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ABSTRACT 
Thermal injury was induced on the external ears of 
nondiabetic and untreated alloxan diabetic rats of various 
ages. The skin reaction (erythema and necrosis) was asses- 
sed by naked eye inspection, 1, 7, 14 and 21 days after 
injury. Erythema was found to be more intense in young 
than in old controls after 1 and 7 days. The late erythema- 
tous reaction was more pronounced in short-term diabetic 
animals than in controls of the same age, indicating that the 
diabetic metabolic derangement per se alters the reaction. 
In addition, long-term diabetic rats had a markedly in- 
creased skin redness after 1, 7,  14 and 21 days when com- 
pared with controls of the same age. Thus, long-term dia- 
betes enhances the erythematous reaction. As to the extent 
of necrosis, there were no significant differences between 
the experimental groups. There was, however, a tendency 
for an increased amount in the long-term when compared 
with the short-term diabetic rats. 

INTRODUCTION 

Certain skin lesions, i.e. atrophic circumscribed 
skin lesions (9) and erythema with or without 
necrosis (7), on the legs of human diabetics have 
been described previously from this Department of 
Medicine. The cause of these lesions has been dis- 
cussed (7, 9) and it has been suggested that the skin 
of diabetic individuals, especially old and long-term 
diabetics, reacts in an altered way to various trauma 
when compared with that of nondiabetic individuals 
(7). This suggestion of an altered reaction was con- 
firmed by observation made when one of us (Lith- 
ner) directly traumatized the skin of the forearms 
and the legs of diabetics and nondiabetic controls 
by local application of heat and cold and registered 
the reactions. (8). 

There are, however, difficulties in selecting a 
group of diabetic individuals with pure metabolic 
abnormalities without any signs of diabetic mi- 
croangiopathy. Furthermore, it is not possible to 

f determine the exact duration of the disease in hu- 

man diabetics, especially in those with maturity- 
onset diabetes. Therefore, it was considered valu- 
able to perform similar tests on the skin of rats with 
alloxan diabetes of various durations. Such a study 
might make it possible to determine the influence of 
the diabetic metabolic derangement per se on the 
skin reaction and also to avaluate the role of dia- 
betes duration on the results. A further advantage 
with experimental diabetes is that the assessment of 
the induced lesions can be performed without any 
knowledge of the presence or absence of diabetes or 
the age of the animal. 

MATERIAL AND METHODS 
Thirty-six male albino rats of the highly inbred R-strain 
were used (cf. 2). Diabetes was induced in 19 animals at 
the age of 3 months with an intravenous injection of al- 
loxan as described previously (2). No insulin was given 
afterwards. Only animals with a permanent polyuria and 
glucosuria (controlled once a month) and a nonfasting 
blood glucose value (controlled every third month) of at 
least 200 mg/lOO ml were used (cf. 2). Seventeen 
nondiabetic noninjected rats served as controls. 

Skin injury was induced in 10, 31/z-month-old controls 
and in 7, 13-month-old controls, in 10 diabetic rats 2 weeks 
after alloxan injection (3 l/z months old) and in 9 long-term 
diabetic rats (1  1-14 months old, 8-1 1 months after allox- 
anization). 

The external ears of the animals were found to be suita- 
ble for the skin test. An electrically heated cylindrical 
brass rod, 8 mm in diameter, was used as described previ- 
ously (8). The rod was held against the center of the 
ventral aspect of the ear and on the back side of the ear a 
piece of cardboard was applied. The pressure against the 
skin was the weight of the rod. The temperature was 55°C 
(right ear) and 60°C (left ear) and the dulation of skin 
contact 5 sec. Animals were anaesthetized with ether dur- 
ing the traumatization. 

The ears were inspected I ,  7, 14 and 21 days subse- 
quent to the traumatization. Both the procedures, i.e. 
inducing and inspecting the skin injury, were performed 
blind, i.e. without knowledge of the presence or not of 
diabetes or of the age of the animals. 
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Table I .  Semiquantitatively assessed intensity of 
skin erythema and amount of necrosis after thermal 
skin injury (40°C) in alloxan diabetic and nondia- 
betic rats 
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The following parameters within the skin lesions were 
semiquantitatively assessed by gross inspection: 1) in- 
tensity of erythema: 0, 1 + ,  2+ and 3 + ,  2) extent of 
necrosis: 0, 1 + , 2 +  and 3 +. 

Differences between groups were tested with the 
nonparametric rank sum test of Wilcoxon (13). P<O.OS 
was chosen as  the level for statistical significance. 

RESULTS 

The temperature of 55°C of the rod during 5 sec was 
found to be insufficient in producing enough skin 
lesions in the rats. The results presented here are 
therefore confined to 60°C (Table I). 

The erythema noted was restricted to the injured 
skin area; there was no red marginal zone around 
the lesions. The results of comparing the intensity 
of erythema between different experimental groups 
are presented in the text, only when statistically 
significant differences were present. Concerning 
the experimental conditions, the compared animal 
groups differed from each other in one or more of 
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the following three factors: age, diabetes of short 
duration and diabetes of long duration. 

As to differences in age, young control rats exhib- 
ited a significantly more intense redness than old 
control animals after one day (p<0.05) and 7 days 
(p<0.02). Thus, young controls have an enhanced 
‘‘early’ ’ reaction. 

With reference to the factor, diabetes of short 
duration, young diabetic rats had a significantly 
more intense erythematous reaction than age- 
matched controls after 14 @<0.02) and 21 days 
(p<0.05). It is evident that short-term diabetes ac- 
centuates the “late” skin reaction. 

When the difference was assigned to the presence 
or absence of diabetes of long duration it was found 
that the intensity of the erythematous reaction was 
significantly more pronounced in old diabetic rats 
than in old control animals at all times; after one 
day p<O.Ol, after 7 days p<O.OI, after 14 days 
pcO.01 and after 21 days p=O.O2. This means that 
long-term diabetes increases the reaction. 

When comparing groups, differing in two of the 
aforementioned factors, the following results were 
obtained. Young diabetic rats had a more intense 
skin erythema than old control animals after 7 and 
14 days (p<0.02). Long-term diabetics had an in- 
creased erythematous reaction when compared 
with young controls after 14 and 21 days ( ~ ~ 0 . 0 1 ) .  

Furthermore, old diabetic rats had a significantly 
more intense erythema than young diabetic rats af- 
ter 21 days (p<O.Ol). These two groups differed 
from each other concerning all three factors. 

When performing the same comparisons as to the 
degree of necrosis, no significant differences be- 
tween the groups could be demonstrated. There 
was, however, a tendency for an increased amount 
of necrosis in the long-term when compared with 
the short-term diabetic rats (after 14 days p=0.05). 

There were no obvious qualitative differences in 
the skin reaction between diabetic and nondiabetic 
animals. No petechiae were noted. 

The mean blood glucose level of the young dia- 
betic animals was 399 mg/100 mli-25 (S.E.M.) and 
old diabetic rats 375 mg/100 m1+17 (S.E.M.). The 
difference was not significant (Student’s t-test). 

DISCUSSION 

The pathogenic mechanisms behind the erythema, 
induced by thermal trauma, are not known. The 
mechanisms may not necessarily be the same for 
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the redness noted one day after injury and for that 
observed after 21 days. 

If the compared experimental groups of the pres- 
ent study differed in two or more of the above 
mentioned factors, i.e. age, diabetes of short dura- 
tion and diabetes of long duration, i t  is not possible 
to determine the influence of a particular factor for 
the result. The discussion will therefore be con- 
cerned with comparisons, where only one of the 
factors differed between the groups. 

Concerning the intensity of erythema, certain re- 
sults of interest were noted. Firstly, young controls 
had a significantly more intense erythematous reac- 
tion after 1 and 7 days as compared with old con- 
trols. Thus, it can be stated that the age of the 
animal is of importance for the reaction. Secondly, 
short-term diabetic rats had more intense erythema 
after 14 and 21 days than control rats of the same 
age. This result indicates that the diabetic metabolic 
derangement per se alters the late erythematous 
reaction. Thirdly, the pronounced increase of red- 
ness of the skin of long-term diabetic rats when 
compared with old controls after 1, 7, 14 and 21 
days proves that the factor, long-term diabetes, is of 
importance for the cutaneous reaction. Similar re- 
sults were obtained in a preliminary study 
performed in this laboratory with rats, using solid 
carbon dioxide instead of heat. 

A few reports have appeared in the literature on 
physical skin injury in experimental diabetes ( I ,  5). 
Kiss et al. (5) applied a 60°C heat stimulus for 30 sec 
on the skin of short-term alloxan diabetic rats. This 
was followed by an intravenous injection of trypane 
blue. The intensity of the dye colour in the injured 
skin area, recorded within 30 min of heat applica- 
tion, was found to be impaired in most of the dia- 
betic rats. Gunn et al. (1)reported increased skin 
lesions in response to prolonged local radiation 
(during 1 to 6 weeks) in alloxan diabetic rats with 
about one to two months of diabetes. Direct com- 
parison of the previous observations ( I ,  5) with 
those of the present study is not possible since the 
experimental conditions were quite different. 
Furthermore, the above reports only dealt with 
diabetes of short duration. 

Lithner (8) induced skin lesions in human diabet- 
ics and nondiabetic controls by heat and cold (solid 
carbon dioxide). When comparing his results with 
those of the present investigation, certain differ- 
ences can be noted. In both nondiabetic and diabe- 
‘tic patients dermal vesicles and petechiae occurred. 

Such changes were not seen in the rats. A marginal 
zone of intense redness was often observed in hu- 
man long-term diabetics but not in the animals. 
Erythema within the area of traumatization was not 
evaluated in humans because of the frequent oc- 
currence of non-transparent blisters. A direct com- 
parison of the results of Lithner’s investigation with 
those of the present one is therefore not possible. In 
both studies, however, the age of the individu- 
al/animal is of significance with regard to the reac- 
tion after thermal injury. Furthermore, the factor 
long-term diabetes is of great importance for the 
intensity of the dermal reaction in both studies. 

The altered skin reaction in diabetic rats might be 
explained by an increased sensitivity of skin tissue 
to injury (cf. I I )  and/or impaired reparative proces- 
ses after injury caused by the metabolic derange- 
ment associated with the disease. There is, in fact, 
welldocumented evidence showing that alloxan 
diabetic rats have a decreased ability to form granu- 
lation tissue (6, 10, 12). Furthermore, in long-term 
diabetic rats there might be other factors 
superimposed on pure metabolic abnormalities, e.g. 
the presence of microvascular lesions, which could 
modify the skin reaction. It has been demonstrated 
in this laboratory that alloxan diabetic rats with a 
diabetes duration of 12 months have clearcut 
glomerular lesions similar to human diabetic 
glomerulosclerosis (2, 3). On the other hand, rats 
with diabetes for only one month did not show any 
light microscopical glomerular lesions. It may also 
be added that alloxan diabetic rats have a decreased 
skin capillary resistence after 12 months of diabetes 
but not after 3 months (4). No histological study of 
the skin was performed in the present investigation. 
Consequently, no definite statements can be made 
concerning the presence or absence of dermal 
microangiopathy in the diabetic rats. 
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