
IP: 161.116.167.29 On: Mon, 16 Apr 2018 17:47:39
Delivered by Ingenta

Article(s) and/or figure(s) cannot be used for resale. Please use proper citation format when citing this article including the DOI,
publisher reference, volume number and page location.

Cell Transplantation, Vol. 9, pp. 11-18, 2000 
Printed in the USA. All rights reserved. 

0963-6897/00 $20.00 + .00 
Copyright © 2000 Cognizant Comm. Corp. 

www.cognizantcommunication.com 

Optimal Insulin Treatment in Syngeneic Islet Transplantation 

Juan F. Merino, Victor Nacher, Merce Raurell, Montserrat Biarnes, Joan Soler, and Eduard Montanya 

Laboratory of Diabetes and Experimental Endocrinology, Endocrine Unit, CSUB-Hospital de Bellvitge, 
University of Barcelona, Barcelona, Spain 

Insulin-induced normoglycemia has shown to have a beneficial effect on the outcome of pancreatic islets 
transplanted to diabetic recipients. The aim of the study was to identify the insulin treatment that can maxi­
mize its beneficial effect on islet transplants. Six groups of streptozotocin diabetic C57B1/6 mice were 
transplanted (Tx) with 100 syngeneic islets, an insufficient beta cell mass to restore normoglycemia, and 
were treated with insulin as follows: group 1 (n = 9): from day 10 before Tx to day 14 after Tx; group 2 (n 
= 11): from day 6 before Tx to Tx day ; group 3 (n = 11): from Tx day to day 6 after Tx; group 4 (n = 7): 
from Tx day to day 14 after Tx; group 5 (n = 8): from day 10 to day 24 after Tx; group 6 (n = 18): Tx mice 
were not treated with insulin. Sixty days after Tx, normoglycemia was achieved in 100% of mice in groups 
1, 4, and 5, in 73% of mice in group 2, and in only 45% and 33% of mice in groups 3 and 6, respectively 
(p < 0.01). Intraperitoneal glucose tolerance, determined only in normoglycemic mice, was similar in groups 
1, 2, 4, and normal controls. In contrast, normoglycemic mice from groups 3, 5, and 6, exposed to more 
severe and prolonged hyperglycemia after Tx, showed higher glucose values after glucose injection, suggest­
ing that hyperglycemia had a long-lasting deleterious effect on transplanted beta cell function. The initially 
transplanted beta cell mass was maintained in the grafts of normoglycemic mice, but was severely reduced 
in hyperglycemic mice. Transplanted beta cell mass was similar in normoglycemic groups with normal or 
impaired glucose tolerance, indicating that impaired glucose tolerance was not due to reduced beta cell mass. 
In summary, the beneficial effect of insulin-induced normoglycemia on transplanted islets was maximal 
when insulin treatment was maintained the initial 14 days after transplantation. Exposure to sustained hyper­
glycemia initially after transplantation had a long-lasting deleterious effect on transplanted islets. 

Key words: Islet transplantation; Insulin; Glucose toxicity; Beta cell mass 

INTRODUCTION 

Chronical ly elevated g lucose levels can cause beta 
cell dysfunction (18,30,36), and transplanted islets ex­
posed to sustained hyperglycemia have shown impaired 
beta cell function (8,10,15,35), l imited replicative capac­
ity, and reduced beta cell mass (23,24,26). In addit ion, 
hyperg lycemia reduced blood perfusion and delayed re­
vascularization of the graft in several, but not all, studies 
(11,21,33) . 

In the initial days after transplantation hyperglycemia 
has been related to increased beta cell death (4) and re­
duced beta cell mass (4,24). However, islets exposed to 
mild hyperglycemia several weeks after transplantation 
showed increased beta cell replication and mass (12,25,27), 
suggesting that transitory hyperglycemia could have a posi­
tive effect on transplanted islets. Thus , the effects of hyper­
glycemia on transplanted islets could depend on the sever­
ity, duration, and timing of exposure to hyperglycemia. 

Insulin t reatment has shown a beneficial effect on 
transplanted islets (14,23,28) . W e recently reported that 
normoglycemic , insulin-treated diabetic mice achieved 
permanent normoglycemia with the transplantat ion of an 
otherwise insufficient be ta cell mass (23); in contrast , 
non-insulin-treated mice remained hyperg lycemic . H o w ­
ever, a few hyperglycemic , non-insul in-treated mice 
eventual ly achieved normoglycemia after transplanta­
tion. Interestingly, these animals showed an abnormal 
glucose tolerance compared to mice that were normogly­
cemic when transplanted, suggest ing that beta cell func­
tion was impaired by the previous exposure to hypergly­
cemia. Therefore, the a im of this study was to identify 
the insulin administrat ion reg ime that could max imize 
the beneficial effect of insulin on transplanted islets. In 
addit ion, we sought to determine whether transitory ex­
posure of t ransplanted islets to hyperg lycemia immedi ­
ately after transplantation could have a long-last ing dele­
terious effect on transplanted beta cells. 
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M A T E R I A L S A N D M E T H O D S 
Male inbred C57B1/6 mice ( B & K Universal , H u m -

berside, U K ) aged 7 - 1 0 weeks , were used as donors and 
recipients of transplantation. The recipients were made 
diabetic by a single IP injection of streptozotocin (S igma 
Immunochemica l s , St. Louis , M O ) 180 mg/kg b.wt. , 
freshly dissolved in citrate buffer (pH 4.5). Before trans­
plantat ion, diabetes was confirmed by the presence of 
hyperglycemia, weight loss, and polyuria . Only those 
mice with a b lood glucose higher that 20 mmol/ l were 
transplanted. Blood glucose was determined be tween 
0900 and 1100 h in nonfasting condi t ions. Blood was 
obtained from the snipped tail with a heparinized micro-
capillary tube and glucose was measured with a portable 
glucose meter (Reflolux II, Boehr inger M a n n h e i m Bio-
chemicals , Mannhe im, Germany) . Animals were kept 
under conventional condi t ions in cl imatized rooms with 
free access to tap water and standard pelleted food. 

Experimental Groups and Insulin Treatment 

Six groups of STZ-diabet ic mice were studied. Five 
to 14 days after S T Z injection, diabetic mice were ran­
domly distributed among groups and treated as summa­
rized in Figure 1. All six groups received a 100 synge­
neic islet t ransplantat ion under the left k idney capsule 
on day 0. This is an insufficient beta cell mass to consis­

tently restore normoglycemia and most mice were ex­
pected to remain hyperglycemic after transplantation. In 
addition, groups 1 to 5 were treated with sustained re­
lease insulin implants (LinBits, Linshin Canada , Inc., 
Scarborough, Canada) as previously described (23). 
Groups were treated as follows: group 1 (n = 9) : from 
day 10 before transplantation to day 14 after transplanta­
tion; group 2 (n = 11): from day 6 before transplantation 
to transplantation day; group 3 (n = 11): from transplan­
tation day to day 6 after t ransplantat ion; group 4 (n = 7) : 
from transplantation day to day 14 after transplantat ion; 
group 5 (n = 8): from day 10 to day 24 after t ransplanta­
tion. Group 6 (n = 18) was not treated with insulin. All 
grafts were harvested 60 days after transplantation. A 
control group (n = 6) of normal nontransplanted mice 
had their b lood glucose and body weight determined 
weekly. 

The rational for insulin t reatment in group 1 was to 
maintain normoglycemia (blood glucose < 9.0 mmol / l ; 
mean ± 2 S D of b lood glucose in control group) from at 
least day 6 before transplantation to the complet ion of 
vascularization on day 14 after transplantation. In 
groups 2 and 3, insulin t reatment was given to assess the 
effects of short- term normoglycemia immediate ly before 
(group 2) or after (group 3) transplantation. In group 4 
t reatment was to maintain normoglycemia throughout 

Insulin Treatment 

Group 1 
STZ -10 0 14 60 

Group 2 

STZ -6 0 60 

Group 3 

STZ 0 6 60 

Group 4 

STZ o 14 60 

Group 5 

STZ 0 10 24 60 

Group 6 

STZ 0 60 

Figure 1. Experimental protocol. STZ, streptozocin injection. Numbers indicate days before or 
after transplantation. In all groups, mice were transplanted on day 0 and grafts were harvested on 
day 60. 
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the revascularization period, and in group 5 to determine 
the effects of delayed normoglycemia after an initial ex­
posure to severe hyperglycemia . As intended, groups 1 
and 2 were normoglycemic on transplantation day, and 
mice were t ransplanted after 7.3 ± 0.6 and 2.4 ± 0.3 days 
of normoglycemia ; in group 1 insulin t reatment main­
tained normoglycemia 14 additional days after t rans­
plantation. In contrast, groups 3 to 5 were severely hy­
perglycemic when transplanted. In groups 3 and 4, 
insulin t reatment restored normoglycemia in the imme­
diate post transplantat ion period for 2.2 ± 0 . 3 and 10.3 ± 
0.8 days , respectively. In group 5, insulin t reatment on 
days 10 to 24 after t ransplantat ion mainta ined normogly­
cemia 10.5 ± 0.5 days . 

Islet Isolation, Transplantation, and Graft Harvesting 

Islets were isolated by col lagenase (col lagenase P, 
Boehr inger M a n n h e i m Biochemicals) digestion of the 
pancreas as previously described (23). Isolated islets 
were handpicked under a s tereomicroscope two or three 
t imes until a populat ion of pure islets was obtained. 
Only those islets >75 and <250 p m in d iameter were 
collected and counted into groups of 100 islets, which 
were transplanted under the left kidney capsule of the 
recipient on the day of the isolation. After transplanta­
tion, the capsulo tomy was cauterized with a disposable 
low-temperature cautery pen (F.L. Fischer Bipolator, 
Berlin, Germany) and the lumbar incision was sutured. 
To harvest the graft, the kidney was exposed with the 
mouse under light ether anesthesia. The graft was identi­
fied as a white patch in normoglycemic mice , and a 
more translucent graft was found in hyperglycemic 
mice . T h e kidney capsule surrounding the graft was in­
cised and removed with the graft. 

Intraperitoneal Glucose Tolerance Test (IPGTT) 

I P G T T was performed on days 5 4 - 5 8 after transplan­
tation in all normoglycemic animals and in control mice 
of s imilar age . Between 1 1100 and 1200 h, after a 2-h 
fasting, nonanesthet ized mice were injected with a 10% 
glucose solution (ERN Laboratory, Barcelona, Spain) 
1.5 g/kg/b.wt. IP. Blood glucose was determined at the 
t ime of injection and 30, 60, 90, 120, and 180 min later. 
Total area under the curve (AUC) was calculated with 
the trapezoidal rule method. 

Immunocytochemistry 

After removal , the graft was immediately immersed 
in B o u i n ' s fixative. Then any excess of B o u i n ' s was 
carefully removed by capillary action and the weight of 
the graft was determined on a Mett ler balance type A 2 4 0 
reading to 0.01 m g (Mettler Instruments Corporat ion. 
Highs town, NJ) and processed for paraffin embedding . 
Sections (2 p m ) were stained with inmunoperoxidase for 

the endocr ine non-beta cells of the graft with a cocktail 
of ant ibodies ant iglucagon, ant isomatostat in, and anti-
pancreat ic polypept ide (Dako Corporat ion, Carpinteria , 
C A ) (27) . T h e sections were stained wi th 3 ,3 ' -d iamino-
benzimide te t rahydrochlor ide (S igma Immunochemica l ) 
and hydrogen peroxide (Merck, Darmstadt , Germany) . 
W e stained the endocr ine non-beta cells instead of the 
beta cells because chronic severe hyperglycemia , ex­
pected in some groups , is associated with be ta cell de -
granulat ion, result ing in weak or negat ive staining of 
beta cells . T o validate the method, graft sections from 
normoglycemic mice were stained for beta cells with a 
guinea pig ant i-swine insulin ant ibody (Dako Corpora­
tion) and the results compared to those obtained with 
the staining of endocr ine non-beta cells. 

Beta Cell Mass 

Methods used for measurement of beta cell mass 
have been described in detail (24). Beta cell mass was 
measured by point count ing morphomet ry on i m m u n o -
peroxidase-s ta ined sections of grafts with an Olympus 
B H 2 microscope connected to a video camera with a 
color moni tor . A 48-point grid was used to obtain the 
number of intercepts over beta cells, over endocr ine 
non-beta cells, and over other t issue. T h e beta cell mass 
of islets at the t ime of transplantation was determined in 
eight groups of 100 islets isolated on different days . 

Statistical Analysis 

Results were expressed as m e a n ± S E M . The signifi­
cance of the difference in categorical variables was 
tested with the chi-square test. T h e significance of the 
difference in cont inuous variables was tested using the 
unpaired S tuden t ' s Mest , two-tai led, and for mult iple 
compar isons be tween groups the one-way analysis of 
variance ( A N O V A ) . The Bonferroni correction was used 
to determine specific differences be tween m e a n s when 
de termined as significant by A N O V A . W h e n results did 
not show a normal distribution the Kruskal-Wal l is test 
was used. A value of p < 0.05 was considered signifi­
cant. 

R E S U L T S 

Metabolic Evolution 

T h e characterist ics of exper imental groups are sum­
mar ized in Tab le 1. All groups were comparab le in 
b lood glucose and body weight when injected with 
streptozotoocin, as well as when insulin t reatment was 
started. W h e n insulin t reatment was discont inued, all 
mice in group 1 remained normoglycemic until the end 
of the s tudy, in contrast , hyperg lycemia recurred in 
groups 2 to 5. After transitory hyperglycemia , definitive 
normoglycemia was achieved in eight (73%) mice of 
group 2, five (45%) mice of group 3, all mice of groups 
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Table 1. Characteristics of Experimental Groups 

Blood Glucose (mmol/l) 

Group 
Days of Insulin 

Treatment* Day STZ 
First Day 

Insulin Day Tx 
Day Graft 
Removal 

Day 7 After 
Graft Removal 

1 (n = 9) - 1 0 to 14 7.8 ±0 .4 26.9 ± 0.7 6.3 ±0 .9 7.9 ±0 .5 26.5 ± 0.8 
2 (n = 11) - 6 to 0 7.6 ± 0.3 27.0 ±0 .6 5.6± 1.1 13.4 ±2.7+ 26.0 ±0 .5 
3 ( « = 11) 0 to 6 7.7 ± 0 . 3 26.7 ± 0.6 26.7 ± 0.6 17.8±3.1± 27.2 ±0 .4 
4 (n = 7) Oto 14 7.4 ±0 .3 26.3 ± 0.9 26.3 + 0.9 8.2 ± 0 . 6 27.2 ±0 .5 
5 (n = 8) 10 to 24 6.9 ± 0.5 25.7 ± 1.6 24.3 ± 1.0 7.7 ±0 .9 >27.8 
6 ( n = 18) — 7.3 ±0 .3 — 27.3 ± 0.4 15.6 ± 2.3$ >27.8 
Control (n = 6) — 8.1 ±0 .5 7.5 ± 0.2 7.5 ±0 .3 7.1 ±0 .2 

Values are mean ± SEM. In the control group, data show blood glucose values determined in normal non-STZ-injected and non-insulin-treated mice 
of similar age as STZ-injected and transplanted groups. 
*Day 0 corresponds to transplantation day. 
t p < 0.01 vs. control group. 
t p < 0 .01 vs all other normoglycemic groups. 

4 and 5, and in six (33%) mice of group 6 ( p < 0 . 0 1 
between groups 3 and 6 and all other groups) (Fig. 2). 
In groups 2 and 4 , transitory hyperg lycemia after trans­
plantation was mild (<14 mmol / l ) , and definitive nor­
moglycemia was achieved 12.6 + 2.9 and 22.6 ± 3 . 7 
days, respectively, after transplantation. In contrast , 
groups 3, 5, and 6 exper ienced severe hyperg lycemia 
(>20 mmol/ l ) 10 or more days after transplantation, and 
definitive normoglycemia was not achieved until day 
33.4 ± 5.3 in group 3, day 30.6 + 2.4 in group 5, and 
day 35.1 ± 4.0 in group 6. Mice that eventually achieved 
normoglycemia and those that remained hyperglycemic 
showed similar characterist ics when they were injected 
with streptozotocin, started on insulin, or transplanted. 

In all normoglycemic mice recurrence of hyperglyce­
mia was confirmed on days 2 and 7 after graft harvest­
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Figure 2. Mice normoglycemic at the end of study. Numbers 
on the x-axis correspond to transplanted groups shown in Fig­
ure 1. Numbers on top of the columns show mice that main­
tained normoglycemia at the end of follow-up. *p < 0.01 be­
tween groups 3 and 6, and all other groups. 

ing. In two mice blood glucose did not achieve 20 
mmol/ l , and they were excluded from the study. Severe 
hyperglycemia (>20 mmol/ l ) and weight loss persisted 
in all mice on day 7 after graft harvesting, and were 
similar in all groups (Table 1). 

Six hyperglycemic mice (one in group 2, two in 
group 3, and three in group 6) were severely ill after the 
withdrawal of insulin t reatment and required addit ional 
transitory (less that 7 days) insulin administrat ion; all 
these mice were hyperglycemic at the end of the study. 

IPGTT 

I P G T T test was performed only in normoglycemic 
mice. After IP glucose injection, glucose levels at spe­
cific t ime points and glucose A U C were similar in con­
trol group and normoglycemic mice of groups 1, 2, and 
4 (Fig. 3). Group 5 had higher glucose values after 120 
min (group 5: 13.7 ± 1.0 mmol / l ; control group: 9.3 ± 
0.5 mmol / l ; p = 0.002) and group 6 showed a higher glu­
cose peak (group 6: 22.4 ± 1.8 mmol / l ; control group: 
16.0 ± 0 . 6 mmol / l ; p = 0 .006). The A U C was higher in 
groups 3 (3584 ± 1 7 9 m M / m i n ) , 5 (3629 ± 1 7 7 m M / 
min) , and 6 (3916 + 324 m M / m i n ) compared to the con­
trol group (2890 ± 125 mM/min , p < 0.008) (Fig. 3). 

Beta Cell Mass 

When graft sections from six normoglycemic mice 
were stained for the endocr ine non-beta cells or for the 
beta cells, beta cell mass was 0.20 ± 0.03 and 0.18 ± 
0.04 mg (r = 0.99), respectively, confirming the validity 
of staining the endocr ine non-beta cells to determine 
beta cell mass . The initially transplanted beta cell mass 
was maintained in all normoglycemic grafts at the end 
of fol low-up, with no significant differences a m o n g 
groups. In contrast, beta cell mass was severely reduced 
in hyperglycemic mice (Table 2). There was no correla­
tion be tween the individual beta cell mass values in 
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Figure 3. Intraperitoneal glucose tolerance test in mice that achieved normoglycemia after trans­
plantation. Groups 1 to 6 correspond to transplanted groups shown in Figure 1. Upper panel: *p < 
0.05 between group 6 and control, **/><0.05 between group 5 and control. Lower panel: *p < 
0.008 between control group and groups 3, 5, and 6. Values are mean + SE. 

the grafts and the glucose levels after IP glucose chal­
lenge. 

D I S C U S S I O N 

In this study, we have shown that the beneficial effect 
of insulin t reatment on the ou tcome of syngeneically 
transplanted islets was determined by the t iming and du­
ration of insulin-induced normoglycemia in the diabetic 
recipients of the transplants. The beneficial effect of in­
sulin was maximal in groups 1 and 4 , which maintained 
normoglycemia throughout the initial 14 days after 
transplantation; all mice achieved definitive normogly­

cemia and glucose tolerance was normal despite the 
transplantation of an otherwise insufficient beta cell 
mass . In contrast, the shorter 6-day post transplantat ion 
treatment in group 3 did not improve the metabol ic evo­
lution compared to non-insul in-treated mice . A similar 
6-day insulin t reatment given exclusively before trans­
plantation afforded some protection, and mos t mice 
achieved definitive normoglycemia , indicating that 
maintaining normoglycemia on transplantation day is 
beneficial. W h e n insulin t reatment was pos tponed and 
transplanted islets were initially exposed to hyperglyce­
mia, the beneficial effect of insulin was reduced and, 
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T a b l e 2. Beta Cell Mass in Grafts 

Normoglycemic Hyperglycemic 
Group Mice (mg) Mice (mg) 

1 0.21 ±0.03 
2 0.18 + 0.02 0.035 ±0.012* 
3 0.18 + 0.03 0.084 ± 0.022* 
4 0.19 + 0.02 — 
5 0.27 ± 0.03 — 
6 0.21 ±0.03 0.080 ±0.019* 
100 isolated islets 0.21 ±0.01 — 

Values are mean ± S E M . 
*p < 0 .05 b e t w e e n hyperg lycemic and n o r m o g l y c e m i c m i c e . 

even if normoglycemia was finally achieved, mice 
showed impaired glucose tolerance. Beta cell mass was 
similar in normoglycemic groups with normal and im­
paired glucose tolerance, indicating that impaired glu­
cose tolerance was not due to reduced beta cell mass 
and suggesting that hyperglycemia had a long-last ing 
detrimental effect on t ransplanted beta cell function. 

After transplantation, a m i n i m u m duration of insulin-
induced normoglycemia was required to improve the 
ou tcome of the graft. In group 3, 6 days of insulin after 
transplantation did not increase the percentage of mice 
that achieved definitive normoglycemia . In contrast, all 
mice in groups 1 and 4 achieved definitive normogly­
cemia after 14 days of insulin. The requirement of a 
m i n i m u m normoglycemic period after transplantation 
may b e related to the effects of hyperglycemia on revas­
cularization and oxygen requirement of t ransplanted 
beta cells. Transplanted islets are devoid of vasculariza­
tion in the first days after transplantation, they begin 
to revascularize around day 4 after transplantation, and 
vascularization is comple ted after 1 0 - 1 4 days (2,22). 
Al though the effects of hyperglycemia on angiogenesis 
of t ransplanted islets have been controversial , it has been 
reported that revascularizat ion of the graft can be de­
layed by hyperglycemia (11,33). In addition, hypergly­
cemia could increase the hypoxia of transplanted islets 
because islets exposed to hyperglycemia have a higher 
oxygen requirement that cannot be met by diffusion in 
nonvascular ized islets (6), result ing in beta cell death 
and compromised insulin secretion (7) of surviving is­
lets. Our data give exper imental support to the recent 
suggest ion that prolongat ion of insulin t reatment after 
transplantation may reduce the presence of early graft 
failure and extend the survival of the graft in type I dia­
betic patients (1). 

The beneficial effects of maintaining normoglycemia 
on transplantation day were apparent in group 2, which 
was treated with insulin exclusively before transplanta­
tion. Only 2 7 % of mice in this group did not achieve 

normoglycemia after transplantation. Short- term hyper­
g lycemia has been shown to induce insulin resistance in 
diabetic animal models (31) and type I diabetic patients 
(34,37), and correction of hyperglycemia improved insu­
lin sensitivity (17,32). Thus , normoglycemic , insulin-
treated recipients of islet grafts were probably more in­
sulin sensitive than hyperglycemic mice . In a different 
model using 9 5 % pancreatectomized rats, we reported 
that restoring normoglycemia required a higher beta cell 
mass than maintaining normoglycemia , and suggested 
that the different insulin sensitivity of normoglycemic 
and hyperglycemic recipients had played a role in the 
different beta cell mass requirement (25). The reduced 
insulin resistance of normoglycemic group 2 mice on 
transplantation day may have facilitated the achievement 
of definitive normoglycemia with the transplantat ion of 
a low beta cell mass . 

Hyperg lycemia had a long-lasting deleterious effect 
on transplanted beta cell function, even when normogly­
cemia was eventually achieved. Mice exposed to sus­
tained and severe hyperg lycemia after transplantation 
showed an abnormal tolerance more than 3 weeks after 
the restoration of normoglycemia . In contrast , mice per­
sistently normoglycemic after transplantation or exposed 
to short- term modera te hyperglycemia showed normal 
glucose tolerance at the end of fol low-up. The detr imen­
tal effect of chronic exposure to high glucose concentra­
t ions on beta cell function has been shown in cultured 
rodent (13,29) and human (5,9) islets, and in animal 
models (3,19). In transplanted islets, the deleterious ef­
fect of hyperglycemia on beta cell function and the ben­
eficial effects of normoglycemia have been descr ibed in 
mouse and human islets (8,10,15,35). Islets syngeneic-
ally transplanted to normoglycemic insulin-treated recip­
ients showed preserved insulin content compared to is­
lets exposed to hyperg lycemia and were able to increase 
their beta cell mass to meet an increased metabol ic de­
mand (23). Human islets transplanted to diabetic nude 
mice showed the recovery of normal insulin content , in­
sulin biosynthesis , g lucose oxidation, and expression of 
insulin m R N A when normoglycemia was restored after 
sustained hyperg lycemia (8). However , defective glu­
cose- induced insulin release was still found after 2 
weeks of normoglycemia , suggest ing that the insulin se­
cretion defect induced by hyperg lycemia could be of 
long duration or even permanent (10). The similar beta 
cell mass that we found in grafts of mice with impaired 
glucose tolerance, and previously exposed to sustained 
and severe hyperglycemia , and mice with normal glu­
cose tolerance further supports the concept that hyper­
g lycemia may have long-term deleterious effects on beta 
cell function. In this study, we used a mouse strain that 
has shown resistance to glucose- induced beta cell dys­
function (16,20). Thus , it is possible that the beneficial 
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effect of insulin-induced normoglycemia could be even 
higher in human transplanted islets, which have shown a 
high sensitivity to the deleterious effects of h igh glucose 
concentrat ions (13). 

In summary , both duration and t iming of insulin-in­
duced normoglycemia determined the beneficial effects 
on transplanted islets: when islets were t ransplanted to 
normoglycemic insulin-treated recipients the ou tcome of 
the transplants was partially improved, but the beneficial 
effect of normoglycemia was maximal when insulin 
t reatment was maintained throughout the revasculariza­
tion period. Exposure to sustained hyperglycemia ini­
tially after transplantation had a long-term deleterious 
effect on transplanted beta cells. 
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