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Abstract 

Withania somnifera and Allium sativum are the traditional medicinal plants used to improve the liver 

functions. Since, oxidative stress promotes the ochratoxin A (OTA)-induced hepatotoxicity, we evaluated 

the hepatoprotective effect of the ethanolic extracts of A. sativum (20 mg/kg, p.o) bulb and W. somnifera 

(100 mg/kg, p.o) root on OTA (2 mg/kg feed)-induced toxicity in rats. A total of 120 rats were randomly 

divided into eight groups of 15 animals each and 5 animals each were sacrificed at 3, 6 and 9 weeks 

intervals. The liver was isolated, blotted free of blood and processed for biochemical analysis. OTA time-

dependently increased lipid peroxidation (LPO), serum biomarkers (ALT, AST and LDH) with 

histopathological alteration in OTA treated rats. Further, OTA depleted thiol pool and decreased the 

activities of superoxide dismutase (SOD), catalase (CAT) and glutathione reductase (GR). W. somnifera 

root alone reduced -LPO level, -ALT activity, -histopathological changes and increased antioxidants in 

liver. A. sativum alone significantly reduced LPO and elevated SOD without any alterations in other 

biochemical parameters. Combination of extracts more effectively reduced OTA-induced alterations in 

liver. It is concluded that ethanolic extract of A. sativum and W. somnifera can prevent OTA-induced 

hepatotoxicity in rats through its antioxidant activities. 
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Introduction 

Ochratoxin A (OTA) is a naturally occurring mycotoxin produced by several species of 

Aspergillus and Penicillium. Its widespread occurrence has been reported in a variety of food 

commodities such as cereals, green coffee, cocoa, dried fruits, and meat products. OTA has 

been shown to be hepatonephrotoxic [1] and several workers observed oxidative stress as 

important mechanism of OTA-induced toxicity in liver of rats [2-4]. OTA has been reported to 

increase malondialdehyde (MDA) formation in vitro upon incubation with rat liver 

microsomes in the presence of NADPH [5]. OTA stimulates lipid peroxidation (LPO) by 

complexing Fe3+ and facilitating its reduction [6]. Based on these facts, it is conceivable that 

natural antioxidants may alter the OTA-induced toxicity in liver. 

Phytochemicals are potent free radical scavengers and the root extract of W. somnifera 

(Ashwagandha) tends to reverse the changes in LPO and damage to cells [7-8]. The roots of W. 

somnifera contain several alkaloids and withanolides, a few flavonoids and reducing sugars in 

which, the major active compounds of the roots are believed to be withanolides [9]. Garlic 

(Allium sativum L.) contains two main classes of antioxidant components, namely flavonoids 
[10] and sulfur-containing compounds [11]. Organosulfur compounds of garlic have been 

reported to modulate mutagenesis, metabolism and DNA binding potential of aflatoxin B1 
[12-

13]. Utilization of mycotoxin-binding adsorbents such as, activated charcoal (AC) is the most 

common way of protecting animals from its toxicity. However, the activity of AC was 

differentially reported by several workers [14-15]. Despite widespread prevalence of OTA, no 

effective ameliorative measures are available to counteract adverse effects of OTA affected 

animals and poultry. In the present study, we evaluated the ameliorative efficacy of ethanolic 

extracts of A. sativum and W. somnifera individually and in combination, on OTA-induced 

hepatic damage in Wistar rats. We also investigated the protective role of AC with 

combination of alcoholic extracts in liver of rats. 

 

Materials and Methods 

Experiment Animals  

The study was conducted in apparently healthy adult male Wistar rats (21 days) procured from 

the Laboratory Animals Resources Section of the Institute. 
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All animals were housed in polypropylene cages with 

chopped wheat straw as the bedding material. All the 

procedures, conducted on the experimental animals were duly 

approved by the Institutional Animal Ethics Committee 

(IAEC) and Committee for the Purpose of Control and 

Supervision of Experiments on Animals (CPCSEA). Rats 

were given formulated feed (tested to be free of aflatoxin B1 

and ochratoxin-A) obtained from Feed Technology Unit of 

IVRI, and distilled water ad libitum throughout the 

experiment. Prior to experiment, all the animals were kept in 

the laboratory conditions for a period of 7 days or more for 

acclimatization. 

 

OTA production, Purification and Analysis 

Freeze dried culture of Aspergillus ochraceus NRRL-3174, 

procured from National Centre for Agricultural Utilization 

and Research, Peoria, Illinois, (USA) was grown and 

maintained on potato dextrose agar medium (M/s Hi Media) 

and sub-cultured at regular intervals. OTA production was 

done as per the method described by Trenk et al. [16], with 

some modifications. To prepare substrate, ingredients like 

maize grains (40%), soybean seeds (20%) and groundnut 

seeds (20%) were partially ground. Approximately 100 g 

quantity of the above mixture was taken in 500 ml sterilized 

flasks, soaked with distilled water (11%) for 2 h. A loop full 

inoculum containing freshly grown mycelia was added to 

each flask under proper sterilisation conditions and kept in 

B.O.D. incubator at 26±1ºC. To facilitate uniform growth of 

fungus, the flasks were shaken thrice a day, regularly. After 

the adequate quantity of fungal growth (approximately 3 

weeks time of incubation), flasks were autoclaved at 15 lb 

pressure for 30 min. to destroy the mycelia and spores, 

followed by drying the culture at 80ºC for 8 h and grinding to 

a fine powder for the toxin extraction and purification 

purposes. 

Toxin was extracted and purified from oven dried culture by 

the procedure of AOAC [17] with appropriate modifications. 

Approximately 100 g finely ground cultured sample was 

shaken with 500 ml of chloroform for 30 min and then 

contents were filtered to obtain clear filtrate containing OTA 

which was concentrated to 25-30 ml in a vacuum evaporator. 

The resultant extract (15 ml) was analysed by thin layer 

chromatography and spectrophotometry. Further, the 

quantification of toxin was confirmed at Animal Feed 

Analytical and Quality Control Laboratory, Veterinary 

College and Research Institute, Namakkal, Tamil Nadu 

(India) and made into aliquots in clean and dry amber 

coloured vials and stored at 40C until used.  

 

Preparation of experimental diets  

Cultured maize powder containing known amount of OTA 

was added to the basal rations (which were tested negative for 

the presence of OTA) in such a proportion that the 

concentration of OTA in diet was 2 ppm. Aliquots were taken 

from the mixed diet and toxin was quantified by above 

procedures to ensure the proper mixing of cultured maize.  

 

Preparation of alcoholic extract of the plant materials 

Authenticated plant materials (bulbs of A. sativum and roots 

of W. somnifera) were procured from authorized local 

Ayurvedic medical shop, Bareilly and processed plant 

materials (freshly crushed bulbs of A. sativum, shade dried 

and powdered roots of W. somnifera) were then subjected to 

estimation of OTA to rule out OTA contamination, if any, and 

were extracted with 70% ethanol. The prepared ethanolic 

extracts were stored at 40C, and before administration, 

extracts were dissolved in Tween 80 in such a way that the 

final concentration of the later should not exceeds 1% and 

then were administered to rats by oral gavage at the dose of 

20 mg/kg bw for A. sativum bulb extract (ABE) and 100 

mg/kg bw for W. somnifera root extract (WRE).  

 

Experimental design 

Male Wistar rats were divided randomly into eight groups, 15 

animals each. The rats were housed in an animal facility at 

22±1◦C with 12-h light-dark cycle, controlled humidity and 

circulation of air. Then these groups were treated as follows: 

group I served as control; group II were given OTA @ 2 ppm 

in diet ad lib for a maximum period of 9 weeks.; group III, 

ABE; group IV, WRE; group V, and VI were given OTA 

along with ABE and WRE alone respectively; group VII was 

given both extract simultaneously with OTA; group VIII, like 

group VII along with AC (0.5%). OTA and AC were 

administered through feed while, extracts given through oral 

gavage. Animals in different groups were sacrificed (5 rats) 

under light chloroform anesthesia at each interval (3 wks) and 

liver was removed and homogenized in ice cold phosphate 

buffer solution (PBS; pH 7.4). Blood samples were collected 

by cardiac puncture during the sacrifice of the animals.  

 

Assessment of hepatotoxicity 

To assess hepatic function and cellular injury, activities of 

serum alanine aminotransferase (ALT), aspartate 

aminotransferase (AST) and lactate dehydrogenous (LDH) 

were measured using commercially available kits (Span 

Diagnostics Ltd., India). 

 

Assessment of oxidative stress and antioxidants 

A 200 mg of liver sample was taken in 2 ml of ice-cold PBS. 

Another 200 mg of sample was separately taken in 2 ml of 

0.02 M EDTA for GSH estimation. The homogenate (10%) 

prepared with homogenizer (IKA, Germany) under ice-cold 

condition was centrifuged for 10 min at 3000 rpm and the 

supernatant was stored at -20 oC until assay. LPO was 

evaluated in terms of malondialdehyde (MDA) production [18]. 

Total (T-SH), protein bound (PB-SH) thiol groups and 

reduced glutathione (GSH) in the tissue homogenate were 

determined as per the method of Sedlak and Lindsay [19]. The 

molar extinction coefficient of 13100 at 412 nm was used for 

the determination of thiol contents and the values were 

expressed in mmol/g of wet tissue. The PB-SH was calculated 

by subtracting the NP-SH (GSH) from the T-SH [19]. 

Superoxide dismutase (SOD) activity was measured following 

the method of Madesh and Balasubramanian [20]. One unit of 

SOD activity was defined as the quantity of enzyme that 

inhibited pyrogallol autooxidation by 50% under the given 

experimental conditions. Catalase activity was estimated by 

measuring the breakdown of hydrogen peroxide in the 

reaction mixture using a spectrophotometer at the wave length 

of 240 nm and the values were expressed in mmol H2O2 

utilized/mg of protein [20]. The enzyme Glutathione reductase 

(GR) activity was assayed by the method of Goldberg and 

Spooner [22]. The activity has been expressed as mol 

NADPH utilized/min/mg protein. Protein concentrations were 

determined by the method of Lowry et al. [23] calibrated with 

bovine serum albumin.  

 

Histological examination 

Tissues for histological examination were taken from liver 

and fixed in 10% neutral buffered formalin. The fixed tissues 
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were processed for paraffin embedding, sectioned at 4-5 µ 

thickness and stained with haematoxylin-eosin. 

 

Statistical analysis  

Data have been expressed as mean ± SEM. The OTA-

mediated changes were compared with the control group, 

while ameliorative effects of alcoholic extracts were 

compared with OTA exposed group. Statistical analysis of 

data was performed using SPSS 11.0.1 software. Data were 

analyzed by ANOVA and means were compared with 

Duncan’s multiple comparison post-hoc test. A value of 

p<0.05 was considered statistically significant. 

 

Results  

Assessment of hepatotoxicity 

OTA exposure significantly increased ALT, AST and LDH 

activities indicated liver injury (Tab. 1). The enzyme levels 

were significantly reduced in animals of amelioration groups 

when compared with OTA group. Total protein content was 

decreased in toxicated group at 3, 6 and 9 weeks, while it was 

significantly increased among the amelioration groups. 

Assessment of oxidative stress  

The levels of MDA concentration, an end product indicative 

of the degree of lipid peroxidation and thiol status in liver of 

rats of different groups are presented in Table 2. MDA levels 

in liver showed increasing trend from 3 weeks onwards in the 

OTA fed groups. Amelioration groups revealed significantly 

lower MDA levels. Liver thiol (T-SH, GSH and PB-SH) 

levels were significantly decreased at 6 and 9 weeks in OTA 

fed rats while, WRE alone or combination with ABE and AC 

significantly elevated thiol status.  

The activities of antioxidants enzymes in liver of different 

groups are presented in Table 3. The activities of SOD, CAT 

and GR were significantly diminished in the OTA-intoxicated 

group over the time course. Treatment with ABE did not 

show any significant difference in CAT and GR activities as 

compared to OTA-treated rats. However, the activities of 

SOD augmented significantly in ABE treated rats. WRE alone 

or combination of WRE with ABE and AC significantly 

increased the activities of antioxidant enzymes (SOD, CAT 

and GR) than OTA treated group. 

 
Table 1: Preventive effect alcoholic extract of ABE and WRE on serum biochemical variables indicative of hepatic injury during OTA exposure 

in male rats for 9 weeks 
 

Parameters Interval Group I Group II Group III Group IV Group V Group VI Group VII Group VIII 

ALT (KA units/ml) 

3wk 41.68±4.59b 75.66±10.25a 44.18±3.94b 42.58±4.52b 64.68±7.31 55.68±7.59 51.94±8.71b 48.78±7.582b 

6wk 39.60±4.27c 83.46±12.12a 40.76±4.43c 40.72±4.94c 72.66±8.67ab 61.62±7.47 62.86±8.17 53.72±7.002bc 

9wk 40.58±5.09c 81.34±11.20a 43.08±4.92c 43.18±4.13c 69.64±7.65ab 54.14±18.78bc 53.24±7.19bc 49.72±8.75bc 

AST (KA units/ml) 

3wk 48.28±3.10c 83.54±8.99a 46.22±4.10c 48.84±4.54bc 70.28±7.81ab 60.68±7.85bc 59.60±6.92bc 54.76±7.93bc 

6wk 46.38±4.19c 91.46±9.43a 45.30±4.27c 45.00±3.73c 79.38±8.58ab 71.44±7.68ab 69.24±9.26ab 60.70±7.06bc 

9wk 48.00±3.57cd 88.54±8.32a 45.72±3.80d 46.74±3.66d 75.34±9.21ab 69.34±7.88abc 64.34±9.31bcd 57.84±6.90bcd 

LDH (IU/L) 

3wk 56.36±3.74b 84.42±8.19a 58.68±4.04b 56.96±4.55b 72.72±10.46 64.20±10.09 63.80±7.79 59.72±8.12 

6wk 53.04±3.61c 98.46±10.66a 53.74±5.10c 54.10±4.93c 85.08±10.55ab 75.38±10.18 70.52±8.60bc 65.74±6.92bc 

9wk 54.64±4.54b 90.94±9.89a 56.58±3.57b 56.04±4.57b 76.70±10.05 70.34±7.04 65.14±8.63b 61.74±7.61b 

TP (g/dl) 

3wk 7.24±0.26a 6.28±0.36bA 7.14±0.16a 7.32±0.10a 6.84±0.11A 7.00±0.18a 7.08±0.20aA 7.16±0.133aA 

6wk 7.12±0.10a 5.56±0.21c 7.12±0.26a 7.12±0.13a 5.88±0.26bcB 6.30±0.33b 6.36±0.27b 6.52±0.25abB 

9wk 7.20±0.27a 5.12±0.19cB 7.20±0.14a 7.26±0.15a 5.82±0.24bB 6.18±0.24b 6.20±0.26bB 6.40±0.19bB 

ALT: Alanine aminotransferase (KA units/ml); AST: Aspartate aminotransferase (KA units/ml); LDH: Lactate dehydrogenous (IU/L). Means 

bearing at least one common superscript small letters do not differ significantly between groups and capital letters do not differ significantly 

within groups (P<0.05). Group I (Control), Group II (OTA), Group III (ABE: A. sativum bulb extract), Group IV (WRE: W. somnifera root 

extract), Group V (ABE+OTA), Group VI (WRE+OTA), Group VII (ABE+ WRE+OTA), Group VIII (ABE+ WRE+AC+OTA). 
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Fig 1: Hepatoprotective effect of alcoholic extract of ABE and WRE on OTA-induced histopathological changes in rats. (A) Normal liver 

architechture; (B, C, D & E) OTA-induced changes at 3, 6 & 9 weeks, respectively; WRE alone or combination with ABE administered rats 

showed milder histological alterations (F, G) while, normal histological details were observed at all intervals in rats received extracts with 

activated charcoal (H) 

 

Histopathology 
Liver in rats of control and extracts administered group did 

not show any significant microscopic alterations and revealed 

normal histologic details (Fig. 1A). In OTA fed rats, at 3 

weeks interval revealed hepatocytic degeneration and necrosis 

with indistinct cytoplasmic boundaries and focal area of MNC 

infiltration (Fig. 1B). At 6 weeks, severe degeneration of 

hepatocytes surrounding the central vein revealing rarefied to 

coarsely granulated cytoplasm with occasional binucleation 

were observed in three cases (Fig. 1C). Distorted hepatic 

cords with individualization of hepatocytes with 

hepatocytomegaly, karyomegaly and binucleations were also 

observed at 6 weeks (Fig. 1D). At 9 weeks, the changes were 

similar to those observed at 6 weeks but with increase in 

severity (Fig. 1E). Rats exposed to OTA and ABE revealed, 

moderate degree of disruption of hepatic cords and focal 

infiltration of mononuclear cells (three out of five cases) in 

the portal region as well as in hepatic parenchyma at 9 weeks. 

However, in WRE alone or combination with ABE 

administered rats showed milder distortion of hepatic cords 

with prominence of kupffer cells (Fig. 1F and 1G) while, 

normal histological details were observed at all intervals in 

rats of group VIII (Fig. 1H).  

 

Discussion  

We evaluated the ameliorative efficacy of ethanolic extracts 

of W. somnifera and A. sativum individually and in 

combination, on OTA-induced hepatic damage in Wistar rats. 

The major findings are i) OTA increased hepatocyte integrity 

markers viz. ALT, AST and LDH activities while, WRE alone 

or its combination with ABE reduced its activities ii) the 

magnitude of OTA-induced hepatopathies were duration-

dependent while, milder histopathological lesions were 

observed in ABE or WRE treated rats at all intervals iii) OTA 

time-dependently increased LPO in liver whereas, alcoholic 

extracts were decreased OTA-induced LPO when they 

administered alone or in combinations iv) OTA-mediated 

reduction in antioxidants status were augmented by WRE 

alone or its combination with ABE v) administration of lower 

concentration of adsorbent along with alcoholic extracts 

effectively counteracted the OTA-induced LPO, antioxidants 

and histological alterations. 

Levels of ALT and AST are most frequently used biomarkers 

of liver injury in rats and enhanced or diminished severity of 

hepatic lesions can be assessed by measurement of these 

enzyme activities. In our study, significant increase of serum 

ALT, AST and LDH activities reflect OTA-induced liver 

injury and alteration of cell membrane integrity. Observed 

results are coinciding with findings of other investigators [24-

25]. Serum ALT, AST and LDH activities were reduced in 

ameliorative group suggests hepatoprotective effect of WRE 
[8-26] and ABE [27], as evidenced by lesser magnitude of 

histological changes in these group. The observed 

histopathological changes including swollen hepatocytes with 

granular or vacuolated cytoplasm, karyomegaly, double nuclei 

and anisokaryosis, proliferation of bile ductules and 

mononuclear cell infiltration in the portal areas were 

accordance with OTA-induced hepatopathies in earlier studies 

in rats [28-30] and poultry [31]. The observed degenerative 

changes in OTA treated rats might also have caused decreased 

synthesis of proteins [32] as reflected in the form of 

hypoproteinemia in these rats. The milder histopathological 

lesions observed in plant extracts treated rats exposed to OTA 

would be attributed to the efficacy of ABE, WRE and AC as 

ameliorating agents in ochratoxicosis.  

In the present study OTA exposure increased LPO 

accompanied with reduction of GSH levels and activities of 

antioxidant enzymes viz, SOD, CAT and GR indicating OTA-

induced oxidative damage in liver and corroborated well with 

the findings of other researchers [1, 33-34]. The observed inverse 

relationship between LPO and antioxidants and positive 

correlation between thiols and antioxidant enzymes suggest 

that these antioxidant systems play an important role in OTA-

induced toxicity. The increase in LPO could be due to OTA-

mediated increase of iron release, which is involved in fenton 

reaction [6]. The observed GSH depletion and higher LPO 

levels with excess level of free iron could have enhanced OH• 

formation via fenton reaction [35] in these rats. The structural 

and functional significance of OTA-induced LPO can be 

substantiated by tissue damage revealed by higher ALT, AST 

and LDH activities and histopathological changes. This also 

supported the hypothesis that oxystress associated with LPO 

was an important mechanism of OTA toxicity [36-37].  

In this study, ethanolic extracts enhanced the activities of 

antioxidant enzymes (SOD, CAT, and GR), non enzymatic 

antioxidants (TSH, GSH and PBSH) and diminished LPO 

level in OTA-intoxicated rats, suggesting that the reduction of 

oxidative stress plays a role in the mechanism of its 

hepatoprotective effects. Baudrimont et al. [38] reported that in 

the presence of SOD and CAT, the MDA production induced 

by OTA was decreased. Quantification of ameliorative 

efficacy revealed, A. sativum had lesser efficacy than W. 

somnifera when they administered alone with reference to 

ALT (15% Vs 33%), LPO (20% Vs 32%) and GSH (10% Vs 
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62%) which was well corroborated with histopathological 

findings. The W. somnifera-mediated higher efficacy was 

found to be mostly through improvement in thiol status. 

Chong and Rahimtula, [39] reported that hepatoprotection 

afforded by antioxidant against OTA was mediated by 

enhancing hepatic thiol status rather than by inhibiting OTA 

metabolism. Therefore, the observed beneficial effects of W. 

somnifera could be due to its antioxidative, antiperoxidative 

and free radical quenching posterities [7, 40-41] In our study, A. 

sativum alone decreased LPO without any appreciable 

alteration in antioxidants and liver injury markers levels. This 

indicates that the partial protection of hepatic LPO in ABE 

treated rats and suggested LPO cascade could be independent 

with alteration of antioxidant systems. For instance, 

Manimaran et al. [42] reported that decrease of LPO were due 

to reduction in the excessive production of free radicals rather 

than the alteration in the antioxidants in rat liver. Scavenging 

of free radicals is an important mechanism for the inhibitory 

activity of garlic towards LPO [43]. They also suggested that 

differential effect of garlic, could be due to differences in the 

method of sample extraction, potential antioxidant 

compounds, chemical structures, experimental conditions 

used in different assays. Hepatoprotective effect of ethanolic 

extracts of A. sativum could be due antioxidant, 

antiperoxidative and free radical quenching posterities [44-46]. 

In this study, 0.5% of AC reduced the OTA absorption from 

the intestine when administered along with extracts suggested 

its efficacy, which was also evidenced by milder histological 

lesions and improved antioxidant status in liver of these rats. 

Although, beneficial effects of AC was confirmed in earlier 

studies [14, 47], it was included at higher levels (5-10 % in feed) 

in these studies and 0.5 % of AC or super-activated charcoal 

was found to be ineffective against aflatoxicosis [24] and 

trichothecenes [48]. It suggests that administration of lower 

concentration of adsorbent along with alcoholic extracts may 

effectively counteract the OTA-induced hepatotoxicity.  

 

Conclusion 
Hepatoprotective effect of alcoholic extracts of A. sativum 

bulb and W. somnifera roots could be attributed to 

enhancement of antioxidative enzymes activities, thiols status 

and lipid peroxidation. Since, high concentration of 

adsorbents may impair essential nutrient utilization; 

incorporation of plant extracts with adsorbent will be an 

effective alternative for amelioration of ochratoxicosis. 
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