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Introduction

Among many other tracc metals, zinc is
particularly important for the growth, protcin
synthesis and maintenance of normal
functions of the body. Zinc has becen
rccongnized as an cssential trace element for
lower plants’, animals? and human®. Zinc
dcficicncy has been documented with
rctarded growth, hypogonadism and
anorcxia in subjects of Iran and Egypt“.
Among human zinc deficiency syndromc
acrodcrmatitis cnieropathica (AE) presents
with alarming clinical condition with
persistent diarrhoca, vesicobulous skin
Iesions, infccfion, alopccia and growth
{ altcringS. This drcadful discase responds to
zinc therapy with rcturn of normal growth
and body functions®. School children from
middle class familics in thc USA werce found
to have growth faltering’ and similar
abnormalitics were reported in formula fed
babics in thc UKS. Although studics havc
shown cffects of zinc on growth, {ood
intak¢ and cnzymatic functions, no
information is available on the growth of
intestinal tissuc on diclary zinc depletion and
the responsc with zinc repletion in respect of
diarrhoca obscrved during zinc deficiency.

Materials and Methods

Twenty three days old fcmale Spraguc-
Dawlcy wcanling rats were brought at about
70 g of body weight. They were divided into
four groups and were individually houscd in
prewashed zinc free stainless steel cages in a
room with 12 hours light and 12 hours dark
cycle. They were provided with deionised

distilled water and scmisynthetic fresh dict
cvery day and daily body weight and food
intake wcre measurcd on an clectronic
balance with an accuracy of 0.1 g. The basic
dict preparcd with ¢gg albumin has been
described previously!>. Zine deficient (ZD)
animals were provided with spccially
preparcd scmisynthetic powder dict with
very low zinc content (0.8 ug Zn/g dict) for
16 days.

Zinc dcficicnt repleted (ZDR) animals
received the same treatment of dict for 16
days as ZD group and thcn rcceived the
samc dict with added zinc (55 ug Zn/g dict)
for 48 hours. Ad libitum fcd control (ZAL)
animals rcceived zinc adequatc dict (55 ug
Zn/g dict) for a period of 16 days. Wcight
matched control (ZWM) animals rcceived
zinc adequatce dict (55 ug Zn/g dict) until
their body weight reached cqual to that of
the ZD group.

Clinical study: Apart from measuring body
weight and food intake, daily obscrvations
wcre made on bechavioural changes, skin
lesions, alopecia, development of diarrhoca
and other clinical changcs.

Collection of specimen ;. At the end of their
feeding schedules they were anacsthetized
with c¢ther inhalation and maintained with
subcutancous injcction of pentobarbitone
(4.5 mg/100 g). Abdomcn was opencd
with mid line incision and about 15 cm long
intestinal scgment was obtained distal to the
ligamcnt of Treitz. The scgment was
dissccted out with sharp scissors and
wcighed on clectronic balance and length
was measurcd with vertical scale with a
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weight load of 5g. The segment was placed
on icc coolcd glass surfacc and was slit
longitudinally. Mucosa was scraped with the
help of a microscopic slide and weight was
measurced on clectronic balance (Sartorius M
1250). Tissuc obtaincd were put into liquid
nitrogen and then stored at-20°C for further
analysis. Two samples of 1 mm thick
mucosal scctions were obtained while the
blood supply was intact and were preserved
in a solution containing 3% glutcraldchyde
with 7.5% phosphatc buffer and sodium
cachodylate solution for clectron
microscopic examinations.

Analysis for protein DNA and RNA in the
mucosal tissue : Protcin was assayed from
tissuc homogcneate following the biurct folin
rcaclion method®. RNA was mcasurcd by
spectrophotometer. DNA was determined by
Diphenylamine method described by Munro
ctal.10,

Results

Growth retardation: Figure 1 shows daily
body weight during the study period. From
the 3rd day of feeding ZD group showed
cyclical loss and gain of wcight. Body
weight increased stcadily until the 3rd day
and only a little from the 4th to 7th day,
thereafter no net gain was noticed. The final
mcan body weight of the ZD group was 90 g
comparcd to 180 g of ZAL group. The ZDR
group gained 20 g over 48 hours from 90 to
110 g. Weight matched grop (ZWM) had the
samc weight as ZD animals.

Clinical observation: Figurc 2 shows the
clinical abnormalitics observed in the ZD
animals. Significant reduction in physical
activitics and loss of interest in food intake
was obscrved as early as third day of
feeding zinc deficient diet. They looked 10
be irritablc at the end of the first week.
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Animals kept themselves away in the corner
ol their cascs and spilled larger amount of
dict as the study proceeded. From the fifty
day on dcficient dict, body weight remained
unchanged and the body hair looked sparsc.
Hair fcll from the abdomen and proximal
part of the cxtremities. Animals had
developed fissures and scales in paws by the
first week. On about tenth day, bleeding
from nosc and paws was cvident. None of
the animals fed zinc adequate dict showed
any of the above abnormalitics. Diarrhoca
appcared on the 3rd day of feeding zinc
dcficient dict and was present in 90 per cent
of the animals on the Sth day and then
gradually reduced.

Food intake: ZD animals cxhibited cyclical
variation in food intake cxpressed as intake
pcrmetabolic unit of body size (g/w0-75)
from the 3rd cxperimental day. Figure 3

shows this pattern from a single animal. A
period of risc in food intake followed by a
lall over 3.5 days was scen in all of the ZD
animals. This type of cyclical pattern is only
obscrved ‘in experimental zine deficiency
when dictary concentration of zine falls
below 3 PPM!L. The cycle was closcly

associated with the change in body weight.
Food intake reduced after S days then
continucd at a lower level with a lower
amplitude in the cycle. ZAL group
maintained a fairly constant level of intake
through out the cxperimental period with a
stcady growth. A comparison of food intake
is shown in Table 1. The average food intake
in the ZD and the ZAL groups were 0.26
and 0.32 g/w-75 respectivelly. There was no
corrclation (r=-0.3) between body weight
and amount of food intake in ZD group but it
was significant (r-.9) in the ZAL group.
Body weight increased steadily when ZD
group was offcred zinc containing dict

(Figure 4).
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Table 1. Comparison of food intake per unit metabolicbody size between and libitumfed
animals (ZAL) and zinc deficient (ZD) animals every five days.

Food intake
(&/g73) Statistical
Mcan + SEM % of Significance
ZAL (n=12) ZD (N=12) ZD/ZAL ZDVsZAL
Day 1-5 0.33 + 008 0.268 + 008 81 % NS
Day 6-10 0.33 + 008 0.21 + 008 635 P <0.05
Day 11-15  0.31 + 002 0.21 + 006 67 % P <0.05

Change in mucosal tissue: Mucosal mass
was cxpressed as mg of wet mucosa per cm
of intestine and there was significant
reduction in mucosal weight of ZD group
comparcd to that of the ZAL animals (Tablc
2). Mucosal weight in thc ZDR animals
improved to 80 per cent of that of the ZAL
group. Younger ZWM group had lower
mucosal weight than that of ZD animals.
Mucosal ccll population was cvaluated by
expressing DNA per cm of intestine. Cell

sizc was cstimated by the protein/DNA ratio

of mucosal tissuc. Ccll population was
significantly rcduced in the ZD group
comparced to that of the ZAL group. There
was little cffect in the ZDR group. ZWM
group had fewer cells than ZD animals.
Mucosal cell sizc was significantly reduced
in the ZD group compared to that of the ZAL
group. ZDR group showed a significant
rccovery of size of the cells.

Table 2. Mucosal character in different groups ofrats (Mean + SD)

Statistical
Significance

D ZAL ZDR ZWM

(n=11) (n=10) (n=4) (n=5) ZD vs ZAL ZD vs ZDR
mg/em
Intestine 13.3+0.3  21.3+14 19.6+2.0 10.1+1.3 P<0.001 P<0.001
Mucosa: 0.5+0.1 0.8+0.03 0.7+0.02 0.4+0.02 P<0.01 P<0.05
Scrosa
No. of cell/ecm  405+15 610431 450445 319+ 14
(DNA cafom) - + P<0.001 NS
Size of cc_:lls
mg protein/ 3.5840.09 4.2+40.19 4.0+15 3.59+.12 P<0.05 P<0.01
mg DNA B
Discussion of growth rctardation due 1o zinc deficicncy

Growth retardation from zinc dcficiency
have been documented in children”4 and in
cxperimental animals!3. The present study
confirmed the previous findings. The clfect

can not be overcome by cither increasing
protcin concentration in dict or by increcasing
cnergy intakc!4. Studics on protein synthesis
and dcgradation during zinc dcficiency have
demonstrated cyclical change of muscle
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mass with associated change in body
weight. The synthesis and breakdown of
protein arc influenced by hormonal
rcgulation among which insulin and
corticosterone may be important!S. The
effect on tissuc synthesis and protcin
mctabolism might be related to the changes
in food intake. Scvere anorcxia was marked
during the decficiency period and the
mcchanism is not yct known but somec
suggestions have been put forward that high
level of essential amino acids in blood may
cause anorcxia. The ability of recovery of
body weight was striking as 48 hours zinc
repletion increased 20 per cent body weight
while that was only 6% at best during zinc
deficiency.

Diarrhoea obscrved during scvere dictary
zinc deficiency was comparable with that
during acrodcrmatitis entcropathica (AE) in
human. Skin lesion, alopecia and growth
retardation occur in AE patients which arc
reversed 1o normal by oral zine therapyd.
Diarrhoca was associated with growth
retardation and there might be excess loss of
zinc with stool but it was not mecasurcd in
this study. Increased loss of body zinc in
chronic diarrhocal state has becen
documented previously!6, The mechanism
of diarrhoca is not yet known but could be

due 1o incrcased permeability of intestinal .

mucosa rcduced absorption of water and
clectrolytes, and mucosal abnormalitics
which has been demonstrated in this study.
The ultrastructural abnormalitics might have
been responsible for increased intestinal
permceability and decrcased transport
function. Decgenerative changes, loss of
intercellular tight junction and appearance of
large lateral space could be causal to

diarrhocal sysmptom in zinc dcficiency and °

improvement of these abnormalitics with
short zinc supplementation may support the
hypothesis.
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Alopccia in experimental zine deficiency and
in AE paticnts has been related (o
inadequacy of zinc. Dermalitics observed in
this study could bec related to reduced
availability of zinc for synthesis of cell
mcmbranc, keratin and collagen tissue!”.
Total parcnteral nutrition (TPN) with low
level of zinc in parenteral fluid can causc
skin leasion with low plasma zinc level!$.
Application of topical zinc resulted in
improvement  of would hcaling
dcmonstrating that cpilit;clial lissuc was
essentially zinc defendenf .

Number of cpithelial cells did not increasc
significantly within 48 hours which
probably required longer time for
multiplication. Growth retardation could be
duc to reduction of protein synthesis and
multiplication of cells during zinc deficiency.

It was cvident that zinc had profound effccts
on mucosal tissuc which is dircctly related to
water and clectrolyte transport. The study
hypothesizes that zinc supplementation may
improve mucosal functions rclated to
diarrhoca in human subjects.

Summary

Animal studics were undcrtaken to
demonstrate the exact nature of clinical
abnormalitics and changes in intestinal
mucosa rclated to diarrhoca. Four groups of
weanling Spraguc-Dawlcy rats were given
zinc dcficient or zinc adcquate diets.
Anorcxia, scvere growth rctardation,
alopccia, cyclical weight change and
diarrhoca were obscrved during  feeding
zinc deficient dict. Intestinal mucosal weight
rcduced significantly in zinc deficient
animals with reduction of mucosal cell
population and cellsize. Forty cight
hours of zinc supplemcntation reversed the
mucosal abnormalitics. The study
hypothesizcs that zinc supplementation may
improve mucosal structure and function
rclated to diarrhoca.
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Figure 1
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Figure 3

CYCLICAL PATTERN OF DAILY FOOD INTAKE (FI) AND
GAIN IN BODY WEIGHT (WG) ON ZINC DEFICIENT DIET
(ONE ANIMAL)
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