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It has been reported that high concentrations of circulating glucose have desensitizing and, in long-term, toxic effects on (i-cells. These 
adverse effects lead to impaired insulin secretion. We investigated p-cell function in five patients with newly diagnosed non-insulin-de
pendent diabetes mellitus (NIDDM). p-cell function was investigated by C-peptide response to glucagon before and after 3-month in
tensive insulin treatment period during which tight glycemic control was made. At the end of 3 months, the glycosylated hemoglobin 
levels decreased from 9.5±1.6% to 7.1±0.8 (p<0.05) indicating to improved glycemic control. Meanwhile, significant increments in stim
ulated C-peptide levels were demonstrated with intensive insulin therapy (0.93±0.2 nmol/l vs 1.50±0.6 nmol/l; p<0.05). Daily insulin re
quirements declined gradually in all patients and insulin was discontinued within one month after the completion of intensive insulin 
therapy. These preliminary data suggest that tight glycemic control should be aimed in newly diagnosed NIDDM to overcome the dele
terious effects of hyperglycemia on p-cells and to restore initially impaired insulin secretory function. 
[Turk J Med Res 1996; 14(2):63-66] 
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Insul in sec re t i on is a l tered in h u m a n d iabe tes . Se lec t i ve 
l oss o f the p-cel l r e s p o n s e to g l u c o s e h a s b e e n d e s c r i b e d 
in both non - i nsu l i n -dependen t ( N I D D M ) (1-3) and ear ly 
i nsu l i n -dependen t -d iabe tes mel l i tus ( IDDM) (4,5). H igh 
g l u c o s e concen t ra t i ons h a v e b e e n s h o w n to c a u s e re
duc t ions in insul in content a n d impa i rment o f g l u c o s e - i n 
d u c e d insu l in sec re t ion in cu l tured p-cel ls (6,7). I t h a s a l 
so b e e n s h o w n that |3-cell funct ion i m p r o v e s upon cultur-
ing with l ower g l u c o s e concen t ra t i ons (6,7). To a cer ta in 
extent , t h e s e o b s e r v a t i o n s m a y h a v e re f lec ted d e 
c r e a s e d insul in s to res a n d (3-cell exhaus t i on as a result of 
r e p e a t e d , shor t - term e x p o s u r e to h igh concen t ra t ions of 
g l u c o s e (8). 

We c o n d u c t e d the p resen t s tudy to de te rmine the 
c l i n i ca l va l i d i t i es o f t h e s e o b s e r v a t i o n s i n N I D D M . 
The re fo re , we inves t iga ted the p-cel l funct ion a t d i agno 
s is a n d after restorat ion of g l y c e m i c contro l with in tens ive 
insul in the rapy in non insul in d e p e n d e n t d iabet ic pat ients 
with re lat ive ly shor t durat ion of s y m p t o m s . 

MATERIALS AND METHODS 
Patients: F i ve m a l e pat ients with N I D D M with a m e a n 
age of 33±7 ( range: 25 -44 ) y e a r s w e r e enro l led in the 
study. M e a n s y m p t o m durat ion w a s 2 .8±1.9 ( range: 1-6) 
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months a n d m e a n b o d y m a s s index w a s 25.9+3.5 
( range: 22 .2 -31 .2 ) k g / m 2 . N o n e o f t h e m had taken a n y 
oral h y p o g l y c e m i c d rugs (su l fony lu reas o f b i guan ides ) 
before a f tend ing to our c l in ic . A l l pat ients h a d h igh g l yco 
s y l a t e d h e m o g l o b i n ( H b A 1 c ) ( 9 . 5 ± 1 . 6 % ; r a n g e : 8 . 2 -
1 0 . 6 % ) , fas t i ng ( 1 6 . 1 ± 3 . 2 m m o l / l ; r a n g e : 1 2 . 2 - 1 9 . 5 
mmol / l ) a n d 2-hour pos tp rand ia l p l a s m a g l u c o s e leve ls 
(23 .0±3.5 mmo l / l ; r ange : 19 .8 -29 .0 mmol / l ) ind icat ing to 
poor g l y c e m i c cont ro l . Ke tos i s w a s a b s e n t in all pat ients . 
Informed wri t ten consen t w a s ob ta ined f rom e a c h p a 
tient. 

Procedures: To de te rm ine p-cel l r e s e r v e , all pa t ien ts u n 
derwent C -pep t i de s t imulat ion tests with g l u c a g o n . Af ter 
an over-n ight fast , they rece i ved 1 mg g l u c a g o n by int ra
v e n o u s route a t 08 :00 a .m . and s a m p l i n g s for C -pep t i de 
de te rmina t ions we re ob ta ined 6 minu tes a f te rwards. Islet 
cel l an t ibody ( ICA) de te rmina t ions we re a l s o pe r fo rmed 
at d i a g n o s i s . 

To a c h i e v e tight g l y c e m i c cont ro l , in tens ive insul in 
therapy w a s ini t ia l ized a n d con t i nued for 3 mon ths in 
e a c h pat ient. O u r goa l w a s to main ta in fas t ing g l u c o s e 
leve ls b e t w e e n 3.3-5.0 mmol / l a n d 2-hour pos tp rand ia l 
g l u c o s e leve ls b e l o w 7.7 mmo l / l . F o r initial therapy, 0.6 
U/kg/d h u m a n insul in w a s g i v e n , 2 5 % in termedia te ac t ing 
( N P H ) a n d 7 5 % regular . N P H insul in w a s g iven a t b e d 
t ime ( 2 2 H O O ) a n d c h a n g e d eve ry 48 hours so le ly on the 
bas i s of the fas t ing b lood g l u c o s e leve l . In the ini tat ion 
p h a s e , the regu lar insul in d o s e for e a c h m e a l w a s b a s e d 
on the pos tp rand ia l g l u c o s e va lue f rom the p rev i ous day. 
O n c e the therapeut ic p lan w a s d e v e l o p e d , a l terat ions in 
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the da i l y insul in d o s e w e r e b a s e d on immed ia te p rep ran -
dial g l u c o s e leve ls . R e g u l a r insul in w a s in jected immed i 
ately be fo re e a c h m e a l . C h a n g e s i n insul in d o s e s we re 
m a d e a c c o r d i n g to the s c h e d u l e w h i c h has b e e n r e c o m 
m e n d e d by Schri f f in e t a l (9). T h e pat ients se l f -moni tored 
their b lood g l u c o s e leve ls and r e c o r d e d them with insul in 
d o s e s dur ing the entire t reatment per iod . T h e consu l tant 
p h y s i c i a n ( A G ) c h e c k e d t hese reco rds week ly . B e s i d e s , 
the pat ients g a v e informat ion about their reco rds in they 
h a d a n y p r o b l e m regard ing to the insul in d o s e adjust
m e n t s . 

At the end of the 3 m o n t h s , conven t i ona l twice-dai ly 
insul in the rapy (mixture of regu lar a n d in termediate act
ing h u m a n insu l in before break fas t a n d dinner) r ep laced 
the in tens ive the rapy r e g i m e n . M e a n w h i l e , C -pep t i de 
s t imula t ion tes ts , g l ycosy la ted hemog lob in ( H b A 1 c ) a n d 
fas t ing /2-h pos tp rand ia l p l a s m a g l u c o s e ( F P G ) de te rmi 
na t ions w e r e r e p e a t e d . 

Assay procedures: P l a s m a g l u c o s e concen t ra t i ons 
w e r e de te rm ined by g l u c o s e - o x i d a s e method us ing a 
s p e c t r o p h o t o m e t e r . G l y c o s y l a t e d h e m o g l o b i n l e v e l s 
( H b A 1 c ) w e r e m e a s u r e d b y c a t i o n - e x c h a n g e c h r o m a t o g 
raphy us ing a c o m m e r c i a l kit ( B I O - R A D , R i c h m o n d , C A , 
U S A ; no rma l range : 6 -8%) . S e r u m C-pep t i de c o n c e n t r a 
t ions w e r e m e a s u r e d with a c o m m e r c i a l r a d i o i m m u n o a s 
s a y kit ( I N C S T A R , St i l lwater, M N , U S A ) . No rma l range 
for the a s s a y w a s 0 .33±1 .20 nmol / l . In t raassay and in -
t e r a s s a y coef f ic ients o f var ia t ion w e r e 5.7 a n d 15.3 per
cent , respect ive ly . T h e m i n i m u m de tec tab le amount w a s 
0.02 nmo l / l . Islet ce l l an t ibod ies ( ICAs) w e r e de te rm ined 
by a qua l i t a t i ve m i c r o w e l l / E L I S A test ( I S L E T E S T , 
B i o m e r i c a , C A , U S A ) us ing highly puri f ied mixture o f p a n 
c rea t ic an t igens as p r o p o s e d by Boi tard et a l (10). 

Statistical analysis: D a t a a r e p r e s e n t e d a s 
m e a n s ± s t a n d a r t dev ia t ion (SD) . W i l c o x o n S i g n e d - R a n k 
test w a s u s e d to c h e c k the s ign i f i cance o f d i f fe rences b e 
tween va r i ab l es w h i c h h a v e b e e n de te rm ined before and 
after in tens ive insul in therapy pe r iod . 

RESULTS 
G l y c e m i c cont ro l w a s imp roved in all pat ients with 3-
month in tens ive insul in therapy. G l y c o s y l a t e d h e m o g l o 
b in l e v e l s ( H b A 1 c ) d e c r e a s e d f r om 9 . 5 ± 1 . 6 % t o 
7 . 1 ± . 0 . 8 % ( range: 6 .1 -8 .1%) (p<0.05). Fas t i ng a n d 2 -
hour pos tp rand ia l g l u c o s e leve ls improved signi f icant ly 
with r e s p e c t to the v a l u e s m e a s u r e d at d i agnos i s (fast
ing ; 16.1+3.2 mmol / l vs 5 .4±0.6 mmo l / l ; p<0.05, post 
p rand ia l ; 23 .0±3 .5 mmo l / l vs 6 .0±1.4 mmo l / l ; p<0.05). 
M e a n w h i l e , da i l y insul in requ i rements d e c r e a s e d from 
45 .7±7 .5 U to 39 .6±15 .3 U, but the d i f ference w a s not 
stat is t ica l ly s igni f icant (p=0.46). A l l pat ients g a v e n e g a 
tive reac t ions with respec t to I C A s . Af ter tight g l y c e m i c 
cont ro l , s ign i f icant i nc remen ts in s t imula ted C-pep t i de 
leve ls w e r e o b s e r v e d (initial; 0 .93±0 .2 nmol / l vs f inal; 
1.5±0.6 nmol / l ; p<0.05) (F igure 1). 

A t the fo l low-up per iod , da i l y insul in requ i rements g r a d u 
al ly d e c l i n e d in all pat ients after in tens ive therapy per iod 
(data not s h o w n ) . Insulin therapy w a s d iscon t inued wi th-
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Figure 1. Serum C-peptide levels before and after intensive in
sulin therapy. The median values (horizontal lines) were signifi
cantly different (p<0.05 by Wilcoxon test). 
'Stimulated C-peptide level 6 min after 1 mg glucagon 

in o n e month in all pat ients a n d n o r m o g l y c e m i a (i.e. F P G 
b e t w e e n 3.8-6.1 mmo l / l ; 2 -hour pos tp rand ia l g l u c o s e 
<7.7 mmol / l ) w a s ma in ta ined with on ly diet up to the t ime 
this pape r h a s b e e n de l i ve red for pub l ica t ion (i.e. 6 
mon ths after d i agnos i s ) . 

DISCUSSION 
I t h a s p rev ious ly b e e n remons t ra ted that h igh c i rcu la t ing 
g l u c o s e leve ls c a n c a u s e de le te r ious ef fects on p-cel l 
funct ion (11-13). T h e a d v e r s e effects o f g l u c o s e on p-cel l 
funct ion for p ro longed pe r i ods (e.g. yea rs ) a re k n o w n as 
g l u c o s e toxicity, a n d t h e s e a re inherent ly i r revers ib le (8). 
Howeve r , the term g l u c o s e desens i t i za t i on imp l ies a t e m 
porary, read i ly i n d u c e d , phys io log ica l a n d revers ib le s tate 
of ce l lu lar re f rac tor iness due to repea ted e x p o s u r e to an 
agon is t (i.e. g l u c o s e ) (8). In h u m a n islet expe r imen t s , 
Eiz i r ik et a l (7) have u s e d cul ture m e d i u m con ta in ing 5.6, 
11 or 28 mM g l u c o s e for s e v e n d a y s . Insul in con ten t and 
g l u c o s e - i n d u c e d insul in sec re t ion h a s b e e n s h o w n to d e 
c r e a s e w h e n high g l u c o s e concen t ra t i ons w e r e u s e d . 
T h e s e c h a n g e s w e r e part ia l ly revers ib le w h e n the g lu 
c o s e concen t ra t ion w a s l owered . Smi la r ly , V a g u e e t a l 
(14) h a v e repor ted that norma l i za t ion o f h y p e r g l y c e m i a 
by 20 -hou r insul in in fus ion res to red g l u c o s e - i n d u c e d in 
sul in sec re t i on . T h e s e da ta p rov ided important e v i d e n c e 
about the concep t " g l u c o s e desens i t i za t i on " . O f note, e x 
posu re to h y p e r g l y c e m i a w a s in te rms o f w e e k s . 

In this pre l iminary study, we e x a m i n e d the c l in ica l 
appl icabi l i ty o f t hese exper imen ta l o b s e r v a t i o n s . We d e 
te rmined the C-pep t i de r e s p o n s e s to g l u c a g o n in N I D D M 
pat ients a t d i agnos i s . Th i s i s an e a s y a n d use fu l test 
wh ich s h o w s the p-cel l insul in sec re to ry funct ion (15). We 
d i a g n o s e d our pat ients as N I D D M s i n c e they h a v e re
t a i n e d a re la t i ve ly p r e s e r v e d p-ce l l f unc t i on with 
g l ucagon -s t imu la ted C - p e p t i d e r e s p o n s e s a b o v e 0.6 
nmol / l (16), a n d h a d negat ive reac t ions with r e s p e c t to 
the I C A s a t d i a g n o s i s (17), Fu r the rmore , they w e r e n o n 
ketot ic a t initial p resenta t ion . A l t hough t hese da ta s t rong-
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ğını göstermiştir. Yoğun insülin tedavisi döneminin sonunda 
glukagonla uyarılmış ortalama C-peptid düzeyinin 0.93±0.2 
nmol/l'den 1.5±0.6 nmol'ye (p<0.05) yükselmesi, p hücre 
fonksiyonunun düzeldiğini göstermiştir. Yoğun insülin te
davisinin bitiminden sonra 1 ay içinde hastaların günlük in
sülin. ihtiyaçları giderek azalmış ve tayın sonunda insülin te
davisi kesilmiştir. Bu ön veriler, insüline bağımlı olmayan 
diyabetlilerde, hipergliseminin p hücreleri üzerindeki olum
suz etkilerini gidermek ve glukoz desensitizasyonu ne
deniyle bozulan p hücre fonksiyonunu yeniden tesis etmek 
için sıkı glisemik kontrolün amaçlanması gerektiğini 
düşündürmektedir. [Türk J Med Res 1996; 14(2):63-66] 

IV s u g g e s t that ou r pat ients h a d N I D D M , they do not ex
c lude the o c c a s i o n a l pat ient with a typ ica l -onse t I D D M 
with nega t i ve I C A s , w h o wil l eventua l ly deter iorate into 
an insu l in-def ic ient state (18,19) . We se lec ted pat ients 
with re lat ively shor t durat ion of s y m p t o m s , a s s u m i n g that 
high c i rcu la t ing g l u c o s e leve ls have d e s e n s i t i z e d their (3-
ce l ls . O u r expec ta t ion w a s that, u p o n restorat ion o f nor-
m o g l y c e m i a dur ing 3 m o n t h s , the p-cel ls wou ld exhibi t an 
improved r e s p o n s e to s t imu la t ion with g l u c a g o n . Indeed, 
the resu l ts of our s tudy demons t ra ted that p-cel l funct ion 
is impa i red in newly d i a g n o s e d N I D D M , poss ib l y d u e to 
high c i rcu la t ing g l u c o s e leve ls , p-cel l funct ion w a s i m 
p roved with tight g l ycémie cont ro l in our pat ients, s u g 
ges t ing the reversibi l i ty o f this p h e n o m e n o n . 

P rev i ous l y , G a r v e y e t a l (20) have repor ted that 
m e a n 24 h integrated s e r u m insul in a n d C-pep t i de c o n 
cent ra t ions have i n c r e a s e d s ign i f icant ly with 3 -week in 
tens ive insu l in the rapy i n N I D D M . T h e y h a v e a l s o 
d e m o n s t r a t e d that post - t reatment C -pep t i de r e s p o n s e s 
to i n t ravenous g l u c a g o n have imp roved w h e n g l u c o s e in
fus ion w a s m a d e . O u r resu l ts suppor t their obse rva t i ons , 
but we o b s e r v e d s igni f icant ly improved C-pep t i de re
s p o n s e s to g l u c a g o n wi thout g l u c o s e in fus ion. A n d r e w s 
et a l (21) h a v e s h o w n that 1-month r igorous insul in ther
apy i n c r e a s e d the g l u c o s e - i n d u c e d insul in sec re t ion 2 .5 -
fo ld, a n d this effect has b e e n ma in ta ined for 2 w e e k s af
ter the w i thd rawa l of insul in therapy. Interestingly, no rmo-
g l y c e m i a w a s ma in ta ined with on ly d iabet ic diet af ter the 
d iscon t inua t ion of insul in the rapy for at least two mon ths 
in our pa t ien ts . 

In c o n c l u s i o n , the resu l ts o f the p resen t s tudy s u g 
ges t that we s h o u l d intensi fy our efforts to a c h i e v e tight 
g l ycémie contro l in new ly d i a g n o s e d pat ients with N ID
D M . T h i s a p p r o a c h w o u l d l e a d the pat ients t o better a n d 
e a s i e r g l ycémie contro l wi th an improved p-cel l funct ion 
and p revent tox ic ef fects of g l u c o s e on p-cel ls in long 
te rm. H o w e v e r , s i n c e the who le - t ime fo l low-up is l imited 
with 6 m o n t h s a n d the pat ient n u m b e r is sma l l in this 
study, fur ther s tud ies with larger pat ient g roups a n d 
longer fo l low-up per iods a re essen t i a l . 
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