concentrations of flavonoids stimulated transcription of a critical gene for GSH synthesis in the cells 

[67]. 
 
From another point of view, boswellic acides (BAs)content of Boswellia serrata gum resin may be responsible for 
restoring heptic glutathione content in the treated rats.BAs possess anti- fibrotic activity as they are  potent inhibitors 
of TGF-ß1 signaling in vivo[68]. TGF-ß1 may be a key growth factor in the initiation of fibrosis[69] .  TGF-ß1 
down regulates the mRNA synthesis of glutamate cysteine ligase, the rate-limiting enzyme in the production of the 
antioxidant molecule glutathione [70] . Glutathione synthesis is decreased in TGF-ß over expressing mice [71]. 
Therefore the down- regulation of TGF-ß1 by BAs is responsible for the up- regulation of glutathione content of the 
liver. 
 
Fibrinogen is a glycoprotein of molecular weight approximately 340,000 daltons, present in the plasma at a 
concentration in the range of 2–4 g/l. It is synthesized in the liver (1.7–5 gm/day), and by the megakaryocytes [72]. 
In this study, Plasma fibrinogen levels showed significant decrease in TAA-challenged group in comparison with as  
the  negative  control group. This finding is in agreement with Chang et al.[73] . Aster[74]  reported  that  low level 
of fibrinogen among other coagulation proteins in fibrosis is classically ascribed to insufficient hepatic synthsis.In 
addition, the decreased  fibrinogen level in liver fibrosis may occur due to the increased  fibrinogen degradation 
products. 
 
Plasma fibrinogen level was significantly increased in     Boswellia serrata  treated group versus the positive control  
group(TAA group) . In 2010, Mallik et al.[75]  formulated a cream using oleo-gum-resins of Boswellia serrata and 
applied the cream topically on the excision wound surface as single dose at different percentages. Results of  the 
application of  this formulation indicated that Boswellia serrata influences  various phases of wound healing like 
fibroplasias, collagen synthesis and wound contraction, decreases surface area and increases the tensile strength of 
the wound as well resulting in faster healing[75] . Boswellia serrata has been shown to reduce platelet aggregation 
and increase fibrinogen.  Modes of action apparently involve eicosanoid modulation, inhibition of enzymes as well 
as  inflammatory mediators and antioxidant activity[76,77].In particular,the antioxidant and  hepatoprotective 
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activity of Boswellia serrata active ingredients is responsible for restoring liver functions[42,46] with consequent 
production of fibrinogen. 
 
Hepatocyte growth factor (HGF),  also known as SF (scatter factor) is a pleiotropic cytokine involved in many 
complex biological processes, from embryogenesis and tissue regeneration to tumour growth, metastasis and 
angiogenesis[78]  .Serum hepatocyte growth factor (HGF) was significantly increased in rats administered  TAA 
relative  to the negative  control ones. HGF play an important role in liver regeneration as an endocrine or paracrine 
factor. In the liver, HGF is synthesized by non parechymal cells and targets both parenchymal hepatocytes and bile 
duct epithelial cells  [79].  The signal-transducing receptor for HGF is the c-met protooncogene product of 
transmembrane tyrosine kinase[80] .Matsumoto and Nakamura [79] reported that HGF mRNA and HGF activity are 
increased in the liver of rats after various liver injuries. Also, HGF level is increased markedly in mouse liver after 
various liver injuries such as hepatitis, ischemia, physical crush and partial hepatectomy [81]. HGF promotes hepatic 
survival by stimulating liver regeneration and providing hepatoprotection in various models of liver injury. It has 
been proven that HGF,transforming growth factor- α (TGF-α ) and epidermal growth factor   (EGF) are the main 
growth factors secreted after hepatic injury. HGF is the most potent mitogen for mature hepatocytes and acts as a 
hepatotropic factor. Treatment of TAA-challenged rats with Boswellia serrata produced significant reduction in 
serum HCF level as compared to the positive control rats (TAA group).   
 
A protection afforded by Boswellia serrata against the increased HGF serum level was likely attributable to its 
antioxidant [76], anti-inflammatory [44] and hepatoprotective effects.These properties of  Boswellia serrata could 
improve the structural and functional integrity of the liver leading to the reduced HGF protection. 
 
NADPH quinone oxidoreductase 1 (NQO1) is the major phase-Ⅱ detoxification enzyme controlled by Nrf2 which is 
an important transcription factor that regulates antioxidative stress reactions [82] . In this study, TAA administered 
group exhibited significant reduction in hepatic NQO1 gene expression level relative to the negative control group. 
Demirel et al. [83] stated that TAA administration in rats lowered Nrf2 gene expression in the liver. And hence, the 
significant reduction of NQO1 gene expression in TAA- administered rats could be attributed to the lowering effect 
of TAA on Nrf2 gene expression.  Interestingly,   significant elevation in hepatic NQO1 gene expression level was 
detected in     Boswellia  serrata  treated group in comparison with the positive control group(TAA group). This 
apparent effect of Boswellia serrata on amelioration of NQO1 gene expression level could be due to the antioxidant 
activity of its active constituents as reported by Srivastava et al.[76]. This potent effect of  Boswellia serrata helps in 
counteraction of oxidative stress elicited by TAA and in turn restoration of NQO1 gene expression level in the liver 
of the treated rats. 
 
BCL-2 gene is the founding member of the BCL-2 family of  proteins that regulate cell death (apoptosis)[84] . 
Upregulated apoptosis of hepatocytes is increasingly viewed as a nexus between liver injury and fibrosis.  In our 
study, TAA administration induced, significant decrease in  BCL-2 gene expression level in the liver relative to the 
negative control group . Cytotoxic drugs and cellular stress activate the intrinsic mitochondrial apoptotic pathway 
[85] so that the inhibitors of BCL-2 activate caspase-3 initiating apoptosis, whereas inducers of BCL-2 induce 
necrosis of cells [86] .In consistent with our results, TAA has been  reported to cause upregulation of Bax protein 
and downregulation of the antiapoptotic protein BCL-2 and its translocation into the mitochondria, causing 
apoptosis[87] .  
 
Boswellia serrata treated group displayed significant up regulation in BCL-2 gene expression level in the liver of 
TAA administered rats versus positive control rats (TAA group) .This finding highlights the potential role of 
Boswellia serrata in retarding  TAA-induced apoptosis. Intracellular ROS loading directly entail the depletion of 
intrinsic antioxidant potentials and the activation of the transduction pathways leading to apoptosis [88, 89]. 
 
This fact speaks for the importance of the antioxidant mechanism in the therapeutic action of Boswellia serrata [76] 
against liver fibrosis associated with hepatic apoptosis. As the downregulation of ROS loading of hepatocytes and 
the activation of the antioxidant defense system may account for the inhibition of apoptosis with consequent 
upregulation of hepatic BCL-2 gene expression level.        
           
In the histopathological investigations of this study, numerous macronodules were seen on the surface of fibrotic 
livers of rats administered TAA for 6 consecutive weeks (positive control group). Moreover, the liver tissue section 
showed portal fibrosis and expansion of connective tissue (portal and peripheral fibrosis). Furthermore, multiple 
numbers of newly formed bile ductules with inflammatory cells infiltration and fibroblastic cells proliferation were 
detected in the portal area accompanied with acongestion in the central and portal veins. The hepatic parenchyma 
was divided into nodules by the proliferating fibroblasts and inflammatory cells infiltration. Similar findings have 
been demonstrated by Nozu et al.[27]  who found that TAA   administration produces portal fibrosis consisting of 



Hanaa H.  Ahmed et al Der Pharmacia Lettre, 2015, 7 (1):134-144 
______________________________________________________________________________ 

143 
Scholar Research Library 

expansion of the connective tissue of the portal area. Also chronic poisoning with TAA by intraperitoneal injection 
induced changes in the periportal collagen deposit[90]. Moreover, progressive changes in the liver, such as cellular 
necrosis as well as hepatic fibrosis with the formation of pseudo-lobules due to TAA intoxication have been reported 
by Zsigmond et al .[91]. The present histopathological examination of rat liver tissue from Boswellia serrata 
controlgroup showing normal liver architecture with no evidence of pathological alteration. This was probably due 
to the hepatoprotective activity of the plant extract. 
 
The current histopathological findings indicated   that     Boswellia serrata  restores   the structural organization of 
the liver.  Boswellia serrata treatment daily for 8 weeks after 6 weeks of TAA administration   ameliorated liver 
tissue damage to great extent as documented by the presence of few inflammatory cells infiltration which was 
observed in few manner in the portal area as well as between the hepatocytes This indicates its ability to maintain 
the  structural integrity of hepatocytic cell membrane .This effect of  Boswellia serrata isconsidered as an  index of 
its hepatoprotective potential.  
 
In conclusion, our data provided a clear evidence for the potent antifibrotic efficacy of Boswellia serrata gum 
extract in the experimental model of liver fibrosis.Boswellia serrata offered multimechanistic approaches for 
regression of liver fibrosis including hepatoprotective activity, antioxidant capacity and antiapoptotic 
potential.These findings would encourage further studies on the pharmacological significance of using plant extracts 
as alternative medicines for treating liver diseases. 
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