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Major objective of this study was to explore the protective effect of the methanolic extract of
Chenopodium album against carbon tetrachloride induced hepatotoxicity in rats. Chenopodium album
has locally been used for multiple medicinal proposes. Methanolic extract of Chenopodium album (whole
plant) was prepared with Soxhlet extractor and rotatory evaporator. Antioxidant activity of Chenopodium
album was determined by DPPH free radical scavenging assay. Thirty Wister (albino) rats (150–200 g)
were divided into six groups for the evaluation of hepatoprotective potential of different concentrations
of Chenopodium album against carbon tetrachloride (1:1 CCl4: Olive oil) under the controlled laboratory
conditions. Group-I rats were administrated with olive oil (Normal control), Group-II with CCl4 only,
Group-III with Silymarin (positive control), Group-IV with Chenopodium album (100 mg/kg), Group-V
with Chenopodium album (200 mg/kg) and Group-VI rats with Chenopodium album (300 mg/kg) for the
period of 28 days. Serum was taken to determine the levels of alanine transaminase, aspartate transam-
inase, alkaline phosphatase, cholesterol, triglyceride, creatinine and urea in the blood. Formalin stored
tissues were examined for histopathological analysis. DPPH assay showed that Chenopodium album has
the potential for reduction of oxidative stress. Chenopodium album minimized the levels of ALT
(70 ± 8.68 U/L, 68.75 ± 8.38 U/L & 73.5 ± 10.28 U/L), AST (219.5 ± 19.16 U/L, 140.75 ± 13.35 U/L & 221.
25 ± 13.33 U/L) and ALP (289.5 ± 28.21 U/L, 258 ± 11.12 U/L & 248.25 ± 4.03 U/L) at different concentra-
tions (100 mg/kg, 200 mg/kg, 300 mg/kg respectively). Chenopodium album enhanced triglyceride level
(64.75 ± 12.66 mg/dl at 200 mg/kg) as compared to CCl4 treated group (33.25 ± 1.26 mg/dl). Carbon tetra-
chloride elevated urea level (43.25 ± 6.6) was decreased by high dose of Chenopodium album (18 ± 8.17).
Moreover, Chenopodium album also improved WBC level (9.69 � 103 /Cu.mr & 10.59 � 103 /Cu.mr at low
and medium doses respectively), RBCs level (6.97 � 103 /Cu.mr) and hemoglobin level (13.95 G/dL,
13.467 G/dL & 14.05 G/dL at low, medium and high doses). In vivo study of Chenopodium album methano-
lic extract demonstrates the potential for protection of liver and after pre-clinical studies the plant can be
used as a safe alternative of commercially available hepatoprotective medicines.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The liver is a vital organ that deals with several biochemical
reactions for different physiological processes. Liver plays impor-
tant role in maintenance of immune system, regulation of blood
volume by maintaining glucose and plasma proteins level, metabo-
lism of macronutrients, production of bile, endocrine regulation of
signaling pathways for growth and homeostasis of lipid & choles-
terol. Catalysis of xenobiotic compounds including numerous
drugs also takes place in the liver, as liver comes into contact with
absorbed nutrients and also with xenobiotics via portal vein (Trefts
et al., 2017; Michalopoulos & Bhushan, 2021). Liver disorders are
one of the main reasons for mortality worldwide and also a direct
burden to economy. In a recorded data, about 5% of total patients
present in a general hospital are facing drug induced liver injuries
(Zhao et al., 2018; Zhou et al., 2021). Toxins are present in our daily
life, from pesticides to chemical production, alcohol drinks and
detergents; we are in contact with different types of chemicals.
Hepatotoxicity can also be induced with different xenobiotics
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including chemicals like carbon tetrachloride for the experimental
purposes (Weber et al., 2003).

The consumption of various fruits and vegetables, as well as the
usage of some plants played important part in human health care.
Traditional medicine, which is based primarily on plant materials,
is used by around 80% of the world’s population for health care
(Deshwal et al., 2011). Around 160 phyto constituents taken from
101 plant species have been proved to possess hepatoprotective
activity (Ali et al., 2019). Despite developments in modern medi-
cine system, there are just a few effective natural medicines in
the market that can be used to boost the liver function, protect
the damage or help to regenerate hepatic cells (Bansal et al., 2014).

Chenopodium album locally known as lamb’s quarters, is not
only a natural weed and commonly used as a vegetable, salad &
animal feed but also for medicinal uses. This plant belongs to the
Chenopodium genus, which has the diversity of plants with medic-
inal importance. The plant has been used as an antiscorbutic, lax-
ative, sedative, blood purifier, diuretic drug and anthelmintic
against hookworms and other helminthic parasites (Poonia &
Upadhayay, 2015). Chenopodium album has flavonoids like pheno-
lic amide, which has hypotensive properties (Gohara and Elmazar,
1997). Cinnamic acid amide (Cutillo et al. 2003), alkaloid chenoal-
bicin (Cutillo et al. 2004) and saponins are also found in the plant
(Lavaud et al. 2007). Other potential compounds reported from the
Chenopodium album are phyto-hormones (DellaGreca et al. 2004),
phenols, lignans and xylosides (Poonia & Upadhayay, 2015). The
plant also contains potassium, magnesium, calcium, iron, phospho-
rous and manganese (Shahi, 1977). Tropolone derivated com-
pounds, isolated from Chenopodium album, have been reported to
lowers the ALT, AST and ALP levels and proved to be effective hep-
atoprotective agents against HepG2 cell line (Ma et al., 2020).
2. Materials and methods

2.1. Plant collection and extract preparation

Aerial parts of Chenopodiun album were collected from desert
zone of Bhakkar (Punjab, Pakistan) in 2018. Locally identified
plants were authenticated by Dr. Qasim Ali from the department
of Botany. The plant was washed, shade dried for 2 weeks and
grinded into course powder. Methanolic extract of Chenopodium
album (MECA) was prepared by using Soxhlet apparatus. 250 ml
of solvent (methanol 95%) was filled in distillation flask for 40 g
of powder loaded in each thimble. Using a vacuum rotary evapora-
tor, crude MECA was concentrated. After solidification, the extract
was labeled with natural product extract number (NPE-27) and
recorded in the catalogue of the natural product extract library.
2.2. Determination of antioxidant activity

Antioxidant activity of Chenopodium album methanolic extract
was measured by DPPH assay. DPPH solution was initially pre-
pared by dissolving DPPH solution (2 mg) into methanol (50 ml).
Different concentrations of CAME were mixed with DPPH solution
in 96 well plate. Methanol and Ascorbic acid were used as blank
and control respectively. Absorbance was measured at 517 nm
(De-torre et al., 2019). Following formula was applied for calcula-
tion of antioxidant percentage
%age of Antioxidant ¼ 1� AbsSample � AbsBlank
AbsControl � AbsBlank

� 100

Where: Abs, Absorbance
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2.3. Experimental animals

Thirty healthy 8–10 week-old Wister rats (weight 150–200 g)
were purchased from department of Physiology, Government Col-
lege University Faisalabad. The animals were kept under the stan-
dard laboratory conditions, with controlled temperature (24 ± 2),
relative humidity (55 ± 5%) & 12 h day/night cycle and had free
access to standard diet and water. The rats were housed in con-
trolled condition for 7 days with the attention of acclimatization.
Government College University Faisalabad’s Ethics Review Com-
mittee authorized the experimental protocol.

2.4. Experimental design

To test the hepatoprotective potential of Chenopodium album
against CCl4 induced hepatotoxicity, research experiment was con-
ducted for the period of 28 days.

The rats were uniformly divided into 6 groups
Group I (Normal control)
Olive oil treatment (Orally gavage)
Group II
Carbon tetrachloride treatment (Orally gavage)
Group III (Positive control)
Silymarin treatment (100 mg/kg b.w) & Carbon tetrachloride

treatment (Orally gavage)
Group IV
Chenopodium album methanolic extract (100 mg/kg b.w) treat-

ment & Carbon tetrachloride treatment (Orally gavage)
Group V
Chenopodium album methanolic extract (200 mg/kg b.w) treat-

ment & Carbon tetrachloride treatment (Orally gavage)
Group VI
Chenopodium album methanolic extract (300 mg/kg b.w) treat-

ment & Carbon tetrachloride treatment (Orally gavage)
Olive oil was used as a vehicle (1:1 ratio of carbon tetrachloride:

olive oil) for carbon tetrachloride treated (2 ml/kg b.w) rats of
group II, III, IV, V & VI.

2.5. Sample collection

After 24 h of last dose of carbon tetrachloride, rats had been sac-
rificed by decapitation of the cervical region. Blood samples were
collected by cardiac puncture using a sharp syringe. Blood col-
lected in the purple top bottle (lavender) was mixed with EDTA
by inverting the tube about 8–10 times. For the purpose of serum
blood was collected into red top bottles, and the tubes were kept
vertically for 30 min, and then centrifuged at 3000 rpm for
15 min. Supernatant (serum) was gently taken into eppendorf
tubes. Liver was taken and stored in 10% formalin for the purpose
of histopathology.

2.6. Assay of liver marker enzymes

Level of alanine transaminase (ALT), aspartate transaminase
(AST) and alkaline phosphatase (ALP) in the serum was measured
by using commercially available diagnostic kits. These biomarkers
of liver functions were analyzed by using Dimension EXL 200 auto-
matic biochemistry analyzer.

2.7. Assays for lipid profile and renal function tests

Serum stored at �40 �C, was utilized for the determination of
cholesterol, triglycerides, urea and creatinine levels. Dimension
200 EXL automatic biochemistry analyzer was used for the analysis
of cholesterol, triglycerides, urea and creatinine in the serum sam-
ples of rats.
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2.8. Determination of hematological parameters

Hematological analyzer was used for the determination of red
blood cells count, white blood cells count and hemoglobin level.
2.9. Histopathological examination

Formalin preserved liver was cut with the help of sharp blade,
and a section of liver tissue was placed in labeled histology cas-
settes. Tissues were fixed in formalin, and dehydrated in gradually
increasing concentrations of ethanol. Dehydrated tissues were
embedded in wax. Tissues were taken out from wax and mounted
on microtome (Histo-line MR 2258) and about 5 um thin sections
were cut, transferred on albumenized glass slides. hematoxylin
and eosin were used as stain (Kakadia et al., 2020). Microscopy
of liver tissue damage was done under optical microscope (Nikon
DS-Fi2) & photos were captured with camera attached with
microscope.
2.10. Statistical analysis

All of the data was analyzed using IBM SPSS statistics. To ana-
lyze differences across groups, one-way analysis of variance
(ANOVA) and Tukey’s tests were applied. The processed data was
expressed using the mean and standard deviation (mean SD). The
results were considered significant unless the P value was less than
0.05.
3. Results

3.1. Antioxidant activity

Chemicals like CCl4 initially damage the tissues by causing
oxidative stress. With the entry of carbon tetrachloride in liver,
CCl4 is bio-transformed by Cyt-P450 enzymes and metabolized by
CyP2E1 into CCl3- and CCl3OO-. A chain of free radicals is started,
generating oxidative stress. Different concentrations of CAME were
used to determine the antioxidant activity, and plant showed max-
imum DPPH free radical scavenging activity at its highest concen-
tration, as results are shown in Fig. 1.
Fig. 1. Antioxidant activity of Chenopodium album methanolic extract Group I,
Normal control; Group II, carbon tetrachloride intoxicated rats; Group III, Silymarin
(100 mg/kg) + CCl4 ; Group IV, CAME (100 mg/kg) + CCl4; Group V, CAME (200 mg/
kg) + CCl4; Group VI, CAME (300 mg/kg) + CCl4.

3410
3.2. Effect of Chenopodium album extract on liver enzyme activities in
CCl4 intoxicated rats

The levels of ALT, AST, and ALP showed notable increase in the
serum samples of carbon tetrachloride administrated rats com-
pared with normal control group (80 ± 14.9 U/L, 247.75 ± 24.9 U/
L & 308.25 ± 5.62 U/L Vs 73.25 ± 8.34 U/L, 213.5 ± 12.92 U/L &
261 ± 14.97U/L respectively). Pre-treatment of Chenopodiun album
methanolic extracts (100 mg/kg, 200 kg/kg & 300 kg/mg) for 28
consecutive days showed considerable decrease in the activity of
alanine transaminase (70 ± 8.68 U/L, 68.75 ± 8.38 U/L &
73.5 ± 10.28 U/L respectively), aspartate transaminase (219.5 ± 19.
16 U/L, 140.75 ± 13.35 U/L & 221.25 ± 13.33 U/L respectively) and
alkaline phosphatase (289.5 ± 28.21 U/L, 258 ± 11.12 U/L & 248.2
5 ± 4.03 U/L respectively) in the rats with CCl4 induced hepatotox-
icity, as showed in Table 1.

3.3. Effect of Chenopodium album extract on lipid profile of serum in
CCl4 intoxicated rats

The level of triglycerides in carbon tetrachloride administrated
rats decreased significantly as compared to normal control rats (33.
25 ± 1.26 mg/dl Vs 91.5 ± 9.75 mg/dl respectively). The rat admin-
istrated with Silymarin and CAME (Chenopodium albummethanolic
extract) chronically, showed significant increase in the levels of
triglycerides (Table 2). Medium dose (200 mg/kg) of CAME showed
maximum increase in triglyceride level (64.75 ± 12.66 mg/dl). Low
dose (100 mg/ kg) showed significant decrease in total cholesterol
level as compared to CCl4 intoxicated rats (42 ± 3.56 mg/dl Vs 49.
25 ± 12.5 mg/dl respectively).

3.4. Effect of Chenopodium album extract on serum RFTs in CCl4
intoxicated rats

Carbon tetrachloride elevated the level of urea and Creatinine as
compared to normal control group. Positive control (silymarin),
CAME 100 mg/kg and CAME 300 mg/kg reduced the level of urea
(39 ± 4.76 U/L, 27.5 ± 6.61U/L & 18 ± 8.17 U/L respectively). The
decrease in Creatinine in Group III (silymarin treated), Group IV
(CAME 100 mg/kg treated) & group V (CAME 200 mg/kg treated
rats) was observed as 0.425 ± 0.13 mg/dl, 0.425 ± 0.26 mg/dl & 0.
467 ± 0.24 mg/dl respectively (Table 3).

3.5. Effect of Chenopodium album extract on hematological
parameters in CCl4 intoxicated rats

Chenopodium album methanolic extract showed slight increase
in white blood cell count, red blood cell count and hemoglobin
level as compared to carbon tetrachloride intoxicated rat group,
as results shown in Fig. 2. Treatment of 100 mg/kg & 200 mg/kg
CAME showed significant increase in WBC count as compared to
CCl4 intoxicated group (9.69 � 103 /Cu.mr & 10.59 � 103 /Cu.mr
VS 8.88 � 103 /Cu.mr). Along with carbon tetrachloride, silymarin
also showed decrease in WBC level (8.88 � 103 /Cu.mr &
8.61 � 103 /Cu.mr respectively). Chenopodium album Treatment
of 100 mg/kg & 200 mg/kg CAME showed slight increase in RBC
count as compared to CCl4 intoxicated group (6.97 � 103 /Cu.mr
& 7.54 � 103 /Cu.mr VS 6.76 � 103 /Cu.mr). Low, medium and high
doses of Chenopodium album showed significant increase in hemo-
globin level as 13.95 G/dL, 13.467 G/dL & 14.05 G/dL respectively.

3.6. Histopathological examination

After the dissection of rats, morphological changes were
observed with naked eye, and liver images were captured as shown
in supplementary Fig. 2. Histopathological examination detected



Table 1
Effect of Chenopodium album methanolic extract on biochemical parameters of CCl4 damaged livers in rats.

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

Group I Negative Control 213.5 ± 12.92 73.25 ± 8.34 261 ± 14.97
Group II CCl4 Treated 247.75 ± 24.9 80 ± 14.99 308.25 ± 5.62
Group III Silymarin & CCl4 Treated 189.5 ± 13.53 79.75 ± 9.91 229.75 ± 13.87
Group IV 100 mg/kg

CAME & CCl4 Treated
219.5 ± 19.16 70 ± 8.68 289.5 ± 28.21

Group V 200 mg/kg
CAME & CCl4Treated

140.75 ± 13.35 68.75 ± 8.38 258 ± 11.12

Group VI 300 mg/kg
CAME & CCl4Treated

221.25 ± 13.33 73.5 ± 10.28 248.25 ± 4.03

CAME: Chenopodium album methanolic extract, CCl4: Carbon tetrachloride, ALT: Alanine transaminase, AST: Aspartate transaminase, ALP: Alkaline Phosphatase.

Table 2
Effect of Chenopodium album methanolic extract on cholesterol and triglycerides of CCl4 damaged livers in rats.

Group I
Negative
Control

Group II
CCl4 Treated

Group III
Silymarin & CCl4
treated

Group IV
100 mg/kg CAME & CCl4
Treated

Group V
200 mg/kg CAME & CCl4
Treated

Group VI
300 mg/kg CAME & CCl4
Treated

Cholesterol (mg/
dl)

32.75 ± 2.5 49.25 ± 12.5 48.75 ± 11.03 42 ± 3.56 63.75 ± 8.96 50 ± 23.48

Triglycerides
(mg/dl)

91.5 ± 9.75 33.25 ± 1.26 44.25 ± 15 61.75 ± 17.15 64.75 ± 12.66 37.75 ± 18.61

CAME: Chenopodium album methanolic extract CCl4: Carbon tetrachloride.

Table 3
Effect of Chenopodium album methanolic extract on renal parameters of CCl4 damaged livers in rats.

Group I
Negative
Control

Group II
CCl4 Treated

Group III
Silymarin & CCl4
treated

Group IV
100 mg/kg CAME & CCl4
treated

Group V
200 mg/kg CAME & CCl4
Treated

Group VI
300 mg/kg CAME & CCl4
Treated

Urea (U/L) 37.25 ± 3.4 43.25 ± 6.6 39 ± 4.76 27.5 ± 6.61 48.25 ± 4.5 18 ± 8.17
Creatinine (mg/

dl)
0.468 ± 0.19 0.500 ± 0.14 0.425 ± 0.13 0.425 ± 0.26 0.467 ± 0.24 0.525 ± 0.15

CAME: Chenopodium album methanolic extract CCl4: Carbon tetrachloride.

Fig. 2. Effect of Chenopodium album methanolic extract on hematological parameters Group I, Normal control; Group II, carbon tetrachloride intoxicated rats; Group III,
CCl4 + Silymarin (100 mg/kg); Group IV, CCl4 + CAME (100 mg/kg); Group V, CCl4 + CAME (200 mg/kg); Group VI, CCl4 + CAME (300 mg/kg).
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Fig. 3. Histopathological changes in all rat groups (10 X). G-I, Normal control; G-II, carbon tetrachloride intoxicated rats; G-III, CCl4 + Silymarin (100 mg/kg); G-IV,
CCl4 + CAME (100 mg/kg); G-V, CCl4 + CAME (200 mg/kg); G-VI, CCl4 + CAME (300 mg/kg).CAME: Chenopodium album CCl4: Carbon tetrachloride.
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the evidences of liver damage in carbon tetrachloride intoxicated
rats, particularly in hepatocytes, central vein and hepatic sinusoids.
Low and medium doses of CAME improved the tissue, damaged by
carbon tetrachloride as shown in Fig. 3.
4. Discussion

In this study, Chenopodium album methanolic extract is used for
the protection of liver cells of selected rats against carbon tetra-
chloride induced toxicity. Different parameters were analyzed to
assess the potential of Chenopodium album methanolic extract,
and the extract accelerated the white blood cells & hemoglobin
levels. The extract showed potential antioxidant capability and
also lowered ALT, AST and ALP levels of serum, which indicated
the hepatoprotective potential of the extract.

Hepatoprotective activity of C. album was primarily reported by
Ma et al. (2020), the researchers isolated 23 tropolones derived
compounds from C. album. Efficacy of tropolones was identified
by using HepG2 cell line against H2O2 induced toxicity. In the
results of the study, tropolones derived from EtOH extracted Che-
nopodium album, lowered the ALT (�15.21 ± 1.18 to �20.29 ± 2.1
1 U/L) and AST (�19.63 ± 2.34 to �29.87 ± 1.27U/L) levels against
H2O2 induced hepatotoxicity. In the same manner our findings
showed the protective potential of Chenopodium album in rat
model. In the In vivo studies Alanine transaminase, Aspartate
transaminase and alkaline phosphatase levels dropped by different
concentrations of Chenopodium album methanolic extract against
carbon tetrachloride.

Amodeo et al. (2019) examined the In vitro antioxidant activity
of Chenopodium album methanolic extracts by b-carotene bleach-
ing test and DPPH assay. C. album along with Sisymbrium officinale
showed significant radical scavenging activity, and overall results
verified our findings. In our studies, antioxidant activity was mea-
3412
sured by DPPH assay at different concentrations; at 500 ul/g of
concentration the maximum antioxidant activity was recorded at
517 nm absorbance.

In this study, hematological parameters were also focused, and
CAME elevated the levels of white blood cells and hemoglobin.
Although Positive control (Silymarin) shows hepatoprotective
capabilities, but silymarin and its source (milk thistle) decline
the level of white blood cells. Like many other authors, Jamalian
et al. (2020) also reported the decrease in white blood cells due
to silymarin. On the other hand, like other Chenopodium species
CAME also showed distinct increase in white blood cells as well
as hemoglobin because of its iron containing property.

Carbon tetrachloride has been used to expose liver and kidney
damage in experimental animals. Carbon tetrachloride induced
toxicity in kidney elevates the levels of urea and creatinine, while
different doses of our extract decreased the levels of urea and cre-
atinine. Jahan et al. (2019) worked on Sprague Dawley rats and
reported that Chenopodium album decreased the levels of urea
and creatinine in serum of rats, which also support our findings.
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