PREVENTION OF CADMIUM INDUCED
IMMUNOPATHOLOGY BY ZINC IN MICE

BADRUL ALAM CHOWDHURY













. \ . ° .. © Badrul Alam Chowdhury, M.B,, B.S.
&

. ) : )

PREVENTION OF CADMIUM INDUCED g
IMMUNOPATHOLOGY BY ZINC IN. MICE _

BY

..... . e

’ A lhesls submitted to the Schocl of Graduate

Studnes in partial fulfillment of the
requitements of the degree of
Doctor of-Philosophy Q

]
i N
» Faculty of Medicine ‘}
Meniorial University of N )
April 1988 v
; \
AN

st John's N ' . Newfoundland

C e




ted

.
Permission has been

ion a été &

L'autori

to the National Libraty of
‘Canada to microfilm this
thesis and ‘to lend or sell
copies of the film.

“The author (copyright owner)

has reserved .othex

publication rights, ' and

neither the -‘thesis nor

extensive extracts from it
-may be printed or otherwise
"reproduced without his/her
, -written permission.

, ISBN

34 la Ribliothdque nationale

du Canada’ de microfilmer

cette thdse et de prater ou

ti!: _vendre” des “umplnlrel du
1m.

L'auteur {tltuluu du ddoit
d'auteur) se rémerve les
autres droits de ,publicationy
ni: la thése ni de longs .
extraits de celle-ci ne
doivent &tre .imprimés 'ou
autrement xuptoduitl sans son
autorisation écrite.

0-315-45089-4




k fnrmmg cells in the spleen was higher m(-eadmlum%fjted mice as

.cadmium on the immune systeh of mice. and\ the -effects ‘? a modergtely

Cadmium is an ubiquitous toxic metal to which everyone is exposed at
low levels. dt is toxic to almost every orgaii system of the body including

the’ xmmune system In this study, the effecls of a relatlvely low dose of

large dost: of ‘zinc on "cadmium-induced re studied. Six-

week ©old C57BL/6 male mice were exposed /tc; 50 ppm ‘c‘ndmium\in dﬁﬁklng
water for 3 weeks, and killed. 0, 3" and 6 wd/ks'n[lcr cessation - of
treatinent. In some groups, 500 ppm zin was added to the drinking water - -

with or after cadmium 'treatment. The number of .IgM and IgG amibody-l\ 3

compared to non‘treated controls at 0 ~week. (Concurrent

"admlnlslmuwpreveniw ~the ‘e’ﬂ}iinoement of  antibody-formi c:ll
respcmsc. Prohfcrauve response “of spleen B\ to the: T cell nyitogens
,‘ h inin and in- A !end to be high'))cad lu =
treated . mice’ anfi zinc’ administration after sure to cadmium tended |o B

.activity " in the spleen was low m cadmium lreatud mme and concurrent

lower it. The number of CD8* cells in the spleen was lower and the ratio
of CD4* to CD8% cells, »reflectihg' the balance  of - immunoregulatory T

lymphocytes, was higher in cadmium  tredted mice. Concurrent zinc

p | the jion of T ‘cell subsets.. Suppreuor cell’”

nctmty lcnded to be Inw in cadmium treated mlce, ‘Natural- klller cell

zne

P the jon. B. cell count in- the sple:

antibody - “production’ -by‘ splenic  lymphocytes ‘on pokeweed milugel/l



s —-'concenmtlom were high in cadmium-treated " mice 'as compared to non-

mmulation was not allcred by cadmium or zinc treatment. Cadmium and
zinc treatment lmd no effect on liver, kidneys, spleen and thymus weights

and Iymphocyte content of spleen, thymus and peripheral blood.. Use of

with anti- “IgG and complement C3 showed no
‘evidence of autoimmune reaction jn. kidney ~sections. On eleclmn-

were seen in proximal

tubular eplthehal cells " of :the cadmium treated mice. Mlmchondna were
mcreued in num and lhe “cisternae were distorted, and .inside several

cells electron. dense mnt’eﬁals were . seen. Liver and Kidney cadmium

lmued ccmtmls Tissue cadmium Icvek"were lcrwer in mice treated with

both zinc and cadmium lhan in lhose lreated wnth \cndmlum alone. The

results suggest that~a relnnvely low” dose of cadmmm expo;ure produces

gmmnne jons_in . mike_ that can_he | ited_by a larg

dose of zinc..

INDEXING KEY WORDS :  cadmium, znc, cellufar jmmunity
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'CHAPTER 1

INTRODUCTION -

—
1.1. TRACE ELEMENTS

The bulk of living matter consists: of five elements, namely, carbon,

. e 5 s
hydrdgen, nitrogen, oxygen and ‘sulfur. They are present in tissues in
" concentrations  of grams per kilogram and their adult human requirements

-are in the range of grams per ddy. The f »mi sodium, ¥

calcium, magnesium, cﬁlorine and ‘phusphoms ‘serve  as structural
tx;ﬁpqn'eﬁt} of tissues or as constituents, of the'body YM[

conc¥ntration in living. tissue and adult human requirements are somewhat

lower than the bulk elements, but still can be expressed as grams per -

kilogram' and grams or fractions of a- gram per day. The bulk elements and

macrominerals are essential for the function of all cells and the .organism A

.as a whole. The. remaining elements of the periodic table that™ occur
naturally in the living fissues are..present in much lower oqncenireliom‘.
Earlier analytical | methods  were .nnable, .to Aetermine their precise
concentration, hence - they - were - often _described as “occurring in "races”
and The term "irace element" arose to denote them. Although _ present-day
techniques’ can virtually estimate all elements in biological material | with
'gwt accuracy: the term "‘lrac& 'el;mem" is still retained in literature

largely because it is hallowed by time and tradition. Nevertheless the ferm

does providé a descriptive - classification for a group of elements Whose
» A % " &

-] [




2
tissue concentrations. are very small and expressed in terms of milligrams
or micrograms per kilogram (Mertz, 1981; Mertz, 1986).

T clements, _w;ﬁch include all the naturally occurring  elements L
except th ok clement and magomineral, can be classified ito two
categories : first, those wnh proven . essentiality; second, those for ‘which
proof of - essentiality does” not exist (Mertz, 1986). The essentiality of a
trace " clesment 4", judged by-_ the criterion  that its  deficiént-) intake

—consistently . results -in impairmeént of a funcllon;wl-n}i‘ch is* prevented or

by t ) with i levels of the particular

clement and not by others, By -this criterion chromium, .cobalt, éopper,
fluorine, ;’oding._ iron, manganese, molybdenum, 'selleninm"and n'nc\‘\“nre
accepted as eslén;iﬂ at prel;nt‘. even dmu. all of these do mot present a
- —practical - -nutritional prdblem to humans. In addition, arsenic, nick‘el,
silicon, lir,:r lnd vanadium are often included in the essential trace elemen;
group as deﬁd‘e}l’t’y‘iympmms\hav\emrely been reported for. them, but um\
site and mode of action of lhese elements are—not_yet clearly defined
(Menz. 1981; Mertz, 1986). . .

Most of the essential trace act primarily as s e
components or catalysts in large molecules, hormones and‘enzymu. ’Fm’ i
exm.nple, iron is an essential ‘component. of the oxygen carrying protein
haemoglobin,  iodine  is essential for 'fnnctionﬂl‘» activity of thyroid

hormones, cobalt is the essential metal. in vitamin B12, chromium acts as a

cofactor for “insulin, zinc. is -an essential cofactor in many metalloenzymes
and copper is a key regulator of lysyl oxidase activity. Trace elements are /,3
B ) “required *in an optimum level for theirfunction, Deficiency will result in ° -




- not precisely known, most ‘act nswarrlen or buffers against excess.

\

\ accumulate a considerable amount of them in the tissues. Toxic heavy

‘metals are brought up from the eaith’s crust for industrial use and usually

b 3
- g | : ; "
suboptimal function, disease |and in extreme cases death. Similarly, ‘excess 5

intake will cause toxicity and‘l can have a fatal outcome. All essential trace
elements thus have a bell- shaped dose responsc curve, the kunnsi: of
which varies. For some, hke‘ selenium, difference between optimum tissue
level and “toxic level is very narm%v while for others, ‘hke zine, it is !
relatively. wide. In (h: blologwa\ syslcm ‘optimum  concentrations of - trace  *

elements - are ° mmmmncd by\ a series. nf regulatory ,mechamsms like

and cxcrellun.‘ Some proteins are. also

involved "in the. ¢ i of tracé - el like in for iron,

ceruloplasmin for copper, and metallothionein ‘for heavy metals cadmium,

zinc, - copper and mhers Althqugh the function of all these pmleins are’

| ‘ E
Among the’ second group (of trace elements, for which no ess¢ntial
B

function - has en described in’ man, some are of importance - due’ to their

proven toxicities. Lca’d,‘cadmiurf‘l'and mercury are ijmportant examples) of

this group. Although all trace ‘ielempnis, including the essential elements)

have inherent pmpenics of lmcidityr'whcn present in excess; lead, cadmium

and mercuxy serve” no  essential )}nologmal function, ~ they are cumulative

"poisons and are toxic evej t‘luw dnses. Their pnmary importance to
biologists ' is due’ to lheuf kmclty Idenlly none of these toxic metals /

should be present in the tissues, but due to'industrial activity afid ‘human

hnbiu,- all organisms are constantly exposed’, to these .clements and .

vergﬂittlc of them are recycled.‘ Thus their level in _the environment is

grad\tally incfmiﬁg, s0 also. are the levels in human and animal: tissues




o < Foaet ) : 3 \’/ 5
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| f /
! . (National Academy of Sciences, 1978). This is particularly true for lead and .
< cadmium. The potential toxicities of dow levels of these ‘cffnents to' which
the general population - is mndvenpl(dy exposed is thus of considerable /

public bf.aml importance. . i /

/

Amung many functions of trace elements, recent studies have Zso
o nd

their i in -the of immnne

host defeme mechanisms. The |mpetus to lhc nudy cf lrucc c]emem! and

immunity was generated from studies it iSi i '

of immuge functions * in children suffering from gross undemumnan, like
protein-énergy malnutrition, in' which not Gnly supply. of protein age "

calories are deﬂcient‘, but also, body stores -of most vilamins and esscnn’nl -
trace clements are less than adequate (Chandra, 1972; Chowdhury and

Ch-n?m/\)ea, Chandra 1988). : S =

Tbe wpx:\of\tnce elements and unmnm!y haLs been the subject of i
N

fseveral reviews_and monographs (Chandra -and Dayton, 1982;
. Beisel, 1982; Chowdhury and Chandra, 1986b; Chandra, 1987). The essential
trace elements, particularly zinc, iron, ‘copper and selenium are: now
established critical factors. in the i i and i

- of immune -responges. Deficiencies of these elements reduces the cellular

immune function. both in man and laboratory - animals and increases. the
susceptibility to infection *and other immunologically mediated * discases.
Among the rnon-essential trace metnls,, lead, udmium and smereury have

been  shown to be immunolu:nc in nperlmenlu.l aiiimals (Knller, 1980;
Chandra -nd:D-yton, 1982) How_ever, in _mou ~of the stu;ﬁe: on’
immmu‘xiﬁty, veryhlgh ‘doses or the p mode of

, S S

1
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has been used which is of relatively little significance to possible human
!mﬂcntyb,_}levenheless. lhcse studies show that toxic metals also affect

mmunr/ti:slmnses that are of pmemml health significance.

One important aspect that has emerged from recent studies on trace

elements is the existence-.of mteracuons among them. ® Trace elements

interact between themselves d also with other dietary elements. The®

topic ha‘éwbeen reviewed recently (The Task Group on Metal Interaction,

+1978; Levayat;d Cheng, 1980; Abdulla, Nair and Chnndm, 1985; "

Chowdhury -ai andra;. 1987). However -the_ effects and lmpllcq\uons of
this phenomenon on immune functions has not been studied. On _the
premise that essential trace elements have important immunoregulatory

eﬁeg}s, and the known toxic' elements are ‘also toxic to the immune

system,- T i of such i i among these two groups of

elemenu/)éouldibs of basic and applied significane, .

Cadmium and zinc are two important members of the two trace
element groups. They both. belong, (;: group .HB of the periodic table and
thus ‘have many physical afxd chemical s(i;nilarities._'l"hey are usually found
together in natire and also -in biological tissues' where lhcy.competc for
binding sites in ligands like metalloenzymes and the heavy metal _binding
protein memllothmnein. Thus thcy farm an interesting toxm' nnd, :suentml

trace elejlm palr in the biological system. In the subsequént sections of

this chapter, salient features of cadmium and zinc will be discussed with

particular emphasis on 'the immune system effécts. Metallothionein, which

is involved in the metabolism- of both cadmium un}d zinc, will be..briefly




discussed, and the known interactions between cadmium' and zinc will also

= be discussed. =

. 1.2. CADMIUM - A TOXIC HEAVY METAL
. o . T,
,Cadmium is an ubiquitous element to which everyone is - constantly
‘exposed ‘at a low level At birth cadmium is virtually absent' from . tissues,

time an

. but it is gradually acquired from the. ‘environment, so that in a li

uire:age person living in. an industrial *society accumulates _about 15 to 30

mg \Gf cadmitm in_his' body “(Friberg, Piscator, Nordberg and Kjellstrom,

1974) Although lhe acute toxicity of cadmium - on the lung and - »:

gastrointestinal tract hss been, known for over a’ cemury (Wheeler,  1876), ’

[t was only in 1950%. that the’ danger cf chronic exposur: to cadmium was
appreciated. In 1942 Nlcaud Lafitte  and - Gros from France xcpoy}ed an

y o
unusual number of cases of i with" an i of

general _heall an nlkalih—e\‘%anery factory workers and suggested

cadmium to be the causative agent '(Fn‘l;erg et al., 1974); A few years
" later] in' Sweden, Friberg (1948, 1950) conducted” a sulvey Gn workers
exposed to cadmivm-oxide dust in ‘an electrical bauery ﬁlam and found .a

high number of cases of lung - and kn:lney damage chnractcnzcd by * 8

Tow weight. inuria respectively.,Skice then,
many similar | i in several ies havg ne "
the danger of - chronic g- ar;r.l i : ;

mmmnds became recognized as a serious nwnpahomll “health hmrd
(Kolllnl, 1986) .




/

| ‘Beral ‘and’ McDowall, 1982). @ v

The greatest concern over cadmium pollution was u-isger;d by repons
from Japan which showed‘ that . chronic  cadmiium poisoning  was - nat

restricted to industrial workers ‘Gnly, but can costitute a health hazard to

the general population as well.. A large population group in Japan was _

exposed to cadmium by contarination of Scod nnd watcr through a mine.
The total daily intake of cadmlum was about tcn-fnld grenter lhnn that in
most parts of the world In some areas :he exposure was high- enough to

cause an epidemic nf severe bone, disease - the Jiai-itai disease, (Friberg et

.~ al, .1974). Another case of cadmium exposure among the general*pSpulation

occurred in a village in England.+The source of contahination was food

gxbwn in an old zinc-mining area. The level of exposure was comparable’ 'm_.

» % -
that of Japan, liver cadmium levels were high in the exposed: population
and some evidence of kidney damage was noted, but none developed the
typical features of [tai-itai disease- (Carruthers and Smith, 1979; Inskip,

3 ’

Cadmium has no essential biclogical funch?n‘ Although bne. preliminary
communu:auon hnx reported a growth supporting.effect of cndmlum xM(s
(Schwarz 'and  Spallholz, 1976), there are ‘o confirmatory reporis
substnnuatmg “this finding. So 'at. present sl evidence indicate that
cadmium is” u‘n'ry‘ a toxic element and its. p}es;nce in €ells mudt be regarded

as something to be minimized.

1.;.1. Sogoe of cadritum exposure )

5 Cadmxum expmure can’ oocur both in the industrial and gencml'

that use cadmium mcludc\nLeclmplntlng,




3 8

fabrication of alloys and solders, manufacture of paints where- cadmium
salts are used as pigments .and plastics where it is used as a staiwiliur,
and in manuficture of cadmium-nickel batteries (Bernard and Iauwerys,

1986). Certain other  industri ° like tion of cad and

its compound:, smelting and refining *of zinc and lead ores, recovery of
scrap melnl, combustion of coal and oil, and disposal of sewage' and sludge
and of waste' plastics produces cadmium s a_byproduct (Webb, 1975).
Workers in both types of industries are at potential danger of inhaling
large amounts of cadmium,, as lhe'prc‘:ccsses involved emit cadmium

particles and increase Its level in the air.

For the gcncml populntlon, cadmium osure occurs mainly through
food. However, :ngarene smoke contains a- signifi cam amount of cadmium,
and thus in heavy smokers this is an important additional source of,
cadmium. Drinking, ;vnlcr and ambient air us;mlly contain very lit;lc
cagmium,' and contribution "m‘toml body burden o‘f cadmium from these _

sources ‘are insignificant.

Volcanic activity and -erosion of land has contaminated the earth’s
environment “and polluted its food supply with cadiium since the beginning
of ]ife; but it is m;ly in the last lhrgev decades that cadmium has been, i

“ given a serious Cconsideration & a ‘food i As ‘the i ial use

of cadmxum increased over the past lhlny yenrs, 50 d|d its level u| the

envxmnmem and <consequently irr the food chain (Fux, 1979' Ryan, Pnhren

d Lucas, 1982). Several studies have been conducted to estimate the
* avehgg daily cadmium intake from food. The values are extremely varinl_:le'

on the region, dietary habit and source ‘' of

N %
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contamination. Some foods like oysters, kidney and liver are known to
contain amounts of .cadmium :onsigemhiy higher than most other foods.

Diets rich in these foods may considerably _increase the cadmium intake

(Mahaffey, Corneliussen, Jelinek .and Fiorino, 1975). The reported daily

intake of cadmium from various countries shows values of 10 - 51 ug/day
-.l'or the United States, 10 - 20 ug/day for the United Kingdom, 111- 18
pg/day for Sweden, 15 pg/day
‘ (Buchet, umwcrys, Vandevgorde and Pycke 1983; Pnge‘ El-Amamy and
‘Chang, 1986) For Canada, } avemge dmly intake has been reported to.
be 67 ug (K:rkpatnck and- Coffin, 1974) Tt has been estimated that
cadmium intake of %00-39(? ug/day far 50 years by a healthy 70 Kg' ‘man

r Belgium and 20 - 70 ug/day for Japan

would result .in_ kidney damage (Fox, 1983). Thus it can be derived that the
current dietary- cadmium content of normal people pmvidesva safety margin
of only 4 to 20 fold.

Various studies have documented the importance of cigarette ‘smoking .

as a sourcé of cadmium. Am'alysis of necropsy material "from smokers show

a higher body burden of cadmium in smokers as comparéd to non-smokers .

" (Lewis, Jusko, Coughlin and Hnn'z, 1972; Hahin, Ewers, Jermann, Fréier,
Bmckhxus and Schllpkuler. 1987). Thc amount of tetained cadmium is also

dwectly proportional to the numbcx’ cf cigarettes - srﬂoked By in vivo

+ measurement, the total body burden of cadmium was seen to be double in

smbkéﬁ as. cﬁmpucd to ncn-smokep (Ellis, Vartsky, Zanzi, Cohn " and
Yasamura,—1979). In pregnant women who smoked, cadmium levels were
" elevated in their blood, as also”in the placenta and fcml;blo:d (Kuhnert,
Knhne_n,,"Botmn'u. and Erhard, 1982). In a recent survey, blood cadmium

level was 'seen to. be increased in smokers with a ‘dose-effect relationship

4

5y g




10
to the number of cigarettes smoked per day. Even ex-smokers had higher
blood cadmium levels (Moreau, Lellouch, Juguet, Festy, Orssaud and jCIaudc,
1983). ’

1.2.2. Metabolism of cadmium,

The principal features of cadmium metabolism are its long biological
half-life and interaction with other nutrients, particularly zinc. The long
half-life is due to the ‘]a.ck of any homeostatic control mechanisms that .
can deal with the increasing intake of cadmium \_vith age. ﬁe only
prblectinn the mammalian system offers against cadmium is through the .‘

synthesis of the, intracellular metal-binding protein metallothionein. " .

The main routes of cadmium entry into the body are the * -
gastrointestinal tract and the lung. Viﬁilally the total amount of cadmium

present in the body enters through these two organs. P
B

*Very little quantitative data are. available on thé absorption  of
cadmium in man. Most values are based on the analys|s of human autopsy
mmenals -and " estimates of dietary lmnkc These Im;ued human data and
supportive animal experiments -indicate !hal the gastromteslmal absorption
of cadmium is very low, and is genemlly hetwcen 3 and 8 percent of the
‘intake (Perry, Thind and Perry, 1976). Cadmium is absorbed by a process
of passive diffusion in. the duod‘enum, :jejunum and ileum (Sahagian, -

Harding-Barlow an& Perry 1966; Sahaginn. Harding-Barlow and Perry 1967).

the intestine, i n in'(the epithelial cells and much of

it is subsequently lost when, the cells are shed from  the. vill However, the

observation of enteropathy in Ilwai-itai disease patients (Murata, ;Himnu,




11
Saeki and Nakagawa, 1969) and in experimental animals fed large doses of
cadmium (Richardson, Fox and .Fry, 1974) suggest that when cadmium
concentration in the villi crosses a critical level, the cells are damaged
and a substantial amount of cadmium may enter the body.

Absorption of cadmium.from the lung is much higher as compared to
the gastrointestinal tract. The rate of absorplmn depends on the, size and
molecular form of the rapufnbh particles of cadmium. The form present in
cigarette smoke is usually more completely absorbed than those from
industrial sources. One model baseld “on human autopsy study estimates that :
50 percent of- inhaled cndmi;lm from cigarette smoke is absorbed (Elinder,
Kjellstrom,” Friberg, Lind and Linnman, 1976). In nunqﬁlukem, inhalation
contributes very little. cadmium to the body The absorbed fraction is also
considerably les$ for other respirable sources. Generally about 25 percent .
of ct;dmium inhaléd in ambient air is deposited in the lower respiratory
tract, and about 13 to 19 percent of the inhaled cadm-ium -i: absorbed
(Friberg et al.,, 1974).

After absorption cadmium is transported in blood.vThc mode, of
cadmium transport in blood is unknown, but it is thought that cadmium is
transported in plasma bound to' low moletular weight protein(s) and ‘in
£ bound to i B;Id other protein(s) (Nordberg, Piscator

and Nordberg, 1971). Animal studies indicate that freshly absorbed cadmium
is first taken w by lhe liver and into i This

udnnummehllothionem wmplex‘ is then slowly released into blood and
taken up by other tissues, pnmcularly-kidn;y: (Kostial, 1986). In tissues,
cadmium is again bound into metallothionein, which keeps the metal in a
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non-ionic form that is non-toxic. Kidneys. for some unknown_ reason ’
produce the highest amount ofﬁmelallothionein and concentrate the largest
amount of cadmium. Liver also concentrates a considerable amount of
cadmium, but the amount is generally much lower than kidneys. However,
due to its larger weight the liver contains a significant fraction of the
total “body burden. In kidneys, a - cadmium gradient occurs with the
concentration . in the outer: cortex being ‘twice that in the medulla
(Livingston, 1972). '

Cadmium. once stored in tissues, is released very slowly. Its biological |

half-life has been calculated to be, 5-10 years in the liver and 16-33 years | .

in the kidneys (Kjellstrom, 1971; Friberg et al, i974-). Very small amounts |
of cadmium are normally excreted from the bqdy. The principal route of |
excretion is the urine and in normal man the urine cadmium concentration
varies from <. 0.5 to 2 pglliter. The lével is higher in smokers than in
non-!mokén. Also with increasing age, as tissue' cadmium levels increase,
the urinary output of cadmium also increases. Thus normally urinary
cadmium lcvekk\'eﬂect the total body burden of the metal (Kostial, 1986).
However, when renal damage occurs due to very high kidney cadmium load,
the excreilon” increases. dramatically sod may reach valoes over 100 jighlay
(Hallenbeck, 1986). 8 . R '

123. Toxic effects of cadmium

Cudmmm is toxic “to virtually every system of the body. ExlensM \
information exists on the toxic effects of cadmium, however, for obvious !
vyeumw most of the-data are from animal studies. Table 1.1 summarizes the

3
. ) 3
/

1
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TABLE 1.1

Toxic Effects of Cadmium

Type Effet}:ts Refe&encc <
Nordberg et al,; 1973
/

Acute Gastroenteritis
‘Bronchitls and pulmonary edema

Repmductivejystem effect * -

Chronic Renal dar;éée and proteinuria.
Ttai-itai disease
Chronic obstructive lung disease
‘Essential hypertension ¥
Carcinoma of lung and. prostate *
Teratogenesis *

Immunotoxicity *

©ccasionally - Mild anemia,
R I
Yellow coloration of teeth,
Nasal mucosal uiceration,
a

Anosmia, Liver .damage

Friberg et al, 1974
Parizek, 1956 & 1983

Piscator} 1986
Friberg’ et.al,, 1974
Stanescu et al,, 1977

‘Koop et al, 1982

Thun et al, 1985
Machemer et al.,, 1981

Koller, 1980 .
Borgman et al., 1986

Bernard .et al,, 1986
)

* Inconclusive evidence of occurrence in man
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