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Introduction 

Chronic ingestion of high concentration of arsenic 
through drinking water may lead to arsenicosis. Initial 
symptoms may appear in the skin as melanosis, 
leucomelanosis and keratosis. Subsequently, the patient 
may suffer from hypertension, diabetes or cancer. All 
the members of a family are drinking high concentra-
tion of arsenic without having the symptoms of arseni-
cosis. The reason of this discrepancy is not clear. There-
fore, it is necessary to understand its pathogenesis. 

The total number of bacteria in the gut is about 10-times 
the number of human cells. At least 500 different 
microbial species exist in the intestine, although on a 
quantitative basis 10–20 genera are predominate 
(Saarela et al., 2002). About 50% of the bacteria available 
in feces belong to Bacteroides, Clostridium coccoides and 
Eubacterium rectale group (Franks et al., 1998). 

When someone drinks arsenic contaminated water, gut 

bacteria are also exposed to arsenic. It is not clear 

whether chronic exposure to arsenic changes the 

number of pattern of gut bacteria. It cannot be exclude 

the role of gut bacteria in the pathogenesis of 

arsenicosis. Gut bacteria  have  been  shown  to  reduce  

a  wide  range  of  toxic  metals  viz., chromium, mer-

cury, cobalt, lead  and  arsenic  through  detoxification  

and  elimination (Upreti et al., 2004). Metabolism of 

inorganic arsenic by the gastro-intestinal flora may 

have considerable significance in humans and animals. 

There was reduction in the number of E. coli in the feces 

of patients with arsenical keratosis (Rashid et al., 2014). 

Though, E. coli contributes only about 0.1% of the total 

gut bacteria. In the normal adult colon, 96-99% of the 

resident bacterial flora consists of anaerobes (Cebra, 

1999; Davis, 1996). Some diseases are claimed to be 

influenced by gut bacteria. It is not known whether 

anaerobic bacteria play an important role in the 

pathogenesis of arsenical keratosis. 

Supplementation of probiotic and prebiotic can alter the 

pattern of gut bacteria. These are recommended to use 

in some diseases. Supplementation for 12 weeks 

reverses the number of E. coli in the feces of arsenical 

keratosis (Rashid et al., 2014). 
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Abstract 

Chronic exposure to high concentration of arsenic caused an increase in the 
colony count of Bacteroides fragilis in the feces in comparison to healthy 
volunteer (3.6 × 10¹¹ ± 1.9 vs 1.5 × 10¹¹ ± 1.7 CFU/g of feces) which was not 
statistically significant. But significant increase in the colony count of B. 
fragilis was seen in the feces of palmar arsenical keratosis patient (4.2 × 10¹¹ ± 
1.9 CFU/g of feces; p=0.0390). Supplementation with probiotic for 12 weeks 
decreased the colony counts in all three groups which were not statistically 
significant among the groups. Probiotics decreased the amount of arsenic in 
the nail of all the three groups significantly. 
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So, the purpose of this study is tried to identify and 
count the number of colony of Bacteroides fragilis 
(anaerobic bacteria) in the feces and also to detect 
arsenic load in nail of arsenicosis patient. Arsenic 
exposed controls and healthy volunteer were also taken 
in this study for comparison. 

 

Materials and Methods 

This study was conducted from April to December 2013 
at the Kachua Upazilla of Chandpur District, 100 km 
away from Dhaka. A total 17,787 shallow tube wells are 
present within this Upazilla of which 97.9% are conta-
minated with arsenic (>50 µg/L). There were 202 
registered patients of arsenicosis at the Upazilla Health 
Complex. 

Participants  

Thirty patients moderate degree arsenical palmer 
keratosis were recruited randomly. Drinking water was 
collected once (before starting the study) in order to 
confirm the diagnosis. Finally 24 cases of arsenicosis 
were confirmed. As arsenic exposed control, 20 partici-
pants were selected from the family members of 
arsenicosis sufferers. The people (n = 10), using green 
marked tube well water having <50 μg/L of arsenic, 
were agreed to participate as healthy volunteer.  

Method of collecting the samples 

Drinking water: Drinking water (50 mL) was collected 
in the supplied properly labeled containers (containing 
one/two drops of nitric acid) from all participants and 
then transported to the Department of Pharmacology 
on the same day.  

Nails: The participants were advised to wash their 
hands and legs and then dried. Finger and toe nail 
samples (200-500 mg) were collected and were stored in 
a dry container.  

Feces: Each patient collected his/her feces sample 
(about 5 g) in the previously supplied plastic container 
with stick immediately after defecation on the day of 
visit. Then each container was labeled and kept in a gas 
jar (3.5 L) with gas pack (AnaeroGen-AN0035A, 
England) for transportation to the laboratory on the 
same day. On the next day, the anaerobic as well as 
aerobic cultures of feces were done on the selective B. 
fragilis agar media at the Department of Microbiology.  
B. fragilis were finally identified by aerotolerance  test 
and standard biochemical tests. 

Selection of probiotic and prebiotic with maximum 
efficacy 

Capsules of probiotic and prebiotic combination (same 
composition and amount from) were collected from the 
local drug store. There were only three different 

Pharmaceutical companies that marketed their 
products. Colonies of bacteria of these pharmaceutical 
products were done by CDC anaerobic blood agar 
media and the gas jar with gas pack.  The supplement 
which showed maximum colonies count was selected 
for use in this study.  

Composition of probiotic-prebiotic capsule 

Each capsule contains Lactobacillus acidophilus (2 billion), 
Lactobacillus bulgaricus (1 billion), B. bifidum (1 billion) 
and fructo-oligosaccharides (100 mg). The last one is the 
prebiotic and others are prebiotic (living non-pathogen-
nic bacteria). 

Distribution of drugs 

Each patient received a plastic zipper bag containing 28 
capsules (drugs for 2 weeks). They were advised to 
swallow two capsules daily (at morning and night) after 
meal, with sufficient amount of drinking water (about 
150 mL). Immediately after taking the drug, putting a 
tick mark in the appropriate space printed on a separate 
compliance sheet. 

Selection criteria 

Inclusion criteria include a) gender (both male and 
female) and b) age (20-60 years). The arsenic exposure 
was based on the duration of intake of drinking water.  

Arsenical palmer keratosis: The subjects who fulfilled the 
following criteria were recruited as arsenicosis patients: 
a) who drank arsenic contaminated water (>50 µg/L) 
for more than 6 months and b) showing physical signs 
of moderate palmer keratosis. 

Arsenic exposed controls: The subject who fulfilled the 
following criteria was recruited as arsenic exposed 
control: a) who was the family member of the patient, 
b) showing no skin manifestations of melanosis, leuco-
melanosis and palmer keratosis, c) shared same tube 
well water for drinking and cooking purpose with the 
patient for more than 6 months and d) had same socio-
economic background as patient 

Healthy volunteers: The subject who fulfilled the follow-
ing criteria was recruited as healthy volunteers: a) who 
drank arsenic safe water (<50 µg/L), b) lived in the 
same Upazilla, c) had no skin manifestation of mela-
nosis, leucomelanosis and keratosis and d) subjects who 
voluntarily agreed to participate. 

Exclusion criteria includes a) patients having age <18 
and >60 years, b) acutely ill patients with other major 
health problems, such as tuberculosis, hypertension, 
asthma etc, c) patients getting treatment of arsenicosis 
like anti-oxidant vitamins and minerals, d) patients 
already enlisted as participants in other ongoing clinical 
trials, e) patients had other dermatological and 
infectious conditions of skin, such as eczema, psoriasis, 
contact dermatitis, etc, and e) those who did not 
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voluntarily agreed to participate and fulfill the above 
mentioned criteria. 

Data collection procedures 

After taking the informed written consent, detailed 
history was taken by interviewing. Clinical examina-
tions were done mainly based on moderate palmer 
arsenical keratosis of the participants and recorded in 
data collection sheet. The result of the study was 
recorded in separate result sheet. 

Anaerobic culture of human feces  

Dilution of feces for culture (Choudhury et al., 2009): 
One gram of feces was weighed in an analytical 
electronic balance (PA 214, USA) and was taken in 
sterile labeled test tube containing 1 mL of normal 
saline for dilution and culture. The test tube containing 
feces was thoroughly mixed by vortex for 2 min and 
then centrifuged (Labofuge 200, Germany) at 700 x g for 
10 min. Then supernatant was decanted into sterile 
labeled test tube containing 1 mL of normal saline. 

Then one-tenth serial dilution of the sample was done 
six times. Test procedure for dilution was repeated for 
several times with different dilutions till it could be 
established that countable number of colonies obtained 
on seventh dilution. About 10 µL of the most diluted 
sample was taken by sterile wire and inoculated in 
CDC (Centers for Disease Control) anaerobic genta-
micin-vancomycin blood agar media and incubated at 
37°C for 48 hours within the gas jar with gas pack and 
also in MacConkeys agar media at 37°C for 24 hours. 
Colonies of bacteria were counted after 48 hours. Feces 
culture was performed on day 0 and day 85 after 
completion of therapy. Primary anaerobic plates were 
examined with a hand lens.  

Calculation of colony count (Buchanan et al., 1986): 
Then colonies of bacteria were counted in the following 
way-If, n = 450 colonies are grown, the colony count 
was: 

= 450 × 10⁷ CFU/mL 

= 450 × 10⁹ CFU/10 μL or 4.5 × 10¹¹ CFU/10 μL 

Colony morphology: Colonies of B. fragilis on CDC 
anaerobe blood agar were 1 to 4 mm in diameter, non-
hemolytic, gray, entire and semi opaque, with concen-
tric whorls or ring-like structures inside the colonies 
were found when examined by hand lens.   

Gram stain: A single colony was examined microscopi-
cally using gram stain. In Gram stained smears B. 
fragilis were Gram negative rods and often pleomor-
phic, staining irregularly. 

Aerotolerance tests: Aerotolerance test was performed 
on suspected colonies to confirm that they were 
anaerobes (Winn et al., 2006). Then four to six colonies 
from the anaerobic isolation plate were sub-cultured 

onto two anaerobic blood agar plates; one was incuba-
ted aerobically and other was anaerobically at 37°C for 
48 hours to see any growth. B. fragils was grown on the 
anaerobic blood agar anaerobically, but not grown on 
anaerobic blood agar aerobically. 

Finally the isolated colonies were identified by fluores-
cence test under UV light, special-potency antimicrobial 
identification disc test and other biochemical test 

including catalase, indole, H₂S and bile esculin test. 

Estimation of total arsenic  

Estimation of total arsenic in water and nail was done 
using the SDDC (silver diethyldithiocarbamate) method 
(Bhuiyan et al., 2015). In brief, arsenic reacts with zinc 
in presence of acid to produce arsine gas which is 
scrubbed through lead acetate impregnated glass wool 
and is absorbed in SDDC. There is development of red 
color which is due to arsine silver diethyldithio-
carbamate reaction. Finally the color is measured by 
spectrophotometer (wavelength: 535 nm). 

 

Results 

Characteristics of the participants 

The mean (± SD) age of arsenicosis patients was 42.1 ± 
7.9 years, whereas it was 39.6 ± 11.7 years in arsenic 
exposed controls and 40.4 ± 6.5 years in healthy volun-
teers. That is the mean age of three groups is more or 
less similar (Table I). The mean (± SD) duration of 
arsenic exposure of the arsenicosis patients and arsenic 
exposed control subjects were (22.9 ± 7.4 and 15.7 ± 8.3 
years). The mean (± SD) duration of symptoms (palmer 
keratosis) in arsenicosis patients was 8.8 ± 4.9 years. All 
arsenicosis patients (n = 20) showed the manifestation 
of keratosis in both palm of the hands. The mean (± SD) 
amount of arsenic in the tube well water of healthy 
volunteers, arsenic exposed controls and arsenicosis 
patients were 7.2 ± 5.1 ; 102.4 ± 66.5 and 108.9 ± 64.4 µg/
L respectively. Patients and arsenic exposed controls 
shared same water source. 

Colony count of B. fragils in feces before and after 
consumption of probiotic capsules 

The colony count of B. fragilis in feces of healthy volun-
teers was 1.5 × 10¹¹ ± 1.7 CFU/g of feces (Figure 1). But 
it was increased in arsenic exposed controls (3.6 × 10¹¹ ± 
1.9 CFU/g of feces) and were not statistically significant 
(p=0.1088) when compared with healthy volunteers. 
But in arsenicosis patients it was increased (4.2 × 10¹¹ ± 
1.9 CFU/g of feces) and these changes were statistically 
significant (p=0.0390) when compared with healthy 
volunteers. But when we compared the data of arsenic 
exposed controls and arsenicosis patients (p=0.4511), 
the differences were not statistically significant. That 
means arsenicosis patients showed marked increased 
level of B. fragilis count in feces. 
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After probiotic supplementation for 12 weeks, colony 

counts of B. fragilis in feces of all the three groups were 

decreased. The results were not statistically significant 

(p=0.1626) in arsenicosis patients, arsenic exposed con-

trols (p=0.1242) and in healthy volunteers (p=0.9467) 

(Figure 1). 

Nail arsenic level before and after consumption of 
probiotic capsule 

The nail arsenic level of arsenicosis patients was 6.6 ± 

1.5 µg/g, which is more than the arsenic exposed con-

trols (3.9 ± 1.1 µg/g). The amount is negligible in 

healthy volunteers (1.3 ± 0.6 µg/g). When the result 

were compared with different groups, the comparison 

between healthy volunteers and arsenicosis patients 

(p=0.0001), healthy volunteers and arsenic exposed 

controls (p=0.0001) and, arsenic exposed controls and 

arsenicosis patients (p=0.0001) were statistically highly 

significant. 

After 12 weeks supplementation of probiotic, the 
concentrations of arsenic in nail of all the three groups 
were significantly decreased. The result was statistically 
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Figure 1: Colony count of B. fragilis in feces in all the three study groups (before and 12 weeks after supplementation of probi-
otic and prebiotic) 

Table I 

 Selected characteristics of the participants 

Characteristics Healthy volunteers Arsenic exposed controls Arsenicosis patients 

Number (n) 7 14 18 

Age (years) 40.4 ± 6.5 39.6 ± 11.7 42.1 ± 7.9 

Gender     

1 7 6   Male 

6 7 12   Female 

Duration of arsenic exposure (years) - 15.7 ± 8.3 22.9 ± 7.4 

Duration of symptoms (years) - - 8.8 ± 4.9 

Amount of arsenic in water (µg/L) 7.2 ± 5.1 102.4 ± 66.5a 108.9 ± 64.4a 

Data are presented as mean (± SD); apatients and exposed controls had same source of drinking water; Drop out cases were 3 in healthy volun-
teers, 6 in arsenic exposed controls and 2 in patients 
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very significant in arsenicosis patients (p=0.0001) and in 
arsenic exposed controls (p=0.0001), than in healthy 
volunteers (p=0.0204), (Table II). 

Discussion 

The present study showed that the colony counts of B. 
fragilis were increased in arsenic exposed controls (not 
statistically significant) and arsenicosis patient 
(statistically significant) when compared to healthy 
volunteers. There was significant increase in nail 
arsenic level of both arsenic exposed controls and 
arsenicosis patient. After 12 weeks supplementation 
with probiotic-prebiotic, the colony counts of B. fragilis 
in feces of all the three groups were decreased 
(statistically not significant). On the other hand, the 
concentrations of total arsenic in nails of all the three 
groups were significantly decreased. 

This is the first report where we showed that chronic 
arsenic consumption increased the colony counts of 
anaerobic bacteria such as B. fragilis in human. 
However, the numbers of other anaerobic bacteria are 
not known. There are only three reported studies of 
which two were on rat and one on arsenicosis patient.  

Chronic consumption of arsenic through drinking 
water and foodstuffs increases the concentration of 
arsenic within the body. We usually estimate the 
amount of arsenic in hair, nail and urine. Presence of 
high concentration of total arsenic in hair or nail 
indicates the longtime exposure whereas its presence in 
urine indicates recent exposure. The amount of arsenic 
in nail is higher than hair. It is difficult to collect the 
hair sample from the root (Samantaa et al., 2004). It is 

quite natural that, this study shows that nails contain 
high concentration of arsenic in arsenic exposed and 
arsenicosis patients. 

After 12 weeks supplementation of probiotic-prebiotic, 
the colony count of B. fragilis was decreased in both 
arsenicosis patients and arsenic exposed controls. 
Surprisingly, we found that, after probiotics 
supplementation the colony count of arsenicosis 
patients were reduced but not significantly as to the 
level of the healthy volunteers. But in case of arsenic 
exposed control the number of B. fragilis was decreased 
but not as much as arsenicosis patients. 

On the contrary, a significant increased in gut bacterial 
count (except B. fragilis) may occur after probiotics 
supplementation that is suggestive of increased 
intestinal detoxification of arsenic following increased 
bacterial multiplication. Detoxification of arsenic by gut 
bacteria is genetically mediated through arsenic-
inducible operon in the chromosome as confirmed by 
Dorio et al. (1995) using chromosomal lacZ 
transcription fusion library. 

After 12 weeks supplementation of probiotic-prebiotic, 
there was significant reduction of nail arsenic level in 
healthy volunteers but highly significant change 
occurred in arsenicosis patients and arsenic exposed 
controls. That means, after probiotic-prebiotic 
supplementation body arsenic load was diminished.  

Accumulation of arsenic was seen in –SH group rich 
organs, particularly in hair, skin and nail (Baldwin and 
Marshall, 1999). There is a positive correlation between 
the concentration of arsenic in drinking water and the 

Table II 

Arsenic level in nail of healthy volunteers, arsenic exposed controls and arsenicosis patients both before and 
after probiotic supplementation for 12 weeks 

Group  n Nail arsenic level (µg/g)  P value 

Before After 

Healthy volunteers (H) 7 1.3 ± 0.6 0.5 ± 0.2 0.0204 

Arsenic exposed controls (A) 14 3.9 ± 1.1 1.9 ± 1.2 0.0001 

Arsenicosis patients (P) 15 6.6 ± 1.5 3.8±1.3 0.0001 

 H vs A     0.0001 

 H vs P     0.0001 

 A vs P     0.0001 

Data are presented as mean (± SD); Compared the data of before supplementation with 12 weeks after supplementation; Comparison done- H vs 
A: Healthy volunteers vs. arsenic exposed controls (before supplementation); H vs P: Healthy volunteers vs. arsenicosis patients (before supple-
mentation); A vs P: Arsenic exposed controls vs arsenicosis patients (before supplementation); Failed to collect nail samples from 3 patients 
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level of arsenic in nails (Ali et al., 2010); suggesting that 
the measurement of arsenic concentration in nails can 
be one of the important markers of chronic arsenic 
toxicity (Karagas et al., 1996; Caussy, 2005).  

Manipulation of the human intestinal flora offers 
potentially to improve health issue through a variety of 
mechanisms (Salminen et al., 1998). Probiotic bacteria 
are known to be promoters of the host body’s defense 
mechanism by stabilizing the local microflora, tri-
ggering a humoral immune response and constructing a 
barrier against immunological disorder. Researchers 
consider that probiotic microorganisms can shape the 
immune system both local and at systemic level which 
will allow the future probiotics as treatment of many 
diseases in humans and animals (Corcionivoshi et al., 
2010). Probiotics are possibly the most natural and safe 
means of maintaining this balance (Chukeatirote, 2003).  

Moreover, the anaerobic gut bacteria play a vital role in 
regulating the number of aerobic bacteria through a 
synergistic activity and also regulate gastro intestinal - 
epithelial growth and development of diffuse GALT 
and thereby play an important role in gastro-intestinal 
pathophysiology (Salminen et al., 1998).    

 

Conclusion 

Patients of palmar arsenical keratosis showed an 
increase in the colony count of Bacteroides fragilis in the 
feces. Supplementation with probiotic for 12 weeks 
decreased the colony counts in all three groups which 
were not statistically significant among the groups. 
Probiotics decreased the amount of arsenic in the nail of 
all the three groups significantly. 
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