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Abstract 
Boswellia ovalifoliolata (Burseraceae) is a narrow endemic and endangered deciduous tree species.  
Current study focus on hepatoprotective activity of the roots in methanolic and hexane extracts by ethanol 
induced hepatotoxicity model. Physical parameters, liver functioning, antioxidant levels and histopathological 
study of the liver were studied to find out hepatoprotective action of Boswellia ovalifoliolata. Treatment with 
B. ovalifoliolata root extracts has protected liver from induced hepatotoxicity. This was demonstrated by 
reducing the elevated levels of biochemical markers and additional histopathological observations have 
shown that there is an improvement in the structural design of liver due to induced hepatotoxicity.  
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Introduction 
The herb Boswellia ovalifoliolata is widely distributed in 
the dry regions of tropical Africa, Arabia and India. 
In Africa, it is distributed in Somalia, Ethiopia, Eritrea, 
Kenya, Sudan, Tanzania, Madagascar and some other 
countries. In Arabia, it is mainly restricted to Yemen, 
Oman and Socotra. In India, it is distributed in a few 
regions such as Rajasthan, Southeast Punjab, Danwara 
and Madras (Sudhakar, 2006; Pattanaik et al., 2009). 
Entire digestion of human body is completely dependent 
on live normal functioning. Any problem with regarding 
liver causes major changes in day-today life. Many of 
practitioners rely on herbal treatment for liver. This study 
helps to contribute one more herbal medicine for the liver 
problem. This study was attempted to analyse Boswellia 
ovalifoliolata for the hepatoprotective action by ethanol 
induced hepatotoxicity model.  
 
Materials and methods  
Collection and authentification of plant: The roots of 
Boswellia ovalifoliolata was collected from Ananthagiri 
forest region, Vishakhapatnam District, AP, India.  
The plant species were authenticated by Dr. Madhava 
Chetty, Taxonomist, Dept. of Botany, Sri Venkateswara 
University, Tirupati, AP, India. The voucher specimen 
number is 2231 for Boswellia ovalifoliolata Bal and 
Henry. 
 
Experimental design: The protocol is accepted by 
institutional ethical committee (769/2011/CPCSEA).  
In the dose response experiment, albino rats were 
randomly assigned into 9 groups of 6 individuals each. 
Wistar rats of either sex weighing between 180-230 g 
were divided into 9 groups of six rats each. Group I was 
maintained as normal control, which was given distilled 

water only. Group II rats served as positive control 
received ethanol for 25 days (3.76 g/kg p.o). For group 
III, IV, V, VI, VII, VIII and IX were given silymarin  
100 mg/kg, MEBO and HEBO 200, 400 and 600 mg/kg 
as above. Group III, IV, V, VI, VII, VIII and IX were 
intoxicated with ethanol (3.76 gm/kg) 1 h before the 
administration of silymarin or extract for 25 days.  
On day 26 of ethanol feeding rats were sacrificed under 
mild ether anaesthesia. Blood samples were collected for 
evaluating the serum biochemical parameters and liver 
was dissected out, blotted off blood, washed with  
saline and stored in 10% formalin and preceded for 
histopathology to evaluate the details of hepatic 
architecture in each group microscopically. The blood so 
collected was centrifuged immediately to get clear serum 
and was subjected to various biochemical studies. 
 
Group I: Animals (-ve control) were administered  
Tween-80 in saline (1 mL/kg, p.o) for 25 days. 
Group II: Animals (+ve control) were administered with 
Ethanol (3.76 g/kg, p.o) for 25 days. 
Group III: Animals were administered with Silymarin  
100 mg/kg p.o. for 25 days. 
Group IV: Animals were administered with MEBO 200 
mg/kg p.o. for 25 days. 
Group V: Animals were administered with MEBO 400 
mg/kg p.o. for 25 days. 
Group VI: Animals were administered with MEBO 600 
mg/kg p.o. for 25 days. 
Group VII: Animals were administered with HEBO 200 
mg/kg p.o. for 25 days. 
Group VIII: Animals were administered with HEBO 400 
mg/kg p.o. for 25 days. 
Group IX: Animals were administered with HEBO 600 
mg/kg p.o. for 25 days. 
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Physical parameters 
Determination of wet liver weight: Animals were 
sacrificed and livers were isolated and washed with 
saline and weights determined by using an electronic 
balance. The liver weights were expressed with respect 
to its body weight i.e. g/100 g. 
 
Determination of wet liver volume: After recording the 
weight, all the livers were dropped individually in a 
measuring cylinder containing a fixed volume of distilled 
water or saline and the volume displaced was recorded. 
 
Estimation of biochemical markers to assess liver 
functions: Serum glutamate pyruvate transaminase 
(SGPT/ALT), Serum glutamate oxaloacetate 
transaminase (SGOT/AST), Serum alkaline phosphatase 
(ALP), Serum total bilirubin, Serum direct bilirubin, 
Serum cholesterol (CHL), Serum total protein (TPTN), 
Serum albumin (ALB) (Green et al., 1982; Marcocci, 
1994; Blois, 1958; Maria, 1979; George, 1959; Saunders,  
1986; Goodwin, 1965; Jocobs and Van Denmark, 1960; 
Trinder, 1969; Allain et al., 1974). 
 
Estimation of serum SGPT (UV-Kinetic method): SGPT 
estimation kit was obtained from Coral clinical systems, 
Verna Goa, India. Pipetted out 1000 µL of working 
reagent with 100 µL of sample, mixed well and read the 
initial absorbance A0 after 1 min and repeated the 
absorbance reading after every 1, 2 and 3 min. 
Calculated the mean absorbance change per min 
(A/min). 
  
Estimation of serum SGOT (UV-Kinetic method): SGOT 
estimation kit was obtained from Coral clinical systems, 
Verna Goa, India. Pipetted out 1000 µL of working 
reagent with 100 µL of sample, mixed well and read the 
initial absorbance A0 after 1 min and repeated the 
absorbance reading after every 1, 2 and 3 min. 
Calculated the mean absorbance change per min 
(A/min). 
 
Estimation of serum Alkaline Phosphatase (ALP): ALP 
estimation kit was obtained from Coral clinical systems, 
Verna Goa, India. Pipetted out 1000 µL of working 
reagent with 20 µL of sample, mixed well and read the 
initial absorbance A0 after 1 min and repeated the 
absorbance reading after every 1, 2 and 3 min. 
Calculated the mean absorbance change per min 
(A/min). 
ALP activity in U/L = A/min × 2754 
 
Estimation of serum bilirubin: The serum bilirubin 
estimation kit was obtained from Beacon Diagnostics 
Pvt. Ltd, India. For direct bilirubin, added 1 mL of direct 
bilirubin reagent with 0.1 mL of sample and for total 
bilirubin, added 1 mL of direct bilirubin reagent, 0.05 mL 
direct nitrate reagent and 0.2 mL sample. Mixed well, 
incubated for 5 min at room temperature for direct 

bilirubin and 10 min for total bilirubin. Read absorbance 
at 546 nm against reagent blank. 
Total or direct bilirubin in mg/dL = Abs. T × 13 
 
Estimation of serum total proteins: Serum total protein 
estimation kit was obtained from Erba Diagnostics, India. 
Pipetted out 1000 µL of reagent in 3 test tubes each, 
added 20 μL distilled water in first test tube and consider 
it as blank. Added 20 μL of standard in second test tube 
and consider it as standard. Added 20 μL of test sample 
in third test tube and consider it as test. Mixed well, 
incubated for 10 min at 37C. Read absorbance of the 
standard and each test at 546 nm (520-560 nm) against 
reagent blank. Calculate total proteins as: 
 
Total Protein	= 		 	 	

	 	 	
	× 	6.0	g/d 

 
Estimation of serum cholesterol: Serum cholesterol 
estimation kit was obtained from Beacon Diagnostics 
Pvt. Ltd, India. Pipetted out 1000 µL of enzyme reagent 
in 3 test tubes each, added 10 μL blank reagents in first 
test tube and consider it as blank. Added 10 μL of 
standard in second test tube and considered it as 
standard. Added 10 μL of test sample in third test tube 
and considered it as test. Mixed well and incubated for  
5 min at 37C. Measured the absorbance of standard 
and test against the reagent blank at 505 nm (490-530). 
Calculated the cholesterol concentration as: 
Cholesterol conc. (mg/dL) =  	.		 .		

. .		
	× 200 

 
Estimation of antioxidant levels (Trinder, 1969): 
Catalase: The liver homogenates contain 5 µg total 
protein was mixed with 700 µL, 5 Mm hydrogen peroxide 
and incubated at 37C. The disappearance of peroxide 
was observed at 240 nm for 15 min. One unit of catalase 
activity is that which reduces 1 µmol of hydrogen 
peroxide per min. Checked absorbance at time interval of 
(0, 15, 30, 45, 60, 75, 90, 105 and 120 sec).  
CAT = T × dilution factor × 100 / (OD at 0 sec × mg protein/mL) 
Unit: µmole of H2O2 /sec/mg protein/mL  
 
Superoxide dismutase: About 2.8 mL of sodium 
carbonate buffer (0.05 mM) and 0.1 mL of tissue 
homogenate or sucrose (blank) was incubated at 30C 
for 45 min. Then, the absorbance was adjusted to 0 to 
sample. Thereafter, the reaction was initiated by adding 
10 µL of adrenaline solution (9 mM). The change in 
absorbance was recorded at 480 nm for 8-12 min. 
Throughout the assay, the temperature was maintained 
at 30C. Similarly, SOD calibration curve was prepared 
by taking 10 U/mL as standard solution. One unit of  
SOD produces approximately 50% of inhibition of  
auto-oxidation of adrenaline. The results are expressed 
as unit (U) of SOD activity per mg of tissue. 
SOD = (C × total volume × 1000)/(50 × sample volume ×  
mg protein per mL)  
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Histopathological studies (Luna, 1986): Deparaffinized 
the sections by washing with chloroform for about 15 
min, hydrated the sections by washing in isopropyl 
alcohol of decreasing strength (100, 90, 80 and 70%). 
Finally washed with water and stained with haematoxylin 
for 15 min. Rinsed in tap water, differentiated in 1% acid 
alcohol by 10 quick dips, checked the differentiation with 
a microscope. Nuclei were distinct and the background 
was very light (or colorless), washed in tap water and 
dipped in (Lithium carbonate) until sections become 
bright blue (3-5 dips). Washed in running tap water for  
10 to 20 min, if washing is inadequate, eosin will not 
stain evenly. For even staining results, dipped slides 
several times before allowing them to set in the eosin for 
the desired time, dehydrated in 95% isopropyl and 
absolute isopropyl alcohol until excess eosin was 
removed, 2 changes of 2 min each (checked under 
microscope) followed by absolute isopropyl alcohol 2 
changes of 3 min each and chloroform 2 changes of 2 
min each, mounted in DPX (Desterene dibutyl phthalate 
xylene). Nuclei was blue colored and cytoplasm was with 
various shades of pink identifying different tissue 
components. All the sections of the tissues were 
examined under microscope for analyzing the altered 
architecture of the pancreas tissue due to ethanol 
treatment and improved pancreas architecture due to 
pretreatment with test extracts and standard drug. 
 
Results and discussion 
Ethanol treatment in rats resulted in enlargement of liver 
which was evident by increase in the wet liver weight and 
volume. The groups were treated with silymarin and 
MEBO, HEBO showed significant restoration of wet liver 
weight and wet liver volume nearer to normal. The 
results are summarized in Table 1. There was a marked 
increase in SGPT levels observed in ethanol treated 
group. However, the SGPT levels were decreased by 
MEBO and HEBO dose dependently. In addition, the 
standard silymarin has restored the SGPT levels 
significantly. Serum SGOT levels have been also 
elevated in the ethanol treated groups. Treatment with 
standard silymarin has brought back the SGOT levels to 
the near normal levels. However, treatment with the 
MEBO and HEBO has decreased the SGOT levels in a 
dose dependent manner, which is statistically significant. 

 

 
In case of total and direct bilirubin there is a noticeable 
rise in serum levels on ethanol treatment observed. 
Treatment with MEBO and HEBO has reversed the total 
and direct bilirubin serum levels by dose dependent 
manner, which is statistically significant when compared 
with ethanol treated group. The reversal treatment with 
standard silymarin was also significant. Rise in ALP 
serum levels observed in ethanol treated group and was 
remarkable, decreased significantly by MEBO and HEBO 
by dose dependent manner and standard silymarin 
treatment. The results are summarized in Table 2.  
Ethanol treatment considerably reduced serum total 
protein levels. Pretreatment with silymarin and MEBO, 
HEBO showed a significant increase in total protein 
levels as compared with toxicant control group. The 
results are summarized in Table 3. 
 
The lipid profile was evaluated by estimating triglycerides 
(TG), total cholesterol (TC), HDL-Cholesterol (HDL-C), 
LDL-Cholesterol (HDL-C), VLDL-Cholesterol (VLDL-C) in 
normal and ethanol induced hepatotoxic rats. The  
ethanol induced hepatotoxic rats showed a significant 
increase in the TG, TC, LDL-C and VLDL-C levels and 
suppression of HDL-C levels compared to control group 
(Table 4). But after treatment with the 200, 400,  
600 mg/kg p.o dose of MEBO, HEBO and silymarin,  
ethanol induced hepatotoxic rats showed decrease in the 
TG, TC, LDL-C and VLDL-C levels and increased  
HDL-C levels compared to untreated ethanol induced 
hepatotoxic rats. Ethanol induced hepatotoxic  
rats exhibited significant lower catalase (32.02±1.984) 
activity as compared to those of negative control rats 
(86.94±2.577) treatment with the plant extract 
significantly elevated the reduced catalase levels. 
The 400, 600 mg/kg p.o dose of MEBO, HEBO and 
silymarin showed a marked increase in the catalase 
levels (P<0.001) compared to the positive control. 
The results are summarized in Table 5. Ethanol  
induced hepatotoxic rats exhibited significant lower SOD  
(5.22±0.170) activity as compared to those of negative 
control rats (14.77±0.423) treatment with the plant 
extract significantly elevated the reduced SOD levels. 
MEBO, HEBO and silymarin showed a marked increase 
in the SOD levels (P<0.001) compared to the positive 
control (Table 6). 

Table 1. Effect of MEBO and HEBO on wet liver weight and wet liver volumes in ethanol induced hepatotoxic rats. 
Groups Wet liver weight (g/100 g) Wet liver volume (mL/100 g) 
Group I 3.310±0.076 3.433±0.131 
Group II 5.105±0.211 5.175±0.216 
Group III 3.493±0.122*** 3.680±141*** 
Group IV 3.992±0.080*** 4.307±0.158* 
Group V 3.715±0.078*** 3.892±0.091*** 
Group VI 3.508±0.126*** 3.618±0.067*** 
Group VII 4.373±0.244* 4.690±0.222ns 
Group VIII 4.103±0.217** 4.282±0.232** 
Group IX 3.717±0.107*** 3.892±0.113*** 
Values are Mean±SEM (n=6), one way ANOVA followed by Tukey-Karmer’s test. Where ***P<0.001, **P<0.01, *P<0.05 and ns represents Not 
significant. All the values are compared to ethanol treated group. 
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Table 2. Effect of MEBO and HEBO on biochemical markers in ethanol induced hepatotoxic rats. 
Groups SGPT (U/L) SGOT (U/L) Total bilirubin (mg/dL) Direct bilirubin (mg/dL) ALP (U/L) 
Group I 53.822.360 65.183.135 0.8430.023 0.2320.015 102.4 3.026 
Group II 264.35.237 364.56.453 4.1560.352 1.2040.118 251.64.983 
Group III 64.092.432*** 118.43.983*** 1.2450.102*** 0.2680.059*** 123.63.689*** 
Group IV 148.23.870*** 185.14.046*** 2.1080.140*** 0.7520.052*** 172.64.028*** 
Group V 90.32.413*** 148.33.442*** 1.5370.107*** 0.4200.030*** 144.33.736*** 
Group VI 71.272.307*** 122.63.542*** 1.2880.073*** 0.2920.028*** 127.33.145*** 
Group VII 193.0±5.108*** 257.2±6.148*** 2.573±0.249*** 0.916±0.046*** 195.8±4.683*** 
Group VIII 139.8±3.683*** 193.4±4.113*** 2.134±0.208*** 0.638±0.034*** 168.4±4.214*** 
Group IX 102.6±2.733*** 159.9±3.720*** 1.671±0.127*** 0.486±0.027*** 151.9±3.175*** 

Values are Mean±SEM (n=6), one way ANOVA followed by Tukey-Karmer’s test. Where ***P<0.001, **P<0.01, *P<0.05 and ns represents Not 
significant. All the values are compared to ethanol treated group. 

Table 3. Effect of MEBO and HEBO on serum total protein levels in ethanol induced hepatotoxic rats. 
Groups Total protein (g/dL) 
Group I 9.075±0.187 
Group II 4.965±0.183 
Group III 8.982±0.215*** 
Group IV 6.922±0.284*** 
Group V 8.237±0.352*** 
Group VI 8.950±0.187*** 
Group VII 6.225±0.82ns 
Group VIII 7.568±0.404*** 
Group IX 8.383±0.318*** 

Table 4. Effect of MEBO and HEBO on lipid profile in ethanol induced hepatotoxic rats. 
Groups TC TG HDL-C LDL-C VLDL-C 
Group I 122.13.014 127.23.128 52.041.785 44.620.625 25.440.625 
Group II 217.34.853 237.64.964 32.461.326 137.32.534 47.520.992 
Group III 130.73.245 *** 133.03.705 *** 51.722.047*** 52.380.457*** 26.600.741*** 
Group IV 171.24.247*** 186.14.476*** 45.271.734** 88.711.617*** 37.220.895*** 
Group V 149.83.483*** 152.83.118*** 49.732.380*** 66.510.479*** 30.560.623*** 
Group VI 132.62.058*** 137.33.560*** 51.082.275*** 54.060.929*** 27.460.712*** 
Group VII 205.35.173ns 201.25.130** 37.362.824ns 127.71.323ns 40.241.026** 
Group VIII 158.13.227*** 154.72.247*** 48.031.577*** 79.131.200*** 30.940.449*** 
Group IX 138.12.463*** 134.71.543*** 50.032.687*** 68.132.567*** 27.941.056*** 

Table 5. Effect of MEBO and HEBO on catalase levels in ethanol induced hepatotoxic rats. 
Groups Absorbance 
Group I 86.94±2.577 
Group II 32.02±1.984 
Group III 80.26±2.351*** 
Group IV 52.60±4.987** 
Group V 70.11±2.569*** 
Group VI 79.94±3.618*** 
Group VII 45.51±3.745ns 
Group VIII 59.73±2.948*** 
Group IX 68.09±3.207*** 

Table 6. Effect of MEBO and HEBO on SOD levels in ethanol induced hepatotoxic rats. 
Groups Absorbance 
Group I 14.42±0.585 
Group II 4.842±0.242 
Group III 13.60±0.307*** 
Group IV 9.195±0.488*** 
Group V 12.17±0.400*** 
Group VI 13.27±0.581*** 
Group VII 7.488±0.327** 
Group VIII 10.27±0.454*** 
Group IX 12.34±0.426*** 
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a. Group I: Section studied shows liver parenchyma with intact 
architecture. Most of the perivenular hepatocytes, periportal 
hepatocytes and midzonal hepatocytes appear normal. 
Within the hepatic parenchyma, the sinusoids appear 
normal. 

 

 
 
b. Group II: Section studied shows liver parenchyma with 
effaced architecture. Most of the sinusoids are disrupted by 
acute inflammatory cells. The hepatocytes show degenerative 
changes due to inflammatory infiltration. There are seen 
perivenular aggregates of acute inflammatory cells along with 
necrosis within the parenchyma. 
 

 
 
c. Group III: Section studied shows liver parenchyma with 
partially effaced architecture. Most of the sinusoids and 
hepatocytes are replaced by mixed inflammatory cells. Some of 
the hepatocytes show degenerative changes. Also seen are 
aggregates of mixed inflammatory cells within the parenchyma. 
 

 
 
 
 
 

 
 
 
d. Group IV: Section studied shows liver parenchyma with 
effaced architecture. Most of the hepatocytes show 
microsteatosis and macrosteatosis. Also seen are scattered 
degenerative hepatocytes. Intervening the hepatocytes are 
seen scattered mononuclear inflammatory cells. 
 
 

 
  
e. Group V: Section studied shows liver parenchyma with 
partially effaced architecture. Most of the hepatocytes show 
microsteatosis. Also seen are scattered degenerative and 
regenerative hepatocytes. Intervening the hepatocytes are 
seen aggregates of mononuclear inflammatory cells. 
 
 

 
 
f. Group VI: Section studied shows liver parenchyma with intact 
architecture. Few of the sinusoids and central veins appear 
congested. Also seen are scattered regenerative hepatocytes. 
Intervening the hepatocytes are seen scattered mononuclear 
inflammatory cells within the parenchyma. 
 

 
 
 
 
 

Fig. 1a-i. Histopathological studies of rat liver in ethanol induced hepatotoxicity. 
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g. Group VII: Section studied shows liver parenchyma with 
effaced architecture. Most of the hepatocytes show 
microsteatosis. Also seen are scattered degenerative 
hepatocytes. Intervening the hepatocytes are seen scattered 
mononuclear inflammatory cells. 
 

 
 

h. Group VIII: Section studied shows liver parenchyma with 
partially effaced architecture. Most of the hepatocytes show 
microsteatosis. Also seen are scattered degenerative and 
regenerative hepatocytes. Intervening the hepatocytes are 
seen aggregates of mononuclear inflammatory cells. 

 

 
 
i. Group IX: Section studied shows liver parenchyma with intact 
architecture. Few of the sinusoids and central veins show 
congestio. Also seen are regenerative hepatocytes. Intervening 
the hepatocytes and periportal region, are seen focal 
aggregates of mononuclear inflammatory cells within the 
parenchyma.  
 

 
 
 

Conclusion 
Treatment with MEBO, HEBO has protected liver from 
induced hepatotoxicity. This was demonstrated by 
reducing the elevated levels of biochemical markers like 
SGPT, SGOT, ALP, total protein, total and direct 
bilirubin, triglycerides, total cholesterol, HDL-Cholesterol, 
LDL-Cholesterol and VLDL-Cholesterol. In addition, 
histopathological observations have shown that there is 
an improvement in the structural design of liver due to 
induced hepatotoxicity model (Fig. 1a-i). Thus, study can 
be further elaborated by one more hepatoprotective 
model before clinical trials in human. 
 
Abbreviations 
Methanolic extract of Boswellia ovalifoliolata (MEBO),  
n-Hexane extract of Boswellia ovalifoliolata (HEBO), 
Serum glutamate pyruvate transaminase (SGPT/ALT), 
Serum glutamate oxaloacetate transaminase 
(SGOT/AST), Serum alkaline phosphatase (ALP), Serum 
cholesterol (CHL), Serum total protein (TPTN), Serum 
albumin (ALB), Triglycerides (TG), Total cholesterol (TC),  
High density lipoprotein-Cholesterol (HDL-C), Low 
density lipoprotein-Cholesterol (LDL-C), Very low density 
lipoprotein-Cholesterol (VLDL-C). 
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