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Abstract
Ajuga chamaecistus ssp. tomentella (known as “komafitoos”) has been used in traditional Persian medicine for treating various 
illnesses including liver ailments. This study aims to evaluate the antioxidant and hepatoprotective effect of A. chamaecistus ssp. 
tomentella.  Chloroform, ethyl acetate (EAF), and the remaining hydroalcoholic fractions were separated from the total extract of 
the aerial parts of the plant and their antioxidant activity was evaluated using radical scavenging assay method (2,2-diphenyl-1-pic-
rylhydrazyl, DPPH). The EAF was assessed against carbon tetrachloride (CCl4)-induced toxicity in rats. Rats were parted into 7 
groups each containing 6 animals: sham (normal saline), CCl4 (single dose of 1 mL/kg b.w., i.p.), treatment groups 3, 4, 5 (treated 
7 days with 25, 50 or 100 mg/kg EAF, respectively, p.o.) and 6 (treated 7 days with 100 mg/kg silymarin, p.o.) following a single 
dose of 1 mL/kg CCl4, i.p.). Group 7 received 100 mg/kg ethyl acetate fraction for 7 days. Animals were sacrificed 24 h after the last 
dose and total protein content and biochemical parameters were assayed in the serum. Glutathione, malondialdehyde, and superox-
ide dismutase levels were measured in the liver homogenates. Histological changes in the liver tissue were examined using a light 
microscope. EAF showed the best antioxidant activity according to the DPPH free radical scavenging assay (IC50=60.5 µg/mL) in 
comparison to the other fractions. It significantly alleviated serum transaminase levels, alkaline phosphatase, alanine transaminase, 
aspartate aminotransferase, and lactate dehydrogenase, especially with 25 and 50 mg/kg doses. Treatment with EAF increased 
superoxide dismutase activity and glutathione content; while decreasing the malondialdehyde level similar to the Silymarin group. 
Histological examination further confirmed our biochemical findings. A. chamaecistus ssp. tomentella showed acceptable hepato-
protective activity, as described by traditional Persian medicine.

Keywords: Ajuga chamaecistus ssp; Tomentella; Antioxidant; CCl4; Hepatoprotective effect

Copyright © 2025 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.This work is licensed under 
a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/). 
Noncommercial uses of the work are permitted, provided the original work is properly cited.

http://doi.org/10.18502/tim.v10i2.19058doi



http://jtim.tums.ac.ir 131

Effect of Ajuga chamaecistus ssp. tomentella on liver toxicity M. Heydari et al.

Introduction
Liver is one of the most essential body organs, which 
has a fundamental role in adjusting diverse physiolog-
ical processes. It has a role in several vital functions 
including the metabolism of carbohydrates and fats, 
bile secretion, and storage of vitamins, while detox-
ifyes exogenous and endogenous substances in the 
body, as well as producing useful agents. Hepatic dis-
orders are due to damage to cells, tissues, organ struc-
ture, or function which could result from biological 
agents such as bacteria, viruses, and parasites, and au-
toimmune illnesses in addition to certain medications, 
and toxic compounds like carbon tetrachloride (CCl4). 
Liver damage by CCl4 is a laboratory model widely 
used to investigate mechanisms of cellular damage 
caused by oxidative injury. It is also used to evaluate 
the useful therapeutic application of antioxidants and 
drugs [1,2]. 
Despite the enormous advances in modern medicine, 
there is no remedy to completely restore liver func-
tion, or help hepatocytes regeneration. In recent years, 
medicinal plants and natural compounds have received 
great attention due to their diverse medicinal proper-
ties, such as hepatoprotective and antioxidant activi-
ties. Interest in studying natural compounds such as 
flavonoids, terpenoids, and steroids is increased for 
their potential antioxidant activity in eliminating free 
radicals that can protect humans against degenerative 
diseases. Many herbs are widely used to recover liver 
from various complications [2-5].
The common name of the genus Ajuga (Lamiaceae) is 
Bugle, and there are five species of this genus in Iran, 
amongst which A. chamaecistus ssp. tomentella is an 
endemic one [6]. In traditional Persian medicine, the 
genus Ajuga [Kamaphytus] has been used for the treat-
ment of disorders such as joint pain, jaundice, gout, 
sciatica, amenorrhea, and wounds [7]. Several pharma-
cologic and ethnobotanic reports have emphasized the 
traditional use of various species of this genus includ-
ing anti-inflammatory, hypolipidemic, hypoglycemic, 
analgesic, antioxidant, anabolic, anti-arthritis, hepato-
protective, antipyretic, cardiotonic, anthelmintic, anti-
malaria, antibacterial and antifungal properties [8-13].  
Several phytochemicals have been isolated from Aju-
ga species comprising phytoecdysteroids [14,15], 
neo-clerodane-diterpenes [16,17], flavonoids, iri-
doids, [18], phenylethyl glycoside, withanolides 
[19,20], and essential oils [21]. 
The purpose of this study was to evaluate the anti-
oxidant activity and hepatoprotective effect of Ajuga 
chamaecistus ssp. tomentella. 

Materials and Methods

The plant material 
Ajuga chamaecistus Ging. ssp. tomentella (Boiss.) 

Rech. f. aerial parts were collected from east of Teh-
ran, Iran, in June 2014, dried in proper condition then 
verified by Prof. G. Amin. A voucher specimen (TEH-
6697) was placed in the herbarium of the Department 
of Pharmacognosy, Faculty of Pharmacy, Tehran Uni-
versity of Medical Sciences, Tehran, Iran.

Hydroalcoholic extraction
The well-dried and grounded aerial parts of A. cha-
maecistus ssp. tomentella (195 g) was extracted with 
80% ethanol three times at room temperature. After 
evaporation of the solvent on a rotary evaporator (Hei-
dolph, Model: Hei-VAP Value Hand Lift; Germany) 
and a vacuum oven (SHEL LAB, Sweden), a dark 
brown extract was obtained (42 g).
 
Fractionation of total extract
The extract (32 g) was suspended in 200 mL of 80% 
ethanol using an ultrasonic machine (Hielscher, Ger-
many) and partitioned between hydroalcoholic, chlo-
roform, and ethyl acetate. Removal of the solvents 
with a rotary evaporator resulted in production of 
chloroform, ethyl acetate, and residual hydroalcoholic 
fractions.

Free radical scavenging activity 
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay was 
done based on the method of Brand-Williams et al. 
with some modifications [22,23]. The total extract 
along with chloroform, ethyl acetate, and aqueous-eth-
anol fractions were tested at concentrations of 25, 50, 
and 100 μg/mL, dissolved in methanol. Each sample 
(1 mL) was combined with a fresh methanolic solution 
of 40 µg/mL DPPH. After 30 minutes of incubation in 
the dark at room temperature, absorbance was mea-
sured at 517 nm against a blank. The percentage of 
inhibition was calculated using the equation:
 I=[(Ablank-Asample)/Ablank]×100 
where 𝐴blank is the absorbance of the control (DPPH 
solution without the sample). The IC50 value (the con-
centration of samples showing 50% scavenging ac-
tivity) was calculated based on sample concentration 
against the percentage of inhibition and reported as 
mean ± standard deviation.

Animals
Male albino Wistar rats weighing 250±30 g were ob-
tained from the Faculty of Pharmacy, Tehran Univer-
sity of Medical Sciences, and divided into groups of 6 
with a 12 h light-dark cycle and constant temperature 
(22°C). Animals were allowed to adapt to the labo-
ratory for 30 min before the tests began. All of the 
animal experimental procedures were undertaken in 
compliance with the NIH Guide for the Care and Use 
of Laboratory Animals (National Institutes of Health 
Publication No. 85-23, revised 1996) and approved by 
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the Ethical Committee for Animal Experimentation of 
TUMS (code: IR.TUMS.REC.1395.447). Moreover, 
thorough efforts were made to minimize the number 
of animals used and their discomfort.

Drugs and chemicals
Silymarin was purchased from Sigma (chemical St. 
Louis, MO, The USA); Carbon tetrachloride was pur-
chased from Merck (Germany). The assay ELISA kits 
were purchased from Zellbio© GmbH (Germany) and 
Padginteb co, Iran. All other chemicals (ethanol, eth-
yl acetate, chloroform, acetone, DPPH, formalin, and 
phosphate buffer) were purchased from Merck (Ger-
many).

Carbon tetrachloride-induced liver damage in rats
Healthy albino rats were divided into 7 groups each 
containing 6 animals. Group 1 (sham) received nor-
mal saline. Group 2 received a single dose of CCl4 (1 
mL/kg body weight, i.p.). Groups 3-6 received CCl4 (1 
mL/kg body weight, i.p.) and were treated 7 days with 
ethyl acetate fraction at three doses (25, 50, and 100 
mg/kg p.o.) or Silymarin (100 mg/kg p.o.), respec-
tively. Group 7 received 100 mg/kg p.o. ethyl acetate 
fraction. Animals were sacrificed 24 h after the last 
treatment under Ketamine (100 mg/kg) and Xylazine 
(16 mg/kg) anesthesia (i.p.).

Biochemical studies
Animals were anesthetized with Ketamine (100 mg/
kg) and Xylazine (16 mg/kg) and all blood samples 
were collected from their hearts through cardiac ex-
sanguination. After clotting at room temperature, the 
sera were isolated by centrifugation at 2500 rpm for 15 
minutes, and stored at -80°C for determination of bio-
chemical parameters including Alanine transaminase 
(ALT), Aspartate transaminase (AST), Lactate dehy-
drogenase (LDH) and Alkaline phosphatase (ALP).
In addition, liver samples were excised, rinsed in ice-
cold normal saline, and stored at -80°C. Antioxidant 
parameters such as superoxide dismutase (SOD), 
malondialdehyde (MDA), and glutathione (GSH) 
were measured spectrophotometrically in liver tissue 
homogenates [24] using commercially available Zell-

Bio© kits (Germany).

Histopathological examination
Samples taken from the liver were stabled in 10% 
buffered formalin for 48 hours. Preparation of tissue 
samples and paraffin blocks was made according to a 
previous work. Subsequently, tissues with a thickness 
of 5 μm sectioned by microtome, stained with hema-
toxylin-eosin and studied using light microscopy [25].

Statistical analysis
The statistical analysis was carried out by One-way 
Analysis of Variance (ANOVA) using sigma plot ver-
sion 12.0 and p values <0.05 were considered signif-
icant.

Results

DPPH radical scavenging activity
The antioxidant activity of total extract, hydroalcohol-
ic, chloroform, and ethyl acetate fractions were evalu-
ated in the present study using DPPH radical scaveng-
ing method (Table 1). 
The ethyl acetate fraction showed powerful antioxi-
dant activity against DPPH in comparison to other 
fractions, therefore, lower concentrations of the ex-
tract (25 and 50 µg/mL) were employed. Due to spec-
tacular antioxidant activity, the ethyl acetate fraction 
was chosen for further experimental steps.

Effect of ethyl acetate fraction (EAF) on serum en-
zymes AST, ALT, ALP, LDH and total protein
Serum levels of ALT, AST, LDH, ALP, and total pro-
tein content are shown in figure 1. Level of serum 
marker enzymes ALT, AST, ALP, and LDH were sig-
nificantly increased in CCl4-administered rats when 
compared to the sham (p<0.05-p<0.001). Treatment 
with EAF at the doses of 50 and 25 mg/kg decreased 
the serum transaminase levels and LDH. Silymarin 
(100 mg/kg) was able to lower the elevated levels of 
ALT and ALP, but not AST and LDH. 
Administration of EAF (100 mg/kg) to the healthy rats 
increased ALT (p<0.001) and AST (not significant) 
levels and decreased ALP (p<0.001) and total protein 

Table 1. DPPH radical scavenging of total extract and fractions of Ajuga chamaecistus ssp. tomentella aerial parts

DPPH radical scavenging (%)
Concentration (µg/

ml)
Total extract (TE) Hydro alcoholic fraction Chloroform fraction Ethyl acetate fraction

25 - - - 40±2.34
50 - - - 70±1.04
100 14.59±1.36 22.97±11.76 43.33±1.92 100±0
500 55.80±10.15 44.09±9.82 69.22±6.08 -
1000 79.53±7.64 70.21±16.09 88.36±11.68 -

IC50 (µg/ml) 368.72 613.94 150.62 60.5



http://jtim.tums.ac.ir 133

Effect of Ajuga chamaecistus ssp. tomentella on liver toxicity M. Heydari et al.

levels compared to the sham (p<0.05).

Effect of EAF on GSH, MDA, and SOD in 
liver
GSH, MDA, and SOD contents in the homogenized 
liver of rats are shown in figure 2. GSH was signifi-
cantly decreased in CCl4-administered rats. Treat-
ment with all the study groups, except for 50 mg/kg 
of EAF, restored the level of GSH. There was no sig-
nificant difference between study groups compared 
with sham or silymarin groups (p>0.05). 
MDA was increased significantly in CCl4-adminis-
tered rats compared to sham (p<0.001). Treatment 
with all the study groups decreased the increased lev-
el of MDA following CCl4 administration (p<0.001). 
No significant difference was found between EAF 
treatment groups with sham and silymarin (p>0.05). 

Figure 1. Effect of ethyl acetate fraction (EAF) of Ajuga chamaesistus ssp. tomentella on serum enzymes AST, ALT, ALP, LDH and 
total protein.
* Significantly different from the sham group
#  Significantly different from the CCl4 group
+ Significantly different from the silymarin group
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SOD activity decreased significantly in liver tissue by 
CCl4 compared with sham (p<0.001). All treatment 
groups significantly recovered the SOD levels in com-
parison to the CCl4-administered group (p<0.001) and 
there was no significant difference between treatment 
with EAF at the doses of 25 and 50 mg/kg with sham 
and silymarin groups.

Histopathologic examination
Histopathology results of liver sections are shown in 
figure 3. In the hepatocytes of CCl4-poisoned animals, 
excessive cell swelling (ballooning degeneration) and 
core inflation (Karyomegaly), accumulation of fat 
vacuoles in the cytoplasm, and tubule necrosis were 
observed. An irregularity in the liver chord structure 
and sinusoidal vessel obstruction was visible. Exten-
sive bleeding and the presence of mononuclear in-
flammatory cells (lymphocytes) in some areas, espe-
cially in the portal space were observed. In addition, 
the normal tissue of the liver was replaced by fibrotic 
tissue (a).
In the silymarin-treated group, cellular inflation was 
reduced significantly. No traces of blood were ob-
served, liver structure recovered and the symptoms of 
tissue damage were improved (b).
In the low-dose EAF treatment group (CCl4 + 25 mg/
kg EAF) liver tissue histopathological pattern was 
similar to the silymarin group in which tissue necro-
sis and inflammation of the hepatocytes was reduced. 
However, moderate to severe swelling of hepatocytes 
was obvious (c). The best hepatoprotective effect was 
observed following treatment with the moderate dose 
of EAF (CCl4 + 50 mg/kg EAF). Liver tissue regen-
eration is well, though, some hepatocytes with mild 
cellular inflammation remained (d). The least hepa-
toprotective effect was observed following treatment 
with the high dose of EAF (CCl4 + 100 mg/kg EAF). 
Severe hyperemia of the central vein and sinusoid ves-
sels was noticeable (e).
No significant histopathological damage was observed 
following the administration of 50 mg/kg of EAF to 
healthy animals (f). Administering 100 mg/kg of EAF 
to healthy animals led to hepatocyte swelling, char-
acterized by an increase in cell volume and a white 
coloration observable at ×200 magnification, due to 
fatty mass changes and/or hydropic degeneration in 
the hepatocyte cells.

Discussion 
In our study, we evaluated the antioxidant activity and 
hepatoprotective effect of Ajuga chamaecistus ssp. 
tomentella. The best DPPH free radical scavenging 
and antioxidant activity was observed from the eth-
yl acetate fraction (IC50=60.5) against CCl4-induced 
toxicity in rats. DPPH free radical scavenging is an 
appropriate method to measure the antioxidant activ-

Figure 2. Effect of Ethyl acetate fraction (EAF) of Ajuga cha-
maesistus ssp. tomentella on GSH, MDA and SOD levels.
* Significantly different from the sham group
#  Significantly different from the CCl4 group
+ Significantly different from the silymarin group
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ity of plant extracts. The presence of several tannins, 
flavonoids, steroids, terpenes, and phytoecdysteroids 
is reported in Ajuga species [26]. Furthermore, phyto-
ecdysteroids and (20-hydroxyecdysone), 2 (Cyaster-
one), and 3 (8-Acetylharpagide) are present in Ajuga 
chamaecistus ssp. tomentella total extract and possess 
antioxidant and cytotoxic activity by inhibiting free 
radicals [27,28]. 
To define the hepatoprotective activity of EAF, rats 
were intoxicated with CCl4 (single dose of 1 mL/kg 
b.w., i.p.), and treated with EAF (25, 50, and 100 mg/
kg, p.o.) or silymarin (100 mg/kg, p.o.). CCl4 is one 
of the most important hepatotoxins due to its potent 
oxidative effect on the liver. CCl4 metabolism by 
CYP2E1 to the extremely active ROS (CCl3 radical) 
plays a significant role in the toxicity. Free radicals 
attack microsomal lipids which cause peroxidation. 
They also attach to lipids and micronutrient proteins, 
leading to activation of secondary biochemical pro-
cesses. 
CCl4 has been shown to increase ALT, AST, and ALP 
activities in the plasma that could be considered as an 
index of injury to the liver parenchymal cells induced 
by increased levels of AST, ALT, ALP, and LDH activ-
ities. Treatment with EAF at doses of 25 and 50 mg/
kg decreased the serum transaminase levels similar to 
silymarin. Administration of EAF at the highest dose 
(100 mg/kg) to the healthy animals increased ALT and 
AST values; while lower doses of EAF (25 and 50 mg/
kg) and silymarin (100 mg/kg) significantly reduced 
their concentrations. In a study by Hsieh et al., (2011), 
it was revealed that Ajuga bracteosa extract inhibited 
the progress of CCl4-induced hepatic fibrosis in mice 
by inhibition of macrophage activation and suppress-
ing liver inflammation. Moreover, A. bracteosa pro-
tected the liver from damage by reducing the action 
of plasma aminotransferase (ALT and AST), and im-
proving the histological construction of the liver [8]. 
All employed EAF doses reduced LDH activity which 
shows its ability to reduce necrosis and other damage 
to the liver. Among the treatment groups, EAF (50 mg/
kg) was able to reduce ALP which evidenced its effect 
on biliary tracts. Silymarin treatment did not reduce 
LDH levels but, was able to reduce ALP levels. 
One of the end products in the peroxidation of lipids 
is MDA, which is produced by chemical damages and 
reactions that are catalyzed by enzymes from unsat-
urated fatty acids. The high concentrations of MDA 
in biological samples are usually considered a patho-
logical condition. Reducing the concentration of ox-
idative stress biomarkers by various antioxidants or 
using drugs indicates the beneficial effects of these 
agents on health [31]. The results of this study showed 
that MDA was increased significantly in CCl4-admin-
istered rats compared to sham. Treatment with all the 
study groups decreased the increased level of MDA 

Figure 3. Histological changes in liver of rats exposed to EAF 
and CCl4 (x200). A CCl4-induced section: excessive cell swelling 
(ballooning degeneration) and core inflation. CV: central vein B 
silymarin treated section (100 mg/kg): cellular inflation reduced 
significantly and symptoms of tissue damage were improved. C 
Low-dose EAF treatment section (25 mg/kg): tissue necrosis and 
inflammation of the hepatocytes is reduced, however, moderate 
to severe swelling of hepatocytes is obvious. D Moderate-dose 
EAF treatment section (50 mg/kg): liver tissue regeneration is 
well taken place, liver tissue showed mostly normal appearance. 
E High-dose EAF treatment section (100 mg/kg): severe hyper-
emia of the central vein and sinusoid vessels were noticeable. F 
liver section from control rat received 50 mg/kg of EAF, no sig-
nificant histopathological damage was observed. G liver section 
from control rat received 100 mg/kg of EAF, resulted hepatocyte 
swelling and fatty changes. 

following CCl4 administration. All the treatment 
groups prevented the peroxidation of fatty acids and 
reduced the oxidative stress in the liver similar to si-
lymarin.
GSH is one of the most plentiful intracellular non-pro-
tein thiol molecules in tissues, especially in the liver, 
which can scavenge free radicals as an antioxidant and 
prevent the oxidation of proteins by reversible gluta-
thionylation and thus, reduces the damage caused by 
ROS. GSH also shows a significant role in the detox-
ification of electrophilic combinations, toxic metals, 
and microbial proteins. Therefore, GSH plays an es-
sential role in the survival and health of the cells, and 
the imbalance in GSH levels can lead to various ill-
nesses caused by oxidative stress [32]. In our study, 
GSH was significantly decreased in CCl4-administered 
rats. Treatment with all the study groups, except for 50 
mg/kg of EAF, restored the level of GSH. In addition, 
a significant difference was observed between Sily-
marin and EAF at both 25 and 50 mg/kg groups. EAF 
at the dose of 25 mg/kg, however, had a better effect 
than Silymarin but the 50 mg/kg EAF was not as ef-
fective as Silymarin in restoring GSH. This means that 
EAF extracts were able to balance the level of GSH in 
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the liver and protect it against free radicals and perox-
ides that are the result of the toxicity of CCl4. 
SOD converts superoxide to H2O2 and removes it, 
which is immediately converted to water by gluta-
thione peroxide (GPx) and CAT. So, the cells protect 
themselves against the toxic effects of ROS. O2- radi-
cal, which is superoxide, is converted to O2 and H2O2 
by SOD; thus, participating in the enzymatic defense 
against toxicity among other antioxidant enzymes. 
[33]. Several studies confirmed that an aqueous extract 
of Ajuga iva and an iridoid compound (8-O-acetyl-
harpagide) isolated from this extract increases the 
antioxidant capacity evidenced by decreasing lipid 
peroxidation and increasing the antioxidant enzymes 
(SOD, GSH) activities in plasma, erythrocytes and 
tissues of diabetic and hypercholesterolemic rats [34-
36]. In our study, SOD activity decreased significantly 
in liver tissue by CCl4. All treatment groups signifi-
cantly recovered the SOD levels to normal, therefore, 
it can be concluded that the EAF is able to reduce ROS 
and oxidative stress damage to the liver tissue. There 
was no significant difference between treatment with 
EAF at 25 and 50 mg/kg doses and silymarin groups. 
The results of liver histopathology sections showed 
that between EAF treatment groups, the dose of 50 
mg/kg had a significantly better effect in preventing 
liver damage and necrosis of hepatocytes, regarding 
tissue necrosis, and inflammatory cell recruitment 
rates, as moderate to severe hepatocyte swelling were 
noticeable in 25 mg/kg groups; while degeneration 
and necrosis of the liver cells were obvious in the 100 
mg/kg group. The higher level of enzymes in the si-
lymarin group than in the lower doses of the extract 
(25 and 50 mg/kg), and the presence of less extensive 
liver damage in the 50 mg/kg EAF group, indicate that 
the 25 and 50 mg/kg doses were more successful than 
silymarin in reducing enzyme levels; however, there 
was no statistically significant difference between 25 
and 50 mg/kg groups regarding serum enzymes. It 
seems that healthy cells that still have no degeneration 
and necrosis are more present in the silymarin group 
than the lower dose of the extract, and consequently, 
due to the effect of CCl4 on healthy cells and the re-
lease of intracellular enzymes in the blood, the level 
of enzymes in the silymarin group is higher than other 
mentioned groups, despite better histological results. 
To make a comparative study on histology, according 
to an article by Wen-Tsong Hsieh and colleagues who 
studied the hepatoprotective effects of Ajuga bracteo-
sa on CCl4-induced liver damage, the best effects were 
observed on the liver tissue in the group treated with 
the 300 mg/kg of this plant extract. 
Taken collectively, treatment with EAF can recover 
the activity of SOD and GSH; while similarly reduc-
ing the level of MDA to silymarin. These results in ad-
dition to histological examination of the liver samples 

established hepatoprotective potential of A. chamaeci-
stus ssp. tomentella. 
In a study conducted by Sadati et al., the acute and 
chronic toxicity of the plant's hydroalcoholic extract 
was evaluated in rats. The acute toxicity test indicat-
ed that the ethanolic extract was safe at doses up to 
6,000 mg/kg. In the sub-chronic toxicity study, ad-
ministering the extract at 1,000 mg/kg for 23 and 45 
days significantly reduced cholesterol and triglyceride 
levels. Histopathological analysis revealed no notable 
differences in tissue samples between treated and con-
trol groups after 23 and 45 days [37]. It appears that 
if the EAF doses used in our study were converted to 
clinical doses, they would still be within a non-tox-
ic and usable range except for 100 mg/kg where im-
provement in serum enzyme levels and histological 
manifestations at this dose was also not adequate in 
our study. 
So, although working with laboratory animals, con-
ducting laboratory tests, and even collecting plants 
can be considered challenges and limitations of the 
study, all these steps were carried out with the enthu-
siasm of achieving a fascinating result. Based on that, 
it is recommended that appropriate clinical studies be 
designed for this plant, which could open a new chap-
ter in the treatment of many liver diseases in modern 
medicine.

Conclusion
It appears that A. chamaecistus ssp. tomentella demon-
strates a commendable potential for liver protection, 
aligning with the descriptions in traditional Persian 
medicine.
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