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Abstract 
_____________________________________________________________________________________________________________________ 

This study was conducted to hepatoprotective effects of Coleus aromaticus aqueous leaf extract (C. 
aromaticus-ALE) of on Thioacetamide and Silymarin induced liver poisonousness in wistar rats. 
Phytochemical screenings of C. aromaticus-ALE were used to find out the preliminary constituents. 
Adult male wistar rats (weight range: 200-220g) were divided into 6 groups (n= 6). Thioacetamide 
and Silymarin stayed managed intraperitoneally arranged the 5th day to rats in all groups but the 
normal control. Phytochemical screen of C. aromaticus-ALE contains flavonoids, saponins, tannins, 
phenol, tri-terpenoids, carbohydrate, anthraquinones, and phytosteroids. The biochemical markers of 
hepatic damage like AST, ALT, APT, Bilirubin and cholesterol. Furthermore, a significant 
hepatoprotective of the aqueous extract leaf and oral dose of Thioacetamide and Silymarin. C. 
aromaticus-ALE did not mortality or significant changes in the body weight. Process of hepatotoxicity 
induced by Thioacetamide in rats was interceded by control and these effects were comparable to 
those administered with Silymarin.  This is the first report on hepatoprotective effect of C. aromaticus-
ALE against Thioacetamide-induced hepatotoxicity.      

Keywords: Thioacetamide, Silymarin, Coleus aromaticus, biochemical-hematological parameters, 
aqueous leaf extract.  

  

 

INTRODUCTION 

Liver disease strong position as one of the chief health 
troubles in the global, with it cirrhosis was drug stimulated 
liver injury according 9thsupremacy cause of death in modern 
and developing countries.1 However, it caused by infectious 
agents or ingestion of toxic foods, chemical, overdose of drugs, 
and chemicals that cause liver damage are called hepato 
toxins.2 It may be possible side effect of chronic medications or 
can be caused by chemicals, such as microcystins, as well as 
artificial chemicals, like contain antibiotics, tetrachloride, 
chemotherapeutic agents, dimethylnitrosamine, aflatoxin, 
carbon tetrachloride, pyrrolizidine alkaloids, allyl alcohol, 
thioacetamide, biomobenzene.3 Susceptibility of the liver to 
chemical attacks, which comes in close contact with many 
harmful substances, environmental pollutants, xenobiotics, 
and chemotherapeutic agents could repress. However, 
maintaining a healthy liver is a challenge for overall health and 
well human being, and the treatment of such diseases is taken 
away standard using artificial pharmaceuticals, or secondary, 
by using separated main compounds or importance parts of 

indigenous medicinal plants utilized in popular medicine.4 In 
spite of, there are nevertheless few drugs utilized to treat liver 
diseases, with possible effects on human.5 Thus, important 
medicinal plants with hapatoprotective or curative process 
utilized for the therapy of hepatic disorders become important 
mostly important subjects of studies to explain their 
mechanism of action and characterize compounds that can be 
utilized for the increased of new hepatoprotective drugs.6 
Some experimental models are utilized to show the 
hepatoprotective action of certain medicinal plants, especially 
against thioacetamide stimulated liver damage.7 

Thioacetamide (TAA) was particularly utilized as a fungicide 
to maintains agricultural citrus materials after later it was 
denied that it was a strong potent hepatotoxin and carcinogen 
due to organo-sulfur-containing compound enriched with liver 
damaging and carcinogenic activities.8 Currently, is focused as 
a carcinogen, and very speedily metabolized into free 
bieradical derivatives such as TAA sulfoxide, TAA-S-S-dioxide, 
even though it leads to lipid peroxidation, thus eventually 
culminates in centrilobular damages and liver injuries.7 Earlier 
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studies have also demonstrated that, rodents intoxicated with 
TAA was caused such as fibrosis, liver injury, cirrhosis, and 
steatosis in test animals of this disease with etiology, and 
pathology comparable equal to the one seen in humans.9,10 
However, TAA was recognized as an exemplary of liver 
fibrosis in rats. Though currently, the broadly utilized 
treatment of liver fibrosis and cirrhosis is inadequate; thus 
there is no effectively broadly utilized therapy that can 
prevent the improvement of hepatic diseases. Despite, newly 
improved drugs have been utilized to heal liver diseases; 
presently these drugs have abundant side effects. There is an 
urgent need for alternative deputing remedies or drugs, to the 
treatment of chronic liver disorders to change currently drugs 
of uncertain safety and non-effectiveness.11 The liver markers 
are found of AST, Transaminases, APT, γ-glutamyl transferase, 
ALT, lipids, Bilirubin, cholesterol, and proteins are discharged 
in the blood. As a result of cell leakage, and the measurement 
of the particularly serum markers of the liver could be utilized 
for diagnosis of injuries.12 Many products available 
commercially are from herbal origin, and herbal elements and 
dietary supplements have power as possible choice medicines 
for the therapy of chronic liver diseases and associated 
metabolic derailments.13 Silymarin is an important component 
of Silybum marianum. Thus, it has been evidenced to be mostly 
hepatoprotective, and has been utilized for the therapy of 
abundant liver disorders such as cirrhosis, fatty acid 
infiltration due to alcohol and toxic chemicals, and hepatitis, 
it’s specifically characterized by functional impairment or 
deterioration of necrosis.14 However, it’s mechanisms of the 
process is not entirely understood, it appears that it acts in 
various ways, including anti-inflammatory activities and 
antioxidant, membrane stabilizer, cell permeability regulator, 
inhibiting the deposition of collagen fibers and stimulating 
liver regeneration, which may be lead to cirrhosis.15 The 
medicinal herb, Coleus aromaticus is a large succulent 
aromatic perennial herb with approximately 30-90 cm in 
highest and branched, fleshy highly aromatic pubescent herb 
with distinctive smelling leaves. It is folkloric medicinal plant 
used to treat hepatopathy, malarial fever, vesical calculi, 
convulsions, renal, cough, helminthiasis, hiccough, epilepsy, 
and bronchitis.16 Therefore, in the current investigation, we 
make effort perhaps for the first time, to this work out the 
possible toxicology activity of C. aromaticus-ALE for 
hepatoprotective effect against TAA-induced hepatotoxicity.  

MATERIALS AND METHODS 

Chemicals 

Aqueous, distilled water, 10% formalin, silymarin, 
thioacetamide, hematoxylin, eosin, acetaminophen were 
supplied by Merk (Germany).  

Plant material and extract preparation 

Fully developed leaves of C. aromaticus were collected from 
Kollihills (11˚24’N to 11˚13’N latitude, and 78˚33’E to 78˚09’E 
longitude), Namakkal District, Tamil Nadu, India, and washed 
methodically, blotted and shade dried. It was authenticated by 
plant taxonomist from the Department of Botany, Annamalai 
University. Coarsely powdered dried leaves, 500 g each of C. 
aromaticus are separately extracted to collapse with aqueous 
using a Soxhlet apparatus successively. The ALE thus gathered 
was drained beneath reduced pressure yielding 20.4 g of 
extract. 

Phytochemical screening 

We showed the bioactive chemical components detecting the 
occurs of secondary metabolites such as protein, flavonoids, 
alkaloids, steroids, terpenoids, saponins, anthraquinines, 
tannins, tri-terpenoids, phenol, carbohydrate, phytosteroids, 

amino acid and glycosides in the dissimilar extract fractions of 
C. aromaticus-ALE.17  

Animals 

The study was initiated after getting approval from the 
Institutional Animal Ethic Committee, Approval letter Reg No: 
160/1999/CPCSEA. Proposal No:1096/Dt.9/10/14. Animal 
were handled according to the CPCSEA guidelines, India. 
Wistar albino rats (200-220g) of either sex bred (n=6 
animals/group) in animal house, Annamalai University, 
Chidambaram, Tamil Nadu, were used. They were stored 
under still environmental states of temperature, humidity 
12:12 light/dark. We gave a standard pellet diet and supplied 
it with water to animals.  

Preparation of Silymarin 

SY with 80% the state of being pure, (Pondicherry Scientific 
Chemicals, Pondicherry, India) as a standard drug, and 
dissolved in Tween 20 (10% w/v) and orally manage an 
organization or effort to rats at a dose of 50 mg/kg body 
weight (Fig. 1).18 

Acute toxicity assay 

The experiment followed the guideline of OECD 425 for the 
testing of chemicals (OECD, 2022). All animals fasted 
overnight before treatment. The rats were weighted and given 
the doses according to their body weight. Twenty five male 
rats were randomly divided into 6 groups (n=6/group). Group 
1 was provided as the control, and TAA was treated in the rats 
(Group 2), TAA+ALE of C. aromaticus was treated at 250 and 
500 mg/kg doses body weight (Group 3 and Group 4), TAA+SY 
was treated at 25 mg/kg doses body weight (Group 5) and C. 
aromaticus alone was treated at 500 mg/kg doses body weight 
(Group 6). The observation of animals was done every 30 min, 
4h after treatment, and every 24h up to 14 days. 

Those observations evaluate the mortality case, clinical 
toxicities signs, abnormalities behavior and body weight. 
During this study period, clinical observations were made for 
mortality, behavior and any other abnormalities, and their 
weight was measured every 3 days. In the days of the 15th, the 
animal was anesthetized with 50 mg/kg body weight of 
ketamine. The sacrificed organs (Liver, lungs, heart, gut, 
kidney left, right and ovaries) were collected and the weight 
was measured.   

Thioacetamide induced hepatotoxicity 

TAA and all other chemicals utilized were of analytical 
evaluated grade and obtained almost from Pondicherry 
Scientific Chemicals. TAA stock solution was arranged by 
dissolving 100 mg pure TAA  (Fig. 2) which is in crystal form 
in 100 ml distilled water (10.0 % w/v) until all the crystals 
were dissolved. It was mixed by drinking water and given 
daily to rats. Perpetual exposure in rat to the amount of TAA 
induces changes in its liver diseases for both biochemical and 
morphological aspects comparison to that of human liver 
cirrhosis.19 

Animals of all the groups were killed by light ether anesthesia 
on 6th day. The blood model of each one animal was gathered 
individually by carotid artery into completely clean and 
moistureless centrifuge tubes and allowed to coagulate for 30 
mm. Serum transaminase viz., ALT, AST and AP were 
approximately evaluated by the standard automatically 
techniques according to the procedures prescribed by the 
manufacturers.  

Histopathological studies 

The rats were sacrificed, and the organ (Liver) of all groups 
was separated for histopathological studies. A complete 
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necropsy implemented. After, a comprehensive gross 
observation was implemented on the internal organs namely 
liver. They were shown for any signs of lesions. Further, the 
organs were more carefully take apart out, very cleanse of all 
fats and was weighed. Despite liver is organs of metabolism 
and waste materials excretion, possibly toxic products are 
likely to be affected them, so parts of these organs were very 
carefully fixed in buffered 10% formalin and 5 μm thick 
paraffin sections were made and stained with haemotoxylin 
and eosin for Histopathological study.20 

Statistical analysis 

The results of all parameters tested were evaluated by 
statistical analysis using the GraphPad Prism 9.0 software 
(GraphPad Co. Ltd., San Diego, CA, USA). Groups were 
examined Durnett-comparison utilized to search the data into 
the one-way ANOVA test, with p˂ 0.05 being considered as the 
limit of significance. 

RESULTS 

Preliminary screening of C. aromaticus-ALE   

Phytochemical screening of C. aromaticus-ALE tested showed 
that 14 phytochemical screening and the leaves were strongly 
positive group in alkaloids, flavonoids, saponins, tri-
terpenoids, anthraquinones, phenol, carbohydrate and 
phytosteroids (Table 1). C. aromaticus-ALE was analyzed by 
using CC with different solvent system. Benzene: ethyl acetate 
(8:2) gave 5 fractions; two fractions have had available in 
benzene: ethyl acetate (1.5:8.5). Three fractions have available 
in benzene: ethyl acetate (1:10).    

Acute toxicity assay 

The oral administration of C. aromaticus-ALE had not recorded 
the toxic sign of behavioral responses up to 14 days of 
observation (Table 2). There were no changes in the eye color, 
sedation, skin color, fur and skin, convulsion, diarrhea, 
eraction of fur, urination, saliva, breathing, drownise and 
behavior patterns. There was no observed lethality case over 
the 14 days of observation. The statistical evaluation of 
relative organ weights showed no significant differences 
among groups (Table 3).   

Thioacetamide induced hepatotoxicity   

In rats, effect of C. aromaticus-ALE on SY and TAA induced 
liver damage, with reference to biochemical changes in serum 
are noticed in Table 4. At the end of the 5th day test, blood 
sample of SY and TAA treated control animals seen important 
improvements in the level of AST, ALT, ALP, Bilirubin and 
cholesterol compare to control. Pretreatment with C. 
aromaticus-ALE at 250 and 500 mg/kg noticed marked decline 
of ALT, ALP, AST, Bilirubin, and cholesterol as compared to the 
SY and TAA treated group. The highest protection was shown 
by C. aromaticus-ALE at the dose of 500 mg/kg body weight 
and SY and TAA induced hepatic damaged rats caused a 
marked reduction in the activities of these enzymes. Those 
indicated that the LD50 was estimated at more than 500 
mg/kg. The body weight increase of the rat throughout the 
experiment was within the normal range. The average weight 
among the groups had no significant difference on all days 
(Fig. 3a,b).    

 Histopathological changes in liver  

The control rat’s liver sees that the hepatic cells are radically 
placed and each cell has a broad spherical nucleus, granular 
cytoplasm, and not any injury (G1). TAA treated rats showed 
vacuolization, necrotic changes and deficit of cell over limit of 
liver damage were noticed (G2). Treatment of rats with C. 
aromaticus-ALE 250 mg/kg and 500 mg/kg to TAA treated 

rats focused markedly decreased the size of necrosis, fatty 
accumulation around the central vein and degree of 
deterioration (G3 and G4).  In the mentioned group, i.e. TAA 
and SY, the liver construct was comparable to that focused on 
the control group (G5). C. aromaticus-ALE separately treated 
group rats had shown ordinary architecture of liver (G6) are 
showed in Fig. 4.   

DISCUSSION 

One of the main processes, liver is detoxification of 
xenobiotics. TAA is a power hepatoxic agent that is 
metabolized by cytochrome 450 enzyme existing in liver and 
is oxidative chains to toxic materials, which is called TAA- 
dioxide21 and it is focused to stimulate centrilobular hepatic 
necrosis, liver cirrhosis, hepatocellular carcinoma and bile 
duct procreation.22 Furthermore, TAA stimulated liver fibrosis 
and is provoked by free radical-mediated lipid peroxidation.23 
The higher production of reactive oxygen species (ROS) 
induces lipid peroxidation, that manages to a developed of 
malondialdehyde concentration in liver tissue.24 In this study, 
as shown on Table 1, primary screening of CAALE tested 
showed that 14 phytochemicals and the leaves were strongly 
positive group in alkaloids, flavonoids, saponins, tri-
terpenoids, anthraquinones, phenol, carbohydrate and 
phytosteroids. Present studies are comparable with earlier 
reports that the alkaline phosphatase is a transpeptidase that 
develops in bone andliver disorder. Most studies have focused 
that phenolic compounds existing in medicinal plants can 
avoid the toxic effects on the liver and result in decrease 
volume of glutamic pyruvic transaminase and alkaline 
phosphatase freed into blood25 and Eucalyptus camaladulensis 
LCE shows the presence of glycoside, flavonoids and 
steroids.26  

Acute toxicity study showed that C. aromaticus-ALE had not 
recorded the toxic sign of behavioral responses up to 14 days 
of observation. There were no changes in the eye color, 
sedation, skin color, fur and skin, convulsion, diarrhea, 
eraction of fur, urination, saliva, breathing, drownise and 
behavior patterns. There was no observed lethality case over 
the 14 days of observation. The statistical evaluation of 
relative organ weights showed no significant differences 
among groups. Continuously researched, the reductions in the 
body weights of rats during toxicity studies are possible due to 
the physiological adaptation responses, which may lead to low 
appetite and reduce the caloric intake by the animal.27,28 
Changes in the organ weight of the treatment group compared 
to the control give a preliminary sign for any damage or 
swelling of the organ caused by extract.29 

Accordingly, the current test was undertaken to evaluation the 
effects of C. aromaticus in rat sample of chronic liver disease in 
order to a confirmation that this plant does truly have a 
deterrent advantage in liver disease. Results from Table 2 
revealed that, animals treated with 500 mg/kg of C. 
aromaticus-ALE exposed a hepatoprotective effect comparison 
to treat with 50 mg/kg of SY in TAA stimulated liver injury. 
The rapied at 250 and 500 mg/kg body weight was rescued 
the biochemical parameters (AST, ALT, APT, bilirubin and 
cholesterol) towards ordinary. Similarly, management of many 
type of the extracts in compare with the usual control in 
histology of the animals focus glomerular expulsion and 
glomerular collapse with the currently results developed 
enlarge tubules, urinary space, vacuolations in some epithelial 
lining of very most of tubules in the medulla and inflammatory 
cellular penetration at some peritubularareas.30 Melatonin 
reduced the well development lipid peroxidation and 
transaminase evaluate in rats collected fluoxetine (p<0.05), 
and also focused the source of fluoxetine I inducing 
leucopenia, hypochromic, thrombocytopenia and macrocytic 
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anemia, which was blunted by melatonin. Both RBCs and 
platelets indexes were being corrected. Furthermore, rats 
accepted melatonin in join with fluoxetine have shown a 
decreased in the harshness severity of deterioration and 
inflammatory changes in different heart, tissues, brain, lungs, 
liver into the testes with kidneys as comparison to the 
fluoxetine group.31   

However, in chronic TAA intoxication, it is substantial liver 
fibrosis and prominent regenerative nodule improvements 
had correlated, with portal hypertension and hyper dynamicis 
being circulation characteristics of liver cirrhosis.32 
Anticonvulsant effect of onopordia was blocked by applying a 
single dose of a non-nitro-L-arginine methyl ester 
hydrochloride and also a single dose of selective neuronal NOS 
(nNOS) inhibit 7-nitroindazole. Administration of ketamine as 
a N-Methyl-D-aspartic acid receptor antagonist with 
onopordia did not change the anticonvulsant effect of 
onopordia.33 Plasma is proof the biochemical parameters 
(AST, ALT, APT, bilirubin and cholesterol) and 
histopathological analysis. However, the mechanism of 
oxidative pressure in TAA hepatotoxicity is still not clear. In 
presently, many studies have shown that various types of 
natural products have a wide range in biochemical, 
phyciological and pharmacological effects due to the 
properties of their constituents.34,35 Treatment of Schistosoma 
mansoni infected mice with Ozoroa pulcherrina-MLE produced 
significant reduction of worm burden and ova count in the 
faces, liver and intestine.36 Moreover, the induction of pre-
diabetes outcome in development release of liver enzymes 
such as AST and ALT, is raised antioxidant enzymes. Despite, 
the administration of BA had raised sterol regulatory part 
binding protein (SREBP1c) and stress, and made better 
antioxidant enzymes such as SOD and GPx.37 

Result comparable for TAA is a classic hepatotoxic reagent 
used for liver cirrhosis induction.38,39 Further, the acute 
toxicity research were determined the LD50 values which helps 
in determining protect dose ranges at which the drug could be 
utilized such that there is not harmful side effect on the animal 
(Vishnu et al., 2015).40 TAA is hepatotoxic and effects DNA, 
RNA, protein synthesis and glutathione content, which in turn, 
induces intra hepatic metabolic changes41, and known 
hepatotoxin that induces liver nectosis by producing free 
radicals.42 In a short period of time, TAA induces liver 
damages43 and toxin is metabolized by detoxification enzymes 

of P450 cytochrome system.18 Studies have demonstrated that, 
immune system will fix this condition by exaggerating the 
anti-inflammatory genes and natural antioxidant will decrease 
the existence of the free radical in the body and existences of 
intracellular ion homeostasis also are essential for the 
physiological function of cells.44 Particularly, Artemisia plant 
extract is fully replete with cholinergic acid which has anti-
free radical action that devastates oxygen free radicals,45 with 
it is also prohibits hemeoxygenase; thus, it is decreases the 
production of free radicals46 and quercetin inhibits lipid 
peroxidation.47 Our findings presented on Fig. 2 revealed C. 
aromaticus-ALE did not mortality or significant changes in the 
body weight. The previous studies focused, in vivo that the 
antioxidant enzymes were reduced by a chronic ethanol 
administration48,49 and antioxidant enzyme actions in the liver 
tissue, including those of catalase (CAT), glutathione 
peroxidase (GPx), superoxide dismutase (SOD) were 
significantly reduced by a chronic ethanol administration, 
whereas the hepatic lipid-peroxidase level was development.50 
The current investigation showed Fig. 3 and 4 that, process of 
hepatotoxicity induced liver and kidney by TAA in rats was 
interceded by C. aromaticus-ALE control and these effects 
were comparable to those administered with SY. Similarly, 
significant develops in chloride level in group five compared 
with ordinary control and though these changes were not 
statistically significant in almost all the groups administered 
the disparate extracts, but it is possibility that its physiological 
effects could be adverse. Bicarbonate, chloride, sodium and 
potassium stable in the blood are observed to be a best 
indicator of usefully functioning of the heart. Significant 
change in the concentration of these body electrolytes is 
particularly of lowest renal functions or renal impairment.51  

CONCLUSION 

The very strong preliminary evidence that C. aromaticus-ALE 
has hepatoprotective effective against liver toxicity stimulated 
by TAA as confirmed by macroscopical, microscopical and 
biochemical tests. Further, effect of C. aromaticus-ALE is 
comparison to that of SY, the very standard hepatoprotective 
drug. Accordingly, ALE could be utilized as a useful herbal 
product for the blockage of chemical-induced hepatic damage. 
In the near future, a more research is warranted to isolate and 
characterize the bioactive components of C. aromaticus-ALE 
that have the hepatoprotective.  

    

Table 1: Phytochemical screening of C. aromaticus ALE 

Chemical constituents  Methanol Ethyl acetate Acetone Benzene 

Alkaloids + +++ + -- 

Flavonoids +++ ++ -- + 

Saponins ++ -- -- + 

Steroids + ++ ++ + 

Tannins ++ +++ + -- 

Terpenoids -- + -- + 

Tri-terpenoids ++ +++ ++ + 

Anthraquinones ++ + -- + 

Amino acid -- -- -- -- 

Phenol ++ + ++ -- 

Glycosides -- -- -- -- 

Carbohydrate +++ + + -- 

Protein -- + -- + 

Phytosteroids ++ +++ + + 

“+++” Strongly positive phytochemical group, “++”Positive phytochemical group, “+”Trace phytochemical group, “-” Absence of phytochemical group 
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Table 2: The behavioural pattern of rats in all groups 
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G- group; N- normal; Nil- no mortality observed. 

 

Table 3: Effect of C. aromaticus ALE on relative organ weight (g) of rats during oral toxicity study 

Organs G1 G2 G3 G4 G5 G6 

Liver 4.264±0.013c 4.458±0.014c 4.42±0.02c 4.356±0.016c 4.332±0.016c 4.274±0.015c 

Lungs 0.822±0.014b 0.922±0.017ab 0.854±0.015b 0.822±0.014b 0.804±0.015b 0.834±0.018b 

Heart 0.362±0.016a 0.482±0.023a 0.378±0.019a 0.452±0.014a 0.44±0.018a 0.36±0.018a 

Gut 12.99±0.424d 12.04±0.637d 11.99±0.494d 13.01±0.219d 12.81±0.259d 12.30±0.269d 

Kidney left 0.406±0.015a 0.52±0.015a 0.41±0.014a 0.432±0.008a 0.414±0.018a 0.372±0.014a 

Kidney right 0.396±0.008a 0.502±0.008a 0.422±0.010a 0.43±0.014a 0.402±0.008a 0.342±0.010a 

Ovaries 0.65±0.014ab 0.946±0.008b 00.8±0.007a 0.694±0.011ab 0.652±0.016ab 0.688±0.016ab 

Values were represented as mean ± SEM (n=6). The data were evaluated by ANOVA followed by Dunnett’s multiple comparison test. G- group, 
respectively. 
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Table 4: Effect of TAA, SY and C. aromaticus ALE on biochemical parameters 

Groups AST (U/L) ALT (U/L) ALP( U/L) Bilirubin (mg/dl) Cholesterol (mg/dl) 

G1 64.60±8.23a 40.68±3.24a 145.00±7.44a 0.80  0.03
a
 82.67  4.18

a
 

G2 183.45±11.65d 135.23±4.46d 449.33±14.52d 3.42  0.13
d
 148.00  7.42

d
 

G3 82.98±5.74c 59.83±2.92c 208.00±9.16c 1.38  0.08
bc

 112.33  9.28
c
 

G4 74.25±6.12ab 47.22±4.12b 185.83±8.38ab 1.20  0.04
ab

 92.00  5.13
ab

 

G5 77.53±8.04b 49.50±3.38b 198.66±4.64b 1.28  0.08
b
 97.33  4.95

b
 

G6 64.35±7.95a 40.00±2.96a 142.50±6.98a 1.79  0.06
c
 82.66  5.36

a
 

Data represent the mean ± SEM (n=6 in each group). The data were evaluated by ANOVA followed by Dunnett’s multiple comparison test. Figures in 
parenthesis indicate percent reduction in individual biochemical parameters from their elevated value caused by the hepatotoxin. All values were 
significantly different p ˂0.05.  

 

Figure 1: 2D and 3D structure of SY(Silymarin) 

 

Figure 2: 2D and 3D structure of TAA (Thioacetamide) 
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Figure 3: Weight changes in a) body weight; b) liver weight changes in control and experimental groups; C.a- Coleus aromaticus 

Values are expressed as mean ± standard error, n= 6. Values were significantly different p ˂0.05. Within each row, different letters indicate significant 
differences (ANOVA, DMRT (Duncan’s new multiple range method) test). 

 

 

Figure 4. Histopathological images of liver from different experimental groups, CV- Central Vein; Nc- Necrosis; GC- Granular cytoplasm, C.a- 
Coleus aromaticus. 
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