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In 1960 tho carrent co’.laboradn progr;m botwoon Va.ndarbut Univarnity,
' the Staff of NAMRU-3, with the Jotnt oupport of the ONR, was insugurated. A
nutritional blochemietry laboratory and a radioisotops unit were established,
with planning consultants from Vanderbilt. These laboratories have since been
expanded in parallel wﬁh improvements or expansion of related facilitises,
such as ths clinical laboratory and ward at NAMRU-3, by a program of joint
planning and utilization of rescurces and staff availabls to the Diviolon of
Nutrition at Vandarbilt University and NAMRU-3. Simultaneously. through tke
uss of PL 480 funds for purposss of medical research in Egypt, collaborative
programs have been established involving personnel at the National Institutes
of Health (U. 8. A.) and Egyptian medical scientists (at Munira Children's
Hospital and ths Institute of Nutrition), as well as senior members of the group
at NAMRU and the Dlvilioa of Nutrition of Vanderbilt University.

A majey rouuch facility has resulted, with its interest centered on
m mbluna nd uhud cc-dulou which are mnhnt in th. NAMRU

rogln: ‘l'hu‘ Mnm gcmuny hvo boon dawlopod h ﬂn mu oti'hmy
proposed. modified somewbat by the exigencles of ramarch dovcloymon_ta;d
discovery and by available resources and persomnsl]l. This program will now be
supported under an NVH grant, No. AM 08317-01, and bave the continuing
collaborstion of scientists from Yanderbilt University and NAMRU.3.

Initially intereet was directed toward tha problem of ansmia. Studics
included:

(a) Investigation of the interrslationship of hcokworm disease and iron

deficlency anemia. This study ahowed a rslationship between the ssverity of



anemia and magaitude of thg hovkworm infestation as quantitated by the number
of parasites expelled after adiniaistration of an effective vermifuge, 1. R

{bj. Investigation of the absorption of radicactive iron by anemic and
non-anemic subjects, of iron incerporated as an enrichmsnt mixture in maise,
and the avallability of irom naturally occurring in food products (chicken, eggs.
maise, beans, whaat)z‘ 3. Thesae investigations as initially planned have been
extended to study in greater detail the physiology of the metal in the plant
when applisd by injection into the growing stem as well as leaf application.
Similar studies with sinc are now in progress.

Hoermas et al. described an abnormal fetal hamoglobin in thalassemia
whils working at NAMRU in 1960. The work initiated by Hoerman at NAMRU
has been continued and sxpanded to include a clinical and blochemical evaluatioa
of thalassemia as seen in Egypt. This work has been a collaborative study with
Professor Diwany and his staff at the Munira Children's Hospital, Cairo
Usiversity. In addition to confirming Hosrman's nitial observations ca the
hemoglobincpathy associated with thalassemia this study has demonstrated the
~ occurrence of low plasma sinc {and presumably sinc deficlency) in thalassemia.
A manuscript describing these findings has been propared and submitted for
pnblkstion‘. It is evident that thalassemis is not infrequent in this region
and that it i» an bmportant clinical syndrome. On the other hand, there is no
evidence that conganital hemoglobin ahno:mé.litie; are a mjoi conlidontion .
in the nutritionally ralated anemias. Tha significancs of the apparent sinc
deficinncy in thalagssemiz is not completaly cleazr. bat it may be related {n part

to the growth retardation exhibited by children with this syndrome.
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{c) Studies of the anemia asscciatad with protuin-calorio malnutrition
in infants. both in Cairo and in Jerusalem, Jurdan. Dz. Amin Majaj. in
the latter city, kad on insecure svidence previously reporied the widsspread
occurrence of a macrocytic anemia among malnourished children troated on
his podiatric service.. Dr. James Dimning and Dr. Darby visited his service
and were impresssd with the probability that this anemia was macrocytic. that
it was associated with ¢ very low intaks of protein, particularly of the sulfur-
containing amino acids, and that it has certain attributes reminiscent of an
experimentally induced anemia which occura tn Macaca mulaita when this
animal is deprived of tecopharol. Detailed investigations of ths subjects were
.phmd and Dr. Dimning accepted an appointment from Vanderbilt University
for the perfod from June, 1962 until March, 1963, In Jerusalom be organized
a blochemical laboratory and provided leadership for the detailed investigation
of this anemia. Fortunataly, just as Dr. Diaxing arrived in Jerusalem there was
activated a National Institutes of Health grant awarded to Dr. AminMajaj for
otudy of protein-calorie malnutrition. The availability of these rescurces snabled
the estabdlishment of a nutrition research laboratory in the Augusts Victoria - -
Hospital and the procurement of personnsl. The latter were trained by
Dz. Dianing and continus as mambers of a research tsam working with Dr. Majaj.
At an appropriate stags the consultative assistance and covnse) of Dr. Samir
Assam. a hémeohght trajned with Dr. Finch's group in Seattle, Washingten,
and on the etaff of the American Univaraity of Beirut. was onlisted for the
work in Jerusalem ard subssqusutly for review of the material in Cairo. Findinge
to date lead to the conclusions that: {a) associated with protein-calorie

malauatrition in this region {Jordsn, Lebanon. Egypt: there occurs in many
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infants a macrocytic anemia with megaloblastic or erythroblastic marzow,

. agsociated with low lewels of uat.xm t&:ephmml and a creatinuria. f:**'l‘hil‘-:in-z-f-' -

anemia has been found in Jordan to respond to administration of tocopherol,

but not to administration of vitamin B;,. The latter is not surprising

since ths serum vitamin B)) lovels are acdenuate in thess infants. There (s

no evidenco of ascorbic acid deficlency among these infants and initial cases

studied in Jerusalem falled tor espond to folic acid. Since than. a few cascs

have been observed exhibiting ).owl folic acid levels in the serum and which

subsequently responded to folic acid. (b) A rapid disappearance of creatinuria
follows administration of tocopherol in these infants. (c) CoQy likewise

tnd.ncut a hamatologic and metabolic response which is similar to that observsd

following tocopiwrol udmins.-tr;tion; Studice of CoQ;q have to date giv;n

equivocal results’-8,

These studiss of anemia Influenced Dr. Hasan Phatacn and othars in the =~
Ministry of Health in Jordan to fnitiate a ym-roma Mdﬁm of the
occurrence of anemias in tnfants and prescheol children at several
representative areas in Jordan, further to define the nature of the snemisa— -
which occurs, and to obtaln bettc v avidence as to the prevalence of the
macrocytic anemia deacribed aboow. This. stedy was a collaborative one botween
the ICNND {Interdspartmoatal Committee on Nutritiun for Natlenal Development;,
JCNJ (Interdepartmental Committee ~n Nutrition for Jordan) and Varderbile
Univerasity. Observations iodicats that the ovcurxence of anemia in thege
malnocurished iofants may be seasonzl and fr:llowe the peried of the diarrheal

diseass.



L. (o 5,

‘d’ A correlat! e utuiy of pruuf,u calaris malnutrition syndrcme in

" infants-waw made in callaboration with Profess-r Diwany and membex-t o ‘hf
staff at the Munira Children‘s Hospital, Calro University. Detailed
blochemical investigations bhave boen mads on 39 infants \'vf;th typical
kwashiorkor. The clirical and bloehemical picture thus elaboratad prevides

the fullest account to date of this syndrome in the Middle Ealt’.

The findinge
genarally confirm those repcrted from other places in the world. New
findings, however, include the observation of extremely low plasma zinc
levels and slavatad sorum lactic dehydrogenase. Ths observation of exceedingly
low levels of zinc in these infants wbo, in the post-kwashiorkor poriod. may.
‘be expected to exhibit continued growth retardation. coupled with obscrvaticns
cited below, la'ad to the suggestion that a state of chroaic sinc doﬂcleﬁc;y
initiated at the time of transition feeding may significantly inﬂmnco rate of
maturation :;ﬁﬁ rowth in reg'ons commenly cons!dered to be "prohin deficisnt' 10,
In order further to test this hypothesis children in the preschool age group will
be included in the proposed village study discussed subsequeantly. A more
~ definitive description of the hematologic and blochamical levals of Tolic aeld —
and {ron in these cases of anemia and kwashicrker {3 underway by Dr. Robert
Weiler. Results indicate that thare aze multiple deficiencles -- iron. folic
acid. and vitamin B), -- of varylug degress mvolwd I%wcwr, th:re {s svme
factor {or factors) other tharn the se nutrisnte and prmm wh'r his r;q\u.re»d
in order completely to restore the blood plcture to normal.

‘o) Intzrest in anemia pruvided an Immuediate opportunity to seek cut
and study in detail sxamples cf the syndroms of dwarfism,. infantiliem and

hypochromic mi crocytic anem’a described sarlier by Prasad from Shiraz!!



Young meén ashowing manifeostation of this syndrome were ioqnd in villages
in the vicinity of Cairo.. Furty wers .tudlad in some donilandthofolluwiné ~
major points established}2-15.
(17 Zinc deficiency exists in subjects with this syndrome. The evidence
for the deficiency includes low lavels of sinc in plasma, erythrocytes, and
hair. Also a dacreased urinary and dormal loes of sfinc, a decreased 24-bour
exchangeable pocl of sinc and an accolersted plasma disappearance of radivsine.
{2} In normal subjects there i3 a considerable loss of sinc in sweat which
may amount to a8 much g8 5 or so milligrams per day.
{3} Zinc deflciency frequently is associated with iron deficiency, but the
prasence of a deficiency of iron is not an obligatory component of sinc deficiency.
(4} Epidemiologic svidence has besn accumulated in the oasis of icharj.“
demonstrating the dissoclation between sinc and iron deficiencies.
(5) Clay eating, parasitism, or blood loss are not essential to the
occurrence of the n!nc‘dcﬂcbncy syndrome. C
(6) Tas syndrome of dwarfism and infantilism appears to be associated
““~with endocrinologic chenges indicative of bypopituitariem?® 36, There e a—
carbohydrata dysfunction including a hyparsensitivity to ineulin, The pituitary
ACTH resarve a9 measired by the SU4885 test $s frequantly émpatred Urinary
pituitary gonadotropin is low. DBone age and height age are marksdly retarded!?,
Administration of ginc to a nhc&sd aumber cf cau. has been followed
by skeletal and body growth as revealed in increascd stature, increased tibial
langth of X-ray, as wsll as the developmert «f secondary sex characteristics
including apprarance of facial. axiliary and pubic halr, ‘cm:plod with expected

endocrinologic changes 16



The eﬂdom‘o avdlablo at pmment from thsse extensive inmaﬂga&unu
ind{cate that a dniic&sncy of sinc in thas young chlld and Adohrascant ia chmmoxs
in this region and ia associated with growth retardation, infantilism and
endocrinologic changes which include ¢ vidences of hypopituitarism, hypo-
gonadism and a decreasad production of adrenal steroids. Some of thess
changss are reversible by administration of sinc. The pathogeneals of zinc
deficiency has not been entirely elucidated but initial investigations of the
diet indicate a low intake (5 to 7 mg. per day) of sinc on the almost completely
vegetable diet of these children, the possibility of unusual dermal losscs

~of sinc as a result of climatic conditions, and excassive losses of the element
along with izon as a result of blood loss of paranldam {bookworm and
blharsiasts). All of these factors may be grafted upon the initial marked
deficiency o! the elemente which occurs in many infants and young children
at the transitioa period as noted above in relation to t!n ctudiu on kwuhiorkor.
It is evident that many of the above studles are concorud with an hhr-

relationship between nutrition and parasitism. Another such investigation is

“that on patisats with kala-asir in the region of Malakal in the Sudaa. NAMRU-3

had at Malakal a laboratory for research on kala-azar. The nutriture of 25
pstients with kala-asar and 35 controls withuut evidence of the discase was
compared. Clinical and bochemical {nvestigations were included. In all
{nstances the subjects with kala-asar exhibitad greater evidence of malnutrition
{in comparison with the controlel?,
n an effort batter to defins the host parasite matabolic relationship in
bilharsiasis, studies in the experiments] discase have buen instituted jointly

by Drs. Schulert and Brownw. Thesc initial investigatione are designed to
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study the metabolism of mrganic portions of known cffecﬁve thezapsutﬂc

' ‘""lnbcuncsa, lpcciﬂcally mﬁmmy A rcmark&bh serin. of oburnttonﬂ ‘Bas
evolved as & consequances. The locale of the effsct of the antimony-containing
dzug clearly is the ovum of the panlium. This conﬂrm.a an opinion held

by some clinicians in Egypt, and clinical studies »f this point are now underway.
It is anticipated that similar investigations of matabelic intsrrelationships of
host and parasite will be poseible not only with therapeatically active materials
but also with relatad nutrients. These studies may be expectod to reveal
findings of unuvsual intereet.

In any program of this magnitude it is inevitable that alart investigators
will accumulate several interssting investigative results which are outside of
the main -trou.n of study. One such rasulted from the opportunity w ;tudy a
case of hypogammaglobulinemia. In this investigation labelsd gammaglobulin
was administered and it was found that an unusual amount of the tagged gamma-
globulia was excreted by the patient on the fizst day and, subsequantly, there
was an abnormal retention of the gamma globulin by the subject with the defect.: 4

T TA manuseript dascribing thise sxpefimental obeervations his beel submitied ~FT

for pubucuhn”. Othor ancillary studies have involved studieos of chronic
lead Intoxication ca 113! uptake of rats?? and clinical stadies of bilbargis®’
pityriasis alball, and Brucellosis®3,

{7: Parallsl favestigatione at Vandarbilt Univeraity ba.w included studiss
fa the rat of iron absuvption which lsad to the cenclusion that absorption of from
at the Intrstinal muwcasal leve! in this specirs iy indupandsnt of body storen
of this nutrient. but that thr rate af tzanspurt of the nutrient from mucossl

cr1ls s influnaced by body stores. In the instance of xinc there appsars to be



no such regulatory mechanism opuratf.ngz"

. .« Studies of the intzrrelationships of tusopharcl andukeniumham !nng. .
mads in animals, fisst 'n ao effort to ascertain whether it is possible in the
rat to induce a tocopherol or tocopherol-selenium deficiency anemia. Efforts
to produce such an anim!ia in the ra2 have been unsuccessful. Hoqu.r;
evidence has been accumulated which further support the concept that these
two nutrients ars Intimately interlinked i{n nutrition. that selenium exsrte a

. - tocopherol-sparing effect but that tocopherol exerts little, if any, such
selenium-sparing effect. An interesting additional cbservation has been that
there is a remarkabls sex specificity in relation to production of selenium-
tocopherol deficiency - - malss being much more susceptible to deplstion than
females. Somewhat unexpectedly this auseoptibmty of the male rat to;ﬂm
deficiency seems to be greatly reduced by administration of utro;onazs.

Studiss on ginc deficiency in the albino rat have boen carried out in an
effort better 1o define the blochemical leston present in this deficiency state.
1 bas been possible to produce a sinc-Ifree casein which used as the protein

-—of the basal zsine-froe diet and fed to rats results in the cessation of growth
within a two-week period. Studiss in the rat have indicated that this growth
arre8t is nat {nflosnced by grewth hormone. Howewver. these studisrs have
revealsd that in ths rat zinc deficlency resulis and an abnormality of carbohydrate
meataboliom, which finding 4s raminiscent of nheervations made in Calro in
zinc deficiant dwarfs [n which evidenca of carbohydrate defact has been noted.
Thase resulis curreatly 275 being expanded in the rat and humaa and effarts

to reproduce them in the monksy are underway.
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