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ABSTRACT

The information available of the interaction of cadmium with other metals, leading to
modifications of the action of cadmium on living systems indicates that the ultimate
expression of the mteraction may be antagonistic, synergistic or simply additive. It
depends on a number of external factors, amongst which the nature of the organism, the
concentrations applied and the mode of administration are the more important ones. This
interaction has considerable mmportance in counteracting the biotoxic activity of

cadmium and its compounds.

INTRODUCTION

T oxic effects of cadmium on biological sys-
tems have invited progressive interest follow-
ing the increase in global use of this element,
particularly in industries and its association with
certain human disabilities, addictions and
dictary deficiencies, Considerable information is
available on these aspects of the problem® ™°,

In this review, the available information on the
interaction of cadmium with other metals, lead-
ing to modifications of the toxic action of
cadmium on hving systems, has been
summarised.

The action of cadmium salts on the living
systems has been studied both as a single toxic
entity and in combination with other chemicals,
including other trace elements. The latter have
been shown to interact with a number of toxic
heavy metals, reducing their activity’. The im-
portance of metal-metal interactions in both
enhancement and inhibition of metal carcinoge-
nesis has also been emphasized’ 8,

Toxicity may be altered by antagonistic inter-
actions between the toxic and essential
cations? "', Thus, pretreatment with or simul-
tancous administration of, excess of essential
jons also protects agamst many of the acute
effects of Cd'* 1%, The antagonism between
orally ingested Cd and essential cations leads to
certain effects which depend upon the relative

contents of the latter in the diet. The expression
of such antagonism may not be necessarily
simple but may be confounded by interactions
between the essential ions themselves. Such inter-
actions, for example, between Zn and Cu, Cu
and Fe, Fe and Zn are well known tn animal
nutrition!?” 12, It follows, therefore, that the
administration of a specific metal to counteract
the toxicity of Cd may interfere with the metabo-
lism of others.

In plants, Cd has been shown to affect other
so1] constituents or introduced pollutants. For
example, Cd depresses Mn and P uptake by
plants??:2!, The uptake of Cd could be reduced
by a high level of Se?2 oranexcessof Al, K, Ca or
P?°. Tolerance induced, following pretreatment
with various metals, to the harmful action of Cd
has been extensively studied®?*- 24 Earlier work
had suggested that such tolerance is highly metal
specific?3, and that tolerance to more than one
elements was not always specific=® =%, Possibihity
of co-tolerance between a naturally occurring
divalent cation and a metal pollutant forms the
basis of the phenomenon of such antagonism.

FACTORS ATFICTING INTI RACTION

Nunwerous {actors allect the interactions be-
tween mictals??-2% Species, stinn and indiyid-
ual variations may cnable an organism to nictu-
bolise compounds rapdly and thus prevent the
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accumulation of a metal to an effective level in
blood and tissue. Mectabolism of the same com-
pound in another organism may be so slow that
the cumulative level of the metal in the tissue 1s
toxic??. Sex, age and weight are other factors
influencing the degree of toxicity of the metals3?.
Weaning rats excrete more Cd in the faeces
during the first 24 hours than the normal young
adult animals?’. Both environmental and nutr-
itional states play vital roles in detoxification.
The mode of admimstration has a decisive effect
on the degree of interaction. Parenteral adminis-
tration leads to more drastic effect than oral
feeding. Among the different routes of parenteral
administrations, subcutaneous (s¢) injection is
the most effective, closely followed by intra-
peritoneal (ip) or intra-venous (iv) modes?®,
The few studies of interaction of metals on plants
show that the edaphic factors and the physiolog-
ical conditions of the plant are largely respon-
sible for Cd uptake.

INTERACTIONS WITH OTHER METALS
Cadmium and Zinc

Zinc attenuates many toxic effects of Cd
including testicular damage>* 3%, inhibition of
hepatic microsomal drug metabolism?®, carcino-
genesis®’ cytotoxicity?®, inhibition of oxidative
phosphorylation®® and lethality*® =42,

In Escherichia coli, the addition of Zn short-
ened the lag phase in the growth of the bacteria
when treated with Cd, pretreatment with Zn
being even more successful®®, The inhibitory
effect of Cd on the growth of yeast has been
counteracted by Zn as well**. Antagonism be-
tween Cd and Zn was reported in Euglena gracilis
with respect to the morphology and cell divis-
ion*>. In hydroponic experiments with corn,
toxic effects of Cd were ameliorated by the
addition of Zn to the nutrient growth solution*®.
On the other hand, during Allium test, Zn and Cd
acted independently in their effects on divisional
frequency and chromosome aberrations*”.

Dosage mortality curves indicated that equal
concentrations of Cd and Zn in mixture, applied
to Daphnia magna, were less toxic than the
individual metals*®,

Combined toxicity of the two metals in mix-
ture was additive in Salmo gairdneri —a rainbow
trout exposed artificially to a mixture of the
metals*?.

In embryonic chick bone tissue culture, Zn
prevented a decrease in hyaline phosphate (Hy-p)
content caused by Cd. Mixture of the two metals.
applied to intravitelline membrane of chicken
embryo for three days, reduced the frequency of
malformations induced by Cd when given
alone®'. In marnine birds, toxic effects of Cd were
reduced by Zn and there was a positive corre-
lation between the amounts of Zn and Cd present
in the kidney®2,

At clastogenic and mutagenic levels, human
lymphocyte culture revealed a higher incidence
of chromatid type of aberrations and gaps in
cultures exclusively treated with Cd, which was
decreased appreciably in combination treat-
ments with acetates of Zn and Cd?>. The uptake
of Zn by HeLa cells in vitro>* is inhibited by Cd,
while the toxicity of the latter cation in mouse
cells is reduced proportionately with the en-
hancement of the Zn:(Cd ratio i culture
medium?®3.

Morphological and biochemical evidences de-
monstrate that pretreatment with Zn markedly
decreases the hepatotoxic activity of Cd>®. The
results are confirmed by studies on hepatic
microsomal drug metabolism?®. Cell swelling
and cytoplasmic eosinophilia were predominant
in rats treated first with Zn and then with Cd>°.
Cell swelling is generally regarded as rever-
sible>?. Zn affords protection against Cd-
induced inhibition of pancreatic function and
stimulation of hepatic gluconeogenic enzymes>2.
Cd-induced anemia in rats, fed with a diet
containing mixtures of Cd and Zn, was pre-
vented by Zn>9,

Pretreatment with Zn protects the mammalian
testis against Cd salts329, as also the ovary.
ZnCl, (200 times the equimolecular dose of
CdCl,) prevented the gonadal changes caused by
CdCl,. Administration of the two salts in
equimolar dose (0.04 m mol/kg) was ineflect-
ive®!. Zinc acetate, when given prior to CdCl,
treatment, checked histological damage and re-
duced polyamine content in rat testis®?,
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Decreased spermine and spermidine levels were
altered. Antagonistic interaction between Cd
and Zn was observed following intravenous
injection of the acetate salts in rabbits, after six
weeks®3. Pretreatment of mice, with repeated
small doses of Cd, protected against the acute
testicular necrosis caused by a single large dose of
Cde4,

The reratogenic action of Cd salts has also been
shown to be appreciably altered by Zn salts!®.
Foetal death or resorption induced by Cd was
reversed by a combination of zinc acetate and
CdCl,%5.%¢. A combination treatment with Zn
and Cd of pregnant rats on gestation days nine®’
and 12—15 prevented the fetotoxicity caused by
Cd alone®®. Excess dietary Zn protected against
fetal growth retardation induced by Cd in rats®®.

At carcinogenic level the reports are conflict-
ing. Concurrent injection of zinc acetate protects
the testicular vessels from acute damage and
inhibits the ultimate development of testicular
tumour produced by subcutaneous (sc) injection
of Cd*°. On the other hand Zn dust failed to
check the tumour produced by Cd dust, when
both the compounds were injected intra-
muscularly’®.

Cadmium and Selenium

Se has been shown to protect against damage
induced by Cd including lethality in rats”! and in
mice*®, testicular necrosis*>’! pancreatic chan-
ges and alterations in gluconeogenic enzymes®®
and reductions in plasma and testicular gluta-
thione peroxidase activity in rat’73,

Sensitivity of the fresh water mollusks Lymnea
stagnalis to Cd was nearly halved n presence of
the sub-lethal amounts of Se, while sub-lethal
amounts of Cd, gave additional protection
against the toxic effects of Se’®. The level of
antagonism depends, among other factors, on
the organism concerned since it could not be
observed in estuarine forms. For example, con-
current exposure to equal amounts (400 ppb) of
Se and Cd for 72 hr did not significantly alter the
overall accumulation of Cd in whole oysters
(Crassotrea virginica), though the gills contained

lower levels of Cd than in animals exposed to Cd
alone’”.

Amongst plants, 4llium sativum when treated
with Cd and Se salts, in different combinations,
showed additive effects, as measured by cyto-
toxic and clastogenic activities’®.

In broiler chicken, sodium selenite (10. or
20 ppm) in feed decreased the negative action of
cadmium acetate (30 ppm). Total tissue content
of Cd was lowered by Se and vice versa™”.

Hepatotoxicity, in rats induced by Cd, shown
by decreased activity of the microsomal
monooxygenase enzyme system could be pre-
vented by Se in vive and nor in vitro™8.
Alterations in glucose tolerance and insulin
release responses to a glucose load were reversed
by Se°®.

The inhibition of the toxic action of Cd by Se is
correlated with tissue sulphydryl content and
glutathione reductase activity, Se pretreatment
(13 pmol/kg) prevented the Jowering effect of
sulphydryl content by Cd significantly in liver
and testis’”.

Equimolecular weight of sodium selenite
(0.04 m mol/kg) was ineffective to reverse the Cd-
induced characteristic degenerative changes in
testis, while ovarian changes caused by Cd(l,
could be prevented by a dose of S¢ higher than
CdCl,%!. Increased vascular permeability lead-
ing to haemorrhagic necrosis in the testis, (n the
ovaries of female rats in persistent oestrus and
damage to the lactating mammary gland could
be reversed by Se80-81.

In vitro experiments on human erythrocytes
showed that Se at< 0.1l m M concentration in-
hibited the Cd uptake while the latter was
enhanced at concentrations greater than
0.3m M Se??,

Cadmium and Lead

The types of interaction of Cd and Pb vary
according to the nature of orgamsm and dosage
applied. The primary production of phytoplank-
ton inhibited by Cd was increased, indicating
antagonism, when concentration of Pb exceeded
that of Cd®}. Synergism was observed in sol-
utions where the concentration of Cd was greater
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than that of Pb. Low concentrations (0.1 to
{.0mg 1) of Pb increased the toxicity of Cd
(0.1 mg1). In experiments with individual heavy
metals, phytoplankton was not adversely af-
fected, but a combination of the same concentra-
tions of the metals showed a synergistic adverse
effects on the plants®4,

Wheat and corn seedlings grown in the pre-
sence of Pb and Cd resulted in a decreased
accumulation of the elements, with a consequent
reduced effect on the plants®s, In Lolium hy-
bridum, the presence of Pb in soil enhanced the
concentration of Cd. On the other hand, increase
in Cd concentrations in soil decreased concentra-
tion of Pb in tissues of both Lolium hybridum and
Avena sativa straw®®, The toxic action of Cd was
enhanced In presence of Pb in the blue green
algae Anacystis nidulans®’. A combination of
cadmium chlonde and lead acetate caused sen-
escence In the three submerged aquatics
Potamogeton pectinatus, Vallisneria spiralis and
Hydrilla verticillata, by decreasing chlorophyll,
DNA, RNA, protein and dry weight and increasing
free amino acid, tissue permeability and activities
of protease and RNAase and the ratio of acid to
alkaline  pyrophosphatase  activity®®, In
Lepidium sativum, no synergism with concomitt-
ant application of Cd and Pb could be ob-
served®®. Chlorides of Pb and Cd in combination
reduced growth in Saccharomyces cerevisiae in-
hibiting the enzymes (malic, glutamic and glycer-
aldehyde 3-phosphate dehydrogenase). No inter-
action was, however, recorded with regard to the
rates of fermentation and respiration®°. In the
liver of Langhorn chicken, embryo investiga-
tions were carried out 15 days after a single
injection of Cd and/or Pb (0.25 ug/g) as acetate
into the egg or their combination into egg yolk®!.
The admunistration of Cd significantly increased
the hepatic uptake of Pb and Cu. Significantly
enhanced Cd, Pb and Zn levels were detected in
the embryonic liver from the eggs injected simul-
taneously with Cd and Pb, showing their syn-
ergistic activity®! =94,

The toxic effects of Pb (500 ppm) and Cd
(100 ppm) fed simultaneously in the ratio §:1
were additive on the growth of rats®s. Cd
inhibited the retention of Pbh (or stimulated its
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excretion) whereas Pb did not affect accumu-
lation of Cd. Rats treated intraperitoneally with
Cd and Pb daily for 10 to 60 days showed more
severe damage to kidney and liver on day 30 as
compared to day 60 following injection of Cd
alone?. Chronic exposure to Pb and Cd de-
creased the incidence of virus-induced mortality
and other effects produced by exposure to each
metal alone®’. Cell injury due to Cd was also
reduced by Pb®®, The combined action of Pb and
Cd was synergistic on testicular damage and
prostatic cytology®®. Although no tumours were
formed, the replacement of columnar epithelium
by squamous cells suggested progressive, pre-
cancerous changes.

Increased number of red blood cells was
observed in male rats exposed to dietary Pb and
Cd alone or in combination, for ten weeks, the
enhancement being greater in the combined
group®® A reduction in blood and tissue levels
of Pb with severe anemia occurred 1n animals
simultaneously exposed to the two metals.
Similar synergism was observed in rats treated
intragastrically with Pb and Cd, leading to loss in
body weight and increase 1n relative liver, brain
and adrenal weights’©!. In rabbits, during and
after six weeks intravenous administration of
lead acetate and cadmium acetate in various
combinations, a synergistic effect was observed
when these were given together®’.

A shorter interval between the onset of clinical
changes and death occurred in ponies fed hay
contaminated by the two metals!®?,

In some cases, the effects were additive!03.104
Cardiac phosphocreatine and hepatic sugar
phosphate concentrations were depressed fol-
lowing long term exposure to low levels of Cd
and Pb through drinking water'??, Risk of
mortality related to cardiac failure in humans
was seen in 80 percent of cases due to combined
effects of Pb and Cd'%4. The relationship with
age was significantly high.

Antagonistic interaction between the two
metals was manifested by the reversal of in ritro
inhibitory effects of Pb on human erythrocytic 8-
aminolevulinic acid dehydratase (8 -ALAD) ac-
tivity through low concentrations of Cd 2>, Rats
fed on Pb (0.5 %) showed a marked reduction of
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reticulocytosis induced when toxic Cd diets were
administered?®®.

No interaction between the two have been
reported'®’ on the renal function of a group of
workers exposed simultaneousiy to Pb and Cd.
Simultaneous administration of Pb and Cd did
not induce any additive toxic effects on carbo-
hydrate metabolism?®®. Pb also did not protect
against the decrease in collagen content caused
by Cd in embryonic chick bone culture>°,

Clastogenic and mutagenic information on the
interaction of Pb and Cd is extremely sparse, and
results obtained are mainly speculative. Analysis
of peripheral lymphocytes of workers occu-
pationally exposed simultaneously to Cd, Pb and
Zn gave an increase in chromosomal aberrations
as compared with the effects of only Pb!°? or
Cd*'°. Higher incidences of chromatid type were
recorded in unstimulated human lymphocytes
from cultures exclusively treated with Cd, thanin
those treated with Cd and Pb!!!.

Cadmium and Mercury interactions are
variable. In lower organisms, effects on growth
showed mixed synergism and antagonism de-
pending upon the actual concentrations used.
Irrespective of the sequence of administration, Cd
decreased Hg toxicity in mussels—Myrilus
edulis. Association of the two metals had no
significant eflect on the accumulation of Hg, but
decreased Cd in the body''2. Hg and Cd in
combination on Anabaena inequalis showed syn-
ergistic action towards photosynthesis and nitro-
genase activity!13,

Pretreatment of female rats with CdCl, (2,
2.4 mg/kg) protected against the nephrotoxic
effect of Hg (0.5, 1.0 and 1.5 mg/kg) given six
days after the second dose of Cd. male rats were
more sensitive in the case of HgCl, and could be
protected only upto against 0.5 mg/keg.
Protection by Cd was not associated with de-
creascd accumulation of Hg in the kidneys!!4.
Prior injection with HeCl, was more efficient as
an antagonist than post-treatment!'s. Toxicity
was decreased inthe acute intoxication. Injection
of CdCl, inlow doses before treatment caused an
imtal reduction and then an enhancement of
toxicity induced by HgCl,. Retention of Hg was
raised in rat hver and kidney; eflect on organ

bl " o N —

retention of Cd was noted'*°. Due to the upper
threshold of the ability of the kidney to bind Hg,
with an increasing dose of Hg, the relative
amount deposited in the kidneys decreased. The
urinary excretion of Hg rose at the same
timell?“llgi

Cadmium and copper mainly give additive or
synergistic effects on lower organisms. In Tisbe
holothuriae, a marine copepod, the mortality rate
was found to be higher than expected on a purely
additive basis when the two metals were ad-
ministered together'*®. Salmo gairdneri, a rain-
bow trout, exposed artificially to a mixture of Cu
and Cd showed that the combined toxicity to be
additive*®. Cd contents of herring eggs were
shown to be reduced by Cul?t,

Cd, added in the M-sucrose medium, sup-
pressed frond growth in Lemna paucicostata
6746, while Cu suppressed both multiplication
and frond growth. In a medium containing both
salts, inhibition of multiplication depended on
the concentrations of both metals adsorbed.
Frond growth however was affected only by the
concentration of Cu'??,

Various combinations of Cd and Cu in drink-
ing water administered to mice did not alter
tissue Zn, Fe and Cu levels'?3. Subcutaneous
injection of 1 mg CdC(l, /kgto rats caused anemia
associated with reduction of levels of Cu and Fe
in the blood, erythrocytes, leucocyte and throm-
bocyte counts, and haemoglobin values. These
effects were neutralized by concomitant oral
administration of 0.5mg CuSO,/day*??. The
interaction of Cu and Cd thus depends on a
specific rates of metal.

Cadmivm and Iron

Reversal of Cd toxicity by Fe in batch cultures
of diatoms Thalassiosira weissflogii indicates
antagonistic interaction between the twol?s,
lron transpoit in duodenal loops is reduced
signtficantly in chicks muintained on a diet
supplemented with 75 up Cd'2°. In Japanese
guatl, hacmoglobin levels are reduced in blood
and 1ron concentrations in liver after 4 weeks on
a purificd soybean protein diet, supplemented
with Cd'?7,
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Excessive eaposure to Cd of growing labora-
tory ammals icads to a hypochromic microcytic
anemia and growth retardation associated with
increased plasma transferrin levels and decreased
body iron'?7713° These eflects!®! can be pre-
vented by either parenteral or increased dietary
administration of ironi%-1-8-130.132-134 Hawever,
at higher levels of dietary Cd (> 50 ppm CdCl,)
Fe could not completely prevent the increase of
liver and Kidney Cd levels!**. Chronic Cd ex-
posure 1n diet causes almost linear time-

dependent depletion of Fe from the livers of
rats!3”,

Cadmium and Calcium

Calcium, introduced either as sulphate or
carbonate, protected brook trout against Cd
toxicity'*°_ In Japanese quail, continual dietary
exposure to €d decreases the retention of Ca,
resulting in poor bone mineralisation!3”? either
through Fe deficiency, or reduced food intake
rather than to a direct effect of Cd on Ca
utilization'*®, In cultures of chick embryo tibiae
addition of Cd decreases the uptake of Cat3?,

In the whole animal Cd inhibits Ca transport
through the intestinal mucosa and in pregnant
rats causes a dose-dependent delay in foetal
skeletal calcification'*?, Tissue uptake of Cd is
enhanced in animals on Ca-deficient diets!4?,
through higher synthesis of intestinal Ca binding
protein'*?. This protein in the rat duodenal
mucosa is inactivated by oral administration of
Cd'*>. Accumulation of Cd in the kidneys of rats
was lowered and mortality was decreased by
enriching soft tap water (hardness 2.8°) with
CaCl, to a hardness of 25° 144,

Experimental animals and industrial workers
exposed to Cd, as well as patients with Jrai [tai
disease'*’, who may accumulate appreciable
amounts of Cd in their bones'#®, develop os-
teoporosis and osteomalacia'®*?~14% These ef-
fects are secondary ones due to renal tubular
dysfunction and the failure to reabsorb Ca.

Dietary deficiency of protein, coupled with Ca
and vitamin D, may be responsible for the
dysfunction in [tai-liai patients. Such deficien-
cles also aggravate the skeletal changes due to

I

chrontc Cd poisoning in  experimental
animals?3®, Earlier observations on well nouris-
hed industrial workers with Cd-induced renal
tubular damage but with high intakes of Ca, did
not show bone abnormalities!s?!.

MODE OF INTERACTION

The antagonism ¢xhibited by other metals to
the activities of Cd may be through three sep-
arate processes:

(1) Competition for membrane sites.
(i) Diversion of Cd from low molecular weight
protein to high molecular ones.
(1m) Alterations in organ distribution.

The membrane phospholipids are the essential
active sites for reversing the binding of the two
metals® 13?2 in vivo. Evidences indicate a com-
petitive inhibition between the metals, particu-
larly from the same group of periodic table!$3.
Membrane phospholipids form essential com-
ponents of membrane binding sites and therefore
cell membrane permeability would be altered by
hpid peroxidation resulting in specific le-
sions!>#~ 137 This view point is supported by the
fact that in vive effects of Cd were prevented by
injection of sodium selenite before adminis-
tration of Cd’2.

In the marine organisms, competition between
chemically similar ions for binding sites can
stgnificantly affect bioaccumulation of Cd, since
the latter depends upon the existence of metal
binding ligands in the proteins, capable of form-
ing highly stable complexes with Cd. If the Cd
can move across the permeable membrane and
bind to the intercellular ligands, the metal will
continue to accumulate until all the binding sites
are occupied. Intracellular mobilization c¢an
occur simultaneously. The uptake process was
linearly related to the time of exposure and
concentration of Cd, indicating that the process
of interaction is also diffusion controlled and
obviously the divalent cations would compete in
the process?®3,

Metallothionein, an inducible protein in se-
veral organs'*8, including plant*®?, can seques-
ter large amounts of Cd following exposure*. Zn
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administration can induce the synthesis of
MT!%° Following Cd-induced synthesis of he-
patic MT, Zn and Cd are bound to the pro-
tein'6!, Se'®? and Hg'®? can induce de novo
synthesis of MT, which presumably due to its
high sulphydryl contents then sequesters the
metal’ ¢4,

Such a mechanism does not apply to rat
testis—a target for Cd carcinogenesis. The pro-
tein previously thought to be testicular MT!63
has been shown to be a different one'®® and not
inducible following Cd exposure?38.167-169

Another possible explanation for the protect-
ive effect involves the ability of the protecting
metal to alter tissue distribution of Cd. The
cation may be diverted from the target to less
sensitive binding sites through non-specific in-
corporation into various proteins!®®, The pre-
sence of specific proteins of unknown function
(molecular weight 30,000 daltons) in the testis
was reported with a high affinity for Cd?*®?.
During the protection afforded by selenite
against Cd, the first step in the metabolic conver-
sion of selenite occurs in the red blood cells and
leads to an intermediate which interacts with
plasma proteins (s) and with Cd in 1:1 atomic
rates!’?, Endogenous Se is not available for this
interaction, which diverts Cd from its normal
carrier protem fraction (molecular wt. 77,000) in
the plasma to proteins of higher molecular
weight. Se was observed to be significantly
increased in the blood and testis but reduced in
the liver and kidney!??, Thus the Cd in soluble
fraction of tests of rats was diverted by Se from
low molecular weight proteins to larger ones
during the protection of testes’®. Increased Cd
levels in testicular cytosolic fraction have been
redistributed from low (15,000-34,000) to high
molecular weight (110,000—-115,000)7%1%°, as
well as in the hepatocytes!”®, Similar subcellular
distribution and chemical forms of Cd are
changed by Zn3°,

Alternatively, the preventive effects of
physiological essential metals against metal-
induced carcinogenesis may result from reduced
binding at target sites'”! or may be mediated by
other brochemical mechanisms®. Cd in many
respects acts as an antimetabolite to Zn and thus

can influence the Zn metabolism. It may act as
one promotor among others in the complex
development of prostrate cancer?.

The formation of chemical complex of any two
elements like Cd and Se has been suggested as a
mechanism of detoxification. In this case, the
inhibitory effect of one element should be de-
creased in the presence of the other”8. Such effect
could not be observed in vitro' 72,

In the interaction between cadmium and other
metals one or more of these mechanisms may be
effective. The ultimate expression—antagonistic,
synergistic or simply additive—depends, as men-
tioned earlier, on a number of extraneous fac-
tors, amongst which the nature of the organism,
the concentration applied and the mode of
administration are more important.
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ANNOUNCEMENTS

BIOTECHNOLOGY IN FOOD PROCESSING

The Department of Food Science and Nutrition at
the University of Minnesota will sponsor an
International Symposium on Biotechnology in Food
Processing, October 7-9, 1985, at the Radisson
University Hotel, Minneapolis, Minnesota. This 1s the
first major biotechnology symposium to focus specifi-
cally on food processing applications. A brochure
describing the program in detail 1s ¢nclosed.

The purpose of this symposium is to provide an

opportunity for participants from academia, govern-
ment and industry to explore the present and future
applications of biotechnology in the food processing
industry.

For additional information, contact: Lynette
Marten, Office of Special Programs, 405 Coffey Hall,
1420 Eckles Avenue, University of Minnesota, St.
Paul, Minnesota 55108 USA.

A

NAGAMMA DATTATREYA RAO DESA] AWARD

Dr Snkant Kulkarni has received the Nagamma
Dattatreyd Rao Desai award in recognition of his
outstanding research contributions on Rice and
Wheat Pathology as also on Ragi which have helped to

get high yields in these respective crops in Karnataka.
The University of Agricultural Sciences, Bangalore
has awarded this for the year 1984, The Prize carries
cash Rs. 2,500/- and a citation.
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