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Summary. A rat model of infravesical outflow obstruction 
was modified to allow cystometric investigation in con- 
scious, free-moving animals after intrathecal drug admin- 
istration. The catheter position and extent of drug distri- 
bution were controlled by injection of dye and dissection 
of the spinal canal. Continuous cystometries were per- 
formed in awake normal rats as well as rats with bladder 
hypertrophy and hyperactivity following infravesical out- 
flow obstruction. In some animals of each group, cys- 
tometry was performed with simultaneous recording of 
intra-abdominal pressure. The possible effects of the 
presence of the intrathecal catheter were studied, as well as 
the effects of saline, local anesthetics, morphine and 
naloxone administered through the catheter. Neither the 
presence of the intrathecal catheter nor injection of saline 
affected the cystometric pattern. Bupivacaine (50gg) 
produced paralysis of both lower extremities and a 
complete, though reversible, suppression of micturition in 
normal rats. In rats with hypertrophy, intrathecal bupiva- 
caine in doses of 50 gg and 100 gg produced decreases in 
micturition pressure, increases in bladder capacity and 
dribbling incontinence. However, the amplitude of spon- 
taneous contractile activity increased after the adminis- 
tration. The inhibitory effects of morphine (0.5-10 gg) on 
micturition in normal rats, which were rapidly reversed by 
naloxone, were in accordance with results obtained in 
previous studies in anesthetized animals. Rats with blad- 
der hypertrophy showed a similar response to morphine 
and naloxone. However, the bladder hyperactivity was 
not inhibited by morphine. We conclude that the present 
model seems reliable for the study of spinal mechanisms in 
the development of detrusor instability associated with 
infravesical outflow obstruction. 
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Rate subjected to infravesical outflow obstruction are 
known to develop detrusor hyperactivity [10]. In such 
rats, neuronal hypertrophy in both the pelvic and dorsal 
root ganglia has been found [21, 23], and also changes 
in the sacral reflexes, with the appearance of a short- 
latency reflex [22]. Such factors may be of importance 
for the development of detrusor hyperactivity, even if 
causal relationships are difficult to demonstrate. In ad- 
dition, changes within the bladder may be contributory 
factors, such as changes in innervation pattern and 
transmitter contents [1, 15], changes in receptor popula- 
tions [15] and changes in the smooth muscle cells 
[6, 11]. 

We wanted to investigate the possible importance 
and the nature of central nervous events at the spinal 
level in the development of detrusor hyperactivity in the 
rat. The first step was to establish a model of bladder 
hyperactivity in which it was possible to administer 
drugs at appropriate spinal cord levels and to study 
their effects on micturition by means of continuous 
cystometry. We therefore modified our previously des- 
cribed model for cystometrical investigation of rats with 
infravesical outflow obstruction [10], and adopted the 
procedure of Yaksh and Rudy [24] for intrathecal (i.t.) 
administration of drugs. 

In this investigation we tested how the modifications 
of the model and the i.t. catheter influenced the cysto- 
metrogram in normal rats and rats with infravesical 
outflow obstruction. In addition, we tested in both types 
of animal the effects of i.t. administration of some drugs 
with known effects on micturition in normal rats, i.e., 
bupivacaine [25], morphine and naloxone [3, 20]. 

Materials and methods 

Animals 

Female Sprague-Dawley rats (weighing 200-260 g) with or without 
Correspondence to: Y. Igawa; FAX: 46(46)-112598 previous infravesical outflow obstruction were used. 
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Experimental procedures Drugs and administration protocols 

The methods used for establishing an infravesical outflow obstruc- 
tion [14] and the technique of cystometry in awake rats [10] have 
been described in detail previously. The animals were subjected to 
cystometric evaluation 6 weeks after a partial ligature of the 
urethra. Partial obstruction of the urethra induces a significant 
bladder hypertrophy [14] and hyperactivity [10]. Within 2 days 
after removal of the ligature, when the animals of this study were 
investigated, the bladder still exhibits a significant degree of 
hypertrophy and hyperactivity [12, 13]. For simplicity, these pre- 
viously obstructed rats are referred to as "rats with bladder 
hypertrophy". 

Intrathecal catheter. A polyethylene catheter (Clay-Adams PE-10, 
USA) was used. The i.t. portion of the catheter was heated under 
warm water (approximately 50~ and elongated to about twice its 
original length in order to make it slender and soft. 

Insertion of the intrathecal catheter. The original procedure for 
insertion of an i.t. catheter described by Yaksh and Rudy [24] was 
followed. Rats were anesthetized with ketamine (75 mg/kg intra- 
muscularly) and xylazine (15 mg/kg intramuscularly). The atlanto- 
occipital membrane was exposed through a dorsal incision, and a 
small hole made in the dura at this level. The saline-filled catheter 
was inserted into the subarachnoid space through the atlanto- 
occipital membrane and advanced caudally until the tip reached 
the level of the L6-$1 spinal cord segments. Preganglionic neu- 
rons of the sacral parasympathetic nucleus in the rat have been 
reported to be located almost exclusively at this level of the spinal 
cord segments [17]. The catheter was fixed by a suture in the 
superficial dorsal muscle layer. The free end of the catheter was 
sealed. 

Position of the catheter. After dissections in several rats, the 
following.i.t, lengths of catheter were chosen: 8.5 cm (n - 14), 9.0 cm 
(n - 30 and 9.5 cm (n - 11). Ten microliters of dye (1% methylene 
blue) were administered by i.t. injection. The rat was killed 15 rain 
after the injection and the position of the catheter and extent of dye 
distribution were examined. 

Bladder catheterization and continuous cystometry. Two days after 
the i.t. catheterization, a polyethylene catheter (Clay-Adams 
PE-50, USA) was inserted into the bladder through the dome. In 
some animals (n = 6) a separate catheter with a balloon tip was 
placed in the peritoneal cavity for recording of intra-abdominal 
pressure. In obstructed rats the urethral ligation was removed at 
the same time. Cystometry without any anesthesia was performed 
1 and 3 days after bladder catheterization in animals with bladder 
hypertrophy and in normal animals, respectively. Saline was in- 
fused into the bladder at a constant rate of 10 ml/h and 20 ml/h in 
normal rats and in rats with bladder hypertrophy, respectively 
[12]. 

Intravesical pressure and micturition volume were recorded 
continuously on a Grass Polygraph (Quincy, Mass.). Three re- 
producible micturition cycles were recorded before drug adminis- 
tration. This corresponded to a 20-rain period before drug admin- 
istration. After each i.t, administration of drug the recording was 
continued for another 60 rain. In a control group of animals (n = 6) 
only the bladder catheter was inserted, and the cystometric pattern 
was compared with that in animals subjected to i.t. catheteriza- 
tion. 

The following urodynamic parameters were analysed [12]: 
basal pressure, threshold pressure, micturition pressure, micturi- 
tion volume, bladder capacity, residual volume, and amplitude 
and frequency of spontaneous contractile activity. Analysis was 
performed for a 20-min period before drug administration..Drug 
effects on cystometrical parameters were assessed for 60 rain, and 
the most effective two or three micturition cycles were subjected to 
analysis. 

Drugs were administered by i.t. injection in 10 gl saline followed by a 
flush of 15 gl saline for 10 s. An i.t. injection of 10 gl saline was given 
as control prior to drug administration. The injection sites in the 
spinal cord and the extent of dye distribution were confirmed by 
injection of dye in every animal at the end of the experiment. The 
following drugs were used: methylene blue, naloxone hydrochloride 
(Sigma, St. Louis, Mo.), bupivacaine hydrochloride (Astra, S6der- 
t~lje, Sweden) and morphine sulphate (Gacell, Malm6, Sweden). 

The dose of morphine giving complete suppression of the 
micturition reflex was defined as the lowest dose which produced 
dribbling incontinence. Increasing doses of the drug were adminis- 
tered at 60-min intervals. 

statistical analysis 

The results are given as mean values + SEM. Student's paired t-test 
was used for comparison between treatments within the normal or 
the hypertrophied group. Comparison between the groups was 
performed by factorial analysis of variance. A probability level of < 
5 % was accepted for significance. 

Results 

Length of intrathecal catheter and extent of dye distribution 

The level of the L6-S1 spinal  cord segments, where the 
pregangl ionic  neurons  of the sacral parasympathet ic  
nucleus in the rat  are located almost  exclusively [17], 
corresponds to the vertebral  level L2-L3 [7]. The catheter- 
tip was located at this level in 5 of 14 animals  with a 
catheter 8.5 cm long, 27 of 30 with a catheter 9.0 cm long 
and  3 of 11 animals  with a catheter 9.5 cm long. At  15 min  
after inject ion of methylene blue th rough the 9 .0cm 
catheter the dye was dis tr ibuted from the vertebral  level of 
T5-10  to L2-$4  (median vertebral  level T9-L4,  which 
corresponds to the T9-$4  level of the spinal  cord) [7]. 
With  the 8.5 cm catheter the dye was dis tr ibuted more 
rostrally. For  further study, therefore, 9.0 cm was chosen 
as the i.t. length of the catheter. 

Cystometric evaluation after intrathecal catheterization 

In  order to el iminate animals  with possible in jury of the 
spinal  cord caused by the catheterizat ion itself, paralysed 
animals  were killed immediate ly  and  in the remain ing  
animals  10gl saline was injected before the bladder  
catheter was inserted. Some animals  were paralyzed 
immediate ly  after this injection,  even though their appear-  
ance and  behavior  were no rma l  before the injection.  These 
animals  were not  used for further experiments;  dissection 
revealed injuries to the spinal  cord with pene t ra t ion  of the 
catheter into the spinal  cord or subarachno id  hemor-  
rhage. Final ly,  after the cystometric studies, every an imal  
was given i.t. methylene blue (1% 10 ~tl), killed and  then 
dissected to confirm the posi t ion of the catheter and  to 
demonst ra te  diffuse spread of dye and  absence of in jury to 
the spinal  cord. In  the first consecutive 50 animals  the 
success rate was 32%. In the following 50 animals  this rate 
increased to 70 %. 
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Fig. 1. Original recording of bladder pressure (BP, cmH20) and 
micturition volume (MV, ml) during cystometry before and after 
intrathecal administration of normal (-  0.9 %) saline in a normal rat 
with an intrathecal catheter. Asterisk indicates adjustment to 
baseline position 

241 

2 rain 

_ _ F  

F 

Fig. 2. Original recording of bladder pressure (BP, cmH20) and 
micturition volume (MV, ml) during cystometry in a rat with bladder 
hypertrophy. Compared with controls, an increase in the sponta- 
neous activity is noted during filling. Intrathecal injection of normal 
(=0.9%) saline did not affect the cystometric pattern. Asterisk 
indicates adjustment to baseline position 

Table 1. Effects of intrathecal administration of morphine (0.1 I~g) on cystometric parameters in normal rats and rats with bladder hypertrophy 

Normal (n = 6) Hypertrophied (n - 6) 

Control Morphine Control Morphine 

BP 4.8 + 0.9 4.5 _+0.8 7.6 • 0.7 c 8.2 • 0.5 
ThP 10.8 • 2.5 19.9 +4.2 a 13.2 + 1.1 19.2 + 1.8 a 
MP 62.0 • 40.1 • 83.0 • 78.2 +18.4 
MV 1.12 • 0.07 1.47 • 0.15 a 2.52 • 0.47 c 3.50 + 0.59 b'd 

RV 0.04 • 0.03 0.04_+ 0.02 0.14 • 0.05 0.17 • 0.10 
BC 1.16 + 0.10 1.51 + 0.15 a 2.65 + 0.51 ~ 3.67 + 0.70 b'c 

Results are expressed as mean • SEM 
Control vs. Morphine: aP<0.05; bp<0.01 
Normal vs. hypertrophied: ~ P < 0.05; dp < 0.01 
BP, basal pressure (cmH20); ThP, threshold pressure (cmH20), MP, micturition pressure (cmHzO); MV, micturition volume (ml); 
RV, residual volume (ml); BC, bladder capacity (ml) 

The influence of  the procedure  of  i.t. catheterizat ion 
and i.t. injection itself upon  cystometr ic  evaluat ion was 
also investigated. Repeated cystometries in the animals 
subjected to i.t. catheterization gave reproducible  results 
both  in normal  animals and in animals with bladder  
hyper t rophy.  In  normal  animals the bladder  pressure was 
low and almost  devoid o f  spontaneous  fluctuations during 
the filling phase (Fig. 1). On the other  hand,  cys tometry  in 
animals with bladder  hyper t rophy  showed bladder  hyper-  
activity during filling (Fig. 2). The micturi t ion volume and 
bladder  capaci ty were larger ( P <  0.05) in animals with 
hyper t rophy  (n = 6) than in normal  animals (n = 6). Also, 
the basal pressure was higher (P < 0.05) in animals with 
bladder hyper t rophy  than in normal  animals (Table 1). 
There were no significant differences between any urody-  
namic parameters  in control  animals ( n = 6 )  and i.t. 
catheterized animals (n = 6). Neither did i.t. saline injec- 
t ion affect the cystometric  pat tern in any of  the groups 
(Figs. 1, 2). 

Recording of  in t ra-abdominal  pressure during contin- 
uous cys tometry  was per formed in both  normal  animals 
( n = 4 )  and animals with bladder  hyper t rophy  ( n - 2 ) .  
Minor  fluctuations ( < 2 c m H 2 0 )  in in t ra-abdominal  
pressure were recorded only when the animals were 

moving during filling. A rise in in t ra-abdominal  pressure 
(2-6 cm H20)  was noted concomitant ly  with each micturi- 
t ion contract ion (see Fig. 7). 

Effects of bupivacaine 

Normal rats. Bupivacaine (50~tg i.t., n = 7 )  produced  
paralysis of  the hindlimbs, and dribbling incontinence due 
to ur inary  retention (Fig. 3). These effects came on within 
10s and persisted for 8-15ra in  (mean 10.7rain) and 16- 
31rain (mean 25.0min)  as regards the hindlimbs and 
micturition, respectively. The effects were reversible, and 
the cystometric  parameters  were restored to the starting 
level within 40 rain. 

Rats with bladder hypertrophy. Bupivacaine, given by i.t. 
injection in doses o f  50btg ( n = 5 )  and 100~tg (n=6) ,  
p roduced  paralysis of  the hindlimbs and an inhibition of  
micturi t ion (Fig. 4). Micturi t ion pressure decreased f rom 
a mean  of  103 _+ 32 to 49 _+ 17 c m H 2 0  ( P -  0.127) and f rom 
116_+25 to 5 9 + 2 1 c m H 2 0  (P<0 .05) ,  and bladder  ca- 
paci ty increased f rom 1.92_+0.51 to 3.64_+0.56ml 
(P<0 .001)  and 3.02• to 4 .95+0 .68ml  (P<0 .001)  
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Fig. 3. Original recording of bladder pressure (BP, cmHaO) and 
micturition volume (MV, ml) during cystometry before and after 
intrathecal administration of bupivacaine (Bup, 50 pg) in a normal 
rat. Asterisk and arrow indicate adjustment to baseline position and 
start of dribbling incontinence, respectively 

after the injection of 50 and 100 pg, respectively. Drib- 
bling incontinence was noted after injection of both 50 gg 
(4 of 5 animals) and 100 gg (6 of 6 animals). The duration 
of the dribbling incontinence ranged from 3 to 34rain 
(mean 12.6min). The amplitude of the spontaneous 
contractile activity increased (P < 0.001) from a mean of 
8.4+0.9 to 16.3_+1.5 cmH20 after the injection (50 or 
100 gg, n = 11) (Figs. 4, 5). 

Effects of morphine and naloxone 

Normal rats. Morphine (0.1-10 gg i.t., n - 13) produced a 
dose-dependent inhibition of micturition contraction and 
a delay in the onset of micturition, eventually causing 
dribbling incontinence (Fig. 6). The dose of morphine 
needed to produce this complete suppression of the 
micturition reflex ranged from 0.5 gg to 10 gg (median 
0.5 gg, n = 7). The time to the start of dribbling inconti- 
nence varied between 10 and 55rain with a mean of 
28rain. Dribbling incontinence persisted for at least 
30 rain. 

A dose of morphine (0.1 gg i.t., n = 6) lower than those 
producing retention increased threshold pressure, bladder 
capacity and micturition volume significantly (P < 0.05), 
and tended to reduce micturition pressure (ns) (Table 1). 
The time of onset of these effects ranged between 20 and 
30 rain after morphine administration, and the maximum 
effect was seen 30-50 rain after administration. 

Naloxone, administered by i.t. injection in doses of 10 
(n=7) and 100gg (n=6) by itself had no effects on the 
micturition pattern. However, naloxone (10 gg i.t., n -  7) 
rapidly reversed the inhibitory effect of morphine on each 
occasion it was tested (Fig. 6). 
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Fig. 5. Effects of intrathecal administration of bupivacaine (50 or 
100 ~tg, n - 11) and morphine (0.1-10 pg, n - 12) on the amplitude of 
the spontaneous contractile activity in rats with bladder hyper- 
trophy. *** P < 0.001; [] control; [] bupivacaine; [] morphine 
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Fig. 6. Effects of morphine and naloxone in a normal rat. Morphine 
(Morp, 10 pg i.t.) produced urinary retention ending with dribbling 
incontinence. Naloxone (Nalox, 10 pg i.t.) reversed this inhibitory 
effect in the same animal. Asterisk and arrow indicate adjustment to 
baseline position and the start of dribbling incontinence, respect- 
ively. BP, Bladder pressure (cmH20); MV, micturation volume (ml) 

Rats with bladder hypertrophy. Morphine (0.1-10#g i.t., 
n = 12) produced a dose-dependent inhibition of micturi- 
tion, eventually causing retention (Fig. 7). Dribbling 
incontinence due to urinary retention persisted for at least 
30 rain. The amplitude of the spontaneous contractile 
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Fig. 4. Original recording of bladder press- 
ure (BP, cmH20) and micturition volume 
(MV, ml) during cystometry before and 
after intrathecal administration of bupiva- 
caine (Bup, 100 pg) in a rat with bladder 
hypertrophy. Asterisk and arrow indicate 
adjustment to baseline position and start 
of dribbling incontinence, respectively 
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Fig. 7. Effects of morphine (Morp, 10 gg i.t.) and naloxone (Nalox, 
100 gg i.t.) in a rat with bladder hypertrophy. Asterisk and arrow 
indicate adjustment to baseline position and start of dribbling 
incontinence, respectively. BP, Bladder pressure (cmH20); IP, intra- 
abdominal pressure (cmH20); MV, micturition volume (ml) 

activity increased (P  < 0.001) from a mean of 12.9 + 1.7 to 
16.0 + 2.1 cmH20 after morphine administration (Fig. 5). 

A dose of morphine (0.1 l-tg i.t., n = 6) lower than those 
producing retention increased threshold pressure 
(P<0.05), bladder capacity (P<0.01) and micturition 
volume (P<0.01) (Table 1). The effects of this dose of 
morphine on bladder capacity and micturition volume 
were more pronounced (P<0.05 and P<0.01,  respect- 
ively) in animals with bladder hypertrophy than in normal 
animals (Table 1). 

Naloxone (10-100 gg i.t., n = 6) by itself had no effects 
on the micturition pattern, but reversed the inhibitory 
effect of morphine (Fig. 7). 

Discussion 

To investigate the central mechanisms involved in detru- 
sor instability in our rat model of infravesical outflow 
obstruction, we wanted to be able to influence the spinal 
mechanisms involved in micturition. Therefore, an i.t. 
catheter for injection of drugs was desirable. Theoretical- 
ly, the presence of a spinal catheter may influence the 
micturition pattern (as reflected by cystometry) different- 
ly in normal rats and rats with bladder hyperactivity. 
However, isertion of a spinal catheter 9.0 cm long accord- 

ing to the procedure described by Yaksh and Rudy [24], 
which produced a distribution of methylene blue with a 
maximum around the L6-S1 level of the spinal cord, 
caused no changes in the micturition pattern, either in 
normal animals or in rats with outflow obstruction. Thus, 
continuous cystometry in the intrathecally catheterized 
rat gave reproducible results in both groups of animals. 
This confirms the findings of Yaksh et al. [25], who 
described a cystometric model with an intrathecally 
implanted catheter in normal rats, and shows that such a 
model can be used also for studying rats with infravesical 
outflow obstruction and hyperactivity. We also showed by 
means of simultaneous measurements of intravesical and 
intra-abdominal pressure that the bladder pressure re- 
cordings reflected changes in detrusor pressure in both 
normal rats and animals with infravesical outflow ob- 
struction. Particularly in the latter, it was important to 
show that the spontaneous contractions preceding the 
micturition contraction [ 10] were true changes in detrusor 
pressure. 

Intrathecal administration of saline had no effect on 
the cystometrogram, either in normals rats or in animals 
with infravesical outflow obstruction. In contrast, i.t. 
injection of bupivacaine produced dribbling voiding 
(overflow incontinence) and complete paralysis in both 
lower extremities for several minutes; the changes were 
fully reversible. These findings are in good agreement with 
those of Yaksh et al. [25]. 

Previous studies in the rat [3, 4, 9, 20] and several other 
species, including man [5, 8, 18], have shown that 
morphine has an inhibitory action at spinal and supraspi- 
nal sites in the micturition reflex pathways, and that this 
inhibitory action can be antagonized by the opiate 
antagonist, naloxone. In the present study, this was 
confirmed. The dose of i.t. morphine needed to produce 
complete suppression of the micturition reflex in normal 
rats ranged from 0.5 to 10~tg. A dose not producing 
retention (0.1 l~g) increased the threshold pressure, blad- 
der capacity and micturition volume in both groups. All 
effects of morphine were rapidly reversed by intrathecal 
naloxone. 

As in previous investigations [10, 12, 13], the cystomet- 
rogram in rats with infravesical obstruction showed 
spontaneous bladder contractions (hyperactivity) preced- 
ing the micturition contractions. In these animals bupiva- 
caine (50-100 g i.t.) caused an inhibition of the micturi- 
tion contractions as in normal animals, though the 
bladder hyperactivity was not inhibited but rather in- 
creased by bupivacaine. In addition, morphine, in the 
same dose range as in normal rats (0.1-10 gg i.t.), caused 
an inhibition of the micturition contractions, eventually 
causing retention. However, the bladder hyperactivity in 
these animals was not inhibited by morphine. Naloxone 
(10-100 gg i.t.) by itself had no effects on the cystometric 
pattern in any of the groups. These findings were surpris- 
ing, because studies with naloxone in cats [2, 19] and man 
[16] have suggested that opioid mechanisms may be one of 
the factors involved in bladder hyperactivity. Whether 
this means that bladder hyperactivity in rats with 
infravesical outflow obstruction is unrelated to central 
mechanisms (opioid or other) will be investigated further. 
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