
Introduction 

Chronic ingestion of high concentration (>50 
µg/L) of arsenic in drinking water for more 
than six months may lead to arsenicosis.1 The 
common clinical symptoms are the skin mani-
festations characterized by melanosis, leuco-
melanosis and keratosis.2 Other manifestations 
are diabetes, hypertension, bronchitis and 
malignancy of some organs especially skin, 
lungs and urinary bladder.3, 4 

Among the non-malignant skin manifestations, 
keratosis creates social problem particularly in 
the case of unmarried girl or recently married 
woman.5 The disease may cause problem in 
family life and sometimes may cause divorce. It 
appears in both palms and soles. One peculia-
rity is that keratosis does not appear in one 
palm or one sole. 

There is, still now, no effective treatment of 
keratosis. Researchers are suggesting oral admi-
nistration of some anti-oxidant vitamins, mine-
rals, spices, and vegetables.1 However, the 
efficacy of these treatments needs prolong time 
and recurrence occur after stoppage of medi-
cines. Some medicines such as salicylic acid,6 
propylene glycol7 are advised topically. The 
high concentration of salicylic acid is needed 
which may cause burning sensation during its 
use. 

A recent study from the same laboratory shows 
that topical application of an ointment contain-
ing S. melongena peel extract is effective in the 
treatment of arsenic-induced Bowen’s disease.8 
Therefore, this study was conducted to see 
whether the ointment of S. melongena peel 
extract was effective in the management of 
arsenical keratosis. 

Materials and Methods 

The study was conducted in two arsenic affec-
ted endemic areas [Bhanga Upazilla of Faridpur 
District (about 150 km from Dhaka) and Sirajdi-
khan Upazilla of Munshiganj District (about 25 
km from Dhaka)] from September 2016 to 
January 2018.  

The study was conducted on 23 patients (male 
10, female 13) of moderate to severe arsenical 
keratosis (both palms and soles). The inclusion 
criteria were a) age (18-65 years); b) both sex; c) 
consumption of drinking water >50 µg/L of 
arsenic for more than six months; d) moderate 
to severe keratosis; and e) voluntarily agreed to 
participate in this study. The exclusion criteria 
were a) pregnancy, b) lactating mother and c) 
the patient who received any treatment of 
arsenicosis within the last three months. One of 
the patients’ house was used as a temporary 
arsenic clinic. Each patient was requested to 
attend that clinic. The clinical examination of 
patient and distribution of ointment containing 
S. melongena peel extract were done at 2 weeks 
interval.

Detailed history, clinical examination, and 
photographs of the lesions were collected. The 
drinking water used by the patient and his/her 
nails were collected to measure the amount of 
arsenic. The advice was given to each patient 
how to apply the ointment at the site of the 
lesion. 

The size of the lesions was measured both just 
before and after completion of the treatment. 

One polyethylene container (100 mL size) con-
taining 1 drop of nitric acid was supplied to 

| Original | Article | 

Abstract 

This study was conducted to examine the effect of the ointment containing Solanum melongena 
peel extract in the treatment of arsenical keratosis. In total, 23 patients were enrolled on the 
basis of inclusion and exclusion criteria. The ointment was given to each patient and advised 
him/her to apply to the site of lesion twice daily for 12 weeks without any gap. The size of the 

lesion and its photograph were collected before and at the end of the study. The mean (± SD) 
diameter of the lesion was 3.9 ± 2.1 cm which reduced to 1.8 ± 1.3 cm (reduction 54%). The results 
were statistically significant.  In conclusion, S. melongena peel extract is found to be effective in the 
treatment of arsenical keratosis. 

Article Info 

Department of Pharmacology, Faculty of 
Basic Science and Paraclinical Science, 
Bangabandhu Sheikh Mujib Medical 
University, Shahbag, Dhaka, Bangladesh   

For Correspondence: 
Mir Misbahuddin 
mmisbah@bsmmu.edu.bd

Received:  2 January 2019 
Accepted:   11 May 2019 
Available Online:  1 July 2019  

ISSN: 2224-7750 (Online) 
   2074-2908 (Print) 

DOI: 10.3329/bsmmuj.v12i2.41844 

Keywords: Arsenic; Keratosis; Peel; 

Solanum melongena 

Cite this article: 
Sarah QS, Misbahuddin M. Effect of 
Solanum melongena peel extract in the 
treatment of arsenical keratosis. Banga-
bandhu Sheikh Mujib Med Univ J. 2019; 
12: 80-83. 

Copyright:  
The copyright of this article is retained 
by the author(s) [Atribution CC-By 4.0] 

Available at: 
www.banglajol.info 

A Journal of Bangabandhu Sheikh Mujib 
Medical University, Dhaka, Bangladesh 

Effect of Solanum melongena peel extract in the treatment of arsenical 
keratosis  

Quazi Sahely Sarah and Mir Misbahuddin 



each patient in order to collect the drinking water 
sample used by himself/herself. All the collected 
samples were then transported to the Department 
and stored until analysis. 

The hand and toe nails of each patient were collec-
ted (> 200 mg) and properly stored in a supplied 
plastic bag. Finally transported to the laboratory 
and stored until analysis. 

The amount of arsenic in water and nails was mea-
sured by modified silver diethyldithiocarbamate 
(SDDC) method.9 

The S. melongena fruit was identified by Mr. Khan-
dokar Kamrul Islam (Scientific Officer), Bangladesh 
National Herbarium, Dhaka, Bangladesh.   

The size of each S. melongena was 8x2 inches. The 
skin color was purple. In total, 12 kg were collected 
from the local vegetable market. These were initially 
washed and then peeled off the skin from the pulp 
using a peeler. The peels were divided into small 
pieces. The remaining parts of the fruit were dis-
carded. The pieces of peels were finally air-dried at 
room temperature.  

The pieces of peel (about 500 g) were immersed into 
a wood bark color bottle (size: 2.5 liters) containing 
2 liters of a mixture of ethanol: chloroform: acetic 
acid (65: 32: 3). The mixture was kept at room 
temperature for 72 hours. Then the solvent was free 
from the solid parts using Whatman filter paper. 
The filtrate was then concentrated at temperature 
(40-50°C) and reduced pressure using a rotary 
evaporator until a semi-solid substance (color: dark 
brownish) was obtained. The peel extract was 
stored in a wood bark color container and kept in a 
refrigerator until use. The procedure was repeated 
several times. About 2 g extract was obtained from 
4 kg of peels (yield 0.05%).    

Brine shrimp lethality study 

The eggs of brine shrimp (Artemia salina) were 
collected from a local market. Fifteen gram of eggs 
were poured into a glass container (square shaped; 
capacity = 6 L) containing artificial seawater (about 
4 L) for hatching for 48 hours with continuous 
aeration and artificial light (60-watt bulb).10 Within 
this period, all the active nauplii were free from the 
eggshells.  

An analytical balance was used to weigh the peel 
extract of 1 mg. Sterile test tubes (size: 5 inches) 
were taken and labeled. The extract was dissolved 
in water (1 mL) to prepare the stock solution. The 
serial dilutions of stock solution were done (100, 10, 
1.0, 0.1 µg/mL). One milliliter of the prepared 
solution was taken into 5 test tubes containing 10 
live nauplii/1 mL of artificial sea-water containing 
different concentrations of the extract.  

Test tubes were then incubated at room tempera-
ture. The active movement of nauplii was observed 

after 2 and 24 hours. 

 No. of dead nauplii 
%Death =       × 100 

 No. of dead nauplii + No. of live nauplii  

The ointment (100 g) contained 30 mg of peel 
extract. All the ingredients were measured by either 
a measuring cylinder or an electronic balance. A 
bowl (100 mL) containing water was heated up to 
boiling by a burner. A beaker containing olive oil 
(90 mL) was placed into the boiling water.11 When 
the temperature was increased to 90°C, then bee 
wax (10 g) was added to it. When melting of the bee 
wax was completed, the burner was put off. The 
beaker was placed to cool down at room 
temperature. Benzoic acid (10 mg) and peel extract 
(30 mg) were then added and contentiously beat 
until it became thick. It was transferred into plastic 
screw cap container (20 g each). Each container was 
stored in a refrigerator until distributed to the 
patient.  

The ointment was distributed to each patient and 
was instructed to apply the ointment to the affected 
area of the skin by clean fingertip twice daily 
(morning and bedtime). A separate printed sheet 
was given to check the adherence by the patient by 
giving a tick mark just after applying of the 
ointment.  

The keratotic lesion was monitored. Any 
improvement was documented and check the 
adherence. The communication to each patient by 
the researcher was done regularly using cell phone. 

Statistical analysis 

The statistical analysis was done using Student’s t-
test to compare the lesion size of keratotic lesion 
before and after treatment. Data were mean ± SD. 

Results 

The mean (± SD) age of patients was 45.6 ± 12.1 
years (Table I). The mean amount of arsenic in the 
tube-well water that was consumed by the patients 
was 742.1 ± 214.8 µg/L. The mean amount of 
arsenic in the nail was 21.9 ± 7.7 µg/g. The duration 
of exposure to arsenic-contaminated water was 19.0 
± 9.1 years. The duration of the appearance of the 
keratotic nodules was 13.4 ± 5.5 years. 

One patient was drop out due to loss to follow-up. 

Size of the lesions: The size (mean ± SD) of the 
nodules during the enrollment was 3.9 ± 2.1 cm 
which was reduced to 1.8 ± 1.3 cm after 12 weeks of 
the medication (54% reduction) (Figure 1). This 
change was statistically significant (p=0.00001). The 
elevation of the keratotic nodules was reduced.  

Perception of the patients: The perception score of 
the arsenicosis patients before the medication was 
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1.7 ± 2.9 on a scoring scale (0-6). After 12 weeks of 
completion of medication, the mean improvement 
score was 13.1 ± 16.2.  

Adverse effects: There was no adverse effect during 
and after medication. 

Brine shrimp toxicity assay: 10 µL/mL concentra-
tion of the extract showed lethal effect to the brine 
shrimp. 

Discussion 

This study showed a significant improvement in the 
clinical symptoms of arsenical keratosis by the 
ointment containing peel extract of S. melongena.  

S. melongena is a widely used vegetable. The peel of
this vegetable is violet in color. The peel mainly 
contains nasunin, chlorogenic acid, solasodine
glycosides and solamargine.12 The nasunin and 
chlorogenic acid are anti-oxidants.13 The solasodine
glycosides are cytotoxic in nature. Topical treatment 
of malignant and premalignant skin lesion by very
low concentrations of standard mixture of solaso-
dine glycosides improves the clinical condition.14 A 
study explained the mode of action of solamargine

as a potent cytotoxic activity against tumor cells by 
initiate a death process named oncosis.15 Nasunin 
showed biological abilities to prevent the produc-
tion of free radicals, induces apoptosis, inhibits cell 
proliferation and angiogenesis. 

The mechanism by which peel extracts cures the 
arsenical keratosis is not clear. It may be due to anti-
oxidant as well as cytotoxic effects of its compo-
nents. The topically applied salicylic acid reduces 
the symptoms of keratosis by its soothing effect.  

Conclusion 

S. melongena peel extract is found to be effective in 
the treatment of arsenical keratosis.
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Table I 

Parameters of the patients 

Parameters 

Age (years) 45.6 ± 12.1 

Sex 

Male 10 

Female 13 

Smoker 0 

Tube-well water arsenic concentration (µg/L) 742.1 ± 214.8 

Arsenic concentration in nail (µg/g) 21.9 ± 7.7 

Arsenic exposure duration (years) 19.0 ± 9.1 

Duration of appearance (year) 13.4  ± 5.5 

Before After 

Figure 1: Size of the keratotic lesion both before and after topical application of 
the S. melongena peel extract   
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