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Abstract A radiorespirometry experiment was conducted to de- 
termine the effect of single and multiple doses of cadmium on the 
catabolism of ~-glucose- '~C (uniformly labeled) in normal and al- 
loxan diabetic rats by the collection of 14C02. Cumulative 
amounts of 14C02 were determined a t  1, 3, 6, and 12 hr. The ef- 
fect of cadmium on glucose catabolism was related to the admin- 
istered dose as well as to the manner of dosing, single or repeated. 
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Table I-Effect of Cadmium on  14C02 Expirat ion by Rats 
Metabolizing 1~-Glucose-1~C 

Dose, m g  Cadmium/kg 

Alloxan 
Normal  Diabet ic  

T i m e  
Interval,  hr 1 . 0  3.0 4 X 0 . 7 5  1 . 0  4 X 0 . 7 5  

NS * *c NS ** NS ** 
** 

* ** ** ** 

0-1 NSa  NS 
0-3 * b  NS ** 
0-6 NS 
0-12 NS 

** 

0 Nonsignificant. * Significant at the p = 0.05 level. C Significant at the 
p = 0.01 level. 

An increasing amount of cadmium in the environ- 
ment is thought to be a risk to the general popula- 
tion. The human hazard usually results after long- 
term accumulation of relatively small daily incre- 
ments of cadmium in the microgram range. It has 
been reported that cadmium alters in uitro the activ- 
ity of certain enzymes (1-5), decreases insulin secre- 
tion (6, 7), and produces changes in blood glucose 
levels (2). 

In previous work (8), multiple doses of cadmium 
did not produce differences in blood glucose or insu- 
lin levels, although cadmium did increase the evolu- 
tion of respiratory l4c02 in rats catabolizing D-glu- 
cose-14C (uniformly labeled). It was of interest to in- 
vestigate further the influence of single and multiple 
doses of this metal on the rate and extent of evolu- 
tion of respiratory I4CO2 in normal rats. Alloxan di- 
abetic rats were also used to determine if cadmium 
can disturb the amount of respiratory C02 when the 
amount of insulin present is decreased. 

EXPERIMENTAL 

Design and Procedures-Forty-two female rats' from the 
same shipment and weighing 195-205 g were used. Four normal 
and three alloxan diabetic groups, each containing six animals, 
were established by random assignment. One animal from each 
group was tested on one of six alternating days. Within each 
group, the day for testing was established by random assignment. 
Prior to experimentation, the animals were housed individually in 
metal cages for 10 days. They were allowed free access to food and 
tap water but were fasted 1 night before testing to decrease the 
endogenous glucose level. 

Treatments for two normal and two alloxan diabetic groups 
consisted of either a single dose of 1.0 mg cadmium/kg or a multi- 
ple dose of 0.75 mg/kg given for 4 consecutive days, including the 
day for testing. In addition, a 3.0-mg/kg dose was chosen for one 
normal group to examine the effect of a single large dose. This 

dose was not used in the alloxan diabetic group because only 
seven metabolism chambers were available. The remaining 
groups served as controls and received saline solution. During the 
period of multiple dosing, animals receiving single doses were 
given saline solution. 

The cadmium was given intraperitoneally as cadmium acetate 
dissolved in water. The dose was based on cadmium ion and not 
on cadmium acetate. The single dose or the last of the multiple 
doses was followed a t  once by 3.0 ml per 0s of a 50% (w/v) glu- 
cose-water solution containing 5 pCi/3.0 ml of ~-glucose-"C 
(uniformly labeled). Immediately after dosing, the animals were 
placed in metabolism chambers where neither water nor food was 
provided. The I4CO2 was collected for 12 hr, with the trapping 
solutions being changed and sampled at 1, 3, 6, and 12 hr. At the 
end of the collection, the animals were sacrificed and discarded. 

Alloxan Diabetic Rats-The diabetic condition was produced 
by intravenous injection of a 10% aqueous solution of alloxan2, in- 
jected within 10 min after its preparation. The dose administered 
was 55 mg/kg. Blood samples for glucose determination were ob- 
tained by orbital sinus puncture 36 hr after alloxan dosing. Plas- 
ma glucose levels were determined enzymatically by a glucose ox- 
idase method3. The animals were considered to be diabetic when 
their plasma glucose level was 350 mg % or greater. All diabetic 
animals received alloxan 4 days before administration of labeled 
glucose. 

Metabolism Chambers and Radioactivity-Seven chambers 
were used in the manner previously described (8). Determination 
of the radiochemical purity of the labeled glucose, which was 
greater than 99%, and counting of the 14C02 samples were also 
identical. 

RESULTS AND DISCUSSION 

The results (Figs. 1 and 2) were analyzed by a two-factor anal- 
ysis of variance (treatment and time) to assess the differences be- 
tween the control and treatment groups. The analysis was run 
separately for the normal and the alloxan diabetic animals and 
was performed using the square roots of the cumulative amounts, 
in disintegrations per minute, of 14C02 collected. The square roots 
yielded a response with a variance approximately independent 
of the mean. Since the F values for the treatment by  time inter- 
action were significant, a Newman-Keuls comparison was done 
on the cell means (9). A t  the end of each time interval, the results 
for the control and the treatments were tested for significant dif- 
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1 Sprague-Dawley descendants, Laboratory Supply Co., Indianapolis, 
Ind . 

Alloxan monohydrate (Lot 31C-0220), Sigma Chemical Co., St. Louis, 

ERA model 2001. Beckrnan glucose analyzer, Fullerton, Calif. 
Ma. 
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Figure 1-Cumulative amount of I4CO2 expired by normal 
rats receiving D-glWOSe-“C. Data  points are staggered to in- 
clude error bars which indicate f l  SD. Key: @, control; ., 
1.0 mg/kg; 0, 3.0 mglkg; a n d  A, 0.75 mg/kg daily for 4 days. 

ferences at  the p = 0.01 and p = 0.05 levels (Table I). In the first 
time interval, there were no significant differences in the amounts 
of 14C02 produced. This was probably related to the availability 
of labeled glucose at  the site of catabolism. 

The data for the single doses of cadmium in the normal ani- 
mals showed that the cadmium effect on glucose catabolism was 
related to the administered dose. Rats receiving the 1.0-mg/kg 
dose produced significantly (p = 0.05) smaller amounts of 14C02 
at  the 3-, 6-, and 12-hr intervals, due perhaps t o  an increase in 
endogenous glucose levels after administration of cadmium. 
Mechanisms by which this increase can be explained are: (a) 
cadmium directly stimulates glycogenolysis (2). ( b )  cadmium 
stimulates release of epinephrine from the adrenals which induces 
hepatic glycogenolysis and inhibits insulin secretion from pancre- 
atic B-cells (lo), and (c )  cadmium decreases somewhat the hypo- 
glycemic effect of insulin (11). An increase in blood glucose level 
would decrease the specific activity of the 14C02 because of a de- 
crease in labeled glucose utilization. 

With the 3.0-mg/kg dose, there was no significant difference in 
the amount of 14C02 expired when compared to control at  any 
time interval. Increasing the dosage of cadmium may affect, in 
addition, a number of enzymes which introduce further changes 
in glucose catabolism mechanisms and increase the 14C02 evolu- 
tion rate. Affected mechanisms may involve glycolysis and the 
tricarboxylic acid cycle. 

Increased 14C02 evolution (p = 0.01) was found at  the 3-, 6-,  
and 12-hr intervals when 3.0 mg/kg was given in four multiple 
doses of 0.75 mg/kg. This same effect was seen (8) when 20 doses 
of 0.25 mg/kg were given over 40 days. The increase in 14C02 evo- 
lution with the multiple dose may be due to an uncoupling effect 
of cadmium on oxidative phosphorylation (12), which increases 
the rates of glycolysis and the tricarboxylic acid cycle. 

From the data in Figs. 1 and 2, it can be seen that the diabetic 
animals produced decreased amounts of 14C02 in comparison to 
the normal animals. This was expected because of the higher con- 
centration of glucose in the blood of diabetic animals due to a 
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Figure 2-Cumulative amount of W02 expired by alloxan 
diabetic rats receiving D-ghCOSe-’PC. Data points are staggered 
to include error bars which indicate f1 SD. Key: @, control; ., I .O mg/kg; a n d  A, 0.75 mg/kg daily for 4 days. 

lack of insulin, with a resulting decrease in labeled glucose utili- 
zation. However, except for this overall decrease in labeled glu- 
cose utilization in the diabetic animals, cadmium affected evolu- 
tion of 14C02 in a similar way in both normal and diabetic ani- 
mals. That is, a single dose of 1.0 mg/kg decreased ( p  = 0.01) 
14C02 evolution and the multiple dose increased (p = 0.01) 14C02 
evolution in both cases. These results indicate that cadmium af- 
fects glucose catabolism by a mechanism independent of the 
presence of insulin. 

The results of this study indicate the in uiuo effect of cadmium 
on carbohydrate catabolism in relation to the amount of the ad- 
ministered dose and the manner in which the dose is given. Fur- 
ther investigations on the specific pathways and the enzymes in- 
volved are needed. 
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