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1. Introduction

Liver fibrosis is a complication of chronic liver injury 

characterised by excessive deposition of collagen in the 

liver. Repeated and progressive liver injury can activate 

the inflammatory cells and cause release of 

profibrogenic cytokines such as transforming growth 

factor - β1 (TGF β1) thereby leading to liver fibrosis 

irrespective of the initiating stimulus. TGF β1 is a 

potent mediator of fibrosis in the liver (Brenner, 2009) 

and it is involved in the activation of quiescent hepatic 

stellate cells (HSC) to myofibroblast (Bataller and 

Brenner, 2005). Despite the fact that liver fibrosis can 

progress to cirrhosis and ultimately to hepatocellular 

carcinoma (Samuele et al., 2012), effective and 

affordable anti-hepatofibrotic therapy have not been 

developed yet. Liver transplantation (which is 

expensive and not easily accessible in most developing 

countries) is the life-saving treatment for end-stage 

liver diseases (Kling et al., 2017). As a result of these, 
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the search for new effective, accessible and affordable 

therapy with minimal side effect is still in progress. 

Inhibition of HSC activation and modulation of TGF 

β1signalling pathway could be a promising therapeutic 

target in liver fibrosis. 

Bombax costatum (BC) is a widely used medicinal 

plant belonging to the family Bombacaceae. The stem 

bark of the plant is used in African traditional medicine 

in treating liver diseases (Dalziel, 1985). Methanol 

stem bark extract of B. costatum was reported to 

possess hepatoprotective activity against carbon 

tetrachloride (CCl4) induced acute liver injury in rats. 

Lower doses of the extract were also noted to exhibit 

more hepatoprotectiveactivity (Mohammed et al., 

2018). We therefore screened the fractions of B. 

costatum for hepatoprotective activity against CCl4 

induced acute liver injury in mice and found its 

ethylacetate (EA) fractionto have the highest 

hepatoprotective activity at relatively low 

concentration. 

This study therefore aimed to evaluate the anti-

hepatofibrotic activity of EA fraction of B. costatum 

against CCl4 induced liver fibrosis in mice. 

2. Materials and Methods

2.1. Experimental Animals 

Swiss albino male mice (25-30 g) were obtained 

from Animal Facility of Department of Pharmacology 

and Therapeutics, Ahmadu Bello University Zaria. The 

animals were kept in clean cages with metal coverlids 

and bedded with soft wood shavings. They were kept in 

a well-ventilated room and fed with standard 

commercial mice feed (Vital feed
®
, Zaria). The mice 

were allowed free access to drinking water ad libitum. 

All experiment protocols were approved by the 

Ahmadu Bello University Committee for Animal Use 

and Care (Approval number: ABUCAUC/2020/50). 

2.2. Preparation of methanol stem bark extract of B. 

costatum 

Bombax costatum stem bark was collected from 

Hanwa area of Sabon-Gari local Government, Kaduna, 

Nigeria. It was authenticated by a taxonomist at the 

Herbarium Unit of the Department of Botany, Ahmadu 

Bello University, Zaria. A voucher specimen number 

(1211) was assigned to the plant after comparing it with 

a specimen deposited in the Herbarium Unit for future 

reference. The stem bark of the plant was air dried 

under shade, mechanically powdered (using mortar and 

pestle) and stored in an air tight container. Methanol 

extract of B. costatum stem bark was prepared by 

subjecting 11 kg of the powdered stem bark to 

maceration using 40 L of 70% methanol (Sigma 

Aldrich, USA) for 72 hours. The mixture was 

intermittently stirred during the 72 hours period and 

then filtered using Whatman filter paper (Grade 1). The 

filtrate was concentrated to dryness over a water bath 

maintained at 45ºC. The extract was kept in an air tight 

container and then stored in a desiccator until required 

for further studies. 

2.3. Fractionation of methanol stem bark extract of B. 

costatum 

To obtain the EA fraction of BC, 460g of methanol 

stem bark extract of B. costatum was subjected to 

liquid-liquid partitioning sessions using separating 

funnel (1000 ml). For each session, 92 g of the extract 

was dissolved in 500 ml of distilled water and 

exhaustively partitioned (3 times) sequentially with 500 

ml each of hexane, chloroform, ethyl acetate and n-

butanol. For each solvent, the mixture was allowed to 

stand for 30 min in the separating funnel until a fine 

separation line appeared. The solvent fractions were 

evaporated to dryness on a water bath maintained at 

45
°
C to obtain their corresponding fractions (Gandhi et 

al., 2003) 

2.4. Anti-hepatofibrotic studies 

The anti-hepatofibrotic study was conducted as 

previously described (Domitroviic et al., 2009) with 

some modifications. Thirty five male mice were 

randomly divided into 7 groups containing 5 mice each. 

Mice in group I received 0.4 ml/kg of olive oil 

intraperitoneally (i.p) twice weekly for 6 weeks 

(Normal control). Mice in group II received 0.4 ml/kg 

of CCl4 (BDH Ltd Poole, England) in olive oil (1:1, 

v/v) i.p twice weekly for 6 weeks and were euthanized 

72 hours after the last dose of CCl4 (Toxic control). 

Mice in group III received 0.4 ml/kg of CCl4 in olive 

oil (1:1, v/v) i.p twice weekly for 6 weeks and were 

observed for spontaneous resolution of fibrosis for the 

next 2 weeks (CCl4 control). Mice in group IV received 

0.4 ml/kg of CCl4 in olive oil (1:1, v/v) i.p twice 

weekly for 6 weeks and also received silymarin (Micro 

Labs Limited, India) orally (100mg/kg) daily for the 

next 2 weeks (Standard control). Mice in group V-VII 
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received 0.4 ml/kg of CCl4 in olive oil (1:1, v/v) i.p 

twice weekly for 6 weeks and then received EA 

fraction of B. costatum orally at 31.25, 62.5 and 125 

mg/kg respectively daily for the next 2 weeks. At the 

end of the 8 weeks period, the remaining mice were 

euthanized under chloroform anaesthesia 24 hours after 

the last treatment. The liver and blood samples were 

collected for analysis. The blood samples were 

collected and allowed to clot at room temperature for 2 

hours and centrifuged at 1000 g for 20 min to obtain 

serum for determination of TNF-α, hepatic 

malondialdehyde (MDA) levels and hepatic reduced 

glutathione (GSH). The liver tissues were then 

dissected and the left lobe was fixed in a buffer 

solution of 10% formalin for histological analysis with 

Masson’strichrome stain. For each liver, about 0.7 g of 

the liver tissue was homogenized in a phosphate buffer 

solution (PBS) (0.01 M, pH 7.4) with a glass 

homogenizer. The homogenates was centrifuged at 

5000 g for 5 min. The supernatant was stored at -20
°
C 

for determination of liver TGFβ1 content using ELISA 

kit (Wuhan Fine Biological Technology Co., Ltd. 

China) according to manufacturer’s instruction.  

2.5. Histopathological analysis 

Sections of liver tissues were fixed in 10% buffered 

formalin (pH 7.2) and dehydrated through a series of 

ethanol solutions (70%, 90%, 96% and absolute). The 

tissues were cleared in xylene and embedded in 

paraffin. Sections of 5 μm thickness were cut and 

stained with Masson’s trichrome stain for examination. 

The stained tissues were observed through a Leitz 

microscope (x250). 

2.6. In vivo anti-oxidant studies 

2.6.1. Determination of reduced glutathione (GSH) 

Determination of GSH in serum was done according 

to the colorimetric method of Ellman (1959). 150 μl of 

serum from each mouse was added to 1.5 ml of 10% 

trichloroacetic acid and centrifuge at 1500 g for 5 min. 

1ml of the supernatant was treated with 0.5 ml of 

Ellman’s reagentand 3ml of phosphate buffer (0.2 M, 

pH 8.0). Absorbance of solutions was measured at 412 

nm against blank. Absorbance values were compared 

with a standard curve generated from known GSH. 

2.6.2. Determination of hepatic malondialdehyde 

(MDA) 

The lipid peroxides content in the mice serum were 

determined by monitoring thiobarbituric acid reactive 

substance formation as described by Okhawa (1979) 

with slight modification by Atawodi et al., (2011). 2 ml 

of 15% trichloroacetic acid was measured in to a test 

tube, 2 ml of thiobabitutric acid (TBA) was added and 

100μl of mouse serum was added. The mixture was 

incubated at 80
°
C for 30 min in a water bath and 

allowed to cool, followed by centrifugation at 3000 

rpm for 10 min. The upper organic layer was taken and 

its absorbance was taken at 535 nm against an 

appropriate blank without the sample. The levels of 

lipid peroxides was expressed as n moles of 

thiobarbituric acid reactive substances (TBARS)/mg 

protein using an extinction coefficient of 1.56 ×10
5
 ML 

cm
-1

. 

2.6.3. Determination of catalase 

This was measured using Abebi’s method (1974). 10 

μl of serum was added to a test tube containing 2.8 ml 

of 50 mM potassium phosphate buffer (pH 7.0). The 

reaction was initiated by adding 0.1 ml of freshly 

prepared 30 Mm hydrogen peroxide (H2O2) and the 

decomposition rate of H2O2 was measured at 240 nm 

for 5min on a spectrophotometer. A molar extinction 

coefficient € of 0.041 nM
-1

 was used to calculate the 

catalase activity. 

2.7. Analysis of data 

Data were presented using tables and figures where 

applicable. Analyses of data were done using one way 

ANOVA followed by Tukey’spost hoc test (where 

significant difference exists). The results were 

considered significant at p-values ≤ 0.05. The results 

were presented as mean ± standard error of the mean 

(S.E.M.). 

3. Results and discussion

The stem bark of B. costatum is used in African 

traditional medicine in the treatment of liver diseases. 

This study was designed to evaluate the anti-

hepatofibrotic activity of ethyl acetate fraction of B. 

costatum stem bark using CCl4 induced liver fibrosis 

model. The percentage yield of ethyl acetate fraction of 

B. costatum stem bark was found to be 5.09%. 

CCl4 is a toxicant that is bioactivated by cytochrome 

P450 2E1 to form trichloromethyl free radicals and 



Mohammed et al., Journal of Medicinal Herbs, Vol. 12, No. 1: 1-7, 2021 

4 

reactive oxygen species (ROS), which can cause 

damage to hepatocellular membranes, activation of 

immune cells and release of proinflammatory 

mediators. CCl4 induced liver fibrosis model is a widely 

used in vivo model of liver fibrosis in rodents. 

Intraperitoneal administration of carbon tetrachloride 2 

to 3 times per week during 4 to 6 weeks duration at a 

dose range of 300-1000 μl/kg can lead to liver fibrosis 

in mice (Constandinou et al., 2005). 

In this study, intraperitoneal administration of CCl4 

to mice at a dose of 0.4 ml/kg twice weekly for 6 weeks 

caused significant (P<0.05) increase in level of TGF-β1 

(1488±239.0) compared to normal control group that 

received olive oil (288±58.3). Administration of EA 

fraction of B. costatum at dose of 125 mg/kg for 2 

weeks after induction of liver fibrosis caused 

significant (P<0.05) reduction in the level of TGF-β1 

(347±83.8) compared to CCl4 toxic group 

(1488±239.0). No significant reduction in level of 

TGF-β1 was observed after 2 weeks observation of 

CCl4 control group, treatment with silymarin at 100 

mg/kg as well as treatment with EA fraction of B. 

costatum at 31.25 mg/kg and 62.5 mg/kg when 

compared with CCl4 toxic group (Fig. 1). 

Figure 1. Effect of EA fractionof B. costatum on TGF-

β1 in CCl4 induced hepatofibrosis in mice. 
Data were presented as Mean ± SEM.  (n = 5), One way 

ANOVA followed by Tukey’s post hoc test, *=. P ≤ 0.05 

compared to normal control group, ♯  = P ≤ 0.05 compared to 

CCl4  toxic group. TGF-β1: Transforming growth factor beta 

1, OO: Olive oil, SLY: Silymarin, BC: Methanol stem bark 

extract of Bombax costatum, EA: Ethyl acetate fraction of 

Bombax costatum, OBS: Observation, CCl4: Carbon 

tetrachloride 

Photomicrograph of liver tissue from the normal 

control group showed normal liver (Fig. 2a). The 

significant reduction in TGF-β1 level with 

corresponding resolution of established fibrosis (Fig. 

2g) in the EA fraction of B. costatum treated group (at 

125 mg/kg) could be due to down regulation of the 

TGFβ1 signalling pathway of liver fibrosis. TGF β1 is 

reported to be a potent mediator of fibrosis in the liver 

(Brenner, 2009). 

Intraperitoneal injection of CCl4 at a dose of 0.4 

ml/kg twice weekly for 6 weeks also caused significant 

(P<0.05) increase in level of TNFα (88.0±3.74) 

compared to normal control group. Oral administration 

of silymarin at dose of 100 mg/kg for 2 weeks after 

induction of liver fibrosis caused significant (P<0.05) 

reduction in the level of TNFα (52.8±6.26) when 

compared with CCl4 toxic group (88.0±3.74). However, 

significant (P<0.05) decrease in level of TNFα was 

observed in CCl4 control group (49.8±6.76) when 

compared with CCl4 toxic group. There was also 

significant (P<0.05) reduction in level of TNFα after 2 

weeks treatment with EA fraction of B. costatum at 

62.5 and 125 mg/kg (50.4±6.49 and 49.2±4.92), 

respectively, when compared with CCl4 toxic group 

(88.0±3.74) (Table 1). 

Table 1. Effect of EA fraction of B. costatum onTNFα 

in CCl4 induced liver fibrosis in mice 

Treatment TNFα (pg/ml) 

OO 37.0±6.24 

CCl4 88.0±3.74a 

CCl4 + OBS 49.8±6.76b 

SLY 52.8±6.26b 

EA31.25mg//kg 56.0±8.12 

EA62.5mg/kg 50.4±6.49b 

EA125mg/kg 49.2±4.92b 

Data were presented as Mean ± SEM.  (n = 5), One way 

ANOVA followed by Tukey’s post hoc test, a= P≤0.05 

compared to normal control group, b = p≤0.05 compared to 

CCl4  toxic group.  

TNFα = Tumour necrosis factor alpha; OO= Olive oil; SLY= 

Silymarin; EA= Ethyl acetate fraction of Bombax costatum; 

OBS= Observation; CCl4 = Carbon tetrachloride. 

The observed increase in levels of TNF-α and TGF-

β1 with associated collagen deposition in the liver 

could be due to activation of kupffer cells and HSC 

from repeated administration of CCl4. These 

observations were consistent with findings of previous 

studies (Demiroren et al., 2014; Nanik et al., 2018) 

where TNF-α and TGF-β1 were also observed to be 

significantly elevated following repeated 

intraperitoneal administration of CCl4. The level of 

TNF-α level in CCl4 control group was observed to be 

reduced spontaneously although the progression of 

liver fibrosis was observed on histopathological study. 

This could be due to role of TNF-α in multiple 
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signalling pathways of inflammation, proliferation and 

apoptosis of liver cells (Yang and Seki, 2015). 

Figure 2. Photomicrograph of liver showing effect of 

ethylacetate (EA) fraction of B. costatum in CCl4-

Induced liver fibrosis in mice (Masson’s Trichrome 

×250). (2a) OO: Normal liver, (2b) CCl4: Moderate 

porto-hepatic fibrosis (MPHF), (2c) CCl4 + 

Observation: Moderate porto-hepatic fibrosis (MPHF), 

(2d) SLY 100 mg/kg: Moderate porto-hepatic fibrosis 

(MPHF), (2e) EA 31.25 mg/kg: Moderate portal 

fibrosis (MPF), (2f) EA 62.5 mg/kg: Slight portal 

fibrosis (SPF), (2g) EA 125 mg/kg: Normal Liver. 

OO= Olive oil; SLY= Silymarin; EA=Ethyl acetate; 

CCl4 = Carbon tetrachloride 

In agreement with results of the biochemical 

findings, twice weekly administration of 0.4 ml/kg of 

CCl4 for 6 weeks to mice also caused moderate 

deposition of collagen at the portal area extending into 

the liver parenchyma (Fig. 2b) when compared with 

liver tissue from normal control group (Fig. 2a). 

Subsequent observation of the mice for 2 weeks period 

after induction of fibrosis (for spontaneous resolution 

of fibrosis) showed persistence of moderate Porto-

hepatic fibrosis (Fig. 2c). Additionally, treatment with 

silymarin (100 mg/kg for 2 weeks) after fibrosis 

induction did not reverseliver fibrosis (Fig. 2d). 

Treatment with EA fraction of B. costatum at 31.25 

mg/kg for 2 weeks (after induction of fibrosis) resulted 

tomoderate portal fibrosis (Fig. 2e) while treatment 

withthe EA fraction of at 62.5 mg/kg resulted to slight 

portal fibrosis (Fig 2f). However, treatment with EA 

fraction of B. costatum at 125 mg/kg for 2 weeks 

resulted in restoration of normal liver architecture (Fig 

2g). The spontaneous reduction in TNF-α level seen in 

the CCl4 control group has demonstrated that 

terminating further liver damage caused by toxicants 

could lead to some resolution of inflammation in the 

liver but not spontaneous resolution of advanced 

fibrosis. The observed progression of liver fibrosis in 

the CCl4 control group is consistent with the finding of 

Domitrovic et al. (2009). Once advanced fibrosis is 

established, collagen deposition progresses leading to 

the formation of hepatic nodules and decreased blood 

supply to the liver (Bataller and Brenner, 2005; 

Hernandez-Gea and Friedman, 2011).  

Reactive oxygen species are key driver of hepatic 

inflammation and fibrosis. Lipid peroxidation in the 

liver can be assessed by measuring the level of MDA. 

CCl4 can damage hepatocellular membrane and cause 

lipid peroxidation leading to elevation in hepatic MDA. 

Administration of CCl4 at a dose of 0.4 ml/kg twice 

weekly for 6 weeks caused significant (P<0.05) 

increase in level of MDA (1153.0±320.0) compared to 

normal control group that received olive oil 

(235.5±20.9). However, oral treatment with silymarin 

(100 mg/kg) and EA fraction of B. costatum at all 

tested doses for 2 weeks after induction of liver fibrosis 

caused significant (P<0.05) reduction in the level of 

MDA compared to CCl4 toxic group (1153.0±320.0). 

There was no significant (P>0.05) reduction in level of 

MDA after 2 weeks observation of CCl4 control group 

(compared to CCl4 toxic group) suggesting the 

persistence of oxidative stress (Table 2). The observed 

significant reduction in level of hepatic MDA in 

sylimarin and EA fraction of B. costatum (125 mg/kg) 

treated groups could be due to presence of flavonoid in 
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them. B. costatum stem bark was reported to possess 

bioactive constituents such as flavonoids and tannins 

(Mohammed et al., 2018) with antioxidant potentials 

due to their free radical scavenging activity (Kahkonen 

et al., 1999). Hepatic MDA levels are reduced by 

agents that possess antioxidant properties as seen in 

results of previous studies (Morsy et al., 2012; Chavez 

et al., 2008).  

Table 2. Effect of EA fraction of B. costatum on MDA, CAT and GSH in CCl4 induced liver fibrosis in mice. 

Treatment MDA(nMol/ml) CAT(U/ml) GSH(U/ml)

OO 235.5±20.90 14.00±0.65 19.99±0.54

CCl
4 1153.0±320.00

*

5.49±1.15
*

9.55±0.45
*

CCl
4
 + OBS 776.0±102.00 9.20±1.58 12.44±1.61

SLY 271.1±26.60
♯ 13.05±1.09 18.79±0.29

♯

EA 31.25mg//kg 485.0±110.00
♯ 10.64±2.78 12.76±2.41

EA 62.5mg/kg 417.21±2.84
♯ 11.27±0.67 15.14±1.29

EA 125mg/kg 273.2±36.40
♯

11.98±2.22 18.03±1.23
♯

Data were presented as Mean ± SEM.  (n = 5), One way ANOVA followed by Tukey’s post hoc test. a= p≤ 0.05 when compared 

with normal control group, b = p≤ 0.05 compared to CCl4  toxic group. 

MDA= Malondialdehyde; GSH= Reduced glutathione; OO= Olive oil; SLY= Silymarin; EA= Ethyl acetate fraction of B. 

costatum; OBS= Observation; CCl4 = Carbon tetrachloride. 

A significant (P<0.05) decrease in GSH (9.55±0.45) 

and CAT (5.49±1.15) was observed after 

intraperitoneal administration of CCl4 at a dose of 0.4 

ml/kg twice weekly for 6 weeks when compared with 

normal control group (19.99±0.54 and 14.00±0.65, 

respectively). However, administration of silymarin 

(100 mg/kg) and 125 mg/kg of EA fraction of B. 

costatum for 2 weeks after induction of liver fibrosis 

caused significant (P<0.05) increase in the level of 

GSH (Table 2).  

There was an appreciable increase in level of CAT 

(though not statistically significant) after 2 weeks 

treatment with silymarin (100 mg/kg) and EA fraction 

of B. costatum stem bark at all tested doses when 

compared to CCl4 toxic group (Table 2). The significant 

increase in the level of GSH in the EA fraction treated 

groups could be as a result of their antioxidant 

activities. 

4. Conclusion

In conclusion, ethylacetate fraction of B. costatum 

possess anti-hepatofibrotic, anti-inflammatory and in 

vivo antioxidant activities in a dose dependent manner. 

This provides scientific basis for the traditional use of 

the plant in treatment of liver diseases. 
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