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It is becoming clear that heavy metal toxi- 
cities can affect iron or magnesium meta-hl- 
ism in various organisms. In plants, chlorwis 
caused by several heavy metals can be cor- 
rectkd by iron salts( 1 ) .  There is also evi- 
dence that in plants as well as in some mi- 
croorganisms parallel phenomena occur ( 2 3 ,  
4 ) ,  though only recently i t  has been demon- 
strated that the influence of iron and magne- 
sium is characteristically different (5,6). 
Such interrelationships have not been studied 
as extensively in other species; however, in 
rats, zinc toxicity is known to result in de- 
ranged iron metabolism ( 7,8), though the 
growth inhibition in this case is not reversed 
by additional iron(9). In Corcyrn cepha- 
Zonica St., an organism with nutritional re- 
quirements similar to rats( 10 ,11) ,  the ob- 
served effects af zinc toxicity resemble cor- 
responding manifestations in rats( 12 ,13) .  In 
view of this, the influence of iron and magne- 
sium on cobalt, nickel and zinc toxicities has 
been studied in Cmcyra larvae. 

Methods. The technic employed in rear- 
ing Corcyra larvae, preparation of diets and 
in determining growth has been described 
( 1 2 ) .  In all cases normal 10-1 5-day-old lar- 
vae were transferred in lots of 30 to 10 g of 
appropriate diets, consisting of w h a t  flour 
supplemented with metal salts as shown in 
tables below. Growth was followed for 3 
weeks thereafter. Controls on basal diet of 
wheat flour alone were always maintained, 
since the find weights of larvae were depen- 
dent upon their initial weights as well as on 
environmental conditions of temperature and 
humidity. Metal salts (analytical grade, 
Merck & Co., Ltd.) used were ZnS04 7Hz0, 
CoC12 = 6H20, NiS04 7H20, MgS04 7Hr0 
and ferric ammonium citrate; all included to 
provide the required amounts of metals per 

~ 

* Supported financially by the Council of Scien- 

t Present address: A. M .  Jain College, Meenam- 
tific & Industrial Research, India. 

bakkan, Madras. 

TABLE I. Influence of Increasing Levels of Co 011 
Growth of Corcyra Larvae. 

Co level 
Weeks of exp. Wt gain at 

diet) Start 1 2 3 endof exp. 
(mg/lO g 

Wt of 10 larvae (mg) 
Nil (control) 6.3 32.5 130.8 263.0 256.7 

1.0 5.5 26.6 96.7 209.3 203.8 
1.5 6.1 25.0 ' 75.7 183.3 177.2 
2.0 5.2 16.2 44.4 78.0 72.8 
2.5 5.7 14.5 41.1 75.1 69.4 
3.0 5.2 14.2 40.2 65.2 60.0 

10 g of diet. All experiments were repeated 
a t  least 4 times. 

Results. In Tables I and I1 are presented 
data on the effects of increasing levels of Co 
and Ni on growth of Corcyra larvae. Levels 
beyond the highest shown herein proved le- 
thal, hence the corresponding values have not 
been included. The concentrations needed to 
produce about 60% inhibition of growth by 
the end of the experimen'tal period are close 
to 2 mg for both Co and Ni. By comparison 
with the data of Sivarama Sastry et aZ.( 1 2 ) ,  
it would appear that Co and N: 1 are more 
toxic to Curcyra than Zn, which has to be 
administered at 9 mg level for similar results. 

In all subsequent studies, the influence of 
Fe and Mg has been studied using these con- 
centrations of toxic metals, viz., 2 mg Co, 2 
mg Ni and 9 mg Zn. Fe and Mg were sup- 
plemented as shown in Tables 111, I V  and V 
below, along with toxic metals. These levels 
were optimal as found by a ,few preliminary 

TABLE 11. Influence of Increasing Levels of Xi 
on Growth of Corcyra Larvae. 

(n?g/lO g Weeks of exp. Wt gain at. 
diet) Start 1 2 3 end of exp. 

Ni level 

Wt, of 10 larvae (nig) 
Nil (control) 5.7 32.5 114.2 250.0 244.3 ' 

1 .O 4.8 20.2 82.7 178.0 175.2 
1.5 5.4 19.6 65.8 15H.0 153.6 
2.0 5.2 18.4 55.2 79.8 74.6 
2.5 5.7 16.0 48.1 60.5 54.8 
3.0 4.4 14.0 42.1 58.2 53.8 
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TABLE 111. Iiiflucnce of E‘e a d  Mg 011 Co Tos- 

Supplements 
to dietY’ 

icity in Corcyra Larvae. 

( w p  g Weeks of exp. Wt gain at 
diet) Start 1 2 3 cndof exp. 

Wt of 10 1:irvac (mg) 
SOIIC (COIL- (i.3 22.5 138.8 004.6 198.2 

trol: 110 C O )  

Nil Xi 19.8 43.6 i3 .2  6i.X 

Jfg, 3 ing 5.7 33.6 110.8 197.8 192.1 
” , 10 ” 6.3 37.3 97.2 200.1; 19.5.:; 

Fc, 5 ” 6.4 31.1 98.3 203.5 197.1 
” , 1 0  ’* G.1 31.1; 180.2 9i7.5 261.4 

++ Escept wliwc s1wCifwally st:itcd nthwwiw. :I I 1  
tlictx contaiiicd 2.0 iiig Co. 

experiments, and by themselves had little 
effect on growth of control larvae. 

The data of Tables ITI-V show ( 1 )  that 
Fe completely overcomes growth inhibition 
in all cases: ( 2 )  that quantitatively consid- 
ered it is most effective against Ni. since re- 
storation of growth in Xi toxicity is complete 
a t  the 5 mg level of Fe itself: in Zn and Co 
toxicities, 10 mg of Fe is necessary. Further. 
maximal reversals with JIg are obtained onlj. 
at 5 mg Mg, higher amounts not being more 
efficient, causing on the other hand, an addi- 
tive inhibitory effect in Zn toxicity. lJnlike 
Fe, Rig counteracts Co and Ni tosicities. but 
not Zn toxicity in Corryra larvae. 

Discussion. Evidence available hitherto 
in regard to trace element interrelationships 
indicates that ion antagonisms are predomi- 
nantly prevalent in microorganisms and in 
plants. The data presented herein are in- 
teresting. in that they indicate that interrela- 
TAJJLE 1V. Influence of Fc and M g  on Ni TOA- 

icitp iii Corc!/rcc Larvae. 

811 pplf3 I c111 ts 
to clict’x* 

(nlg/lO g Wccks of csp. Wt p i i t  :it 
tlict) Start, 1 2 3 end of CSIL 

Wt of 1 0  1;irva.c (iitg) 

N o ~ c  (coil- 8.8 63.3 230.1 388.6 3i9.X 

Nil 9.2 30.1 118.1 901.3 192.1 
Mg, 5 iiig 9.0 45.6 266.0 404.4 395.1 
” , 10 ” 9.2 60.5 181.1 22,5.3 216.1 

5 ” 9.1 57.3 259.9 421.4 412.3 ’’: 10 ” 8.9 63.3 263.1 475.5 466.6 

trol: 110 Ni) 

* Except where specifically stated otherwise, all 
diets contained 2.0 mg Xi. 

tionships may also be exhibited by higher 
forms of life. 

In  Corcyra, i t  would appear that Co, Ni 
and Zn can antagonize physiologically impor- 
tant metals. Since complete counteraction 
of growth inhibition due to these metal toxi- 
cities is achieved by Fe or Mg, i t  will be evi- 
dent that such antagonistic behavior is re- 
flected in and is intimately associated with 
the overall growth picture. From this point 
of view! the difference between Zn toxicity 
on the one hand, and Co and Ni toxicities on 
the other, is noteworthy; in Zn toxicity Fe 
but not Mg can restore growth to normal. 
Sivarama Sastry and Sarma(l3) have shown 
that in Corcyra as in rats, Zn toxicity de- 
presses catalase levels. Moreover, recently 
Cox and Harris(9) have shown that in rats, 
the Zn-Fe antagonism manifests itself in 
altered tissue Fe levels which can be partially 

1’,4RIJE V. Influence of Fe and Mg 011 Zn Toxicity 
in C o r c y ~ a  Larvae. 

SupI)lciiien ts 
to diet” 

(111g/10 g Weeks of exp. Wt gain at 
diet) Start 1 2 3 endof exy. 

W t  of 10 larvae (mg) 
XOI~C (coil- 5.7 30.4 104.1 213.2 207.5 
trol: 110 Z n )  

S i l  5.5 22.2 49.3 115.9 110.4 
Jig, 5 itig 5.3 24.0 66.6 131.4 126.1 
” , 10 ” 6.1 21.2 63.9 72.5 66.4 

Fe, 5 ” 5.3 28.6 79.0 180.8 175.5 
”, 10 ” 6.1 32.9 120.5 222.4 216.3 

.% Eswyt where specifically stated otherwise, all 
ilicts contained 9.0 mg Zn. 

brought to normal by additional Fe, though 
growth itself remains unchanged. The pres- 
ent results emphasize that beneath an appar- 
ent formal similarity, metal interrelationships 
are complex and species specific. It would 
also appear that in Corcyra larvae, the effects 
of Zn toxicity are attributable to a condi- 
tioned Fe deficiency. Further, from the 
standpoint of comparative biochemistry, this 
feature constitutes a point of divergence be- 
tween Corcyra larvae and a lower organism 
such as the mold Aspergillus niger wherein 
Zn toxicity has been recently shown to be 
equivalent to a Mg deficiency( 6). 

The influence of Mg (Tables 111, I V  and 
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V )  on metal toxicities is important for an- and Ni to Corcyrn larvae has been deter- 
other reason also. From the present data it 
is difficult to say whether the effect of M g  i n  
Co and Ni toxicities is primarily indicative 
of a Mg deficiency since both Fe and Mg can 
reverse these toxicities. However, it is pos- 
sible that the effect of each of these 2 metals, 
viz., Fe and Mg, is itself dependent on the 
physiological status of the organism with re- 
spect to the other metal. For instance, it has 
been found recently that in the mold AT. 
crassa ( 5 )  , wherein the level of Mg determines 
the concentration at which Co, Ni or Zn be- 
comes toxic, reversal of these toxicities by 
Fe requires a very much higher amount of 
Fe on a low-Mg medium as compared to one 
wherein the Mg content is 10-fold higher. 

It may be conjectured that excess Fe and 
Mg influences the intracellular accumulation 
of toxic metals by tissues. In this context, 
the demonstration by Abelson and Aldous (3) 
of such a control of metal ion uptake in cer- 
tain organisms is of interest. 

In any event, the present data indicate 
that the toxicity of Co, Ni and Zn is asso- 
ciated with their interference with the func- 
tioning or utilization of physiological active 
elements like Fe and Mg. It is likely that 
such derangements, in turn, bring about far 
reaching metabolic defects by affecting the 
rate of synthesis or degradation of vital meta- 
bolites. The complete reversal of Zn toxicity 
in Corcyra larvae by nucleic acids without 
any concomitant effect on accumulation of 
Zn""( 12)  is indicative of such a possibility. 

The range of toxicity of Co Szfmnrary. 

mined. It has been shown that under condi- 
tions wherein excess Co, Ni and %n produce 
severe inhibition of growth in these larvae, 
supplementation with Fe uniformly restores 
growth to normal in all 3 metal toxicities and 
that Mg is effective only in Co and Ni toxici- 
ties. The significance of these results in re- 
lation to metal interrelationships in Corcyra 
larvae has been discussed. 
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Thyroid State and Glucose Oxidation by Blood." (27134) 
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The in vitro glucose oxidation rate of of triiodothyronine, but continued treatment 
erythrocytes is changed by prior treatment of causes the oxidation rate to decrease until i t  
the animal with triiodothyronine and thy- reaches 62% of normal by the 21st day when 
roxine( 1,2). Oxidation is increased during thyrotoxic symptoms first appear( 2). In 
the first 4 days of treatment with high doses ~ ~ i t r o  addition of physiological do* of tri- 

iodothyronine to solutions containing eryth- *Supported in part by USPHS Grant. 


