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Clinical Aspects of Chronic Arsenic Toxicity

DNG Mazumder

Humans are exposed to arsenic (As) primarily from
air, food and water. Drinking water may be contami-
nated with As from arsenical pesticides, natural
mineral deposits or improperly disposed arsenical
chemicals. Elevated As levels in drinking water is the
major cause of As toxicity in the world. Reports of
such contamination are available from Taiwan, Chile,
China, Argentina, Mexico, India, Hungary, Bangla-
desh, USA and Thailand. However, largest number of
people in the world affected from chronic As toxicity
due to drinking of As contaminated ground water be-
longs to Bangladesh, India and China. Data derived
from various studies show that inorganic As adversely
affect multiple organ systems of human body. !

Biochemical effect and cellular mechanism of As
toxicity have been frequently reviewed. In 1925,
Voegtlin demonstrated that the sulthydryl (SH) groups
within cells were receptors for trivalent As. He also
showed that glutathione and other sulfhydryl contain-
ing chemicals prevented the toxic effects of As.
Voegtlin postulated toxic reversible interaction of
arsenite (As III) with the SH groups of glutathione in
cells or with other SH groups occurring in cell proto-
plasm.2 This conclusion has been supporting the
concept that the major toxic action of trivalent arseni-
cals is their interaction with thiol groups.3 The
biologic toxic action of As is due to more functional
activity than to any damage to the structural integrity
of the tissues. Arsenite inhibits number of thiol de-
pendent enzymes in exerting its toxic effects, arsenite
is thought to combine with SH groups and inhibit
about 100 different enzymes. It has been shown that
the SH groups decrease in whole blood after exposure
to arsenite. Arsenic binds to two thiol groups per
molecule to form stable ring compounds, in preference
to reacting with two thiol groups of two separate
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molecules.* After prolonged feeding of As contami-
nated water (3.2 mg/l) in mice, increased lipid
peroxidation and plasma membrane damage in asso-
ciation with reduction of hepatic glutathion and
enzymes of anti oxidant defense system (G6PDH,
GPx, GST and GR) were observed by Santra et al?
According to Casarett and Doul (1986),° mitochondria
accumulate As. Respiration mediated by NAD linked
substrates is particularly sensitive to As. The most As
sensitive enzymes are those which are not reactivated
by simple monothiol compounds. These sensitive en-
zymes includes lipoic acid dehydrogenase and the
oxidases which use lipoic acid as coenzymes. For
these enzyme systems, 2, 3-dimercapto propanol and
dithiol compunds are far more effective in reversing
the action of As. The As sensitive enzymes have been
found to contain vicinal SH groups which can form
stable five or six membered rings when bound to
monosubstituted As. Disruption of oxidative phospho-
rylation and concomitant decreases in cellular levels
of ATP’ are thought to be important central events in
the onset of cellular injury and death, in arsenic intoxi-
cation  because  ultrastructural ~ morphometric
alterations in mitochondrial structure, and disruption
of mitochondrial respiratory function, are closely cor-
related.

Most of the reports of chronic As exposure in man
focus attention on skin manifestations because of their
diagnostic specificity. Data derived from population
based studies, clinical case series and reports relating
to intake of inorganic As in drinking water, medica-
tions or occupational and environmental exposure
show its capacity to adversely affect multiorgan sys-
tem. The clinical appearance of the non carcinomatous
manifestations of As intoxication in humans is de-
pendent on the magnitude of the dose and the time
course of its exposure.

Protean clinical manifestations have been described
by Guha Mazumder et al® ! on the basis of detail
clinical and relevant investigations (with individual As
exposure data) on people drinking As contaminated
water in seven affected districts of West Bengal, India.
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Clinical features of 248 patients investigated are given
in Table 1. Though pigmentation was seen in most
cases (94.35%), keratosis was found in 162 patients
(65.32%), and skin cancer was detected in five
(2.02%) cases. Association of As with several internal
cancers have also been established by epidemiological
studies at exposure concentrations of several hundred
microgram per liter of drinking water. !

Table 1 : Clinical features of 248 cases studied

Presenting features No of patients Percentage

1. Rain-drop pigmentation 234 94.35
2. Weakness 163 65.73
3. Keratosis (sole and palm) 162 65.32
4. Dyspepsia 165 66.53
5. Cough (£ expectoration) 154 62.10
. 6. Burning sensation of eyes 74 29.84
7. Anaemia 109 43.95
8. Hepatomegaly (firm, non-tender 190 76.61
2-6 cm below costal margin)
9. Splenomegaly 73 29.43
_ (1.5-8 cm below costal margin)
10. Crepitation * rhonchi 15 30.24
11. Polyneuropathy 74 28.83
12. Pedal oedema (non-pitting) 23 9.27
13. Blackfoot disease (Gangrene) 3 1.20
14. Skin cancer 5 2.02
15. Kideny cancer 1 0.4

Though chronic As toxicity produces varied non
carcinomatous manifestations and cancer of skin and
different internal organs, cutaneous manifestations are
more specific features of chronic arsenicosis. The hy-
perpigmentation of chronic As poisoning commonly
appears in a finely freckled, "raindrop" pattern that is
particularly pronounced on the trunk and extremities
distributed bilaterally symmetrically. But that might
also involve mucous membranes such as undersurface
of tongue or buccal mucosa. The raindrop appearance

Fig. 1 : (a) Moderate pigmentation, (b) Severe pigmentation
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results from the presence of numerous rounded hyper-
pigmented macules (typically 2-4 mm in diameter)
widely dispersed against a tan-to-brown hyperpig-
mented background. Although less common, other
patterns include diffuse hyperpigmentation
(melanosis); localized or patchy pigmentation, particu-
larly affecting skinfolds; and so-called leukodermia or
leukomelanosis, in which the hypopigmented macules
take spotty, white appearance. Pigmentation is not his-
topathologically related to arsenical hyperkeratosis,
nor is it a direct precursor to cancer! (Fig. 1).

Arsenical hyperkeratosis appear predominantly on
the palms and the plantar aspect of the feet, although
involvement of the dorsum of the extremities and the
trunk have also been described. In early stages, the in-
volved skin might have an indurated, gritlike character
that can be best appreciated by palpation; however, the
lesions usually advance to form raised, punctuate, 2-4
mm wartlike keratosis that are readily visible. Occa-
sional lesions might be larger (approximately 1 cm)
and have a nodular or horny appearance. In severe,
cases, the hands and soles present with diffuse verru-
cous lesions. Cracks and fissures may be severe in the
soles!210 (Figs. 3 and 4).

History of As exposure through inhalation or inges-
tion is helpful for corroborative evidence for diagnosis
of chronic arsenic toxicity as skin manifestation like
diffuse melanosis could not be differentiated from nor-
mal dark complexioned farmers in the tropics who
work in the field bare bodied under direct sun expo-
sure. However, spotty rain drop pigmentation of the
skin distributed bilaterally symmetrically over trunks
and limbs are most diagnostic feature of arsenical hy-
perpigmentation. Though spotty depigmented spots,
similarly distributed are also diagnostic for this condi-
tion, sometimes blotchy depigmented spots are seen
and these need to be differentiated from other depig-
mented skin lesions like Tinea versicolor, seborrheic
dermatitis. Diffuse hyperkera-
titic lesions of the palms and
soles are distinctive lesions of
chronic arsenicosis. However,
manual labourors, who used
hands might have thickening
of the palms. Similarly bare
footed farmers who work in
the fields might have diffuse
thickening of the soles. How-
ever, when the lesions
become nodular the diagnosis
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Fig. 2 : a) Mild keratosis, b) moderate keratosis (i) moderate diffuse thickening of the palm, (ii) A few
nodules over thickened palm (associated lesions : Bowen’s disease of the abdomen and
squamous cell carcinoma on the finger)

Fig. 3: Severe keratosis a) verrucous lesion of the palm with keratotic horn, b) big nodules over the
dorsum of feet (associated lesion : squamous cell carcinoma)

weakness, anaemia, pe-
ripheral neuropathy,
hepatomegaly with portal
zone fibrosis with/without
portal hypertension,
chronic lung disease and
peripheral vascular disease.
However, these features
are manifested variably in
different exposed popula-
tion and may be caused by
As unrelated conditions.
Infrequent manifestations,
which have been reported
to occur by some investi-
gators in people giving
history of chronic As expo-
sure and which may also
be As unrelated are : con-
junctivitis, keratitis,
hypertension, cardiovascu-
lar disease, cerebrovascular
disease, perceptive hearing
loss, cataract, nephropathy,
solid edema of the limbs,
diabetes  mellitus  etc.
These have least diagnostic
value of chronic As toxic-
ity inspite of their reported
occurrence among people
giving history of chronic
As exposure.

Skin cancer of chronic
arsenicosis is quite distinc-
tive. The lesions are
frequently multiple and in-
volve covered areas of the
body, contrary to non
arsenical skin cancer which
is usually single and occur
in exposed parts of the
bOdy.13’14

As with the exception of
cutaneous manifestations,
other symptoms and signs
of chronic arsenicosis are

becomes obvious. non specific, evidence of As exposure from the envi-

In the presence of history of chronic exposure of As
other important predictors of chronic arsenicosis are
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ronment and detection of high level of As in urine
and/or in hair and nails in association with those
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symptoms would be suggestive of chronic arsenicosis.
But its normal value in those materials do not exclude
the diagnosis of such toxicity. Diagnostic criteria,
grading of severity of dermatological manifestations
and case definition of chronic As toxicity are given in
the Tables 2, 3 and 4.

Table 2 : Diagnostic criteria of chronic arsenicosis

1. Atleast six months exposure to arsenic levels of greater than
50 pg/L or exposure of high arsenic level from food and air.
Dermatological features characteristic of chronic arsenicosis.

3. Non carcinomatous manifestations : Weakness, chronic lung
disease, non cirrhotic portal fibrosis of liver with/without
portal hypertension, peripheral neuropathy, peripheral
vascular disease, non pitting edema of feet/hand.

4. Cancers : Bowens disease, squamous cell carcinoma,
basal cell carcinoma at multiple sites, occurring in exposed
and unexposed parts of the body, cancer of urinary bladder,
lungs.

5. Arsenic level in hair and nail above 1 mg/kg and 1.08 mg/kg
respectively and/or arsenic level in urine, above 50 pg/L
(without any history of taking seafood).

Table 3 : Dermatological criteria and grading of severity of
chronic arsenic toxicity

Gradel  Mild a) Diffuse melanosis.

b) Suspicious spotty depigmentation /

pigmentation over trunk/limbs.

Mild diffuse thickening of soles and

palms.

Moderate a) Definite spotty pigmentation /
depigmentation on the trunk and limbs,
bilaterally distributed.

Severe diffuse thickening (with/without

C

~

Grade 11

b

~

wart like nodules of the palms and soles).

Grade III  Severe a) Definite spotty pigmentation/
depigmentation as above with few
blotchy pigmented/depigmented macular
patches over trunks or limbs.

b

~

Pigmentation involving the undersurface
of tongue and/or buccal mucosa.

c) Larger nodules over thickened palms
and soles occasionally over dorsal aspect
of hands and feet. Diffuse verrucous
lesions of the soles with cracks and
fissures and keratotic horns over palms.

The concentration of total As in urine has often
been used as an indicator of recent exposure because
urine is the main route of excretion of most As spe-
cies.1>16 The half-time of inorganic As in human
subject is about four days. Reported data on average
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Table 4 : Case definition of chronic arsenic toxicity

Definite

1. Criteria 1 + Criteria 2 * Criteria 3 * Criteria 4 + Criteria 5
2. Criteria 1 + Criteria 2 (Grade II/III) £ Criteria 3 £ Criteria 4
3. Criteria 2 (Grade II/III) £ Criteria 3 * Criteria 4 + Criteria 5
Probable

1. Criteria 1 + Criteria 2 (Grade I) * Criteria 3 + Criteria 4

2. Criteria 2 (Grade I) £ Criteria 3 + Criteria 4 + Criteria 5

3. Criteria 2 (Grade II/III) + Criteria 3 + Criteria 4

4.  Criteria 3 + Criteria 5

5. Criteria 4 + Criteria 5

background concentrations of As in the urine are gen-
erally below 10 pg/L in European countries,
somewhat higher in some parts of the United States
and around 50 pg/L in Japarl.17 Total As in urine has
been used traditionally to assess occupational expo-
sure to inorganic As. An average urinary
concentration of 820 pug/L (median 580 ug/L) was re-
ported by Pinto and McGill!8 in men exposed to As.
Arsenic is normally found in higher concentrations in
human hair and nails than in other parts of the body.
This has been explained by the high content of kertin
in these tissues.!” Hair As levels can provide useful
information in chronic As poisoning but the results
should not be overinterpreted. In people with no
known exposure to As, the concentration of As in hair
is generally 0.02-0.2 mg/kg. Concentrations ranging
from three to 10 mg/kg are reportedly common in peo-
ple in areas in West Bengal that have high As
concentrations in drinking water.20 Normal As values
in nails appear to range from 0.02 to 0.5 mg/kgzl’22
while four to 10 mg per kg have been reported in cases
of chronic As poisoning‘23

Though As level of hair and nails have been found
to be elevated in people drinking As contaminated
water there is no correlation regarding its level in hair
and nail the degree of As exposure caused by drinking
As contaminated water by the people.'? Similarly
there is no correlation regarding As level in hair and
nails and clinical manifestation of chronic As toxicity
among people drinking As contaminated water. In a
village of West Bengal all the 17 people drinking As
contaminated water had evidence of elevation of As
level in hair and nail but only eight of them showed
cutaneous lesion of As toxicity. Further out of 40 peo-
ple with arsenical skin lesions in another village of
West Bengal having history of drinking As contami-
nated water, normal As levels in their hair and nail
samples were found in 31 and 26 cases respectively.23

653




Treatment

Chronic arsenicosis leads to irreversible damage in
several vital organs and is a established carcinogen.
Despite the magnitude of this potentially fatal toxicity,
there is no effective therapy for this disease; patients
once affected may not recover even after remediation
of the As contaminated water. The need for an effec-
tive therapy for chronic arsenicosis is obvious.

Chelation therapy for chronic As toxicity is thought
to be the specific therapy for relief of systemic clinical
manifestations and reduction of As stores in the body,
reducing subsequent cancer risk. Chelation therapy is
presumed to be more effective with early features of
the toxicity, as severe manifestation of poly-
neuropathy, chronic lung and liver diseasz, swelling of
hand and legs, defect of hearing and vision are less
likely to respond to this therapy. Chelating agents like,
DMSA (Dimercaptosuccinic acid), DMPS (Dimercap-
topropane succinate) and d-penicillamine have
frequently been considered for treatment of chronic
As toxicity. However, their usefulness are yet to be es-
tablished.

Treatment for chronic As intoxication need to be
directed towards a) stoppage of As exposure by pro-
viding As free safe water to the exposed population, b)
providing specific drug for helping recovery and/or
averting disease progression and c¢) general measures
and symptomatic treatment. Stoppage of intake of As
contaminated water and intake of nutritious diets can
reduce some of the symptoms of chronic arsenicosis.
Whether this could prevent the development of cancer
is not known. No specific drug for altering the natural
history of the disease has yet been available. However,
supportive and symptomatic treatment could help a lot
to reduce the suffering of patients. Early diagnosis of
skin and bladder cancer caused by chronic arsenicosis
could be managed successfully by surgery. But the
prognosis of other cancers, e.g. lung cancer, liver can-
cer are bleak.

Conclusion

The diagnosis of chronic arsenic toxicity is based
on history of exposure of As for porlonged period as-
sociated with demonstration of various non
carcinogenic (specifically cutaneous) and/or carcino-
genic manifestation of chronic arsenic toxicity.
Though confirmation of the diagnosis is based on de-
tection of high levels of As in urine, hair/nails, their
normal value does not preclude such diagnosis. The
treatment is mostly symptomatic as the efficacy of
chealating agents are yet to be established. Arrange-
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ment of arsenic free water and surveillance pro-
gramme for early detection of skin and bladder cancer
could save many lives from the effect of chronic arse-
nic toxicity.
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Announcement

42nd Annual Conference of the Indian Society of Gastroenterology and sister societies will be

organized by the Department of Gastroenterology, Sanjay Gandhi Postgraduate Institute of

Medical Sciences, Lucknow, November 23-29, 2001.

The program includes two pre-conference symposia (on gastrointestinal motility and scientific

communication, respectively on November 23), a one-day postgraduate course or CME (November 24),

and an endoscopy workshop (November 28-29).

For details, please write to Dr. SR Naik, Department of Gastroenterology, SGPGI, Lucknow 226014
(Phone 522-440700 or 440800, Extn 2400: Fax 522-440078 or 522-440017) or visit the conference

website http://www.sgpgi.ac.in/conf/isg2001.html

Sd/-
Dr. Rakesh Aggarwal
Department of Gastroenterology

SGGPI, Lucknow
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