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Peripheral neuropathy resulting from inges-
tion of arsenic compounds, especially a massive dose,
has been recognised. Most of the arsenic neuropathy
cases have come from acute exposures as the result of
accidental or intentional ingestion(1). Gastrointestinal
symptoms, including nausea, vomiting and diarrhea,
develop within minutes or hours after a single large dose
of arsenic. Confusion, delirium, coma, circulatory collapse
and death within 24 hours may occur among severe
arsenic poisoning victims. If the patient survives, suba-
cute effects of arsenic toxicity including hematological,
dermatological and neurological effects will appear
within seven days to three weeks. In terms of neuro-
logical effects, sensory symptoms may initially present
as numbness, tingling sensations, and paresthesia in
the distal parts of extremities. Hyperpathia, painful limbs
and symmetrical muscular weakness in the extremities
can be found. Foot and wrist drop is sometimes observed.

Typically, arsenic neuropathy is a mixed motor-sensory
polyneuropathy in which the sensory neuropathy is
predominant(2). Occasionally, some patients with arse-
nic intoxication may present with the Laundry-Guillain-
Barr� syndrome(3-5).

Although arsenic neuropathy is common
among patients who ingest a massive dose of arsenic,
it is of less concern among the subjects who use drink-
ing-water containing appreciable amounts of arsenic
(6). It seems that there have been few studies concern-
ing nerve conduction studies in persons exposed to
inorganic arsenic via drinking water. In the present study,
the authors applied nerve conduction studies to the
villagers in Ronphibun, southern Thailand who drank
arsenic-contaminated water for long periods and com-
pared the results with those obtained from the controls.
The aim of the present study was to detect subclinical
neuropathy in chronic arsenic poisoning patients who
had skin lesions consistent with the diagnosis of arse-
nical dermatoses.
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Subjects and Method
The protocol of the study was approved by

the institutional ethical committee, Faculty of
Medicine, Chulalongkorn University.

Arsenic exposed group
The group consisted of 30 females who were

exposed to inorganic arsenic via drinking arsenic-
contaminated shallow-well water (arsenic level >0.01
mg/l) and had skin lesions consistent with the diag-
nosis of arsenical dermatoses (hyperpigmentation on
trunk or hyperkeratosis on palms and/or soles). Case
findings resulted from a house-to-house survey in
village12, Ronphibun subdistrict, Nakhon Si Thammarat
Province, southern Thailand in 1995. Shallow wells
this community were contaminated with arsenic which
resulted from the past tin mining activities. The patients
were admitted for the nerve conduction studies if they
met the following selection criteria: They
  1. were aged between 20 to 59 years old;
  2. had resided in village 12, Ronphibun subdistrict

for at least 10 years;
  3. had never moved to other areas for more than one

year;
  4. had been diagnosed with arsenical dermatoses;
  5. had not been exposed to neurotoxic agents which

were mentioned as lead, mercury, manganese and
organic solvents.

  6. had never drunk alcohol or drank alcohol only on
special occasions;

  7. had never used opium, heroin, marihuana, or Kratom
(an alkaloid which is a CNS stimulant);

  8. had never had these diseases: diabetes mellitus,
hypothyroidism, hyperthyroidism, stroke or phy-
sical injury to the nervous system.

Reference group
The group consisted of 27 females who drank

water from a shallow well which had a low level of arsenic
(WHO recommended level < 0.01 mg/l). These controls
were selected from the results of a house-to-house survey
in village5, Saothong subdistrict, Nakhon Si Thammarat
Province, southern Thailand in 1995. They were admitted
to the study if they met these criteria: They
  1. were aged between 20 to 59 years old and were of

similar age to a case in the exposed group;
  2. had resided in village 5, Saothong subdistrict for

at least 10 years;
  3. had never moved to other areas for more than

one year;
  4. had no skin lesion consistent with the diagnosis

of arsenical dermatoses;
  5. had not been exposed to neurotoxic agents which

were mentioned as lead, mercury, manganese and
organic solvents;

  6. had never drunk alcohol or drank alcohol only on
special occasions;

  7. had never used opium, heroin, marihauna, or Kratom;
  8. had never had these diseases; diabetes mellitus,

hypothyroidism, hyperthyroidism, stroke, or phy-
sical injury to the nervous system.

Tests for fasting blood glucose were performed
in every subject. The persons who had fasting blood
glucose levels higher than 120 mg% were excluded from
the study. Blood tests were also measured for vitamin
B1 (the erythrocytic transketolase activity (ETKA) and
the thiamine pyrophosphate effect (TPPE). The persons
who had ETKA less than 91 mmol/min/litre of red blood
cell or TPPE more than 15%, were classified as having
vitamin B1 deficiency and excluded from the study.
The subjects’ hair, nails and shallow-well water were
collected and analysed for arsenic concentrations by
the standard methods. Finally, the subjects were
examined for their nerve conduction velocities (NCVs)
at Songkhlanakarin Hospital, Songkhla province.

Nerve Conduction Study Method
The authors explained the details of the nerve

conduction studies to every subject before the study
was initiated. Informed consent was obtained from these
subjects. Nerve conduction studies were performed
on a Medelec® MS 96 machine by a well-trained tech-
nician supervised by a qualified Physical Medicine
and Rehabilitation physician. The room temperature
was kept at 26-28�C. Surface electrodes were used for
both stimulating and recording purposes. A supra-
maximal stimulus with a duration of 0.1-0.2 msec and a
strength of 100-300 V was delivered on each occasion.
The motor nerve action potentials were obtained from
the ulnar, peroneal and tibial nerves. The sensory nerve
action potentials obtained from the ulnar and sural
nerves were averaged 24-32 times.

Statistical analysis
Descriptive statistics were reported in terms

of means, standard deviations and ranges. In order to
test the mean differences between two independent
samples, unpaired t-test was applied. A p-value of less
than 0.05 was considered statistically significant.

Results
 Table 1 presents means, standard deviations
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stimulations of the sural nerve in three subjects of the
exposed group.

Mean proximal latency of the motor ulnar
nerve, mean distal latency of the motor tibial nerve and
mean distal latency of the sensory sural nerve in the
exposed group were shorter than those in the reference
group (Table 3). The other latencies in the exposed group
were more prolonged than those in the reference group
(Table 3). The differences of those mean latencies
between these two groups were minimal and were not
statistically significant.

Means of amplitudes were lower in the motor
ulnar and the motor tibial nerves in the exposed group,
compared with the controls (Table 4). Means of ampli-
tude were higher in the sensory ulnar, motor peroneal and
sensory sural nerves in the exposed group, compared
with the controls (Table 4). The differences of those
mean amplitudes between these two groups were mini-
mal and were not statistically significant.

*ND = non detectable (the detection limit in this laboratory
is 0.0001 mg/l)

Table 1. Means, standard deviations and ranges of arsenic
level in shallow-well water, arsenic level in hair and
arsenic level in nails obtained from the exposed
and the reference populations

    Exposed   Reference
group (n=30) group (n=27)

Age (years) 44.3   44.5
- SD   9.2     6.3
- Range 23-59   34-55

Arsenic level in 1.000   0.002
  shallow-well water
  (mg/litre)

- SD 1.080   0.001
- Range 0.040-3.318   ND*-0.004

Arsenic level in hair 2.04   0.18
  (mg/kg)

- SD 3.52   0.07
- Range 0.09-16.62   0.07-0.34

Arsenic level in nails 2.53   0.58
  (mg/kg)

- SD 3.64   0.34
- Range 0.40-17.51   0.12-1.55

and ranges of arsenic level in shallow-well water, arsenic
level in hair and arsenic level in nails obtained from
the exposed and the reference populations. It was found
that the average age of these two population groups
was comparable (44.3 and 44.5 years for the exposed
group and the reference group respectively). The controls
were exposed to a low level of arsenic via drinking water
(non detectable-0.004 mg/l) while the exposed group
were exposed to a moderate to high level of arsenic via
drinking water (0.040-3.318 mg/l). Arsenic exposures were
confirmed by the measurements of arsenic concentra-
tions in hair and nails. The average arsenic levels in
hair and nails in the exposed group were higher than
those in the reference group.

Table 2, Table 3 and Table 4 present means
and standard deviations of nerve conduction velocities,
latencies and amplitudes of the action responses of
the peripheral nerves obtained from the exposed and
the reference populations respectively. Means of NCVs
were slower in the sensory ulnar, motor peroneal and
motor tibial nerves in the exposed group, compared
with the controls (Table 2). Means of NCVs were higher
in the motor ulnar and sensory sural nerves in the
exposed group, compared with the controls (Table 2).
The differences of those mean NCVs between these two
groups were minimal and were not statistically signi-
ficant. It was noted that there was no response to the

Nerve     Exposed   Reference
group (n=30) group (n=27)

Ulnar, motor
Proximal latency   5.83 + 0.49   5.96 + 0.53
Distal latency   2.77 + 0.37   2.71 + 0.27

Ulnar, sensory
Proximal latency   6.15 + 0.70   6.09 + 0.52
Distal latency   3.29 + 0.29   3.26 + 0.19

Peroneal, motor
Proximal latency 10.12 + 1.46   9.69 + 0.94
Distal latency   3.93 + 0.77   3.70 + 0.54

Tibial, motor
Proximal latency 10.93 + 1.53 10.86 + 1.35
Distal latency 4.17 + 0.70   4.32 + 0.65

Sural, sensory
Distal latency 3.10 + 0.28 (n=27)   3.14 + 0.25

Table 3. Means and standard deviations of the latencies
(msec) of the peripheral nerves obtained from the
exposed and the reference populations

Table 2. Means and standard deviations of the NCVs (m/sec)
of the peripheral nerves obtained from the exposed
and the reference populations

Nerve    Exposed   Reference
group (n=30) group (n=27)

Ulnar, motor 60.33 + 3.93 59.52 + 4.83
Ulnar, sensory 60.78 + 6.55 61.77 + 4.18
Peroneal, motor 48.04 + 4.36 49.40 + 3.71
Tibial, motor 48.49 + 6.15 49.23 + 5.13
Sural, sensory 45.47 + 3.49 (n=27) 44.84 + 3.55
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Discussion
From a house-to-house survey in village 12,

Ronphibun subdistrict in 1995, 39 females aged between
20-59 years were found to have skin lesions which were
compatible with the diagnosis of arsenic dermatoses
and met the inclusion criteria. A simple random sampling
method was applied to select 30 of 39 subjects to the
nerve conduction studies. Thirty subjects in the refe-
rence group who met the inclusion criteria and had
matched ages with those in the exposed group were
invited to participate in the present study. Unfortunately,
three subjects in the reference group refused to coope-
rate in the study. No one in both groups was excluded
from the study because of having abnormal result of
fasting blood glucose or blood tests for vitamin B1.

Factors which might influence the nerve con-
duction parameters were controlled as much as possible.
Nerve conduction studies were performed by the same
well-trained technician with the same equipment in the
same room, in which the temperature was controlled to
between 26-28�C. Height was associated inversely with
NCVs(7). In the present study, all subjects were females,
so the variation of height among the subjects was not
as great. In the present study, the average height of
the subjects in the exposed group (151.70 cm) was
comparable to that in the reference group (149.94 cm).
No one in both groups had high alcohol consumption.
The mean age of the subjects in the arsenic exposed
group (44.27 years) was close to that in the reference
group (44.48 years). It seems that the subjects in the
present study were homogeneous in terms of age,
height and alcohol consumption.

The controls lived in the area in which arsenic
in the environment was low. The low arsenic concen-
trations in well-water (ranging from non detectable-
0.004 mg/l), hair (ranging from 0.07-0.34 mg/kg) and
nails (ranging from 0.12-1.55 mg/kg) of the subjects
provided the evidence. The subjects in the exposed group
lived in the arsenic-contaminated area, Ronphibun

subdistrict. Ronphibun has been recognised as an
arsenic contaminated area resulting from the past mining
activities(8). The high arsenic concentrations in well-
water (ranging from 0.040-3.318mg/l), hair (ranging from
0.09-16.62 mg/kg) and nails (ranging from 0.40-17.51
mg/kg) of the subjects provided the evidence. Past arse-
nic exposure of the subjects in the exposed group was
comfirmed by the presence of skin manifestations
characteristic of chronic arsenic poisoning.

Arsenic neuropathy is commonly found
among patients with acute arsenic poisoning resulting
from ingestion of a massive dose of arsenic compounds.
Peripheral neuropathy may be present in 10 days to
three weeks after the acute exposure(9). Typically, sensory
nerves are markedly affected while motor nerves are
moderately affected(2). Sensory nerve action potentials
and mixed compound nerve action potentials are absent
in most of the severe cases(10). The abnormalities of neuro-
physiological findings result from the destruction of
myelins and axons(11). The common electrophysiological
findings are marked abnormalities of sensory nerve
action potentials and mild reduction of motor nerve
conduction velocities(10, 12).

There have been a few reports on arsenic
neuropathy resulting from drinking arsenic-contami-
nated water(13-15). Guha Mazumder (1998) reported 79
patients with clinical neuropathy who had been drink-
ing arsenic-contaminated water in the endemic area of
West Bengal, India(16). Ten out of 29 patients who parti-
cipated in the nerve conduction studies had abnormal
nerve conduction velocities. One of the most quoted
reports on nerve conduction studies in people who
drink arsenic-contaminated water is the Hindmarsh
et al’s study in 1977. Their findings provided the evi-
dence that prolonged exposure to arsenic via drinking
arsenic-contaminated water would cause abnormal
electromyographic results(17). Hindmarsh et al com-
mented that electromyography was a useful tool in
the epidemiological assessment of chronic arsenic
poisoning. Unfortunately, they did not compare the
mean values of NCVs obtained from the arsenic-exposed
subjects with those of the controls. Kreiss et al reported
the contradictory results(18). They could not find a
dose-response relationship between arsenic ingestion
and the abnormalities of nerve conduction velocities
(18). Means of nerve conduction velocities of four peri-
pheral nerves were not significantly different among
low, moderate and high arsenic-exposed groups. They
proposed that duration, route of arsenic exposure and
nutritional status might contribute to inconsistencies
of findings among different populations(18).

Nerve    Exposed   Reference
group (n=30) group (n=27)

Ulnar, motor   6.57 + 1.31    6.86 + 1.33
Ulnar, sensory 15.42 + 6.11  14.02 + 5.01
Peroneal, motor   3.33 + 2.00    3.16 + 1.43
Tibial, motor   7.79 + 4.30    8.01 + 3.90
Sural, sensory 10.90 + 7.53 (n=27)  10.41 + 4.74

Table 4. Means and standard deviations of the amplitudes of
the motor nerves (millivolts) and the sensory nerves
(microvolts) obtained from the exposed and the
reference populations
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In the present study, nerve conduction studies
were performed in the subjects with skin lesions which
were characteristic of chronic arsenic poisoning. The
differences between the exposed population and the
reference population in terms of nerve conduction velo-
cities, proximal and distal latencies and amplitudes of
sensory and motor nerve action potentials were not
found except for the absent response to sural nerve
stimulation in three subjects of the exposed group.

Classically, electrophysiological findings in
acute arsenic neuropathy should resemble the findings
found in axonal neuropathy in which the lower ampli-
tudes of the action potentials are dominant. However,
segmental demyelination might be found in acute
arsenic neuropathy(19). Segmental degeneration might
have developed as a secondary phenomenon to axono-
pathy(12). Among chronic arsenic poisoning cases, the
recovery process of arsenic neuropathy could be found
along the course of the disease. Regeneration of nerve
fibres might occur (20). Therefore, the electrophysiolo-
gical findings among chronic arsenic neuropathy
patients may be varied (may not be typical finding of
axonopathy).

 In a situation like Ronphibun, some patients
might have experienced arsenic neuropathy to some
degree in the past (before 1987) but had recovered to
some degree at the time of the present investigation
(1996). Although four subjects in the exposed group
had hyporeflexia, there was no past medical history of
polyneuropathy among them. Concerning arsenic
exposure, most of the patients with chronic arsenic
poisoning in the present study changed their sources
of drinking water from arsenic-contaminated shallow-
well water to other sources such as rainwater, tap water
or commercial bottled water about nine years ago.
However, the villagers in this community have been
exposed to arsenic via the food chain but the concen-
tration of arsenic may not be high compared to the
exposure via drinking water. In addition, it seems that
the course of arsenic neuropathy might have varied
among the subjects in Ronphibun. In the cross-sectional
study design, subjects with different courses of disease
could not be differentiated.

In summary, the effects of arsenic toxicity on
the peripheral nerves in the form of slow nerve conduction
velocities were not found among female patients with
arsenical dermatoses in Ronphibun. Further study in
populations with current exposure to arsenic via drinking-
water should be carried out to ascertain whether ingestion
of inorganic arsenic at levels of higher than 0.01 ppm
in drinking water can cause peripheral neuropathy.
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