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Ameliorative Potential of Sesamum indicum on Antioxidant Status of Liver and
 Brain of Experimental Rats in Textile Effluent-Induced Oxidative Stress
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Abstract: The current study was carried out to evaluate the ameliorative potential of Sesamum indicum (SI)
against textile effluent-induced toxicity in Wistar albino rats. Forty two rats (weighing 90 - 106 g) were divided
into seven groups. Toxicity was induced by administering varying concentration of textile effluent as the main
drinking water per day for 28 days. In the treatment experiment, aqueous extract of Sesamum indicum (200 mg/kg
bw) was administered by oral gavage for 28 days. Physicochemical properties and heavy metal concentration
of the effluent was analysed. Lipid peroxidation (LPO) and reduced glutathione (GSH) levels as well as catalase
(CAT) and superoxide dismutase (SOD) activities were determined in the hepatic and brain tissues. Serum
aminotransferase activities were also monitored. The results revealed that physicochemical properties and
heavy metals concentration in the effluent were higher than the acceptable recommended maximum in drinking
water. Animal exposure to the effluent resulted in significant elevation in the level of LPO with concomitant
depletion in the level of GSH, CAT and SOD activities compared with control. In like manner, serum
aminotransferase  activities  were  elevated. Daily oral administration of Sesamum indicum showed beneficial
and ameliorative effects in all biochemical parameter evaluated. The histopathological changes in the hepatic
tissues were also monitored. The present study concluded that exposure of animals to varying concentrations
of textile effluent could induce oxidative stress and treatment with aqueous extract of S. indicum (200 mg/kg
bw) could ameliorate the hepatic and brain antioxidant status as well as biochemical indices of toxicity in
animals exposed to textile effluent.
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INTRODUCTION plants and consequently, to  humans  who depend on

Textile industries contribute immeasurably to water toxicity in aquatic environment,  plants  and humans is
and soil pollution worldwide. About two to twenty well documented [5-7].
percent of textile dyes are discharged indiscriminate as Although at low concentration, varying amounts of
aqueous effluents into the environment without proper heavy metals are required by living organisms. Heavy
treatment [1]. This practice among majority of the local metals such as mercury, plutonium and lead are toxic
textile industries in Nigeria is of major public health metals that have no known vital or beneficial effect on
concern; due to the fact that most of this untreated or living organisms and their accumulation over time in the
inadequately treated effluent contains high body is detrimental [6]. In actual fact, their accumulation
concentrations of surfactants, heavy metal, phenol, plays  a  critical  role  in  free  radical  generation  within
absorbable  organic  halogens  and  aromatic compounds the living organism. This generated free radicals,
[2, 3]. Heavy metals possess the ability to accumulate in especially reactive oxygen species (ROS) that react with
the environment due to the fact that they cannot be bio-molecules like lipids,  proteins and DNA impairing
destroyed through biological degradation. This fact their functional properties which in turn bring about
makes these toxicants deleterious to the aquatic animals, alterations  in  the  normal activities  of  cells,  tissues and

their products for food [4]. The role of heavy metal
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organs; leading to induction of oxidative  stress as a for 72 hours. The aqueous extract subsequently was
result of their overwhelming effect on the endogenous filtered and  the  filtrate  was concentrated using water
antioxidant status within the living organisms [8]. bath (80°C) to yield a brown extract. This was carefully

Recently, Singh and co-workers reported that heavy scraped into a clean sample bottle and stored in a
metals can gain access to human bodies via food, drinking refrigerator until further use. Standard method described
water and air. Their accumulation in the body disrupt by Hena and co-worker was adopted with slight
normal function in vital organs and glands such as the modification [14].
liver, brain, heart, kidneys, bone, etc. They also displace
the vital nutritional minerals from their original place, Physicochemical Parameters and Heavy Metal Analysis:
thereby, hindering their biological function [6]. Medicinal The textile effluent was collected from a local textile
plants exhibiting free radical scavenging and antioxidant factory in Ado-Ekiti metropolis. The physical and
abilities are useful in protecting against environmental chemical properties of the textile effluent were determined
toxicity. Sesamum indicum is one of such medical plants in accordance with the standard methods described by
with promising results that may ameliorate heavy metals Federal Environmental Protection Agency (FEPA) and
induced oxidative stress in search for novel therapeutic United States Environmental Protection Agency (USEPA)
agents. [15, 16]. Standard physical and chemical properties

S. indicum is an annual shrub with white bell-shaped including pH, chemical oxygen demand (COD),
flowers that is grown for the production of seeds, which biochemical  oxygen  demand  (BOD),  total  alkalinity,
are rich in oil content. The plant is found in tropical, total acidity, total dissolved oxygen and total hardness
subtropical and southern temperate areas of the world, were analyzed. The  concentrations  of seven heavy
particularly in India, China, South America and Africa [9]. metals (Ni, Fe, Cu, Pb, Cd, Cr and Zn) were estimated in
S. indicum is a medicinal plant with high nutritive values. the effluent sample using atomic absorption
S. indicum seed is not only a good source of edible spectrophotometer (Analyst 400  Autosampler Model,
nutrients, but is also  widely  considered to have S/N 201S10114102) based on standard methods as
medicinal value that includes antioxidant, anti-ageing, described by APHA [17].
anti-mutagenic, antihypertensive and anti-inflammatory
activities. Phytochemical screening of the aqueous seed Experimental Animals: Forty two Wistar albino rats
extract contains flavonoids, saponins, tannins and (weighing 90 - 106 g) procured from the Departmental
phenols in appreciable amount; it is popularly used as an animal house (Department of Chemical Sciences, Afe
herbal remedy against a wide range of ailments [10 - 13]. Babalola University, Ado-Ekiti, Nigeria) were randomly

Therefore, the present study was carried out to divided into seven groups (n=6) and classified into;
investigate the contribution  of  textile effluent to Control, TE 10 (10% Textile effluent), TE 30 (30% Textile
oxidative stress in the liver and brain, as well as to effluent), TE 60 (60% Textile effluent), TE 90 (90% Textile
evaluate the ameliorative potential of Sesamum indicum effluent), TE 60 + SI (60% Textile effluent + SI 200 mg/kg
(SI) in textile effluent-induced toxicity in a rat model. bw) and TE 90 + SI (90% Textile effluent + SI 200 mg/kg

MATERIALS AND METHODS (obtained from Ladokun Feed Mill Nigeria Limited, Ibadan,

Plant Collection and Extraction: SI seeds were purchased for their  acclimatization  prior to the commencement of
from Ojoo market in Ibadan, Nigeria and then identified the experiment. In the treatment experiment, Sesamum
and authenticated by the Botany Department, University indicum aqueous extract, (200 mg/kg bw) was
of Ibadan. One kilogram of the air-dried seeds was administered by oral gavage for 28 days. Toxicity was
subsequently pulverized into uniform powder using an induced by administering varying concentrations of textile
electric blender (25-28°C). Pulverized seed (1 kg) was then effluent as the main drinking water per day for 28 days.
defatted by mixing with n-hexane (2000 ml) using a
magnetic   stirrer   at   room   temperature   for  6  hours. Chemicals and Biochemical Assays: Alanine
The resulting slurry was filtered and the residue was air aminotransferase (ALT) and aspartate aminotransferase
dried for 24 hour. Next the dried defatted residue (600 g) (AST) assay kits (Randox) were purchased from ABJ
was extracted with 1500 ml of distilled water by maceration Chemicals,   Lagos   (Nigeria).    Adrenaline,  thiobarbituric

bw) groups. The animals were allowed access to feed

Nigeria)  and  water  ad  libitum  for a period of 14 days,
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acid (TBA), Ellman’s reagent (DTNB) and glutathione
were purchased from Sigma Chemical (St. Louis, MO,
USA). All other chemicals were of the highest purity
commercially available.

Serum ALT and AST activities were quantified
spectrophotometrically following the principles described
by Reitman and Frankel [18]. LPO was assayed by
measuring thiobarbituric acid reactive substances
(TBARS) as described by Varshney and Kale [19].

Reduced glutathione  (GSH) level was estimated
using the method described by Beutler et al., at 412 nm
[20]. CAT activity was determined by measuring the rate
of decomposition of hydrogen peroxide at 570 nm as
described by Sinha [21], while SOD activity was
determined as described by Misra and Fridovich [22].

Preparation of Tissues for Biochemical Analyses:
Following the daily exposure for 28 days, the animals were
sacrificed 24 hours after the last dose. Liver and brain
samples were quickly excised and washed in ice-cold
1.15% KCl solution, dried using filter paper and weighed.
They were then homogenized  in 4 volumes of 50 mM
Tris-HCl buffer (pH 7.4) containing 1.15% KCl and then
centrifuged at 10,000g for 15 minutes. The supernatant
was  collected  and  stored  until needed  for  assays.
Small pieces of liver sections were fixed in 10% formal
saline, after which they were cut and stained with
haematoxylin and eosin. The stained tissue sections were
observed under a light microscope (x400 objective) for
histological assessment.

Statistical Analysis: All values were expressed as the
mean ± S.D. of six animals.  Data  were analyzed using
One-way analysis of variance (ANOVA) followed by the
post-hoc  LSD  test  for  analysis of biochemical data
using [SPSS] (v. 10.0) statistical software. P < 0.05 was
considered statistically significant.

RESULTS

Physicochemical Properties and Heavy Metal
Concentration of the Effluent: Prior to the commencement
of the animal experiment, physicochemical properties and
heavy metal concentration of the effluent was analyzed,
the values are presented in Table 1. Values obtained
revealed that the physicochemical properties and heavy
metals concentration in the effluent were higher than
National Environmental Standards and Regulations
Enforcement Agency (NESREA) acceptable recommended
maximum in drinking water.

Table 1: Physicochemical properties and heavy metal concentration of the
effluent.

PARAMETERS VALUE

pH 5.90
Alkalinity (mg/L) 0.83
Acidity (mg/L) 1.60
Total Dissolved Solid (mg/L) 671.67
Total Hardness (mg/L) 82.60
BOD (mg/L) 234.33
COD (mg/L) 514.33
Cr (mg/L) 0.858
Zn (mg/L) 0.630
Cd (mg/L) 0.031
Cu (mg/L) 0.579
Pb (mg/L) 0.319
Fe (mg/L) 2.337
Ni (mg/L) 0.156

Effects of Sesamum Indicum on Hepatic and Brain GSH
Level, SOD and CAT Activities: The effect of SI on
hepatic and brain GSH level, SOD and CAT activities is
presented in Table 2. Treatment with SI showed a
significant protective effect when compared with the
untreated group. This is evident in the enhanced the
activities of these antioxidants.

Effects  of  Sesamum  Indicum  on  Hepatic and Brain
LPO Levels: As presented on Table 3, there was a
significant reduction in the  elevated  level of TBARS in
the treated group when compared with the untreated
group. This is an indication of inhibition of lipid
peroxidation.

Effects of Sesamum Indicum on Serum ALT and AST
Activities: Daily exposure of the animals to the effluent
resulted  in  elevation  of  the  serum  ALT  and   AST.
This elevation was found to be attenuated in the treated
group. This is an indication that the extract has potentials
to protect the liver (Table 4).

Histopathological Analysis of Liver Sections: The result
of the histopathological studies on the liver tissue is
presented in Figures 1. The control group, TE 10 group
and  TE  30  group,  showed  normal liver architecture,
with  no  abnormalities  seen.  There  was very  mild
diffuse hydropic  degeneration  of hepatocytes  on  the
TE 60 group, while severe  hepatic  necrosis  was
observed on  TE  90  group  liver. TE 60 + SI group
showed very  mild  congestion  of  the   coronary   vessels
while TE 90 + SI group  showed  moderate hepatic
necrosis.
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Table 2: Effects of Sesamum indicum on hepatic and brain GSH level, SOD and CAT activities.
Parameters

-------------------------------------------------------------------------------------------------------------------------------------------------
GSH (nmol/mg protein) SOD (Units/mg protein) CAT (Units/mg protein)
---------------------------------------- --------------------------------------- ---------------------------------------

Groups Liver Brain Liver Brain Liver Brain
Control 8. 72 ± 0.42 5.64 ± 1.25 0.98 ±0.08 0.88 ± 0.02 6.88 ±0.02 0.71 ± 0.13
TE 10 8. 03 ± 0.21 5.58 ± 0.28 0.92 ±0.06 0.80 ± 0.03 6.05 ±0.01 0.60 ± 0.04 a  a  a

TE 30 7.84 ± 0.33 4.95 ± 2.12 0.82 ±0.06 0.69 ± 0.04 5.82 ±0.01 0.48 ± 0.01 a  a  a a  a a

TE 60 7.51 ± 0.38 4. 41 ±0.61 0.64 ±0.06 0.62 ± 0.03 5.34 ±0.05 0.23 ± 0.03 a  a a  a  a  a

TE 90 7.29 ± 0.04 3.54 ± 0.02 0.62 ±0.10 0.59 ± 0.04 4.82 ±0.01 0.18 ± 0.02 a  a a a  a  a

TE 60 + SI 8.25 ± 0.31 5.24 ± 1.11 0.75 ±0.14 0.78 ± 0.04 6.81 ±0.02 0.42 ± 0.11 a a  a

TE 90 + SI 9.24 ± 0.44 4.96 ±1. 06 0.69 ±0.08 0.73 ± 0.05 6.13 ± 0.02 0.31 ± 0.03 a  a  a  a  a  a

Mean difference is significant (P < 0.05) when compared with: a - control

Table 3: Effects of Sesamum indicum on hepatic and brain LPO levels.
GROUPS LPO (Liver) (nmol/mg/protein) LPO (Brain) (nmol/mg/protein)
Control 7.10±1.20 3.20±0.84
TE 10 7.97±1.92 3.76±0.20
TE 30 10.42±1.25 3.98±0.53a a

TE 60 10.52±1.44 5.09±0.25a a

TE 90 11.28±1.38 6.61±0.45a a

TE 60 + SI 8.28±1.02 4.22±0.31a

TE 90 + SI 9.22±1.20 4.45±0.55a a

Mean difference is significant (P < 0.05) when compared with: a - control

A. Control, B. TE 10, C. TE 30, D. TE 60, E. TE 90, F. TE 60 + SI, G. TE 90 + SI.
Fig 1: Histological analysis of liver sections. Liver tissues were stained with H&E (× 400).
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Table 4: Effects of Sesamum indicum on serum ALT and AST activities.
GROUPS ALT (U/L) AST (U/L)
Control 0.19±0.06 0.31±0.03
TE 10 0.21±0.07 0.42±0.05a a

TE 30 0.33±0.2 0.46±0.05 a

TE 60 0.34±0.06 0.49±0.05 a  a

TE 90 0.44±0.05 0.49±0.01 a  a

TE 60 + SI 0.31±0.1 0.34±0.05 a  a

TE 90 + SI 0.32±0.11 0.37±0.04 a

Mean difference is significant (P < 0.05) when compared with: a - control

DISCUSSION

Indiscriminate  exposure  to chemical  pollutants  in
the environments is of major public health concern.
Unfortunately, textile industries is a major source of
environmental contamination due to discharge of
untreated or inadequately treated effluents from majority
of these local textile industries, which contains high
concentrations of surfactants, heavy metal based dyes,
phenol, absorbable organic halogens and aromatic
compounds [2, 3]. The role of heavy metals in oxidative
stress leading to the generation of free radicals and
alteration in antioxidant balance in the biological system
is well-documented [8, 23]. Plant extracts with bioactive
constituents are attractive candidates with promising
results that may ameliorate heavy metals induced
oxidative stress in search for novel therapeutic agents.
Recently,    Oyinloye    and    co-workers    reported   that
S. indicum is one of such plants containing flavonoids,
saponins, tannins and phenols in appreciable amount [13].

In the present study, the concentration of heavy
metals in the effluent uses was analyzed and it contains
iron, nickel, zinc, lead, copper, cadmium and chromium.
The result indicates that all the investigated parameters
were found to be higher than the National Environmental
Standards and Regulations Enforcement Agency
(NESREA) maximum permissible limits for effluent from
wastewater [24]. These compounds present in the effluent
are capable of generating ROS in animal models and if the
animals were not able to adequately compensate for these
by breaking the chain of reaction or scavenging it, it could
result in oxidative stress or insult associated with these
contaminants (heavy metals).

The data on  physicochemical properties revealed
that the pH of the effluent is acidic and this may be
attributed to presence of acid used in the production of
detergent. The pH value obtained for the effluent is
outside the NESREA recommendation  for drinking water
which made the effluent potentially unsafe, particularly if
it drains into a nearby river [25]. Total hardness, total

dissolved solid, Biochemical Oxygen Demand (BOD) and
Chemical Oxygen Demand (COD) of the effluent are also
higher than the NESREA recommendation for drinking
water [25].

Serum ALT and AST increased in treated animals in
a concentration dependent manner compared with the
control.  Treatment  with  the   aqueous   extract  of SI
(200 mg/kg bw) resulted in a slight reduction in the
elevated level of serum ALT and AST. Serum ALT and
AST are the most used biochemical markers of
hepatocellular necrosis and are considered sensitive
indicators of hepatic injury [26, 27]. It is possible that
heavy metals, other effluent constituents and their
metabolites may induced oxidative tissue damage to the
hepatocytes which led to increase in the cell membrane
permeability and may eventually lead to hepatocytic cell
death [28].

TBARS levels were  elevated  in  the hepatic and
brain tissues of rats exposed to varying concentration of
the effluent as seen in Table 3, while on the other hand,
GSH level, SOD and CAT activities (Table 2) were found
to  decrease  compared  with  control.  However,  there
was a significant amelioration when the animals were
treated with SI (200 mg/kg bw) compared to the control.
The increase in TBARS level in the hepatic and brain
tissues, suggest enhanced lipid peroxidation leading to
tissue damage and failure of the antioxidant mechanisms
to prevent the production  of  excessive free radicals.
Lipid peroxidation, an autocatalytic process and a
common consequence of cell death, may cause
peroxidative tissue damage in inflammation, cancer and
ageing [29].

Cells have wide array of enzymatic and non-
enzymatic antioxidant defense systems. The enzymatic
antioxidant system includes SOD, CAT, glutathione
peroxidase (GPx), glutathione reductase (GR), glutathione-
s-transferase (GST), glucose-6-phosphatedehydrogenase,
etc. These enzymes play an important role in countering
induced oxidative stress due to the formation of ROS.
SOD is the first enzyme to deal with oxy-radicals by
accelerating the dismutation of superoxide (O ) to H O2 2 2

-

which damages the membrane and biological structures
[30]. Thus it is understood that increased intracellular
ROS activities (due to heavy metal contamination and
organic pollution) leads to decreased concentration of
SOD observed in this study.

The decreased activities of CAT may be a response
to increased production of H O due to the concentration2 2

of heavy metals present in the effluent. These enzymes
have   been   suggested   to   play   an   important   role  in
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maintaining physiological levels of hydrogen peroxides 5. Sharma, R.K. and  M. Agrawal, 2005. Biological
by hastening the elimination of organic peroxides and effects of heavy metals: An overview. J. Environ.
hydroperoxides generated from inadvertent exposure to Biol., 26: 301-313.
oxidants attack [31]. The reduction observed in hepatic 6. Singh. R., N. Gautam, A. Mishra and R. Gupta, 2011.
and brain GSH levels may be as a result of the Heavy metals and living systems: An overview.
compensative role played in mitigating the elevated level Indian. J. pharmacol., 43(3): 246-253.
of TBARS. GSH is important for cell survival; it is present 7. Pandey, G. and S. Madhuri, 2014. Heavy metals
in majority of the cells responsible for hydrophilic causing toxicity in animals and fishes. Res. J. Anim.
conjugation of xenobiotics and probably the most Vet. Fish. Sci., 2(2): 17-23.
important protective mechanism for free radical 8. Manoj, K.  and  P.K. Padhy, 2013. Oxidative Stress
scavenging and inhibition of xenobiotics electrophilic and  Heavy  Metals:  An  Appraisal with  Reference
attack on cellular macromolecules [32]. to Environmental  Biology. Int. Res. J. Biol. Sci.,

CONCLUSION 9. Chakraborthy, G.S., G. Sharma and K.N. Kaushik,

The present study showed that the liver and brain are Toxicol., 2: 15-19.
susceptible to oxidative stress when rat models are 10. Hajimahmoodi,   M.,    M.R.    Oveisi,    N.   Sadeghi,
exposed to varying concentrations of textile effluent and B. Jannat, Z. Bahaeddin and S. Mansoori, 2008.
treatment with aqueous extract of S. indicum (200 mg/kg Gammatocopherol content of Iranian sesame seeds.
bw) could ameliorate the hepatic and brain antioxidant Iran. J. Pharm. Res., 7: 135-139.
status as well as the biochemical indices of toxicity in 11. Utsunomiya,    T.,     M.    Shimada,     T.    Rikimaru,
animals exposed to textile effluent. However, further H.   Hasegawa,  Y.    Yama    shita,    T.    Hamatsu,
studies are warranted to determine  the exact mechanism M. Yamasaki, S. Kakau, K. Yamada and K. Sugimachi,
of S. indicum responsible for the observed effects. 2003. Antioxidant and anti-inflammatory effects of a
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