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ABSTRACT-Dimethylthiourea (DMTU, 4.0 mmol/kg) injected into mice 30 min prior to alloxan injection 
markedly protected mice against the diabetogenic actions of 75 mg/kg alloxan. At 30 min after the above 
dose of DMTU alone (no alloxan), there was a marked rise in blood glucose. Mannoheptulose, an an
tagonist of glucose action at pancreatic j3-cells, when given 24 min after DMTU and 6 min before alloxan, 
eliminated the DMTU-induced protection. The protection was also removed in the fasted mice in which 
DMTU did not cause hyperglycemia. These results indicate that DMTU protected mice from alloxan-in
duced diabetes by the indirect mechanism of producing hyperglycemia at the time of alloxan injection.
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 Of commonly used radical scavengers, dimethylthio
urea (DMTU) was the most potent scavenger of hydroxyl 

radicals in vitro and was suggested to be useful for 
investigating the role of hydroxyl radicals in vivo (1, 2). 

The cytotoxicity of alloxan is suggested to be mediated 
through oxygen-containing radicals, particularly hydrox

yl radicals (3  5), and a number of compounds bearing a 
high reactivity towards hydroxyl radicals, given to mice 
before alloxan, have been reported to prevent the diabeto

genic actions of alloxan (6-10). However, it has been 
shown that interpretation of the results of in vivo experi
ments is complicated by the possibility that the scavengers 

may protect by indirect or unknown mechanisms and not 
by their ability to react with hydroxyl radicals. According 

to Schauberger et al. (11), while n-butanol, the most effec
tive hydroxyl radical scavenger in vitro among various 
aliphatic short chain alcohols (6), had the highest potency 

in producing protection from alloxan diabetes, its protec
tion was based on the indirect mechanism of producing 

hyperglycemia at the time of alloxan injection. 
 The present study was carried out to examine the effect 

of DMTU on the alloxan-induced diabetes and the pos
sibility that it acts via an indirect mechanism. 

 The animals used were male 6-week-old ddY mice 

weighing about 30 g, which were obtained from Japan SLC, 
Inc., Hamamatsu. DMTU and alloxan monohydrate were 

obtained from Wako Pure Chemical Industries, Osaka. 
Mannoheptulose was from Sigma Chemical Company, 
St. Louis, MO, USA. Other reagents used were of ana

lytical grade. 

 Food and water were withheld from the mice 3  4 hr 

prior to alloxan injection. Alloxan at 75 mg/kg was inject
ed intravenously (tail vein) into the mouse; the alloxan 
was prepared in cold isotonic saline and kept on ice prior 

to injection. One hour after alloxan, the mice were given 
free access to food and water. The extent of hyperglyce
mia at 72 hr after alloxan injection was used as an index 

of alloxan-induced damage. Pretreatment with DMTU 

(dissolved in saline) was given intraperitoneally 30 min 
before alloxan. Blood was collected by decapitation 
between 14:00-15:00, and blood glucose was measured by 
a glucose oxidase method (Blood Sugar-GOD-Perid-test, 

Boehringer Mannheim Yamanouchi, Tokyo). Data are 
shown as the mean±S.E.M. Comparisons of the mean 

values were made by analysis of variance followed by 
Duncan's multiple range test. 

 Alloxan injection to mice at 75 mg/kg caused a sig

nificant rise in blood glucose at 72 hr. Mice pretreated 
with DMTU at the dose of 4 mmol/kg 30 min prior to al
loxan were largely protected against the diabetogenic ac

tions of alloxan (Table 1). As to the incidence rate of dia
betes, all of mice in the alloxan control group had blood 

glucose values greater than 200 mg/ 100 ml, while only 
one of 10 mice in the DMTU plus alloxan group had 

values over 200 mg/ 100 ml. 
 In separate experiments, when blood glucose was meas

ured 30 min after DMTU (4 mmol/kg) alone (no allox
an), there was a marked rise in blood glucose as compared



to the control group (control= 150.0±3.7, N = 6 vs. 

DMTU = 231.8 ± 12.9, N=6, P<0.01). However, the low
er doses of DMTU that could not protect mice from allox

an-induced diabetes did not elevate blood glucose as well 

(control= 150.7--'-3.7, N = 6; DMTU, 1.0 mmol/kg = 
150.3±3.7, N=6; 2.0 mmol/kg=183.1 ±20.7, N=6). 

These results showed that mice showing the anti-diabeto

genic effect by DMTU exhibited hyperglycemia at the 
time of the alloxan injection. The administration of glu
cose prior to alloxan was reported to prevent mice from 

alloxan-induced diabetes (12, 13). The protection against 
alloxan toxicity may result from a conformational change 
in the pancreatic /3-cell membrane by glucose, glucose 

transport or glucose metabolism (12). Therefore, the 
hyperglycemia caused by DMTU is expected to protect 

mice from alloxan toxicity.

Table 1. Protection by DMTU against the diabetogenic action of 

alloxan in mice

Table 2. Effect of mannoheptulose (MH) on the protection by 

DMTU against alloxan-induced diabetes

 Mannoheptulose is known to eliminate the protection 
from alloxan-induced diabetes afforded by glucose (12, 

13). According to Rossini et al. (14), when animals were 
injected simultaneously with alloxan and mannoheptu

lose, the amount of alloxan required to provoke a given 
degree of hyperglycemia was decreased in a dose-related 

manner as the amount of mannoheptulose injected was 
increased. So, mannoheptulose is likely to sensitize the 

/3-cells to alloxan, presumably by removing the protection 
of endogenous circulating glucose. If the hyperglycemia 
resulting from DMTU injection protects animals from al

loxan, injection of mannoheptulose is assumed to elimi
nate this protective effect. The possibility was tested by 
the intravenous injection of mannoheptulose 24 min af

ter DMTU and 6 min before alloxan. Mannoheptulose in
tensified the diabetogenic action of alloxan in the control 

group, and it completely eliminated the protection against 
alloxan-induced diabetes in the DMTU-pretreated mice 

(Table 2). The coadministration of DMTU with manno
heptulose without alloxan did not alter blood glucose at 
72 hr.

 Furthermore, DMTU-induced increase in blood glu

cose was largely suppressed in the mice fasting for 24 hr 

prior to DMTU injection, although there was a little dif
ference between the control and DMTU group (con
trol=84.0±9.3, N=6 vs. DMTU=96.3±4.7 mg/100 

ml, N=6, P <0.05). When DMTU was injected to fasted 
mice 30 min prior to alloxan, the DMTU-induced protec

tion against alloxan-induced diabetes produced in the fed 
mice was completely abolished (control = 442.6 ± 9.3, 
N=8 vs. DMTU=443.6±9.7 mg/100 ml, N=8). These 

results indicate that the DMTU-induced increase in blood 

glucose at the time of alloxan injection involves the anti
diabetogenic action of DMTU. 

 According to Tibaldi et al. (10), since protection of 

mice from alloxan provided by various urea derivatives 

(monomethylurea, monoethylurea and diethylurea) did 
not correlate with the degree of the increased blood glu

cose produced by the injection of the derivatives, but cor
related instead with that of their in vitro scavenging capac
ity of hydroxyl radicals, their anti-diabetogenic effects 

may be due to their scavenging capacity of hydroxyl radi
cals. However, the possible involvement of the increased 

blood glucose could not necessarily be ruled out, because 
they did not evaluate the presence of antagonism by man
noheptulose against the urea derivative-induced protec

tion. Furthermore, there is no direct evidence that alloxan 
is involved in the production of hydroxyl radicals in vivo 

and that the known hydroxyl radical scavengers protect 

pancreatic i3-cells by scavenging the radicals derived from 
alloxan. In the present study, the development of the anti
diabetogenic effect with DMTU was found to parallel the 
difference in the variation of blood glucose at the time of 

alloxan injection. So, to evaluate whether DMTU pro
tects mice from alloxan by an indirect mechanism, evi

dence was obtained using the following two experimental



approaches: First, mannoheptulose, an agent that an
tagonizes the action of glucose at pancreatic (3-cells, com

pletely eliminated the protection afforded by DMTU. Sec
ond, DMTU-induced protection was also removed in the 
fasted mice in which the DMTU-induced increase of 

blood glucose was markedly suppressed. Under the above 
two experimental conditions, DMTU did not exhibit any 

anti-diabetogenic activity. Therefore, the present results 
are reasonably explained by the hyperglycemia produced 

by DMTU, although the possibility could not be excluded 
that its scavenging of hydroxyl radicals may be partially 
involved in the DMTU-induced protection against allox

an diabetes. In conclusion, the present evidence indicate 
that DMTU-induced hyperglycemia is responsible for the 

protection from alloxan diabetes in mice.
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