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Abstract

Objectives: The present study was an attempt at investigating whether the aqueous extract of Emblica officinalis may have
an ameliorative effect on ochratoxin-induced lipid peroxidation in the kidney and liver of mice. Methods: Adult male albino
mice were orally administered 50 ug (LD, low dose) and 100 ug (HD, high dose) of ochratoxin/0.2 ml of olive oil/animal/
day for 45 days. Results: The results revealed a significant (p < 0.05), dose-dependent increase in lipid peroxidation as
well as a decreased activity of enzymatic antioxidants (superoxide dismutase, catalase, glutathione peroxidase, glutathione
reductase and glutathione transferase) and non-enzymatic antioxidants (glutathione and total ascorbic acid) in both the or-
gans, as compared to the findings for olive oil-treated control group. Administration of Emblica officinalis aqueous extract
(2 mg/animal/day) and ochratoxin for a period of 45 days caused a significant amelioration in the ochratoxin-induced lipid

peroxidation in mouse liver and kidney.
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INTRODUCTION

About 75-80% of the world’s population depends on herb-
al medicine for primary health care, both in the develop-
ing and developed countries. Herbs are believed to be well
compatible with the human body and to produce less side
effects than the pharmaceuticals. Herbal medicine has al-
ready been mentioned in the Indian Ayurveda and Unani
medicines, but the data on animal studies and efficacy of
herbal preparations are not available and, therefore, these
products cannot be placed either on the local, Indian, mar-
ket, or on foreign markets. During the last two decades,
scientists have been seeking for new plant products that
possess antioxidant properties and may play a role in the

prevention of various diseases associated with oxidative
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stress, such as cancer, and cardiovascular, reproductive
and neurodegenerative diseases.

Ochratoxin is a toxic secondary fungal metabolite pro-
duced by Aspergillus ochraceus and Penicillium verdica-
tum [1]. Human exposure to ochratoxin is a widespread
problem in some of the European countries as well as in
India. The contamination of various food products by this
group of mycotoxins leads to ochratoxicosis both in hu-
mans and animals [2]. Ochratoxin A is primarily a neph-
rotoxic agent and has been classified as a possible human
carcinogen (Group 2B) by the International Agency for
Research on Cancer (IARC), Lyon, France. Ochratoxin
A has been shown to induce renal adenomas and carcino-
mas in mice and rats (IARC, 1993). Ochratoxin exposure
was found to be a putative cause of the Balkan endemic
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nephropathy (BEN) [3]. The chemical was found to exert
hepatotoxic, cytotoxic and carcinogenic effect on various
laboratory animals and on humans [4].

Emblica officinalis (Amla), normally known as Indian
gooseberry, has been used extensively in the ancient In-
dian Ayurveda as a potent rasayana i.e. a herbal formula-
tion that helps attain longevity and rejuvenation [5]. It is
a member of a small genus Emblica (family Euphorbiacae)
which is commonly found in India and South East Asia.
The fruit is a major constituent of chyavanprash [6], a tra-
ditional Ayurvedic herbal jam also used for pickle prepa-
ration in India. Emblica officinalis is one of the myrobalans
(plants that exhibit various therapeutic properties) com-
monly used in triphala (three fruits) preparations. Triphala
is a traditional Ayurvedic herbal formulation which is con-
sidered an important rasayana in Ayurvedic medicine [7].
The rasayana medications are believed to promote health,
immunity and longevity. Emblica officinalis extract has
been shown to possess high antioxidative, anticancer, lip-
id-lowering, antisclerotic, hepatoprotective, and anti-HIV
potentials [8-10]. Emblica officinalis is highly nutritious
and it is an important dietary source of vitamin C, miner-
als and amino acids. In the edible fruit tissue, the protein
concentration is three times as high as in the apple, and
of ascorbic acid concentration, 160 times as high. Emblica
officinalis contains a range of polyphenols, especially tan-
nins, and other phenolic compounds. These include hy-
drolysable tannins (10-12%) with a molecular weight of
less than 1000, including quercetin, emblicanin A, embli-
canin B, punigluconin and pedunculagin [11]. They show
cytoprotective activity and a possible inhibitory effect on
carcinogenesis, mutagenesis and tumor genesis [12].

The present study was undertaken to evaluate the possible
ameliorative effect of the aqueous extract of Emblica officina-
lis (amla) on ochratoxin-induced lipid peroxidation and its an-
tioxidant defense mechanism in the kidney and liver of mice.

MATERIALS AND METHODS

All the chemicals used in the present study were of analyti-
cal grade; they were obtained from HiMedia Laboratories
Pvt. Ltd, Mumbai.

[JOMEH 2010;23(1)

Ochratoxin production and analysis

A pure toxigenic strain of Aspergillus ochraceus (ITCFF
NO-1456) was obtained from the Indian Agricultural Re-
search Institute, New Delhi, India, and was maintained on
potato dextrose agar medium. It was grown on yeast ex-
tract sucrose (YES) medium at 28+2°C for 10 days [13].
Fifty ml of YES liquid medium was taken in a 500 ml Er-
lenmeyer flask and sterilized at the pressure of 1.03 bar
for 20 min. 0.5 ml of spore suspension, having 10*conidia/ml,
which was prepared in sterilized distilled water from a 5-day-
old culture of Aspergillus ochraceus, was used for inoculat-
ing the medium under asceptic conditions (Laminar flow).
After 10 days of incubation at 28+2°C, the inoculated
flasks were autoclaved and the contents of the flasks were
filtered through Whatman filter paper No. 41. The culture
filtrates were analyzed for ochratoxin. They were examined
under ultraviolet (UV) light (at 360 nm) for fluorescence.
The samples that gave bright green-yellow fluorescence
were considered positive and processed for ochratoxin ex-
traction. Aqueous culture filtrates with a positive BGYF
(blue green yellow fluorescence) test were extracted twice
with chloroform (1:2, v/v) in a separating funnel, and the
lowermost chloroform layer was passed through the bed of
anhydrous sodium sulphate (Na,SO,). The chloroform ex-
tract was evaporated to dryness, transferred and stored in
vials for qualitative and quantitative analysis of ochratoxin.
The TLC spotted with ochratoxin extract was developed
in a solvent system comprising toluene: ethyl acetate: for-
mic acid (50:40:10 v/v). Further chemical confirmation of
ochratoxin was performed by spreading a developed chro-
matoplate with ammonia solution in the field [14]. Each
spot was scraped separately, dissolved in methanol, and
subjected to spectrophotometry at 332 nm, using UV spec-
trothermo Spectronic UV-1 Spectrophotometer [15].

Preparation of plant extract and the phytochemical
analysis

Ripe fruits of Emblica officinalis were obtained from a lo-
cal market, and species identification was confirmed by the
Botany Department, School of Sciences, Gujarat Univer-
sity, Ahmedabad, India. The extract was prepared accord-
ing to WHO protocol [16]. Shade dried pulp was ground
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with mortar and pestle. 5 gm of powder was suspended
in 100 ml distilled water and mixed repeatedly for 3 hours
at 40°C. After cooling, the content was filtered successive-
ly through ordinary and Whatman filter paper No. 1. Both
the fractions were dried and stored in dark bottles at 4°C.
During the experiment, a known amount of dried extract
was redissolved in water and used.

The tannin content in the crude extract of Emblica officina-
lis was determined by oxidation-reduction titration using in-
digo-caramine reagent [17]. A known amount of dry extract
was boiled in distilled water and filtered. The filtrate was
treated with indigo-caramine reagent. The solution was then
titrated with 0.1 N potassium permanganate solution. The
endpoint was the appearance of a yellowish green colour.
The flavonoid content was determined by the method of
Chang et al. [18]. Plant extract in methanol was mixed
separately with aluminum chloride and potassium acetate
along with distilled water. The absorbance of the reaction
mixture was measured at 415 nm.

Total ascorbic acid was estimated by the method of Chi-
noy et al. [19]. The blue dye, dichlorophenol indophenol,
is reduced to a colourless form on addition of ascorbic
acid, where ascorbic acid reduces to dehydroascorbic acid.
The buffered HPO, extract was treated with dichlorophe-
nol indophenol dye solution. The absorbance was read
at 520 nm.

Emblica officinalis aqueous extract was found to con-
tain 3.4% ascorbic acid, 2.2% tannin and 0.7% flavonoid

of dry weight.

Animal experiment

Young adult male inbred Swiss albino mice (Mus muscu-
lus), weighing approximately 30-33 g, were obtained from
Zydus Research Centre, Ahmedabad, India. The animals
were provided with animal feed and water ad libitum and
kept in 12 h:12 h light/dark cycles at 26+2°C. Animal feed
was prepared as per the formulation obtained from the
National Institute of Occupational Health, Ahmedabad,
India, and was confirmed to be free of mycotoxins. Guide-
lines for Animal Care and Use in Scientific Research, 1991,
published by the Indian National Science Academy, New
Delhi, India, were followed.

Seventy animals were divided into seven groups and
caged separately. Group 1 animals (untreated controls)
were maintained without any treatment. Animals of
Groups 2 and 3 received olive oil (0.2 ml/animal/day) and
Emblica officinalis aqueous extract (2 mg/animal/day), re-
spectively, for 45 days, and served as pre-treatment controls.
Animals of groups 4 and 5 were orally administered ochra-
toxin at 50 ug (LD, low dose) and 100 ug (HD,high dose)
in 0.2 ml olive oil/animal/day (1.5 and 3.0 mg/kg b.w./day)
for 45 days. Group 6 and 7 animals were orally given ochra-
toxin, as described for groups 4 and 5, and aqueous ex-
tract of Emblica officinalis (2 mg/animal/day) for 45 days,
Table 1.

Olive oil was obtained from Figaro, Madrid, Spain. Ochra-
toxin was dissolved in olive oil and was used as a vehicle
in Group 2. Ochratoxin dose was based on WHO Envi-
ronmental Health Criteria for ochratoxin and trichoth-
ecenes [20]. The dose of Emblica officinalis aqueous ex-
tract was based on earlier studies [21]. All the agents were
administered orally for 45 days, using a feeding tube at-
tached to a hypodermic syringe.

Biochemical analysis

On completion of the treatment, the animals were sacri-
ficed by cervical dislocation. In all the control and treated
groups of animals, the kidneys and livers were quickly iso-
lated, blotted free of blood and utilized for biochemical
analyses,

The 10% homogenate for lipid peroxidation (LPO) was
prepared by homogenizing a known amount of tissue in
phosphate-buffered saline (PBS). The LPO was assessed
using the method of Ohkawa et al. (1979) which consists
in quantifying the thiobarbituric acid reactive substances
(TBARS) [22]. The homogenate for superoxide dismutase
(SOD) was prepared by homogenizing a known amount of
tissue in cold normal saline. SOD activity was measured
by modified spectrophotometric method of Kakkar et al.
(1984) [23]. For the preparation of glutathione peroxidase
(GPX) and catalase (CAT) homogenate, a known amount
of tissue was homogenized in 0.1% chilled digitonin.
GPX and CAT activities were assayed using modified
methods of Pagila and Valentine (1967), and Luck (1963),
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Table 1. Study protocol

;rtggl}; Treatment received tlz:zlilgfl ¢ Day of autopsy No. of animals
1. No treatment — untreated controls 45 46th 10
2. Olive oil (0.2 ml/animal/day) — vehicle controls 45 46th 10
3. Emblica officinalis aq. Extract (2 mg/animal/day) — antidote controls 45 46th 10
4. Low dose (LD) ochratoxin (50 ug/0.2 ml olive oil/animal/day) 45 46th 10
5. High dose (HD) ochratoxin (100 ug/0.2 ml olive oil/animal/day) 45 46th 10
6. Low dose ochratoxin (50 g/0.2 ml olive oil/animal/day) 45 46th 10
+ Emblica officinalis aq. Extract (2 mg/animal/day)
7. High dose ochratoxin (100 pg/0.2 ml olive oil/animal/day) 45 46th 10

+ Emblica officinalis aq. Extract (2 mg/animal/day)

respectively [24,25]. The homogenate for glutathione re-
ductase (GRX) determination was prepared by homog-
enizing a known amount of tissue in 5 ml of 1% bovine se-
rum albumin, and for glutathione transferase (GST) anal-
ysis, a 10% tissue homogenate was prepared in phosphate
buffer. GRX and GST activities were assessed according
to Mavis and Stellwagen (1968), and Habig et al. (1967),
respectively [26,27]. All the samples were analyzed for
protein content by the method of Lowry et al. (1951) [28].
For reduced glutathione (GSH) analysis, a known amount
of tissue was homogenized in 3 ml of 3% metaphosphoric
acid and 1 ml distilled water saturate with salt solution.
For the total ascorbic acid (TAA), the homogenate was
prepared in 10 ml Norit reagent. GSH and TAA concen-
trations were determined according to Grunert and Philips
(1951) and Roe and Kuether (1943), respectively [29,30].

Statistical analysis

The results are expressed as means =SD. The data were
analyzed statistically using one-way analysis of variance
(ANOVA) followed by the Tukey test. The level of signifi-
cance was adopted at p < 0.05. The P values were com-
pared between different study groups

RESULTS

Table 1 presents the study protocol for the experiment.
Table 2 shows the effect of ochratoxin and ochratoxin with

Emblica officinalis aqueous extract on lipid peroxidation

[JOMEH 2010;23(1)

and antioxidant defense mechanism in mouse kidney.
No significant changes were observed between the dif-
ferent control groups (Groups 1, 2, 3). In mice receiving
ochratoxin (Groups 4, 5), a significant dose-dependent
increase in lipid peroxidation, detected by measuring re-
nal TBARS concentration, was found (LD: 3.55+0.37;
HD: 4.54%0.85), as compared to the findings for the ve-
hicle controls (Group 2).

Table 2 also shows the effect of ochratoxin and ochratoxin
with the aqueous extract of Emblica officinalis on the non-
enzymatic and enzymatic antioxidants in mouse kidney. No
significant difference was noted between the different con-
trol groups (Groups 1, 2, 3). Ochratoxin treatment caused
a significant, dose-dependent decrease in renal concentra-
tions of glutathione (LD: 34.32+2.15; HD: 23.81+1.16)
and total ascorbic acid (LD: 2.53+0.22; HD: 2.24+0.22)
(Groups 4, 5), as compared to the findings for the vehicle
controls (Group 2). The activity of enzymatic antioxidants,
like catalase (LD: 26.82+0.72; HD: 20.50£1.26), superox-
ide dismutase (LD: 2.79%0.06; HD: 1.97+0.09), glutathi-
one peroxidase (LD: 0.25+0.03; HD: 0.13+0.03), glutathi-
one reductase (LD: 2.10+1.04; HD: 1.83+0.15) and gluta-
thione transferase (LD: 37.22+0.98; HD: 26.68+0.69) in
the kidney were significantly lower in ochratoxin-treated
mice than in the vehicle controls (Group 2).

The treatment with aqueous extract of Emblica officinalis
in Group 3 animals did not bring about any significant
changes in the above mentioned parameters. However,
oral administration of ochratoxin and Emblica officinalis
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caused a significant amelioration of the ochratoxin-in-
duced lipid peroxidation in the kidney of mice receiving
ochratoxin and Emblica officinalis (Groups 6, 7) than in
the animals treated with ochratoxin alone (Groups 4, 5).
Table 3 shows the effect of ochratoxin and ochratoxin with
Emblica officinalis on lipid peroxidation and antioxidant
defense mechanism in mouse liver. The results revealed
no significant alterations in lipid peroxidation between the
different control groups (Groups 1, 2, 3). The level of lipid
peroxidation was significantly higher in ochratoxin-treated
mice than in the vehicle controls (Groups 4, 5). The effect
was dose-dependent (LD: 4.45+0.18; HD: 6.22+0.15).
Table 3 also shows the effect of ochratoxin and ochratoxin
with Emblica officinalis on total ascorbic acid and glutathi-
one concentrations as well as on the activity of catalase,
superoxide dismutase, glutathione peroxidase, glutathione
reductase and glutathione transferase in mouse liver. The
results revealed no significant alterations between the dif-
ferent control groups (Groups 1, 2, 3).

Total ascorbic acid and glutathione concentrations were
significantly lower in ochratoxin-treated mice than in the
vehicle controls (Group 2). The effect was dose-dependent
(total ascorbic acid — LD: 3.53%0.25; HD: 2.61%0.09
and glutathione — LD: 34.18+1.51; HD: 22.45+1.21).
The 45-day treatment with ochratoxin produced a signifi-
cant, dose-dependent reduction in the activity of catalase
(LD: 28.73£2.02; HD: 18.83%3.19), superoxide dismutase
(LD: 3.46%0.22; HD: 2.44+0.09), glutathione peroxidase
(LD: 0.27£0.003; HD: 0.15+0.006), glutathione reductase
(LD: 2.43+0.31; HD: 1.69+0.0.31) and glutathione trans-
ferase (LD: 41.33+0.79; HD: 24.26%1.92) in mouse
liver, as compared to the findings for the vehicle controls
(Group 2). Thus, ochratoxin treatment caused a signifi-
cant increase in lipid peroxidation by decreasing the anti-
oxidant defense mechanism of the cell.

The treatment with aqueous extract of Emblica officinalis
alone (Group 3) did not have any significant effect on lipid
peroxidation in mouse liver. However, oral administration
of the aqueous extract of Emblica officinalis and ochra-
toxin caused a significant amelioration of the ochratoxin-
induced lipid peroxidation in mouse liver (Groups 6, 7).

DISCUSSION

The results shown in the tables clearly indicate a significant
increase in lipid peroxidation (LPO) and a decrease in the
activity of enzymatic and non-enzymatic antioxidants in the
kidney (Table 2) and liver (Table 3) in ochratoxin-treated
mice as compared to the vehicle controls (Group 2). Lipid
peroxidation and oxidative damage is regarded as one of
the primary causes of cellular damage. It is postulated
that ochratoxin increases cell permeability to Ca** and
enhances cellular concentration of Ca’*. Besides, in the
presence of prooxidants, ochratoxin uncouples oxidative
phosphorylation [31]. This results in an increased leakage
of electrons from the respiratory chain, thus producing
oxygen and hence H,0,. An increase in lipid peroxidation
accompanied by the leakage of Ca** from Ca?* loaded mi-
crosomes would produce further damage to the endoplas-
mic membrane [32]. Increased malondialdehyde (MDA)
production, indicating LPO increase, was reported earlier
in vitro [33]. Petrik et al. (2003) demonstrated that a very
low concentration of ochratoxin was sufficient to induce
apoptosis and oxidative damage to kidney cells in Wistar
rats [34].

The intracellular glutathione status appears to be a sensi-
tive indicator of the cell’s overall condition and its ability
to counteract a toxic challenge [35]. Decreased glutathi-
one concentration may be due to a continuous attack of
free radicals. The ability of ochratoxin to react with re-
duced glutathione (GSH) was reported by Dai et al. [36].
Ascorbic acid is transformed to L-dehydroascorbate dur-
ing free radical scavenging. Our results indicating a signifi-
cant reduction in glutathione and ascorbic acid concentra-
tions corroborate with the findings of Atroshi et al. [37].
The decrease in the activity of non-enzymatic antioxidants
in the cell increases the susceptibility to injury due to per-
oxidation.

The levels of enzymatic antioxidants (superoxide dis-
mutase, catalase, glutathione peroxidase, glutathione
reductase and glutathione transferase) were significantly
lower in ochratoxin-treated mice than in the vehicle con-
trols (Group 2). Superoxide radicals (O,) have been re-
ported in several pathological disorders. A decrease in

[JOMEH 2010;23(1)

69



10

ORIGINAL PAPERS D. CHAKRABORTY ET AL

SOD activity contributes to increasing the level of super-
oxide radicals, thus leading to increased oxidative stress
which enhances early cell death. Further decrease in
catalase activity would increase H,O, concentration in the
cell, leading to increased lipid peroxidation and oxidative
stress. Glutathione reductase reduces the oxidized form of
glutathione (GSSG) to GSH. A decrease in the activity of
glutathione reductase would further decrease the concen-
tration of ascorbic acid. Glutathione peroxidase reduces
H,0, to H,O by oxidizing reduced glutathione. A decrease
in glutathione peroxidase would increase the concentra-
tion of H,0,, thus signaling an increase in further oxidative
stress. Active oxygen species increase the level of gluta-
thione transferase that metabolizes the toxic products of
lipid peroxidation. A decrease in glutathione transferase
concentration would increase the activity of active oxygen
species. Our finding of the decreased activity of superoxide
dismutase, catalase, glutathione peroxidase, glutathione
reductase and glutathione transferase corroborates with
that of earlier findings [38-39]. In the case of ochratoxi-
cosis, a decrease in the activity of these enzymes could be
due to a number of factors. First of all, the toxin decreases
the rate of protein biosynthesis by competitively inhibiting
phenylalanine tRNA synthetase, and it decreases the pro-
duction of these enzymes. Secondly, the toxin produces
reactive oxygen species (ROS) that directly or indirectly
interact with proteins (enzymes), DNA and RNA, and al-
ter their activity, thus affecting the overall production of
enzymes. A decrease in the DNA, RNA and protein ratios
would affect the transcription and translation processes,
ultimately having impact on the synthesis of various en-
zymes [40]. The oxidative stress and its involvement in the
mechanism of ochratoxin-induced toxicity and oxidation
of proteins have been reported earlier [41].

Oral administration of Emblica officinalis aqueous extract
at the time of ochratoxin exposure significantly decreased
the extent of lipid peroxidation. This may have been due
to the presence of radical scavengers showing antioxidant
property that have a capacity to decrease the formation of
peroxides, hydroxyl and superoxide radicals. Our findings
are consistent with those of Khopde et al. [42]. Vitamin C
present in the fresh fruit extract maintains the first natural
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antioxidant defense activity and acts as a powerful inhibi-
tor of lipid peroxidation [43].

Oral administration of Emblica officinalis aqueous ex-
tract and ochratoxin also produced a significant increase
in glutathione and ascorbic acid concentrations in mouse
liver and kidney. This observation implies that the extract
used in the present experiment has a potential to diminish
ochratoxin-induced toxicity in all these major body organs.
Increased concentration of glutathione and ascorbic acid
decreases the cell’s vulnerability to oxidant attack. Shar-
ma et al. reported that the Emblica officinalis extract was
found to increase the level of reduced glutathione thus
showing an antimutagenic activity in mice exposed in vivo
to cyclophosphamide [44]. Anilakumar et al. noted that
the aqueous extract of Emblica officinalis increased the
level of hepatic ascorbic acid and glutathione in rats [45].

Oral administration of the aqueous extract of Emblica
officinalis and ochratoxin caused a significant increase in
the activity of superoxide-dismutase, catalase, glutathione
peroxidase, glutathione reductase and glutathione trans-
ferase (Groups 6, 7) compared to the findings for mice
treated with ochratoxin alone (Groups 4, 5, 7). The extract
of the Emblica officinalis fruit, where pyrogallol was an ac-
tive component, was found to inhibit proliferation of four
human tumour cell lines in vitro [46].

Increased activity of catalase, superoxide dismutase,
glutathione peroxidase, glutathione reductase and glu-
tathione transferase was reported in gamma-radiated
mice treated with Emblica officinalis [47]. The aqueous
extract of Emblica officinalis was found to modulate the
increase in the activity of antioxidant enzymes in cyclo-
phosphamide-treated animals [48]. Emblicanin A (37%)
and Emblicanin B (33%) enriched fraction of fresh juice
of the Emblica fruit was found to exert antioxidant effect
on ischaemic reperfusion-induced (IRI) oxidative stress in
rat heart [49]. Emblicanin is a type of antioxidant found
in Emblica officinalis. Emblicanin is different from most
other antioxidants in that it is a cascading antioxidant that
is completely free of pro-oxidation. Emblicanin A (one of
the key compounds of Emblicanin) aggressively seeks and
attacks free radicals. After it neutralizes a free radical,
Emblicanin A is transformed into Emblicanin B, another
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antioxidant. Emblicanin B in turn attacks free radicals
and is transformed into emblicanin oligomers. This makes
Emblicanin one of the best free radical scavenging anti-
oxidants. Oral administration of Emblica officinalis to
mice treated with dimethylbenzyl anthracene caused a sig-
nificant increase in the activity of hepatic antioxidants,
mainly glutathione, glutathione peroxidase, glutathione
transferase and glutathione reductase [50]. Vitamin C has
been found to be an important antioxidant present in the
extract. Emblica officinalis fruit normally contains ascorbic
acid (0.4 % wj/w), and vitamin C accounts approximately
for 45-70% of the antioxidant activity [51].
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