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Introductwn

.Among many other lrace mcmls, zinc is
* particular]y important for the growlh, prolein
synthesis and.maintenance of normal
functions.of the body. Zinc, has been

congmzcd as an esscmlal tracc clcment for
lower: plants”, animals® and human?. Zinc
deficicncy has been documcnied with
retarded growth, hypogonadism and
anorcxia;in subjccts of Iran and Egpr
Among human.zinc deficicncy syndrome
acrodermatitis énteropathica (AE) pregents
with,.alarming : clinical condition wilh
persnstent diarrhoca, vesicobulous skin
lesions, infcction, alopecia and - growih
faltenng5 This dreadful discase responds Lo
zinc therapy with remm of normal growth
and body Tunctions®. School children from -
middle class families in the USA were [ound
. to thave growth faltering’ and similar

abnormalilics were reporied in formula fed
babies in the UKS. Although studies have
shown cffects of zinc on growth, food
intake and cnzymatic [lunciions, "
information is available on the growth of
intestinal tissue on dietary zinc depletion and .
the response with zinc repletion in respect of
diarrhoca obscrved during zinc deliciency.

Matena!s and Methods

Twenty threc days old fcmale Spraguc-
Dawley weanling rats were brought at about
70 g of body weight. They were divided into
four groups and were individually houscd in
prcwashcd zing free stainless steel cages in a
room with 12 hours light and 12 hours dark

o cycle. They were provided with deionised
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distilled watcr and scm:symhcuc fresh diet
cvery day and daily.body weight and food
intake were measured on an electronic

- balance wilh an accuracy of 0.1 g. The basic
-diet prepared wilh egg albumin has been’

described previouslyl>. Zine deficient (ZD)
animals were provided with spcmally
prepared scm1synlheuc powdcr diet with
very low zine comcnt (0.8 ug Zn/g dlcl) for
16 days. : .

Zinc delicient rcplclcd (ZDR) ‘animals
received the same treatment of diet for 16
days as ZD group and then received the
same dict with added zinc (55 ug Zn/g dict)
for 48 hours. Ad libitum fcd control (ZAL)
animals received-zinc adequate diel (55 ug
Zn/g diet) for a period of 16 days. Weight

matched control (ZWM) animals received
zinc adequate dict (55 ug Znjg dict) untit
their body weight reached cqual to that of
the ZD group.

'QW Apén from mcasunng body

weight and food intake, daily obscrvations
were made on behavioural changes, skin
lesions, alopecia, development of diarrhoea-
and other clinical changcs ,

Collection of specimen ;. Al lhe ¢nd of lhelr
fceding schedules they were anacsthetized
with cther inhalalion and maintained with
subcutancous injection of pentobarbitonc
(4.5-mg/100 g): Abdomcn was opened -
with mid line incision and about 15 cm long
intestinal scgment was obtained distal to the
ligament of Treitz. The scgment was
dissected out with sharp scissors and -
weighed on clectronic balance and length
was measured with vertical scalc with a
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weight load of 5g. The scgmcnt was plac.cd
on ice cooled plass surface and was slil
longitudinally. Mucosa was scraped with the
- help of a microscopic slide and weight was
measured on electronic balance (Sariorius M
1250). Tissuec obtained were put into liquid
nitrogen and then stored at-20°C for further
analysis, ;Two samples.of.1 mm thick
mucosal seclions were,obtained while (he
blood supply; was intact and were preserved
in a selution containing 3% gluteraldchydc
with 7.5%, phosphate buffer and sodium
ca_c;_hpdy_la_;g - solution ,“for clectron
- MiCroscopic c_xaminalions. T
* Ahalysis for protein DNA and RNA in the
mucosal tissue - Protein was assayed [rom
lissue homogeneate following the biurct folin
rcaction. method®. RNA was measured by
spectrophotometer. DNA was determined by
anhenylammc mclhod dcscnhcd by Munro
ctal e P Tt : ,

Results

G th gggrgangn, Flggrc shows daxly
body weight during the study period. From
the 3rd day of, fecdmg ZD group showed
cycllcal loss and gain of weight. Body
weight mcreascd _steadily until the 3rd day
and only a Iutlc from: the, 4th to 7th day,
lhcreaﬁcr no net gain was noticed. The final
mean body wclght of the ZD group was 90 g
compared to 180 g of ZAL group. The ZDR
group gaincd 20 g over 48 hours from 90 to
110 g Weight' matched grop (ZWM) had Lhc
: same werght asZD ammals ’

.CME&LQM@LLQ&. M shows the

‘ clinical abnormalities obscrved in the ZD
amma]s Slgm ﬁcam reduction in physical
acnvmcs and loss of interest in food intake
was’ observcd as ‘early as third, day of

‘ fcedmg zmc deﬁc1ent diet. They lookcd 1o
be’ lrntable at Lhe end of lhc ﬁrst week.

Hang 3]

. RO} & Iomk\s Impaci of émc Dflcucncy

. fivy RS T
i 4

Animals kept Lhcmsélvés aui.ray in the comer

of their cascs and spilled larger amount of
dict as the study proceeded. From the fifty
day on deficicnt dict, body weight remained
unchanged and the body hair looked sparse.

~Hair fell [rom the abdomen and proximal

part of the extrcmities. Animals had,
devcloped fissures and scales in paws by the
first week. On about tenth day, blecdmg

.from nose and paws was evident. None of

the animals fed zinc adequate diet showed
any of the above abnormalitics. Diarrhoea
appearcd on the 3rd day of feeding zinc
deficicnt dict and was present in 90 per cent
of the animals on the 5th day and lhcn‘
gradually reduced. S -

Food intake: 7D animals exhibited cycl ical’
variation in food intake cxprcsch as intake
permetabolic unit of body size (g/w0 73
from the 3rd experimental day. Figure'3
shows this paltern from a single animal. A’
period of risc in food intake followed by a
falt over 3.5 days was seenin all of the ZD -
animals. This type of cyclical pattern is only
observed in cxperimental zing deficiency

_when dictary concentration of zinc falls:

below:3 PPM1L. The cycle was closely -
associated with the change in body weight. -
Food intake reduced after 5 days: then
continued at a lower level with .a lower
amplitude in the cycle. ZAL group
maintained a lairly constant level of intake -
through oul the experimental period with a-
sicady growth. A comparison of food intake *
is shown in Tzble 1. The average food intake
in the ZD and the ZAL groups were 0.26

- and 0.32 g/w-73 respectivelly. There was no.

correlation (r=-0.3) between body wcighl;
and amount of food intake in ZD group but il
was significant (r-.9) in the ZAL group.

‘Body weight increased steadily when ZD'
group was offered zine conlamlng dlc[

(Figure 4).
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Table L. Companson of food mtake per unit metaboltcbody size between and hbumnfcd
ammals (ZAL) and zinc def cient (ZDJ animals every five days.

“Food intake
@) Statistical
. Mean +-SEM : % of ‘Significance
it ZAL (n=12) ZD (N=12) ID/ZAL  ZDVs ZAL
Day1-5 - 7. '0.33 +008 0.268 + 008 81% NS -
Day 6-10 0.33 +£ 008 0.21 £+ 008- 635 P <0.05
Dayll 15 0.31+002 0.21 + 006 67% P <0.05

Change in mucosal tissue; Mucopsal mass .

was cxpressed as mg of wel mucosa per cm;

of intestinc and lhere was significant
reduction in- mucosal weight of ZD group
compared to that of the ZAL animals (Tablc

2). Mucosal weight in the 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 evaluated by
expressing DNA per em of intestine. Cell

‘size was estimated by the prolem/DNA ratio

of mucosal lissue. Ccll population was
significantly reduced in the ZD group
comparcd o that of the ZAL group. There
was little clfect in the ZDR group. ZWM
group had fewer cells than ZD animals.

‘Mucosal cell size was significantly reduced
in the ZD group compared to that of the ZAL
group. ZDR group showed a significant
recovery of size of the cells.

Table 2. Mucos&zl character in different groups ofrats (Mean + SD)

Statistical

: Significance

D ZAL ZDR - ZWM _

(n=11) (n=10) . (n=4) (n=5) ZDvs ZAL ZD vs ZDR
mglcm _ —
Intestine .~ 133303  213£14 19.6£20 10.1+13 P<0.001 P<0.001
Mucosa: 0.5:0.1  0.82003 074002 043002 P<00l * P<0.0S
Serosa - : : :
No. of cellfcm’ 4{]5+15 610+31 450445 319+14  P<0.001 NS
(DNA ug/cm) . ' :
Size of cells . _
mg protein/ - 3.58+0.09 4.2+40.19 4.0+15 3.59+.12 P<005 ~ P<0.01
mg DNA . : '
Discussion . of growth retardation due to zinc deficiency

Growth retardation from zinc dcﬁcrcncy
have been documented in children’4 and in
experimental animals!3, The present study
conﬁrmed the previous findings. The cffcct

can not be overcome by either increasing
protcin concentration in dicl.or by increasing
energy intake!4, Studics on protcin synthesis
and dcgradation during zinc dcﬁacncy have
demonstrated cyclical change of muscle

~
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mass with associated change in body
weight. The synthesis and breakdown of
protein are influenced , by hormonal
regulation among which insulin and
corticosteronc may be important!3. The
cffect on tissue synthesis and protcin
‘metabolism might be related 10 the changes
in food intake. Severc anorcxia was marked
during the deficiency pericd and the
mechanism ‘is not yet known but somg
suggestions have been put forward that high
level of essential amino acids in blood may
cause anorexia. 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 observed during severe diclary
zinc deficiency was comparable with that
during acrodcrmatitis cnteropathica (AE) in
human. Skin lesion, alopccia and growth
retardation occur in AE paticnts which arc
reversed 1o normal by oral zinc therapy>.
Diarrhoea was associated with growlh
retardation and there might be excess loss of
zinc with stool but it was not measured in
this study. Increased loss of body zinc in

. chronic diarrhoeal state has beer

documented previously!S. The mechanism

- of diarrhoea is not yet knowr but could be

due to increased permeability of intestinal

mucosa reduced absorption of watcr and
electrolytes, and mucosal abnormalitics

- which has been denionstrated in this study.
The ultrastructural abnormalities might have

~been responsible for increased intestinal

' permeability and decreased transport
function. Degenerative changes, loss of
interceflular tight junction and appearance of
large lateral space could be causal to
diarrhoeal sysmptom in zinc deficiency and

~ improvement of these abnormalitics with
short zinc supplementation may support the
hypothc51s
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Alopecia in experimental zine defliciency and
in AE paticnts has becn related to
inadequacy of zinc. Dermatitics observed in
this study could be related to reduced
availability of zinc for synthesis of cell
membrane, keratin and collagen tissuel?.
Total parcnieral nutrition (TPN) with low
level of zinc in parenteral fluid can cause
skin Ieasion wilh low plasma zinc levellS.
Application of topical zinc resulted in
improvement of would healing
dcmonstrating that epilil;clial lissue was

zssentid}, ZihC defanden‘i' .

Number of cpithelial cclls did not increase
significantly within 48 hours which
probably rcquircd longer time for
multiplication, Growth retardation could be
due {0 reduction of protein synihesis and
multiplication of cclls during zinc deficiency. .

It was cvident that zinc had profound effects
on mucosat lissue which is dircctly related 10
water and c]cclrolylc transport. The study
hypolhcmzcs that zinc supplementation may
improvc mucosal functions related to
diarthoea in human subjects.

Summary

Animal studies were undertaken to
demonstrate the cxact nature of clinical

. abnormalitics and changes in intestinal
- mucosa relaied to diarrhoca. Four groups of

wcanlmg Spraguc-Dawley rats were given
zinc deflicient or zinc adequate dicts.
Anorcxia, scvere growth retardation,
alopecia, cyclical weight change and
diarthoca were obscrved during  feeding
zinc deficient dict. Intestinal mucosal weight
reduced significantly in zinc -deficient
-animals with reduction of mucosal cell
population and cellsize. Forty cight
hours of zinc supplementation reversed the
mucosal abnormalities. The study
hypolhcsvcs that zinc supplementation may
improve mucosal structure and function
related to diamrhocea.
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Figure.3
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