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Summary. The eyes and urinary bladder of non-diabetic, pre- 
diabetic and diabetic Chinese hamsters were evaluated by ra- 
dioimmunoassay and immunocytochemistry to determine the 
content and distribution of vasoactive intestinal peptide 
(VIP). The average concentration of VIP was increased in the 
eyes of all diabetic (pmol/g = 68%, pmol/organ = 50%) and 
prediabetic (pmol/g=152%, pmol/organ=115%) hamsters 
compared with age-matched non-diabetic animals. Immuno- 
cytochemistry showed that the elevation of VIP was primarily 
related to greater intensity of fluorescence of the nerve fibres 
in the vasculature of the choroid. The average content of VIP 
in the urinary bladder was greater in diabetic animals only on 
the basis of pmol/organ (135%) and in prediabetics on the ba- 

sis of pmol/g (87%) compared with non-diabetic animals. 
Qualitative immunocytochemistry suggested that the elevated 
level of VIP was related to a larger distribution of nerve fibres 
in the urinary bladder of diabetic hamsters. The high level of 
VIP in the eyes and urinary bladder of diabetic and prediabet- 
ic hamsters is an interesting observation which should receive 
further study to determine whether it is an aetiological agent 
underlying the pathogenesis of ophthalmic complications and 
neurogenic bladder or the result of some pathological process 
which affects these organs. 
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Complications of  the eye and urinary b ladder  have 
been documented  in patients with diabetes mellitus and 
most  animal models of  this disease. With respect to the 
eye, lesions have been adequately described in the reti- 
na [1-5]. Although the specific type of  lesion varies 
among animals and man, the vasculature of  the eye is 
always adversely affected [5]. Several investigations 
have demonstrated that distension [6-9] and hypertro- 
phy  [10] concomitant  with urine retention are character- 
istic of  the urinary bladder  of  diabetic man  and animals. 
Urinary bladder  dysfunction is believed to be a product  
o f  diabetic autonomic neuropathy  [11, 12] which pro- 
motes impairment  of  detrusor muscle function [8, 13]. 
Although it has recently been disputed [9], a reduction 
in cholinergic innervation [7, 14] has been proposed  as a 
possible mechanism which elicits b ladder  dysfunction. 
Despite intensive research, the pr imary aetiological 
agent(s) underlying the derangements in the eye and 
urinary bladder  of  diabetic man and animals remain 
under  investigation. 

Vasoactive intestinal peptide (VIP) has been shown 
to be present in high quantities in the eye [15-19] and 
urogenital tract [20-23] of  several species, including 
man. Due to its potent  vasodilator activity [24] and its 
possible involvement in regulation of  relaxation [25-27] 
and contraction [28] of  the urogenital tract, it was of  in- 
terest to determine whether  concentrat ion a n d / o r  distri- 
but ion of  this peptide are altered in the eye and urinary 
bladder  of  a suitable diabetic animal model.  Since the 
spontaneously diabetic Chinese hamster  is adequately 

ics, metabolic characteristics and disorders of  the eye 
and urinary bladder  [29], it seemed appropriate to eval- 
uate VIP in this species. Therefore,  the purpose of  the 
present study was to determine by radioimmunoassay 
and immunocytochemistry  whether  VIP was deranged 
in the eye and urinary bladder  of  diabetic and predia- 
betic XA, AC and A H  genetic sublines of  Chinese ham- 
sters compared with age-matched non-diabetic M sub- 
line animals. 

Materials and methods 

Animals 

The Chinese hamsters were selected from The Upjohn Company 
colony. Prediabetic and diabetic animals of both sexes (ratio three 
males: two females) were chosen from the XA, AC and AH inbred ge- 
netic sublines. Non-diabetic hamsters of both sexes were taken from 
the M inbred genetic subline. Definitions, metabolic characteristics 
and genetic background of prediabetic, diabetic and non-diabetic 
Chinese hamsters have been described in detail elsewhere [29]. Predi- 
abetic and diabetic animals were age- and sex-matched with the non- 
diabetic animals. Age of the prediabetic hamsters ranged from 22 to 
30days, whereas that of the diabetic animals varied from 9 to 
12 months. Duration of diabetes in the diabetic hamsters spanned 7 to 
t0months. All animals were fed Purina mouse breeder chow (11% 
fat) and water ad libitum and housed individually under controlled 
photoperiod (12 h light/day; lights on at 0600 h) and environmental 
conditions. At termination, blood was drawn from the orbital sinus 
and non-fasting glucose and fl-hydroxybutyrate (ketones) were mea- 
sured fluorometrically by an autoanalyzer (Technicon, Tarrytown, 
New York) [301. Plasma insulin levels were determined by immunoas- 
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Radioimmunoassay of VIP 

Prediabetic hamsters from the XA (n = 5), AC (n = 5) and AH (n = 5) 
inbred sublines and age- and sex-matched non-diabetic animals from 
the M (n = 5) inbred subline were weighed and then killed by cervical 
dislocation. An identical number  of  diabetic and age- and sex- 
matched non-diabetic hamsters from the same sublines were also 
terminated. Both eyes and the urinary bladder  were resected immedi- 
ately from each animal. Each pair  of  eyes and the bladder  (minus the 
urine) were weighed (wet weight) on an analytical balance and frozen 
on dry ice. Tissues were stored at - 70 ~ until the time of  extraction. 
Each tissue was immersed for 10 min in boiling 0.5 mol/1 acetic acid 
(10 ml /g  of  tissue). The cooled acid extracts were then assayed for 
their VIP content. The VIP antiserum was used at a final dilution of  
1 : 320,000 with reaction to the whole peptide molecule. Under  these 
conditions the assay had a detection limit of  0.4 fmol /assay  tube [32]. 
The VIP levels were calculated as pmo l /g  and pmol /o rgan  due to the 
altered weight o f  the eyes a n d / o r  bladder  in the diabetic and predia- 
betic animals. 

Radioactive VIP label was prepared by chloramine T oxidation 
[32], followed by high resolution ion exchange chromatography for 
purification of  the monoiodinated  VIE The resulting 12sI-VIP label 
had asp .  act. o f  between 1.6 and 1.0 m C i / m o l  and remained stable for 
up to 3 months  at - 20 ~ [32]. 

Immunocytochem&try of VIP 

An identical number  of  prediabetic, diabetic and age- and sex- 
matched non-diabetic hamsters from XA, AC, AH and M inbred ge- 
netic sublines were killed as described under  radioimmunoassay. At 
termination, the eyes and bladder  were fixed by immersion in 0.4% 
benzoquinone in phosphate  buffered saline (PBS; 10nmol/1;  
ph 7.1-7.40) at 4 ~ for 45 min and 95 min, respectively [33]. The fixed 
tissues were thoroughly rinsed in 7% sucrose in PBS. Each tissue was 
mounted  on cork and snap frozen in isopentane pre-cooled ( -  145 ~ 
in liquid nitrogen. Sections (15-20~m) were cut in a cryostat at 
- 2 0  ~ mounted  on slides coated with poly-L-lysine [34] and air- 
dried for at least 30 min. Longitudinal sections of  the bladder  were cut 
to allow microscopic analysis of  the dome and trigone. 

Immunocytochemistry was conducted using the indirect immu- 
nofluorescence method [35]. Sections were incubated with VIP anti- 
serum (dilution 1:2000) for 16-20 h in a moist a tmosphere at 4 ~ A 
second layer of  fluorescein-conjugated goat anti-rabbit globulin was 
applied at a dilution of  1:150 for 1 h at room temperature.  Sections 
were mounted  in PBS-glycerine (1 : 9, vol/vol)  and examined under  a 
fluorescence microscope by an individual who was not aware of  ani- 
mal identity. The sections were examined to define the distribution of  
VIP in the eye and bladder  and to qualitatively evaluate the level o f  
VIP (intensity of  fluorescence) in diabetic and prediabetic compared 
with non-diabetic hamsters. 

Absorpt ion controls, proposed by Sternberger [36], included the 
use of  VIP antiserum which had been incubated previously with 
excess VIP (0.1 nm o l /ml  of  diluted antiserum). Non- immune rabbit 
serum as a first layer and fluorescein conjugated globulin also served 
as controls. 

VIP antisera 

The VIP antisera for radioimmunoassay and immunocytochemistry 
were raised in New Zealand white rabbits against natural porcine VIP 
coupled to bovine serum albumin by the carbodiimide method [32]. 
The antisera reacted with C-terminal synthetic VIP fragments (but not 
N-terminal fragments) and showed no cross-reactivity with secretin, 
glucagon, peptide histidine isoleucine, or gastric inhibitory peptide 
which are structurally related to VIP or with any of  the neuropeptides 
known to be present in the studied tissues. 

Statistics 

The blood glucose, fl-hydroxybutyrate, plasma insulin, body and or- 
gan weight and VIP radioimmunoassay data in diabetic and predia- 

Table 1. Blood glucose, plasma insulin and plasma fl-hydroxybuty- 
rate in diabetic, pre-diabetic and non-diabetic Chinese hamsters in the 
radioimmunoassay study 

Measurement XA AC AH M 
Diabetic Diabetic Diabetic Non-diabetic 
hamsters hamsters hamsters hamsters 

Diabetic 
Chinese 
hamsters 

Blood glucose 36.0 _ 4.0 c 29.0 _+7.0 c 32.0 + 6.0 c 
(retool/l) 
Plasma 50.0 _+14.0 22.0 _+5.0 b 53.0 -+52.0 
insulin 
(mU/l) 
fl-hydroxy- 1.17_+ 0.78 1.04_+0.46 1.93+ 1.90 a 
butyrate 
(mmol/l) 

XA AC AH 
Prediabetic Prediabetic Prediabetic 
hamsters hamsters hamsters 

8.0 + 1.0 

76.0 _+26.0 

0.60_+ 0.14 

Prediabetic 
Chinese 
hamsters 

Blood glucose 3.0 _+ 2.0 
(mmol/l) 
Plasma 48.0 _+ 15.0 
insulin 
(mU/l) 
fl-hydroxy- 0.91 _+ 0.24 
butyrate 
(mmol/l) 

4.0 _+t.0 4.0 -4- 1.0 4.0 -+ 1.0 

27.0 -+9.0 57.0 -+20.0 34.0 __+_22.0 

1A9+0.16 b 0.68+ 0.06 0.78_+ 0.13 

Results cxpressed as mean + SD, (n = 5, all groups); ~p < 0.05; bp < 0.01; Cp < 
0.001 ; p values derived from M versus XA, AC, AH 

betic sublines compared with the non-diabetic subline were evaluated 
by the Student 's t-test. Differences were considered to be significant at 
p < 0.05 using a two-tailed test. All data are represented as mean + 
SD. 

Results 

Radioimmunoassay study of VIP 

The metabolic data of all groups Chinese hamsters are 
presented in Table 1. The blood glucose values were sig- 
nificantly elevated in all diabetic compared with the 
non-diabetic hamsters (p < 0.001). The prediabetic and 
non-diabetic hamsters displayed similar blood glucose 
levels which were in the euglycaemic range. Plasma in- 
sulin was significantly decreased only in the AC diabet- 
ic animals (p < 0.01). Plasma insulin levels were not al- 
tered among prediabetic and non-diabetic hamsters. 
Plasma fl-hydroxybutyrate was significantly increased 
in the AH diabetic (p < 0.05) and in the AC prediabetic 
animals (p < 0.001). 

The body and organ weights and VIP levels of  the 
eyes and urinary bladder of  the non-diabetic, diabetic 
and prediabetic Chinese hamsters are shown in Table 2. 
The body weights were unchanged between diabetic 
and non-diabetic animals. The body weights of  predia- 
betic XA and AC Chinese hamsters were significantly 
lower in comparison with the non-diabetic M animals 
(p < 0.05 ;p < 0.01 respectively). The weight of  both eyes 
was significantly less in diabetic (XA, p < 0.05; AC, 
p < 0.05; AH, p < 0.001) and prediabetic (XA, p < 0.01 ; 
AC, p < 0.001 ; AH, p < 0.01) animals compared with 
non-diabetic animals. The weight of the distended uri- 
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Table 2. Organ weights and VIP levels of  the eyes and bladder of  dia- 
betic, pre-diabetic and non-diabetic  Chinese hamsters 

Measurement XA AC AH M 
Diabetic Diabetic Diabetic Non-diabetic 
hamsters hamsters hamsters hamsters 

Diabetic 
hamsters 

Body weight 31 • 5 33 • 3 30 + 4 29 -+ 4 
(g) 
Weight of 155.4 • 9.8 a 155.8 _+ 1.5 a 143.6 + 6.6 c 169.3 + 5.1 
eyes (rag) 
Weightof 54.2 + 1 6 . 0  b 55.5 +17 .0  b 59.5 +14 .9  b 
bladder (rag) 
VIPeye 6.2 • 1.7 b 6.2 • 1.2 b 6.2 • 0.7 b 
( p m o l / g )  
(pmol/organ) 0 . 9 6 •  0.25 b 0.94_+ 0.16 a 0 . 8 8 •  0.13 a 
VIPbladder 10.0 • 1.7 a 6.1 • 1.4 7.4 • 4.4 
(pmol/g) 
(pmol/organ) 0 .53 •  0.1V 0 .33 •  0.08 b 0.34_+ 0.07 b 

XA AC AH 
Prediabetic Prediabetic Prediabetic 
hamsters hamsters hamsters 

25.9 + 3.1 

3.7 + 1.2 

0.62-+ 0.18 
6.7 + 0.6 

0 .17+  0.21 

Prediabetic 
hamsters 

Bodyweight 13 • 1 a 12 • 1 b 15 • 4" 16 • 1 
(g) 
Weight of 80.8 + 7.3 b 76.2 _+ 2.7 c 80.0 + 5.9 b 91.6 _+ 3.3 
eyes (mg)  
Weightof 13.4 _+ 2.1 15.7 • 2.0 17.9 • 7.7 23.3 •  
bladder (rag) 
VIPeye 12.6 • 1.2 ~ 10.8 • 1.5 c 10.0 • 2.0 c 4.4 • 0.1 
(pmol/g) 
(pmol/organ) 1.01-+ 0.10 c 0.82_+ 0.11 c 0.80_+ 0.16 c 0.41_+ 0.13 
VIPbladder 10.8 + 2.4 c 10.0 • 2.5 b 8.8 • 2.1 a 5.3 • 2.2 
( p m o l / g )  
(pmol/organ) 0 .15 •  0.08 0 . 1 5 •  0.02 0 . 1 4 •  0.03 0 .11 •  0.03 

Results expressed as mean_+ SD,  (n = 5, all groups); ap < 0.05; bp < 0.01; ~p < 
0.001 ; p values derived from M versus XA, AC, AH 

Table3.  Blood glucose,  plasma insulin and plasma beta-hydroxy- 
butyrate of  diabetic, pre-diabetic and non-diabetic Chinese hamsters 
in the immunocytochemical  study 

Measurement XA AC AH M 
Diabetic Diabetic Diabetic Non-diabetic 
hamsters hamsters hamsters hamsters 

Diabetic 
hamsters 

Blood glucose 34.0 _+ 9.0 c 34.0 + 4.0 c 36.0 ___11.0 c 
( re tool / l )  
Plasma 83.0 -+98.0 14.0 •  b 52.0 -+ 7.0 
insulin 
( •  
fl-hydroxy- 1.87_+ 1.58 1 .75•  1.34 2 . 1 4 •  1.40 a 
butyrate 
(mmol /1)  

XA AC AH 
Prediabetic Prediabetic Prediabetic 
hamsters hamsters hamsters 

7.0 + 2.0 

117.0 •  

0 . 4 3 •  0.11 

Prediabetic 
hamsters 

Blood glucose 5.0 -4- 2.0 b 
( m m o l / l )  
Plasma 37.0 _+26.0 
insulin 
( •  
fl-hydroxy- 0 . 6 6 •  0.14 
butyrate 
(mmol /1)  

4.0 __+ t .0  a 5.0 • 1.0 a 3.0 • 1.0 

44.0 + 1 9 . 0  64.0 +38 .0  a 28.0 + 9.0 

1 .14+ 0.26 c 0 . 7 2 +  0.11 0 .61+  0.09 

Results expressed as mean + S D (n = 5, all groups); ~p < 0.05; bp < 0.01; Cp < 
0.001 ; p values derived from M versus XA, AC, AH 

nary bladders was significantly increased in all diabetic 
sublines (p <0.01). Bladder weights were unchanged 
among prediabetic and non-diabetic animals. The con- 
centration of  VIP (pmol/g) was significantly higher in 

the eyes of  all three groups of  diabetic (p < 0.01) and 
prediabetic (p <0.001) hamsters in comparison with 
non-diabetic animals. The content of  VIP (pmol/organ) 
was also significantly greater in the eyes of all sublines 
of  diabetic (XA, p < 0.01; AC, p < 0.05; AH, p < 0.05) 
and prediabetic animals (p < 0.001). The amount of  VIP 
in the urinary bladder showed a trend toward elevation 
in most of  the diabetic and prediabetic groups of ani- 
mals. However, statistically significant increases were 
observed in diabetic sublines only on the basis of pmol /  
organ (XA, p < 0.001 ; AC, p < 0.01 ; AH, p < 0.01) and 
in prediabetic sublines on the basis of  pmol /g  (XA, 
p < 0.001 ; AC, p < 0.01 ; AH, p < 0.05). 

Immunocytochemical study of VIP 

The metabolic data of  all groups of  Chinese hamsters 
are shown in Table 3. The XA, AC and AH diabetic 
hamsters were severely hyperglycaemie in comparison 
with the M non-diabetic animals. Although the blood 
glucose levels of all prediabetic and non-diabetic ham- 
sters were in the euglycaemic range, a slight but signifi- 
cant increase was observed in the prediabetic XA (p < 
0.01), AC (p < 0.05) and AH (p < 0.05) animals. Plasma 
insulin was significantly depressed only in the AC dia- 
betic hamsters (p <0.01). Plasma insulin was similar 
among prediabetic and non-diabetic hamsters, fl-hy- 
droxybutyrate values were significantly elevated in the 
AH diabetic (p < 0.05) and in the AC prediabetic ani- 
mals (p < 0.001). 

In the eye, weakly stained VIP-immunoreactive fi- 
bres were associated with choroidal blood vessels in the 
non-diabetic animals (Fig. 1 A). There was a notable in- 
crease in intensity of  VIP immunoreactive fibres in the 
choroidal vasculature of  all sublines of  age-matched 
diabetic Chinese hamsters (Fig.lB). In prediabetic 
compared with non-diabetic hamsters, there appeared 
to be a modest elevation in the intensity of  VIP-contain- 
ing fibres among the choroidal blood vessels. 

With respect to the urinary bladder, there was a pau- 
city of  VIP-immunoreactive fibres observed in the tissue 
of  the non-diabetic animals (Fig.2A). In contrast, the 
distribution of VIP-containing fibres appeared to be 
greater in the bladder of  all diabetic sublines (Fig. 2 B). 
When prediabetic hamsters were compared with non- 
diabetics, a similar pattern of few VIP-immunoreactive 
fibres was found in the tissue. There did not appear to 
be any variation in the distribution of  VIP-immunoreac- 
tive fibres between the dome and trigone of  the bladder 
in any group. 

Discussion 

On the basis of radioimmunoassay, the results of  the 
current study indicate that VIP is markedly increased in 
the eye of  three diabetic sublines of  Chinese hamsters. 
This derangement is significant, since the increased 
concentration of VIP (pmol/g and pmol/organ) was 
documented in eyes which weighed less in diabetic 
compared with non-diabetic animals. With light micro- 
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Fig . lA and B. In the choroid of non-diabetic animals A few weakly stained VIP-immunoreactive fibres can be seen around the blood vessels; in 
diabetic hamsters B the VIP-immunoreactive fibres display a more intense immunostaining. The sclera is evident on the left side of both figures. 
Indirect immunofluorescence ( • 410) 

Fig.2A and B. In the bladder, few VIP-immunoreactive fibres are observable in the tissue of non-diabetic animals A while the immunoreactive 
fibres appear to be more numerous in diabetic animals B. Indirect immunofluorescence ( x 290) 
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scopic immunocytochemistry, the elevation of VIP was 
confirmed by increased stain intensity of  the nerve fi- 
bres innervating the choroidal vasculature. The immu- 
nocytochemical data suggest that excessive synthesis 
and/or  impaired release of VIP by the choroidal nerve 
fibres may be an important defect. It has been reported 
that VIP is a major modulator of blood flow through its 
activity as a potent vasodilator [24, 37]. Since the cho- 
riocapillaris is known to nourish the visual receptor 
cells of the retina, it seems feasible that an abnormal 
vascular blood flow in the choroid may adversely affect 
these cells in the diabetic Chinese hamster. Although 
studies of the eye in the spontaneously diabetic Chinese 
hamster have been restricted to the retina [38-40], it is of 
interest that the endothelial cell to pericyte ratio was 
elevated in the retinal capillaries [38]. If a similar nu- 
merical alteration occurs among the vascular cells of the 
choroidal capillaries, it would be important to deter- 
mine whether high levels of VIP mediate this cellular 
rearrangement or represent a response to the altered 
cellular environment. It would also be relevant to estab- 
lish that chemically-induced diabetes is associated with 
high VIP levels in the Chinese hamster and in other ani- 
mals [15-17] which display this peptide in the choroid 
layer of the eye. 

One of the most intriguing findings in the current 
study was the lower weight of the eyes concomitant with 
a pronounced elevation of  VIP in the choroid of all sub- 
lines of prediabetic Chinese hamsters. This early disor- 
der, prior to the onset of  hyperglycaemia, implies that 
an increased concentration of VIP may be a causative 
factor underlying complications of the eye or a manifes- 
tation of  some inherent pathological process. It is also 
possible that the increased concentration of VIP could 
be a compensatory response in an attempt to increase 
blood flow and nutrition to the smaller eye. The meta- 
bolic and/or  genetic parameters, which may promote 
the rise in VIP in the eye of  prediabetic Chinese ham- 
sters, are difficult to define in the current study. Predi- 
abetic Chinese hamsters have been reported to undergo 
a transient hyperinsulinaemic phase just before the on- 
set of hyperglycaemia [41]. However, the plasma insulin 
of  prediabetic animals as well as other metabolic factors 
measured in this study, were unchanged. Since the VIP 
concentration was elevated in the three genetically pre- 
diabetic groups, it is conceivable that this alteration 
may be linked to inheritance factors. 

Radioimmunoassay and immunocytochemistry in 
the present study suggest that organ weight and VIP 
content (pmol/organ) were increased in the distended 
bladders of all sublines of  diabetic Chinese hamsters. In 
agreement with a previous study [9], the increase of VIP 
concentration in the expanded bladder of the diabetic 
Chinese hamster appears to be meaningful since it can 
be demonstrated on a pmol/organ basis. This conten- 
tion is reinforced by the finding of increased acetylcho- 
linesterase activity in the expanded bladder of strepto- 
zotocin-diabetic rats [9]. Furthermore, the elevation of 
VIP in the bladder of the diabetic Chinese hamster may 
be more meaningful since it has been shown that in- 
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creased weight of the bladder or stretching of the blad- 
der wall under non-diabetic conditions does not induce 
an automatic increase in choline acetyltransferase activ- 
ity per organ [42]. With qualitative light microscopic im- 
munocytochemistry, the increase in VIP was related to 
an increase in the distribution of VIP-ergic fibres in the 
bladder of diabetic Chinese hamsters. This elevation of 
VIP immunoreactivity in the bladder of the diabetic 
Chinese hamster was not observed in the penis of strep- 
tozotocin-diabetic rats [23] or diabetic man [23, 43], in 
which a deficit of VIP-ergic innervation was found. 
These findings infer that different pathological pro- 
cesses may occur among various species with diabetes 
or that the derangement of VIP activity is dissimilar in 
the bladder and penis. 

Previous studies have demonstrated that urine re- 
tention and enlargement of the urinary bladder were 
presumably related to a depletion of cholinergic nerves 
in geriatric, severely diabetic Chinese hamsters [71. In 
the current study, VIP derangement was documented in 
younger, short-term diabetic animals. Therefore, it is 
logical to hypothesize that an elevation in VIP may be 
one of the early complications related to bladder dys- 
function in the diabetic Chinese hamster. Support for 
this hypothesis is derived from a previous investigation 
in which an increase in cholinergic nerve activity was 
observed in the distended bladders of short-term strep- 
tozotocin-diabetic rats [9]. It was also suggested that ele- 
vated cholinergic nerve activity in streptozotocin-dia- 
betic rats is probably a compensatory response to allow 
the hypertrophied detrusor muscle to respond to in- 
creased volume and frequency of urine [10]. Since the 
prediabetic Chinese hamster displayed an elevation of 
VIP in an unexpanded bladder, it is tempting to specu- 
late that the increase in this peptide is more likely a 
cause rather than an effect of diabetic cystopathy. The 
normal physiological role of VIP in the urinary bladder 
seems to encompass regulation of contraction [28] and/  
or relaxation [25-27] of  the detrusor muscle. Since a dis- 
ruption in VIP concentration is associated with bladder 
distension in the diabetic Chinese hamster, it is conceiv- 
able that this abnormality may be detrimental to the 
function of the smooth musculature. 

VIP concentration was higher (pmol/g) in the blad- 
der of prediabetic compared with age-matched non-dia- 
betic Chinese hamsters. Even though statistical signifi- 
cance on a pmol/organ basis was not obtained, VIP 
showed a tendency to increase in prediabetes. Unfortu- 
nately, the enhanced level of  VIP (pmol/g) in the predi- 
abetic animals could not be verified with immunocyto- 
chemistry. This is probably due to the fact that qualita- 
tive immunocytochemistry on the light microscopic lev- 
el is not as sensitive to minor peptide deviations as ra- 
dioimmunoassay. In any case, the apparent increase in 
VIP in the bladder of  the prediabetic Chinese hamster is 
an interesting phenomenon which may play an impor- 
tant role in the pathophysiology of diabetic neurogenic 
bladder. The functional significance of this finding will 
be the focal point of concerted research in the future. 
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