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Summary Treatment of diabetic rats with octreotide 
can inhibit early diabetic renal hypertrophy. Octreo- 
tide administration for 6 months from the day of dia- 
betes induction inhibits renal hypertrophy and dimin- 
ishes increase in urinary albumin excretion. To inves- 
tigate the effect of octreotide on manifest diabetic re- 
nal changes, octreotide treatment was given for 
3 weeks after an untreated diabetic period of 3 or 
6 months. In addition, following 6 months of dia- 
betes, a group of diabetic rats was treated with insu- 
lin for 3 weeks. Renal and glomerular hypertrophy, 
and increased urinary albumin excretion were ob- 
served in diabetic rats compared to non-diabetic con- 
trol rats from 3 months and throughout the study pe- 
riod. Octreotide treatment did not affect body 
weight, food intake, blood glucose or serum fructosa- 
mine levels. We observed no effect of octreotide 
treatment on renal and glomerular hypertrophy or 
urinary albumin excretion compared to placebo- 

treated diabetic rats. Insulin treatment for 3 weeks 
after 6 months of untreated diabetes normalized 
blood glucose and serum fructosamine levels, and fur- 
thermore renal hypertrophy was significantly dimin- 
ished compared to the placebo-treated diabetic rats. 
However, insulin treatment had no effect on glomer- 
ular hypertrophy or urinary albumin excretion. In 
conclusion, octreotide treatment for 3 weeks follow- 
ing an untreated diabetic period of 3 or 6 months is 
unable to reduce the increased renal and glomerular 
volume or urinary albumin excretion. However, insu- 
lin treatment for 3 weeks with induction of euglycae- 
mia diminishes the renal hypertrophy but has no ef- 
fect on glomerular volume or urinary albumin excre- 
tion. [Diabetologia (1995) 38: 135-144] 
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In early human and experimental diabetes mellitus 
an increase in kidney size and function is observed 
within the first weeks after onset of diabetes [1-3]. 
The initial renal hypertrophy and hyperfiltration 
have been proposed to be associated with the later 
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development of long-term diabetic renal damage 
and increased urinary albumin excretion (UAE) [4- 
7]. The precise mechanism responsible for the initial 
kidney hypertrophy-hyperfunction syndrome has not 
yet been revealed, though a number of experimental 
and clinical studies has been designed and conducted 
to clarify this issue. Recent results indicated a possi- 
ble role for the insulin-like growth factor I (IGF-I) 
as an early renotropic factor in experimental dia- 
betes, since kidney IGF-I increases and reaches a 
peak 2 4 4 8  h after diabetes induction and thus pre- 
cedes the renal and glomerular hypertrophy [8-11]. 
IGF-I is bound to IGF binding proteins (IGFBPs) of 
which six are known today (IGFBP-1 to -6), these 
IGFBPs may function as carriers and/or modulators 
of IGF-I activity [12, 13]. A recent study demonstrat- 
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ed  a t rans ien t  increase  in k i dney  I G F B P - 1  and /o r  
I G F B P - 2 ,  and  I G F B P - 3  in ear ly  e x p e r i m e n t a l  dia- 
be tes  s imul t aneous ly  wi th  the  k i dney  I G F - I  increase  
[14]. W h e t h e r  I G F - I  and  the  I G F B P s  are  invo lved  in 
the  m a i n t e n a n c e  of  the  rena l  h y p e r t r o p h y - h y p e r f u n c -  
t ion s y n d r o m e  with  inc reased  U A E  is at p r e s e n t  un-  
known.  

In  p rev ious  s tudies  in e x p e r i m e n t a l  d iabetes ,  t rea t -  
m e n t  wi th  insulin and  the  soma tos t a t i n  ana logue ,  oc- 
t reo t ide ,  p r e v e n t e d  the  initial  r ena l  h y p e r t r o p h y  
w h e n  admin i s t e r ed  dur ing the  first 7 days  of  d iabe tes  
[8]. Fur ther ,  oc t r eo t ide  t r e a t m e n t  of  d iabet ic  rats  for  
6 months ,  in i t ia ted  on  the  day  of  d iabe tes  induct ion,  
inh ib i ted  the  k idney  h y p e r t r o p h y  as well  as the  in- 
c rease  in U A E  wi thou t  a f fec t ing  the  m e t a b o l i c  con-  
t rol  of  the  ra ts  [15]. In  a clinical s tudy  oc t r eo t ide  ad- 
min i s t r a t ion  for  12 weeks  to in su l in -dependen t  dia- 
be t ic  ( I D D M )  pa t i en t s  induced  s imilar  results, i .e. a 
dec rease  in k idney  size and  g l o m e r u l a r  f i l t ra t ion ra te  
wi thou t  changes  in the  g lycaemic  cont ro l  [16]. 

The  a im of  the  p r e s en t  s tudy  was to  inves t iga te  and  
c o m p a r e  the  ef fec t  of  oc t r eo t ide  and  insulin t rea t -  
m e n t  for  3 weeks,  in i t ia ted  w h e n  d iabet ic  rena l  chan-  
ges a re  a l r eady  man i f e s t  fol lowing 3 and  6 m o n t h s  of  
e x p e r i m e n t a l  diabetes ,  respect ively.  Ob jec t ive  pa ra -  
m e t e r s  we re  rena l  and  g l o m e r u l a r  size, U A E ,  s e r u m  
and  k i d n e y  I G F - I  and  IGF B P s .  

Materials and methods 

Animals. Adult female Wistar rats (Mr Avlslab, Eiby, 
Denmark) with a mean body weight of 197 + 1.0 g at the start 
of the experiment were studied. Rats were housed two to 
three per cage in a room with 12:12 h (06.30-18.30 hours) arti- 
ficial light cycle, temperature 21 + 2 ~ and humidity 55 + 2 %. 
The animals had free access to standard rat chow (Altromin, 
Lage, Germany) and tap water throughout the experiment. 
Animals were randomized into four groups matched for body 
weight (BW): 1) non-diabetic control rats (n = 40); 2) diabetic 
rats, placebo treated (n = 32); 3) diabetic rats, octreotide treat- 
ed (n = 24), and 4) diabetic animals treated with insulin 
(n -- 8). Non-diabetic control rats were investigated on day 0, 
after 3 months (3 m), 3 months + 3 weeks (3m + 3 w), after 
6 months (6 m), and 6 months + 3 weeks (6m + 3 w), eight rats 
each day. Diabetic rats treated with placebo were examined 
after 3 m, 3m + 3 w, 6 m, and 6m + 3 w, eight rats each day. Dia- 
betic rats treated with octreotide were investigated after 
3m + 3 w and 6m + 3 w, 12 rats each day. Insulin-treated diabet- 
ic rats were investigated at the end of the study after 
6 months + 3 weeks of insulin treatment. 

Diabetes was induced on day 0 by i.v. injection of strepto- 
zotocin (STZ) (55 mg/kg body weight) in acidic 0.154 mol/1 
NaC1 (pH 4.5) following 12 h of food deprivation. Three days 
after administration of STZ the animals were weighed, urinaly- 
sis was performed for glucose and ketones using Neostix 4 
(Ames Limited, Stoke Poges, Slough, UK) and tail-vein blood 
glucose determined by Haemoglucotest 1-44 and Reflolux II 
reflectance meter (Boehringer-Mannheim, Mannheim, Ger- 
many). Animals were excluded from the study by the pre- 
sence of ketonuria, blood glucose levels below 17 mmol/1 or 
the presence of pyelonephritis, The body weight, urine and 

H. GrCnb~ek et al.: Octreotide treatment of manifest diabetic renal changes 

tail blood analyses as well as food intake were measured 
monthly during the 6-month study period and every 2-3 days 
during the 3 weeks of octreotide or insulin treatment. Ani- 
mals were housed individually in metabolic cages for 24-h 
urine collections for determination of albumin excretion. This 
was performed by the start of the experiment and at the start 
and end of the two 3-week periods of octreotide and insulin 
treatment following a diabetes duration of 3 and 6 months, re- 
spectively. Octreotide was dissolved in acetic acid buffer 
50 mmol/1, pH 4.9 (500 ~tg/ml), and octreotide-treated diabetic 
rats were injected subcutaneously twice daily (200 vg/24 h) in 
order to achieve high enough diurnal serum levels to inhibit 
endogenous growth hormone (GH) and IGF-I production [9, 
15]. Octreotide treatment for 3 weeks was initiated after 
3 months and 6 months, respectively and only in animals hav- 
ing manifest diabetes. During the same period placebo-treat- 
ed diabetic rats were treated with twice-daily injections of 
the vehicle of acetic acid buffer as were non-diabetic control 
rats. Following 6 months of diabetes, a group of diabetic ani- 
mals started insulin treatment in order to normalize blood glu- 
cose levels. Subcutaneous injections with a bovine very-long- 
acting heat treated Ultralente Insulin (Novo, Gentofte, Den- 
mark) were given twice daily to achieve euglycaemia. 

On the day of termination the animals were anaesthetized 
with sodium barbital (50 mg/kg BW) and rapidly dissected to 
obtain the kidneys following eye blood puncture. The right 
kidneys were weighed and immediately frozen in liquid nitro- 
gen and stored at -80 ~ until further analysis. The left kidneys 
were gently stripped of their capsules, weighed, and fixed in 
3 % formaldehyde and 1% glutaraldehyde in modified Tyr- 
ode buffer overnight [17]. The fixed kidneys were then cut 
into 2-mm thick slices by a set of spaced razor blades and em- 
bedded in paraffin. Sections were prepared from the "right- 
hand cut side" of each slide at two different levels with a dis- 
tance of 250 gm followed by Periodic acid-Schiff (PAS)-stain- 
ing. This provided a set of randomly-positioned equidistantly- 
spaced sections in the kidney; 5-~m thick sections were used 
for standard stereological measurements [18, 19] (see below). 

Determination o f  metabolic parameters 

Blood glucose. Blood glucose was measured in tail-vein blood 
by Haemoglucotest 1-44 and Reflolux II reflectance meter 
(Boehringer-Mannheim). 

Determination offructosamine. Reagents and standards for the 
fructosamine assay, Fructosamine Test Plus, were purchased 
from Hoffmann-La Roche (Basle, Switzerland) and the deter- 
mination performed as previously described [20]. All serum 
samples were measured at the end of the study after storage 
at -80 ~ in order to avoid interassay variation. 

Urinary albumin excretion (UAE). The urinary albumin con- 
centration in 24-h urine collections was determined by radio- 
immunoassay as previously described [21] using rat albumin 
antibody and standards. The urine samples were stored at 
-80 ~ until assay was performed. Rabbit anti-rat albumin anti- 
body RARa/Alb was purchased from Nordic Pharmaceuticals 
and Diagnostics (Tilburg, The Netherlands). For standard and 
iodination a globulin-fxee rat albumin was obtained from Sig- 
ma Chemical Co. (St.Louis, Mo., USA). 
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Fig. 1 (A-C). Changes in (A) body weight; (B) blood glucose 
levels; (C) 24-h food consumption in the experimental groups 
during the study period. Non-diabetic control rats ( � 9  diabet- 
ic placebo-treated rats (m); diabetic octreotide-treated (V), 
and insulin-treated diabetic rats (A).  Values are mean + SEM 
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Kidney and serum IGF-I  measurements 

IGF-I extractions from kidney and serum, and IGF-I radioim- 
munoassay. Kidney IGF-I extraction was performed according 
to D'Ercole et al. [22]. Briefly, the kidneys were homogenized 
on ice in 1 tool/1 acetic acid (5 ml/g kidney) with an Ultra Turrax 
TD 25 (Janke-Kunkel GmbH, Stauten, Germany) and further 
disrupted using a Potter-Elvehjelm homogenizer. The tissues 
were extracted twice, and, after lyophilization, the samples 
were redissolved in 40 mmol/l phosphate buffer (pH = 8.0) 
with 0.2 % BSA (Sigma Chemical Co.). Tissue extracts were 
kept at -80~ until IGF-I assay was performed within 2 to 
3 weeks after extraction. Serum IGF-I was extracted from the 
IGFBPs by HCl-ethanol. IGF-I was estimated using a polyclo- 
hal (rabbit) IGF-I antibody (Nichols Institute Diagnostics, San 
Juan Capistrano, Calif., USA) obtained from SMS-Gruppen, 
HCrsholm, Denmark. For standards (0.312-20 ~tg/1) a full ami- 
no acid sequence analogue (Amgen Biologicals, Thousand 
Oaks, Calif., USA) was purchased from Amersham (Bucks., 
UK) and 125I labelled IGF-I was donated by Novo (Bagsvmrd, 
Denmark). All constituents were made up in 40 mmol/1 phos- 
phate buffer, pH 8.0, with 5 % human serum albumin (Bering- 
werke AG, Marburg, Germany) and sodium merthiolate 
0.6 retool/1. Standard, diluted kidney extract or sera, (25 ~tl), 
nsI-IGF-I, (50 ~tl), and anti-IGF-I, (50 F1), were incubated for 
48 h at 4 ~ after which was added 50 ~tl porcine gamma globu- 
lin 1% (Sigma Chemical Co.) and immediately thereafter 
900 F1 20 % polyethylene glycol 6000 with 0.5 % Tween 20 
(Both from Merck, Darmstadt, Germany). Following centrifu- 
gation (3000 rev/min for 10 rain at 4 ~ supernatants were dec- 
anted, free and antibody-bound activities were counted in order 
to determine binding percentage. Linearity was observed for 
multiple dilutions of extracted serum and kidney IGF-I indicat- 
ing that no IGFBPs interfere in the assay. IGF-I recovery in se- 
rum was estimated to 109 • 7 % (SEM). Intraassay coefficient 
of variation was 5.4 % and interassay was 9.3 %. 

I G F  binding proteins 

SDS-PA GE and Western ligand blot analysis of lGFBPs. SDS- 
PAGE and Western ligand blot analysis were performed ac- 
cording to the method of Hossenlopp et al. [23] as previously 
described [14]. Autoradiographs of ligand blots were scanned 
using a laser densitometer (Shimadzu Corporation, Kyoto, Ja- 
pan). The relative densities of the band were measured as arbi- 
trary absorbency units per mm 2 (AU/mm2). 

Kidney morphology 

Glomerular volume fraction and total glomerular volume per 
kidney were estimated in animals examined at day 0 and at 
the end of the two 3 week treatment periods following 3 
(3m + 3w) and 6 months (6m + 3w) diabetes (non-diabetic 
controls n = 6; diabetes-placebo n = 8; diabetes-octreotide 
n- -8 ;  diabetes-insulin n = 7). Estimation of glomerular vol- 
ume fraction and total glomerular volume was performed as 
previously described [24]. 

Statistical analysis 

All results are given as mean values + SEM. Differences be- 
tween groups were analysed by one-way analysis of variance 
(ANOVA) in combination with the Bonferroni test for multi- 
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Table 1. Serum fructosamine levels measured in the different experimental groups during the study period 

Days in experiment Non-diabetic Diabetes Diabetes Diabetes 
controls placebo octreotide insulin 

~mol/litre 

Day 3 months 198 + 12 a 259 + 21 
Day 3 months + 3 weeks 191 _+ 9 b 242 + 16 243 + 20 
Day 6 months 183 _+ 20 a 243 + 18 
Day 6 months + 3 weeks 188 + 12 ~ 253 + 20 247 _+ 7 204 + 6 d 

Values are mean _+ SEM. a p < 0.05 compared to diabetic ani- 
mals day 3m or 6m. bp < 0.05 compared to octreotide- and 
placebo-treated diabetic animals day 3m+3w. ~ 

compared to octreotide- and placebo-treated rats .  d p < 0.05 
compared to octreotide- and placebo-treated animals 

ple comparisons and unpaired Student's t-test for unpaired 
samples. Kruskal-Wallis non-parametric ANOVA test was 
used on measurements of UAE. p < 0.05 was considered statis- 
tically significant in a two-tailed test. 

Results 

Metabolic parameters 

Body weight. Body weight changes observed during 
the study period in the four experimental groups are 
shown in Figure 1A. Diabetes  induction was fol- 
lowed by a small body weight loss with a nadir on 
day 2-3; however, the diabetic rats started regaining 
weight and had a significant body weight gain 
throughout the study period (p < 0.05). The diabetic 
rats grew more slowly compared to the non-diabetic 
control rats (p < 0.05). Following 3 and 6 months of 
diabetes duration the diabetic groups had identical 
body weights before treatment with octreotide or pla- 
cebo was initiated. Octreotide treatment for 3 weeks 
after 3 and 6 months of diabetes did not alter body 
weight. However,  the group treated with insulin fol- 
lowing 6 months of diabetes exhibited a rapid weight 
increase achieving identical body weights compared 
to the non-diabetic control rats at the end of the 3- 
week insulin treatment period. 

Blood glucose. Blood glucose values measured in all 
animals during the experimental period are shown in 
Figure lB. All animals given STZ developed hypergly- 
caemia with mean blood glucose concentrations 
around 25 mmol/1 and remained at that level for the 
duration of the study. Octreotide treatment of the dia- 
betic rats did not influence blood glucose levels when 
compared to placebo-treated diabetic animals. All 
diabetic animals had glycosuria greater than 
111 mmol/1 and none of the animals exhibited keto- 
nuria at any time during the study period. The rats 
treated with insulin for 3 weeks showed a normaliza- 
tion of blood glucose values and absence of glycosuria. 

Serumfructosamine. Table i shows the serum fructosa- 
mine levels observed in the different experimental 
groups throughout the study period. Following 3 and 

6 months of diabetes duration the placebo-treated 
rats had significantly higher serum fructosamine 
levels compared to the non-diabetic control rats 
(p < 0.05). By the end of the two 3-week octreotide 
treatment periods, following 3 and 6 months of un- 
treated diabetes, no effect of octreotide on serum fruc- 
tosamine levels was observed compared to placebo- 
treated diabetic rats (p < 0.05). However,  both diabet- 
ic groups had significantly higher levels compared to 
the non-diabetic control rats (p < 0.05). Insulin treat- 
ment for 3 weeks following 6 months of diabetes 
resulted in normalization of serum fructosamine levels. 

Food intake. Food consumption over 24 h was mea- 
sured during the study period on a group basis (two- 
three rats) and is shown Figure 1C. Values are a 
mean of food intake per rat in the cage and given as 
gram fodder per 24 h per rat. The diabetic animals 
were characterized by hyperphagia eating on the 
average 90 % more than the non-diabetic control ani- 
mals (p < 0.05). During the two 3-week periods of oc- 
treotide treatment following 3 and 6 months of dia- 
betes duration, no change in food intake was ob- 
served compared to the placebo-treated diabetic ani- 
mals. The insulin-treated diabetic rats exhibited a 
similar degree of hyperphagia during the catch-up 
growth and normalization of blood glucose levels. 

Kidney weight. Figure 2 shows the kidney weights in 
the experimental groups. Diabetic renal hypertrophy 
was present after 3 months of diabetes equivalent to 
an increase compared to non-diabetic controls of 
42.5 % (1100 + 14 mg vs 772 + 23 mg, p < 0.0001); 
and a similar 45.8 % increase was observed after 
6 months of diabetes (1059 + 46 mg vs 773 _+ 33 mg, 
p < 0.0001). Octreotide treatment for 3 weeks follow- 
ing 3 and 6 months of diabetes did not significantly 
reduce the degree of renal hypertrophy, however, a 
trend towards lower kidney weights compared to the 
placebo-treated diabetic animals was observed 
(0.05 < p  <0.10). The rats treated with insulin for 
3 weeks following 6 months of diabetes exhibited a 
significant decrease in kidney weight of 15.7 % com- 
pared to the placebo-treated diabetic rats (982 + 38 
mg vs 1166 + 33 mg, p < 0.01). The kidney weights 
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Fig.2. Kidney weights observed in the individual groups 
throughout the experimental period. Non-diabetic control 
rats (C); diabetic placebo-treated rats (DP); diabetic octreo- 
tide-treated (DS), and insulin-treated diabetic rats (DI). 
Values are mean + SEM. * p < 0.0001 compared to placebo- 
treated diabetic rats examined the same day. ** p < 0.01 com- 
pared to the placebo-treated diabetic rats by the end of the 
study 

from insulin-treated rats were still significantly higher 
compared to the non-diabetic control rats (p < 0.01). 

Kidney IGF-I. Kidney IGF-I levels in the different 
experimental groups are shown in Table 2. We ob- 
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served a decrease in kidney IGF-I levels with increas- 
ing age in the non-diabetic control rats during the ex- 
perimental period (p < 0.05). Following 3 months of 
diabetes significantly lower renal IGF-I levels were 
observed in both diabetic groups compared to the 
non-diabetic control rats (p < 0.01). After 
6 months + 3 weeks following treatment with either 
placebo, octreotide or insulin no difference was ob- 
served between any of the four groups (NS). 

Kidney morphology. Glomerular volume fraction 
(Vv) and total glomerular volume (TGV) in kidneys 
from non-diabetic control animals and diabetic ani- 
mals treated with octreotide, placebo or insulin for 
3 weeks following 3 or 6 months of diabetes duration 
are shown in Table 3. A significant age-dependent in- 
crease in Vv and TGV was observed in the non-dia- 
betic control animals (p < 0.05). Following a diabetic 
period of 3m + 3 w, the octreotide and placebo-treat- 
ed diabetic rats had significantly smaller V v com- 
pared to the non-diabetic control rats (p < 0.05). Fur- 
ther, there was no effect of octreotide treatment 
since V v in this group was identical to the level ob- 
served in the placebo-treated diabetic group. After 
6m + 3 w no difference was observed in V v between 
any of the groups. Diabetes induction implied a sig- 
nificant increase in TGV throughout the study peri- 
od, being significantly higher compared to the non- 
diabetic control rats at the end of the study 
(p < 0.05), but not after 3 months (p > 0.05). We ob- 
served no effect of octreotide on TGV following 3 or 
6 months of diabetes duration compared to the place- 

Table 2. Kidney IGF-I extracted from kidneys in the animals investigated throughout the study period 

Days in experiment Non-diabetic Diabetes Diabetes Diabetes 
controls placebo octreotide insulin 

ng IGF-I per gram kidney weight 

Day 0 423 4- 42 a 
Day 3 months 306 + 33 314 + 39 
Day 3 months + 3 weeks 290 4- 25 b 202 + 14 195 _+ 13 
Day 6 months 254 + 32 227 + 13 
Day 6 months + 3 weeks 269 + 26 244 + 20 271 _+ 14 292 + 40 

Values are mean + SEM. a p < 0.05 compared to control rats at the end of the study, b p < 0.01 compared to diabetic placebo- or oc- 
treotide-treated rats 

Table 3. Glomerular volume fraction (Vv, %/kidney) and total 
glomerular volume (TGV, mm3/kidney) in kidneys from non- 
diabetic control rats and diabetic rats treated with octreotide, 

placebo or insulin for 3 weeks after 3 months (3m + 3w) or 
6 months (6m + 3w) of diabetes duration 

Days in study Non-diabetic Diabetes- Diabetes- Diabetes- 
controls placebo octreotide insulin 

0 V v 2.54 + 0.14 a 
TGV 18.45 + 1.19 a 

3m + 3w V v 3.39 _+ 0.10 b 2.72 + 0.22 2.43 ___ 0.08 
TGV 24.73 + 1.24 27.82 + 1.53 24.56 +_ 1.01 

6m + 6w V v 3.25 + 0.10 2.98 + 0.18 3.03 _+ 0.12 
TGV 24.20 + 1.36 c 33.77 + 2.40 31.47 _+ 1.05 

3.30 + 0.14 
30.49 + 1.62 

Values are mean + SEM. a p < 0.05 compared to all other non-diabetic control rats; b p < 0.05 compared to all other groups investi- 
gated at day 3m + 3w; ~ < 0.05 compared to octretide- and placebo-treated rats after 6m + 3w 
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Fig.3. Changes in urinary albumin excretion (UAE) during 
the study period in non-diabetic control animals (C), diabetic 
rats treated with placebo (DP), octreotide (DS) or insulin 
(DI) .  Values are mean + SEM.  * p  < 0.05 compared to non-dia- 
betic control rats by the end of the study period. ** p < 0.05 
compared to placebo-treated diabetic rats examined the same 
day 

bo-treated diabetic rats (NS). The insulin-treated ani- 
mals exhibited an insignificant change in TGV at the 
end of the study (p < 0.20). 

Urinary albumin excretion. U A E  measured through- 
out the study period is shown in Figure 3. The non- 
diabetic control rats exhibited an age-dependent in- 
crease in U A E  having statistically higher U A E  at the 
end of the study (p < 0.05). After 3 months of dia- 
betes a significant increase in U A E  was observed in 
the diabetic rats compared to control rats and still 
present after 6 months (p < 0.05). We observed no 
differences in U A E  between octreotide and placebo- 
treated diabetic animals following a diabetes dura- 
tion of 3 or 6 months (NS). Similarly, insulin treat- 
ment for 3 weeks after 6 months of diabetes was not 
able to reduce U A E  despite a normalization of the 
metabolic control. 

Serum IGFBPs. In Western ligand blots of serum four 
distinct bands of IGFBPs were observed. The largest 
proportion is a doublet of 38-47 kDa which corre- 
sponds to IGFBP-3 (Fig. 4A) followed by a 30 kDa 
band representing IGFBP-1 and/or IGFBP-2 
(Fig. 4B) and a smaller fraction of 24 kDa probably 
representing IGFBP-4 (Fig. 4C). Diabetes induction 
had no significant effect on the band representing 
IGFBP-3; however, there was a tendency towards 
lower values of IGFBP-3 in all diabetic groups com- 
pared to the non-diabetic control rats. Octreotide 
treatment during the two 3-week treatment periods 

H. Gr0nb~ek et al.: Octreotide treatment of manifest diabetic renal changes 

e t  

E 
E 

O4 

I 
n 
m h 

35O 

300 

25O 

2OO 

150 

100 

5O 

0 - 

B 
IO0 

90 

8O 

70 

60 

5O 

4O 

3O 

2O 

10 

0 

C 
25 

20 
E 
E 

D I 5  
< 
v 

'r 10 t 
It. 
m 
LL 
.~ 5 

A 
0 

3 m  3 r n + 3 w  

C C DP C DP DS 

E 
E 

.< 
v 

I 
13.. 
m 
h 
C9 

3 m + 3 w  

0 3rn  

C C DP C DP DS 

6 m + 3 w  

6r t l  
T 

C DP C DP DS DI 

6rn+3w 

O DP C DP DS Ol 

0 3m+3w 
6m 

T 

C C DP C DP DS C DP 

6 m + g w  

z 

C DP DS DI 

Fig.4 (A-C). Serum IGF-binding proteins examined during 
the experimental period in non-diabetic control rats (C); dia- 
betic placebo treated rats (DP); diabetic octreotide-treated 
(DS),  and insulin-treated diabetic rats (DI). Values are 
mean _+ SEM. (A)  Changes in IGFBP-3 (AU, arbitrary units); 
(B)  levels of IGFBP-1 and/or IGFBP-2 .  * p < 0.05 compared 
to non-diabetic control rats the same day. ** p < 0.05 com- 
pared to all other groups examined by the end of the study pe-  
riod. (C) Changes in IGFBP-4 *** p < 0.05 compared to all 
other groups examined by the end of the study period 

had no effect on IGFBP-3 compared to placebo- 
treated diabetic rats. Insulin treatment for 3 weeks 
following an untreated diabetes period of 6 months 
induced an increase in IGFBP-3 with levels higher 
than observed in the non-diabetic control rats (NS). 
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Table 4. Serum IGF-I from non-diabetic control animals and diabetic animals investigated throughout the study period 

141 

Days in experiment Non-diabetic Diabetes Diabetes Diabetes 
controls placebo octreotide insulin 

~tg/litre 

Day 0 951 _+ 59 a 
Day 3 months 500 +_ 67 480 + 40 
Day 3 months + 3 weeks 452 _+ 25 331 _+ 29 356 + 24 
Day 6 months 434 _+ 38 b 283 _+ 15 
Day 6 months + 3 weeks 535 _+ 52 c 393 + 32 377+ 20 431 + 24 e 

Values are mean + SEM. a p < 0.001 compared to all other non-diabetic control groups; b p < 0.05 compared to placebo-treated dia- 
betic rats after 6m; c p < 0.05 compared to placebo- and octreotide-treated diabetic rats at day 6m + 3w control animals 

IGFBP-1 and IGFBP-2 have the same molecular 
weight in rats and are therefore represented by the 
same band. Diabetes induction was followed by a 
steady decrease in IGFBP-1 and/or IGFBP-2 com- 
pared to non-diabetic control animals, however, it 
was only significant after 6months  of diabetes 
(p < 0.05). Octreotide treatment for 3 weeks follow- 
ing 3 and 6 months of diabetes had no effect on the 
band representing these IGFBPs. However,  insulin 
treatment for 3 weeks after 6 months of untreated 
diabetes with normalization of blood glucose levels 
was followed by a significant increase even exceed- 
ing the level observed in the non-diabetic control ani- 
mals (p < 0.05). The band representing IGFBP-4 
showed similar results; i. e. diabetes induction was fol- 
lowed by a decrease in IGFBP-4 compared to non- 
diabetic control rats. Octreotide treatment during 
the two 3-week treatment periods was followed by 
an insignificant reduction compared to placebo-treat- 
ed diabetic rats. Insulin treatment for 3 weeks after 
6 months of untreated diabetes duration was fol- 
lowed by a significant increase in the band represent- 
ing IGFBP-4 compared to the non-diabetic control 
rats (p < 0.05). 

Serum IGF-I. Serum IGF-I is shown in Table 4. An 
age-dependent decrease in total serum IGF-I was ob- 
served in the non-diabetic control rats during the 
study period. Diabetes  induction was followed by a 
decrease in circulating IGF-I, though placebo-treat- 
ed diabetic rats only had significantly lowerIGF-I 
levels compared to non-diabetic control rats after 
6months  and at the end of the experiment 
(p < 0.01). We observed no effect of octreotide after 
the two 3-week treatment periods since octreotide 
and placebo-treated diabetic rats had identically de- 
creased serum IGF-I  levels compared to the non-dia- 
betic control animals. Following insulin treatment for 
3 weeks after 6 months of diabetes a normalisation of 
serum IGF-I was observed. 

Discussion 

In accordance with previous studies [15, 25] we have 
demonstrated an increase in kidney size, glomerular 
volume, and U A E  after 3 and 6 months of diabetes. 
Octreotide treatment for 3 weeks after an untreated 
diabetes duration of 3 and 6 months did not influ- 
ence the metabolic control of the rats since no chan- 
ges were observed in blood glucose or serum fructo- 
samine levels, body weight or food intake. Further, 
octreotide treatment of diabetic rats did not signifi- 
cantly affect renal and glomerular hypertrophy or 
U A E  when compared to the placebo-treated diabet- 
ic rats. Insulin treatment for 3 weeks after 6 months 
of untreated diabetes, however, was followed by nor- 
malization of blood glucose and serum fructosamine 
levels, and restitution of body weight to the non-dia- 
betic control level. We observed a significant reduc- 
tion in kidney size in the insulin-treated rats, how- 
ever, no effect of insulin treatment on U A E  or T G V  
was observed compared to the placebo-treated dia- 
betic rats. 

Increasing interest in G H  and IGF-I as mediators 
of renal hypertrophy and hyperfunction has emerged 
from the observation that IGF-I  infusion in normal 
man and rats is followed by an acute increase in re- 
nal plasma flow (RPF) and glomerular filtration rate 
(GFR)  [26, 27]. G H  administration is more slowly 
followed by identical changes in R PF  and G F R  simul- 
taneously with an increase in IGF-I levels indicating 
that the action of G H  is mediated through IGF-I [28, 
29]. Further, it has been shown that IGF-I  treatment 
induces renal growth within days to weeks in various 
animal models [30-32]. As previously described 
IGF-I may play role as a renotropic factor in the de- 
velopment of early diabetic renal and glomerular hy- 
pertrophy [33]. The effect of somatostatin and its ana- 
logues, which are potential inhibitors of G H  and IGF- 
I, has been examined in experimental and human dia- 
betes during the past years. In early experimental dia- 
betes, octreotide administration completely inhibits 
the initial renal hypertrophy through an inhibition of 
kidney IGF-I accumulation [9]; however, another 
study reported that only a partial inhibition of kid- 
ney IGF-I and growth took place [34], but  the octreo- 
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tide dose used in this experiment was smaller. As ob- 
served in these studies and also in the present study, 
octreotide has no effects on blood glucose levels in 
diabetic rats, indicating that the inhibition of kidney 
IGF-I accumulation and kidney growth is not caused 
by improved metabolic control. In long-wrrn experi- 
mental diabetes, octreotide treatment for 6 months in- 
duced significant reductions in kidney weight and 
kidney IGF-I compared to untreated diabetic rats. 
UAE was reduced as well, whereas untreated diabet- 
ic rats showed progressive proteinuria and main- 
tained renal hypertrophy [15]. These results have re- 
cently been confirmed using a lower octreotide dose 
during a diabetic period of 5 weeks, and in this study 
octreotide treatment also reduced glomerular hyper- 
trophy [35]. A study with negative results has recent- 
ly been published by Muntzel et al. [36] using a uni- 
nephrectomized-diabetic rat model. They observed 
no effect of octreotide on renal hypertrophy, UAE 
or glomerular hyperfiltration. However, they used a 
much smaller octreotide dose compared to Flyvbjerg 
et al. [15] and, further, they started octreotide treat- 
ment  at the day of diabetes induction, 3 days after 
the nephrectomy had been performed. It has pre- 
viously been shown that unilateral nephrectomy it- 
self is followed by kidney IGF-I accumulation and 
growth of the remnant kidney [8] and, further, that 
diabetes induced in simultanously unilaterally ne- 
phrectomized rats gives an additive increase in kid- 
ney IGF-I accumulation and renal growth [10]. Oc- 
treotide treatment may either not have been suffi- 
cient to inhibit the IGF-I accumulation and renal 
growth caused by the additive stimulus, or the octreo- 
tide treatment [36] was initiated too late when the 
early IGF-I accumulation had already peaked due to 
nephrectomy. In the studies cited above [9, 15, 34, 
35] octreotide treatment was initiated on the day of 
diabetes induction but only a single study has pre- 
viously been conducted on octreotide intervention 
later in the diabetic period when renal pathological 
changes had become manifest. Igarashi et al. [37] 
treated uninephrectomized-diabetic rats with octreo- 
tide for 3 weeks after 15 weeks of untreated diabetes 
and observed diminished kidney hypertrophy and al- 
buminuria. This is partly in contrast to the results of 
the present study in which we only find a trend to- 
wards diminished kidney weight and no effect on 
UAE. We suggest that further studies should be exe- 
cuted to estimate the critical dose and time of treat- 
ment  initiation to achieve an effect. 

Clinical renal studies of somatostatin and its ana- 
logues were initiated by Vora et al. [38], demonstrat- 
ing an acute reduction in urinary flow, RPF, and 
GFR in insulin-dependent diabetic (IDDM) patients 
and non-diabetic control subjects following intrave- 
nous infusion of native somatostatin. Infusion of oc- 
treotide to IDDM patients induced an acute reduc- 
tion in RPF and GFR, and in addition plasma GH 

et al.: Octreotide treatment of manifest diabetic renal changes 

and glucagon were decreased. The fall in glucagon 
concentration correlated significantly with the reduc- 
tion in RPF and GFR [39], which is an interesting ob- 
servation since glucagon may be involved in the dia- 
betic renal hypertrophy-hyperfunction syndrome 
[40-42], though no conclusive results have been ob- 
tained [43]. In a long-term study octreotide adminis- 
tration for 12 weeks in IDDM patients caused a sig- 
nificant decrease in the elevated GFR, and total kid- 
ney volume was reduced as well. However, in this 
study no changes in plasma GH or glucagon levels 
were observed. Three of the patients were re-exam- 
ined 12 weeks after cessation of octreotide treatment 
and their GFR had risen to the level at the start of 
the study [16]. In another study octreotide treatment 
induced a trend only towards lowering GFR [44]. 

Insulin treatment of STZ diabetic rats equally in- 
hibits the local early diabetic kidney IGF-I accumula- 
tion and renal hypertrophy [8, 25]. Furthermore, 
strict insulin treatment for 6 months initiated at the 
day of diabetes induction also diminishes the in- 
crease in UAE observed in poorly controlled diabet- 
ic rats [45]. When intensive insulin treatment for 
7 weeks was initiated in poorly-controlled diabetic 
rats following 37 weeks of diabetes, a normalization 
of kidney weight and GFR was observed but there 
was no effect on glomerular mesangial volume [46]. 
However, in this study UAE was not examined. In 
the present study, we observed similar results follow- 
ing 3 weeks of insulin treatment after 6 months of un- 
treated diabetes, i.e. diminished renal hypertrophy, 
and no effect on glomerular volume. Furthermore, 
we observed no effect of insulin treatment on UAE 
compared to the untreated diabetic animals despite 
a normalization of blood glucose levels being 
achieved. Previous studies have shown that the dia- 
betic state per se is followed by GH and IGF-I reduc- 
tion in rats [47]. In the present study serum IGF-I was 
not significantly reduced in placebo-treated diabetic 
animals compared to the non-diabetic control rats. 
These observations were confirmed by the similar 
levels of serum IGFBP-3 in the same groups. Fur- 
ther, we observed no effect of octreotide on IGF-I or 
IGFBP-3. In early experimental diabetes circulating 
levels of IGFBP-1 and/or IGFBP-2 are elevated fol- 
lowing diabetes induction [14]. This long-term experi- 
mental diabetes study is the first to demonstrate re- 
duced levels of IGFBP-1 and/or IGFBP-2. These ob- 
servations are also in contrast to clinical observa- 
tions [48] and may also indicate a difference in regu- 
lation dependent on the time course of the diabetic 
state in rats but also on differences in species. 

In conclusion, octreotide treatment has no effect 
on already manifest diabetic renal changes when in- 
itiated in diabetic rats after 3 to 6 months of un- 
treated diabetes though a trend towards reduction in 
renal hypertrophy was observed. However, insulin 
treatment initiated after 6 months of untreated dia- 
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betes  was able to r educe  the  renal  h y p e r t r o p h y  
though  no  change in U A E  was observed.  This sup- 
ports  the  hypothes is  tha t  the ve ry  ear ly  events  in dia- 
betic k idney  disease with k idney  IGF- I  accumula t ion  
and initial rapid renal  and g lomeru la r  growth  are im- 
por t an t  and that  t r e a tmen t  of d iabetes  and its compli-  
cations must  be  ini t ia ted as early as possible. Fu r the r  
studies are n e e d e d  to eva lua te  the  ro le  of  somatosta-  
tin analogues  in the t r e a tmen t  of diabet ic  k idney  dis- 
ease at a ve ry  ear ly  stage, and in this con tex t  deter-  
mine  the appropr ia te  dose  and t ime of  t r ea tmen t  in- 
it iation. 
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