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Arsenicosis is common among villagers as they drink more contaminated-
water since the arsenic-crisis in Bangladesh. Supplementation of vitamins and
micronutrients in counteracting arsenic toxicity has been proved for arsenic
treatment. This study was intended to assess protective and beneficial roles of
some commonly eaten vegetables on the development and severity of arsenic-
induced skin lesions. A case-control study among (N=122) adult rural-women
(62 cases had various forms of arsenical skin-lesions e.g. melanosis/keratosis/
mixed-lesions and 60 sex-age-matched healthy-controls) was conducted in
Shaharstee Upazilla of Chandpur district, Bangladesh. Socio-demographic
data recorded in a pre-tested-questionnaire, ‘per-day vegetables ingestion’
of cases and controls were measured qualitative and quantitatively (24-hour
recall-methods, food-frequency/week and food history-record/week). Multiple
logistic regression/MLR analyses were performed to find out protective
roles of some dietary leafy-vegetables/LVs and non-leafy vegetables/NLVs
on arsenicosis and their influences on the degree of severity of arsenicosis
also determined. Abstinence from taking some LVs/NLVs among cases than
controls is associated with increased risk for arsenicosis (P<0.05). Amongst
all most-frequently eaten vegetables (n=17) per day Momordica diocia has
the highest skin protective role on arsenicosis [Adjusted odds ratio/AOR 8.2,
95% CI (2.11-31.9), P=<0.01], followed by Ipomoea acquatica (AOR:7.3),
Basella alba (AOR:6.2), Solanum tuberosum (AOR:4.0), Vigna unguiculata
sesquipedalis (AOR:3.2), Trichosanthes anguina (AOR:1.2) and Abelmoschus
esculentus (AOR:1.2). Moreover, severe skin lesion was observed as compared
to non-severe cases (mild/moderate) for less intake frequencies of vegetables.
This study outlined that commonly eaten vegetables have protective and
beneficial roles on arsenic-induced skin lesions. Large samples longitudinal
study of this important field of therapeutic-intervention is warranted.
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1. Introduction

Arsenic is a common environmental toxin. Exposure
to arsenic (particularly its inorganic form) through
contaminated food and drinking water is an important
public health burden worldwide and is associated with
increased risk of skin keratosis, neurotoxicity, congenital
anomalies, and cancer ™.

Bangladesh is the worst arsenic-affected country in
the world and ‘arsenic poisoning in drinking water’ is
her major public health problem especially among rural
habitants since its first official disclosure in 1993 #%.
Since then, Bangladesh has been fighting an un-equal
battle due to lagging of sustainable surveillance of arsenic-
safe water supply and effective arsenicosis management
for arsenic-exposed populations as eighty percent of
peoples live in villages and their daily consumption of
arsenic contaminated water is also high (> 5 liters per
day) ©'. Study reported 12.6% of examined samples of
water were arsenic contaminated in Bangladesh . As
arsenicosis case is diagnosed by only the presence of
characteristic ‘skin lesion’, so in spite of having arsenic-
contaminated tube-well water, sub-clinical arsenic-induced
health problem is being underreported "', although some
improvements (increased awareness and less consumption
of Arsenic-contaminated drinking water) cannot be denied
. World Health Organization (WHO) warned that few
millions people of Bangladesh may suffer from arsenic-
induced skin cancer over the next few decades if arsenic-
free safe drinking water (<10 pg/L) is not ensured """

Skin lesion is one of the most common sign of chronic
arsenic exposure with arsenic concentration of >100
pg/L, which can occur within month or after several
years of exposure and causes melanosis (early and
common manifestation like hyperpigmentation, spotted
pigmentation, depigmentation, and hypopigmentation),
skin cancer (basal cell and squamous cell carcinoma/
Bowen’s disease) and keratosis (advanced stage of
arsenicosis), which especially appears on palm and sole in
different manner as a late feature of arsenical-dermatosis,
and later on transformed to squamous cell carcinoma ™. It
has been found that the risk of skin lesion did not decrease
after reducing the exposure for up to several years .
Among the medical measures, remedial role of some
foods, supplementation of vitamins and micronutrient
in counteracting arsenic toxicity has been proved "',
Medicinal plants have been used since prehistoric times
to treat different types of diseases, due to the presence
of bioactive components """ Both leafy and non-leafy
vegetables have intrinsic active nutrients (especially
antioxidant vitamin A, E and C, B-complex (B1, B2, BS5,

B6, folic acid), linoleic acid, polysaccharides, calcium,
manganese, magnesium, iron, and antioxidant minerals
copper, zinc and selenium and abundant sources of
bioactive plant’s secondary metabolites like flavonoids
and phenolic compounds (e.g. catechin, quercetin, Lectins,
Pectins, and Glycosylated compounds) "',

Both phenolics and flavonoids have antioxidant,
immune-modulatory, anti-proliferative and pro-apoptotic,
antibacterial, anticancer properties '*. Quercetin, an
important flavonoid has immense free radical scavenging
ability toward superoxide anions, peroxyl, and hydroxyl
radicals, thus, reducing oxidative stress and inflammation
and accelerated wound closure in cell scratch assay,
reduced pro-inflammatory cytokine production, and
immune cell infiltration, and help to regenerate the
mucosal layer after injury """, Study "% reported dietary
B-vitamins (particularly B,, B, B,,) intake is associated
with lower urinary mono-methyl arsenic and oxidative
stress marker among US adults. Moreover, a recent
trial " reported taking folic acid supplements, alone
or in combination with other nutrients, might reduce
blood arsenic and plasma homocysteine concentrations,
potentially could facilitate arsenic methylation and
excretion, thereby reducing arsenic toxicity in adults
who had been exposed to arsenic-contaminated drinking
water, compared to placebo. Previous study in Bangladesh
reported arsenic induced skin lesions are more prevalent
in men compared to women due to less efficient
methylation of arsenic among men 7. Study addressing
roles of vegetable on arsenical skin-lesion is very scanty
in Bangladesh and one decade earlier '* and showed
diversified diet rich in ‘gourds and root’ vegetables
reduced arsenic-induced skin lesion. To the best of our
knowledge no study explicitly considered the protective
roles of only vegetables (both leafy-vegetables/LVs and
non-leafy vegetables/NLVs) against arsenic-associated
skin lesions among rural women. Thus, understanding the
importance of availability, higher intake rate of vegetables
in rural areas, also as a source of cheapest nutrients,
potential bioactive and nutraceuticals properties ™'>'*
¥ this study perceived to find out how protective roles
of vegetables can play against the severity of arsenic-
induced skin lesion. Findings of this study may assist
understanding and addressing the remedial measure of
higher-rate of arsenicosis among rural people and include
proper steps at policy/or intervention-levels.

2. Methodology
2.1 Study Population and Site

‘Source-population’ of this ‘case-control’ study was all
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female population in nine villages out of three unions in
Shaharastee Upazilla of Chandpur district, Bangladesh.
Study place and population was selected according to
the latest information obtained from the respective wing
of the Directorate General of Health Services (DGHS),
Bangladesh about the level of arsenic in drinking water.
The report identified Shaharastee Upazilla as one of the

worst affected area with arsenicosis ™.

2.2 Inclusion Criteria and Ethical Approval

Every cases were randomly selected on the basis of
defined criteria which were willing to participate in the
study, married women living in the study area for 2 years/
or more, sources of drinking water must from tube wells,
which at least once had been marked “red” by the DPHE
person and having visible signs of skin lesions (hypo
pigmentation/or melanosis, scaling/or keratosis and mixed
lesions) attributable to arsenic in drinking water after
‘clinical assessment’. Exclusion criteria were subject
having skin lesions but not arsenic-induced/or having
other serious diseases, whose drinking water source could
not be ascertained properly and not willing to take part in
the study.

Written consent was obtained from all participants
according to Helsinki declaration before the beginning
of the study and confidentiality was marinated for all
subjects. The study proposal was reviewed and approved
by the Ethical Board of the Institute of Child and Mother
Health (ICMH), Matuail, Dhaka, Bangladesh.

2.3 Sample Size Estimation and Collection of the
Data

By using a standard formula "% sample size per group
(case/or control) was 58, and total sample size (both
groups) was calculated 116=122, considering expected
proportion in controls=0.05, assumed odds ratio=5.5,
confidence interval (CI) =0.95, and power=0.8. Thus
62 cases having arsenicosis and 60 sex-age-matched
healthy controls without skin lesions (adult women >18
years) were selected from the same study area. Control
(non-cases samples of the source-population) was also
confirmed clinically for not having arsenicosis. Cases
were categorized according to the severity (mild/moderate
or severe) of skin lesions.

2.3.1 Socio-economic and Arsenic Related Data

A pretested (pretested on (n=10) subjects were
discarded) structured questionnaire was used to record
the data (age, education, occupation, drinking/cooking
water sources, duration and severity of arsenicosis) by

direct interview of the cases and controls with same
questionnaire, in the same manner. Three of the authors
personally interviewed all participants (both cases and
controls). Data were collected under strict supervision and
collected data in the questionnaire were checked by day to
day basis.

2.3.2 Dietary-intake Information

The study was aimed to determine whether there is any
protective role of different dietary vegetables (LVs/NLVs)
with severity and the development of arsenic-induced skin
lesions. Both qualitative and quantitative approaches were
applied to measure habitual dietary practices in terms
of taking vegetables. Food consumption ”* especially
vegetables (both LV and NLVs) intake frequency per day
at individual level was assessed for all 122 subjects (both
case and control) by recording previous diet history, one-
24 hour food-recall, and food frequency questionnaire
(FFQ) for a week with the aid of portion size display. All
food intake frequencies and food data were coded using
food conversion tables °* and then entered into computer
for food analysis.

2.4 Statistical Analysis

Data (both socioeconomic and food intake) were
analyzed by using Statistical Package (SPSS Inc,
Chicago, IL, USA, version 23.0). Descriptive statistics
were employed and values were expressed as frequency,
percentage, mean and standard deviation as and where
necessary. As total seventeen (n=17) vegetables were
frequently taken, simple logistic regressions (SLRs)
have been used to examine possible associations
between exposure (Daily Ingestion of leafy (n=08)/
non-leafy vegetables (n=09): Intake/or no-intake) and
outcome (having arsenic-induced skin lesions: Yes/No).
Multiple logistic regressions (MLR) were performed
adjusting demographic variables, odds ratios (ORs) and
95% confidence-interval (CI) were obtained to identify
potential roles of leafy/non-leafy vegetables ingestion
(by comparing case and control) associated with arsenic-
induced skin lesions. Among seventeen (n=17) LVs
and NLVs which were found statistically significant
(P<0.10) in SLR were introduced in the MLR-analysis
and the models were developed by ‘Backward-Stepwise-
Elimination. Hosmer-Lemeshaw goodness-of-fit and
Nagelkarke-pseudo-R* of the models were also observed.
Moreover, cross-classification-analysis (X*-test) have
been used to examine possible associations of daily leafy/
or non-leafy vegetables intake in terms of severity of
arsenic-induced skin lesions between severe and non-
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severe (mild/moderate) case-groups. P-value <0.05 was
set as significance.

3. Results

3.1 Background Characteristics, Pattern, Duration
and Severity of Arsenicosis

Mean ages (37.32+10.7 verses 35.7349.7 years) and
occupation (90% housewives) of both groups e.g. cases
(village women having arsenicosis) and control (age-
sex-matched healthy-controls without arsenicosis) are
similar (P>0.05). Sources of drinking water for most
of the cases (83.9%) were Hand-pressed tube well and

for most of the control (91.7%) it was Pond/river/others
sources. Consequently, who suffered from severe skin
lesions (n=33), all (100%) used ‘Hand-pressed tube-
well” as drinking water sources, followed by 63.2%
(n=12) and 70% (n=07) used ‘Hand-pressed tube-well’
respectively by mild-skin-lesion and moderate-skin-
lesion sufferers. Majority (46.8%) of the cases had rain
drop lesions or white cluster (of them, 60.6% severe, 40%
moderate and 26.3% had mild skin lesion) followed by
Hypopigmentation (27.4%) and Palmar keratosis (25.8%).
Vast majority (83.9%) of cases had arsenicosis for <4
years (1.2+0.5) and mostly (82.3%) was diagnosed by
doctor and NGO workers (6.1%) (Table 1).

Table 1. Background characteristics of all participants and pattern, duration and severity of arsenic induced skin lesions
among cases

Severity of arsenicosis of cases n (%)

Total cases

Not severe (n=29)

Controls (n= 60)

Characteristics
Mild Moderate Severe (n=33) (n=62) n (%)
(n=19) (n=10) n (%)
Age
<20 05 (26.3) 00 (0.0) 00 (0.0) 05 (8.1) 02 (3.4)
21-30 04 (21.1) 05 (50.0) 05 (15.1) 14 (22.6) 20(33.3)
31-40 05 (26.3) 03 (30.0) 12 (36.4) 20(32.3) 26 (43.3)
41-50 05 (26.3) 02 (20.0) 10 (30.3) 17 (27.4) 06 (10.0)
>51 00 (0.0) 00 (0.0) 06 (18.2) 06 (9.6) 06 (10.0)
Mean £SD 37.32£10.7" 35.73+9.7°
Occupation
House wife 19 (100) 09 (90.0) 29 (87.9) 57 (91.9)" 55 (91.7)"
Service 00 (00) 01 (10.0) 04 (12.1) 05 (8.1) 05 (8.3)
Sources of drinking water
Hand-pressed tube-well 12 (63.2) 07 (70.0) 33 (100.0) 52 (83.9) 11 (18.3)
Pond/river/others 07 (36.8) 03 (30.0) 00 (0.0) 10 (16.1) 60 (91.7)
Patterns of skin lesion
Rain drop lesions
(white cluster) 05 (26.3) 04 (40.0) 20 (60.6) 29 (46.8) NA
Hypopigmentation 06 (31.6) 05 (50.0) 06 (18.2) 17 (27.4)
Palmar keratosis 08 (42.1) 01(10.0) 07 (21.2) 16 (25.8)
Duration (years) of arsenicosis
<4 14 (73.6) 08 (80) 30(90.9) 52(83.9) NA
>4 05 (26.4) 02 (20) 03 (9.1) 06 (16.7)
Mean £SD 1.2+0.5
Diagnosed by
Doctor 10 (52.6) 10 (100) 31(93.8) 51(82.3) NA
NGO worker 09 (47.4) 00 (0.0) 01 (3.1) 10 (16.1)
Neighborhood 00 (0.0) 00 (0.0) 01 (3.1 01 (1.6)

"Student’s T-test P>0.05 “'Chi-square test P>0.05
NA=not applicable
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3.2 Nutrient-rich Food Intake Per Day

About 37.1% of the cases and almost half (50.0%) of
the controls ingested protein rich foods (P<0.05) per day.
Lower consumption of protein-rich foods by cases was
associated with severe arsenicosis while not severe (mild/
moderate) cases took higher rate of protein foods than
severe group (P<0.05). Similarly, lower consumption
of both LVs (38.7%) and NLVs (37.1%) among cases
(both severe and not-severe) were observed than control
(LVs=56.7% and NLVs=53.3%) (Table 2).

3.3 Protective Role of Different Vegetables on
Arsenic Induced Skin Lesions

Table 3 outlined that among all (n=17) LVs (n=08)
and NLVs (n=09) most of the vegetables have significant
(P<0.05) protective roles on arsenic induced-skin lesions
in unadjusted model/or bivariate analysis (shown by
crude odds ratio/COR) except green aurum leaves, jute
leaves and tomatoes (P>0.05). However, only seven
vegetables (two LVs and five NLVs) remained in the final
adjusted model (shown by adjusted odd ratios/AOR) of
multiple logistic regression (MLR). MLR model showed
amongst all most frequently eaten vegetables (n=17) per
day, Momordica diocia (spiny gourd) has the highest
skin protective role on arsenicosis [AOR 8.2 95% CI
(2.11-31.9), P=<0.01], followed by Ipomoea acquatica
(Water spinach, AOR: 7.3), Basella alba (Indian spinach,

AOR:6.2), Solanum tuberosum (Potato, AOR:4.0), Vigna
unguiculata sesquipedalis (Snake/long bean,AOR:3.2),
Trichosanthes anguina (Snake gourd,AOR:1.2) snd
Abelmoschus esculentus (Ladies finger, AOR:1.2). This
study reported not taking LVs like Indian spinach (64.5%)
and water spinach (59.7%) among cases than controls
(23.3% and 26.7%) are respectively 6.2 and 7.3-times
(AOR) more likely to be associated with arsenicosis
(P<0.01). Similarly, abstinence from taking some NLV's
(e.g. spiny gourd, potato, snake gourd, long/snake
bean and ladies finger) among cases than controls are
respectively 8.2, 4.0, 1.2, 3.2 and 1.2-times (AORs) more
likely to be associated with arsenicosis (P<0.05).

3.4 Influence of the Intake of Different Vegetables
on the Severity of Arsenicosis

Table 4 showed severity of arsenicosis in terms of
taking more/less vegetables between two groups (severe/
not severe) having arsenicosis. Lower consumption of
vegetables (both LVs and NLVs) was associated with
severe arsenicosis while not severe (mild/moderate) cases
took higher rate of both LVs and NLVs than severe group
(P<0.05). Among leafy vegetables those were frequently
consumed per day by the study subjects, two LVs (Indian
spinach or Basella alba and Water spinach or Ipomoea
acquatica) reportedly showed to be protective against
severe arsenicosis (P<0.05). Similarly, five NLVs (Spiny
gourd or Momordica diocia, Potato or Solanum tuberosum,

Table 2. Nutrient-rich food intake frequency per day between groups

Case n (%) Control
Classification of arsenicosis
Frequency distribution of food intake Z(;tsaels Not severe (n=29) Severe (n=60) Test- statistic
(n=62) Mild Moderate
(n=19) (n=10) (n=33)

Animal-protein-rich foods
Yes 23 (37.1) 10 (52.6) 05 (50.0) 09 (27.3) 30 (50.0)
No 39 (62.9) 09 (47.4) 05 (50.0) 16 (72.7) 30 (50.0)
P-value P’
Mineral and vitamin-rich foods
Leafy vegetable/LVs (n=08)
Yes 24 (38.7) 07 (21.1) 05 (40.0) 12 (54.5) 34 (56.7) P
No 38 (61.3) 12 (78.9) 05 (80.0) 15 (45.5) 26 (43.3)
P-value P’
Non-leafy vegetables/NLVs (n=09)
Yes 23 (37.1) 08 (42.1) 04 (40.0) 11(33.3) 32(53.3) P’
No 41 (62.9) 11 (57.9) 06 (60.0) 22 (66.7) 28 (46.7)
P-value P’

"Chi-square/Fisher’s Exact test and P<0.05
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Table 3. Protective role of different vegetables on arsenic induced skin lesions

Control COR AOR
L tabl C =62 B
eafy vegetables ase (n=62) _60) (95% CI) ®) (95% CI)
Basella alba Intake® 22 (35.5) 46 (76.7) 1
(Indian spinach) No 40 (64.5) 14 (23.3) 4.5(1.7-12.2)" B=1.839 6.2 (1.58-24.9)"
Amaranthus tricolor Intake" 04 (6.5) 06 (10.0) 1
(Joseph’s coat) No 58 (93.5) 54.(90.0) 2.39 (7.53-7.5)"
Amaranthus dubius Intake® 06 (9.7) 04 (6.7) 1
(Amaranth) No 56 (90.3) 56 (93.3) 2.28(.918-5.7)"
Cucurbita maxima Intake® 32(51.5) 24 (40.0) 1
(Pumpkin leaves) No 30 (48.5) 36 (60.0) 2.00 (.80-4.9)’
Ipomoea acquatica Intake" 25 (40.3) 50 (73.3) 1
(Water spinach) No 37(59.7) 10 (26.7) 4.1(1.6-10.6)" B=1.984 7.3(1.91-27.6)"
Colocasia antiquorum Intake® 29 (46.7) 26 (43.3) 1
(green aurum leaves) No 33(53.3) 34 (56.7) 1.82 (.75-4.4)
Nasturtium officinale Intake® 04 (6.5) 16 (13.3) 1
(Water cress) No 58 (93.5) 52 (86.7) 2.14(.73-6.3)"
Corchorus capsularis Intake" 23(37.1) 18 (30.0) 1
(Jute leaves) No 39 (62.9) 42 (70.0) 1.62 (.66-3.9)
Non-Leafy vegetables
Cucurbita maxima Intake® 37(59.7) 46 (76.6) 1
(Pumpkin) No 25 (50.3) 14 (23.4) 2.22(.83-5.95)"
Momordica charantia Intake® 29 (46.8) 38 (63.3) 1
(Bitter gourd) No 33(53.2) 22 (36.7) 1.96 (.80-4.8)"
Intake® 08 (12.9) 10 (16.6) 1
Solanum lycopersicum (Tomato)
No 54 (87.1) 50 (83.4) 1.17 (.36-3.9)
Momordica diocia Intake® 24 (38.7) 34 (56.7) 1
(Spiny gourd) No 38 (61.3) 26 (43.3) 4.48 (1.76-11.4)" B=2.107 8.2 (2.11-31.9)"
Daucus carota Intake® 03 (4.8) 08 (13.3) 1
(Carrot) No 59 (95.2) 52(86.7) 3.03 (.63-14.5)"
Solanum tuberosum Intake® 37(59.7) 52 (86.7) 1
(Potato) No 25 (40.3) 08 (13.3) 4.22(1.67-10.6)" B=1.404 4.0 (1.12-14.7)
Intake® 23(37.1) 42 (70.0) 1
Vigna unguiculata sesquipedalis
(Snake/long bean) No 39 (62.9) 18 (30.0) 3.08 (1.15-8.2)" B=1.177 3.2(.87-12.1)'
Thic .
Fichosanthes anguina Intake® 24 (38.7) 54 (90.0) 1
(Snake gourd)
No 38 (61.3) 06 (10.0) 3.29 (1.31-8.2)" B=.197 1.2 (22-6.7)’
Abelmoschus esculentus (Ladies Intake" 33(532) 50 (83.3) 1
finger) No 29 (46.8) 10 (16.7) 2.38 (.97-5.8)’ B=222 1.2 (27-5.9)

Overall percentage 81.5%, -2LL =71.425, Nagelkerke R Square=.537, Model co-efficient (Chi-square)= 44.748, degree of freedom/
df=5, P=0.000, Hosmer Lemeshow goodness of fit=5.716, P=.679, Crude odds ratio=COR, Beta coefficient=B, Adjusted Odds
ratio=AOR, "Reference category, "P<0.05, "P<0.01
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Snake/long bean or Vigna unguiculata sesquipedalis,
Snake gourd or Trichosanthes anguina and ladies finger
or Abelmoschus esculentus) have been showed protective
effect against the development of severe arsenic-induced
skin lesion (P<0.05).

4. Discussion

This study showed protective roles of some leafy
and non-leafy vegetables on arsenic-induced skin lesion
among women in rural Bangladesh and less intake-
frequency of these vegetables also reported to influence

on the severity of the skin lesion. The positive association
of some leafy and non-leafy vegetables with the extent
of arsenic related skin lesions can be explained by the
facts that vegetables are one of the richest natural sources
of vitamins (especially antioxidant vitamin A, C, E, and
B-complex) and minerals (iron and antioxidant copper,
zinc, and selenium) which have concomitant roles of both
essential nutritive activities and anti-oxidants capacity,
have been shown to exert protective effects on body-
burden of arsenic. Previous study " also reported intake
of different gourds, roots (NLVs) and protein inversely

Table 4. Influence of the intake of different vegetables on the severity of arsenicosis

Leafy vegetables Total Having skin lesions n (%)
(n=62) Severe Not severe P-value®
n (%) (n=33) (n=29)

Indian spinach Intake 41 (66.1) 14 (42.4) 27 (93.1) P=0.005"
No 21(33.9) 19 (57.6) 02 (06.9)

Joseph’s coat Intake 04 (6.5) 01 (3.0) 03 (10.3) P=0.332
No 58 (93.5) 32(97.0) 26 (89.7)

Amaranth Intake 06 (9.7) 01 (3.0) 05(17.2) P=0.089
No 56 (90.3) 32(97.0) 24 (82.8)

Pumpkin leaves Intake 32 (51.5) 17 (51.5) 15 (51.7) P=0.987
No 30 (48.5) 16 (48.5) 14 (48.3)

Water spinach Intake 25(40.3) 09 (27.3) 16 (55.2) P=0.025"
No 37(59.7) 24 (72.7) 13 (44.8)

Green aurum leaves Intake 29 (46.8) 17 (51.5) 12 (41.4) P=0.425
No 33(53.2) 16 (8.5) 17 (58.6)

Water cress Intake 04 (6.5) 03 (9.1) 01(3.4) P=0.616
No 58(93.5) 30(90.9) 28 (96.6)

Jute leaves Intake 23 (37.1) 10 (30.3) 13 (44.8) P=0.237
No 39 (62.9) 13 (69.7) 16 (55.2)

Non-leafy vegetables

Pumpkin Intake 37 (59.7) 18 (54.5) 19 (65.5) P=0.380
No 25 (40.3) 15 (45.5) 10 (34.5)

Bitter gourd Intake 29 (46.8) 13 (39.4) 16 (55.2) P=0.214
No 33(55.2) 20 (60.6) 13 (44.8)

Tomato Intake 08 (12.9) 03 (9.1) 05(17.2) P=0.456
No 54 (87.1) 30 (90.9) 24 (82.8)

Spiny gourd Intake 24 (38.7) 06 (18.2) 18 (62.1) P=0.004"
No 38 (61.3) 27 (81.8) 11 (37.9)

Carrot Intake 03 (4.8) 00 (0.0) 03 (10.3) P=0.097
No 59(95.2) 33 (100.0) 26 (89.7)

Potato Intake 37 (59.7) 14 (42.4) 23 (79.3) P=0.003"
No 25 (40.3) 19 (57.6) 06 (20.7)

Snake/long/Asparagus bean Intake 23 (37.1) 07 (21.2) 16 (55.2) P=0.006"
No 39 (62.9) 26 (78.8) 13 (44.8)

Snake gourd Intake 24 (38.7) 08 (24.2) 16 (55.2) P=0.013"
No 38 (61.3) 25(75.8) 13 (44.8)

Ladies finger Intake 33(53.2) 12 (36.4) 21(72.4) P=0.005"
No 29 (46.8) 21 (63.6) 08 (27.6)

@Chi-square test/Fisher’s Exact Test; Not severe=mild/moderate arsenicosis; 'P<0.05, “P<0.01
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associated with arsenic-induced skin lesion risk among
male and female cohort in Bangladesh.

Abstinence from the dietary intake of leafy/non-leafy
vegetables among cases than controls is (P<0.05) more
likely to be associated with arsenicosis. On the other
hand, Consuming more leafy vegetables like ‘Indian
spinach (Basella alba)’ and ‘water spinach (Ipomoea
acquatica)’ and non-leafy vegetables like ‘spiny gourd
(Momordica diocia)’, ‘Potato (Solanum tuberosum)’,
‘snake gourd (Trichosanthes anguina)’, ‘snake/long
bean (Vigna unguiculata sesquipedalis)’ and ‘Ladies
finger (Abelmoschus esculentus)’ were found to have
less severe arsenic-induced skin lesions (mild/moderate)
than severe one. This may be due to having intrinsic
nutrient potentials and presence of other non-nutritive
bioactive compounds and phytochemical characteristics
of different leafy and non-leafy vegetables as reported by
the most of the prior and recent studies !'"'>'92%7313337],
As mentioned earlier vegetables are important for human
nutrition in terms of bioactive nutrient molecules (dietary
fiber, antioxidant pro-vitamin A/or Carotenoids, vitamin
C, vitamin E and minerals e.g. copper, zinc, selenium)
and non-nutritive phytochemicals (phenolic compounds,
flavonoids, saponin, bioactive peptides, glycoside etc.).
These nutrient and non-nutrient molecules reduce the risk
U137 Medicinal plants
those having substantial amount of nutrients
and non-nutrient poly-phenolic components (plant’s
secondary metabolites) have potent abilities to act as
antioxidant, antibacterial and anti-inflammatory agents
which accelerate the rapid healing of damaged skin tissue
at various stages of wound healing (i.e., collagenation,
wound closure and epithelialization) in addition to
reducing damage caused by oxygen radicals in the area of
dermal injury "”. Moreover, antioxidant fights against free
radicals and exert their action either by scavenging the
reactive oxygen species or protecting the oxidant defense
mechanism. Thus, presence of different nutrients and
non-nutrients in LVs and NLVs would offer a synergistic
effects to ensure the protection against arsenic-induced
skin lesion among women.

In this study, dietary intake of two LVs (B. alba and
1. acquatica) were found to be negatively associated
with arsenicosis and not consuming these two LVs,
the probability of infecting arsenic-induced skin lesion
increased respectively 6.2 and 7.3-folds among cases than
controls (P<0.01). This might be due to arsenic is excreted
following methylation reactions, which are mediated by
folate ! and LVs are excellent, richest source of folate,
thus folic acid with other bioactive polyphenols could
facilitate arsenic methylation and excretion, performed

of non-communicable diseases
[9,10,19-21,33,38]

antioxidant and free radical scavenging activity thereby
reducing arsenic toxicity and skin lesions. Studies
reported B. alba has great ethno-medicinal and nutritional
importance as the plant is rich in vitamin A (carotenoids),
vitamin C, organic acids and many amino acids along
with active constituents like basella saponin, kaempherol,
betalain, flavonoids, saponins, peptide and phenolic
compounds which are therapeutically used for antioxidant,
anti-inflammatory, antiulcer, antifungal, anticonvulsant,
analgesic activities and for the treatment of skin diseases
and many more”>***"*". Similarly, higher intake (93.1%)
of 1. acquatica by mild/moderate arsenicosis group than
that of severe (42.4%) was significantly associated with
the degree of severity of arsenicosis. This might be due
to the prophylactic effect of ascorbic acid °” and anti-
apoptotic potential of both phenolic and flavonoids
against arsenic-toxicity through antioxidant mechanism
(232531 " Studies reported abundant presence of different
nutrients (e.g. B-carotenes and ascorbic acid), and non-
nutrients (phenolics: gallic acid and chlorogenic acid;
flavonoids compounds: myricetin, quercetin and apigenin)
in I. aquatica would play crucial role in overall protective
and cumulative effect against arsnic-induced skin lesion
2311 ‘Moreover, study reported phenolics and saponins
exhibited chelating properties to mop up arsenites from
the body %\

This study showed dietary intake of Momordica diocia
(spiny gourd) has 88% (inverting odds ratio 8.2) averting
role in occurring arsenicosis which means controls
are less likely to develop arsenicosis than cases due to
more ingestion of spiny gourd and has the highest skin
protective role among all vegetables, followed by other
NLVs like Solanum tuberosum (75%), Vigna unguiculata
sesquipedalis (69%), Trichosanthes anguina (17%) and
Abelmoschus esculentus (17%). This might be due to the
nutrient contents of ascorbic acid, the ratio of unsaturated
fatty acid of spiny gourd ', and antioxidant, antibacterial,
anti-inflammatory, antimicrobial and anti-allergic agents
of most of the medicinal plants due to possessing bioactive
compounds and the phytochemical substances (poly
phenols) as reported most of the studies """’ Study
on animal model also reported aqueous extract of spiny
gourd flesh might have suppressive effect, therapeutic
potential for allergic responses (by inhibiting histamine
release and decreased IgE levels) in vitro and in vivo as
compared to control and alleviated development of atopic
dermatitis-like skin lesions *”. Additionally, considering
the diversity of the phyto-constituents and bioactive
metabolites (gallic acid, chlorogenic acid, polyphenols,
flavonoids like Rutin, alkaloids like Solanine) present in S.
tuberosum, studies reported to promote the wound healing
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process by increasing epithelialization rate and collagen
synthesis and subsequent decreasing the overproduction
of free radicals, facilitating oxygen diffusion mainly
due to potatoes antioxidant, antibacterial capabilities.
Thus, studies reported varieties of S. tubersome contain
anthocyanin which suppress the modulation of atopic
dermatitis”*” and can heal wound in experimental mice **..

Studies outlined high nutritional contents (proteins,
carbohydrates, calories, dictary fiber trace elements and
macro-minerals) and presence of different bioactive com-
pounds (polyols, phytosterols, phenolics, neochlorogenic
acid, chlorogenic acid, caffeic acids and saponins) in
cowpea/asparagus/snake bean’s seeds and pods *'*!. Thus
having rich contents of both nutrient and non-nutrient sub-
stances, in this study snake bean (V. unguiculata sesqui-
pedalis) showed protective role against arsenic-induced
skin lesion through performing its antioxidant (radical
scavenging activity), antibacterial, anti-inflammatory, and
anti-allergic activities "***. Moreover, another NLV snake
gourd (7. anguina) is a good source of Vitamin A, Vitamin
B (mainly niacin), Vitamin C and minerals (magnesium,
calcium, potassium, phosphorus, iron). The plant is richly
constituted with a series of chemical constituents like
flavonoids, carotenoids, glycosides, saponins phenolic
acids which makes the plant pharmacologically and
therapeutically active "**",

Like this study, okra (Adbelmoschus Esculentus)
reported to have potential dietary medicine with nu-
traceutical importance against gastric lesions in mice
model ®¥. Okra has intrinsic active nutritional values
(Vitamin A, K and C, B-vitamins (B1, B2, B6, folic
acid), linoleic acid, polysaccharides, calcium, iron, man-
ganese, and magnesium) along with huge nutraceutical
(antioxidant, immunomodulatory, Antiproliferative and
proapoptotic) and therapeutic potentials (antibacterial,
anticancer, antidiabetic, lipid lowering agents) for having
bioactive components (phytochemicals e.g. poly phenols
like catechin, flavonoids (quercetin), Lectins, Pectins,

12,14,28 46,47

Glycosylated compounds) ! .

5. Conclusions

This study showed the protective and beneficial
roles of some commonly eaten vegetables against both
development and severity of arsenic-induced skin lesions.
Large samples longitudinal study in this important field of
therapeutic intervention is warranted.

Strength and limitation of the study

This case-control was conducted to assess the role
of dietary intake of some ‘vegetables’ on arsenic-

induced skin-lesions. Both qualitative and quantitative
approaches (one 24-hour recall, food frequency/week
and food history-record/week) were applied to measure
habitual dietary practices in terms of taking leafy and
non-leafy vegetables. Multiple logistic regression (MLR)
analyses were performed to find out protective roles of
some leafy (n=08) and non-leafy (n=09) vegetables on
arsenic induced skin-lesions (arsenicosis) among rural
women while adjusting demographic variables. Moreover,
how dietary intake frequencies of vegetables influence
the degree of severity on arsenicosis among village
women also determined. However, recall bias- the main
limitation of case-control study cannot be ruled out, and
lack of information on sources of water for irrigation and
arsenic contents of foods of those particular arcas and
not including males in the study- were other limitations.
Despite some limitations this study has distinct strengths,
most of the studies performed using animal model to see
the phytochemical properties of plants, or association of
nutrients with non-communicable diseases (NCDs), only
few studies have evaluated the impact of vegetables on
arsenic-associated skin lesion. In particular, this study
helps to fill an important research gap to find out the
strength of relationship about the protective roles of some
leafy and non-leafy vegetables with the arsenic induced
skin-lesions.
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