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Changes in the somatostatin, substance P and vasoactive intestinal 
polypeptide content of the gastrointestinal tract following 
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Summary. Rats with streptozotocin-induced diabetes of 
10 weeks' duration showed significant changes in the total 
content of  somatostatin, substance P and vasoactive intestinal 
polypeptide in the stomach and small intestine compared with 
control animals. An increase (p<0.05) in the concentration 
and total content of  gastric somatostatin and a decrease (p<  
0.05) in the concentration and content of  gastric substance P 
were seen in the streptozotocin-treated rats. The increase in 
the vasoactive intestinal polypeptide (VIP) content (54%, p <  
0.05) and the decrease in the substance P content (35%, p <  
0.05) of the gut may contribute to the impaired intestinal mo- 

tility observed in animals with experimentally produced dia- 
betes. Both the diabetogenic effect of streptozotocin and the 
changes in regulatory peptide concentrations were prevented 
by injection of  nicotinamide before streptozotocin suggesting 
that the changes did not arise from a non-specific toxic effect 
of  streptozotocin upon gastrointestinal neurones a n d / o r  en- 
docrine cells. 
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Neuropathy affecting alimentary function is a common 
complication of diabetes. Gastric neuropathy may lead 
to impairment of gastric emptying [1] and vagally-medi- 
ated gastric acid secretion [2]. Incompletely understood 
damage to the innervation of the gut may lead either to 
constipation [3] or to faecal incontinence [4]. The 
pathogenesis of diabetic neuropathy has been studied 
extensively in the streptozotocin (STZ)-treated rat, a 
model of insulin-dependent diabetes. Changes in the 
adrenergic and cholinergic innervation of the colon [5] 
and bladder [6], in the cholinergic innervation of the 
heart [7] and in the noradrenergic innervation of the vas 
deferens [8] have been demonstrated in the diabetic ani- 
mals. In another recent study [9], signs of degeneration 
of adrenergic and serotoninergic nerves in the myenter- 
ic plexus of the ileum were observed in rats 8 weeks af- 
ter induction of diabetes. In addition to nerves contain- 
ing the "classical" neurotransmitters, the gastrointesti- 
nal tract is associated with an extensive system of intrin- 
sic and extrinsic peptide-containing neurones [10-12]. 
In this study, the effects of STZ-induced diabetes of 
10 weeks' duration upon the somatostatin, substance P 
and vasoactive intestinal polypeptide (VIP) content of 
the stomach and small intestine were quantified using 
radioimmunoassay. The diabetogenic effect of STZ 
may be prevented by prior injection of nicotinamide, an 
inhibitor of poly (ADP-ribose) synthetase, in the B cell 

[13]. Consequently, to identify possible non-specific tox- 
ic effect of STZ upon peptidergic nerves, the diabetic 
rats were compared with a control group receiving STZ 
and nicotinamide as well as with a group receiving sa- 
line only. 

Materials and methods 

STZ was supplied by Calbiochem-Behring Corporation, La Jolla, 
California, USA (Lot No. 801237) and nicotinamide by Merck, 
Darmstadt, FRG. 

Male Wistar rats (aged approximately 3 months, weight 200- 
220g) were fasted for 16h and divided into three groups: group A 
(n = 14) received intravenous STZ (65 mg/kg dissolved in citrate-sa- 
line buffer, pH 4.5; 0.8 ml), group B (n=8) received intraperitoneal 
nicotinamide (500 mg/kg) 15 min before intravenous STZ (65 mg/kg) 
and group C (n = 8) received intravenous citrate-saline buffer (0.8 ml) 
only. The animals were housed in metabolic cages and the volume 
and glucose concentration of urine collected over a 24-h period was 
measured periodically. All animals had free access to a standard labo- 
ratory diet and water and were weighed at weekly intervals. 

Ten weeks after the injections, the animals were fasted for 16 h and 
sacrificed by guillotine. A blood sample was taken at the time of sacri- 
fice for blood glucose determination. The entire stomach and small 
intestine were removed from the animals, washed with isotonic saline 
and immediately frozen on dry-ice. The small intestine was divided 
into duodenum (between the pylorus and ligament of Treitz), ileum 
(terminal t0cm) and jejunum (remaining region). The tissues were 
weighed and stored at - 70 ~ until time of extraction. 
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Tissue extraction 

Tissues were extracted wi thout  pre- thawing by boiling for 5 min  in 
0.5 m o l / l  acetic acid (8 m l / g  tissue) fol lowed by homogeniza t ion  us- 
ing an  Ultraturrax Blender (Janke and  Kunke l  G m b H ,  Staufen, FRG)  
[16]. The  homogena tes  were centr ifuged at 1600 g for 30 min  and  the 
superna tan t s  lyophilised. The  extracts were redissolved in radioim- 
m u n o a s s a y  buffer  (0.05 mol/1 sod i um phosphate ,  p H  7.4) and  assayed 
at appropria te  dilution. 

Radioimmunoassays 

Somatostat in-l ike immunoreact iv i ty  was measu red  with an ant ibody 
directed towards the  central residues o f  somatostat in-14 that  cross- 
reacts with somatostat in-28 [14]. Substance  P-like immunoreact iv i ty  
was measu red  with an ant ibody directed towards  the C-terminal  resi- 
dues  o f  subs tance  P [15]. VI P-like immunoreact iv i ty  was measured  us- 
ing an t i serum G-143 that  shows no detectable cross-reactivity with 
glucagon,  secretin, gastric inhibitory polypept ide (GIP), pept ide histi- 
dine isoleucine (PHI) and  the  [16-28] C-terminal  f ragment  o f  VIP [16]. 

Statistical analysis 

All values are given as mean_+ SD. Compar i sons  between the three 
groups  are made  us ing  analysis  o f  variance and  between pairs o f  
g roup  us ing  Student ' s  test  for unpai red  data. Statistical significance is 
taken as p < 0.05. 

Table 1. Effects o f  s t reptozotocin- induced diabetes on the weight o f  
the  digestive organs  o f  rats 

Weight  (g) 

Group  A G r o u p  B Group  C 
(STZ) (STZ + (saline only) 

nicot inamide)  

S tomach  1.9 _+ 0.3 1.7 _+ 0.2 1.7 _+ 0.2 

Small intestine 10.7 _+ 1.0 6.4 _+ 0.9 ~ 6.5 _+ 1.0 a 

Results  expressed as m e a n  __ SD. a p <  0.05 versus group A 
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Results 

Development of the diabetic state 

Rats receiving STZ-nicotinamide (group B) and saline 
only (group C) gained weight throughout the experi- 
ment (final weights group B: 330 + 35 g; group C 314___ 
45 g). Rats receiving STZ (group A) underwent a loss in 
weight during the first 2 weeks and this weight loss was 
maintained throughout the experiment (final weight 
196 + 22 g). Two days after injection, the 24-h urine vol- 
umes in the diabetic rats (62 ___ 14 ml) were significantly 
greater than in group B (8.4 + 1.8 ml) and group C 
(7.4_3.4ml) rats. Glucose was detected only in the 
urine of group A rats (Keto-diastix, Ames, Frankfurt, 
FRG). Polyuria and glucosuria were maintained 
throughout the experiment. The fasting blood glucose 
at the time of sacrifice was significantly higher in the 
groupA (18.0+3.9mmol/1) than in groupB (4.6+ 
0.4 mmol/1) and group C (5.2 + 0.8 mmol/1). 

Concentrations of regulatory peptides in tissues 

The weights of the digestive organs in the diabetic rats 
were appreciably different from the corresponding 
weights in both control groups (Table 1). In particular, a 
significant increase in the total weight of the small intes- 
tine in group A rats relative to groups B and C was ob- 
served (p< 0.05). An increase in the weights of the stom- 
achs of the diabetic rats was not significant. In conse- 
quence, the regulatory peptides in the tissues are ex- 
pressed both as pmol/g wet weight and as pmol/organ. 
The small intestine is regarded as a single organ because 
of uncertainty in the precise delineation of its constitu- 
ent regions. The data in Table 2 and 3 demonstrate that 

Table 2. Effects o f  s t reptozotocin- induced diabetes on concentrat ions o f  regulatory pept ides in rat s tomach  

Group  A Group  B Group  C 
(STZ) (STZ + nicot inamide)  (saline only) 

p m o l / g  p m o l / o r g a n  p m o l / g  p m o l / o r g a n  p m o l / g  p m o l / o r g a n  

VIP 80_+ 15 150_+ 34 106___ 31 a 156 +_ 52 

Substance  P 24_+ 6 45_+14 44_+ 7 a 72_+ 8 a 

Somatos ta t in  156 _+ 48 283 _+ 50 112 _+ 20 a 184 _+ 42 a 

102___ 16 a 166_+ 27 

35 + 6 a 58 + 11 a 

113___37 a 183___60 a 

Resul ts  expressed as m e a n _  SD. a p <  0.05 versus group A 

Table 3. The  effects o f  s t reptozotocin- induced diabetes on concentrat ions o f  regulatory pept ides  in rat intestine. 

Duodenum Jejunum Ileum Total gut 
(pmol/g) (pmol/g) (pmol/g) (pmol/g) 

Group A Group B Group C Group A Group B Group C Group A Group B Group C Group A Group B Group C 

VIP 88 -+ 42 77 -+ 42 71 _ 23 99 -+ 39 

SubstanceP 17-+ 7 51_+19" 39_+ 82 16-+ 4 

Somatostatin 48-+14 48+24 40-+22 34-+14 

119_+69 144-+44 150-+56 

41-+ 8 a 42-+ 9 a 33-+ 5 

113-+59 ~ 88+27 a 56-+16 

113-+45 75_+33 a 

61_11 a 58_15 a 

62_+21 54_+24 

1048 + 295 681 + 293 a 766 + 121 a 

180--+ 42 278-+ 40 a 275+ 52 a 

390 -+ 123 605 -+ 203 a 462 + 112 

Results expressed as mean + SD. a p < 0.05 versus group A 
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STZ-induced diabetes of 10weeks' duration results in 
some significant changes in the content of VIP, sub- 
stance P and somatostatin in the digestive organs of the 
rat. In the stomachs of the diabetic rats, a significant in- 
crease in the somatostatin concentration and significant 
decrease in the VIP and substance P concentration were 
observed in comparison to both control groups (p< 
0.05). In view of the increased weight of the stomachs 
from some of the diabetic rats, the differences in total 
content of VIP between the groups were not significant. 
An increase in gastric somatostatin following STZ-in- 
duced diabetes in rats has been reported previously [171. 

The changes in the regulatory peptide concentra- 
tions were not uniform throughout the small intestine. 
In the duodenal and ileal region of the diabetic rats, no 
change in the concentration of somatostatin was seen 
but in the jejunum the concentration (pmol/g) was sig- 
nificantly reduced (p< 0.05). In view of the marked in- 
crease in weight of the small intestine in the diabetic 
rats, the total content of  somatostatin in the gut was sig- 
nificantly lower only when compared to the group B 
(p < 0.05) and not to the group C animals. Similarly, the 
VIP concentration in the duodenal and jejunal regions 
was not different in the three groups, but the diabetic 
state was associated with an increase in the ileal region 
(33% versus group B; NS and 100% versus group C; 
p <  0.05). In terms of the total VIP content of the gut, the 
diabetic animals had a significantly higher VIP content 
than both groups of control rats, reflecting again the in- 
creased total weight of the gut (p < 0.05). The data with 
respect to the changes in gut substance P following dia- 
betes were more straightforward. The group A animals 
showed a marked decrease in substance P concentra- 
tions in each segment of the intestine relative to both 
control groups and the decreases were significant (p < 
0.05). The total substance P content of the gut was sig- 
nificantly reduced to 65% of both groups B and C (p< 
0.05). 

For all parameters measured in this study, there 
were no significant differences between the group B 
(STZ-nicotinamide) and group C (saline only) animals. 
This result suggests that the observed changes in regula- 
tory peptide concentrations did not arise from a 
nonspecific toxic effect of STZ upon peptidergic neu- 
rones or endocrine cells in the gastrointestinal tract. 

Discussion 

STZ-induced diabetes in rats results in the development 
of gastroenteropathy in about 70% of the animals which 
then exhibit gastric paresis, small intestinal stasis and 
diarrhoea [18]. Other studies have demonstrated devel- 
opment of megacolon [19] and delayed small intestinal 
transit [20]. The present study suggests that changes in 
the substance P and VIP content of the gastrointestinal 
tract may contribute to the pathogenesis of impaired 
motility. In the human bowel, VIP and substance P are 

restricted to the non-epithelial layers and have been 
demonstrated exclusively in nerves [12]. In rodents, 
however, evidence has been presented that substance P 
may also be found in mucosal endocrine cells [21]. Per- 
istalsis involves a contraction of circular muscle on the 
oral side and a relaxation on the anal side. A role for 
both VIP [22] and substance P [23] in the regulation of 
the intestinal peristaltic reflex has been postulated. VIP 
occurs in axons which originate from cell bodies in the 
myenteric plexus and project in an anal direction to in- 
nervate the circular muscle layer [22]. Release of VIP re- 
sults in relaxation of smooth muscle [24]. Substance P- 
immunoreactive fibres emanate from cell bodies in the 
myenteric and submucous ganglia and also innervate 
circular and longitudinal smooth muscle. In contrast to 
VIP, release of substance P provokes contraction of 
non-vascular smooth muscle and potent stimulatory ef- 
fects upon the peristaltic reflex have been described 
[23]. Thus, the increased total content of VIP in the in- 
testine and increased concentration in the terminal 
ileum together with the decreased content and concen- 
tration of substance P throughout the gastrointestinal 
tract may both contribute towards the decreased motili- 
ty observed in the diabetic rats. The finding of increased 
gut VIP content is consistent with a previous immuno- 
histochemical study in which STZ-treated rats with gas- 
troenteropathy showed increased immunostaining of 
VIP-ergic nerves in the mucosa, muscle and ganglia of 
the small intestine [18]. Immunohistochemical studies 
have also demonstrated changes in the VIP-ergic inner- 
vation of the penis in the STZ-treated rat [25] and in im- 
potent man [26]. 

The present study has confirmed a previous report 
[17] that STZ-induced diabetes of medium-term dura- 
tion results in a significant increase in the somatostatin 
content of the rat stomach. The total content of soma- 
tostatin in the small intestine was decreased in the dia- 
betic animals but a considerable variation in the values 
between individual animals was observed. Gastrointes- 
tinal somatostatin has a dual localisation in mucosal D 
cells and in nerves mainly found in the ganglionic plex- 
uses [11]. The relative contribution of the two compo- 
nents to the overall change in somatostatin content was 
not investigated. Somatostatin, infused at pharmacolog- 
ical concentrations, has been shown to reduce absorp- 
tion of glucose and other nutrients by a mechanism that 
is independent of effects upon intestinal motility [27]. 
Glucose absorption by the small intestine is increased in 
STZ-induced diabetes [28] and it is tempting to specu- 
late that somatostatin-deficiency may be one of the fac- 
tors (along with increased synthesis of carrier sites in the 
basolateral membrane [28] and a decreased rate of glu- 
cose utilization by the intestine [29] that is responsible. 

In agreement with previous reports [30], experimen- 
tally induced diabetes resulted in appreciable increases 
in the weights of the digestive organs compared with the 
control groups. It has been shown that growth is local- 
ized primarily to the mucosa [30] and that a decrease in 
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DNA synthesis in the intestine of diabetic animals on a 
restricted diet is compensated for by hyperphagia in an- 
imals fed ad libitum [31]. Although this study has shown 
that the changes in regulatory peptide concentrations 
are probably not due to a direct toxic effect of STZ up- 
on gastrointestinal neurones and/or  cells, the changes 
may be a consequence of increased food intake rather 
than of diabetes per se. In this light, it may be premature 
to consider that the present findings are necessarily rele- 
vant to the pathogenesis of  gastroenteropathy in man. 
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