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Undernutrition in lepromatous leprosy, Part II.
Altered levels of serum elements.

Their association with the disease and not

with food deprivation
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Summary The study found that the diet of lepromatous leprosy patients was not
deficientin dietary zinc, copper, calcium and magnesium and this was comparable
to that of healthy individuals. However, the serum of these patients showed
significantly low levels of zinc, calcium and magnesium but increased copper in
comparison to that in healthy control subjects.

Introduction

In an earlier communication, we have reported that mild or moderate undernutri-
tion so often observed in lepromatous leprosy patients was associated with
poverty and deprivation of food and not with the disease.! It was also
demonstrated that although the calorie intake was the same in both the upper and
low economic group of patients as well as healthy controls, the protein, fat and
vitamin A consumption were significantly lower in both patient and healthy
controls belonging to low economic strata than in those of high socioeconomic
groups. Most nutritionists believe that 14 trace elements are essential to control
biochemical reactions within the body.? Zinc is involved in protein synthesis and
itsdeficiency has been incriminated to produce progressive thymic involution and
impairment of cell-mediated immunity.> Mathur er al.* showed serum zinc
deficiencyin leprosy patients and treated them successfully with oral zinc therapy.
The present study led to a conclusion that the association of low serum levels of
zinc, calcium and magnesium as well as increased serum copper levels observed in
lepromatous leprosy was related to the disease process.
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Materials and methods

STUDY AREA, HUMAN MATERIAL, DIAGNOSIS OF LEPROMATOUS LEPROSY
AND DIETARY SURVEY

This study was carried out in Singhbhum District, a tribal area of Bihar State,
eastern India. The details of study area, human material and classification of
them into different economic groups, diagnosis of lepromatous leprosy and
dietary survey were described in Part I.!

COLLECTION OF SERUM AND ESTIMATION OF TRACE ELEMENTS

Ten millilitres of fasting blood samples were collected in metal-free tubes from
both patients and controls. Sera were separated and stored in plastic vials at
—20°C until use. Haemolysed specimens were excluded. Zinc, copper, calcium
and magnesium were determined by a Perkin Elmer atomic absorption spectro-
photometer, Model No. 2389, by the method described elsewhere.’

STATISTICAL ANALYSIS

The data were grouped according to per capita income, mean and standard
deviation (SD) calculated and a statistical significant test (students ‘t’) was done.

Results

The results of the normal subjects and leprosy patients were arranged with respect
to per capita income (Table 1). The serum zinc, copper, calcium and magnesium
levels in the normal subjects belonging to high and low income groups were
comparable. The serum levels of all these elements in lepromatous patients of
both high as well as low income groups were also similar (Table 2). However, the
mean serum levels of zinc, calcium and magnesium were significantly lower in the
patients belonging to both high as well as low income groups than that found in
the normal subjects of similar income groups. On the contrary the mean serum
copper level in the patients of both high and low income groups was significantly
higher than that in the normal subjects belonging to both the income groups
(Table 2). These results, therefore, indicated that the observed alteration of the
levels of zinc, copper, calcium and magnesium in the sera of lepromatous patients
was probably not due to poverty and deficiency of food intake but may be
associated with the disease process. In order to substantiate this view, we had
analysed the daily dietary intake of these elements in all subjects of both the
income groups by the National Institute of Nutrition, Indian Council of Medical
Research, Hyderabad, India (Table 3). Tables 2 and 3, when analysed critically
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Table 1. Human material and their number with respect to per capita

income
Per capita income

More than Rs. 150 Less than Rs. 150
Group Male Female Male Female
(n) (Total number) (Total number)
Healthy controls 50 15 10 18
(93) (65) (28)
Lepromatous
patients 29 13 24 22
BL & LL* (88) (42)a (46)b

*a=LL, 27 and BL, 19; b=LL, 30 and BL, 16.

Table 2. Serum levels of zinc, calcium, magnesium and copper in healthy

subjects and leprosy patients

Zinc Copper Calcium Magnesium
Group
(n) (ug/dl) (mg/dl)
1 Per capita income more than Rs. 150
(a) Healthy controls 105-8 106-6 10-93 206
(65) +22:99 +2388 +1'14 +0-37
(b) Lepromatous patients
(BL & LL) 68:82  209-05 7-20 1-53
(42) +10-39 +59-78 +0-11 +0-36
2 Per capita income less than Rs. 150
(c) Healthy controls 113-3 99-28 978 2:09
(28) +22:66 +2686 +1-33 +0-46
(d) Lepromatous patients ~ 69-48 20508 692 1-44
(BL & LL) +1557 +49.60 +099 +0-32
(46)
p value:
avsb 0-001*  0-001 0-001 0-001
cvsd 0-001 0-001 0-001 0-001
b vsd NSt NS NS NS

* Highly significant. ¥ NS, Not Significant
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Table 3. Association of per capita income with dietary intake and serum
levels of zinc and copper in healthy subjects and leprosy patients

Per capita income Per capita income
less than Rs. 150 more than Rs. 150
Group
(n) Zinc Copper Zinc Copper
(a) Healthy subjects
(93)
Dietary intake (g/day) 622 1-32 10-64 2:08
Serum levels (pg/dl) 113 99 106 106
(b) Lepromatous patients
(88)
Dietary intake (g/day) 57 1-27 9-42 1-99
Serum level (pg/dl) 699 205 68-8 209

Daily recommended intake of zinc and copper are 12:0 mg and 2-50 mg,
respectively.’

showed that the per capita income was associated with the intake of dietary zinc
but curiously not with the serum levels of this element. Thus, while the daily
intake of zinc in the normal subjects in low income groups was 6-72 mg and their
mean serum level was 113 ug/dl, the daily zinc intake in the normal subjects
belonging to high income group was 10-64 mg and mean serum level was 106 ug/
dl (Table 3). Furthermore, similar findings were also observed in lepromatous
patients. The daily intake of zinc in the low income group was 5-7 mg and the
serum level was 69-9 ug/dl. On the other hand, the daily intake of zinc was 9-4 mg
in patients of the high income group and the serum zinc level was also 68-8 ug/dl.
We therefore conclude that low serum levels of zinc in leprosy patients of both
high and low income groups was associated with the illness.

Analysis of daily intake of copper and its serum levels in normal subjects and
leprosy patients of both high and low socioeconomic groups led to a similar
conclusion as above. Thus the daily copper intake was 2-:08 mg in normal subjects
and 1-99 mg in lepromatous patients both belonging to the high income group.
The difference was not significant. But astonishingly, the mean serum copper level
in the latter group, was almost double (209 ug/dl) in comparison to that (106 ug/
dl) in the normal subjects. A similar observation was also made in the low income
group. Daily intake of copper in normal and lepromatous patients was similar,
i.e. 1:32 mg and 1-27 mg respectively. But the mean serum copper levels was
almost double, (205 pg/dl) in comparison to that in the controls (99 mg/dl).
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Discussion

Trace elements catalyse many biochemical reactions in our body, bind with cell
membrane, nucleic acids and proteins and are compartmentalized between and
within tissues.? Zinc at a concentration of 1-8 x 10* mn stimulates DNA synthesis
in human thymocytes.® Zinc deficiency observed in human undernutrition,
produces thymic involution and loss of cell-mediated immunity function.’ Mild
and moderate malnutrition (protein, vitamin and fat) often seen in leprosy
patients may be associated with the observed zinc deficiency. But this possibility
was excluded by the results of the present study (Table 3), because in the patients
belonging to high income group, though the intake of zinc was comparable to the
recommended allowance,’ the serum levels were significantly low. The observed
decrease in plasma zinc concentration in our patients may not be regarded as a
definite evidence of deficiency of zinc in them. However, the zinc deficiency found
in our patients might be associated with the impairment of thymus dependent
cell-mediated immunity so often found in lepromatous patients.

Hypozincaemia leads to hypercupremia due to zinc—copper antagonism.’ Our
results showed that the elevated levels of copper were associated with the illness
and not with the dietary intake. Another explanation for the observed increase in
serum copper level in our patientsmight be due to the degeneration of muscle caused
by mycobacterial invasion and the chronic nature of leprosy and chemotherapy.!®

Calcium metabolism in leprosy is of particular interest because of bone
changes occurring in leprosy. The low serum calcium level in our patients parallel
the recent report of Pal e al.'! The reduced levels of serum calcium may cause the
release of lysosomal enzymes from the polymorphonuclear leucocytes,'? infil-
trated in the tissues, causing tissue damage.

The observed low serum concentration of zinc, calcium and magnesium might
be related to their low absorption from the intestine. This possibility was remote
in view of the recent report of normal histological appearance and normal
absorptive functions of small bowel in patients of lepromatous leprosy.'? This
view also gets support from our observed high serum copper levels.

Magnesium is associated with different biological processes in carbohydrate
metabolism. Also magnesium and calcium are metabolically interrelated.
Hypocalcemia and hypokalemia either individually or together are relatively
frequent manifestations of magnesium deficiency in man. Two reasons proposed
for the development of hypocalcemia in magnesium deficiency are functional
hypoparathyroidism and impaired end organ responsiveness to parathyroid
hormone.!'* The acute effects of calcitonin on bone and kidney also tend to lower
serum calcium, magnesium and phosphorus levels.!> The present study thus
warrants the estimation of serum calcitonin levels in both low and high economic
groups of subjects in leprosy spectrum.

This study is helpful in understanding more cogently, the pathogenesis of the
disease in relation to biochemical profile and bone involvement.
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