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ABSTRACT 
Background: Hepatic disease is still a major public health problem due to susceptibility of 

the liver to a variety of metabolic, circulatory, neoplastic, xenobiotic and microbial insults. 

Bombax costatum stem bark was reported to possess hepatoprotective activity but high dose 

was found to be associated with hepatocellular necrosis. The search for new effective therapy 

with minimal side effect is still ongoing. 

Objectives: To evaluate the hepatoprotective activity of ethyl acetate fraction of B.costatum 

stem bark against carbon tetrachloride (CCl4) induced acute liver injury in mice. 

Methodology: Phytochemical and acute toxicity studies of the ethyl acetate fraction of B. 

costatum stem bark were carried out. Single dose of 1 ml/kg of CCl4 was administered 

intraperitoneally to treated groups of mice to induce acute hepatotoxicity while in vitro 1,1 -

diphenyl-2-picrylhydrazyl (DPPH) radical scavenging method was used for antioxidant 

study. Effects of the ethyl acetate fraction of B.costatum on DPPH radical, serum biochemical 

parameters and liver histopathology were analysed. 

Results: Phytochemicals present include tannins, triterpenes and flavonoids. Oral median 

lethal dose was estimated to be >5000 mg/kg. Pre-treatment of mice with the ethyl acetate 

fraction of B.costatum stem bark at 62.5 and 125 mg/kg significantly (p<0.001) reduced 

alanine aminotransferase (55.6±6.27 and 54.2±2.73 respectively) and aspartate transaminase 

levels (76.8±5.16 and 53.2±3.44 respectively) compared to CCl4 toxic group. These results 

were supported by the preservation of the liver against CCl4 -induced hepatocellular necrosis 

in the ethyl acetate fraction treated groups. 

Conclusion: The results obtained suggest that ethyl acetate fraction of B.costatum stem bark 

possesses hepatoprotective activity against CCl4 induced acute liver injury. The 

hepatoprotective effect of the ethyl acetate fraction of B.costatum stem bark could be due to 

its antioxidant activity. 

Keywords: Bombax costatum; Carbon tetrachloride; Ethyl acetate; Hepatoprotective; 

Necrosis 

 

1.0 INTRODUCTION 

Hepatic disease is still a major public 

health problem due to susceptibility of the 

liver to a variety of metabolic, circulatory, 

neoplastic, xenobiotic and infective insults. 

It accounts for 2 million deaths per year 

globally [1]. According to the European 

Association for study of Liver Disease 
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[EASL] [2], liver disease is extremely 

costly in terms of human suffering, 

management and premature loss of 

productivity. It is also an important cause 

of morbidity and mortality globally. The 

pattern of liver disease varies in different 

geographical locations [3]. The search for 

effective, safe, accessible and affordable 

therapy for liver disease is still ongoing. 

The WHO strongly encourages strategic 

research and rational use of traditional 

medicines in the primary health care 

delivery system of developing countries 

[4] and this has led to the discovery of 

relevant plants with useful chemical 

constituents that can be used in treatment 

of various diseases. We previously 

reported the hepatoprotective effect of 

methanol stem bark extract of Bombax 

costatum (BC) against carbon tetrachloride 

(CCl4) as well as paracetamol induced 

acute liver injury in rats. Lower doses of 

the extract were noted to exhibit more 

hepatoprotective activity while high doses 

were observed to be associated with 

hepatocellular necrosis [5]. This study 

therefore aimed to evaluate the 

hepatoprotective activity of ethyl acetate 

(EA) fraction of B. costatum against CCl4 

induced acute liver injury in mice.  

 

2. MATERIALS AND METHODS 

2.1 Equipment and Chemicals 

Carbon tetrachloride (BDH Ltd Poole, 

England), Ethyl acetate, Methanol, Hexane 

(Sigma Aldrich, USA) Silymarin (Micro 

Labs Limited, India), Biochemical kits 

(Randox, UK), Haematoxyline and Eosin 

stain, ScopetekDCM500 Camera 

(Hangzhou S. Digital Technology Ltd. 

China), Leitz Microscope (Optical 

Institute, Germany), Spectrophotometer 

(Metsar Technologies Pvt. Ltd., 

Hyderabad), 1,1-diphenyl-2-picrylhydrazyl 

radical (DPPH) powder (Sigma Chemical 

Co. USA) 

 

 

2.2 Experimental Animals 

Male mice (25-30 g) were obtained from 

Animal house of Department of 

Pharmacology and Therapeutics, Ahmadu 

Bello University Zaria. They were kept 

inside clean cages in a well-ventilated 

room and fed with standard commercial 

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

were allowed free access to the feed and 

drinking water ad libitum. All experiment 

protocols were performed according to 

regulations governing the care and use of 

experimental animals as contained in 

“Principles of laboratory animal care” 

published by the National Institute of 

Health (NIH Publication No. 85-23, 

revised, 1996) and were approved by the 

Ahmadu Bello University Committee for 

Animal Use and Care (Approval number: 

ABUCAUC/2020/50). 

 

2.3 Preparation of ethyl acetate fraction 

from stem bark of B. costatum    

Stem bark of B. costatum was collected 

from Sabon Gari local Government, 

Kaduna, Nigeria in the month of July. It 

was authenticated by Namadi Sanusi, a 

taxonomist at the Herbarium Unit of the 

Department of Botany, Ahmadu Bello 

University, Zaria by comparing with an 

existing reference voucher specimen 

previously deposited in the herbarium 

(number 1211) 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% v/v 

methanol for 72 hours. The mixture was 

intermittently stirred during the 72 hours 

period and then filtered using Whatman 

filter paper (No. 1). The filtrate was 

concentrated to dryness over a water bath 

maintained at 50ºC. The extract was kept 

in an air tight container and then stored in 

a desiccator until required for further 
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studies. To obtain the EA fraction of BC, 

460g of methanol stem bark extract of B. 

costatum was subjected to liquid-liquid 

partitioning to separate the extract into 

different fractions. For each session, about 

100 mg of methanol stem bark extract of 

B. costatum powder was dissolved in 

distilled water (500 ml) and exhaustively 

extracted by succesive liquid/liquid  

partition  with  hexane  (500 ml), 

chloroform (500 ml) and ethyl  acetate 

(500 ml) using a separating funnel (1000 

ml). For each solvent, the mixture was 

allowed to stand for 30 minutes in the 

separating funnel until a clear separation 

line appeared before desorption. The 

solvent fractions were evaporated to 

dryness on a water bath maintained at 45 
0C to obtain their corresponding fractions 

[6]. 

 

2.4. Preliminary phytochemical screening  

Preliminary phytochemical screening of 

EA fraction of BC was conducted 

according to the method previously 

described [7]. The fraction was screened 

for presence or absence of saponins, 

anthraquinones, flavonoids, cardiac 

glycoside, alkaloids, tannins, triterpenes 

and steroids. 

 

2.5. Acute toxicity study 

Acute toxicity study of EA fraction of BC 

was carried out in mice according to 

Organisation for Economic Co-operation 

and Development (OECD) guideline 423 

[8]. Before oral administration of a single 

dose of the fraction, the mice were 

deprived of food for 3 hours. Limit test at 

dose of 5000 mg/kg was conducted using 3 

mice. The first mice was dosed at 5000 

mg/kg and observed. The remaining 2 

mice were also dosed at 5000 mg/kg. All 

the mice were observed for general 

behavioural changes, symptoms of toxicity 

and mortality after treatment for the first 

four hours, then over a period of 24 hours 

and thereafter daily for 14 days duration. 

                                                                                                                                                          

2.6 In vivo hepatoprotective study of ethyl 

acetate fraction of B. costatum against 

CCl4 induced acute hepatotoxicity in mice 
 

CCl4 induced acute liver injury was carried 

out according to method previously 

described [9] with some modifications. 

The mice were divided into 6 groups with 

each group containing 5 mice. Group I 

(Normal control) received olive oil, 1 

ml/kg, p.o. on the 8th day of the study. 

Mice in group II (Toxic group) received 

CCl4 (1ml/kg, 1:1 in olive oil, p.o) on the 

8th day. Group III (Standard group) was 

treated with silymarin (100 mg/kg p.o.) 

daily for 7 days and CCl4 (1ml/kg, 1:1 in 

olive oil, p.o) on the 8th day. Mice in 

groups IV, V and VI received 31.25, 62.5 

and 125 mg/kg of EA fraction of BC p.o. 

per day for 7 days and CCl4 (1ml/kg, 1:1 

in olive oil,.p.o) on the 8th day 

respectively. The animals in all the groups 

were euthanized 24 hours after injection of 

CCl4. Liver tissues were rapidly dissected 

and the left lobes were fixed in a buffer 

solution of 10% formalin for histological 

analysis while blood samples were 

collected in plain sample bottles and then 

centrifuged at a speed of 4000 revolutions 

per minute to obtain serum. The sera were 

used for determination of AST and ALT 

using commercially available kit (Randox 

reagent UK) and a spectrophotometer for 

reading the absorbance. 

 

2.7 DPPH radical scavenging activity of 

ethyl acetate fraction of B. costatum stem 

bark 

The DPPH radical scavenging activity of 

the EA fraction of BC was determined by 

the DPPH radical scavenging method [10]. 

DPPH solution was prepared by dissolving 

6 mg of DPPH in 100 ml of methanol. To 

1ml of various concentrations of the EA 

fraction of B. costatum stem bark (20, 40, 

60, 80, 100 μg/ml), 2 ml of DPPH solution 

(0.1mM) was added. An equal amount of 
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methanol and DPPH was used as control. 

The mixture was shaken vigorously after 

being kept for 30 minutes. The absorbance 

of the resulting solution was taken using 

UV spectrophotometer at 520 nm. The 

experiments were performed in triplicate 

and the percentage scavenging activity of 

EA fraction of B. costatum stem bark on 

DPPH radical was calculated using the 

formulae below: 

Radical Scavenging activity (%) =   [𝐴𝐵 −
𝐴𝐸/𝐴𝐵] × 100 

Where AB= absorbance of control, AE= 

absorbance of EA fraction of BC 

DPPH radical scavenging activity of the 

extract was expressed in terms of IC50 

(concentration of the extract required to 

inhibit DPPH radical formation by 50%) 

which was calculated using linear 

regression equation from the graph of % 

inhibition against sample concentration on 

Microsoft excel software. 

 

2.8 Histopathological Study 

Sections of liver tissue were used for 

histopathological examination after 

dissecting the animals. Tissues were fixed 

in 10% buffered formalin (pH 7.2) and 

dehydrated through a series of ethanol 

solutions (70%, 90%, 96% and 100%). 

The tissues were cleared in xylene and 

embedded in paraffin. Sections of 5 μm 

thickness were cut using a rotary 

microtome and stained with haematoxylin 

and eosin for examination. The stained 

tissues were observed through a Leitz 

microscope at x250 magnification and 

photographed by a Scope tek DCM500 

camera. 

 

2.9 Statistical analysis of data 

Data were presented using tables, chart 

and plates where applicable. Analyses of 

data were done using SPSS (version 20). 

Biochemical data were presented as Mean 

± Standard Error of Mean (S.E.M.). 

Differences between mean were analysed 

using one way ANOVA followed by 

Tukey’s post hoc test. The results were 

considered significant at p-values ≤ 0.05. 

 

3.0 RESULTS 

Percentage yield of EA fraction of BC 

The percentage yield of the ethyl acetate 

fraction of B.costatum was calculated to be 

5.10% w/w.  

 

Phytochemical constituents of EA 

fraction of BC 

Preliminary phytochemical screening of 

ethyl acetate fraction of B. costatum 

showed the presence of flavonoids, 

tannins, carbohydrate, triterpenes and 

steroids (Table 1). 

 

Effect of EA fraction of BC on ALT and 

AST 

Significant (p≤ 0.001) increase in serum 

AST and ALT were observed in mice 

treated with CCl4 in CCl4 toxic group 

(117.2±2.06 and 86.2±3.98 respectively) 

when compared with normal control group 

(49.2±4.22 and 24.0±2.28 respectively) 

(Table 2).  

However, pre-treatment with sylimarin 

(100 mg/kg) and ethyl acetate fraction of 

B. costatum at all tested doses caused 

significant (p≤ 0.001) reduction in serum 

level of AST when compared with that of 

CCl4 toxic group (Table 2). Pre-treatment 

of mice with silymarin (100 mg/kg) and 

ethyl acetate fraction of B. costatum (62.5 

and 125 mg/kg) also caused significant (p≤ 

0.001) reduction in serum level of ALT 

(60.4±5.39, 55.6±6.27 and 54.2±2.73 

respectively) when compared with CCl4 

toxic group. 

 

Effect of EA fraction of BC on 

histopathological changes on liver 

Photomicrograph of liver section from the 

CCl4 toxic group showed moderate 

hepatocellular necrosis (Plate Ib). Pre-

treatment of mice with 31.25 mg/kg of the 

EA fraction of BC did not protect the liver 

from toxic effect of CCl4 (Plate Id) but pre-
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treatment with silymarin (100 mg/kg) and 

EA fraction of B. costatum (62.5 and 125 

mg/kg) protected the liver from CCl4 

induced hepatotoxicity (Plate Ic, Ie and If 

respectively).  

 

DPPH free radical scavenging activity of 

EA fraction of BC 

The IC50 of the EA fraction of B. costatum 

stem bark was found to be 53 μg/mL (Table 

3, Figure 1). 

 

4.0 DISCUSSIONS 

This study evaluated the effect of EA 

fraction of BC against CCl4 induced acute 

liver injury in mice. Flavonoids were 

reported to possess anti-inflammatory and 

free radical scavenging activities [11],[12]. 

This may be responsible for the observed 

hepatoprotective activity of the EA fraction 

of BC against CCl4 induced acute liver 

injury in mice. 

The aminotransferases enzymes (ALT and 

AST) are sensitive indicators of liver cell 

injury and are most helpful in recognizing 

acute hepatocellular diseases. Liver cell 

damage can cause loss of hepatocytes cell 

membrane integrity leading to leakage of 

liver enzymes out of the hepatocytes and 

their elevation in the serum [13]. CCl4 is a 

fast acting hepatotoxic agent that can cause 

morphological changes in the liver appearing 

as early as 15 minutes after parenteral 

administration [14].  

This study demonstrated that single 

intraperitoneal injection of 1ml/kg of CCl4 to 

mice caused significant (p≤ 0.001) elevation 

in the serum level of ALT and AST as well 

as distortion of liver architecture. These 

findings were in agreement with results of 

previous study [9], in which CCl4 was used 

to induce acute liver damage that led to 

significant elevation in the serum levels of 

ALT and AST.  

Free radical scavenging activity of 

substances can be evaluated using the DPPH 

assay. DPPH is a stable free radical 

compound and has an absorbance in its 

oxidized form within 515-520 nm [15, 16]. 

Change in colour, from purple to yellow 

indicates presence of antioxidant substance 

[17]. This demonstrates that the antioxidant 

found in a mixture solution interact with the 

free radicals in DPPH [18].  

IC50 is the concentration of the extract 

required to inhibit DPPH radical formation 

by 50%. The IC50 of the EA fraction of B. 

costatum stem bark was found to be 53 

μg/mL. This implies that EA fraction of B. 

costatum stem bark posses higher in vitro 

antioxidant activity than the crude methanol 

stem bark extract of B. costatum previously 

reported [5]. The lower the IC50 value, the 

higher the antioxidant activity of the sample 

[19]. This further validated the findings of 

previous study where EA fraction of B. 

costatum was reported to have in vivo 

antioxidant potential [20]. Oxidative stress is 

a key driver of hepatic inflammation and 

fibrosis. Under normal physiological 

conditions, oxygen-containing reactive 

molecules regulate key physiological 

activities in the body. These physiological 

activities include cell growth, proliferation, 

migration, differentiation, and apoptosis 

[21]. However, elevated intracellular 

reactive oxygen species (ROS) 

concentrations can induce damage to cell’s 

structure, organelles and macromolecules 

due to oxidative stress. In the liver, ROS can 

induce apoptosis and necrosis of 

hepatocytes. It can also stimulate the 

production of profibrogenic mediators by 

Kupffer cells and recruitment of circulating 

inflammatory cells. Antioxidants play 

essential role in the prevention of oxidative 

stress-related diseases and in the reduction 

of total mortality [22]. Flavonoids 

commonly accumulate in the epidermal cells 

of plant organs such as flowers, leaves, 

stems, roots, seeds and fruits. Studies have 

shown that flavonoids and tannins exert their 

antioxidant properties via free radical 
scavenging effect [23]. In this study, EA 

fraction of BC was found to possess both 

antioxidant and hepatoprotective activities 

against CCl4-induced acute liver damage. This 

could be due to presence of flavonoids and 

tannins. Previous studies have shown that 

plants rich in natural antioxidant possess good 

hepatoprotective activity [24]. 
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5.0 CONCLUSION  

The results obtained suggest that ethyl acetate 

fraction of B.costatum stem bark possesses 

hepatoprotective activity against CCl4 induced 

acute liver injury. The antioxidant and 

hepatoprotective effect of the EA of B. 

costatum could be due to presence of 

flavonoids and tannins which are known to 

possess anti-inflammatory and free radical 

scavenging activities. 
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Table 1: Phytochemical Constituents of Ethyl 

Acetate fraction of B. costatum 
 

Phytoconstituents Test Inference 

Flavanoids Shinoda   

Saponins Frothing   

Tanins Ferric 

chloride  

 

Anthraquinons Bontregers  

Carbohydrate Molisch  

Triterpenes 

and steroid 

Liebermann-

Bucchard 

 

Alkaloid Dragendorff  

 Table 2: Effect of Ethyl Acetate Fraction of B. 

costatum on AST and ALT in CCl4 induced 

liver injury 

 

Treatment AST (U/L) ALT (U/L) 

OO 49.2±4.22 24.0±2.28 

CCl4 117.2±2.06

* 

86.2±3.98* 

SLY 59.2±4.5♯ 60.4±5.39♯ 

EA31.25mg//k

g 

85.2±2.89♯ 77.0±8.02 

EA62.5mg/kg 76.8±5.16♯ 55.6±6.27♯ 

EA125mg/kg 53.2±3.44♯ 54.2±2.73♯ 

 

+ = Present, - = Absence   

Data were presented as Mean ± SEM.  (n = 5), One way ANOVA followed by Tukey’s post hoc 

test.*= p ≤ 0.05 compared with normal control group, ♯  = p ≤ 0.05 compared to CCl4  toxic group. 

ALT: Alanine transaminase, AST: Aspartate transaminase, OO: Olive oil, SLY: Silymarin, EA: 

Ethyl acetate fraction of Bombax costatum, CCl4: Carbon tetrachloride 

 

Table 3: Quantitative DPPH Assay of the Stem Bark Extract of Ethyl Acetate Fraction of B. 

costatum 

 

S/N  Concentration (μg/ml)    AB                     AE                           % Inhibition  

       1        20                                  0.548                  0.328                             40.15                      

       2         40                                 0.452                 0.206                              54.42                

       3         60                                 0.532                  0.215                            59.59                     

       4         80                                 0.812                  0.212                            73.89 

       5        100                                0.698                  0.122                             82.52 

 

Keys: Where AB= absorbance of control, AE= absorbance of the Extract, SN= Serial number 
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Figure 1: DPPH radical scavenging activity of methanol extract of B. costatum stem bark. 

Results represents mean of triplicates of different concentrations analysed. Wavelength 

=520nm. 

 

                                                          
 

 

                                                                         
 

 

Plate I: Photomicrograph of Liver Showing Effect of  Ethylacetate fraction of B. 

costatum  in CCl4-Induced Acute Liver Injury in mice (H and E ×250). 

OO= Olive oil, CCl4= Carbon tetrachloride, SLY= Silymarin, MN= Moderate necrosis, SN= 

Slight necrosis, NL= Normal liver, EA= Ethyl acetate 

 

  

(Ia) OO: Normal hepatocyte (Ib) CCl4: Moderate necrosis (Ic)  SLY 100: Slight necrosis 

(Id) EA31.25: Moderate necrosis (Ie) EA62.5: Slight necrosis (If) EA125: Normal liver 

y = 0.9417x
R² = 0.2001

0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100 120

P
er

ce
n

ta
g

e 
in

h
ib

it
io

n
 (

%
)

Concentration (μg/mL)



 

 

Archives of Pharmaceutical Sciences and Biotechnology Journal  

  

Volume 3 Issue 2 December 2023,  Page 117 - 127   ISSN: 2971_611X 

Submitted    5/11/2023                   Accepted 28/12/2023 

 
APSBJournal 

 

125 | P a g e  
 

REFERENCES 
[1]  Asrani, S.K., Davarbhavi, H., 

Eaton, J. and Kamath, P.S. (2019). Burden 

of liver diseases in the world. Journal of 

Hepatology. 70(1):151-

171.doi:10.1016/j.hep.2018.09.014. 

[2]  European Association for study of 

Liver Disease (EASL). (2017). 

HEPAMAP. A roadmap for hepatology 

research in Europe: An overview for 

policy makers. Available 

from:http://www.easl.eu/medias/EASLimg

/News/3f9dd90221ef292_file.pdf. 

[3]  Nwokediuko, S.C., Osuala, P.C., 

Uduma, U.V., Alaneme, A.K., Onwuka, 

C.C. and Mesigo, C. (2013). Pattern of 

liver disease admissions in a Nigerian 

tertiary hospital, Nigerian Journal of 

Clinical Practice. 16:339-42. 

[4]  WHO (2013). WHO Traditional 

Medicine Strategy 2014-2023, Geneva: 

WHO Press. 

[5]  Mohammed, N., Yaro, A.H. and 

Nazifi, A.B. (2018). Bombax costatum 

Pellegr. and Vuillet Stem Bark Extract 

Prevents Paracetamol and Carbon 

Tetrachloride-Induced Liver Injury in 

Rats. Tropical Journal of Natural 

Products Research. 2(5):220-226. 

http://doi.org/10.26538/tjnpr/v2i5.4 

[6]  Gandhi, A.P., Joshi, K.C., Jha, K., 

Parihar, V.S., Srivastav, D.C., Raghunadh, 

P. and Tripathi, R.N. (2003).  Studies on 

alternative solvents for the extraction of 

oil-I soybean. International Journal of 

Food Science. 38(3):369-375. 

[7]  Trease, G.E. and W.C. Evans, 

(1996). A Text Book on Pharmacognosy. 

12th Ed., Bailliere-Tindall., London, UK, 

pp 153-475. 

[8]  Organisation for Economic Co-

operation and Development. (2001). 

OECD guidelines for testing of chemicals, 

Test No. 423, Acute toxic class method. 

Available on the OECD public website for 

Test Guidelines at 

www.oecd.org/env/testguidelines. 

[9]  Yung-Jia, C., Shen-Chieh, C., 

Chuan-Sung, C., Chun-Pin, K., Kun-

Chang, Wu., Chao-      Jung, C., Jen-

Chieh, T., Wen-Huang ,P. (2018). 

Hepatoprotective effect of the ethanol   

extract of Polygonum orientale on carbon 

tetrachloride-induced acute liver injury in 

mice. Journal of Food and Drug Analysis. 

26: 369-379. 

[10] Chan, E.W.C., Lim, Y.Y., Wong, 

L.F., Lianto, F.S., Wong, S.K., Lim, K.K., 

Joe, C.E. and Lim, T. (2008). Antioxidant 

and tyrosinase inhibition properties of 

leaves and rhizomes of ginger species. 

Food Chemistry, 109: 477-483. 

[11] George, A., Ng, C.P., 

O‟Callaghan, M., Jensen, G.S. and Wong, 

H.J. (2014). In vitro         and ex-vivo 

cellular antioxidant protection and 

cognitive enhancing effects of an extract of 

Polygonum minus Huds (Lineminus) 

demonstrated in Barnes maze animal 

model for memory and learning. BMC 

Complementary and Alternative Medicine. 

14: 1 -10. 

[12] Panche, A.N., Diwan, A.D. and 

Chandra, S.R. (2016). Flavonoids: an 

overview. Journal of Nutritional Science. 

5 (47) 1-15. doi:10.1017/jns.2016.41. 

[13] Daniel S. P.: Evaluation of Liver 

Function In: Harrison’s Principles of 

Internal Medicine. Eds.: Fauci A.S., 

Braunwald E., Kasper D. L., Hauser S.L., 

Longo D.L., Jameson J.L., Loscalzo, J. : 

The McGraw-Hill Companies, New York 

2015, 17th ed., 1995- 1999. 

[14] Perrissoud, D., Auderset, G., 

Reymond, O. and Maignan, M.F. (1981). 

The effect of carbon tetrachloride on 

isolated rat hepatocytes. Virchows Arch. B, 

Cell Patholology including Molecular 

Pathology. 35(2):83–91. 

[15] Siddartha, B., Riya, M., Anjali, P., 

Arpana, V., Archana, G., Ramendra P.P 

and Chung-Ming, C. (2022). 

Determination of Antioxidants by DPPH 

Radical Scavenging Activity and 



 

 

Archives of Pharmaceutical Sciences and Biotechnology Journal  

  

Volume 3 Issue 2 December 2023,  Page 117 - 127   ISSN: 2971_611X 

Submitted    5/11/2023                   Accepted 28/12/2023 

 
APSBJournal 

 

126 | P a g e  
 

Quantitative Phytochemical Analysis of 

Fiscus religiosa. Molecules. 27 (4): 1326. 

[16] Donata, B., Michael, M., Werner, 

P., Rimantas, V. and Dainora, G. (2002). 

Detection and activity evaluation of radical 

scavenging compounds by using DPPH 

free radical and on-line HPLC-DPPH 

methods. European Food Research and 

Technology. 214 (2): 143-147. 

[17] Saha, M.R., Hasan, S.M.R., Akter, 

R., Hossain, M.M.,  Alam, M.S., Alam, 

M.A and Mazumder, M.E.H. (2008). In 

vitro free radical scavenging activity of 

methanol extract of the leaves of 

Mimusops elengi linn. Bangladesh  

Journal of Veterinary Medicine, 6 (2): 

197-202. 

[18] Sagar, B.K and Rp, S. Genesis and 

development of DPPH method of 

antioxidant assay. Journal of Food Science 

and Technology. 48 (4):412-422. 

[19] Xican, L, Xiaoting, W and Ling, H. 

(2009). Correlation between antioxidant 

activities and phenolic contents of radix 

Angelicae sinensis. Molecules, 14 (12): 

5349-5361 

[20] Mohammed, N., Anuka, J. A., 

Musa, A.M and Yau, J. (2020). Anti-

hepatofibrotic  effect of ethyl acetate 

fraction of Bombax costatum 

Pellgr.EtVuillet stem bark against CCl4-

induced liver fibrosis in mice. Journal of 

Medicinal Herbs, 11 (1): 1-7. 

[21] Manea, S. A., Constantin, A., 

Manda, G., Sasson, S. and Manea, A. 

(2015). Regulation of Nox enzymes 

expression in vascular pathophysiology: 

focusing on transcription factors and 

epigenetic mechanisms. Redox Biology, 5, 

358-366.doi: 10.1016/j.redox.2015.06.012 

[22] Laurence L.B, Keith L.P, Donald 

K.B, Lain L.O.B. Goodman and Gilman’s 

Manual of Pharmacology and 

Therapeutics. NewYork: McGraw-Hill 

Companies; 2008. 

[23] Panche, A.N., Diwan, A.D. and 

Chandra, S.R. (2016). Flavonoids: an 

overview 

Journal of Nutritional Science, 5(47), 1-

15. doi:10.1017/jns.2016.41. 

[24] Sharida, F., Syazana, A. S. and 

Palanisamy, A. (2012). Moringa oleifera 

Hydroethanolic Extracts Effectively 

Alleviate Acetaminophen-Induced 

Hepatotoxicity in Experimental Rats 

through Their Antioxidant Nature. 

Molecules 17, 8334-8350. 

 

 

 

 

 

 

 

 


