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Preventive effects of Cyclosporin on diabetes in NOD mice 
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Summary. Non-obese diabetic mice aged 30 to 60 days were 
treated orally with Cyclosporin at doses of 25, 15 and 2.5 rag/ 
kg every 2 days until 160 days of age. Diabetes developed in 
12 out of 18 oil-treated mice (67%), with partial to complete 
Langerhans' islet destruction associated with lymphocytic in- 
filtration. The non-obese diabetic mice showed a plasma glu- 
cose concentration of 6.62 + 0.92 mmol/1 (mean + SD) at 
50 days of age. The plasma glucose level of oil-treated non- 
obese diabetic mice gradually increased after 130 days of age 
and reached 14.0 to 19.0 mmol/1 at 160 days of age, while Cy- 
closporin-treated non-obese diabetic mice showed neither 

clear increase of plasma glucose levels nor development ofin- 
sulitis. The cumulative incidence of diabetes in Cyclosporin- 
treated mice was significantly lower than that in oil-treated 
mice (p<0.01). Subsequently, Cyclosporin treatment was 
started after development of glucose intolerance. Twenty-five 
mg/kg o f  Cyclosporin was administered every 2 days for 
35 days. Cyclosporin appeared to have little therapeutic effect 
on diabetes in non-obese diabetic mice. 

Key words: Cyclosporin, NOD mice, Type 1 diabetes, insutifis, 
autoimmunity. 

The non-obese  diabetic ( N O D )  mouse  recently devel- 
oped  by  Tochino and  his colleagues [1] is a strain in 
which insulin-dependent ,  non-obese,  ketotic diabetes 
mellitus develops spontaneously.  There  is marked  
mononuc lea r  cell infiltration surrounding a n d / o r  in- 
vading Langerhans '  islets, with resultant  complete  de- 
struction of  B cells. Insulitis begins to develop a round  
30 days of  age, and at 140 days of  age approx imate ly  
70% of  female  N O D  mice develop diabetes. Diabetes  in 
this mouse  strain resembles Type 1 ( insulin-dependent)  
diabetes in man.  

Cyclospor in  (Cs) is a fungal metaboli te  which has 
potent  immunosuppress ive  effects without  significant 
myelotoxici ty [2]. In  exper imental  animals,  administra-  
t ion of  Cs has been  shown to remarkab ly  prolong the 
survival o f  major  his tocompatibi l i ty  complex  incompat-  
ible organ allografts [3-6]. Recently, Laupacis  et al. [7] 
repor ted  that  Cs suppressed  the deve lopment  of  insulin- 
dependen t  diabetes mellitus in BB Wistar rats. 

In  the present  study, we examined the ability of  Cs 
to suppress a n d / o r  ameliorate  diabetes mellitus in 
N O D  mice. 

Materials and methods 

Animals 

Female NOD mice were provided by the Animal Institute of Hama- 
matsu Medical College, Japan. All mice were kept under convention- 
al conditions at a constant temperature (22-25 °C) and fed a commer- 
cial diet (Clea Japan Inc., Tokyo, Japan) and tap water ad libitum. 

Cyclosporin 

Cs, (a gift from Sandoz Ltd., Basel, Switzerland), was dissolved in 
olive oil at a concentration of 15 mg/ml by stirring at 37 °C. 

Disease detection. Blood samples were collected from the retroorbital 
sinus with hematocrit tubes every 2 weeks. Plasma glucose was as- 
sayed by the glucose-oxidase technique [8]. The onset of diabetes was 
defined by a random post-prandial plasma glucose concentration of 
over 11.0 rnmol/1. 

Experimental design 

Preventive effects of Cs. In the first experiment, six randomly selected 
30-day-old NOD mice were orally administered 25 mg/kg of Cs in 
olive oil every 2 days until t60 days of age. Ten NOD mice of the same 
age served as controls and were given the same amount of olive oil. In 
the second experiment, 22 60-day-old NOD mice were randomly di- 
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vided into three groups and given 15 mg/kg (n = 7), 2.5 mg/kg (n = 7) 
or no (n = 8) Cs every 2 days. 

Therapeutic effects of Cs. Several NOD mice over 150 days of age were 
subjected to a glucose tolerance test. Each mouse was placed in an in- 
dividual cage and fasted for 16 to 20 h. Blood samples were obtained 
0, 30 and 120 min after intraperitoneal injection of glucose at a dose 
of 1 g/kg of body weight (intraperitoneal glucose tolerance test: 
IPGT-I'). Onset of glucose intolerance was tentatively defined as an 
increase in the plasma glucose level to over 11.0 mmol/ l  after 30 min 
and over 8.25 mmol/1 after 120 rain. The plasma glucose values after 
0, 30 and 120 min in non-diabetic female NOD mice were 6.64 + 1.31, 
8.84 _+ 0.94 and 6.62 +_ 0.76 mmol/1 respectively. Ten NOD mice with 
glucose intolerance were selected for the experiment. Twenty-five 
mg/kg of Cs was administered every 2 days for 35 days. 

Histological examination 

All the mice were killed at 160 days of age. The pancreata, livers and 
kidneys were quickly removed under ether anaesthesia and fixed in 
10% formalin solution. Paraffin-embedded sections were stained by 
hematoxylin and eosin (HE). The extent of lymphocytic infiltration 
(intensity of insulitis) in an islet was scored 0 to 3, with 0 indicating 
normal islet morphology and absence of insulitis, 1 less than 25%, 
2 less than 50% and 3 greater than 50% histological alterations. The 
grade ofinsulitis in a mouse was expressed as the average score calcu- 
lated by the following equation: grade of insulitis = total score/num- 
ber of islets. About 20 different islets were examined per pancreas. 

Statistical analys• 

The data were expressed as mean+SD.  Student's paired t-test was 
used for comparison of the plasma glucose levels. The Chi-squared 
test was used for comparison of the cumulative incidence of diabetes. 
A p-value of < 0.05 was considered significant. 

R e s u l t s  

Cs prevention of diabetes development in NOD mice 

In the first experiment, seven out of 10 (70%) oil-treated 
mice developed diabetes at 160 days of age, whereas 
none of the Cs-treated mice developed diabetes (p < 
0.01). In the second experiment at 160 days of age, five 
out of eight (63%) oil-treated mice given no Cs devel- 
oped diabetes, while none of the Cs-treated mice be- 
came diabetic at any oral dose (p < 0.01). 

The plasma glucose levels in the oil-treated and Cs- 
treated groups of mice are shown in Figure 1. The plas- 
ma glucose concentrations in Cs-treated animals re- 
mained under 11.0 mmol/1 throughout the experiment 
and were significantly lower than those in oil-treated 
mice (p < 0.05). 

Body weight of female NOD mice reached 19-+ 
1.7 g at 30 days of age and gradually increased to 27 + 
2.5 g at 140 days of age. Thereafter, diabetes began to 
develop in oil-treated animals and body weight slowly 
decreased to 23_+2.0 g at 160 days of age. Cs-treated 
mice maintained their body weight at 29 _+ 3.5 g. 

Histological examination 

Pancreas sections of oil-treated NOD mice appeared 
normal with no lymphocytic infiltration at 30 days of 
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Fig. 1A and B. Preventive effects of Cyclosporin (Cs) on the develop- 
ment of diabetes in NOD mice. A Experiment 1. Six 30-day-old NOD 
mice were orally administered 25 mg/kg of Cs (O----O) in olive oil 
every two days until 160 days of age. Ten NOD mice of the same age 
served as controls and were given the same amount of olive oil 
( O - - - Q ) .  Seven out of 10 (70%) oil-treated mice developed diabetes 
(® - - -  ©), but the rest were free of diabetes (O - - -  ©) at 160 days of 
age. None of the Cs-treated mice developed diabetes. * p<0.05.  
B Experiment 2. Twenty-two 60-day-old NOD mice were randomly 
divided into three groups and given 15mg/kg ( n = 7 ,  ~ - - - O ) ,  
2.5 mg/kg ( n = 7 ,  A - - A )  or no ( n = 8 ,  O - - - O ,  @ - - - O )  Cs every 
2 days. At 160 days of age, 5 out of 8 (63%) control mice given no Cs 
developed diabetes ( ® - - - ® ) ,  but the rest remained free of diabetes 
( © - - - © ) .  None of the Cs-treated mice became diabetic at any oral 
dose. * p < 0 . 0 t  

age. Mild insulitis was observed at 60 days of age. The 
pancreata of NOD mice given only olive oil showed de- 
struction of Langerhans' islets with heavy lymphocytic 
infiltration at 160 days of age (Fig. 2A). In contrast, the 
pancreata of mice treated with 25 mg/kg of Cs from 
30 days of age showed no or only mild insulitis at 
160 days of age (Fig. 2 B). The pancreata of mice treated 
with 15 and 2.5 mg/kg of Cs from 60 days of age also 
showed only mild insulitis. The pancreata of all oil- 
treated mice in this experiment at 160days of age 
showed insulitis irrespective of whether or not they 
were diabetic. The grades of insulitis (average score) in 
oil-treated mice and Cs-treated mice at doses of 25, 15 
and 2.5 mg/kg were 1.65 + 0.28, 0.15 + 0.22, 0.59 + 0.12 
and 0.39 + 0.16 respectively. The grade of insulitis was 
significantly decreased in Cs-treated mice at all oral 
doses compared with oil-treated mice (t7 < 0.01). At the 
doses of Cs used in this experiment, no tubular damage 
in the kidneys and no liver lesions were observed in the 
Cs-treated mice.  
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Fig.2A and B. Pancreata of Cs-treated 
and oil-treated mice were histologically 
examined at 160 days of age. A The pan- 
creata of oil-treated NOD mice showed 
destruction of Langerhans' islets with se- 
vere lymphocytic infiltration. B In con- 
trast, the pancreata of mice treated with 
25 mg/kg of Cs from 30 days of age 
showed no insulitis 

Cs treatment of NOD mice with diabetes 

Five glucose intolerant NOD mice, whose fasting plas- 
ma glucose level ranged from 6.1 to 16.3mmol/1, 
showed a clear increase (10 to 35 mmol/1) in fasting 
plasma glucose concentrations irrespective of the Cs 
treatment. The fasting plasma glucose level of one 
glucose intolerant mouse (5.6 mmol/1) remained sup- 
pressed for 35 days by Cs treatment. Three of 4mice 
with fasting plasma glucose levels over 33 mmol/l died 
during the experiment, while one mouse showed a con- 
sistent decrease in the fasting plasma glucose levels to 
10.0 mmol/1 14 days after Cs administration. However, 
the gradual elevation of the fasting plasma glucose level 
reached 20.4mmol/1 35 days after Cs treatment. Pan- 

creata of the mice treated with Cs after development of 
glucose intolerance showed severe insulitis and a 
marked decrease in the number of Langerhans' islets. 
The pancreata of the glucose intolerant mice that obvi- 
ously did not develop hyperglycaemia also revealed se- 
vere insulitis. 

Discussion 

The present study clearly shows that development or 
exacerbation of diabetes in NOD mice is prevented by 
administration of Cs if the treatment is started when in- 
sulitis is absent or minimal. This conclusion is in com- 
plete agreement with the report of Laupacis et al. [7], 
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who showed that the development of insulin-dependent 
diabetes mellitus in BB Wistar rats was suppressed by 
Cs. 

Unfortunately, Cs was not effective in ameliorating 
diabetes in NOD mice after development of clear glu- 
cose intolerance. Stiller et al. [9] reported that Cs was ef- 
fective in 16 out of 30 insulin-dependent diabetic pat- 
ients to whom Cs was administered within 6 weeks after 
diagnosis. In contrast, Cs was effective in only two cases 
out of 11 when it was given 8 to 44 weeks after diagno- 
sis. Taken collectively, these results suggest that Cs is ef- 
fective in cases of insulin-dependent diabetes mellitus 
of recent onset, i.e. in which Langerhans' islets are not 
totally destroyed. 

The mechanism by which Cs prevents the develop- 
ment of diabetes is unclear at present. However, since 
the majority of mononuclear cells surrounding and/or  
invading the Langerhans' islets of NOD mice are re- 
ported to be T cells, which play an important role in the 
inflammation at an early stage [10], Cs may terminate 
the insulitis by removing the T cells. 
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