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ABSTRACT SUMMARY

Despite the evidence of zinc deficiency in various diseases inclu-
ding diarrhoe: no study has been undertaken to establish the zinc
status in diarrhoeal diseases. It has been evident that the con-
ditioning fac ors of zinc deficiency are related to prevaling
syndroms of ¢! arrhoeal diseases. 2inc deficiency was reported in
acrodermatit’ :s enteropathica which ir. characterised by diarrhoea;

in diseases v ith massive intestinal :“luid loss, exudation of protein
from the intestine, inflammatory bowe. ind during intravenous alimen-
tation of t>tal parenteral fluid. Bacterial uptake of this element
is very hirjh and it is postulated that maisive adhesion of barteria

in the lur ien, inhibiting the gut competn with the host for uptaking




trace metal. ‘The bidirectional movement mucosa to serosa and

serosa to mucosa, of this trace metal is sodium and hexose depen-
dent. Zinc is the principal limiting factors in the nutrition of
children and neonates. Malnutrition specially in children is
associated directly with diarrhoeal diseases. Therefore the
hypothesis is that, zinc deficiency may also be associated with
diarrhoeal diseases. This research protocol has been undertaken

to study the relationship between zinc status and diarrhoeal diseases
and thereby gain more knowledge about the important role of this

trace element in human health and diseases.
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SECTION II - RESEARCH PLAN

A. INTRODUCTION

l. Objective

The cbjectives of thes study are :

(a) To gelect and develop an appropriate method for analysis of

this metal in the laboratory.

(b) To find out the base line value of zinc status in apparently
normal and healthy volunteers from Bangladesh.

(c) To find out the relationship between zinc status and diarrhoeal

diseases of different aetiology in matched subjects.

(d} To measure plasma, hair and urinary zinc concentration at
different nutritional status and in diarrhoeal diseases of

different aetiology in children,

2. Background

In many recent studies the association of zinc deficiency with
different diseases have been reported {3, 10, 28-34). The important
role of this transition metal in metabolic processess, protein
synthesis, cell immunity, cell division, cell growth, biocatalytig
activity, microbizl toxin production and othir biochemical processess
have been describe3i by different authors. {JJll). Details of the
control mechanisms that regulate zinc absorj.tion in the gut is not
clearly known. Som: workers reported that zine absorption occurs
through the duodenu ) and proximal small int:stine (10). 2inc is

being bound with lo'v molecular weight



ligand (which are protein and assumed to be metalothionine or

metalothionine like factor) transported through the intestinal ;
microvillus and into the epithelial cells. 1In the "epithelial cells
zinc is transferred to binding sites, on the basolateral plasma
membrane, where metal free albumin interacts with the plasma mem~
brane and translocate zinc from the receptor sites (3, 39-41).
Being absorbed from the intestine the metal is carried to liver

in the portal plasma bound to transferrin. In venous plasma zinc
is mostly bound to albumin and to a small extent to transferrin
and c{—macroglobulins. Liver is the major organ where zinc is E
metabolised. Copper, high content of caléium, organic phosphate,

pPhytates and fiber in the food inhibit the abgorption of zinc

from the gut (42-46)}. Zinc is well absorbed as oxide, carbonate,

sulfate or metal (44). %
Zinc is present within all body cells; the highest concentrations

are found io liver, pancreas, kidney, heart, pituitary, adrenals,‘

prostate and leucocytes (10). The plasma coﬁcentration of zinc

is 100 ¥ lO}ug% {51) in normal adult and serum zinc concentration .
is 16% higher than that of plasma {52). 1In Docomenta Geigy the

normal value of plasma zinc concentration of adult was given as

10-30 pamol/1 i.e. GS-lQS/Jg%. Plasma level of zinc in children



is always nigher than the plasma zinc concentration of adult.

Due to deficiency of this element several changes occur which

might be related either to nutritional or pathophysiological con-
ditions {10} and fundamental defects may arise in biochemical
processess indicating changes in hormones, in eniyme activities

and in p§otein and neuclic acid metabolism (8). In zinc defici-
ent adolencents drawfism and hypogonadism were reported by Prasad
(18). An inherited disorder, Acrodermatities enteropathica is res-
ulted from an inborn errors of this trace element metabolism (11).
The classical findings of this disease are gastrointestinal dys-
function with diarrhoea, vomiting, severe skin lesion and alopecia.
The patients are unable to get the supply of zinc from dietary
sources because of gastrointestinal disorder. Oral zinc suppli-
mentation and human breast milk were proved to be of significant
therapeutic value in this disorder (12). 2inc deficiency in regio-
nal enteritis, steatorrhoea and coeliac sprue - was also reported
(13, 14}. Solomons et.al. demonstrated that patients secondary

to regional enterities and coeliac sprue developed anorexia and
hypogeusia probably due to low zing level (13, 14). These gus-
tatory disfunctions were corrected by the administration of zinc.

Osmanski et.al. has also reported that the gustatory disfunctions



are found in zinc deficient rats and also in human subjects {15,186} .
Prasad also described that the patients suffering from diseases
with inflammatory bowel; developed low serum zinc level due to
exudation of large amounts of zinc protein complexes into the
intestinal lumen (10). Negative zinc balance was also noticed
during intravenous alimentation of parenteral solution containing
only trace amount of zinc (17, 18, 1%). Since zinc absorption
occurs through the duedenum and proximal small intestine; adhesion
of microorganismsto this part of the elementary cannal, might be
the cause of defective zinc absorption through the gut. Micro-
organisms inhibiting the gut absorption compete: aiso with the host
for uptake of trace metal. Evidence of this concept was demons-—
trated by Smith et.al. (20) who reported that "visible signs of
zinc deficiency were less severe in germ free rats as compared to
control animals." At present knowledge about zinc metabolism by
the diarrhoea producing organisms is not clearly known. However,
studies have been reported to show very high_uptake of zinc by
Enterotoxigenic E.coli (9,22). Zinc absorption in human intestine
is bidirectional and the mechanism is controlled by plasma zinc
concentration. The process of transfer of this element from mucosa

to sercsa and vice versa is dependent upon the presence of Nat



and glucose (9}, Thus in the presence of hyponatraemia or hypo-

glycemia during diarrhoeal complications zinc metabolism may

seriously be hampered. Based on this background it might be hypo~

thesised that due to massive bacterial adhesion to the gut, repea-

ted attack of diarrhoea and prolong exposure to the pathogenic

crganism precipitation of zinc deficiency might occur in diarrhoeal 4
diseases.

3. Rationale

We are aware of many diseases asgociated with zing deficiency, but
no specific information is available in zinc deficiency in diarr-
hoeal diseases though there are some evidences of deficiency of
this element in some diarrhoeal diseases, in massive fluid loss
from intestine and during intravenous alimentation with parenteral
splution. No relationship between etiology of diarrhoeal disecases
and subsequent deficiency of this metal was established. Steatorr-
hoea, protein-calorie malnutrition due to intestinal protein loss,
inflamation of bowel, massive intestinal flu;d loss, gastrointerites
are the most common syndromes in diarrhoeal diseases. There exist
an association between diarrhoeal diseases and malnutrition. Zinc
is expected to form insoluble complexes with fat and phosphate in
alkaline environment {(10). Fat malabsorption due to steatorrhoea

and regional enterites- should result in an increased loss of zinc



in the stool following deficiency of this metal. Recently

Lincoln C. Chen et.al. (25) showed that diarrhoea precipitates

Or exerbates malnutrition through several postulated mechanism

and those are reduction of food intake due to child anorexia,

malabsorption and direct loss of nutrient from gastrointestinal

tract. In zinc deficiencyﬁgustatory disfunction and growth retar-~

dation have been evident and it was also shown that zinc is a

principal limiting factor in nutrition of the children and neonates.

This study undoubtedly contribute to our understanding of the

mechanism of anorexia and malnutrition as a consequence of these

diseases. The syndrom of diarrhoeal diseases and high uptake rate

of this element by microorganisms have been described and from this
would

review it may be postulated that this studyApossibly help to estab-

lish the relatdionship of zinc deficiency with these diseases, its

etiology and malnutrition subsequent to these diseases.

SPECIFIC AIMS

1. To correlate the zing concentrations in plasma, hair and urine
collected from adult volunteers of this centre.

2. To analysis serum, hair or urine from apparently healthy
moderately and severely malnourished patients those are coming
for treatment in the treatment centre of ICDDR,B.

3. To analyse all data according to sex and age group in different

[
i



METHODS OF PROCEDURE

etiological conditions in matched subjects.

ll

Specimens will be taken from informed, consenting and appar-

ently healthy volunteer subjects from this Centre. 24 hours

urine will be collected under tﬁi:;;e layer and with about

Sml hydrochloric acid. On the same day 2ml blood will be

drawn and about 1-2cm long hair from the scalp will be taken

by stainless steel scissors (26). Serum and urine zinc will

be analysed by atomic absorption spectrophotometer following

the method described by J.B. Dawson and B.E.Walker {27) {(improved ﬁ
in our laboratory) or any other method which is appropriate

in this laboratory. Hair washed with dil. nitric acid is burnt

in a muffle furnace and ash is dissolved in 1M Hcl and finally

zinc is estimated in atomic absorption spectrophotometer. At

least 100 apparently healthy volunteer subjects will be needed

for correlating the results of serum, hair and urine.

Before entering in the second phase of thié study serum zinc

will be estimated from those patients who are coming to this ;
centre for diarrhoeal diseases treatment. No separate blood

will be drawn for this estimation; lml excess blood will be taken

with the consent of the patient along with the blood samples

for routine e¢linical estimations which are needed for clinical
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diagnosis. Prasad degcribed that a decreased excretion of

this element in urine is a valuable indicator of zinc deficienc.
of man (20). If low urine zinc level in the patients is found
with low serum and hair zinc level disregarding sex, age and
etiology; in latter part of the study only 24 hour urine will i
be analysed. Two samples:; one on admission and another at the
time of discharge will be analysed for each patient. All dats
will be analvsed for: (a) Obtaining relationship among urinary.
hair and serum zinc level in disease; disregarding sex, age

and etiological conditions. (b) Correlating serum, hair and
urinary zinc level. (¢} Obtaining relationship of zinc level
in different etiological conditions, nutritional status, sex
and ages.

SIGNIFICANCE

This study will investigate the existence of an assceiation of zine
deficiency and diarrhoeal incidence or zinc deficiency and malnutry-
tion prevalent in diarrhoeal diseases. This study will show the
conditioning factors of zinc deficiency in diarrhoeal diseases. y
Undoubtedly this study will contribute more to our knowledge for
understanding the relationship of this trace element with human

health and digeases.



FACILITIES REQUIRED

L.

2.

Office space

Laboratory space
and facilities

Hospital resources

Animal resources

Major equipment

Other spegialised
reguiremeant

s

L)

No additional office space is required

Biochemistry Branch

Treatment centre and nurses, one
physician will be required to record
clinical statement of patients,

None

Existing atomic absorption, Spectro-
photometer with some new spare parts.
One muffle Furnace to be purchased.

None



SECTION ITIX - BUDGET
A. DPETATLED BUDGET

1. PERSONNEL SERVICES

ANNUAL PROJECT
L E POSITION % OF EFFORT SALARY REQUIREMENT s g
b ALld Acting Branch 25 Th. 67,490/~ Tk. 4,218/ 281,24
Head
zha Molla 20 Tk.1,15,930/~ Tk. 5,787/~ 385.4;
Lleian 20 Tk, 48,080/~ Tk. 2,404/~ 160.2-
T 20 Tk. 30,390/~ Tk. 1,518/~ Q1.3
ToTAL = Tk.13,938/- @20,
2. SUPPLIES AND MATERIALS
ITEMS TOTAL TAKA Us_ $
Acetyline gas 2,700/~ 182,00
Miscellaneous reagents 2,000/~ 133.33
Other supplies 2,000/~ i33.33
6,700/~ 446.66
3. EQUIPMENT Not necessary now
4. PATIENT HOSPITALIZATION Nil
5. OUT PATIENT CARE Nil

6. TRAVEL AND TRANSPORTATION OF PERSONS
Local travel ' Tk.1,000/~ $ 66.67
International travel
7. TRANSPORTATICN OQF THINGS
Import of =upplies, 25% of Tk.4,000/- Tk.1,000 $ 66.67



8. RENT, COMMUNICATIONS AND UTILITIES

9, PRINTING AND REPRODUCTION Tk.2,000/~ $ 133.33

10. OTHER CONTRACTUAL SERVICE

11, CONSTRUCTION, RENOVATION, ALTERATIONS

BUUGET JUMMARY

1. PERSONNEL Tk.13,933/~
2. SUPPLIES Tk, 6,700/~
3. LOCAL TRAVEL T, 1,000/

4. TRANSPORTATION OF THINGS
Import of supplies 25% of

Tk.4,000/~ Tk.1,000/-
5. PRINTING AND REPRODUCTIUN Tk.2,000/-

GRAND TOTAL - Tk.24,639/~

Total direct oost = Tk, J4,63%9.00

#

Incremental cost

Tk.15.00 = U5 § 1.00

Th,LG,700.00 $ 713,33

$ 929.27
$ 446.67

$ 66.67

s - 66067

$ 133.33

$ 1,642.61



10.

I1.

3

13,

i4,

15,

Lo,

REFERENCES

D. Mikae-Device, Adran. Clin.Chem. 13 271(1970)
J.A. Halsted, J.C. Smith, and M.1. Irwin, J.Nutr. 104, 345, 1974,
E.J. Underwood, Trace Elements in Muman and Animal Nutrition.
B.L. Vallee. Physiol.Rev. 39 443 (1959},
J.W. Foster, Chemical Activities of Fungi, Academic press,
New york. 1949, pp. 649,
H. Matsubara and J. Feder in The Enzyme (p. Boyer,ed.} vol.3
Academic Press, New York, 197!, pp.721-795.
AF, Parisi and B.L. Vallee. Amer.J. Clin Nutr. 22, 1222 (1969).
B.L. Vallee, Advan. Protein.Chem. 1C, 317 (1955).
Eugene D, Weinberg. Micro organism and minerals.
A.S. Prasad, Trace element in human health and diseases Vol.]
September 1977,
M.L. Failla, €.D. Benedict and E.D. Weinberg, J.Gen. Microbiol.
94, 23 (1976},

Dimnsaii 5
John, R'A Lucille., 8., Hurley. Zinc binding, difference between
human and bovine milk. Science Vol. 195.

Solomons N.W., K.V. Khactu, H,H. Sanstead and T.H. Rosenberg,

Zinc nutrition in regional enteritics (RE)} Clin.Res, 22, 582a, 1974,

Solomons N.W,, I.H. Rosenberg and H.H. Sanstead Zinc Nutrition
in Celitac Sprue. Amer.J.Clin, Nutr, 29, 371, 1976,

Henkin R.I., B. Patten, P_.R.E, and D,A. Bronzert. A syndrom of
acute zinc 1oss. Arch.Neurpl. 32, 745, 1975.

Osmanski C.P. and J. Mayer. Ultranstructural changes in bucul
and palatal mucosa of zinc defficient rats, Am.J.Clin.Nutr.

31, June {978,
L2



17.

18.

19.

20,

21,

22.

23,

24,

25,

26,

27.

- 2 -
Kay, R.G. and Tasman Jones C. Acute zinc defficiency in man
during intravenous alimentation. Aust. N.Z.J. Surg. 45,
325-330 (1975}
Tsuneo, Arakawa M.D., Tsuneobu. Zinc defficiency in two infants
receiving total parenteral alimentation for chronic diarrhoea.
Am,3.Clin. Nutr, 29(2) Feb.1976 197-204,
Philip A. Walravens, Nutritional importance of copper and zine
in Neonates and infants. Clin.Chem. 26/2, 185-189 (1980).
J.C. Smith, E.G, McDaniel, L.D. McBean, F.S. Doft, and J.A,
Halsted. J, Mutr. 102, 711 (1972).
L.H. Muschel and L. Gustafson, J.Bacteriol, 25, 2010 (1968).
G.H. Booth and A.R. Scubert, Proc.Soc, Exp. Biol.Med. 127,
700 {1968).
Weston. W.L., Huff, J.C. Humbert, J.R. et.,al., Zinc correction
of defective chemotaxis in acrodermatities enteropathica.
Arch. Dermoetol, 113, 422-425 (1977).
W. Luecke, Department of Biochemistry, Mechigan State University
East lansing Mechigan. Effect of zinc defficiency on the
immme response of the young adult A/J mouse,
Lincon C. Chen, Emdadul Haque and Sadra L. Huffman. Nutritional
status and the risk of diarrhoeal diseases aﬁong children
(not yet published),
Jale Erten, M.D., Ayten Arcasoy, M.D., Ayhan 0. Candar, M.D. and
Sukrucin, M.D. Hair zinc levels in healthy and malnourished
children. The Am.J. Clin.Nutr. 31, July 1978 pp. 1172-1174.
J.B., Dawson and B.E. Walker, Direct determination of zinc in whale

blood, plasma and urine by atomic absorption spectroscopy. Clin.

Chem.Acta. 26{1969) 465-47 i,



28.

29,

30.

31.

32.

3.

34.

35,

36.

John D, Bogden, Raymond A. Troinno and Morris M.Joselow copper,

zinc, magnesium and calcium in plasma and cerebrospinal fluid

of patients with Neurological diseases.

Bogden J.D., Lintz, D., Joselow, M.M. et.al. Effect of pulmo-~
nary tuberculesis on blood concentrations of copper and zinc
AM. J. Clin., Pathol. March, 1979.

Delves, H.T. Alexander, F.W, and Lay, H. Copper and zinc :
concentration in the p;asma of leukemic children. Br. J.
Haemakol., 24, 525, 1973,

Versieck, J., Barber, F., Speecke, A.. and Hoste, J. 1Influence
of myocardial infraction on serum manganese, copper and zingc

concentrations. Clin.Chem. 21, 578, 1975,

Halsted, J.A., Ronaghy, H.A., Adabi, P. et,al. 2inc deficiencf
in man: The Shiraj experiment. Am.J.Med. 53, 277-281, 1972.

Hambidge, K.M., Hambidge, C., Jacobs, M. and Baum, J.D. Low
levels of zinc in hair, anorexia, poor growth and hyppgeusia
in children. Pediatr. Res. 6, 868-874, 1972. i

Moynahan, E.J. BAcrcdermatitis enteropathica. A lethal inheri-

ted human zinc deficiency disorder. Lancet ii, 399-400.

Methfessel, A.H., Spencer, H. Fed,Proc. Fed. Am, Soc. Exp.
Biol. 25, 48B3 {(abstr) 1966.

Sahagian, B.M., Harding Barlow, I. and Perry, H.M. Jr., J.
Nutr. 90p 259' 1866,



3i7.

38.

3s.

40.

41.

2.

43.

44,

45.

46

47.

48,

Van Campen,

- 4 -

D.R. and Mitchell, B.A. J. Nutr. 86, 120, 1965.

Schwarz, F.J., and Kirchgessner, M. Int. J. Vit. Nutr.
Res, 44, 258, 19874.

Hahn, C.J. and Evans, G.W. Proc. Soc. Exp. Biol.Med. 144,

794, 1873.

Fvans, G.W.

and Hahn, C. in "Protein metal interactions"

(M.Friedman, ed.), 285. Plenumy, New York, 1974.

Evans, G.W., Grace, C.I. and Volava, H.J. Am. J. Phyaiol.

228, 50,

1375.

Becker, W.M. and Hoeskstra, W.G. in "Intestinal absorption

of metal ions, trace elements and radionucrides” (s.C.

Skoryna and D. Waldron-BEdward, eds.) 229, Pergamon, Oxford

1971.

cabell, C.A. and Earle, I.P.J. Anim. Sci. 24, 800, 1965,

Edwards, H.M., Jr. J. Nutr, 69, 306, 1959.

Oberleus, D. Muhrer, M.E. and O'Dell, B.L. J.Anim. Sci. 19,

1280, 1960.

Van Campen,

Miier, W.J.

Heire, J.M.

Bremner, T.

et.al. eds.

D.R. and Miteccell, E.A. J.Nutr. 86, 120, 1965.
r Blackmen, D.M., Powell, G.W., Gentry, H.P. and
J.Nutr. 90, 335, 1965.
in "Trace element metabolism in Animals (W.G. Hoekstra

vol.2, 489, Univ.Park Press, Baltimore, Maryland, 1974.



49,

50,

51.

52.

Chen, R.W., Bakin, D.J., and whanger P.D. Nutr. Rep. Int.

10,185, 1974,

PDavies, N.T., Bremner, I., and Mills, C.F¥,, Biochem. Soc.

Trans. 1, 985, 1973.

Pokarek, R.S5. Beisel, W.R., Bartelloni, P.J., and Bostian,
K.A. {1972a). Determination of serum zinc concentrations
in normal adult subjects by atomic absorption spectrophoto-

metry. Amer. J. Clin. Pathol. 57, 506-310.

Foley. B., et.al. Zino content of human platelets. Proc,

Soc. Bxp. Biol. Med. 128, 265-263.



CONSENT FORM

Ta many of the regent studies it has been reported that zinc deficiency i=
associated with many diseases and malnutrition. Diarrhoeal diseases and
malnutrition is directly related; but no studies have been undertaken to .
estimate zinc status in diarrhoeal patients. To find out zinc status in }
diarrhoeal diseases and malnutrition subsequent to these diseases we have y
mdertaken one research protocol. This study protocol will help us to det:
aine the role of this element in diarrhoeal diseases and malnutrition cons. -
quent to these diseases and thug contribute more to our knowledge about hun

health and diseases.,

in the first stage of this study blood semple, 24 hours urine and pair will
ke analysed to establish normal value of this element in apparently healths
people of Bangladesh. ({In the second phase of this study samples from thoe

patients coming for treatment in this hospital will be reqguired).

Therefore, if you like to be a volunteer for this study we would request yo
to donate_voluntarily 2ce of blood, 24 hours urine which will be collectec
oy yoursell and about 2gm of scalp hair. 3You have to give those samples o ﬁ
once during study period, {In the case of patients we request you to dona:
those samples twice during study period). The amount of blood which you w.l
donate is very little and you need not to be worried because it will not be

injurioes to your health.

Therefore, after fully understanding this information, if you agree to dona
those samples voluntarily, please fill up the form and sign it or give you:

thumb impression,

L. Name

2. Age

3. pid yvou suffer from diarrhoeal digeases before?

A ————————— At

4. 1£ s0, how many times

5. pid you suffer any other diseases before

6. I1f go, what type of diseases?

1 have read/been told the information that you have given me and I am

willing to help you in this research protocol by donating samples what
you need.

e e o e et man e e

i i W e i+ i e

Signed / thumb impression Date
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