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Asparagus racemosus Willd., Cajanus cajan (L.) Millsp., Cassia fistula L., and Carissa spinarum L. (ACCC) are used in 

ethnomedicine for treating a variety of diseases, including liver disease. The present study investigated the combined 

antioxidative and hepatoprotective roles of an aqueous methanol extract of ACCC (AMACCC) on CCl4-induced hepatic 

damage in the rat model. Thirty male Wistar Albino rats were divided uniformly into five groups. Group I (control) received 

only the vehicle DMSO (0.5 mL/kg b.w.) and was fed a normal diet for 28 days. Carbon tetrachloride (0.5 mL/kg b.w., 20% 

CCl4/olive oil) was used to intoxicate groups II-V. Rats in Group II remained untreated, while groups III, IV, and V were 

given 50 mg/kg b.w. of sylimarin, 100 mg/kg b.w., and 200 mg/kg b.w. of AMACCC, respectively, for 28 days. 

Investigations were conducted to evaluate the combined action of AMACCC on liver marker enzymes along with 

histopathological changes of hepatic tissue before and after treatment. In vitro antioxidative activity of AMACCC was also 

observed. There were significant increases (p<0.001) in serum hepatic enzyme markers (ALT, AST, and ALP) activities in 

rats intoxicated with CCl4 when compared to the normal group, but administration of AMACCC extract at doses of 100 

mg/kg and 200 mg/kg body weight and standard sylimarin drug attenuated (p<0.01) the toxic effects of CCl4. The treated 

liver was shown to be in repair histopathologically. The combination of the four plant extracts has a strong hepatoprotective 

effect, indicating that more research is needed. 

Keywords: Antioxidant, CCl4, Hepatoprotection, Liver damage 

IPC Code: Int Cl.24: A61K 36/00, A61P 1/16 

The liver is a crucial organ in the human body that is 

responsible for metabolizing and regulating several 

physiological activities while also being exposed to 

xenobiotics through toxin absorption
1
. The multitude 

of liver physiological processes contributes to the 

high prevalence of hepatic disorders
2
. Despite 

tremendous scientific progress in the field of 

hepatology in recent years, liver disease is on the 

rise
3
. Unfortunately, there are only a few medications 

available for the treatment of liver problems that have 

substantial adverse effects
4
. Because of the side 

effects of synthetic drugs, more attention is being paid 

to the therapeutic evaluation of medicinal plants. 

Plant-derived medicines have long been 

investigated for their antioxidant capabilities since 

they can scavenge both oxygen and nitrogen-derived 

free radical species (ROS) that cause liver damage
5
. 

The food system produces highly reactive oxygen free 

radicals that can oxidize biomolecules, leading to 

tissue destruction and apoptosis in most cases
6
. In this 

regard, antioxidants are referred to as free radical 

scavengers, as they help to prevent and repair damage 

caused by free radicals
7,8

. 

Secondary metabolites, which are complex organic 

molecules synthesized by medicinal plants (alkaloids, 

flavonoids, phenols, tannins, etc.), have attracted the 

interest of researchers and consumers as possible 

source antioxidants
9,10

. Many diseases now have 

diverse origins, and they can be treated more 

effectively with a medication combination strategy 

than with a single administration. Bioactive compounds 

————— 
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generated by plants regulate and buffer one another, 

working synergistically to boost the systemic effect. In 

Western nations, effective multidrug therapy is 

routinely used to treat multifactorial or complicated 

diseases
11

. Phytotherapy and ethnopharmacology play a 

major role in this regard, as they rely on herbs or plants 

for their efficacy of treatment. 

A variety of medicinal plants have been known to 

offer hepatoprotective effects through increasing 

antioxidant levels. However, the hepatoprotective 

properties of such plants have not been rigorously 

studied and hence cannot be confirmed by  

scientific data. A. racemosus, C. cajan, C. fistula, and 

C. spinarum are some of the medicinal plants 

available in Bangladesh. These plants have been 

known to offer a wide range of therapeutic properties 

in the past. Improved liver damage
12

, regeneration
13

, 

and fertility enhancement
14

 have all been associated 

with A. racemosus. C. cajan leaf juice is used to treat 

toothache, jaundice, dysentery, bronchitis, heart 

disease, and anthehelmintic infection
15

. C. spinarum 

is used for hepatoprotective activity
16

, asthma
17

, 

cardiac dysfunction
18

, antimicrobial activity
19

, 

wounds and injuries
20

. Another common plant is  

C. fistula, which is used to cure skin problems, 

inflammatory ailments, rheumatism, anorexia, and 

jaundice
21

. Flower and pulp showed low level of 

antioxidant property because of strong presence of 

flavonoids and reducing sugar
22

. 

Hepatoprotective effects of these four plants, viz., 

A. racemosus
12

, C. cajan
23,24

, C. spinarum
16

, and  

C. fistula
25

, have previously been reported. But the 

combined liver protective effect of these mentioned 

plants has not been analyzed yet. Regarding this 

situations our research focuses on the combined 

potency of A. racemosus, C. cajan, C. fistula, and  

C. spinarum against liver damage, how they 

synergistically contribute to protecting the CCl4-

induced hepatic damage in the experimental rat. 

 

Methodology 
 

Plant materials 

The plant materials, A. racemosus (local name: 

shatamuli, component: root), C. cajan (local name: 

arhar, component: leaf), and C. fistula (local name: 

shonalu, component: bark) were collected from the 

local market in Dhaka, and C. spinarum (local name: 

koromcha, component: leaf) was from the cultivation 

area of the Bangladesh Council of Scientific and 

Industrial Research, Dhaka. Collected plants were 

confirmed by the researchers of Biomedical and 

Toxicological Research Institute, Bangladesh Council 

of Scientific and Industrial Research, Dhanmondi, 

Dhaka, Bangladesh. 
 

Chemicals 

All chemicals and reagents were obtained from 

Sigma Aldrich Company, USA, and were of 

analytical quality. 
 

Plant extract preparation 

The collected plant materials were washed and air 

dried for 4 weeks at room temperature (25±2°C) to 

achieve a consistent weight, after which they were 

fine powdered using a locally constructed Willy mill. 

The powdered plant materials (500 g) were defatted 

with n-hexane before being extracted three times with 

3L of 80% aqueous methanol (maceration) at room 

temperature (25±2°C). A rotary evaporator (RE 200, 

Bibby Sterling Ltd., England) was used to condense 

combined filtered (whatman filter paper 1) extracts at 

40°C under decreased pressure. Using a water bath 

(below 40°C) and a petri plate, concentrated extract 

was collected and allowed to dry for complete 

evaporation of the solvent, yielding 161.57 g of crude 

extract. Thus, the AMACCC extract (aqueous 

methanolic extract of A. racemosus, C. cajan, C. 

fistula, and C. spinarum) was made and stored at 4°C 

until used. 
 

Methods and Materials 
 

DPPH free radical scavenging assay 

The DPPH test was performed using Shimada et 

al.'s (1992) standard technique, with some changes
26

. 

Here, ascorbic acid was working as a control 

antioxidant to compare to the AMACCC extract. To 

make a stock solution of 1 mg/mL, a certain quantity 

of ascorbic acid was dissolved in methanol. The 

stock solution was diluted to concentrations of 30, 

60, 120, 240, and 480 g/mL. Similarly, an AMACCC 

stock solution was made by dissolving 10 mg of 

dried AMACCC extract in 10 mL of a specified 

solvent. It was diluted to quantities of 30, 60, 120, 

240, and 480 g/mL. In methanol, specific quantities 

of the AMACCC extract/standard were combined 

with the needed quantity of 0.04 Mm DPPH 

solutions. After 60 min of reaction at room 

temperature in the dark, the absorbance values  

of the AMACCC extract/standard were measured 

using a UV visible spectrophotometer (Thermo 

Fisher Scientific-USA) at 517 nm, and the 
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percentage inhibitory activity was calculated from 

the following equation: 
 

% 𝐼= {(𝐴0−𝐴1)/𝐴0} × 100 
 

Where, 𝐴0 indicates the absorbance of the control 

(freshly prepared DPPH solution) and 𝐴1 denotes the 

absorbance of the standard/extract, after that, 

inhibition was created, and the IC50 value was 

determined using linear regression analysis. 
 

FeCl3 reducing power assay 

The reducing power of AMACCC extract was 

evaluated using the method reported by Tundis et al.'s 

(2013)
27

. Both the standard (ascorbic acid) and the 

sample were prepared in phosphate buffered saline 

(pH 6.6) at the concentrations of 30, 60, 120, 240, and 

480 𝜇g/mL. Then 2.5 mL of 1% potassium ferric 

cyanide were added to each concentration of sample 

and standard. For 20 min at 50°C, the reaction 

mixtures were digested. After incubation, 2.5 mL of 

10% trichloroacetic acid was added, thoroughly 

mixed, and centrifuged at 3000 rpm for 10 min. 2.5 

mL of distilled water and in 2.5 mL of supernatant, 1 

mL of 0.1% ferric chloride were added. Finally, 

absorbance was measured at 700 nm by a UV visible 

spectrophotometer (Thermo Fisher Scientific-USA) 

after 10 min of incubation of the reaction mixtures. 

The following formula was used to compute the 

reduction powers of the two parallel experiments: 
 

% increase of reducing power  

= [A (test)/A (control) – 1] × 100  
 

Where, A (test) is the absorbance of test solution and 

A (control) is the absorbance of control. 

An increase in reducing power is shown by a rise in 

the absorbance of the reaction mixture. 
 

Animals used in research 

30 male Wistar albino rats (6 weeks, 150-200 g) 

were selected for hepatoprotective activities from 

Bangladesh Council of Scientific and Industrial 

Research, Dhaka. They were healthy and were 

acclimatized to laboratory conditions for 7 days before 

conducting experiment. Throughout the experimental 

period, the animals were housed in cages under room 

temperature (23±2)°C with relative humidity of 60-

70% and were exposed to 12:12 h light: dark cycle 

with food and water provided ad libitum. All rats were 

from the Biomedical and Toxicological Research 

Institute (BTRI) of Bangladesh Council of Scientific 

and Industrial Research (BCSIR), Dhaka, Bangladesh. 

All procedures performed in studies involving animals 

were in accordance with the ethical standards of the 

‗Ethical Committee of BCSIR for Animal Research 

(ECAR)‘. Approval no: 39.309.006.00.00.163.2014/ 

403 (2019-3). 
 

Acute toxicity study 

The test was conducted according to OECD 

guideline 425
28

. Briefly, 40 animals (8 weeks) were 

divided into eight equal groups of five rats each 

received a single oral dose of 375, 550, 820, 1200, 

1750, 2600, 3750, and 5000 mg/kg body weight of 

AMACCC extract. Each animal was kept in close 

observation during the first 30 min after dosing, and 

occasionally the first 24 h and afterward for 14 days 

to identify any delayed toxicity. 
 

Experimental procedure 

Animals were divided into five groups of six 

animals each. Group I was maintained as the normal 

control received only the vehicle DMSO (0.5 mL/kg 

b.w.) and was fed with a normal diet for four weeks. 

Groups II–V were each injected with carbon 

tetrachloride (0.5 mL/kg b.w., 20% CCl4/olive oil) 

intraperitoneally (ip) twice a week for four weeks. 

Rats in Group II remained untreated and served as the 

hepatic control. Group III worked as reference control 

and received the standard drug silymarin at a dose of 

50 mg/kg b.w. orally for four weeks. For the 

treatment group, 1/50 (100 mg/kg b.w.) and 1/25 

(200 mg/kg b.w.) of the maximum dose selected in the 

acute toxicity test were considered as two treatment 

doses for the experimental model. 

Groups IV and V served as the treatment groups 

and received 100 mg/kg b.w. and 200 mg/kg b.w. oral 

dosages of AMACCC extract, respectively. At the end 

of 4 weeks, 24 h after the last treatment, the weights 

of the animals were finally measured. After that, the 

animals were anesthetized and sacrificed. Blood was 

collected through the inferior vena cava, then serum 

was separated by centrifugation and stored at -80°C 

for further enzymatic analysis. 
 

Biochemical investigation 

All biochemical measurements (AST, ALT, and 

ALP) were determined using the kit manufacturers‘ 

instructions using a biochemistry analyzer (LCMS-

8050, Randox Laboratories Ltd., UK). 
 

Results 
 

Acute toxicity 

In the acute toxicity study, oral administration of 

all doses of AMACCC extract did not produce any 
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morbidity or mortality in animals. The rats did not 

show tremors, convulsions, salivation, diarrhea, 

lethargy, sleep, or coma up to the dose of 5 g/kg body 

weight. Furthermore, treatment with AMACCC 

extracts of 100 mg/kg and 200 mg/kg body weight 

was well tolerated by the animals and did not produce 

any behavioral changes during long-term treatment 

(Table 1). 
 

DPPH free radical scavenging activity 

The radical scavenging activity of AMACCC 

extract was determined by measuring the absorbance 

of increasing concentrations of extract and ascorbic 

acid at 517 nm. DPPH was successfully scavenged by 

AMACCC extract, and scavenging capacity was 

found to be concentration-dependent. The extract's 

inhibitory concentration (IC50) was obtained by 

plotting scavenging activity against log concentration 

(Fig. 1). The IC50 value was found to be 85.11 µg/mL 

for the AMACCC extract, and ascorbic acid (standard 

antioxidant) showed 50% inhibition at a concentration 

of 13.80 µg/mL. 
 

FeCl3 reducing power assay 

As seen in Figure 2, the AMACCC extract's 

reducing power seems to have a dose-response curve. 

The reducing power of the AMACCC extract was 

observed to rise when the concentrations were raised. 

The reducing power of the AMACCC extract was 

equivalent to that of ascorbic acid. The AMACCC 

extract showed antioxidant activity with a correlation 

coefficient (r) of 0.999, and an IC50 value of  

24.69 μg/mL. The standard ascorbic acid showed 

antioxidant activity with a correlation coefficient (r) 

of 0.994, and an IC50 value of 4.43 μg/mL. 
 

Effect of AMACCC extract on liver ALT, AST, ALP 

Administration of CCl4 (0.5 mL/kg b.w.; 20% 

CCl4/olive oil) induced a marked increase in the 

serum hepatic enzyme levels (AST, ALT, and ALP) 

as compared with normal control (*p<0.001)  

(Table 2), indicating, that liver damage was 

successfully induced. Treatment of the rats with 

AMACCC extract (100 mg/kg b.w. and 200 mg/kg 
 

 
 

Fig. 1 — Regression analysis to calculate the IC50 values of AMACCC extract 
 

 
 

Fig. 2 — Regression analysis to calculate the IC50 values of AMACCC extract 

 

Table 1 — Determination of median lethal dose (MLD) (LD50) for 

orally administrated AMACCC extract 

AMACCC  

extract (mg/Kg) 

No. of  
animals used 

No. of 

survivors 

No. of 

deaths 

MLD 

(LD50) 

375 5 5 0  

 

>5000 

mg/kg 

550 5 5 0 

820 5 5 0 

1200 5 5 0 

1750 5 5 0 

2600 5 5 0 

3750 5 5 0 
5000 5 5 0 
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b.w.) showed a significant reduction in the level of 

serum AST, ALT, and ALP (***p≤0.001), which 

were almost comparable with the silymarin-treated 

group (Group III). The serum hepatic indicators were 

recovered in a dose-dependent manner by both 

treatment groups in this study (Table 2). 
 

Histopathological explanation 

Histopathological assessment at 200X 

magnification of liver sections from all the groups 

was performed to visualize and analyze the effect of 

AMACCC (100 mg/kg b.w. and 200 mg/kg b.w.) and 

silymarin (50 mg/kg b.w.) on the liver. 

Histopathological observations of liver sections from 

the normal control group showed normal cellular 

architecture with distinct hepatic cells radiating from 

the central vein. The nucleus and sinusoidal spaces 

were in a normal arrangement (Fig. 3A). In contrast, 

the CCl4 administered group (hepatic control) 

exhibited severe liver injuries (Fig. 3B). The hepatic 

control section shows disruption of the hepatic cord, 

loss of lobular structure, necrosis, depletion of 

hepatocytes, increased sinusoidal space and fat 

infiltration. The silymarin-treated rats exhibited areas 

of normal liver architecture and mild necrosis of 

hepatic cells (Fig. 3C). The liver sections of the rats 

treated with AMACCC (Fig. 3D-E) showed a 

relatively normal lobular pattern with a slight degree 

of necrosis compared to group 2 with ameliorating 

functional hepatic cells. 
 

Discussion 

The development of many degenerative illnesses 

has been linked to oxidative stress. Antioxidants are 
 

 
 

Fig. 3 — Effect of AMACCC and silymarin on liver histopathology of CCl4 treated male Wistar rats. Magnification: 200 xs, Stain: 

haematoxylin–eosin. (A) vehicle control group (B) Hepatic control, only CCl4 treated group section (C) Silymarin (50 mg/kg), CCl4 

treated group section (almost near normal); (D) AMACCC (100 mg/kg bw), CCl4 treated group section and (E) AMACCC (200 mg/kg 

bw), CCl4 treated group section 
 

Table 2 — Effects of AMACCC on liver function test in rat 

Groups ALT (U/I) AST(U/I) ALP(U/I) 

I. Normal  52.50±5.95 109.75±4.96 247.00±4.98 

II. CCL4 109.00±5.28* 182.50±5.12* 419.00±14.02* 

III.CCL4+SIlymerin 68.25±5.28*** 124.75±3.84*** 286.75±10.97*** 

IV.CCL4+100mg/kg ex 83.75±3.30** 146.50±3.88*** 319.50±11.58*** 

V.CCL4+200mg/kg ex 77.25±3.86*** 134.75±2.39*** 300.25±11.66*** 

Note: AST, aspartate transaminase; ALT, alanine transaminase; ALP, alkaline phosphatase. 

n=6; values were expressed Mean±SEM; Group II was compared to Group I. Groups III to V were compared to group II. A one-way 

ANOVA was used to evaluate the data, followed by a Dunnett's t-test. *p<0.001 as compared with the normal control group I, **p<0.01 

as compared with the CCl4 only treated group II; very significant, ***p≤0.001 as compared with the CCl4 only treated group; highly 
significant. 
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vital chemicals that can protect the body from the 

effects of oxidative stress generated by free radicals
29

. 

Radicals and other reactive oxygen species (ROS) are 

continually produced in the human body and ejected 

by the antioxidant defense mechanisms, both 

enzymatic and non-enzymatic
30

. As a result, we 

investigated the combined therapeutic benefits of 

these four medicinal herbs in terms of their free 

radical scavenging capacity both in vitro and in vivo. 

In the case of plant extracts, it is considered that a 

LD50 of  more than 5 mg/kg is non-toxic
31

. Again, the 

Organization for Economic Cooperation and 

Development (OECD) guidelines classified a dose of 

LD50 ≥ 2000 mg/kg as unclassified. Therefore, the 

AMACCC extract can be expected to be orally safe as 

its LD50 value is > 5 g/kg. Similar results were also 

reported in the case of the individual plant extracts; 

the LD50  of aqueous extract of A. racemosus root, the 

methanol extract of C. spinarum leaves, and the 

ethanol extract of C. cajan leaves were more than 1 

g/kg
12

, 2 g/kg
25

, and 5 g/kg
32

, respectively.  

The DPPH free radical scavenging method is a 

common spectrophotometric procedure for defining 

the antioxidant activity of medicinal plants
33,34

. The 

DPPH test is widely used for screening plant products 

and may be used to analyze the substrate activity or 

plant extract activity in quenching free radicals
35

. 

According to the researchers, the lower the IC50 

value, the greater the antioxidant activity of the 

samples
36

. In the present study, the IC50 value of 

AMACC extract was found to be 85.11 μg/mL in 

comparison to the IC50 value of the standard ascorbic 

acid which was 13.80 μg/mL (Fig. 1). According to 

Phongpaichit et al.
37

, samples with an IC50value more 

than 50 μg/mL were categorized as having moderate 

antioxidant activity, whilst those with an IC50value 

less than 50 μg/mL were deemed to have a strong 

antioxidant capacity. In this case, the present 

experiment gives an estimation of the antioxidant 

activity of AMACCC extract, which can be concluded 

as AMACCC extract possessed intermediate 

antioxidant activity by the DPPH method. 

The principle behind reducing power activity is 

that substances with reduction potential react with 

potassium ferric cyanide (Fe
+3

) to form potassium 

ferrous cyanide (Fe
+2

), which then reacts with ferric 

chloride to form ferrous complex with a 700 nm 

absorption maximum
38

. The reducing power of the 

AMACCC extract increased with increasing 

concentrations in our investigation. This is due to the 

presence of reductants in the samples, such as 

antioxidants, which cause the Fe
3+/

ferricyanide 

complex to be reduced to the ferrous form
39

. The 

AMACCC extract showed antioxidant activity with 

correlation coefficient values (r) of 0.999, which was 

very close to standard ascorbic acid‘s coefficient 

value (0.994), indicating that the AMACCC extract 

has good reducing power. 

Hepatotoxicity in rats induced by carbon 

tetrachloride is a well-characterized experimental 

model for assessing the heptoprotective activity of 

many natural compounds/herbal extracts
40,41

. It is well 

recognized that the cytochrome P450 system 

biotransforms CCl4 into the reactive metabolite 

trichloromethyl radical (CCl3
_
)

42
. In the presence of 

oxygen, trichloromethyl radicals present in this 

system react very quickly to form more toxic 

trichloromethylperoxyl radicals (CCl3O2)
43

. This 

highly reactive ROS initiates lipid peroxidation by 

abstracting hydrogen from polyunsaturated fatty acids 

of the cell membrane and forming various kinds of 

oxidative products that lead to cell necrosis and cell 

death
44

. The current findings showed a significant 

increase in serum ALT, AST, and ALP levels in 

group II rats intoxicated with CCl4 indicating a 

significant liver cell injury. But subsequent failure of 

these hepatic markers, both in the treatment groups, 

and the silymarin groups pointed towards stabilization 

of liver cell functions by re-establishing serum ALT, 

AST, and ALP.  

These results of tissue repair are further 

substantiated by our histopathological analysis (Fig. 

3). The study revealed extensive fatty changes, 

necrosis, fibrosis, and nuclear degeneration upon CCl4 

exposure that cause oxidative stress in the liver (Fig. 

3B). These symptoms were diminished in the 

treatment groups (Group III–V), Fig. 3C, Fig. 3E, 

where AMACCC administration showed restoration 

of hepatocytes with a mild degree of tissue injury. 

The histological indications seen in this investigation 

are compatible with those reported by other 

authors
45,46

. 

 

Conclusions 

According to our findings the medicinal plants 

namely A. racemosus, C. cajan, C. fistula, and  

C. spinarum all have combined therapeutic benefits. 

The phyto-constituents found in these plants have a 

remarkable potential to ameliorate CCl4-induced liver 

lesions while also avoiding oxidative damage.  
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This finding might pave the way for more 

investigation into these plants as potential novel  

liver disease treatments. 
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