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ABSTRACT: Arsenic pollution in developing countries poses a major health hazard to humans and animals, thus the
search for potent remedies. The medicinal use of Eclipta alba in the management of some ailments such as ulcer,
diarrhoea, constipation, and pile have been documented. We therefore scientifically explored the effects of the
ethanol leaf extract of E. alba (ELEA) in sodium arsenite (SA) induced geno-hepatotoxicity using male Wistar rats.
Thirty-five (35) rats were randomised into seven groups of five animals each. Group | was treated with distilled
water only while groups Il to VII had various levels of treatments with ELEA (200mg/kg body weight) and/or SA
(5.0mg/kg body weight) for 14 days. We evaluated both the preventive and therapeutic effects of ELEA. The
activities of serum transaminases, y-glutamyl transferase and alkaline phosphatise were evaluated, liver histological
analysis and histomorphometry were also monitored as additional markers for hepatotoxicity. Micronucleus
induction assay was used to assess genotoxicity and kidney histology to monitor the effect of ELEA on the kidney.
Serum transaminases/aminotransferases, y-glutamyl transferase and alkaline phosphatise, frequency of
micronucleated polychromatic erythrocytes (mPCEs) as well as hepatic cell/mm? were significantly (p<0.05)
increased by SA, while PCV, HB and RBC counts decreased significantly (p<0.05) but administration of ELEA
significantly reversed these parameters close to normal. Ethanol extract of E. alba leaves exhibits some protective
effect and may serve as a potent remedy in sodium arsenite induced hepatotoxicity and genotoxicity.
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Introduction
Inorganic arsenic compounds are linked with higher risks of cancer and other health challenges®.
Some of the common trivalent inorganic arsenic compounds include: arsenic trioxide, sodium arsenite and
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arsenic trichloride?. Exposure to arsenic is regarded as a major public health concern due to its
carcinogenic potential®.

According to Sharma et al. (2014), the exposure to inorganic arsenic is most likely via drinking
water and various foods*. Arsenic polluted drinking water from both human-induced and naturally
occurring sources have affected millions of people globally®. Due to absence of taste, odour and colour,
exposure to arsenic cannot be detected and avoided by a layman®. Several regions of the world have been
affected by arsenic polluted drinking-water in levels ranging from tens to even thousands of micrograms
per litre, primarily in Bangladesh, China, West Bengal (India)®.

It has been demonstrated that arsenic induced genotoxicity is associated with point mutation on the
HPRT locus in lymphocytes from adults chronically exposed to arsenic via drinking water for over 10
years, regardless of the presence of skin lesions and chromosomal aberrations’. Arsenic exposure also
induces micronucleated cells both in urothelial cells and cells from oral mucosa, and most of the
infertility problems and birth defects observed in human populations exposed to arsenic are associated
with genotoxicity®°.

Plants have played very important therapeutic roles in maintaining and enhancing the quality of
human health for thousands of years. In recent times, there is an increasing focus on plant research and
this has gained momentum all over the world and evidence has shown the immense potential of medicinal
plants in the treatment and management of various health concerns®®. Eclipta alba (syn. Eclipta prostata)
commonly known as false daisy is a specie of plant in the family asteraceae with characteristic medicinal
properties. In Nigeria, E. alba known as ewe arojoku (Yoruba) and agbirigba ozara (Igho) is used locally
in many herbal formulations for the treatment of ulcer, insomnia, urinary tract infection, pile, labour
pains, headaches, sight and hearing abnormalities, and skin disorders®. Extracts and other concoctions
made from the plant have been reported to be used in folk and traditional medicine for alopecia,
cancer/tumour, gastrointestinal disorders, skin diseases and blood/pus in urine and wound healing*?. The
plant was known to possess significant antidiabetic, hepatoprotective, anaphylaxis, analgesic, anti-
inflammatory and immunomodulatory activity'®. Several properties of E. alba have been studied
including its effect on CCl.-, galactosamine- and phalloidin-induced liver damage in rats. The present
study was designed to investigate the antigenotoxic and hepatoprotective potency of ethanol extract of E.
alba in sodium arsenite exposure in male Wistar rats.

Materials and Methods

Chemicals and Reagents for Analysis

Kits for aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyl
transferase (yGT) and alkaline phosphatase (ALP) were obtained from Randox Laboratories, UK. Sodium
arsenite (NaAsO,. BDH Chemicals Ltd Poole England) was used. Other chemicals and reagents used in
this study were of analytical grade and are products of Sigma Chemical Co. St. Louis, MO., USA.

Preparation of Ethanol leaf extract of Eclipta alba (ELEA)

Fresh leaves of E. alba were bought from Bode market in Ibadan, Nigeria and were identified at the
Department of Botany, Faculty of Science, University of Ibadan, Nigeria by Mr. Esimekhnai, Donatus.
The leaves were air dried, weighed and ground to powdered form. The powdered sample was extracted
using 70% ethanol. The extracts were further concentrated with a rotary evaporator at 40 °C to yield a
solid residue at the Department of Pharmaceutical Chemistry, University of Ibadan.

Experimental Protocols and Treatments

Thirty-five (35) male Wister albino rats weighing 100-120 g were bought from the Animal House,
Department of Physiology, Faculty of Basic Medical Sciences, University of Ibadan, Nigeria. The rats
were kept in the experimental animal house, Department of Biochemistry, University of Ibadan at 29 + 2
°C and were fed with rat pellets (Vita feeds, Ibadan, Nigeria) and with water ad libitum, 12 h light/dark
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cycle. All the animals were handled in adherence to the guide for the care and use of experimental
animals, as specified by the National Institute of Health (NIH publications number 85-93 revised in
1985). The rats were acclimatized for one week and then randomly divided into seven experimental
groups of five rats per group.

Group I: Serve as the negative control and received distilled water only.

Group Il: Rats treated with sodium arsenite (SA) 5.0 mg/kg body weight every other day for 14 days.

Group I1I: Rats treated with 200 mg/kg body weight of ethanol leaf extract of Eclipta alba (ELEA) daily.

Group IV: Rats treated with SA 5.0 mg/kg body weight every other day and 200 mg/kg body weight
ELEA daily simultaneously

Group V (natural recovery): Rats treated with SA 5.0 mg/kg body weight followed by water for another
14 days.

Group VI (post-treatment): Rats treated with SA 5.0mg/kg body weight followed by 200 mg/kg body
weight of ELEA for another 14 days.

Group VII (pre-treatment): Rats treated with 200 mg/kg body weight of ELEA followed by 5.0 mg/kg
body weight of SA for another 14 days.

Except otherwise stated, all treatments were done by gavages for 14 days. Sodium arsenite was
administered at 5 mg/kg body weight (1/25" of the oral LDsp).

Liver function enzymes assays

Aminotransferases activities

Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities were
investigated according to the method previously described® with the use of diagnostic kits. Briefly, this
method involves the reaction of pyruvate, the product of transamination reaction catalysed by ALT or
AST, with 2, 4 -dinitrophenyl hydrazine which give rise to deep coloured hydrazone which is read at 546
nm with the aid of a spectrophotometer (Spectronic-20).
y-glutamyl transferase activity (yGT)

The yGT was investigated in the serum by employing the reconstituted yGT diagnostic reagent
according to the previously described method?®. Briefly, this involves the transfer of glutamyl group from
a glutamyl peptide (L-y-glutamyl-p-nitroanilide) to another peptide (glycylglycine), in a reaction
catalyzed by yGT, thereby yielding a cleavage product (pnitroaniline) which is read at 405 nm thus
making a direct kinetic determination of yGT activity a possibility.

Alkaline Phosphatase (ALP) Activity

The ALP activity was determined according to the optimized method previously described!’.
Alkaline phosphatase catalyzes the hydrolysis of p-nitrophenylphosphate into phosphate and p-
nitrophenol which absorbs UV light at 405nm, thus making a direct kinetic determination a possibility.

p-nitrophenylphosphate + H,0 ALP -- phosphate + p-nitrophenol

Micronucleus (MN) assay

The femurs from the experimental animals were removed and bone marrow was aspirated with a
needle and syringe. The microscopic slides of the bone marrows were prepared following the procedure
previously described'®. The slides were thereafter fixed in methanol, air-dried, pre-treated with May-
Grunwald solution, and air-dried again. The dried slides were thereafter stained in 5% Giemsa solution
and induced in phosphate buffer for 30 seconds. The slides were then rinsed in distilled water and air-
dried. The air-dried slides were mounted and scored with a microscope for micronucleated polychromatic
erythrocytes (MPCES) according to the established standard procedure at x40 magnification.
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Liver and Kidney histological analysis

Liver sections from the rats were fixed in 4 % p-formaldehyde and thereafter washed in phosphate
buffer pH 7.4 at 4 °C for 12 h. After dehydration, the tissue was embedded in paraffin, and then cut into
sections, 5 um thickness were stained with haematoxylin and eosin staining method*®, and then evaluated
under a microscope at the Pathology Department, University of Ibadan, Ibadan, Nigeria.

Hepatic Cell Analysis

Hepatic cell per mm? analysis was investigated by counting the numbers of cells on stained slides
prepared from the liver; this was done under a Nikon light microscope at x40 with the aid of a grid and
tally counter.

Haematological analysis

Prior to sacrifice, blood was collected from experimental rats via ocular puncture in heparinized
bottles for haematological analysis at the Department of Veterinary Medicine, University of Ibadan
according to the method previously described?®.

Data analysis

Results are expressed as mean + Standard deviation. Differences between the groups were analysed
by one-way analysis of variance (ANOVA) with the aid of Statistical Package for Social Sciences (SPSS)
software, SPSS Inc., IBM, Standard version 20.0.0. P values <0.05 were considered statistically
significant for differences in mean.

Results

Effect of ELEA on SA-induced hepatotoxicity in male albino Wister rats

The activities of serum enzymes increased significantly (p<0.05; Table 1) in groups Il and V rats
treated with SA only compared with the control (groups I). The ELEA only treated rats showed
approximately the same levels of the serum enzymes compared to the control treated with water only.
Almost similar levels were observed in the SA-only treated rats (groups Il and V). Pre- and post-treatment
with ELEA (groups VI and VII) reduced the activity of the liver enzymes as compared to the SA only
treated rats, with the rats pre-treated with ELEA (group V1) alone being statistically significant (p<0.05;
Table 1).

Table 1 Serum activities of aspartate amino transferase, alanine amino transferase, gamma glutamyl
transferase and alkaline phosphatase in sera of rats treated with ELEA and SA.

Group ALT AST ALP GGT
I-water 13.45 + 1.562 23.19+2.83 155.48 + 29.772 1042 +1.162
11-SA 27.68 + 3.22° 50.58 + 3.75P 451.72 + 28.73" 25.09 + 1.77P
I11-ELEA 13.57 + 2.53? 24.06 £ 3.09% 173.88 £ 27.18° 9.26 + 4.01°
IV-SA+ELEA 13.21 + 2.06? 36.38 £ 7.18° 270.48 £ 152.99? 15.82 £ 6.38
V-SA+water 26.01 + 2.36" 49.27 + 5.90° 571.32 +172.12° 30.49+ 13.72°
VI-SA+ELEA 17.74 + 1.49° 38.55 + 7.49° 398.36 + 14.16% 13.51 +2.412
VII-ELEA+SA 23.57+1.43 43.04 £ 3.98 440.68 + 56.38 23.55+6.69

Values are expressed as mean + SD. a= the mean difference is significant (p< 0.05) when compared with
group I1. b= the mean difference is significant (p< 0.05) when compared with group I.
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Effect of ELEA and SA on the frequency of induction of micronucleated polychromatic
erythrocytes (mPCES) in bone marrow cells.

As expected, there is a significant increase (p<0.05; Fig. 1) in the number of mPCEs in the bone
marrow cells of rats treated with SA alone (groups Il and V) as compared with the control which received
water only (group 1). There was no observed difference in the number of mPCEs between the ELEA only
treated rats (group I11) as compared to the control (group I). A significant reduction (p<0.05; Fig. 1) in
mPCEs were observed in rats treated with SA+ELEA simultaneously (group 1V), as compared with SA
only group. Pre- and post-treatment with ELEA (groups VI and VII) showed significant reduction
(p<0.05; Fig. 1) in the frequency of mPCEs by at least 2.14-fold decrease when compared with the SA-
only treated groups (groups Il and V).

Frequency of induction of mPCEs

Number of mPCEs/1000Pces
o = N w H (0] (o)} ~

water SA ELEA SA+ELEA SA+water SA+ELEA  ELEA+SA
Treatment Groups

Fig 1 Frequency of micronucleated polychromatic erythrocytes induction in the bone marrow cells of rats
exposed to ELEA and SA.

a= the mean difference is significant (p< 0.05) when compared with group Il

b= the mean difference is significant (p< 0.05) when compared with group |

Histomorphometry (Hepatic cell/mm?)

The hepatic cells per mm? increased significantly (p<0.05; Fig. 2) in SA-only rats (groups Il and V)
when compared with the control and ELEA-only treated rats (groups I and I1). No statistical significant
difference was observed between the positive control groups Il treated with SA only and the recovery
group V. There was an observed significant decrease (p<0.05; Fig. 2) in the rate of cell proliferation of
rats treated simultaneously with ELEA+SA (group V) when compared with the SA-only group. Pre- and
post-treatment with ELEA (group VI and VII) show a slight decrease in the hepatic cells per mm?
compared to the SA-only groups, though not significant.
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Hepatic cells/mm?

Hepatic cells/mm?

water SA ELEA

SA+ELEA  SA+water SA+ELEA  ELEA+SA

Treatment Groups

Figure 2: Hepatic Cell per millimeter sqg. analysis of rats treated with ELEA and sodium arsenite
a= the mean difference is significant (p< 0.05) when compared with group 11
b= the mean difference is significant (p< 0.05) when compared with group |

Effect of ELEA on haematological parameters

SA was observed to significantly decrease (p<0.05; Table 2) the RBC, Hb and PCV levels in the
SA-only treated rats compared to the control (group I) fed with water only, while conversely, the
lymphocyte count was significantly increased (p<0.05; Table 2) in SA-only rats compared to the control.
ELEA administration significantly increased (p<0.05; Table 2) the RBC, Hb and PCV levels and at the
same time, significantly reducing (p<0.05; Table 2) the lymphocyte count.

Table 2 Evaluation of PCV, HB, LYMPH, WBC, and RBC levels of rats treated with ELEA and
sodium arsenite (SA)

Group PCV (%) HB (g/dl) RBC WABC (cells/pl) LYMPH (%)
(million
cells/ul)
I- H0 37.50+1.73*  14.43+x0.56*°  7.14+0.49°  5437.50+912.13 50.25+9.642
1I-SA 31.00£3.37°  11.58+0.86°  5.25+0.54°  4925.00+830.25 70.2516.85°
II-ELEA 39.25+1.50*°  14.48+0.46*° 7.52+0.33* 6162.50+1058.60 54.75+6.342
IV-SA+ELEA  40.75+1.50°  15.83+0.57°  7.85+0.40*  3250.00£727.37 59.25+5.622
V-SA+water  33.25+4.43"  11.78+1.62®  6.09+0.87°  3750.00+907.62 73.25+3.50°
VI-SA+ELEA  41.25+2.22°  14.08+0.99°  7.95+0.44*  4687.50+949.91 60.25+12.582
VII- 42.5+1.29° 13.684£0.93*  7.61+0.26*  3025.00+843.9 64.75+6.40°
ELEA+SA

Values are expressed as mean + SD.
a= the mean difference is significant (p< 0.05) when compared with group Il
b= the mean difference is significant (p< 0.05) when compared with group |

Packed cell volume (PCV), Heamoglobulin (HB) Lymphocytes (LYMPH), white blood cells (WBC), and
Red blood cells (RBC) levels of rats treated with ELEA and sodium arsenite (SA).
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Effect of ELEA on the histology of the liver cells during SA toxicity

IV:SA+ELEA V:SA+H20

VLSA+ELEA

VILELEA+SA Fig. 3: Representative photomicrograph of liver secfions at x100
magnification of control and treated rats.

Group I (H20): No vigible lesion seen. Group II (SA): There is a
moderate periportal and extensive cellular infiltration and fibrosis. Group
Il (ELEA): No visible lesion seen. Group IV (SA+ELEA): There is a
moderate periportal and extensive cellular infiltration. Group V
(SA+H20): There is a moderate periportal cellular infiltration. Group VI
(SA+ELEA): Novigiblelesion. Group VII (ELEA+SA): No visiblelesion
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Effect of ELEA on the histology of the kidney during SA toxicity

Fig. 4. Representative photomicrograph of kidney sections at x400
magnification for the control and treated rats.

Group I (H20): No visible lesion seen. Group II (SA): There is diffuse
tubular degeneration with protein casts. Group III (¥LE4): No visible
lesion seen. Group IV (SA+ELEA): No visible lesion seen. Group V
(SA+H20): There is a mild mterstitial cellular infiltration. Many tubules
have protein casts in their Lumima. Group VI (SA+ELEA): No visible
lesion seen. Group VII (ELEA+SA): Few tubules have protein casts in
the lumen.

Discussion

The understanding of the physiological processes of arsenic metabolism and the biochemical
pathways, can be used to design treatments of arsenic toxicity?*. The effects of ethanol leaf extract of
Eclipta alba (ELEA) were studied as a preventive and treatment alternative for sodium arsenite (SA)
toxicity. Because cells demonstrate the ability for repair upon insult, we attempted to make a distinction
between the natural cellular recovery mechanisms on exposure to SA and pre- and post-treatment effects
of ELEA. Exposure to inorganic arsenic compounds results in adverse health effects including renal and
hepatic diseases?. The increased activity of AST, ALT, ALP and yGT are indicators of liver injury24,
The activities of serum enzymes were increased significantly (p<0.05; Table 1) in the positive control
(group 1) and natural recovery (group V) that were treated with SA only as compared with the negative
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control which received water only and ELEA treated rats. This observation is consistent with observations
from our laboratory on the induction of hepatotoxicity and oxidative stress upon exposure to SA%%,

Pre-treatment with ELEA before exposure to SA (i.e. groups VI) significantly reduced liver enzymes
activities when compared to the SA only/positive control group. This shows the potential protective effect
the ELEA on SA induced hepatotoxicity in albino rats. This decrease in the activities of serum enzymes
may be due to the presence of wedelolactone and associated intrinsic phytochemicals in ELEA with
potential antihepatotoxic properties?’. Wagner et al. (1986) also confirmed that the coumestan component
of E. alba, wedelolactone and demethylwedelolactone, are most likely responsible for the potent anti-
hepatotoxic activities®®. The significant reduction in the levels of ALT, AST, yGT and ALP are good
indicators of hepatoprotective functions® suggesting that ELEA contains active phytochemicals with the
potential to reduce the hepatotoxic effects of SA and possibly restore the hepatocytes physiology in
arsenic toxicity. No significant difference was observed in groups Il and V (natural recovery) rats treated
with SA only, showing the likelihood of the absence of natural recovery upon exposure to SA.

Chronic arsenic toxicity which occurs as a result of drinking arsenic polluted water is one of the
worst health hazards in history®°. Exposure to SA polluted drinking water has been shown to cause
alteration in chromosomal segregation which may lead to cancer®®. The micronuclei assay was developed
to easily detect in vivo chromosomal aberration in bone marrow cells than the traditional cytogenetic
methods.

The approximately 2-fold increase observed in the frequency of mPCEs in the SA-treated rats is an
indication of chromosomal damage. This observation is consistent with earlier reported observation in our
laboratory on the genotoxic properties of sodium arsenite?®3!, The increased frequency of induction of
mPCEs observed in the SA-only treated rats may be due to arsenic generated free radicals that can attack
DNA leading to chromosomal breakage. However, most studies have reported SA as a potent mutagen or
carcinogen®?2, In all, ELEA caused a decrease in the frequency mPCEs showing the potential of the E.
alba extract to repair chromosomal damage and protect against carcinogenesis and suggesting a potential
protective and therapeutic effect of the ELEA treatment. This may be because E. alba possesses
antioxidant activities that helped in scavenging the free radicals and reactive oxygen species generated by
SA,

Herbs that are rich in important phytochemicals have become a reference point for treatment of
various toxicities. This has brought about novel concepts have appeared with the trend, such as
nutraceuticals, phytonutrients, and phytotherapy®. The phytochemical present in E. alba will likely
contribute positively to maintaining wellbeing, promoting health, and modulating immune function for
disease prevention. The E. alba has a great potential in clinical therapy due to its potential to reduce side
effects that accompany chemotherapy or radiotherapy®.

The haematological parameters were used to assess the efficacy of ELEA in the prevention and
treatment of SA-induced toxicity. The RBC, Hb and PCV levels were significantly reduced (p<0.05;
Table 2) in the SA-only treated rats (both positive control and natural recovery groups) compared with the
negative control group fed with water only. This observed erythrocytopenia is possibly due to depression
of bone marrow activity which had been reported previously®’*%, No significant recovery was observed
for the blood parameters in the recovery group. Our findings showed that the administration of ELEA
enhanced the levels of RBC, PCV and Hb concentration, thereby reversing the alterations in
erythropoiesis observed during SA intoxication.

The increase in PCV, Hb and RBC levels because of the administration of ELEA conforms to
previous reports*®4! of restoration of blood parameters in animals exposed to toxicants. In addition, pre-
and post-treatment with ELEA increased the PCV, Hb and RBC levels while reducing the lymphocyte
count, showing the potential protective and therapeutic properties when compared to the SA-only group.
The observed increase is possibly an indication of the release of the lymphocytes from lymphoid tissues
as a protective response when challenged with SA. The ELEA showed the potential to suppress the toxic
effects of SA and thus, probably protecting against impairment or cellular transformations because of the
toxicant.
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The biochemical observation above is supplemented with histopathological examination of the liver
and kidney sections. The results show a moderate periportal and extensive cellular infiltration and
fibrosis, and diffuse tubular degeneration with protein casts in the experimental animals treated with SA
only (groups Il and V) in both liver and kidney, respectively. This illustrates the possible contribution of
SA toxicity to the induction of hepatic and adrenal tumours as previous reported®. No visible lesion was
seen in the kidney of the rats treated with ELEA and SA simultaneously (group 1V), while a moderate
periportal and extensive cellular infiltration was observed in the liver of animals that had SA+ELEA
simultaneously.

Pre- and post-treatment with ELEA (groups VI and VII) showed no visible lesion in the liver
showing its potential protective and curative effect in SA toxicity most especially in the liver cells. The
cells/mm? assay was carried out to assess the rate of cell proliferation. This was used as an index for
measuring the tumorigenic potential of a compound since unregulated cell proliferation can be a marker
for carcinogenesis. The significant increase by at least 1.53 folds observed in the cells as a result of the
SA toxicity was probably due to the promotion of cell proliferation in the experimental rats treated with
SA only. Post-treatment with ELEA (group VII) reduced the rate of cell proliferation when compared to
the SA-only treated rats. This further supports the earlier findings that ELEA may serve as a potent
remedy in SA induced cell proliferation.

Conclusion

Arsenic pollution of drinking water in developing countries is a major health concern for man and
animals. Ethanol leaf extract of Eclipta alba exhibited some potential protective effect and can probably
suppress sodium arsenite-induced hepatotoxicity and genotoxicity in rats. Further studies are
recommended on the molecular mechanisms of E. alba on sodium arsenite toxicity.

Conflicts of Interest
There is no conflict of interests associated with this study.

References

1. Abernathy, C. O., Thomas, D. J., Calderon, R. L. (2003) Health Effects and Risk Assessment of Arsenic. The
Journal of Nutrition. 133(5):1536S-1538S.

2. World Health Organization (WHO). (2000) Air quality guidelines for Europe. 2nd ed. Copenhagen: WHO
Regional Publications, European Series 91:288.

3. Tchounwou, P. B., Centeno, J. A., Patlolla, A. K. (2004) Arsenic toxicity, mutagenesis, and carcinogenesis — a
health risk assessment and management approach. Mol. Cell Biochem. 255(1):47-55.

4. Sharma, A. K., Tjell, J. C., Sloth, J. J., Holm, P. E. (2014) Review of arsenic contamination, exposure through
water and food and low cost mitigation options for rural areas. Applied Geochemistry. 41:11-33.

5. Ng, J. C., Wang, J., Shraim, A. (2003) A global health problem caused by arsenic from natural sources.
Chemosphere. 52(9):1353-1359.

6. International Agency for Research on Cancer (IARC). (2004) Some drinking water disinfectants and
contaminants, including arsenic. IARC Monogr Eval Carcinog Risks Hum. 84:36-267.

7. Ostrosky-Wegman, P., Gonsebatt, M. E., Montero, R., Vega, L., Barba, H., Espinosa, J., Palao, A,
Cortinas, C., Garcia-Vargas, G.,, M.del Razo, L., Cebrian, M. (1991) Lymphocyte proliferation Kinetics and
genotoxic findings in a pilot study on individuals chronically exposed to arsenic in Mexico. Mutation
Research/Fundamental and Molecular Mechanisms of Mutagenesis. 250(1):477-482.

8. Gonsebatt, M. E., Vega, L., Salazar, A. M., Montero, R., Guzman, P., Blas, J., Del Razo, L. M., Garcia-Vargas,
G., Albores, A., Cebrian, M. E., Kelsh, M., Ostrosky-Wegman, P. (1997) Cytogenetic effects in human
exposure to arsenic. Mutation Research/Reviews in Mutation Research. 386(3):219-228.

9. Leke, R. J, Oduma, J. A., Bassol-Mayagoitia, S., Bacha, A. M., Grigor, K. M. (1993). Regional and
geographical variations in infertility: effects of environmental, cultural, and socioeconomic factors.
Environmental Health Perspectives. 101(2):73-80.

36


https://www.sciencedirect.com/science/article/pii/0027510791902042#!
https://www.sciencedirect.com/science/article/pii/0027510791902042#!
https://www.sciencedirect.com/science/article/pii/0027510791902042#!
https://www.sciencedirect.com/science/article/pii/0027510791902042#!
https://www.sciencedirect.com/science/article/pii/0027510791902042#!
https://www.sciencedirect.com/science/article/pii/0027510791902042#!
https://www.sciencedirect.com/science/article/pii/0027510791902042#!
https://www.sciencedirect.com/science/article/pii/0027510791902042#!

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.
20.
21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

O. A. Odunola et al.

Modi, A. J., Khadabadi, S. S., Deokate, U. A., Farooqui, I. A., Deore, S. L., Gangwani, M. R. (2010) Argyreia
speciosa Linn. f.: Phytochemistry, pharmacognosy and pharmacological studies. Journal of Pharmacognosy
and Phytotherapy. 2(3):34-42.

Nisar, M. F., Jaleel, F., Waseem, M., Ismail, S., Yasmin, T., Haider, S. M. (2014) Ethno-medicinal Uses of
Plants from District Bahawalpur, Pakistan. Current Research Journal of Biological Sciences 6(5):183-190.
Mollik, M. A. H., Hossan, M. S., Paul, A. K., Taufig-Ur-Rahman, M., Jahan, R., Rahmatullah, M. (2010) A
Comparative Analysis of Medicinal Plants Used by Folk Medicinal Healers in Three Districts of Bangladesh
and Inquiry as to Mode of Selection of Medicinal Plants. Ethnobotany Research and Applications. 8:195-218.
Chokotia, L. S., Vashistha, P., Sironiya, R., Matoli, H. (2013) Pharmacological activities of Eclipta alba (L.).
International Journal of Research and Development in Pharmacy and Life Sciences 2(4): 499-502.

Preston, R. J., Dean, B. J., Galloway, S., Holden, H., McFee, A. F., Shelby, M. (1987) Mammalian in vivo
cytogenetic assays Analysis of chromosome aberrations in bone marrow cells. Mutation Research/Genetic
Toxicology. 189(2):157-165.

Reitman, S., Frankel, S. (1957) A colorimetric method for the determination of serum glutamic oxalacetic and
glutamic pyruvic transaminases. American journal of clinical pathology. 28(1):56-63.

Szasz, G. (1974). Determination of GGT activity. Methods of Enzymatic Analysis. 2nd English edition. New
York; Academic Press Inc.

Tietz, N. W., Burtis, C. A., Duncan, P., Ervin, K., Petitclerc, C. J., Rinker, A. D., Shuey, D., Zygonicz, E. R.
(1983) A reference method for measurement of alkaline phosphatase activity in human serum. Clin Chem.
29(5):751-761.

Matter, B., Schmid, W. (1971) Trenimon-induced chromosomal damage in bone-marrow cells of six
mammalian species, evaluated by the micronucleus test. Mutation Research/Fundamental and Molecular
Mechanisms of Mutagenesis. 12(4):417-425.

Chayen, J., Bitensky, L. (1991) Practical Histochemistry. J. Wiley.

Schalm, O. W. (1965) Veterinary Hematology, 2" ed., Philadephia, P.A.; Lea and Febiger.

Guha Mazumder, D. N. (2005) Effect of chronic intake of arsenic-contaminated water on liver. Toxicology and
Applied Pharmacology. 206(2):169-175.

Gholamine, B., Houshmand, G., Hosseinzadeh, A., Kalantar, M., Mehrzadi, S., Goudarzi, M. (2019) Gallic
acid ameliorates sodium arsenite-induced renal and hepatic toxicity in rats. Drug and Chemical Toxicology.
doi: 10.1080/01480545.2019.1591434

Gbadegesin, M. A., Owumi, S. E., Akinseye, V., Odunola, O. A. (2014) Evaluation of hepatotoxicity and
clastogenicity of carbofuran in male Wistar rats. Food and Chemical Toxicology. 65:115-119.

Owumi, S. E., Odunola, O. A., Aliyu, M. (2012) Co-administration of sodium arsenite and ethanol: Protection
by aqueous extract of Aframomum longiscapum seeds. Pharmacognosy Res. 4(3):154-160.

Odunola, O. A., lbegbu, D. M. (2011) The Influence of Garlic and Spondias mombin on Sodium Arsenite
induced Clastogenicity and Hepatotoxicity in Rats. Pacific Journal of Science and Technology. 122(2):401-
409.

Adegoke, A. M., Ghadegesin, M. A., Odunola, O. A. (2017) Methanol Extract of Adansonia digitata Leaf
Protects Against Sodium Arsenite-induced Toxicities in Male Wistar Rats. Pharmacognosy Res. 9(1):7-11.
Uddin, N., Rahman, A., Uddin, N. A, Rana, S., Akter, R., Chowdhury, M. A. (2010) Antioxidant, cytotoxic
and antimicrobial properties of Eclipta alba ethanol extract. Int. J. Biol. Med. Res.1:341-346.

Wagner, H., Geyer, B., Kiso, Y., Hikino, H., Rao, G. S. (1986) Coumestans as the Main Active Principles of
the Liver Drugs Eclipta alba and Wedelia calendulaceal. Planta Med. 52(5):370-374.

Hilaly, J. E., Israili, Z. H., Lyoussi, B. (2004) Acute and chronic toxicological studies of Ajuga iva in
experimental animals. Journal of Ethnopharmacology. 91(1):43-50.

Waalkes, M. P., Ward, J. M., Liu, J., Diwan, B. A. (2003) Transplacental carcinogenicity of inorganic arsenic
in the drinking water: induction of hepatic, ovarian, pulmonary, and adrenal tumors in mice. Toxicology and
Applied Pharmacology. 186(1):7-17.

Odunola, O. A,, Akinwumi, K. A., Ogunbiyi, B., Tugbobo, O. (2007) Interaction and enhancement of the toxic
effects of sodium arsenite and lead acetate in wistar rats. African Journal of Biomedical Research. 10: 59-65.
Li, J., Gorospe, M., Barnes, J., Liu, Y. (2003) Tumor Promoter Arsenite Stimulates Histone H3
Phosphoacetylation of Proto-oncogenes c-fos and c-jun Chromatin in Human Diploid Fibroblasts. J Biol Chem.
278(15):13183-13191.

Susan, A., Rajendran, K., Sathyasivam, K., Krishnan, U. M. (2019) An overview of plant-based interventions
to ameliorate arsenic toxicity. Biomedicine & Pharmacotherapy. 109:838-852.

37


https://doi.org/10.1080/01480545.2019.1591434

34.

35.

36.

37.

38.

39.

40.

41.

Biokemistri Volume 33, Number 1 (2021)

Prabu, K., Shankarlal, S., Natarajan, E., Sadig, A. M. (2011) Antimicrobial and antioxidant activity of
methanolic extract of Eclipta alba. Advances in Biological Research 5(5):237-240.

Berger, M. M., Spertini, F., Shenkin, A., Reymond, M. J., Schindler,C., Tappy, L., Wiesner, L.,
Menoud, V., Cavadini, C., Cayeux, C., Wardle, C. A., Gaillard, R. C., Chioléro, R. L. (1996) Clinical,
immune and metabolic effects of trace element supplements in burns: a double-blind placebo-controlled trial.
Clin Nutr. 15(2):94-96.

Ramaa, C. S., Shirode, A. R., Mundada, A. S., Kadam, V. J. (2006) Nutraceuticals - An Emerging Era in the
Treatment and Prevention of Cardiovascular Diseases. Curr Pharm Biotechnol. 7;15-23.

Ferzand, R., Gadahi, J. A, Saleha, S., Ali, Q. (2008) Histological and haematological disturbance caused by
arsenic toxicity in mice model. Pak J Biol Sci. 11(11):1405-1413.

Kumar, A. V., Ch. Madhusudhana, Kishore, S. (2015) Hematological alterations induced by Sodium arsenate
toxicity in Albino mice. International Journal of Pharmacy & Life Sciences. 6(1):4166-4170.

Padmaja, B., Madhuri, D., Kumar, A. A., Anjaneyulu, Y. (2009) Ameliorative efficacy of Emblica officinalis
in arsenic induced toxicity in broilers: A haemato-biochemical study. Indian Journal of Veterinary Pathology.
33(1):43-45.

Yadav, N. K., Arya, R. K., Dev, K., Sharma, C., Hossain, Z., Meena, S., Arya, K. R., Gayen, J. R., Datta, D.,
Singh, R. K. (2017) Alcoholic Extract of Eclipta alba Shows In Vitro Antioxidant and Anticancer Activity
without Exhibiting Toxicological Effects. Oxidative Medicine and Cellular Longevity. 9094641, 18 pages.
Singh, A., Singh, A., Dwivedi, V. (2015) Screening of Hydro-alcoholic Extract of Eclipta alba for its
Anticancerous Efficacy. International Journal of Science and Research 6(2):488-491.

38


https://pubmed.ncbi.nlm.nih.gov/?term=Reymond+MJ&cauthor_id=16844008
https://pubmed.ncbi.nlm.nih.gov/?term=Schindler+C&cauthor_id=16844008
https://pubmed.ncbi.nlm.nih.gov/?term=Tappy+L&cauthor_id=16844008
https://pubmed.ncbi.nlm.nih.gov/?term=Wiesner+L&cauthor_id=16844008
https://pubmed.ncbi.nlm.nih.gov/?term=Menoud+V&cauthor_id=16844008
https://pubmed.ncbi.nlm.nih.gov/?term=Menoud+V&cauthor_id=16844008
https://pubmed.ncbi.nlm.nih.gov/?term=Cavadini+C&cauthor_id=16844008
https://pubmed.ncbi.nlm.nih.gov/?term=Cayeux+C&cauthor_id=16844008
https://pubmed.ncbi.nlm.nih.gov/?term=Wardle+CA&cauthor_id=16844008
https://pubmed.ncbi.nlm.nih.gov/?term=Gaillard+RC&cauthor_id=16844008
https://pubmed.ncbi.nlm.nih.gov/?term=Chiol%C3%A9ro+RL&cauthor_id=16844008

