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Nitric oxide-mediated neurotransmission is attenuated 
in the anococcygeus muscle from diabetic rats 
K. J. Way, J. J. Reid 

Department of Pharmacology, University of Melbourne, Victoria, Australia 

Summary T h e  effect of STZ-induced diabetes of 
8-weeks duration was examined on nitric oxide-medi- 
ated neurotransmission in the rat anococcygeus 
muscle. In the presence of noradrenergic blockade and 
raised tissue tone, relaxant responses to nerve stimula- 
tion (0.5-5 Hz, for 10 s), sodium nitroprusside (5 and 
10 nmol/1) and nitric oxide (1 and 3 gmol/l) were sig- 
nificantly reduced in anococcygeus muscles from 
diabetic rats compared to responses from control rats 
(p < 0.05). In contrast, relaxations to papaverine (3 
and 10 gmol/1) were not reduced in tissues from 
diabetic rats. The nitric oxide synthesis inhibitor 
N O L A  (100 gmol/1) abolished relaxant responses to 
nerve stimulation but had no effect on responses to 
any of the relaxant agents used. Exposure to N O L A  at 
10gmol/1 reduced stimulation-induced relaxations; 
this reduction was significantly greater in tissues from 
the diabetic group than from the control group 

(p < 0.05), probably as a consequence of the smaller 
relaxant responses in muscles from diabetic rats. Con- 
tractile responses to nerve stimulation (1-10 Hz, for 
10 s), but not noradrenaline (0.03-30 gmol/1), were 
significantly greater in anococcygeus muscles from 
diabetic rats than from control rats (p < 0.05). NOLA 
(100gmol/1) significantly enhanced stimulation-in- 
duced contractions (p < 0.05), however the enhance- 
ment was significantly less in tissues from diabetic rats 
(p<0.05). The results suggest that STZ-induced 
diabetes impairs smooth muscle reactivity to nitric 
oxide in the rat anococcygeus muscle. [Diabetologia 
(1994) 37: 232-237] 
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Neuropathy of the autonomic nervous system is a com- 
plication of diabetes mellitus which may contribute to 
alterations in cardiovascular, gastrointestinal and geni- 
tourinary function [1, 2]. These alterations may be 
manifested through clinical problems including postu- 
ral hypotension, diabetic diarrhoea, diabetic cysto- 
pathy and impotence. The STZ-treated rat, an estab- 
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lished animal model of insulin-dependent diabetes 
mellitus, has been extensively used to study the occur- 
rence of diabetic autonomic neuropathy. Neurochemi- 
cal and histochemical techniques have revealed that 
changes occur in the intestinal myenteric innervation of 
STZ-induced diabetic rats, including degeneration of 
noradrenergic nerves, reduced transmitter levels in 
serotonergic nerves, and increased choline acetyl trans- 
ferase activity in cholinergic nerves [3-6]. In addition, 
functional studies have demonstrated that abnor- 
malities occur in cholinergic neuromuscular trans- 
mission in rat small intestine [7, 8], and in myogenic 
reactivity to neurotransmitters and autacoids in rat 
jejunum [9], bladder [10], vas deferens [11] and various 
vascular preparations [12]. 

The NANC inhibitory innervation of gastrointesti- 
nal tissue from STZ-treated rats has been investigated, 
with specific alterations to the purinergic [13] and pep- 
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Therefore the aim of the present study was to examine 
whether the diabetic state could alter nitrergic trans- 
mission using the STZ-treated rat; the anococcygeus 
muscle was chosen for use in the study because nitrer- 
gic innervation has been particularly well characterised 
in this tissue [15, 19]. 

Materials and methods 
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Fig. lA,  B. Representative traces from experiments using ano- 
coccygeus muscle from control (A) and diabetic (B) rats, show- 
ing relaxant responses to increasing frequencies of field stimula- 
tion ( � 9  ; 0.5-5 Hz, for 10 s), before and after exposure to NOLA. 
Tissues were precontracted with guanethidine (10-30 gmol/1) 
and clonidine (0.01-0.05 gmol/1) 
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Fig. 2. Relaxant responses to field stimulation (0.5-5 Hz, for 10 s) 
in anococcygeus muscles from control ( O ) and diabetic ( A )  rats 
in the absence of NOLA, and from control ( �9 ) and diabetic (A)  
rats after a 10-min exposure to NOLA (10 ~tmol/1). Values are 
mean + SEM from3-6 experiments, expressed as percentages of 
the initial 5 Hz response obtained (control: 7.86 + 0.45 g, n = 6; 
diabetic: 4.30 + 0.62 g, n = 12). Tissues were precontracted with 
guanethidine (10-30 gmol/1) and clonidine (0.01-0.05 pmol/1) 

tidergic [14] components reported. A role for nitric 
oxide or a nitric oxide-donating compound as a neuro- 
transmitter in NANC nerves has been established in a 
number of gastrointestinal, genitourinary and vascular 
tissues, including rat anococcygeus, gastric fundus and 
i l eum,  r a b b i t  u r e t h r a  and  c o r p u s  c a v e r n o s u m ,  and  d o g  
c e r e b r a l  and  t e m p o r a l  a r t e r y  [15]. A l t e r a t i o n s  to  ni t r ic  
o x i d e - m e d i a t e d  N A N C  (or  n i t re rg ic )  [15] n e u r o t r a n s -  
mi s s ion  in t he  d i abe t i c  s t a te  h a v e  ye t  to  b e  ful ly invest i -  
ga ted ,  a l t h o u g h  n u m e r o u s  s tudies  h a v e  d e m o n s t r a t e d  
changes  in e n d o t h e l i u m - d e p e n d e n t  r e l axa t ions  to  
nitr ic ox ide  in a r t e r i e s  f r o m  d iabe t i c  an ima l s  [16-18].  

Induction o f  diabetes 

Male Sprague-Dawley rats weighing 200-250 g from the in- 
house breeding colony (Department of Pharmacology, Univer- 
sity of Melbourne), were divided into two treatment groups. 
Diabetes was induced in one group by a single i.v. injection of 
STZ (65 mg/kg) given under light anaesthesia (pentobarbitone 
40 mg/kg i. p.). The other control group was injected with citrate 
buffer vehicle alone (20 mmol/1, pH 4.5). In order to reduce the 
severity of the well-characterised hypoglycaemia following STZ 
treatment, all animals were given drinking water containing 2 % 
sucrose for 48 h after injection; thereafter animals had free ac- 
cess to food and normal drinking water. STZ-treated rats were 
monitored for glycosuria (Tes-Tape urine sugar analysis paper; 
Eli Lilly, West Ryde, NSW, Australia), and blood samples were 
collected from all animals after decapitation for analysis of plas- 
ma glucose levels (Ames Glucometer II, Miles Laboratories 
Inc., Mulgrave, Vie., Australia). 

Tissue preparation 

Eight weeks after injection, rats were killed by sturming by a 
blow to the back of the head, followed by decapitation. The ano- 
coccygeus muscles were then isolated according to the method 
described by Gillespie [20]. An abdominal midline incision was 
made and the genital organs, bladder and urethra cleared, then 
the pelvis split. The exposed colon was cut at the pelvic brim and 
the pelvic portion pulled forward to reveal the two underlying 
muscles surrounded by connective tissue. A maximal length of 
each muscle was removed and mounted in a 5-ml organ bath 
under 1 g tension for isometric recording, using a Grass FTO3 C 
force displacement transducer (Grass Instruments Co., Quincy, 
Mass., USA) connected to a Rikadenki potentiometric recorder 
(Kogyo Co., Tokyo, Japan). Tissues were bathed in physiological 
salt solution of the following composition (mmol/1; pH 7.4): 
NaC1118, KC14.7, CaC12 2.5, NaHCO3 25, KH2PO 41.03, MgSO 4 
0.45, u-( + )-glucose 11.1, disodium edetate 0.067, and ascorbic 
acid 0.14; this was gassed constantly with 95 % 02/5 % CO2 and 
maintained at 37 ~ 

Field stimulation was delivered from a Grass $88 stimulator 
(Grass Instruments Co.) through two platinum wire electrodes, 
one on each side of the muscle, using square wave pulses of 0.8 
ms duration and supramaximal voltage (17 V/cm). An equilibra- 
tion period of 20-40 min was permitted before experimental ob- 
servations were made, and at the end of all experiments muscles 
were carefully blotted and then weighed. 

Relaxant and contractile responses 

Relaxant responses were assessed in the presence of guane- 
thidine (10-30 gmol/1) and clonidine (0.01-0.05 gmol/1), to block 
noradrenergically mediated contractions and to raise tissue tone 
to approximately 8 g. Relaxations were obtained to field stimu- 
lation (0.5- 5 Hz, for 10 s) at 3-rain intervals, or to sodium nitro- 
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prusside (5 and 10 nmol/1), nitric oxide (1 and 3 gmol/1) or papa- 
verine (3 and 10 pmol/1). In the absence of guanethidine and clo- 
nidine, contractile responses were obtained to field stimulation 
(1-10 Hz, for 10 s) elicited at 2-min intervals, or to cumulative 
concentrations of noradrenaline (0.03-30 drool/l). Where indi- 
cated, relaxant or contractile responses were obtained before 
and after exposure to the nitric oxide synthase inhibitor, NOLA 
(10 and 100 gmol/1); the appropriate time-control experiments 
were carried out in the absence of NOLA. 

Drugs and drug solutions 

Guanethidine sulphate, NOLA, (-)-noradrenaline bitartrate, 
papaverine hydrochloride, prazosin hydrochloride, sodium 
nitroprusside, STZ and tetrodotoxin, were all purchased from 
Sigma (St Louis, Mo., USA). Clonidine hydrochloride and pen- 
tobarbitone sodium were obtained from Boehringer Ingelheim 
(Artarmon, NSW, Australia). A saturated nitric oxide solution 
(2 mmol/1) was prepared on the day of the experiment using a 
modification of the method described by Feelisch [21]; briefly, 
distilled water, initially deoxygenated by gassing with argon for 
I h, was bubbled with nitric oxide gas for 30 min. Both argon and 
nitric oxide gases were obtained from Commonwealth Industrial 
Gases (Melbourne, Vic., Australia). 

Statistical analyses 

Results are expressed as mean + SEM and n indicates the num- 
ber of animals tested. Differences between means were assessed 
using Student's t-test, or two-way ANOVA. Analyses were car- 
ried out using the software package, Complete Statistical System 
(CSS; Statsoft, Tulsa, Okla., USA). Probability levels less than 
0.05 were considered significant. 

Results 

Eight weeks after injection, body  weights of vehicle- 
t reated rats had increased from 247 + 5 g to 489 + 10 g 
(n =27); this increase in weight was significantly 
greater than  that  for STZ-t rea ted  rats (p < 0.05, un- 
paired Student 's t-test) which changed from 231 + 5 g 
to 290 + 9 g (n = 27). Plasma glucose levels in STZ- 
t reated rats 8 weeks after injection (29.5 + 0.7 mmol/1, 
n = 24) were significantly greater than levels in the ve- 
hicle-treated group (6.7 + 0.2 mmol/1, n -- 27; p < 0.05, 
unpaired Student 's t-test). Successful induction of 
diabetes was also confirmed by polydipsia, polyuria 
and glucosuria in STZ- but  not  vehicle-treated rats. 
Measurements  of tissue weights revealed that  anococ- 
cygeus muscles f rom diabetic animals (10.0 _+ 0.5 mg, 
n = 37) weighed significantly less than  those obtained 
from control animals (13.9 + 0.4 mg, n = 40; p < 0.05, 
unpaired Student 's t-test). 

Relaxant responses 

In the presence of guanethidine (10-30 gmol/1) and clo- 
nidine (0.01-0.05 drool/l), field stimulation (0.5-5 Hz, 
for 10 s) of  anococcygeus muscles f rom control and 
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Fig.3. Relaxant responses to sodium nitroprusside, nitric oxide 
and papaverine in anococcygeus muscles from control ( [] ) and 
diabetic ( �9 ) rats. Values are mean + SEM from 7-11 experi- 
ments, expressed as absolute reductions in tension produced in 
tissues precontracted with guanethidine (10-30 gmol/1) and clo- 
nidine (0.01-0.05 ~tmol/1) 

diabetic rats produced f requency-dependent  relaxant 
responses (Fig. 1) which were abolished by tetrodo- 
toxin (1 drool/l; data not  shown). Relaxant  responses to 
0.5, 1, 2 and 5 Hz stimulation in muscles f rom diabetic 
animals (0.30_+ 0.11 g, 1.01 + 0.29 g, 2.72 + 0.51 g and 
4.19 +0.51 g, respectively; n = 18) were significantly 
less (p < 0.05, two-way ANOVA)  than  those f rom con- 
trol animals (2.36 + 0.71 g, 4.10 + 0.67 g, 6.54 + 0.70 g 
and 7.13 + 0.63 g, respectively; n = 13). To account for 
differences in tissue weight and maximum responsive- 
ness between the control and diabetic groups, data  
were normalised by expressing each response as a per- 
centage of the initial 5 Hz response obtained in each 
experiment.  When  expressed in this manner,  the fre- 
quency-response curve obtained using muscles from 
diabetic rats was still significantly less than that  f rom 
control rats (p < 0.05, two-way ANOVA;  Fig. 2). 

Exposure to N O L A  (100 gmol/1, for 10 min) in- 
creased the tone of the anococcygeus muscle f rom both 
diabetic and control rats by 0.66 + 0.08 g (n = 8) and 
0.90 + 0.12 g (n --8) respectively; the increases were 
significantly different f rom the corresponding values 
obtained in t ime-control experiments (p < 0.05, un- 
paired Student's t-test), however the increase was not 
significantly different between the two groups 
(/9>0.05, unpaired Student's t-test). Fur thermore ,  
10 gmol /1NOLA also produced slight increases in tone 
which were not significantly different in tissues from 
control (0.33 + 0.15 g, n = 4) and diabetic (0.41 + 
0.06 g, n = 6) animals (p > 0.05, unpaired Student's 
t-test). N O L A  (100 drool/l) abolished stimulation-in- 
duced relaxations at all stimulation frequencies in both 
control and diabetic groups (Fig. 1), however in the 
presence of 10 gmol/1 N O L A ,  relaxations were re- 
duced in a f requency-dependent  manner,  the reduc- 
tions being significantly greater in tissues f rom diabetic 
rats than  in tissues from control rats (p < 0.05, two-way 
ANOVA;  Fig. 2). In corresponding t ime-control  ex- 
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Fig.4.  Contractile responses to field stimulation (1-10 Hz, for 10 
s) in anococcygeus muscles from control (�9 and diabetic (A) 
rats in the absence of NOLA, and from control ( �9 ) and diabetic 
( � 9  rats after a 15-min exposure to NOLA (100 gmol/1). Values 
are mean + SEM from 5-7 experiments, expressed as percent- 
ages of the initial 10Hz response obtained (control: 
7.09 + 0.51 g, n = 11; diabetic: 4.99 + 0.40 g, n = 14) 
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F i g . 5 A ,  B. Contractile responses to cumulative additions of 
noradrenaline in anococcygeus muscles taken from control (A) 
and diabetic (B) rats. Contractions were obtainedin the absence 
(�9 A) or the presence ( i ,  � 9  of NOLA (100 p.mol/1, for 
15 min). Values are mean _+ SEM from six experiments, ex- 
pressed as percentages of the initial 10 Hz response obtained 
(control: 6.48 + 0.83 g, n = 12; diabetic: 4.60 + 0.32 g, n = 12) 

periments, relaxant responses to nerve stimulation 
were consistent over the experimental time course 
(n = 4; data not shown). 

Sodium nitroprusside (5 and 10 nmol/1) produced 
relaxant responses which were significantly smaller in 
anococcygeus muscles from diabetic rats than from 
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control rats (p < 0.05, unpaired Student's t-test; Fig. 3). 
Relaxations induced by nitric oxide were also signifi- 
cantly diminished in tissues from diabetic animals 
(p < 0.05, unpaired Student's t-test; Fig. 3). In contrast, 
papaverine (3 and 10 gmol/1) caused relaxations of the 
muscle which were not impaired in tissues taken from 
diabetic rats; the response to 3 gmol/1 papaverine was, 
in fact, slightly but significantly greater in muscles from 
diabetic rats (p < 0.05, unpaired Student's t-test; Fig. 3). 
N O L A  (100 p.mol/1) had no significant effect on the re- 
laxant responses to sodium nitroprusside, nitric oxide 
or papaverine (n = 3-5,p > 0.05, paired Student's t-test; 
data not shown). 

Contractile responses 

Contractile responses to increasing frequencies of field 
stimulation (1-10 Hz, for 10 s; expressed as a percent- 
age of the initial 10 Hz response in order to normalise 
data within each experiment) were significantly greater 
in anococcygeus muscles from the diabetic group than 
from the control group (p < 0.05, two-way ANOVA; 
Fig. 4). Stimulation-induced contractions were abol- 
ished in the presence of prazosin (0.1 gmol/1; data not 
shown). A 15-min exposure to 100 p.mol/1 N O L A  had 
no effect on tissue resting tension (data not shown) but 
significantly enhanced contractions at all frequencies 
in both treatment groups (p < 0.05, two-way ANOVA; 
Fig. 4). The enhancement of responses was significant- 
ly less in tissues from diabetic rats than from control 
rats (p < 0.05, two-way ANOVA; Fig. 4). In corre- 
sponding time-control experiments, contractile re- 
sponses were consistent throughout the experimental 
duration (n = 5-7, data not shown). 

Concentration-dependent contractile responses to 
cumulative additions of noradrenaline (expressed as a 
percentage of the initial 10 Hz response) were not sig- 
nificantly different in tissues from control and diabetic 
animals (p > 0.05, two-way ANOVA; Fig. 5). Further- 
more, N O L A  (100 gmol/1) had no significant effect on 
noradrenaline-induced contractions elicited in tissues 
from dither group (p > 0.05, two-way ANOVA; Fig. 5). 

Discussion 

In the present study stimulation-induced relaxations of 
the rat anococcygeus muscle were impaired at 8-weeks 
duration of diabetes, whether expressed in absolute 
terms or as a percent of the initial maximum response. 
The involvement of nitric oxide as the transmitter 
mediating relaxations was confirmed; N O L A  
(100 gmol/1), an inhibitor of nitric oxide synthesis from 
L-arginine, abolished relaxant responses at all frequen- 
cies of stimulation tested, in agreement with Li and 
Rand [19]. At a lower concentration, N O L A  
(10 gmol/1) produced greater inhibition of relaxant re- 
sponses in preparations from diabetic animals. This 
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greater inhibition for the diabetic group was probably a 
consequence of the smaller relaxant responses which 
were obtained in muscles from diabetic rats. An in- 
crease in tone of precontracted muscles was also pro- 
duced on addition of N O L A  (10 and 100 gmol/1). This 
is consistent with the previous findings of Li and Rand 
[19], and may be attributed to the inhibition of a small 
amount of tonically produced nitric oxide which would 
normally act to counterbalance the contractile re- 
sponse. As this increase in tone between the control 
and diabetic groups was not significantly different, 
there is no evidence from the present study for altered 
reactivity to tonically released nitric oxide in the 
diabetic state. 

The reduction in stimulation-induced relaxant re- 
sponses of the anococcygeus muscle in the diabetic 
state could suggest that alterations occur in the release 
of nitric oxide from nitrergic nerves or in the smooth 
muscle reactivity to nitric oxide, or both. In the present 
study, relaxations to the nitric oxide donor sodium ni- 
troprusside and to nitric oxide itself were assessed to 
determine if the reduction in the relaxant response to 
nitric oxide released from nitrergic nerves, was due to 
decreased smooth muscle reactivity to nitric oxide. Re- 
laxant responses to sodium nitroprusside and nitric 
oxide were reduced in muscles from diabetic rats, how- 
ever relaxations to papaverine, which does not act 
through nitric oxide, were not reduced in preparations 
from diabetic animals. These findings suggest an im- 
pairment in smooth muscle reactivity to nitric oxide in 
anococcygeus muscle from diabetic rats. In addition, 
N O L A  (100 gmol/1) had no effect on relaxations to 
either sodium nitroprusside, nitric oxide or papaverine, 
thus supporting that the actions of N O L A  are specific 
for the inhibition of nitric oxide synthesis in the rat 
anococcygeus muscle. 

Several studies have reported changes in N A N C  in- 
hibitory innervation induced by the diabetic state [14, 
22, 23]. A recent publication [22] also using the rat ano- 
coccygeus muscle, but from STZ-treated rats of 4- 
weeks duration, demonstrated no differences in the re- 
laxant responses to N A N C  nerve stimulation between 
control and diabetic animals. Numerous factors could 
contribute to the difference in these findings from 
those of the present study; these include the strain of rat 
used (Wistar vs Sprague-Dawley), and the dose and 
route of STZ administration (75 mg/kg i. p. vs 65 mg/kg 
i.v.). The different duration of diabetes studied 
(4 weeks vs 8 weeks) might also play a role, although 
unpublished findings from our laboratory also reveal 
impaired nitric oxide-mediated relaxations to field 
stimulation in muscles from STZ-treated rats of 4- 
weeks duration. Consistent with the results of the pres- 
ent study, an impairment in the stimulation-induced re- 
laxant response of gastric fundus, which is mediated by 
nitric oxide and vasoactive intestinal polypeptide [24], 
has been demonstrated using STZ-treated rats of 12- 
and 25-weeks duration [14]. Moreover, another study 
revealed an impairment of both the stimulation-in- 
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duced and endothelium-dependent relaxant response 
of human corporal smooth muscle from impotent 
diabetic men [23]. As nitric oxide may act as the N A N C  
neurotransmitter mediating the stimulation-induced 
relaxation of corporal smooth muscle [25, 26], the find- 
ings are also in accord with those of the present study. 

The smooth muscle relaxant activity of nitric oxide 
and nitric oxide donors such as sodium nitroprusside, 
have been attributed to the activation of soluble guany- 
late cyclase, which in turn leads to a rise in intracellular 
cyclic GMP levels [27]. A diabetes-induced defect in 
this pathway could account for the decrease in smooth 
muscle reactivity to nitric oxide and nitric oxide donors 
observed in the present study. Another  mechanism 
may involve an accelerated destruction of nitric oxide 
in the diabetic state. The quenching of nitric oxide by 
advanced glycation end-products has been recently im- 
plicated in the defective endothelium-dependent va- 
sodilatation observed in experimental diabetes [28, 29], 
and may contribute to the reduction in nitric oxide re- 
activity observed in the present study. 

It is recognised that nitric oxide released from 
N A N C  nerves can modulate noradrenergically medi- 
ated contractile responses of the rat anococcygeus 
muscle, as inhibitors of nitric oxide synthesis enhance 
contractions induced by field stimulation [19]. In the 
present study, noradrenergically mediated contrac- 
tions to field stimulation in muscles from diabetic rats 
were greater than those obtained from control rats. 
Field stimulation of the muscle activates both nor- 
adrenergic and N A N C  nerves to elicit a contractile re- 
sponse which is partly counterbalanced by the N A N C  
inhibitory transmitter; thus enhanced contractions of 
muscles from diabetic rats would arise if the opposing 
relaxant response mediated by nitric oxide was im- 
paired. In addition, no differences in contractile re- 
sponsiveness to cumulative doses of noradrenaline 
were observed between the two groups, indicating un- 
altered smooth muscle sensitivity to noradrenaline in 
the diabetic state. To further support the argument that 
the ability of nitric oxide to modulate noradrenergi- 
cally mediated contractions is impaired in diabetes, the 
effect of nitric oxide synthesis inhibition on contractile 
responses to nerve stimulation was compared in mus- 
cles from control and diabetic animals. N O L A  
(100 gmol/1) enhanced stimulation- but not noradre- 
naline-induced contractile responses in tissues taken 
from either treatment group, in agreement with the 
previous findings of Li and Rand [19]. As the enhanc- 
ing effect of N O L A  was less in tissues from STZ- 
treated rats than from control rats, the results are con- 
sistent with the findings that the ability of nitric oxide to 
relax smooth muscle is impaired in the anococcygeus 
muscle from diabetic rats. 

In conclusion, relaxant responses to nitrergic nerve 
stimulation were attenuated in the anococcygeus 
muscle from 8-week STZ-treated rats. Consequently 
the ability of nitric oxide released from N A N C  nerves 
to modulate noradrenergically mediated contractions 
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was also altered.  T h e  findings suggest that  smoo th  
muscle  react ivi ty  to nitric oxide m a y  be  impa i red  in 
diabetes  as responses  to sodium ni t ropruss ide  and 
nitric oxide were  also a t tenua ted .  The  impa i rmen t  in 
nitrergic t ransmiss ion  and nitric oxide respons iveness  
is r eve rsed  in S T Z - t r e a t e d  rats  which have  b e e n  given 
daily injections of  insulin (Way and Reid,  unpubl i shed  
observat ions) ,  conf i rming tha t  the  changes  are re la ted  
to diabetes .  I t  r emains  to be  es tabl ished whe the r  the re- 
lease of  nitric oxide f r o m  nitrergic nerves  is also a l tered 
by  the diabet ic  s tate  in anococcygeus  s m o o t h  muscle.  
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