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abStraCt

groundwater contamination of arsenic is the major cause of a serious health hazard in bangladesh. No 
specific treatment is yet available to manage the large number of individuals exposed to arsenic. in this 
study, we evaluated the protective effects of Phyllanthus emblica (indian gooseberry or amla) leaf extract 
(Ple) on arsenic-mediated toxicity in experimental mice. Male Swiss albino mice were divided into three 
different groups (n=6/group). ‘Control’ mice received arsenic free water together with normal feed. Mice in 
the remaining two groups designated ‘Sa’ and ‘Sa+Ple’ were exposed to sodium arsenite (Sa, 10 µg/g 
body weight/day) through drinking water in addition to receiving normal feed and Ple-supplemented feed, 
respectively. the weight gain of Sa-exposed mice was decreased compared with the controls; however, 
this decrease in body weight gain was prevented when the feed was supplemented with Ple. a secondary 
effect of arsenic was enlargement of the liver, kidney and spleen of Sa-group mice. deposition of arsenic 
in those organs was demonstrated by iCP-MS. when Ple was supplemented in the feed the enlargement of 
the organs was minimized; however, the deposition of arsenic was not significantly reduced. these results 
indicated that Ple may not block arsenic deposition in tissue directly but rather may play a protective role 
to reduce arsenic-induced toxicity. therefore, co-administration of Ple in arsenic-exposed animals might 
have a future therapeutic application for protecting against arsenic-mediated toxicity. 
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iNtroduCtioN

among several heavy metals that are present in the environment naturally, arsenic is recognized 
as one of the most dangerous poison. Millions of people around the globe are chronically exposed 
to arsenic through drinking contaminated ground water. arsenic contamination of ground water in 
bangladesh has so far been reported to be a major health hazard because of the large number 
of people affected.1-4) arsenic is known to be a potent sulfhydryl-reactive chemical capable of 
binding and cross-linking cellular proteins5, 6) thereby altering multiple cellular pathways includ-
ing expression of growth factors, suppression of cell cycle checkpoint proteins, promotion of 
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apoptosis, inhibition of dNa repair, decreasing immunosurveillance, and increasing oxidative 
stress. these alterations in cellular pathways play key roles in various diseases in humans such 
as carcinogenicity, genotoxicity, diabetes, hypertension, weight loss, and cardiovascular and 
neurologic disorders. in addition, there has been increasing evidence of the correlation between 
arsenic exposure and the generation of reactive oxygen species (roS) leading to tumor promo-
tion.7, 8) Moreover, overproduction or an ineffective elimination of roS may induce oxidative 
stress and cause damage or malfunctioning of various organs including liver, lungs, kidney and 
spleen.9-12) Scientists have started to use the antioxidant properties of medicinal plant sources 
to ameliorate the effect of arsenic toxicity. turmeric and curcumin, a yellow pigment isolated 
from turmeric, have been shown to reduce adverse effects of arsenic in mice by virtue of their 
antioxidant potentials.13, 14) recently aqueous extract of Psidium guajava leaves and Trichosanthes 
dioica fruit have been reported to partially protect against the degenerative changes in kidney and 
liver of arsenic-intoxicated rats by restoring various oxidative stress markers.12, 15) Some earlier 
studies also showed the protective efficacies of Spirulina fusiformis,16) Oscimum sanctum17) and 
Lycopersicon esculentum18) against oxidative stresses generated by various heavy metals such 
as mercury, arsenic, lead and cadmium. we have recently reported that arsenic-induced growth 
retardation in mice and elevation of serum enzymes such as ldh, alP and SgPt were prevented 
by dietary supplementation of water hyacinth root powder.19) 

Phyllanthus emblica (syn. Emblica officinalis), commonly known as indian gooseberry 
or ‘amla’, is a major rejuvenating component of herbal drugs used in ayurvedic systems of 
medicine. it is extensively found all over india, as well as Sri lanka, Malaysia, China, Pakistan 
and bangladesh. this plant is an important dietary source of vitamin C and various minerals, 
and it also contains phenolic compounds such as tannins, phyllembelic acid, phyllembelin, rutin, 
curcum-inoids emblicol, emblicanin a and b, gallic acid, and ellagic acid.20, 21) Various parts of 
the plant show antidiabetic, antibacterial, antiulcerogenic, hepatoprotective, gastroprotective, and 
chemopreventive properties.21) Strong antioxidant activities of different components in this plant 
may be a reason for these various effects.22) 

the present study investigated whether P. emblica leaf extract (Ple) could reduce or prevent 
arsenic-mediated adverse effects in experimental mice. we found that Ple had such activity and 
might be a good candidate to reduce the adverse effects of arsenic.

MaterialS aNd MethodS

Plant materials
the leaves of Phyllanthus emblica were collected from orchards at the university of dhaka, 

bangladesh. the plant was identified and authenticated and a voucher specimen (accession no. 
dabC-35000) of the plant was deposited in bangladesh National herbarium. 

Preparation of Phyllanthus emblica leaf extract (PLE)
the leaves of P. emblica were cleaned and washed repeatedly, air-dried at room temperature 

(~30°C) in a cool dry place away from direct sunlight for 7 to 10 days and finally ground to a 
coarse powder. dried leaf powder (250 g) was suspended in 1 l ethanol (95%) in a flask. the 
flask was covered and kept for extraction at room temperature for 10 days. the extract was then 
filtered using whatman filter paper (no. 11) to collect filtrate and to remove residual particulates. 
the residue was re-suspended in 700 ml ethanol (95%) to obtain additional extract. the filtrates 
were then concentrated using vacuum rotary evaporator. a gummy substance obtained thereby was 
subjected to drying at room temperature to prepare the powdered form. the powdered extract 
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was weighed and stored at 4ºC for further work. From 250.0 g of dried leaf powder, 34.0 g 
(13.6%) of extract was finally obtained. the extract was dissolved in 40% ethanol before using. 
this powder (50 µg/g body weight/day) was mixed with mice feed purchased from international 
Centre for diarrheal disease research, bangladesh (iCddr, b).

Animal maintenance
Male Swiss albino mice (6 weeks of age) of average body weight approximately 15 g were 

purchased from the animal division of iCddr, b. Mice were randomly selected and housed in 
plastic cages with wood-cob bedding (6 mice per cage). after seven days of acclimation, mice 
were divided into three groups namely control, sodium arsenite (Sa) and Sa+Ple. Control 
mice were supplied with miliQ water using feeding bottles and normal mice feed. the Sa-
group mice were given normal feed and sodium arsenite (Naaso2) containing water (prepared 
in miliQ water, 10 µg/g body weight/day) while the Sa+Ple-group mice were provided with 
Ple (50 µg/g body weight/day) containing feed and Sa containing water. these different groups 
of mice were maintained for 10 weeks. all these procedures and experiments using mice were 
undertaken following the ethical issues set by the Faculty of biological Sciences, university of 
dhaka, bangladesh. 

Determination of the body and organ weight of mice
each mouse was weighed every two weeks and recorded accordingly. after 10 weeks mice 

were sacrificed by cervical dislocation and the abdomen was exposed surgically by ventral 
incision. the organs kidney, liver and spleen were collected and weighed. 

Measurement of arsenic deposition in different organs
levels of arsenic in the samples were measured by the method described previously.23) briefly, 

liver, spleen and kidney samples were placed in a 15 ml polypropylene tube in the presence of 
3 ml of nitric acid (61%). the tubes were capped and incubated at 80°C for 48 hrs, followed 
by cooling for 1 hr to room temperature. after cooling, 3 ml of hydrogen peroxide (30%) was 
added to each tube, followed by incubation at 80°C for 3 hrs. after suitable dilution of the 
digested materials with ultrapure water, levels of elements in the samples were determined by 
an inductively coupled plasma-mass spectrometer (iCP-MS; 7500cx, agilent technologies, inc.) 
with a reaction cell for absence of arCl ion interference. 

Statistical analysis
data were statistically analyzed using two way aNoVa with graphPad Prism 6. 

reSultS

PLE supplementation prevented arsenic-mediated decrease in body weight gain
in this study, we first examined whether Ple could play a protective role against arsenic-

mediated retardation of growth in mice. the initial average body weights of control, Sa-group, 
Sa+Ple group of mice were 14.85±0.24, 15.22±0.26, and 14.82±0.25 g, respectively (Fig. 1). 
after 10 weeks, the average body weight of the control, Sa, and Sa+Ple was 40.13±0.54, 
20.22±0.12, and 32.72±0.29 g, respectively. a continual increase in body weight was observed 
in the control mice. however, this increase in body weight was disrupted in the Sa-group mice 
during the 10 weeks study period indicating arsenic-mediated growth retardation (Fig.1 and 2). 
the growth pattern of mice receiving feed supplemented with Ple was found to be similar to 
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that of the controls indicating no apparent effects of Ple alone on mice growth (data not shown). 
when Ple was combined with Sa, the reduced body weight gain observed in the Sa-only 
mice was partially prevented (Fig. 1). body weights of Sa+Ple mice were significantly higher 
at each 2 weeks interval (p<0.05) compared with the Sa-only mice. this result indicated that 
Ple might play some role in mitigating the growth retardation associated with arsenic exposure. 

Fig. 1 Protective effects of Ple on arsenic-mediated loss of body weight in mice. body weight of each group 
of mice were taken at every two weeks and continued up to 10 weeks. data of average (avg) body 
weight of 4, 6, 8 and 10 weeks were plotted. data shown as mean±Sd (n=6 per group). p<0.01 control 
vs. Sa or Sa+Ple.

Fig. 2 a representative photograph of one from each group (as indicated) after 10 weeks of arsenic exposure.

Control Sa Sa+Ple
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PLE prevented enlargement of spleen, liver and kidney in arsenic-exposed mice
Compared with the controls, the collected organs (spleen, liver and kidney) from mice in the 

Sa group were enlarged. based on the organ/body weight (bw) ratios, mice exposed to arsenic 
for 10 weeks had approximately 4-, 2.5-, and 4-fold larger spleens, livers and kidneys than 
control mice (Fig. 3). this increase in organ/bw ratios was mostly prevented when Ple was 
supplemented in feed as demonstrated by the comparable organ/bw ratios in both the control 
and Sa+Ple groups (Fig.3). this result suggested that Ple might prevent arsenic-mediated 
toxic effects on those organs. 

tissue analysis demonstrated that arsenic was deposited at increased concentrations in the liver 
(2.74±0.1 µg/g body weight), kidney (1.50±0.075 µg/g body weight) and spleen (1.1±.0.06 µg/g 
body weight) of the Sa-group mice (Fig. 4). Ple supplementation partially, but not significantly, 
reduced the level of arsenic deposition in those organs (liver 2.24±0.01, kidney 0.77±0.011 
and spleen 0.83±0.012 µg/g body weight) (Fig. 4). these results indicated that the Ple could 
likely to reduce the arsenic-mediated toxic effects rather than its direct involvement to block the 
deposition of arsenic in those organs. 

Fig. 3 arsenic-induced increase in organ/body weight ratio was blocked by Ple. the average organ/body weight 
(mg/g) ratio was plotted for each organ. data shown as mean±Sd (n=6 per group). p<0.01 control vs. 
Sa or Sa+Ple.
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diSCuSSioN

epidemiological studies have shown that chronic exposure of arsenic can lead to a range 
of adverse health effects in human.1, 2, 24, 25) arsenic produces free radicals that affect different 
organs including liver, kidney and brain resulting in development of various diseases.12, 26, 27) in 
this study, we explored using a well-known indigenous plant, Phyllanthus emblica, to mitigate 
some of the toxic effects of arsenic exposure in a mouse model. the overall toxicity of ingested 
arsenic caused growth retardation in mice (Fig. 1 and 2) probably by interfering with metabolic 
processes.28, 29) the decreased mice body weights observed in this study was comparable to earlier 
results from our group19) and others.13, 30) what our results have shown for the first time is that 
Ple supplemented in feed prevented the effects on body weight gain in mice co-exposed to 
arsenic. the exact mechanism behind the effects is still unclear; however, the high antioxidant 
contents of Ple might play roles in scavenging free radicals generated by arsenic.22, 31) this view 
was supported by antioxidant properties of the polyphenols of tea extracts that showed efficacy 
against arsenic- and lead-induced toxicity in experimental animals.32, 33) in addition, some earlier 
studies reported reduction of arsenic-mediated adverse effects in mice when they were orally 
administered turmeric and curcumin.13, 14) this action of turmeric and curcumin might also be 
explained by scavenging the free radicals generated by arsenic.34, 35) 

an association between environmental arsenic exposure and hepatomegaly, hepatoportal 
sclerosis and liver fibrosis has been previously reported.36-39) the incidence of hepatomegaly 
was greatly increased in hospitalized arsenicosis patients of west bengal, india, and a positive 
correlation between level of arsenic in drinking water and hepatic arsenic content was shown.9) in 
our study, increased liver, spleen and kidney weights were clearly observed in Sa-exposed mice 
demonstrated by increased organ/body weight ratio (Fig. 3). Splenic enlargement as increases 
organ/body weight ratios was shown previously in cgMP-dependent protein kinase type i-deficient 
mice.40) Swine exposed to heavy metals were also shown to have enlarged kidneys.41) in our 
study, Ple supplementation in the feed blocked this increase in organ weights, and we found 
that the weights of the organs in these mice were almost similar to those of the control mice 
than to the arsenic only mice. 

in cases of chronic ingestion, arsenic is known to accumulate in the liver, kidneys, heart, 

Fig. 4 deposition of arsenic (mg/Kg body weight) in different organs. data shown as mean±Sd (n=6 per group). 
p<0.01 control vs. Sa or Sa+Ple.
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lungs, muscles and spleen.42, 43) iCP-MS analysis of the organ samples in our study also showed 
deposition of arsenic in the liver, kidney and spleen. electrothermal atomic absorption spectrom-
etry studies performed earlier showed that the highest concentration of arsenic was in the liver 
and kidneys,42) that are consistent with our present observations. although the ability of Ple to 
prevent arsenic-mediated decrease in body weight gain and enlargement of organ weights was 
firmly evident (Figs. 1 and 3), its ability to reduce arsenic deposition in organs, however, was 
not significant (Fig. 4). 

P. emblica is very common and native tree in bangladesh and west bengal in india, where 
groundwater arsenic contamination has become a menacing problem. Further investigation is 
needed to explain the mechanism of Ple for the reduction of arsenic toxicity and to explore 
its use as a potential candidate to remediate arsenic effect. 
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