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Abstract We investigated the effect 
of different doses of cyclosporin A 
(CyA) on glucose and insulin levels, 
as well as its residual effects on pan- 
creatic islets ultrastructure after dis- 
continuation of the drug. We studied 
four groups of Wistar rats. One con- 
trol- (n = 5 )  and three experimental 
groups, n = 10 each, were treated 
with different doses of CyA IM for 
14 days: group I, 5 mg/Kg; group 11, 
15 mg/Kg; and group III,25 mg/Kg. 
Five animals of each group were 
sacrificed after 14 days, and the re- 
maining five after 21 days to assess 
residual CyA effects. On the day of 
sacrifice, the rats underwent maltose 
absorption test, and glucose and in- 
sulin levels were measured. Pancre- 
atic biopsies were obtained on day 
21 to evaluate islets ultrastructure 
by electron microscopy. As a result, 
statistically significant, dose depen- 
dent ( P  < 0.05) increases in glucose 
and insulin levels were observed in 
CyA-treated groups. Groups I1 and 
I11 showed insulin levels significant- 
ly higher after fasting ( P  < 0.05) on 
day 14 comparing to the controls, 
while in groups I and I1 values re- 

Introduction 

ultrastructural effects 
A on pancreatic islets 

turned to normal after CyA discon- 
tinuation. Group I11 showed persis- 
tently increased insulin levels on day 
21. Pancreatic ultrastructural chan- 
ges were observed only in group 111. 
We can conclude that CyA effects 
on glucose and insulin levels were 
temporary and reversible at low 
doses. Ultrastuctural changes in the 
pancreatic islets may occur with 
high doses of CyA. 
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sometimes require drug discontinuation, have been de- 
scribed 112,131. 

The immunosuppressive effect of Cyclosporin A (CyA) 
is well known in the field of organ transplantation, and 
has improved the success rate in organ transplantation 
since its introduction. However many toxic effects of 
Cyclosporin A on kidney, pancreas, and liver, which 

In a previois study we had examined the effects of 
CyA on glucose metabolism. Here CyA was shown to 
have a hyperglycemic effect in rats after small bowel 
transplantation as was confirmed by maltose absorption 
test (Mab-test) after surgery [2]. The hyperglycemia has 
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not been attributed to increased absorption from the 
graft but mainly to a CyA side effect on glucose metabo- 
lism. 

To confirm these observations, we evaluated in the 
present study the influence of different doses of CyA 
on serum glucose and insulin levels, CyA residual ef- 
fects, and drug induced pancreatic ultrastructural chan- 
ges after discontinuation of the medication. 

Materials and methods 

Adult Wistar rats weighing between 250- and 350 g were 
divided in four groups: one control group of untreated 
rats ( n = 5 )  and three experimental groups ( n = 1 0  
each) treated with varying doses of CyA for 14days 
(group I, 5 mg/kg; group 11, 15 mg/ kg; and group 111, 
25 mg/kg, administered once a day IM). Five animals of 
each group were sacrificed on day 14 (end of CyA ad- 
ministration); the remaining five animals of each group 
were sacrificed on day 21 to evaluate the residual CyA 
effect on pancreatic islets ultrastructure by histology. 

On the day of sacrifice, animals were submitted to 
the Mab test. Blood samples were collected for mea- 
surements of plasma glucose after fasting, as well as af- 
ter 60,120,180, and 240 min following maltose adminis- 
tration (0.5 gkg) by gavage. For measurement of serum 
insulin levels by immunofluorometric assay, blood sam- 
ples were obtained after fasting and 120 min after mal- 
tose intake. Insulin monoclonal antibodies were ob- 
tained from ascitic fluid of BALB/C mice challenged 
with tumoral cells. 

Tissue Processing and Microscopy 
At the time of sacrifice on day 21, the pancreas was ex- 
cised. The pancreatic tissue was fixed for 60min at 
room temperature with 2.5 'YO glutaraldehyde and 2 % 
formaldehyde ( modified Karnowsky ) in 0.1 M sodium 
cacodylate buffer at pH 7.2. After a buffer rinse (over- 
night) the material was post-fixed for 60 min at room 
temperature with buffered 1 'YO osmium tetroxide and 
dehydrate in ethanol and propylene oxide. The material 
was embedded in araldite; semithin sections were 
stained with toluidine blue for light microscopy, and ul- 
trathin sections were stained with 2 % uranyl acetate in 
ethanol 50 'YO and lead citrate for transmission electron 
microscopy (Jeol JEM-1200 EXII). The statistical sig- 
nificance was determined by using the non-parametric 
Mann Whitney and Kruskal-Wallis test ( P  < 0.05 was 
considered to be statistically significant). 

Results 

Statistically significant increases of glucose levels were 
observed in CyA-treated groups, and were dose depen- 

dent. Group I1 (15 mg/kg) and group I11 (25 mglkg) 
showed statistically significant increases of glucose lev- 
els on day 14 ( P  < 0.05) as compared to those of the con- 
trol group (Fig. 1 a). In addition, persistent increases of 
glucose levels could be seen on day 21 in group 111 
( P  < 0.05) even after 7 days of CyA interruption 
(Fig. 1 b). Serum insulin measurements also were CyA- 
dose-dependent. In groups I1 (15 mg/kg) and I11 
(25 mg/kg) the fasting serum insulin values were signifi- 
cantly higher ( P  < 0.05) on day 14, as compared to those 
of group I and those of the control group (Fig. 1 c). 

However, insulin levels returned to normal values in 
groups I and I1 after CyA interruption. Only animals of 
group I11 (25 mg/kg) showed persistently higher insulin 
levels on day 21 (Fig. 1 d). In group 111, a decrease in se- 
rum insulin values was observed during the Mab test af- 
ter 120 min. 

Electron microscopy showed vacuolar degeneration 
of the pancreatic islet cells, with cytoplasmic disorder 
and nuclear pyknosis in group I11 (25 mg/kg) (Fig. 2D) 
on day 21; the histological appearance in the remaining 
groups was normal (Fig. 2 A-C). 

Discussion 

Various studies on the side effects of CyA on humans and 
animals have shown controversial results, thus the mech- 
anisms by which these effects are produced are mostly 
unknown. Much cytotoxic action has been reported in a 
variety of organs, and the pancreas is considered to be a 
possible target of immunosuppressive agents [5,11]. Not 
only CyA but also FK 506, recently introduced among 
immunosuppressive medications, has shown to produce, 
though to a lower degree, some pancreatic changes. 

The possible functional and ultrastructural altera- 
tions induced by immunosuppressive agents should be 
recognized, since, when a pancreatic transplant is per- 
formed with administration of CyA, graft viability may 
be altered [4]. Experimentally, high doses of CyA in- 
duce alterations on glucose metabolism that have been 
attributed to a toxic effect of the drug upon pancreatic 
beta cells [6]. Toxicity of the drug upon exocrine pancre- 
as has already been shown [7]. Hirano et al. [7] demon- 
strated an alteration of carbacol induced amylase and li- 
pase exocrine secretion under administration of CyA 
(50 mg/Kg), without affecting basal secretion of the en- 
zymes. According to Suzuki et al. [14] and Anderson 
et al. [l], reduction in the synthesis of DNA, RNA, and 
protein is involved in the inhibitory effects of CyA on 
exocrine and endocrine pancreatic functions. 

In our study, by using less toxic doses of CyA, we 
demonstrated an increase of fasting levels of glucose 
and insulin that are dose dependent. Hyperglycemia, 
through high levels of insulin, indicates a possible drug- 
induced peripheral resistance to insulin action. Nakaga- 
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Fig. 1 Comparison of average plasma glucose levels at fasting and 
60, 120, 180, 240 min after maltose administration on day 14 (a) 
and 21 (b). c and d illustrate the average serum insulin levels at 
days 14 and 21, respectively 

wa et al. [lo] reported raised blood glucose levels and 
significant abnormalities in a glucose tolerance test in 
parallel with CyA administration. The insulin-specific 
binding rates of erythrocytes in this study indicates 
changes of affinities of insulin receptors, but not chan- 
ges in the value themselves. The rates obtained by this 
method were significantly lower in CyA-treated groups 
than those of controls, suggesting that the affinity of in- 
sulin receptors can be influenced by CyA. High levels 
of glucose with simultaneous high levels of insulin, 
which we observed in group I1 and group I11 after mal- 
tose administration, strengthen the hypothesis of an in- 
creased drug induced peripheral resistance to insulin ac- 
tion. The mechanisms involved on glucose intolerance, 
and the relationship between CyA and changes in insu- 
lin receptors, remain to be answered. 

Our data show that, under therapeutic doses of CyA, 
insulin synthesis and secretion by pancreatic islets is not 

affected, as demonstrated by increase in the plasma in- 
sulin levels after maltose administration. This is in con- 
trast to reports by Ishizuka et al. [8], Fehmann et al. [3] 
and Hahn et al. [5],  who administered low doses of 
CyA and observed a decreased synthesis and secretion 
of insulin. Probably, a reduction in the synthesis is relat- 
ed to a reduction of insulin production in the pancreatic 
islets [5],  but this aspect was not determined in our 
study. On the other hand, group I11 showed a reduction 
on insulin levels after maltose administration. 

It remains uncertain whether the synthesis of insulin, 
the conversion of proinsulin to insulin and/or the secre- 
tory pathway itself is a consequence of a functional 
CyA effect on insulin metabolism or of the ultrastruc- 
tural damage in the islets as was observed in group 111. 
In contrast to the group 111, the effects were temporary 
and reversible after discontinuation of the drug in 
groups I and 11, with normalization of the plasmatic in- 
sulin at a basal levels . As already demonstrated by Na- 
kagawa et al. [lo] and Wahltrom et al. [15], glucose in- 
tolerance observed during CyA administration is caused 
by decreased insulin secretion and peripheral insulin re- 
sistance, dependent on the dose of CyA as well as on the 
duration of administration. Withdrawal of short-term 
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Fig.2 Electron micrographs of pancreatic islets obtained at day 21. 
A normal histological appearance is seen in control (A) and ani- 
mals treated with a CyA dose of 5 mg/kg (B), 15 mg/kg (C). Vacu- 
olar degeneration (black arrow), cytoplasmic disorder and nuclear 
pyknosis (white arrow) is observed in animals treated with 25 mg/ 
kg of CyA (D), ( x 2,250) 

CyA treatment allows rapid normalization of the glu- 
cose intolerance, with normalization and overcompen- 
sation of both insulin secretion and sensitivity. 

Electron microscopy of pancreatic biopsies in group 
111, obtained after sacrifice of the animals, showed ap- 
parent islet vacuolar degeneration, with cytoplasmic 
disorder and nuclear pyknosis. It is unclear if these ul- 
trastructural changes explain the decline in serum insu- 
lin levels after 120 min of maltose administration in 
group 111. The evaluation of insulin content in the pan- 
creatic islet cells in this group could provide an answer 
to this question. According to Metrakos et al. [9], CyA 
exerts a blocking effect on proliferation and differentia- 
tion of islet cells, probably, by inhibition of trophic ac- 

tivity on ornithine-decarboxylase. In groups I and I1 we 
did not observe any important histological alteration 
on day 21, in accordance with Hahn et al. [ S ]  who re- 
ported that functional alterations occur earlier than ul- 
trastructural changes. However, as no histological ex- 
amination was performed on day 14, we may have over- 
looked any minimal ultrastructural changes in the islets 
during the first two weeks. 

In conclusion, the effect of administration of low dos- 
es of CyA on glucose and insulin metabolism is tempo- 
rary and reversible. Ultrastructural changes in the pan- 
creatic islets may occur only after administration of 
high doses of CyA. Whether morphological alterations 
induced by high doses of CyA are reversible or not, has 
yet to be demonstrated in a study with a longer period 
of observation. 
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