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ABSTRACT 

l 
The mechanisms implicated }.n voiding and conJ:inen.c;e are 

far from being settled in the normal as well as in neul:ogenic 

b 1 adder dys tu nc t i on. Unde r sta nd i.ng t hese mec,ha ni sms i s an 

-
essential ste,!? in the managem~nt of t'he bladder dysfunction . , ~ . .. , 
secondary to neur610gical Lesions: l n the cou r 5 e 0 f ,0 u'r -, t:t: -
studies, we demonitrated.th~ exiitence of a,fine co~rdina~ion 

\ .... .. 1 

, 

"synerg i sml! be tweerl th~ sever al componen t s of the lo.wer . - -
...... .... 

urinary t:ract Le.., detl:usor~"proximal ureth'r'al muscle and 
" -

c ~ 

per i urethra 1 stri ated' musc 1 es. This, synerg,i sm i s found to be 

responsible for adeq~ate bladder emptying duri4g voiding- in 

the animal model with intqc't neural axis. The synergism' 
l " 

~ l , ç' 

I\etween the bladder and i ts outlet ls under the control of a 

higher centre in ,the brain stem ,and mediated through the 

spinal cord and peripheral nerves. The cause .of failure of, 

bladder emptyi'ng fol: lowing a spinal lesJon was shown to be â 
1 

lack of synergism between the bladder and its outlet.~ An 
9 ~ \ 

( ----
animal model for chronie multiple sclerol?is-like disease was 

develo~ed and ~roved to show a good urodyn{1iC ,and 

neurologieal correlation with that found in the human 

Tà:fITfc~teër wrth multrPl~-'~clerosis. 

The pharmcological investigation on the bladder and 
~ , " 

urethra shows thâ t there is selective dis tr i but i on of .' 
cholip,e;rgic, adre'nergic and purinergic receptors along the 

individual layers of the smooth muscles of the urethra. On 

the other hand, the importance of the Calcium ions in the 

iii . 
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contractility of the detrusor muscle was aiso studieq • The " ~ 

. effect of sorne Calcium ions antagonists"on the detrusor' 
" \ - '" -

contractility was'ev~lqated. ~hey show ~elective inhibition 
- , ... --:'.~).,-

on the ·detrusor ç6n,fr'ârtio~ bath in v i va a.ond in vitro. The 
11 " 

calcium anta'l:]on i 'Bts may pr~sent a ,new treatment moda li ty for 

controlling bladde~ instBbili ty. 
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RESUME 

Les mechanisrnes impliqués dans la, continence et la 
' ... 

miction sont loin dfêtre établis dans l'état normal ainsi 

que dans la dysfonction vesicale neurogene. Comprendre ces 

mechanismes re~ne importante étape dans le traite-
1 f 

ment de la dysfonction vesicale suite à des lesions neuro-

gènes. Pendant notre étude nous avons dernontré la présence 

d'une coordination 'synergisme' délicate entre differentes 

composantes de l'apparei+ urinaire bas~tel que 'le détruseur, 
, 

l~ musculature de l'urètre proximale et la musculature striée 

peri~r~terale. Ce synergisme est indispensible pour une 

évacuation adéquate de la vessie pendant .la'miction chez -le 

modèl-animal avec un systè~e nerveux intact. Le synergisme 
,,. 

entre la vessie et son col est controlé par un centre situé 
, 

dans le me~ncePh~le~ La transmission se fait à travers la 

~.moelle epin ère et les nerfs péripheriques. L'~ncap~ci~é ~e 

vider la ves ie après une lésion epinière est due à une 

absence de entre la vessie, son col et les 

muscles periuretéraux. Nous avons developé un modèl-

animal sclérose-en-plaques chez le la~in. Ce modèle-

animal a montré une bonne correlation entre les changements 

urodynamiques t neurologiques semblable à la dysfonction 
, , ( 

vésicale chez 1 s patients atteints de sclérose-en-plaques. 

Les investiga ions pharmacologiques sur la vessie et 

fo' 
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r"ur~tre ont montré une distribution selective dans lès 

réçepteurs cl).olinergiques, adrenergiques et purinergiques 
, 

sur les differentes couches d~ muscle lisse de l' ur~tre. 

D'une autre part, l'importance du rôle des ions de Calcium 

dans la contractil i té du muscre dé.truseur a été étudié. 

Les effects de quelques agents bloquers d'ions calciques 

ont été évalué sur la contractilité du détruseur. Ces 

agents montrent une inhibition sue la contractilité, de 

la vessie in vivo et in vitro. Ces résultats montrent 
( 

la possibilité d'utiliser une nouvelle modalité de traite-
, 

ment pour le control d~ la vessie instable. 
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INTRODUCTION 

The'présent know1edge on the bladder 
l' , 

began many 
- Q 

l , , 

centuries ago but it i8 only in the 1ast fifty to-six~yyeai::s 
, -

that we are starting to unqerstapd its mechanism of function. 

Galen described the bladder as a hollow organ made of fibres 

with differ~nt directions and has a sphincter itructure. The 
1 

ancient;: Egyptiar:s gave a fairly detailed description about 

the neurogenic bladder dysfunction in parap~egia in th~ Edwin 

Smith Surgi'cal Papyrus (Elsberg, 1931). Griffiths in 18'91 

gave a detailed description of~the anatomy of the bladder and 

the ~rrangement of the muscle fibres into different layers. 

Barrington was the first to describe the superior centres of 

micturition in the brain stem and their importance in 

regulating micturition. 

Since then, the 1iterature dealing with the lower 

• '" # ' urinary tract has expanded enormously year after year and 

many authors share the main concern of attempting to better 

understand the mechanism of ~ladder and urethral functions •. 

. . The neurogenic bladder dysfunction represents a 

continuous risk to the health and life of patients 

unfortunately affected. Besides being a social problem, the 

morbidity and mortality rises significantly in those patients 

with inappropriately madaged bladder dysfunction. In the 

pr'esent work, l shall try to summarize the results of , 

research conducted in the Urology Departments of the 

-
University of Sherbrooke and McGill University during the 
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last four years. Our approach ta the problem of neurogenic 

bladder dysfunction wa~ categorized under two main goals:' 

The first goal was the d~velopment of ~n animal model for 

" studying the mechanisms'~f continence and voiding in the 

animal with intact spina~cord. This eptailèd special 

emphasis on the role of t1fe detrusor, the different 

components of the bladder outlet which ar&! the smooth 

muscle and striated muscle components of ~he u~inary 

\ sphincteric mechanism. This work was followed by a studi of 

the pharrnacology of the different netirotransmitters and other 

agents and their effect on the urethral musculature. 

other major goal was the study developrnent 

\,' for both a~ute and chronic spinal lesions for the study 0, 

theirsequelae on the dynamics of the bladder and its outlet. 

The possibilit~ of the use of newer pharrnacological agents 

c trol the bladder irritability was also evaluated. 

v' 

the presènt thesis after a general review of the 

'literat e pertinent to the study, th~ results will be 

presented a d discussed in detail in the chronological order 
/ 

of tneir achie ement. 
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REVIEW OF THE LITERATURE 

ANATOMY OF THE BLADDER AND URETHRA~ 

The bladder outlet and urethra are still the subject of 

many divergent opinions concerning both their structure and 
\ 

function. 

The musculature of the urinary bladder or detrtisor is 

~ 
\, 

cl ssically'described to be formed of three layers, an inner 

and uter ,longitudinal layer and a middle circular layer. 

These smooth muscle bundles interming1e with each other 

forming a bro~~ or narrow meshwork with'U decussation aIL 

~ 'through the wa 11. 

Woodburne (1968) and Go~ling (1979) demonttrated that 

the musculature does not form separate layers. 

At the level of the internaI meatus, the detrusor 

bundles tend to converge (Bissada et- al, 1977). However, 
" , 

Tanagho and Smith (1966) 'found tha~ the i~ner longifudinaf 

layer is missing poste~iorly and that 

developk:nt of the middle circular layer. 
) 

there is poor 

As the fibres of 

the inner longitudinal layer reach the bladder neck, they are 

arranged in a radial manner. They converge on the internaI 

meatus where they meet the longitudinal fibres of the ~ 

superficiai trigone at the midI ine posteriorly. ,AlI these 

fibres sweep over the edges of the internaI meatus to 

continue into the urethra as its inner longitudinal coat 

3 
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(Hutdi and Rambo 1967; Hutch, 1967 and Woodburne, 1968). 

The middle circular fibres are weIl developed anteriorly 

(, in the midline above the internaI meatus l without enci~ling 

it. Posteriorly this layer' is the least developed (Tanagho 

and Smith, 1966; Woodburne, 1968) forrning thus an a;rc close 

to and just above the in~ernal meatus. On both sides, the 
, 

fibres fan postero-Iaterally to bind to the lateral edge of 

the deep trigone. Above the level of the uretera1 hiatus, 

the buridles become more superficial (submucosal) to form a 

compl ete ring (Tanagho and Smi th, 1 1966). 

Hutch (1965) described this ring as the ventral segment 

1 ~ of his "base plate". He counted them to be 15-18 individual 

string-like bands of~circu1ar smooth muscles. The most 

caudal ring passed around the bladder neck to ins~rt into the 

apex of the trigone. The most cranial ~re inserted into the 

ureteral hiatus and the remaining rings are,inserted tnto the 

trigone in corresponding position between these two points. 

(F\i~ure 1) 

The outer "l6ngitudinal layer form a weIl f~rrned!coat 

above the level of the internal meatu"s. As the bundles 
....... _-... .::... 1 

approach the bladder neck, the posterior fibres from both 

sides sweep posterolaterally and fuse with th~ anteerior walL 
/ 

~f the prostate (Woodburne, 1968). The rernaining fibres pass 

around the bladder neck ta the opposite wall of the urethra 

thus forming the outer circular muscle coat of the urethra 

(Hutch and Rambo, 1967). (Figure 2) 
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• Figure i. Sagittal section of the bladder bas'e and male 

prox ima 1 ure thra. (1) Mue'osa and i nner LONG musc leI ayer. 
- (2) Middle CIRC layer. (3) Outer LONG layer. (4) Ring of 

middle LONG layer. (5) Deep trigone.' (6) Median lobe of 
prostate. (7)" Post~rior lobe of prostate. (8) External 

. ureb~l\al sphincter. (9) Periurethral striated muscle. (10) 
Tran!sr"erse preeerviea1 arc. (11) Detrusor 1oop. (12) Smooth 
muscle s1ing trom precervical arc to urethral inner LONG 
layer. 

From Bissada et al (1977). 
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Ff~ure 2. Sagittal section of the bladder .pase and urethra 
in the f em ale. ( l ) Ex ter n aIL 0 N G 1 a y e r • ( 2 ) St ria t e cr 
muscle. (3) Uroger}'it.;al diaphragme (4) Urethra. (5) Vaginal 
wall. (6) Striated' muscle. 

From Hutch and Rumbo (1967). 
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The trigonal musculature' is the termination of the 

IJ 

ureteric muscles in the bladder. Woodburne' (1968) follolf{ed 
, " 

the ureteric muscles down to the bladder and noticed that 

the y cros 5 the m id li né to ,b l end wi th those 0 f the oppos i te 

side fortning th~ interureteric fo1d~ Moreover, there i5 a 

downward fanning of th'è u9t'eric musè1e. to form a den,se 

lateral border of the trigone. 

Bladder Trigone: , 

Hutch (1965) and Tanagho' and Srni th (1966) differentiated 

the trigone into superfi.ciaI and deep strata. The superficial 

trigo,ne is a. di~ect continuation of the ureteric"muscie. _ The 
D 

longitudinal muscles of the ure ter fan out uninte~rupted down 

ta the internaI meatus. Passing over the posterior lip of 

the internaI meatus, they unite with those of the opposite 
" 0, JI; ,~ 

side. AlI of 'the fibres contÏnue downward through a 1mbst the 

entirellength of the fema-Ie urethra whereas, in the male, 

most of them are inserOted into the verumontanum where they 

fuse with the musculatur;e of the ejaculatory ducts. 

The deep trigone is a di-rect continùation of Waldeyer's 
Jo 

shea th (Tanagho and Smi th" 1966), alld wi th i ts mate from the 

'other side as well as variable contributions from the 

detrusor muscle, form a roughly triangular sheet of muscle 

tha t lies 1 deep to t'he superf icia 1 trigone. The apex of this 
'''' . [ 

sheet lies at the i"t?ternal meatus where most of the fibres 

arê inserted. The Waldey~r's sheath is a fibrornuscular 
" 
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• 
tubul.iH structure that encircles the distal 3-4 cm of the 

juxtavesical ureter and follows the ureter through - the 

uretèra 1 c-ana 1.. (F igure 3) 

Woodburne (1968) denied the term "Wa 1 deyer 's shea th" and 

found that this investmen't is by the detrusor muscle 
aM no\ 
ureter. ' 

a space 

as an .organized conhective tissue enclo~ure of the 

However, Woodburne belleved that" this "sheath" is 

t:hat separates the ureter, from the reflected detruser musè~,e 

on i ts lowest part. 

The Urethra: .. 
The parts concer ned in the mechan i srn"of ,cont i nenee and 

voiding are tQe proximal urethra, in the male, dow/"to the 

the membranous urethra and nearly the whole female urethra 

(Lapides, 1953, 1958). 

, 

The urethtal muse-ulature is: forrned of two' coats: inner 

longitudïnal and outer circular.: The.inner coat i6 a direct 

continuation of the inner' longitud~nal detrusor coat (Tanagho 

and Smith, 196~; Hutch, 1967 and Woodburne, 1968). It 
, . 

proceeds downwards and inserts into a. dense collagenous 

tissue accumu1ated in the urethral wall a few millimeters 

proximal to the externa1 meatus in the fema1e.' In the male 

subject, the lower end of the inner longitudinal coat 'is' not 

~harp1y del ineated 'and blends l'ii th the prostatic musculature 

and sorne fibres join the m,ore distal urethral musculat""l.tie. 
" 

The crista urethralis represents a mucosa1 fold over the 

downward continuation of the superficia1 trigone (Hutch, 
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Figure 3. 
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Sc hem a tic dia gr am 0 f the reg ion 0 f 'b lad der 
(1) Waldeyer's sheath. (2) Ureter. (3) 
trigone. (4) Deep trigone. (5l Bladder neck. 

From Tanagho and Smith (1966). 
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The outer circular muscle coat is probably deÙ ved from 

the outer longitudinal detrusor coat.. As the latter fibres 

descend, they loop, around the urethra and turn back (Tanagho 

and Smith, 1966; Hutch, 1967; Woodburne, 1968 and Oroes, 

1,974) • The inner longitudinal musc1e layer is weIl 

developed in both sexes (Tanagho and Smith, 1966 and 

Wôodburne, 1968). The circu1ar muscle, is absent or minimal 

in the fema1e. This may be the anatomie basis of the 

greater vu1ne~abi1ity to incontinence in the female 

(Woodburne, 196B). l' 

The Urethra1 Sphincteric Mecha~isms: 

There is still controversy about the ùrethral 

sph i ncter i c mechan i sm. Mos t :of the au thor s agree on 'the 

absence of o' an "anatomic" interna l sphi ncter (Tanagho and 

Smith, 1966; Hutch, 19,67; Woodburne, 1968 and Meunier, 1990). 

Gosling (1979) described circularly arranged bundles of , 

smooth muscle fibres encir~ling thê bladder neck and the . 
, 

preprostatic portion of the urethra. The terms internaI., 

proximal or pre-prostatic urethral sphincter provide an 

accurate description for this particular component of urinary 

tract smooth muscle. Consequentry, the smooth muscle of the 

bladder neck, the- pre-prostatic urethra and the prostatic 

capsule form a single morphological unit whiJ,th i,5 quite , 
separate from the bladder detrusor. The bladder-=-'neck and 

urethral smooth muscle consists of small bundles whicft run an 
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oblique or longitudinal course in the urethral wall. 

According to Hutch and Rambo (1967) the striated 

sph i ncter i s ma inly the "sphincter compressae ur thrae" that 

lies between the two layers of the urogenital diaphragme 

However sorne stria ted musc le fi br es escape by bend i ng sharply 
( 

upward a1"ong the outer surface of the inner longitudinal 

layer of the urethra ta form what he termed "the para­
\ 

urethra1 striated muscle". Th"ts latter inserts into the 

inferior border of the outer circular smooth muscle coat at q 

point half way between the urogenital diaphragm and the 

bl adder neck anter i or 1y in bath sexes. In the male subject, 

1 
the para-urethral muscle extends posteriorly for l cm above 

the urogenital diaphragm but the presence of the prostate 

seerns to pre vent i (s acc~ess t 0 the super i or ha l fi of 'the 
?{ , 

posterior urethraI wall. In the fema1e, striated muscle was 

abundant in tllê superior half of the posterior wall and was 

present up to the b l adder ne~k poster i or ly. (Figure 2). 

Tanaghe et al (1969) described the voluntary external 

sphincter as a group of striated muscle fibres encircling the. 

mernbranous urethra in the male and usually the middle third 

of the urethra in the female or occasionally sorne fibres may 

reach up te the vesico-urethra1 junction. Throughout thei r 

seriaI histological studies done on human bladder and 

urethra, it was clear that the cranial extension of these 

striated muscle fibres is quite inconsistent. 

~ 

Gosling (1979) gave anether description for the striated 

Il 
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"> muscle components. In the male, a group of striated muscle 

fibres are found concentrated around the membranous urethra 

and extending up to the verumontanum. It constitutes the 
, 
"distal intrinsic str i a ted urethra 1 sph i ncter". 1 ts f'ibres 

may be traced inside the prostatic tissue and 'lias a 

relatively minor contrib~tion to the proximal urethra~ This 

distal intrinsic sphincter consists of striated fibres that 

differ both anatomical1y and functionaLly from - the ëxtrinsic 

or periurethral striated musculature of the pelvic floor. 

The fibres of the intr i nsic sphincter have a di ameter o~ 1 ess 

than' hal f the fibres const i t}lting the periurethra 1 leva tor 

ani muscle; furthermore they are functionally classified as 

"sl(!)w twi tch" and they have a different innervation fr0tl\ _ the 

pelvic (splanchnic) nerve. 

, 
The fibres of the periurethra·l- pel v ic muscle belong te 

the "fast twi tch" group and are innerva ted by- the. pudenda l 

nerve (S2,3,&4). 

In the female subject", the" intrinsic sphincter i5 

thickest along the middle third of .the urethra eKcept 

posteriorly where it i5 thin. This intrinsic sphincter is 

ana t,?mica Il y separate from the ad j acent but somewha t remote 

peri-urethral striated muscle of the anterior pel vic floor. 

-"r~;'_The "slow twitch" fibres are meant to ensure passive 

con'tinence whereas the, periurethral "fast twitch" fibres 

cannot maintain a long sustained contraction but they 
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Figure 4. Schematic diagtam of 
tract shown in coronal section. 
(2) Externa 1 str i a ted sphincter. 
muscle. (4) LONG urethral layer. 

13 

, " 

. , 

l .... -,-3 ' 

~-----4 

the female lower urinary 
(1) LpNG urethral layer. 
(3) E'eriurethral striated 

From Gosling (1979). 
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i n c r. e a 5 eth e ure t h raI r e sis tan c e dur i n 9 cou 9 h i n 9 and 
1 

~training. 
• 0 , 

CENTRAL NERV~ REGULATION OF MICTURITION AND CONTINENCE 

Great cl iscrepancies sti Il exist concerning ~he centres 
., . 

for the innervati~on of the bladder and uret'hré in the central 

-
nervous system. Most studies were perforTll~d on mamlTl-'als 

(cats, rabbi ts, monkeys) and very few. on man • 

Nathan (1976) di v ided centra 1 bladder innerva tion into 

three -levels: 
+ 

low, high and highest levels of autonomous 
. ff 

bladder centre. 

The low level autonomoQs bl'adder èentre lies in the 

.c~>nus medUllaris. The' neurones concerned 
. 

for detrusor 

,c 0 n t r a c t ion, . i • e •. par a s y m pat h e tic lie i n the 

intermedi'o1atera l' grey matber of the 3rd sacral < segment 

't 

mainly and usually extend to the. 2nd sacral segment and 
y ~ , . 

" 

occasionally to the. 4th and 5th segm?n~s. The cells of 
1 

origin of th!= somâtic neurones dedicated for the external 

stri~ted.~ri~~y sphinèter are in the anterior horn cçlum~ of 

the 2nd tO' 4th sacral segments. The sympathetic efferent 

for the bladder and urethra arise from the intermediolatera 1 

grey matter of 'the spinal cord llth thoracic segments to the 

2nd 1 umbar segments. 

The high leve'l autonomous blaç1der centre lies in the 

junction of the telencephalon with the diencephalon. This 
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subcortical area consists of two adjacent parts: septa 1 and 

pre-ortie area. These areas are functionally and 

anatomically related ta the hypothalamus bëlow them and with 

the amygda 1 um and h ippocampus above them. The role of these 

different areas on "the bladder and pel vic muscles were 

studied in mammals: the parts" of the hypo tha l amU5 concerned 

are the regions controlling the autonomic nervous system. 
" 

The sep t u m paIl id u mal soi p a con tri but 0 r t 0 t h-e 

parasymp~thet ie and sympa theti c organ i zed acti vi ties (Figure 

5) • 

The highest levels in~luencing the high level autonomie 

centre lie in the frontâ 1 corÈex (medial wa Il of the 5uperior 

frontal gyrus), an,terior part of the eingulate gyrus and the 

rel a te d par t 0 f 't; h e 9 e 0 u 0 f c. cal 1 0 5 U m'. A gai n, d i f fer e nt' 

areas could be assigned' aceording to its effect on the 
, ' 

bladder. In the cat, Gjone and Stelklew (1963) found 

exc,i tatory areas on the lst sensory-motor' area, the anterior' 

cingulate gyrus and the superior part of. the pre-central'. 

" 
gyru5. lnh ibi tory .,inf l uence on bl adder act i v i tl'- was obtained' 

on stimulation of the. same region of the pre- and post-

centr?1 gyrus, and in the subcallosal part of the anterior 

'" cingulate gyrus, in the somatic sensorimotor area II and in 

the orbi tal gyrus. 

.. In man',the paracentral lobule, i.e. the superior part 

of the pre- ~ and post-centra 1 gyr i, is, concerned wi th the 

bladder evacuapon, and control of the pelcvie and perineal 

musculature. - The anterior cingulate gyrus 'i5 a150 a region 
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Figure 5. Sagittal section of the regions of the 
hypothalamus and septum pellucidum in the human brain. (1) 
Lamina terminalis. (2) Optic chiasrnia •. (3) Anterior 
commissure. The sffaàing is over the regions constituting t~e 
high level of autonomous centre. 

From Nathan (1976). 
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of bladder facilitation in man. No def'inite area concerned 
;. 

with bladde'r inhibition was found in or around the region of -
• 

the orbi ta 1 gyrus. (Nathan - 1976). 

Nerve fibres from the frontal and cingulate cortices 

project directly- to reach the hypothalamus, the septum 

pell ucidmn and the pre-optic areas. 

In man, pathways connecting high cortical and 

subcortica l micturition centres are sti Il debatable: after 

cingulotomies nothing is changed in micturition nor 

defecation. However, lesions in the paracentral lobule 

results in inability to micturate associated with strong 

-
spastic extension of the ~ower limbsi this is the paracentral 

lobule syndrome. Excessi ve spast ici ty of levatores ani and 

perineal muscles may be the cause of inability to initiate 

mi'çturition. 

The reticu1ar formation lies in the brain stem. It 1s 

formed of short fibres conhecting va1;1ous nuclear groups 

concerned with the bladder. Both' vesico-stirnu,lant an-d vesico-

relaxant tracts are closely related to each other, h~nce 

lesions in the braïn stem in man almost always involve many 

tracts and structures. 

Kuru (1965) found in the cat, fibres from the vesico-

stimulant centre descend in the lateral reticulo-spinal tract 

and terminate in the intermediolateral region of the 

lumbosacral co~d. 
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The nerve pathways f"t'-om the vesico-relaxing centre 

descend in the ventral reticulo-spinal tract. 'Fibres related 
., .... 

to the external sphincter of the urethra descend to the 

sacral segment along the ,ventral reticulo-spinal tract. 

However, Nathan (1976) found no disturbances of micturition 

in man wi th bi la tet'a l 1 esions of the ventra l reticu,l a-spi nai 

tracts. 

The cerebellum arso has sorne role in micturition. 

St i mu lat ion 0 f the fa s ei 9 i a l nu cIe usd e pre s ses the pe l vic 

nerve discharge and detrusor contraction. Ablation of the 

anterior lobe of the cerebellum in cats, dogs and monkeys 

'1: resu.lte~ in a hyperactive bladder. The function of the 
• . 

cerebellum in innervation of the periurethral striated 

muscles remains undefined (Bradley and Teague, 1969). 

The pathwa~ that conveys information of' bladder fullness 

to the cerebra l cortex is a part of the spino-thalamic tract. 

The same tract 'conveys strangury, bladder pain, and pain 

related to the ureters, vagina and rectum (Nathan 1976), 

Part of the sensation of bladd~r fu1lness is conveyed 

via the sacral part of the posterior columns. The spino-

tha 1 amic tract and the fibres of the pos ter ior co 1 umns end in 
-

the ventaI posterior .lateral nucleus of the thalamus (Nathan 

1976) • 

Efferen,t Innerv.:ation: 

The' innervation of the srnooth musculature of the bladder 
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urethr\a is prOVide~~th divisions of he autonomie 

nerv,ous system.. The external urethral sph~ncter receives 

somatic as weIl as autonomic innervation. 

The parasympathetic efferent arises from the intermed1o­

lat~ral region of the gray matter of the sacral" spinal cord. 

l t t r a voe 1 s for a dis tan c e w i th the sac r a 1 p 1 e x us the n . , 

cQqtinues as the. pel vic nerve in the cat which courses on 

eadh side of the rectum and joins the hypo~astric nerve'to 
.... ' 

fo'rm the' vesical plexus at the bladder base •. (Langley and 

'~nderson 1896). These preganglionic parasympathetic fibres 
1 • 

synapse with postganglionic fibres about the b1add~r and 
t 

"­
urethra.(Wein'and Raezer, 1979). In man, the parasympathatic 

eff~rent forms"a pelvic plexus at the base of the bladder and 
, ." j - '. 

not individua~ nerves (Walsh and Donkei~ 1982). 

The sympathetic effereht orig,inates from the intermedio-

la'teral cell .columns of the spinal cord 
1} 

segmen ts Il th 

,thoracic ,through' 2nd lumbar. I>The preganglionic fibres 

traverse the ventral roots and the trunk ganglion to ex tend 

distally as the'hypogasttic nerve to the vesical pfexus. The . -

majority of the sym~athetic fibres synapse in the inferi9r 

mesenteric plexus ~a'nd hypogastric ,plexuses, and terminate as 
. 

postganglionic adrenergic neurons on the'$mooth muscle fibres 

of the bladder and urethra (Figure 6). 

.. 
The dist'ribution of ~th,e cholinergie and adrener;giè 

, 0 

fibres in the bladder and urethra is still a matter of 

'disagr~ement. 'El Badawi an9 Sqhenk (19~OOnd that' the 
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.Paravertebral 
ganglia 

Pelvic 
ganglia 

NA: Noradrenaline 
ACh: Acetylcholine 

... 

S 2,3,4 

Figure /6. Diagram representing the efferent' i'~nervation to 
the lower urinary tract. Note the'interconnection betwee~ 
bot,h sympathetic and parasympa thetic gang li a. , f.> 
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cholinergie fibres and'ganglia are found in aIl layers of t~e 
. 

bladder. Gosling (1979) agreed that the parasympathetic 
.... . 

innervation is.uniformly distributed throughout the detrusor. 
, 

However, Razer et /1.1 (1973) found less neuronal 

cho1inesterase in the body of the bladder than in the base. 

The density of the cholinergie fibres and their neuron-muscle 
~ 

ratio varie$ according to workers. El Badawi and Sahenk 

(1968), Gosling (1'9'19) and Schulman et al 

neuron-musc1e ratio of the parasympathetic 

detrusor. , 

(1972) found a 1:1 

component~n~ 

Razer et ?l (1973) stated that the nerve-muscle cel1 

rat i 0 i sIe 5 5 th an 1: 1 i n the ,b lad der b 0 d Y • E k et a l (1 9 7 7") 

found that the cholinergie nerve terminaIs in the human 

urethra is 1ess dense than that in the detrusor. 

The adrenergic innervation in the hurnan detrusor an6 

urethra are unequally distributed. Ek et ~l (1977)describea 

numerous adrenergic nerve terminaIs in the smooth musculature • ., ,. 
of the' trigone in \both sexes. But, these n,erve terminaIs are 

'1 v " 
seant y in both urethra and bladder body. They sur round both 

the s~ooth muscle ~undles and the b100d vessels. Gos1ing et 
~ . 

al (1977) found that' the adrenergic innervation in the 

bladder neck and the .female urethra is seant y but it is 

densely arranged in the, preprostàtic urethra, hence, deduced 

that this part acts as a sphincter to prevent retrograde 

eja~ulation • 

Using .specific histoch-em~ical techniques for the 
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selective dernonstration of terminal cholinergie and 
""'" 

postganglionic adrenergic (sympathetic) nerves, El Badawi and 

Schenk (1968) studied the intrinsic i'nnervation of marnmalian 

bladde'r. They demonstrated a pericellular plexus of 

sympathetic fibres around parasyrnpathetic ganglion cells 

providing the first morphological ~vidence for an inter-

action of the two ~omponents of the autonomie nervous system 

peripherally in the bladder wa1
0
fe , 

Innervation of the Striated Urethra1 Sphincter: 

The extet:nal striated urethral sphincter receives 

somatic innervati,on via the pudend,al nerVE;! from the anterior 
" , 

horn cells in the gr~y matter of the 2nd, 3rd and 4th sacral 

segments of the spinal cord. 

Wein et al (1979) found no evidence of the adrenergic 

innervation for the striated periurethral sphincter. 

However" Gosling (1979) found that the motor nerves to the 

male and fernale external in~rinsic slow-twiched.striated . , 

muscle fibres are Qranches of the pelvic (splanchnic) nerve 

and not the:"pudendal nerv:e. El Badawi and Schenk (1974) 

examined the innervation of the striated sphincter of 

different mammalian species and coneluded that the urethral 

~habdosphincter, particularly its upward paraurethral 

extensions has a triple innervation sympathetic, 

parasympathetic and somatic components. The sympa thet i c 

innervation is composed of the perivascular plexuses and 

numerou s i ndepend an t fibres runn i ng 'between the sph i ncter 
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muscle cell.s in close relationsh,ip to their surfaces., The 

.parasympathetic innervation is represented by individually 

discernible nerve fibres forming intricate networks around 

skeletal muscle cells. 

Afferent Innerva tion of. the BI adder\ and Urethra: 
. . 

Both parts of the autonomie nervous system convey 

afferent activity arising from the bladder ta the central 

nervous system., Th'o~e afferent impulses which signal the 

bladder distension (prop~oception) travel via the pelvic 

nerve to the sacral cord. They ascend via the.posterior 

columns. They are responsible for initiation of the detrusor 

reflex contraction in the cat. (~~roat ,et al, 1975). 'P~in, 

touoh and temperature impulses from the bladder reach the 

thoracic spinal cord segments via the hypogastric and 

inferior mesenteric plexus. These impulses travel via the 

spi notha 1 amic tracts (Kuru, 1965 and Nathan, 1976). 
~ 

Uemura et al (1973) using electron microscopy studied 

the afferent fibres of the bladder ~n cats after spinal 

ganglionectomies. They found that the sacral parasympathetic 

afferent innervation of the detrusor' is equally distributed 

throughou,t the bladder. The afferent terminal axons within 

the muscle fascicles are in paraI leI with the smooth muscle 

cel l, th u s m a y a e t ~ s s t r ete h r e e e P, t 0 r s for i nit i a t ion 0 f 
"' 

detrusor contraction. 

The sympathetic afferent Innervation of the detrusor ~as 

scaree throughout the bladder except in the trigone and 

. 
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bladder neck where it was densely arranged. Uemura et al 

(1973) made an observation that the sacral aefer·ent terminaIs 

were approximateIy twiee as numerous as the lumbar afferents 

in the mus.cle layer. The sacral afferents were equally 

distributed in different region of the bladder~but the lumbar 
~ f ~!'l 

afferents were concentrated in the bladder neck of the cat. 

However, in the subrnucosa, the autonomie .afferents_ 

showed a reversaI ratio: the lumbar afferent outnumbered the 

sacral afferent terminaIs. Uemura et il (1973) could not 

find a funetional role of the afferent endings in the 

submucosa bu~ they suggested that pain is transmitted by 

these nerve-endings to th~~hypogastric nerve. 

Bradley et al (1976) had identified 2 types of sens ory 

recept'Ors in the mucosa, and the muscle layer of the bladder 

of cat. Tension receptors were localized in the cpllagen 

layers surrounding the smooth muscle faseicles. Volume or 

length receptors were fewer than tension receptors and were 

lccated with~n the smooth muscle fibres. 

In the urethra, the afferent innervation is brought by 

the branches of the pudendal nerve. Sensory receptors are 

found ~in ,he urethra anq bladder. Both the free ending and 

the laminated types are present. Neither cholinergie nor 

adrenergie nerve fibres were traced ~o thesé sensory 

receptors (El Badawi and Schenk, 1974). 

, 
The peripheral innervation of the bladder and urethra 
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are summar ized in Figure 6. 

The' 'thoraco 1 umba r sy~pa thet,i c ou t f 1 ow çan be di v'ided 

intothree types": 

1. Short pregan?1i~ic fibres (cholinergie) thaat re1ay 

in paravertebral ganglia. The postgang1ionic long fibres 

'(adrenergic) supply: the muscles of the" bladder neck, 
\ 

" \ 

posterior urethra, and, the striated sphincter\. 
1 \ 

2. Long prega\ng l ionic fib't'les (che 1 inerglc) tha t re 1ay 

in the pelvic gang1ia around the bladder base. From these, 

postgang1 ionic shdrt adrenergic fibres innervate the smeoth 

musculature and the·striated sphincter. 

3. Postganglionic fibres (adrenergic) 

\ 

" \ that are 
\ 

to the pelvic parasympathetic ganglia in'hibiting 
\ 

connected 

the parasympathetic transmi ssion. 
\ 

\ 
The sacral parasympathetic outflow main1y censi~,ts of 

'C' 

long preganglionic fibres synapsing in the peivic 

par a s ym pat h e tic 9 an 9 1 i a. From the short postganglionic 

nerves, cholinergic fibres innervate the bladder, urethra and 

the striated sphincter. 

Bradley, in 1978, gave a simpler description of bladder 

innervation. He assurned the presence of 4 reflexes or loops. 

In the cat, Bradley and Conway (1966) described an area in 

the rostral pons, i.e. junction between the mid-brain and 

pons in a dorsal position. This area is concerned with the 

bladder evacuation. 1 t' i ste r me d the n u c leu s 1 0 c u.s 
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coeruleus. Based on this brain stem detrusor nucleus, 

Bradley organized the four loops: 
~, 

LOOp l consists of·axons connecting the frontal lobe 

cortex, to the brain stem detrusor nucleus and vice versa. 

The' latter r~ceives inputs f~om the cerebral cortex,· ~asa,.( 
ganglia, cerebellum, as weIl as from the detrusor'directly 

and indirectly. (Figure 7 & ~) 

Loop II·has a spinal and perip~eral component. The 

peripher l compon~nt ~ris~s as afferent ~ropioceptive axons 

ory,endings are in the detrusor muscle. These are 

conducted via-the pelvic nerve to the sacral cord where they 

ascend as tHe posterior column to the brain stem detrusor 

nucleus. These axons do not synapse bût rather convey long 

route tt)'-the bra i n stem. The descending 'or spina l componen t 
, ' 

of Loop ;\~I originates from the brain stem detrusor nucleus 

and desc~nds along the reticulospinal tract down'to the. 
1 '.' 

intermedio-latera·l neurones present. in the gray matter of the 
4 

sacral cord, 2nd, 3rd _and ,4th segments where they relaYe The 

preganglionic parasympathetic and the postganglionic neurones 
. 

form the rest of the peripheral component. (Brad~ey and 

Teague, 1968). (Figure 8) 

The pudendal nucleus, present in the anterior horns of 

2nd, 3rd, and 4th sacral segments, receives input from the 

sensory axons of the detrusor muscle and from the 

corticospinal tracts. It5 output i5 directed t9 the . 
periurethral striated muscles. ( 

J" 
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Figure 7. Diagram of the 1eft human cerebrum showing' the 
representation of the detrusor muscler~control and the 
per i urethral str iated muscle in the cereb'fa l cortex. 
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~i9u-r-e- 8. Diagram of loop l (left) and both loops l an II 
(r i 9 h t ) . ( l ) Par a - c e n t raI lob u 1 e. ( 2 ) An ter i 0 r v e 1")tÙ S· 0 f 
cerebellum. (3) Pontine mesencephalic reticular fOfm~.1rton. 
(4) Reticulo-spinal tracts. 

,From Bradley et al (1974). 
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LOOp III consists of proprioceptive senso,ry axons froni:-

the detrusor muscle to the s~inal cord ta synapse on the 

'" motor neur ones in the pud end al nue l eus. These afferent 

impulses are inhibitory to the pudendal nucleus. The latter 

continually sends out motor impulses to maintain the pelvic 

floor musculature in tonie contraction during the storage 

phase of bladder filling. (Bradley, 1978). (Figure 9) 

Loo plV con sis t s a.f se g men t a l and su pra spi na 1 

i~nervation of periurethral striated'muscles. (Figure 10') 

The supraspinal innervation cansists of sensory impulses 

from the muscle spindles passing cranially in the posterior 
! .. ~ • 

columns. These ~xons send collate~als ta the cerebellum and 

'thalamus and termina±e in the sensorimator cortex of the , 

fronta i lobes. 

The segmental i~nervation consists of axons arising from 
,"" 'r 

the muscle spindles in the anal sphincter, the pel vic floar , 

mou s cul a t ure and t 0 ale s se r e x te n tin the p e r i ure th raI 

. 'striated muscl"e. These muscle ,spindles are cantro,lled by the 

~Qntra~tian of intrajusal fibres supplied by gamma mator 
~ . , 

neurones. The afferent'sensary axons reach the pudendal 

motar nucleus present in 2nd,' 3rd and 4th1 sacral segments. 

" 
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Detrusor 
Sensory Axons 

Sensory Axons 
from Perlurethral 

Strlated Musculature 

Sansory Axons 
trom Periurethral 

Str/ated Musculature 

1 

2 

Pudental 
Motor Axol1s 

Figure 9. Diagram of loop III and segmental part of loop IV. 
(1) Detrusor nucleus. (2) Pudendal nucleus., 

From Bradley et al (1974). 
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Figure 10. Diagram of supraspinal part of loop IV. (1) 
Sensory pathway. (2) Pyramidal tract. 
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NEUROPHARMACOLOGICAL RECEPTORS IN BLADDER AND URETHRA: 

The effects of the sympathetic and parasympathetic 
, 

innervation on lower urinary tract are mediated by special 

neurotransmitters acting on special pharmacological 

r~ceptors. These receptors are components in the membrane 

that reacts with a specifie neurotransmitter to produce a 

specific action (Raz, 1978). 

A. Adrenergic function: 

Norepinephrine is considered to be the chemical 

transmi tter for the adrenergic receptors (Razer et al, 1973 

and We i net al f l 976) • The adrenergic receptors are 

c1assified into alpha and beta subtypes. The beta-receptors 

predominates in the bladder dame. The alpha-receptors are 

numerous in the region of the bladder base, outlet and 

proximal urethra. (Razer et aJ, 1973; Edvardsen and Stekleiv, 

1968 and Raz and Caine, 1972). 

Stimulation of the alpha-receptors has been correlated 

with depolarization of the smooth muscle cells resulting in 
J 

contraction; wherea~ beta-receptor stimulation results in 

cellular membrane hyperpolarization and inhibition with 

relaxation of the smooth muscle cells. (Bissada et ~f 1977). 
---~ 

The a1pha-adrenergic receptors present in the urethra 

are directly related'to the smooth muscle fibres. (Raz and 

Caine, 1972). However, Tanagho et al (1969) suggested that 

the a1pha-receptors are present in the b100d vesseis and not 
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the smooth m\).sc 1 es of the urethra. They affect the urethra 1 ... 

re~istanc«;'! via the rich vaseular' be,d of the urethra. 

Recenpy, there is eviàenee of two subtypes of alpha-
l., .J 

aà'r energ i'e reçeptors, rl'pha l ~ nd alpha 2 (pos t and pre-

Synaptic respeetively). They have been described in 

.diffeient tissues inc1uding the urethra. (Hoffman and 

Lefkowitz, 1980; MaeGregor and Oiokno, 1"981 and Andresson et 

al, 1981). 

B. Cholinergie Function:' 
" 1 

At r 0 pin e - sen s i t ive c h_~ 1· i n ~ r 9 i e receptors ha ve been 

demonstrated in bladder base and body and urethra of mammals 
.... l-

,; 

and man (Todd and Mack, 1969; Nergardh and Boreus, 1973 and 
~ , 

Raezer et al, 1973) wi th variable eoneentrat ions. .~ 
, ) ~ 

acety 1 cho 1 i ne~~~~e, neurohumoral Whether 

transmi ttér for the parasympathetic innervation is high1y 
, . 

éontroversial. ,Bath pros ag1andins (Taira, 1974) and purine 

nue leot ides such as ATP (B rnstock et al, 1972) .. - are thought 

b h l " ,"'" to e among t e non-cho lnerglc ·transml tters. 
#- , 

-,Other authors (A:mbache and Aboo Zar, 1970) presented 

experimerfta1 evidenee against the concept of chol inergic 
r 

,motor neurones in the detru,s.er. They' stimulated electrical,ly 

'the postganglionic motor neurones i~ th~ ca~, rabbit. and 

guinea pig b],..adder strips. They found little or no, 

diminution in the contractions of the strips 9fter prol?nged 
. 

exposure to high dose of atr?pine. Eserine failed to 

potentiate th~ atropine-resistant contractions. 
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Pros,ta"glandins (PGs) ,are ,structura11y derived from 

prostancic acid and are ZO-carbon polyunsaturated tatty. 

acids, containing an internaI cyc10pentane ring from Ca to C 

12' The nine known PG fami lies (PGA, B, C, D, E, F , F , G 

and Il are identified according to the substituents and theÏr 

configuration on the S":'mernbered ,ring. The rnost abundant 

.naturally occuring PG precursar is arachidonic acid which 

'produces via an enzymatic system c'al~ed PG-synthetase, PGs 0V 
the 2 series (PGZ~' The initial step in the synthesis i9 the 

forma tien 0 f PG endoperox i~es (PGG2 and PGH2). Further 
J .. , ... 

transformation can l,ead ta PGD2, PGE2, PGF2 ' Prastacyclin 

(PGIZ) and Thrombaxane ,AZ' These compou'nd's are widely 

dis t "r i but e il i n t i 5 5 U e san d a c t u pan ta r 9 e t c'e 1 1 sin the 

-Immediate vicinity of theïr '.site of biosynthesis (Mathe et 

al, 1977). ?h~e rale (Of PG-'S on the mammrn~lian urina'ty 

" 
b1adder was focus~d mainly on the PGE and F families. 
. ~ 

Arnbache an" Aboo Zar",,(1970) demonstrated s1uggish~fontraction , 

~f .detrusor str ips under the effect of PGE 2 and PGFzalpha. 
r " 

The abi1ity of the detrusor muscle to synt~etise PG was 

demonstrated by sev'eral authors. Bultitude et al (1976) 

presented evidence of PG-like activity in the bath fluid' of 

""'­
-rabbi t detrusor strips using bio'assay techniques. using' thin 

layer chromatography, these"we~e shawn ta be of the PGE2 

type. Abrams et al (1979) noted that 'addition of arachidonic 

~ci~ fn cru~e human b1adder hçrnogenates promoted the 

biosyn"thesis of PGs and therefore they postulated the 

presence of PG-synthetase enzymatïc system ,in human b.1adder. 
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Others demonstrated the release of PGs into the bladder lumen 

and p.elvic venous blood in response to ves"Îcal distension and 

pelvic nerve stimulation. POE 2 was the one mostly involved as 

shawn bY radio-immunoassay and bioassay itechniques. ~ (Ghoneim 

et al, 1976- and Khalaf et 'al, 1980). 

The effect of PGs on the mamma 1 ian b 1 adder musc le is in 

favour of direct rather than via a neurotransmi tter. Abrams .-. 

é!pd Feneley (l976) noted signiflcant contractions df 'human 

detr u sor st ri ps produced by the addj t i on of PGEl, PGE2 and 
v 

The action of POs remairled u~changed after the 

addition of antagonists ta acetyl choline, 5-

Hydroxytryptamine, histamine and epinephrine. Bultitude et 

al (1976) {ound PGE 2 and PGF2 alpha to cause a dose related 

contraction of several 'mammalian detrusor sti:ip~. They 

observ.ed that indomethacin caused a reduction in .tone and 

1055 of spontaneous acti,vity. They conc1uded that PGE2 i5 

responsible for the ton~ and spontàneous activity in the 
• J ' 

bladder muscle. Khanna et al (1978) demonstrated 

djfferential action o~ PG on the bladder and urethra of the 

rabbi t. Whereas PGF2 al-'pha caused cOl1traclion of bladder 
" 

base and the urethra, PGEZ had no effect on these two 
:' 

s truc t ures. They showed tha t the acti on 0 f these compound s 

is not mediated through muscarinict nicotinic, adrenergic or 

hiwtamine receptors. They proposed the concept of PG 

receptors. Evidence of different actions of'PGF 2alpha and 

PGE2 on human detrusor and urethral strips was also noted by 

Anderss-on and Persson (19.77). They repor~ed that both.;. PGs 
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con tracte.d detrusor strips but urethra l ,str ips responded by 

contraction to PGF 2 a1pha anod were re1axed by PGE2. The 

addition ôf tetrodotoxin did not affect the PG induced o. 

contractions giving evid.ence against 

part ?f the pharmaco10,gic response. 

nerve .transmiss i on a9 

1:1 

Although the effect of PGs on the activi.ky ofbladder 

and urethra 5eems to be independant of the cho1inergic and 

adrenergic system, . litt1e is known regarding the exact mode 

of action of thesee agents. The presence of Calcium ions in 

the bathing medIum i5 necessary for thJr contraction produced 

by PGs (Paton and Daniel, 1967) and e1evating its 

concentration synergizes with or enhances their stimulant 

effect (Ealing et al, 1972). 

The inter act i on be tween PGs and 0 ther "puri nerg ic" 

substances had been raised as a possibi1ity. Dean and Downie 

(197B~ ,and Burnstock et al (1978) ,separately showed·evidence 
. , 

of ATP acting either as, ç neurotransmi tter or a modu1atJ)r of 

the postgangl ionic "purinergic" fibrres. The. med iation of PG 

synthesis by the re1ease of ATP is a -distinct possibi l ity and 

it seems that nOOTcho1 inergic, non-adrenergic 

neurotransmission requires the cooperation of ATP and PGs 

(Dean and Downie', 1978b). 
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IrnEor'tance of Calcium ~ in Smooth Muscle Contractil i ty: 

The contrac~ile protein system in the smooth muscle 

'consis-ts of a) thin filaments with a diameter of' 5-8 nrn 

called "Actin" and b) thick filaments 15-18 nmtin diameter 
, 

termed "myosirr". In presence of l\TP and Calcium i<lns (Ca++), 

myosin reacts, with the active site of the actin molecul'e. 

Beside the contractile protein syst.zr,n, there are two other 

regulatory prôteins tropomyosin and troponin (Hux ley, 1969). 

In the absence of Ca++ the troponin-tropomybsin system acts 

as an inhibitor which brings the adenosine triphosphatase 

(ATPase) activity to.a low level associated with r~laxed 

muscle.' The addition of Ca++ rnerely removes this inhibition 

Ieading to a high levei of ATPase activity and contraction 

(Perry and Grâ~d, 1979). 

The mechanism of action of the neurotransmitters on the 

sm~~usc'le fibres is pr'ObablY mediated by 2 kind~ of ion 

channe 1.5 on the ce Il membrane that a Il ow the entrance of Ca ++ 

(and possible Na+) inside the, cell: potential-,sensitive 

channe rand receptor-opera ted channe 1 (Bo 1 ton, 1979) (F igure 

Il) • Aceording to this theory supported by seyera1 

evidences sbowing that various neurotransmi~ters 

(cholinergie,' adrenergic, pur--inergic and Prostaglandins) 

activate or inhibit the srnooth muscles by altering the level 

of intraeellular Ca++ (Shibata et al, 1968, Paton and Daniel, 

1967 and Bolton, 1979). Whether the Ca++ enter the cell by 

a potential sensitive channel or a receptor operating 

channel, the end result-rs an inerease in the iQ)traee11ular , ' 
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" .Çalcium~Channels The"ory 

" 

(Bolton 1979 ) 

, Figure 11. Schematic diagram of a smooth muscle cell snow-iog 
calcium ions channels. (A Ch) Acetyl choline. (APC) Action 
potential channel. (C.P.) Contractile prot'eins. (PG) 
Prostaglandi,ns. (M) Mitochondria. (NE) Norepinephrine. 
(ROC) Receptor operating channel. (SR) Sarcoplasmic 
reticulum. ' 

From Bolton (1979). 
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Ca++' concentration that acti vates the coupling of actin and 

-myosin. ,Prèventing .the Ca++ entry could be a ,logical way to 

contr'ol the myocardia land ,smooth ITIuscl~ acti v i ty. 

Calcium Ion Antagonists: 

The term Ca++ antagonist was- introC3uced by Fleckenstein 

(1971) to describe the action of those drugs that 

specifical"ly block ca++ depéndant excitation-contraction 

coupling. A variety o'f nJames has, been given to this group of 

drugs including Calcium antagonists, slow channel blocker, 

Calcium channel blocket and Calcium entry blocker (Zsoste~ 

" 
and Church, 1983). The term '''Calcium antagonists" is th,e' 

most .appropriate and wi Il be used throughout the text. 

Although the list of substances that interfere with ca++ 

in f lux i nt 0 the cel 1 i'n c 1 u de ca t ion s ( a s r. an th a nu m, 

Manganese, Cobalt, ,Ni'ckel), local anesthetics, nitrites 

(Rahwan et al, ~979), 
q;; 

the true Calcium antagonists are 
" 

organic compounds such as Verapami1, Nifedipine, Di1tiazem . 
and Prenylamine. The latter are the drugs mostly used 

therapeuticically for cardiac arrythmias, angina and 

hypertension (Zsoster and Church, 1983). 

'It i5 widel~ accepted that the predom.inant effect of 

',ca++ antagonists lS on potential-dependant (AP) channel in 

smooth muscles (Bolton, 1979) ,and known as "slow channel" in 

,myocardium (Zsoster and Church, 1983). The "fast channels'--~ 
, " 

t,hrough which Na+ enters cause !-he initial rise in the action 

potential "(AP) in my'ocardium (Nayler and Grinwald, 1981). 
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'the fast Na+ channels are inactivated by K+ depolarization or 
n 

tetrodotoxi n (Mas.cher, 1970). -~ 

Nayler and Grinwald (19~1) ~howed that Verapi;lmil, 
,. , 

Diltiazem and Nifedipine act selectively on the slow channel 

through which ,Ca++ and possibly.some Na+ enter the myocardia1 

celI. TheY'suggested that Nifedipine m,ay simply inactivate 
1 

the calcium channels in a dose':d~~pendJent wà y, wi'li.le Yerapami l 

" and oi1tiazem in addition interfere with the kinetics:of 

inact i vation and recovery. 

Sorne authors (Nayler and' Grinwald, 1981 and Zsoster and 

Church, 1983) believed that these drugs interfere with the 

avai labi l ity of Ca++ for its physiological rol"e at 

intrace1lular site(s) as weIl. These site's are believed to 

be' the sarcolemna, 
. ' 

the sarcoplasmic reticulum and the 

mitochondria. ,Ver.apamil has been reported to interfere wi th 
'" 

Ca++-ATP use in Îhe sarcolemma. Nifedipine has a more 

selective action on the slow' channels while Verapamil has a 

double inhibitory effect! on the fast channel as weIl. T'he 

use of Ca++ antagonists on vesicourethral musculature had . , 

showIJ a dos.e-dependent deprelising effect o~, srnooth. muscle 

conttaction. Khanna et al (1983) demonstrated such effect of 

Verapami 1 on str ips from the detrusor and urethra of the 

rabbit. Finkbeiner (19B3) noted à diminution of in vitro 

spon~aneous contractility of guiI\,e-a pig detrusor after, 
6 

exposure to Diltiazem. --
The elinical a-pplïca'tion~f Ca++ antagonists in urologi'c 
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patients could be promising. 

-<' 

, 
Forman et al (1978) 

Ni,fedipi'ne on patients with detrusor irritabi lity. 

used 

They 

reported subjective and objective amelioration in their 

fbladder capacity. 
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VISCO-ELASTIC PROPERTIES OF BLADDER AND URETHRA: 

The creation of a mechanica1 mode1 for the bladder and 

its 'mathematica1 analysis ha~ contributed to the 

understanding of the phys ica l behav i our of t1')e det):'usor. 

The three basic mechanical elemènts known are briefly 

presented by Newton, Hooke and Maxwell e1ements (Figure 12). 

V~scosi~y i5 expressed by the dashpot (N~wton e1ement) 
- -

where the re'sultant,force (F) is proportio'nal to viscosity 

coeffrcient (n) and rate of deforrn~tion (X) according to the 

formula F=nX. 

It is obvious thab the dashpot responds on~,~ slowly to 

the action of ,the force regarding the resistance developed. 

f 
Elasti"ç,.ity lS presented bya helical spring (Hooke 

element) where the force (F) is proportiona1 to elasticity 

constant (E) and deformation (X) 

F=EX 

Maxwe Il e 1emen't i6 represented by a Newton and a Hooke 

element in series. Both elements supp1y the sarne force on 

opposite direction (Kondo et al,' 1972). 

The behav iour of the b1adder, being a biolog~cal system, 

depends in great part on the vi sco-e 1 ast ic properties of i ts 

material. 

Visco-elasticity is 'a "passive function". Ih is the 

tendency of the compliance of a material to increase with 
r!.'; 

42 

. ' 

'\ 
,\ 
\. \. , 

1 
.'1 

1 

" 



" 
" 

\ 
; 

i 
1 
t 

, 1 

1. . 
! 
~ . 
1 
1: ' , 
~ 

l " . 
f ( , .-

t 
f 
i 

/ 

A: Newton element 

~F 

! ," 

J 

J 

1 , , -

B: Hooke element 
--"'~X··_J 

- 1 

1 
1 

1 
1 
J 

1 

,1 

l 

~_~"'F, ;3 ~ ~X 
C,: M~well element 

J 
. '. 
, . -------------_._--..--.-- ---~ 

\ 

.. 

1 

1 
" t 
! 
) 

__ ~_i' 

Figure 12. Diagram showing the 3 
(F) force, (X) deforrnation. basic meCh\ical elements 

From KOl)d ~t al (1972'). , 
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time as it is subjected t.O stress (force). When a stress is 

'" applied steadily the tension which initia1ly b,ui1ds up, will 

gradua11y decrease (decay) with the passage of tirne. 

Because the bladder wall contains oollagen, elastin and 

srnooth muscle, it was found _that a combination of Maxwell and 

~ooke elements rtlight represent a mechanica1 model for its 

viscoelastic properties. Kondo et al (1972) suggested a 

mechanical model of three Maxwell elernents and one Hooke 

element for the bladder behaviour in response to fi11ing 

(continence phase). They showed that rapid filling of the 

b1adder (stress) was followed immediately by sudden rise-: in 

t hoe ( i n t r a v es i cal pre s sur e ( te n s ion) • Analysis of this 

component f ~ tted wi th a H.o0k ian el ement. Then after stoppi ng 

th~ f~lling, the intravesical pressure decre~sed rapidly 

(deéay) then gradually to an asymptotic value which is 

grea ter than the intra vesica 1 pressure before the i nject ion. 

They deduced that the pressure (tension) is separated in,to 

contribution from the collagen component (Hookian element) 

and the muscle component (Maxwell element). (Figure 13). 

Cool saet et al (1973) prov ided a mechani cal model wi th 

two instead of three Maxwell elements to be more consistent 

@ <wi th thei r m~asurements. 

Law ~ Lapl ace: ' 
, 

The application of the law of La,place has been used to 

explain urethral and vesical mechanisms of continence aT')d 

voiding (Woodburne, 1960). This law expresses a relation 
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'Figure 13. Diagram showing the mechanical model of tne 
bladder (El' E21 E3 & E4) .con"stant of sping, (Nl, N21 N3) 
coefficient of }.ashpot. 
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.between the pr.ess~re (P) ins ide à-- c10sed vessel and the 

for ces a ris i ,n g f r 0 ID the te n s ion ( T ) i n the wa 1 Iso f the 

vessel. At equil i brium, the pressure' is equal to the tension 

force • By introducing the dimensions of a sphere, the 

pressuree (P) is equal to two tirnes the wall tension (T) 

div ided . by the rad i us (R) of the sphere. 

P = 2T/R 

For a closed cylinder, Laplace's 1aw becomes: pressure 

(P) is equal to the circum~erential wall tension (T) divided 

by the radius of thecylinder (R), thus: P =T/R. 

In case of the bIadder and urethra, most authors (Zinner 

et aIt, 1977) assumed that the thickness of ~he wall is small 

compared to the radius. IThus for simp1icity, L?place's law, 

could be expressed as the pressure (P) equal to the sum of 

tension (T).in any direction divided by the radius (R) of th~ 
1 • ,/ 

curvature iri that "directio,n. / 
, 1 
/ 

Tl T2 { / 

P = + 
" 

RI R2 

Bladder Behaviour During Continence (Accommodation): 
" 

Assuming that the bladder i5 a sphere, Laplace's law is 

P = 2T/R. At c{)nstant pressure, the wall tens ion is 

proportional to -the radius and at constant radius, the 

( 
pressure is proportional to wall tension. Zinner et al 

(1977) showed that the bladder behaves in a non-linear 
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(elastomer) fash.ion when wall tension i5 plotted against 

length (stretch). They showed th~t as the bladder is'empty 

the radius ls sm'all .ë~nd thus the.pressu,re low .. As the vO,lum~ 

is increased ipside the bladder there is initial rise in the 

wall tension and pressu~e. With fùrther increase in the 

volume, the pressure rise is minimal, but .the wall tension 
-

continues to rise unti l a pO'int where sorne pressure is 
1 

attained. At this point further increase ,in the volume . { 

'-, 

(,radius) will raise the wall tension and trigger the ç, 

sensation of voiding. Thisyesents the basis of th~ 

cystometric curve. Zinner et al (1977) showed' that changing 

the degree of elasticity (degree of cross-linking) of the 
"" 

"s.U'bs"tance coincided with cystometrograms from cSlts after 

hypogastric nervé~tion. 

Closure During Continence: 

Applic tian of IJaplace's la,w on th'e urethra o-is not 

.. ' cl,early tustifiable 'because of changes in curvatu.,re,of the 

urethra and thickness of its wall. Zinner et al (1976) 

" stressed the importance of el ast ic i ty of the ure,thra 1 wa Il. 

They proposed an "elastically-inert filler" that surrounds 

the urethra 1 1 umen. This filler transmits a pressure from' 

surrounding ~lastic (mJsc1e)' s_heath and does not exert any 

élastic forces; thus 'cor respond i og ta a laye"}; of spongy .. " 
tiss!le. 
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THE MECHANISM OF VOIDING AND'MICTURITION -- The ~u a l fun c t,.i 0 n 0 f the b lad der for s t 0 r age and 

evacuation still requites explanation. 

, 1 

Several"speculations have peen put forward in order to 

explain both mechanlsms of continence and voiding. As far as 

continence mechanism is concerned, several' factors 'are 

involved. Lapides (1958) proposed two factors essential.for 

the urethral resist~nce during the s~oraga phase viz the 
\ /!,.\..; 

inherent tensio~ of the urethral wall and the length of the 

"functio~al" urethra. He described the ~nt~rnal vesical 
• 

sphincter as a tubular structure compof?ed of bladder smooth "- . 

muscl~ an'a elastic tiss,ue anâ that this sphincter ,repr:sents 

the posterior male urethra and the upper 3/4 of the female 

urethra., Both segments represent the true ,bladder neck. 

During storage, the internaI sphincter is kept closed 

and thus maintains continence~ This is carried out in an > , 

aCltonomous tireless fash.ion 'wi th a n"egl igible exp'endi-ture of 

energy (Lapides, 1958). How~v~r, Hutch (1966) related the 

continence to two sphincters. The internaI sphincter located 

in the base of the bladder "base plà-te" and the urethral 

sphincter located in the proximal 2-3 cm of the ~rethsP' He ,q 

believed that 50 long as the "base' plate" is kept -fIat, 

continence is assured. IBoth sphincters help in this 

achievement. 

Zi~ner et al (1976) described three major elements to 

ensure total continence: inner softness, inner compression, 
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and outer tension of the urethral wall. They believed in the 

softnes~ or plasticity of the inner urethral wall to seai the 

1 umen. The inner urethral compraoSsion is' a passive respo~e 

" outside the regjo~ of" compression. ~ squeeze ,from 

The urethra l wall tension is crucial and devèlops within 

the urethra l wa Il and/ai the surroundi ng structures', and acts 

to ... compress the rF!g i on a f con t i nence. Tens i 6n in the wa Il 

resuits in part fiom the passive characteristic~ of the 
, ,~, 

-elements forming the urethoral wall~ which are cQllagen, 
. . 

e1astin, smooth and striatéd musculature. 

l 
1 

-#4: 
Mechani~ms of ~ladder Outlet'Opening: 

Between conti'nence and voiding, there is a tranF{tion 

period during which the ,bladder aut1et open's. sev~al 

theori~s were proposed to explai~ the mechanisms of bladder 

outlet opening. 

A. Theory of active relaxation: 

According to this theory, the bladder outlet opens by an 

active (reflex) relaxation secondary to b1adder contraction. 

"Th'is relaxation -will result in a dr. in the urethral 

resistance. 

Evans (l93~) presented evidence of reciprocal activit~ 

between the bladder fundus and neck. He postulated that once 

the bladder neck relaxed, the hydrodynamic squeezing of the 

detrusor-allows the urethra ta open and the bladder to empty. 
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( Bradley et al (1974) measured electric activity in the 

hypogastric nerve and found a burst of activity at Qeginning 

and end of micturi~ion. They concluded that the ux~thral 
1 

opening and closure was a nerve"mediated active function. 
-

Jonas and Tanagho (l975) showed a nerve-mediated spinal 

reflex that induced a drop in urethral resistance in response 

to detr~sor contraction. They supported a rol~ for the 

active urethral relaxation prior to voiding. On the other 

hand, Tanagho et al (1969) presented evidence of the ro1e o~ 

the external sphincter relaxation during voiding. 

From the above data ~t seems that for opening of the 

'bladder outlet to OCC~lt, the theory 'of active O~ethral 

relaxation requires that.both smooth and striated muscular 

components should relax' since any of them can produce 

resistance if not relaxed. 

B. Theory of active contraction: 

The essence of this theory relied' mainly on the 

anatomical differentiation of the smooth muscle làyers of the 

proximàl part of the urethra into longitudinal and circular 

layers. Lapides (1958) proposed that voiding occurs after 

the longitudinal urethral muscle layer contracted and forced 

the bladder neck into a funnel by a "bow string" action at 

the bladder neck. 

Bro-Rasmussen et al (l965) after an exhaustive 

dissection of the outlet region held the trigone muscle 

responsible for bladder neck opening. They stated that by 

l, 
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contraction of the trigone muscle, it pulled the posterior 
~ 

part of the ves,ical orifice arid the postet'i~H uppe~ part of 

the urethra upwards and backwards. 

Tanagho et al (1969a) showed that the inner longitudi~al 

urethral coat helps during V'oiding- by reducing the· urethral 

resistance. 

I.n 1965, ·Hutch c:ame with the théory of base plate that 

entailed an active contraction of the detrusor ~o)open the 

bladder outlet. This theory held that the base of the non­

voi~ing bladder is fIat and ~isc~like. The internaI ureihral 

orifice penetrates this plate eccentrically. As the dise 

plate 'was fIat, the bladder outlet was closed. During 

ini t ia/tion of void ing, th'e c'o"n~ract ing detrusor muscul ature 

pulled the lateral borders of the base-plate upwards 
" . 

converting it into a funnel and hence the bladder, outlet was 

opened. 

BrieflYt the normal micturition can be summat.ed as 

fo11ows: 

During the phase of urinary storage, the bladder 

accommodates urine,-without appreciable indrease in the 

intravesica1 pressure. This is due in pa~t to the visco­" ' 

elastic properties of the bladder wall and in other part to 
\ 

neural control via the sympatpetic outflow to the out let and 

the dome. The net results will be c10sure of the internaI 

sphincteric mechanism and inhibition of the bladder activity 

al10wing more fi11ing. 
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Ttte micturition reflex is, initiated mainly by the rise 

in intrftvesical pressure. It ia the latter that provokes the 

sensation of bladder dlsfension that is mediated through 

afferent impulses through pelvic ne~ves. M'icturition is 

mediated via the ~aras~mpathetic outflow to the,detrusor. 

Despite the fact that the sacral segments of-the sp~al cord 
1 

harbour efferent parasym~athe~ic nkurones, it seems that the 

actual organization of the micturition centre lifls i~ 

brail'J stem. The final steps in micturition will be opening ~ 
of the vesical outlet, synchron~us contraction of detrusor 

- . 
with relaxation of the striated mùsculatr~-of the pelvic 

floor and emptying of the bladdêr. The facilitatory'and 

inhibitory impulses which originate at severai levels of the 

nervous system inclriding b~ain stem, cereb~ll?m, and the 

cerebral cortex allow for full copscious control of 

micturition. 
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BLADDER AND URETHRAL BEHAVIOUR IN ~PINAL CORD LESIONS: ,-
~ 

. ""The acute urinary retention following spinal cord injuq~ 

has been described sorne severa1 decades aga (Halmes, 1933). 
, , ~'. 

However the causes Qf failure of the bladder ta evacuate 

during the sp~nal shock phase are 
11 ~~ 

still 
t 

unknawn. Sorne 

attri~uted'it -to'bladder are~lexia secondary ta loss of ner~e 

reflexes (DeGr'oat and Rya11, 1968 and JOl'las- et al, 1975) or 

to increase in the out1et resistance secondary' ta an increase 

iri the sympathetic activity (Edvardsen, 1967) Awad.et al, 
l 

1977 and Rossier et al, 1980). 

, 
The duration of ~shack" phase in man is variable between 

a few weeks to sever~l months depending bn the management of 

.' the bladde·r and the extent and site of the lesion. 

Ultimately, the bladder will regain sorne activity thoijgh 

incomplete. The ~association of chronic spinal 1esions with 
, 

Iower urinary tract dysfunction ls particutarly disabling in 

sever~l diseases a~ particu1arly with multiple sc1erosis 

(M.S.). 
/ ' 

Mu1 tip'le Sclerosis: 

M.S. is the commonest d.emye,linating di,sarder 
.' 

çharacterized by a chroniè and relapsing - course of 
Cl 

neurolagical disorder. The disease prevails in certain 

geographic distrib.ution which i5 narth ta 40 0 latitudes.It 

affects equal1y males and females'. About 61% of cases begin 

between the age of 20 ta 40 years. There is no appreciab1e 

racial factor and a purely heleditary basis seems to be 

j 

53 

1 
1 

_1 



!. 

.', 

< 

1 
t 
~ 

(' ; 
1 

'excluded. Little Is krtown about the etiology of ~he disease. 

,Sorne workers claim to isolate a corona viru~ or a filterable 

agent that has a cytopathic effect (Mitchell et al, 1978). 
" 

It appears that there is a corre'latton' between measles anà 

M.S. and other viruses (Poser, 1979). Irnmuno-iogic studies ,to 1--­

date_ have not yet establ ished whether M.S. ls the resul t of a 

hyperimmune state or a cellular Immunodeficiency. Some 

factors are thought ta be precipitating jor the onset o~ 

agg r a vat i ng for the çour'se such as upper' respi ra tOty tract 

infect i on, immun i za t i on, pregnancy or excess i ve stress 

(Schoënberg et al, 1979). 
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patho~ of mu-I!.i.E.!.~ ~erosis: 

cr Macrosco'pic fi.pdings: , , . 
The disease is confined to the brain and spinal cont • 

. . Gross examination reveals circumscribed patches in the brain 

• 

• 
\ ' 

and spinal cord,. The '''old'' lesions appear gray, gray-red or 
, . 

brown in colour. They are weIL circumscribs9. The number, 

shape, size and location of' the plaques vary}n the nervous 
;' 

tissue •. Alt!hough the plaques are distributed in random, in 

chronic Oqses, thèy are a If!lost a lwa,Ys para ventric.ul ar, i.e. 

between corpus callosum and eaudate nucleus and aroun~ the 

posterior and in~erior hor'ns of the lateral ventricle •. The 

plaques are mainly found in the white matter though the gray 

matter is sometimes involved: In chronic cases, various 

degres of atrophied plaques are found in the brai,n, spinal 

eord and the optic nerve. The leptomeniriges are found to be 

thickened and firmly adherent to the brain (Peters, 1968) •. 
'. 

Microscopie findings: 

" The essence:of ~athogenesis of M~S. 1s demyelination. 

The demyelination is found 'to start around a vessel then 

sp.reads irregularly towards the outer surface. It does not 

followa particular tract: Contrary to the "fresh" lesions, 

the "old" patches are sharply demarcated from the surrounding 

normal nervous tissue. The foci of' demyel ination may 

coalesee and present larger plaques that in genera1 are 

wedge.-shaped or semicircular. They are different from the 

vascular necrosis of the nervous tissue. 
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The lesions in. the ~ray matt,er are found to a variable 

extent in the cerebral cortex, basal ganglia and the adjacent 

white ma,tter, eg thJe int,ernal capsule. In the cerebellum, 

the ,e deep white matter and the dentate nucleus are the' 

prediliction areas for the plaques. , 

In the spinal cord, the lesions merge from white to gray 

matter. They are often symmetrical and located on both sides 

of thé ventral fissure and the dorsal septum. Both the 

posterio~ and central parts of the laterai columns are sites 
"­

for the pl aqu'~s. 
\ 

The anterlor columns are affected close to , 

the ventral fissure. Occasionally, the lesions are 

concentrically found along the central spinal canal~ 
i 

,. ~ --~-----

The optic nerve, chiasma and optic tracts are almost 

alwais involved. Sometimes they ar~ completely demyelinated 

and dùe to the subsequent gliosis they,become atrophie. 

T~é myelin breakdown is a primary disorger leaving the 

axon rnQre or less intact. In general the axons are resistant 

to the noxious agents in M.S. Only in longstanding cases,; 
_..---;.: -~-.., '-sorne foci. may show a minority of deij'enerated axons. The 

nerve cells show higber resistance than the axons to the 

noxious agents. However, swelling of cells are sometimes 

found 1nside the plaques. The breakdown products of the 

myelin sheath are removed by phagocytes o~ glial origine The 

presence of glial cells stuffed with fat droplets indicate a 

"fresh" lesJon. In the centre of the "older" lesions, there 
. 

are no fat-laden glia except perhaps around the vessels. The 
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"healed" l~~iori~'do not conE~in breakdown products. 

,The glial fibres form a thin network in the centre ~ a 
// . 

"fresh" lesion. As the lesion gets "older", the network of 

9 lia 1 fibres bec ornes dense causing the gray-brown c"oloration 

and the firrn consistancy of the lesions. 

Variable amount of perivascular cellular infiltration 

are almost always found in the "fresh" lesions. This 
.... 

infiltratio~ consists of plasma cells and lymphocytes. 
1 

The 

blood vessels inside the plaques may show swollen endotheliu~ 

or occasional thrombi particularly. in "fresh". lesiàns 

(Peters, 1968). 
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Bladder and urethral dysfunction in M.S.: 
. // 

Because of the involvement of ~ê reticulospinal tract 

in the regulation of the lower urinary tract function, damage 

to its continuity by the demyelination process might explain 

the h i 9 h i ne ide n c e 0 f b 1 ad der d y s fun c t ion i n pat i en t S w'\ üt 

M.S. 

Bladder dysfunction is a common presentation in M.S. 

The incidence of occurance varies between 74-97% according to 

various authors (Miller et al, 1965; Piazza and Diokno, 1979; 

Blaivas et al, 1979 and Goldstein et al, 1982-)-. The major 

symptoms are in the form of bladder irritabi1ity: urgency and , 

frequency and urge- i ncont inence (Andersen and Brad ley, 1976; 

• Bradley et al, 1973; Summers, 1978 and Schoenberg et ~1, 

1979) and represen t 50-75%. 0 f the b 1 add e r symptoms. The 

presence of urinary infection ls accelerated and perpetuated 

by residua1 urine and frequent instrumentations. 

Urodynamic studies in the form of cystometry combined 

with EMG of ~e urin'ary sphincter revealoe~ that d~trusor 
ihyper,reflexia qccounted for 50-75%, and bladder areflexia for 

r 

25-40% (Anderson and Bradley, 1976; Bradley et al, 1973 and 

Schoenb'erg et al 1979). The most common EMG finding was 

ves ico-sphi ncteric dyssynerg i a (Go ldst'ei n et al, 1982) where 

there were persistant or augmen,ted EMG activity d':lring , , . 

- voiding. Uncontrolled sphincteric relaxation i5,a less 

common finding. During this phenomenon, there is an 

unvoluntary inhibition of the ex~ernal sphincter represented 

by a period of reduced EMG activity associated with a bladder l 
! , 
l, 
1 
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contraction (Bradley et al, 1973). The incidence of urihary 

incontinence i5 more in womeh that in men. 
t ~..!i 

This i5 probaOly 

because of the better developed urinary sphincteric mechanism 

in men {Bradley et al, 1973}. 

The incidi=nce of upper urinary tract involvement in M. .• S. 

has been reported varying from 21% and 55%. The cause of 

death in 55% of patients with M.S. was found to be due to "' 

urinary tract damage (Darnanski and Keer, 1964). 
1 

r n 0 rd e r t 0 st u d y the,. ev 0 1 ut ion 017 M. S., se ver al 
\ 

atternpts were done to induce a "demyelinating ll disease of the 

central nervous system in several animal species by repeated 
- '. 

) 

injections of heterologous mammalian nervous tissue as a 

5ens~tizing. antigen. The "experimental allergie 

encephalomyelitis" (E.A.E.) was proppsed as a model for M.S. 

in rabbits and guinea pigs and appears to- have had 

considerable support particu1arly after the close resemblance 

between clinical and pathological features of E.A.E. and 

those found in M.S. in humans (Las5man and Wisniewski, 1979). 

Ho w ev e r the 1 i ter a t ure 1 a c k s, t 0 0 u r k n 0 w 1 e d g.e, the an i mal 
~ 

model for M.S. that allows adequa.te urodynamic studies during 

the vario~s phases of the disease. 
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MANAGEMENT OF VESICAL DYSFUNCTION IN' PATIENTS WI~H SPINAL 
, 

CORO LES IONS, 1 • 

Irrespective to the etiology of th~ spinal cord 1esion 
J 

the urologie treatment of the patients rernains essentially 

the same. The primary objective in caring for these patients 

i5 to preserve the renal function. Oonnelly et al (1972) and 

Hackler,,(1977) showed that between 40 and 43 percent of aIl 

spinal cord in jury patients eventually will die of rehal 

disease. Beside preservation of renal function the \. 
achievement of a socially acce'ptable means for handling both 

blaclder functions i8 by itself an important goal. 

Immediately fo1lowing an acute spin'al lesion (trau~atic 

. 
inj ury, acute eX~,cerba tian in M.S.) the state of spina 1 shock 

occurs and may last ,for a few weeks to a few months •• The 

"b1adder activity is absent or severely depressed during this 

phase of spinal shock. The initial management that is agreed 

upon entails a short terrn (5-7 days) indwe1ling catheter 

followed, as soon as the condition of the patient allows, by 

an intermi ttent catheterization. Gut'êrnan and Frankel (1966) 

showed that intermittent catheterization during acute spinal 

shock reduced the incidence of infection and that 70% of the 

patients would become free of the catheter sllbsequently. if 

the intermittent catheteriz?tion program is not avai1able in 
• < 

an institution, Graham (1981) suggested to move the patient 

to~lentre where i t is posrtbTe-;- The appl ic-ation G-f o-1:h'-"'p'-lr _____ ----.-

modalities to evacuate the bladder during the shock phase 

showed no succeS$. Ya1la et al (1976) have' demonstrated that 
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the use lof' Crede's manoeuvre to lnduce bladder, 'emptying was 
, , 

associated with sphincteric contraction. Moreover, the sa me 
... 

auihors showed that injeqtion of Bethanecho1 chloride c'aused ,. 

" a rise in the ur'ethral resistance by contracting the ~~ethra l . .. 
,~ 

muscu'lature as weI r as the detrusor. " .... 

, . 
After "the spinal shock phase fade~caway, the bladder 

, e 

. start!s to r~gain. sorne cpntracti 1 ity. The urodynamic studies, 
Q 0 

- and, parti'cu l ar ly, the cystogram wi 11 h~l P in ca tegor i z i ng the . . . 
nature of ,the eS,tablished bladder and outlet dysfuRction. 

, " 

Thus the f9110w-up of these patients with repeated cystogram 

,'had been\advis~d on periodic basis olf 8 weeks in order to 

-
,,' decide on the therapy (Grâham 1981). The stabi l ized Lower 

'- urinary dysfunction can b~ man,aged by several pr'otocols 
, " 

taking into consideration to start with othe lea'st in'vasive 

moda l i 4i~s and" keep the 

end. 

1. 

~ .. 
P'halmac~r apy: 

i rre'versib le drastic mea"'sure to the . 

, 
Pharmacotherapy has 'enjoyed immense popularity in tfle 

o • \ • t " 
managap!ent of patIents with urinary dysfunction • 

unfortu~elY, t·h~re ;'remain .... s-e'i'eral impediments t: the 
; / 1 r 

effective llse of Pharrnacr.e'utical agents: These obstacles 

incl ude re 1 i ance upon the p'résence of a detrusor ref 1 ex and 

upon'patient, compliance. Moreover, the site of action of 

rnost pharmaceu~ical agents precisely on the lower urinary 

",tract are not. known, precise ly, furtherrnore, their central 

nervous system act ion i s v irtua ll~ unknown. 
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The cno ice of pharmacotherapeut ic- agents fa 1
0

1 under the 

fo11owing categories of drugs: 

1. Drugs that inerease detrusor musèle contract il i ty 

2. Drugs that deerease detrusor muse1e contractility 

3. Drugs that inerease urethra 1 resistanee 

4. Drugs that àeerease urethra1 resistana:e 

5. Drugs for treatment of autopomic dysreflexia 

Drugs i ncre'as i ng detrusor musc le contracta; l i ty: 

These drugs provide excitation of the neuromqscu1ar 

junction. The most popu1ar cholinergic agent' used is 

Bethaneeho1 (Diokno and Lapides, 1977 and Sonda et a 1, 1979}. 

The i nd icat i ons for Be thanecho 1 ine 1 ude detr'usor aref lexia, 

bladder denervation and' increased residual urine volume. 

\» 

Other drugs inc1ude Carbaeho1, Neostigmine and Mestinon. 

The side effects, of these parasympathomirneties are nausea, 

,cramping pain, di.arrhea, bradycardia, postural hypotension 

a~d dizzin'ess. The popularity of t'hese agents h.as deelined 

since the introduction of the intermittent self-

e a th ete riz a t ion (L api des et al, 197 4 ) • 

Drugs decreasing detrusor muscle contractility: 

This group includes the antichol inergic drugs. The main 

indication is to suppress involuntary detrusor contraction. 
, 

They include: Oxybutynin (Diokn.o and Lapides, 1972), 

Propantheline (Finkbeiner et al, 1977), Imiprarnine (Labay and 

Boyarsky, 1973), Methanthel ine"' (Finkbe'iner et al, '1977), 
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,Emepronium (Ulmsten and-Andetson, 1977) and picyclomine (Awad 

et al, 1977). Their .side effects vary in e'xtent but mainly 

ine l ude: . dryness of mouth, v isua 1 bl urri ng, const ipation and 

cardiac arrhythmias. , 
Drugs decreasing urethral :eSis~ce: 

This group of drugs acts on smooth and/or skeletal 

muscle cornponents of the urethral resistanee. They inelude 

alpha-adrenergic blocking agents narnely Phenoxybenzamine ,and 
T 1 {J!J 

Phentolarnine (Krane and 01550n, 1973). Thei r main 

indications are to reduce residua1 urine volume. They are 

also used to prevent autonomie dysref1exia in patients _with 

high spinal cord lesions (Scott and Morrow, J.978). Their 

side effects inelude postural hypotension, taehycardia and 

dï'aphoresis. 

Drugs that reduce the striated muscle tone of the 

external sphincter include Diazeparn, Dantrolene SOdiuIIl{' 

(Murdock et al, 1976) and Baclofen (Florante et al, 1980)'. 

The main indlcation for use of these agents is detrusor-

sphincteric dyssynergi~. Their side effects include 

weakness, drowsiness and hepatotoxicity (Dantrolene). 

Drugs increasing urethral resistance: 

These drugs act directly on the, alpha-adrenergic 

receptors in the bladder outlet region. The result ·is a tise 

in the urethral pressure profile indicating'a higher urethra1 

resistance. This group of drugs inc1ude Ephedrine (Diokno 
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and Taub, 1975), and Phenylproprano1amine (Montague and 

Stewa rd, 1979). Other ci'rugs raise the urethra l res i stance by 

blocking the :t:elaxing effects of beta-adrenergie receptors as 

Propranolol (Awad et al, 1974). The side effeçts include 
1 

irritability, insomnia, elevation of blood pressure and 

eardiae arrhythmias. 

Drugs for autonomie dysref1ex ia: 

These inc 1 ude Phenoxybenzami ne (Scott and Morrow, 

and the gang lion b l oeke r agen t H~x amethon i um (Bors and' 

Comarr, 1971). The main indication is autonomie dysreflexia 
.; 

in patients partieularly with high spinal eord lesions,- i.e'. 

upper thoracie or cervical leve1s. The elinical presentation 

includes paroxysmal hypertensiop, headache and diaphoresis. 

2. Surgica1 manipulation: 
-" 

Several neurosurgical procedures were proposed ta 

improve the impaired bladder function fol1owing spinal .cord 

lesion. A limited number of patients may benefit from them. 

However, carefuJ. preoperative evaluation of the bladder and 
'/ 

its outlet lS important sinee most of these procedures are 

drastie and irreversible. 1 

'~~'. 
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The s~r9iqal manipulation of the neurogenic bladder can 

be categorized under the following headlines: 

2.A \ Surgery for improving detrusor 'force: . 
Sever'al authors attempted several procedures wit'h- the' 

, 
objective being to reinforce a weak detrusor muscle. Sorne 

workers trfed sympathetic denervation together, wit~ a 

pudenda1 neurectomy to 1eave the parasympathetic drive 

unoppos~d. The results were disappointing. Other authors 

favoured a partial bladder resection which may, providing 
v 

thàt ,the detrusor reflex is preserved, re-establish 

satisfactory expulsive force in the remaining detrusor (Orr, 

1937). These' operations did not produce satisfactory resülts 

and thus were abandoned. 

-
The addition of an intestinal ~egment ta the b1adder had 

been advocated to help increase the intravesical pressure. 

The bowel contraction was found insufficient for bladder 
- , 

emptying since the intestinal segment contraction does not 

generate enough tension to maintain a normal opening of the 

bladder outlet during voiding. 

2.8 Surgery ta control bladder hyperactivity: 

These procedures are reserved for persistant, crippling,' 

uncontrollable detrusor hyperreflexia not responding ta 

anticholinergic agents. The techniques airo at either the 

nerve raots concerged in bladder and outlet innervation or 

peripherally on the.bladder. The preoperative evaluation 
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, 
includes percutaneous anesthesia of the sacral roots that 

could be helpful in predicting the result of the oper:ative . .' 
procedure' (Rockswo 'Id et al, 1974). By careful selective 

rh i zotomy, the detrQsor anQ pe l vic f r'oor spasticity were 
, 

reduced as shown by Rockswold et al' (1973). 

. Peripheral surgical denervation of the spastic btadder. 

too~ several~~ but the princip1e remains the same. A 

t r ans v· agi n a l a p pro a c h wa s t r1 i e d b Y Wa r rel ( l 9 7 7 ) • 

Transection of the bladder above the trigone Was carried out 

in order to interrupt the~rlnervation (Turner-Warwick and 

AShken, 1967). Complete perivesical dissection to denervate 

othe bladder has also been tried (Raz et al, 1983). 

2.C Surgery to reduce outlet 'resisteh:t.,ce: 

These procetlures are reserved for decompensated bladders 

associated with high outlet resistance not responding to 
• 

drugs. Pudenda l neurectomy was tr ied but was found ta be of 
. . 

Little or no benefit in reducing the outlet resistance with 

t'he associ"ated erecti le impotence (Bors and Comarr, 1954). 

External sphincterotomy had replaced the need for pu'dendal 

neurectomy. l ts ma i n ind icat ion rema ins detrusor-sphi ncter 

dyssynergia with a decornpensated bladder and associated 

vesico-ureteral reflux. Three types of incision have been 

used for achieving an external sphincterotomYi namely at 12 

o'clock (Madersbacher and Scott, 1976), paramedian (Malarnent, 

1972) and at 3 or 9 o'clock (Currie et al, 1970)., If the 

external sphincterotomy is inadequate to relieve the 
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obstructi~, the procedure could be repeated. Externa1 
1 

sphincterotomy can be associated with, a transurethral 
. 

prostatectorny if voiding is still impossible (Graham, 1981). 

Detrusor-sphincteric dyssynergia associated with sorne 

'diseases particu1ar1y M.S. is much less severe and quite 

var i ab 1 e due t 0 the ev 0 l u ti ve pro ces s 0 f th è dis ea se. 

Sphincterotomy should çmly be rarely indicated- in M.S. 

(Îhaivas et al, 1979). 

3. Elactronic control of rnictur i tion and continence: 

The principle of electric stimulation for achieving 

b 1 a d der e v a c u a t'i 0 n and 5 t 0 r age a pp e ale d ',t 0 se v ~ raI 
./" 

re search e rs pa rt i cu-l ar 1y w i th the in troduct i on of more 

sophisticated ~lectr:onic devices. 

For bladder emptying the early trials entai led direct 

bladder stimulation by application of e,lectrodes 'o~ the 
, 

b1adder: (Bradley et al, 1962). L~er electrades were put 

around=the spinal cord for stimulation (Nashold et al, 1972). 

The problem of sirnu1taneous pelvic f100r contraction createÇJ 

a high intravesical pressure during voiding with high 

urethra1 resistance and poor emptying. By changing the 

modalities of stimulation, it was possible to induee fatigue 
.;t 

of the external sphincter (Tanagho and Schmidt, 1982). 

The use of electric stimulation ta improve continence 

has been tried (C?ldwe11 et al, 1965) with sorne promising 

results. Later, by the use of ~aginal or anal devices, 
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electric stimulation irnproved urge incontinence particu1arly 

in wornen througl:l ,a negati ve. fE7ed back to the detrusor (Godee 
J' 

et al, 19'75). 

Electric stimulation of sldn dermatomes in thè leg was' 

,shawn to control urge incontinence th()ugh the mech/anism i5 

not understood (Khan, 1983).-

4. Mechanical deviees: 

A muLtitude of'devices had been proposed for reducing 

the social and hygenic probiems associateà with incontinence. 

They can_ be placed on a temporary or permanent basis. Sorne 

are very s impl e, others are more el abora te and soph i sticated. 

AIL share the same disadvantage of carrying the risk of 

tectinical~fect and embarrassment. 

\ 

The male appliances are the condom urinal that fits 

Sl)ugly around the penis and has gained wide acceptance. The 

peni re cl amps ca rry the r isk of penil e and urethra l eros ion 

particular1y in" pati'ents devollid of sensation in théir 

geni talia. 

The fema1e app1 iances are more complicated and usually 

uncomfortable. The majority of the devices are appl ied 

intravaginally> in an attempt t to compress the urethra against 

the symphys i s pub'i s. 

The artificial urinary sphincter had' gained popularity 

particularly after improving the technical device. The 
~~i 
~7;' -
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pI:" inciple is ta compress the ~ladder neck (or bulbar urethra) 
-----~ 

bY' a cuff c'ontaining fluid th~t can belshifted away (to a 

reservoir) prior to' voiding. The main compLications remain 
1 

the risk of infection, ero's ion and mechanica 1 fai l ure. 

5. Intermittent clean self-catheterization: 
~~~~~<~~ ----- -

Thi s method had gained wide popu 1 ar,i ty duri ng the l,ast 

decade for the ma nagemen t of pa t i ents wi th neurogen ic 

bladder. Th e pat i en t mus t h a v e som e' de x te ri t Y w i th bot h " " 

'j 

" 
hands. Teaching personnel ate essential for' guidance to the ~ 

patients. Sev~al reports showed remarkable decrease in 

urinary tract infection following the use of this technique 

(Naninga et al, 1982). 

6. Indwell ing catheter,:, ' 

This solution becomes the last resort when intermitt,ent 
1 

cathet,erization is impractical or impossible either assisted 

or self:"induced. However, the care of the indwelling 

catheter and the patient is 
~ 

campI icate, matters further. 

important in order not to 
,"~~-!:.. ' il " 

Changing fhe catheter 

frequently, observation of closed irrigation drainage system 

and debloc'king the catheter are among the basic ru les that 

must be observed. 

7'. Urine diversion: 

This rep~esents the ultimatê' failure of aIl previous 
~ -

solutions be it pharmacological, pedagol c5l]4ca 1 or 
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conservati ve surgical.· Urine di version should not be the 

J 

Hrst choiée and -should be seriously reappraised because of 

the consequences. 
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OBJECTIVES OF THE STUDY 

Throughout the present work we tr ied to shed sorne l igh t 

on the following: 

1. The motility of the bladder and its outlet during 

continence and voiding,in cats with intact spinal cord. 

2. In vi tro pharmacological study of the proximal urethra 

and the detrusor exploring the effect of sorne 

neurotransmitters, Calcium ions and their antagonists. 

3. w The motility of the bladder and its out let during acüte' 

spinal shock phase in cats. 

4. The development of an animal model for M.S. to evaluate 

pome urodynamic parameters during the different phases of the 

disease and to test the effect o'f pharmacological 

manipulations on these.parameters. 
l 

. '. 
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MATERIAL AND' METHODS 

T'he handling and manipulation of the animals througho~ft 

the exp~r iments were approved by' the An ima'l Care Commi ttee in 

both Sherbrooke and McGill UniversLties. 

For the sake of convenience, the m'aterial and 

methodology will be categorized according to the four above-

ment i oned object ives. 

Obiecti ve 1:. 

Mechanism of continence and voiding in control cats: in 

vi vo study: 

A total of 86 adult male cats were included in this 

study. Their weight varied between 2.5 - 4 Kg. Sixt y-one 

'''J, ( 6 l ) we r e s ~u die d und erg e n e ;r a 1 a ne s the s i a ( i n cl u c t ion b y 

ether inha lat ion then ma intenance by alpha-ch 1 ora 1 ose* 50-60 

mg/Kg of body weight dissol'ved in warm isotonie saline and 

injected LV.). Twenty-five (25) cats were decerebrated 

under ether inhalation: once the sraniotomy was done, the 

two occipi tal lobes were removed by suction revea l ing thus 

the corpora quadrigemina. A section in the brain stem was 

done by a blunt spatula between the superior and inferior 

cOlliculi. After proper hemostasis the scalp, was suturE:d 

closed and ether was discontinued. The decerebrate rigidity 

soon appeared in the l imbs. 

------------------------------------------------------~~-----

*alpha-chloralose: Abbott Labora tories 
l 

i' 

, .-, 
.\ , ... 
,1~ 

l' 
1 
f 

72 

-~ .... :~;.1 ... 
• ----------------="'----~~~~-~~--~-~--------. 



( 

( 

( 

, ' 

The exper imenta l set up wa s the same for both the 

anesthetized and the decerebrate groups. The cat was put on 

its back near a heat lamp ta keep the animal warrn. The 

abdomen was i ne i sed al ong the mid-l ine from xi phoid process 

to the symphysis pUbis. The intestines we-re packed away from 

• 
the bladder after sectionïng the rectum to prevent 

transmitted respiratory and intestinal movements from 

reachin~; thé bladder and thus altering the recordings. - The' 

bladder, proximal 
,\ 

(pre-prostatic) urethra and the 

periurethral skeletal muscles were exposed. Minimal 

dissection was carried out in the periurethral fat in order 

to preserve the inn:\vation and vasculature as much as 
Q , 

possible. The bladder w s cannulated by a Size 8 Fr feeding 

tube for fi lling and pressure measuring. The filling medium 

was 0.9% saline vJa'rmed ta 37°. Two fixed points were chosen 

on the anterior wall of the bladder and at the vesicourethra1 

junction., One centimeter away from this fixed point, 2 fine 

black ,si l k s,utures were taken respecti ve ly on the bl adder and 

along the longitudinal axis of the preprostatic urethra. A 

th i r d sut ure wa s ta ken O. 5 cm 1 a ter a l t a t'h e f i xe d po i n t a t 

t?! vesicourethral junction along the-transverse axis of the 
f • 

p,reprostatic urethra. These si lk threads were tied on' to 
.... ~flo 

three force-disp lacement transducers "(Gr as,s ft 0.3). 'record i ng 

thus simultaneously the motili'ty of the detrusor, 

longitudinal and circu~ar ur~thral smooth muscles" 

respecti ve ly. Upwa'rds and downward s def 1 ecti on of the 

writing pens coincided respectively with contraction and 
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relaxation. The vesical and urethral pressures were measured 

by two pressu"re transducers (Statham). The b l adde rand 
. 

urethra were perfused by two Harvard continuo~s perfu~ion 

pumps at constant rates of 1".91 and 0.19 ml/min respectively. 

The EMG (electromyographic) activityof the periurethral 

s'triated muscles was recorded oy two stainless steel wire 
j , 

elect'rodes' isolated except for 2 mm at the tip. These 

el ectrodes were inser ted in the p~r iurethra 1 tissues a t ab,out 

5 '- 7 cm from the vesicourethral junction Lising two 2l gauge 

spinal needles (Figure 14). AlI tracings were recorded on a 

J 
po 1 ygraph Grass EEG mode l 7. 

In order to test the effect of anesthesia on the 

urethrovesical reflexes, we injected anesthetic agents 

systemically (alpha--:chloralose 50-60 mg/Kg body weight LV.) 

and locally around tl?e urethra (2-5 ml of 1% Xylocaine) in 10 
t : 

of the decerebrated 'çats that were kept unt il then wi thout 

anesthes i a. 

By the end of the experiment, the ca"t was sacrificed by 

LV. heavy dose of Nembutal. The decerebrated cats were 

perfused through the carotid arteries by 10% formalin 

solution in order to fix the brain in situ. The craniotomy 

was extended and the whole brain down to the cervical spinal 

cord w;as removed. Serial sagittal sections, at 0.5 mm • 
intervals, of: the brain stem were studied. The sagittal 

sections were stained by Luxol fast blue techni.que. The 

sections were mag~ified 5-7 times ~nd prpjected on paper. 
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EMG 

, Fig ure l 4 • Dia 9 r am s h 0 win 9 the,' i n v i v b ' e l( p e r i men t aIs e t u p 
on the b l adder of the cat. The arrow shows the di rection of 
b 1 a cl der i n fus ion w i th wa rm saI in e • 
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Diagrams'œade of ,the secticons were compared to those of 

'Berman (1968). Special atten-t,ion was focused on the relation 

of the brain stem lesion to tlile nucleus coeruleus and red 
\.., 

nucleus. A total of 15 brains out of 25 decerebrated cats 

were studied. A correlation between the voicling pattern and 

the level of the lesion was th en dône. 

In order to' study the anatomy of the vesicourethral 

junction, the biadder, 'urethra and periurethral musculature 

were removed from 5 male cats, and fixed in 10% formalin 

sOlution;- -- (Figure lS) 

U,nder an operating microscope, a meticulous dissection 

for the b 1 a d cl e r 0 u t 1 e t wa s car rie d 0 u t' t 0 li ber a te - the 
\ 
\ 

bla~der neck, posterior urethra, prostate and periurethral 
\ 

striatecl muscles fram surrounding tissues. Sagittal and 

transverse sections were then clone and stained with Masson 

trichrome and examined with the light microscope. 

'-, 
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Figure 15. Photograph of the bladder and urethr'a of the 
adul t malë cat. The, arrow points to the area of prostate and • periurethral striated muscles. 

" 
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Objectl ve 2 

A. In ~itro pharmacological study of the urethra: 

Cats of either sex weighing 1-3 Kg were decapitated 

under light ether anesthesia. The proximal urethra was 

exposed and severed from the bladder and prostate (in male) , 

down to the symphysis pubis. The urethra was then divided 

into two equal segments in ~ength. One ha l f was hooked 

through its lumen leaving it as an intact rin9' The other 

half was split open along its longitudinal axis (Figure 16). 

Each segment was then suspended in a double jacketed tissue 

bath of 20 ml capacity. One end of the strip was tied to a 
=-= ( 

fixed point ~n the bottom of the bath, the other end- was 

connected ta a force displacement Grass transducer (ft ,0.3) 

by a 6-0 black silk thread. The temperature of the bath\ was 

kept constant at 37 0 C by a thermostatically controlled 

circulating pump (Haake). The bathing medium was Kreb's 

phys)ological solutibn prepared fresh daily and aerated with 

a mixture of 95% oxygen and 5% carbon dioxide. The 
, -'" . 

consti tuents of the Kreb's' solution were as follows: (gm/l) 

o . l 6, N'a He 0 3 2 • l and Glu cos e 2 '. ,1. The saI t s we r e cl i s sol v e d 

in deionized water. Under a basal tension of 1 g, the strips 
t 

were allowed to stabilize for 40-45 minutes before testing 

the drugs. The drugs were addecl cl irect l y to the ba th and the 

response recorded as an isometric contraction (or relaxation) 

wi th a"1 low 1 eve l D.C. amp l ifier mounted on a Grass po l ygraph 

EEG model 7. The doses of the drugs were calculated as their 
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Figure 16. Schemat'ic diagram showing the in vitro set up of 
. the arrangement of the, urethral strips in the cat. 
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.fInal concentration per ml of the solution ~n the bath. The 

observations were plotted as dose-response curves .. These 

,data were analy'zed using the Student's lit" test. D ' 
Drugs: 

1 

The following commercially. available drugs were useél': 
/ 

Bethanechol chloride, pheny1ephrine hydrochloride, atropine 

~
1. 

sulfate, isoproterenol, propranolol, p entolamine, 

prostaglandins ("PG)F2a1Pha and E2' indomet aCIn, adenosine 

triphosphate (ATP), adenosine diphosgilate sodium .(AD~), 

cyc1ic 3,5 adenosine monophosphate (CAMP). Vasoact i ve 

intestinal peptide (VIP), substan,.ce P, bOITIbes~n, neurotensin . 
and bradykinin were synthetized local1y by sofid phàse 

rnethodology ,(St-Pierre et al, 1979; Fournier et al, '1980 and 

St-pierre et al, 1981), 

Stock solutions of PGs and peptides "'Nére prepared and 
o 

stored at -20 o C. PGs were dissolved in a small amount of . 
abso1ute ethano1 and'! di1uted with Kreb q ' solution. AlI other • 

drugs, except for indomethacin, were dissolved in Krebs' 

solution. Indomethacin, freshly prepared for each 

" experiment, was dissolved in O.2M Trizma Hel. 

B. In vitro pharmacologica1 study 00 the detrusor: 

In oreter to test the importance of Calcium ions on the 

detrusor, the following experiments were designed. Adult 

male rabbits' weighing 2-3 Kg were killed by direct blow on 

the neck then exsanguinated. The bladder was, removed and 
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1: 
The sur r 0 und ~;n 9 fat, s e r 0 s a and m u cos a we r e ! opened. 

dissecte off the mj.lscle. The step of ":I;emov Ing the mucosa 
1 • ... " 

1 " r ~ 

ered essential'for imprQvinij the oxygenati6h of th~ 

n and for providing better drug 'contact with ,bath 

f the thin mus,cIe sheet. "Several strips 10 x 4 mm 

were e~cised from the ante\rior wall a10ng the 'vertical axis 

of the b1adder. Each s'trip was fixed at qne 'end to a 

. 1 

Pla t Inym 

1 
1 

tl;1read f 

\1 
• ~ cD 

electrode shaped 1 ike a hook and the other end tied 

e displacement Ùansducer Grass (F,L03) bY'\O s'i l~ 
Another Platinum ring shaped electrode surrou~ the 

, 
upper 'part of the strip. The strip and electrodes w'è,re 

, ' '" 1 \ -
bathed in Kt'ebs' physiologi<;:: solution in ti,sue bat~ w~rmed\ 

to 37°C and aerated with 'a mixture oi 95% 02 and 5% C02 as 

mentioned in the previous section. The strip 15 allowed a 

stabilization period of 40-45 minutes under a basal tension 

of l gm. The isometric contractions were recorded on a Grass 

polygraph simi lar to the one mentioned in the previous 

section (Figure 17). The electric stimulation of the strip 

was carried .out by a Grass stimul ator S88 connected to the 

electrodes. The parameters for e1ectric stimualtion were 15-

25 volts, 50-70 msec duration, app1ied as trains of 

rectangular pulses of 5 sec long and allowing 90 sec interval 

of rest between two consecutive stimulations. In sorne 

experiments, the, frequency o,f stimulation was gradua11y 

increased from 5 to 60 Itz and the response noted. The same 

procedure was repeated 5-10 minutes after adding the Calcium 

antagonist. 
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Figure 17. Schematic diagram of the~ set up used for in vitro 
study of the detrusor strips of the rabbit. (E) platinum 
e l e c t r 0 des , ( S ) e 1 e c tri est ~m u lat 0 r and ( T ) for c e 

displacernent transduêer. 
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In the r est q f the exp et: i me nt s, the f r e que n c y ,0 f 

u electric stimulation was kept- fixed between 10-15 Hz. 

I~: ~)];der 9to check the effeèt 0f Ca++ on the detrusor, 
, . 

several strips were incubated in Ca++-free Krebs' solution 
" 

(from which CaC1 2 was intentionally rernoved) 
" .' 

for a period of 

60-90 'minutes and stimulated electricallly every 10 minutes , . 
1 • 

unti l the response disappèared. " 

Sol ut ion, 0 f CaC 1 2 wa 5 . a d d e d gr ad u aIl yin a cu m u lat ive 

manner,t.o rai se the final bath concentration up ta 10 times 

the Ca++ concentration in the normal Krebs' solution. Five 

minutes after the addition of CaC12 solution, ,the stimulation 

is carried out. The strip was then washed with Ca++-free 

Krebs' solution for 90 m~n until no response is obtaine'd by 

stimulation. The calc~'iJ.ffi antagonist was added to the 

so 1 u tion. This was E0110wed~lO minutes la ter, by CaC1Z '1d 

1 the s t i mu 1 a t ion i s r e p e a te d ~~ e for e • Th us' e a ch s tri p 

" served as its own control for the effect of Calcium 

antagonist. 

~ n an 0 the r par t 0 f the st l.l d y, the de t rus ors tri p s "we r e 

, kept in normal Krebs' solution then subjected to increasing 

dose of' the Cà++-antagonists (Ve~apamil, Nifedipine or. 

Segontin) lO-15'minutes prior ta electric stimulation with 

fixed parameters. The response obtained was calculated as 
( 

percentage of the response obtained by the strip at 0 
o 

concentration of Ca+f antagonists. 
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The amp l i tude ,of the responses (twi tches) of the strips" 

w,?re calculated as the percentage of the maximal amplitude of 

,the control strip. The data were analyzed by Student's "t" 

test and plotted on CUl: ves. 

Drugs: 

Ver a p a ~ il ( Se a r 1 e), Tet rad 0 t 0 x i n ( S i gm a), Nif e d i pin e 

(Mi les),. Prenylamine 9 l uconate "Segontin" '(Hoechst). 

-; 

.\ 

, . 

r 
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Object i ve_2 

Stu dy of the bladder and urethra1 rpechanics in spinal 

shock phase: 

This part of the work was conducted on 27 male and one 

female cat weighing between 3-4 Kg., The cats were grouped 

under 2 groups. Group 1: Il cats with high spinal 1esion 

(between 5th and 6th cervical segments) that,resu1ted in 

quadrip1egic cats. Group II: 17 cats with lower spinal 

section (between 5th and 7th thoracic segments). The 

anesthesia used was ether inha.1ation during the 1aminectorny 

of Group l cats~and ether then alpha-chlora1ose LV. in 

"Group II. Once the cat was anesthetized, the skin over-the 

chosen vertebra l spine was i nci sed, the pa r:avertebra l musc 1 es , , -

retracted and the vertebral laminae exposed. Laminectomy was 

the n p e r for me d exp 0 sin 9 the spi n a'l cor dan dit s men i n g es. 

The spinal cord was then sectioned and about l cm in length 

was removed by suction.. The bleeding was controlled and the 

cat turned on i ts back. The, abdomen_ was opened by midI i ne 

incision, the bladder and its outlet were exposed. The set 
1 

up was performed as mentioned above (in Objecti ve 1). (Figure ,,-
'"'" 14). The set up usually took 30-45 'minutes to complete. The 

recordings of the motil ity\ of bladder, urethra and 

periurethral striated muscles were followed for periods of 

three to eight hours after the spinal section. The following 

components of bladder cycle were evaluated in Il cats mostly 

of Group I: resting intravesical pressure (IVP) between two 

consecutive cycles, the maximum (IVP) at the highest point pf 

• 
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detrusor cycle and the frequency of detrusor cycles per 

minute. We compared these parameters wi th those of a 'contro l 
[) 

group of cats with iptact spinal cord (decerebrated cats 

described in Objective l). The data were analyzed using the 

St u den t' s " tilt est for C om par in 9 the sig nif i ca n ce 0 f the 

resul ts. 

The pharmacological effects of Bethanechol chloride 

(0.05 mg/Kg of body weight I.V.l were studied on 10 cats and 

Phento1amine mesy1ate (1 ugJKg of body weight) was used on 

siK cats in attempt to induce voiding. particular emphasis 

was directed toward 'the effect of these pharmacologie agents 

on the mot i li ty of the detrusor, the ind i v idua 1 l ayers of - the 

urethral musculature and the degree of bladder ernptying. 
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Object ive 4 

Development of animal model for ~~!iE~ Scl~rosis-like 

disease: 

This part of the study was devoted to developing the 
, , 

°experirnental allergic encephalomyelitis (E.A.E.) in an animal 
c 

that permits a convenient evaluation of the bladder and 

urethral behaviour undèr different phases of the disease. 
; 

A group oi 
, 

9 adùlt,male çats were immunized with 

mamma l ian nervous tissue in order to p):oduce an E.A.E. in the 

cat. The nervous tissue utilized was spinal cord from sheep, 

hum a n and gui ne' api 9 and i n j e c t e d i n 4, 3 , and 2 c a t s 

respectively. The immunizing mixture was prepared as 

foLlows: a homogenate of spinal co~d mixed with'equal amount" 

of sterile physiological saline to whiGh àn equal volume of 

Freund's adj uvant R.A. (Difco Lab) was added. Several sites 

were chosen for inoculation: the back of ne'ck l " the feet pads 

in 4 and 5 cats respectively. The total dose inoculated 

varied between 2-4 ml. The procedure for sensitization w~s 

repeated three times at 4-6 week interval. The cats were 

observed weekly for appearance of signs suggesting neurologic 
/ 

lesions. , 

A group of 42 adult male New Zealand rabbits were 

segregated in pairs of equal body weights thus rnaking "21' 

pairs. One rabb~t of each pair was randornly chosen for 

i mtn uni z a t ion ~ n d the 0 the r in e m ber 0 f . the pa i rus e d as i t s 

con t roI. The i mm uni z i n 9 mi x tu r e con ta i ne d lOg m gui ne api 9 
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spinal cord homogeDate mixed with 10 ml of isotonie saline 

. 
and ~20 ml Freundls R.A. Adjuvant. The spi n ale 0 r d s w.e r e 

removed aseptically from 30-35 guinea pigs after lamineetomy. 

Care was taken to ~void as much as possible the nerve roots. 

The mixture was ground in a mortar under aseptic techniques 

then transferred into vacuum sterile test tubes of 10 ml 

capac i ty. The rabbit to be immunized was anesthetized by 

Nembutal 30' mg/Kg body weight intravenously. The paws were 

shaved with an animal hair clipper exposing the footpads. A 

tuberculin needle and syringe were used for the intradermal 

injection of, Oa05 IT).1 of the homog~nate per foot paà. The 

injection site showed a slight bleb and the bleeding,was 

negligible. Each rabbit had a total dose of 100 mg of 

. homogenate intradermally. 

Thè-control member of the pair was anesthestized on the 

same day using Nembu~al. 
\ . The paws were shave~ as in the 

immunized rabbit. Instead of the homogenate, 0.05 ml of . 
sterile isotonie saline was injected in eaeh foot pad using a 

similar l ml tuberculin syringe and needle. Each rabbit 

(control and immunized) was housed. in a separate cage, fed a 

known amount of rabbit chow and kept in the sarne 

environmental conditions (room temperature, illumination and 

humidit~). The rabbits were observed every 2nd day (even 

during the weekends and holidays) for the following data: 

body weight, amount of chow eaten, quantity of stools in the 

bottom of the cage, appearance of neurologie signs 
\ 

particularly in the gait, and the tail heralding the onset of 
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the di sease. 

On the day of the experiment,' the immunized rabbit and 
~ , 

its control underwent neurologie and urodynamic tests. The 

neurologie exarnination was for weight, gait on hard rough 

9 r 0 und, e y e pu p ils and r e a c t ion t è 1 ,i 9 h t , e yen y s t a 9 mus, 

respiratory rate, tone in limbs· and tai l, knee jerk and 

response to pin prick. 

The urodynamic test was Rer.formed on both the irnmunized 
r 

rabbit and ~is control the same day of the neurological 

examination. The urodynamic tests included measurement of 
J \ 

urethral pressure profile and cystomètry. . " 

The catheter used was a local~y made,special double 

lumen size 8 Fr feeding tube graduated in centimeters. , It 
, , ---.. 

consisted of a capillary tube lodged inside the 8 Fr feeding 

tube (Argy le). The tip of the capillary tube passed through 

a si l icone plug held 'at l cm from the tip of the 8 Fr feeding 

tube. The capillary tube was connected to a chamber at the 

extremeOend of the feeding tube, communicating with the 

exterior through two lateral ho les. 
~ . . 

The chamber proximal to 

the silicone plug communicated with the exterior by two 

lateral holes (Figure 18). The capillary tube and the feedi~g 

tube were connected each to a pressure transducer (Statham or 

Trantec Bently 800) and to a perfusion pump (Harvard). The 

tran~d~rs were connected to 

in pOl~raPh Grass 7D. This 

D.C. low level amplifiers built 

ca the ter a Il owed measur i ng the 

urethral pressure profile twice by a single withdrawai • 
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Figur~ 18. Photograph of the modi~ied 2-1umen ca~heter size 
8 Fr. used in the rabbits. 
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Measurement of the urethral pressure profile (UPP): 

The UPP was dORe by the perfusion method described by 

Brown and Whickham. (1969). 
-1 

It assumed that the int~~urethral 

pressure at a point is proportional ta the resistanse offered 

to the continuous flow of liquid at this point. The catheter 

(8 Fr) was lubricated using a water soluble gel and 

introduced per-urethrum in the rabbit. The bl adder was 

evacuated and flushed with isotonie saline ta remave, the 

characteristic urine sediments that might black the tube. 

Once trapped air bubbles were removed from the catheter, the 

pressure transducers and perfusion pumps were connected. The 

perfusion rate was adjusted at 0.38 ml/min wi th warm isot-onic 

saline. This perfusion rate was found ta cause a minimal 

rise in the base line of the pressu~e recording of,3-5 crnH20. 
,'" 7' 

The wi thdrawa-l of the catheter:-~~s dane mechanically using a 

Masterflex speed cantrolled machine at a constant speed of 2 

cm/min. The recording of UPP was done twjce by a single 

withdrawal of the catheter. At least twa reproducible UPP 

recordings were necessary for the data collection. 

Measurement of the cystometrogram (CMG): 

During CMG, the same catheter was used with one tube 

connected ta the presure transducer and the other cannected 

to the perfusion pump held at 1.91 ml/min of warm isotonie 

saline. The catheter was introduced ta the bladder per 
tI 

urethrurn and the bladder emptied before starting the 

procedure. In arder ta record the changes in the intra-
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abdominal pressure that might affect the intraves,lcal 

pressure, a simple 8 Fr feeding tube wasinserted per anum, 

perfused with 0.38 ml/min and connected to the other pressu~e 
. 

t ransducer. The bladder was filled until capacity at which 

spontaneous voiding occured. 

Effect of the anesthesia on the parameters studied: 
\ 

In order to obviate the effect of anesthesia, the above-

mentioned urodynamic studies on each rabbit (immunized and 

control) were conducted under the immobilization reflex 

(I.R.) with sorne modlfication from that described previously 

(Rapson and Jone, 1964). 

The rabbit was grasped firmly by its four limbs with 

both hands while it was in prone position. It was th en 

suddenly turned 180 0 on its back and put in a plastic U-

shaped trough (50 x 11 x 9 cm) and kept in this ~sition with 

gentle hand pressure on for 5-10 seconds. The back and 

flanks of the rabbit were in contact with the floor and side 

walls of the trough respectively. When the rabbit relaxed, 

the hind limbs were gently strapped to the side walls of the 
l 

trough. The size of pupils and respiratory rate were 

ob s e r v e d i n d i ca tin 9 the 1 e ve lof the i mm 0 b i 1 i z a t ion r e f 1 ex. 

Gentle strokes were applied on the neck and chest of the 

rabbit whenever needed to prolong the tonic immobility. AlI 

manipulations were done with the minim;l possible noise and , 
maximal gentleness as the animal was not anesthetized. The 

catheter was then ,passed per urethrum. The UPP followed by 

CMG were done as described above. 
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The whole procedure was repeated on the same rabbit , 
i <..\1 

after general anesthesia using alpha-chloralose (50-60 mg/Kg 

body weight) LV. in 15 pairs and Nembutal (30 mg/Kg body 

weight) LV. in 5 pairs. The leve1 of anesthesia was kept 

close to the b1ink reflex on corneal touch. 

Effect of Calcium Antagonists: 

The effect of Verapamil was tested on 5 rabbits with 

deve10ped E.A.E. CMG was done as mentioned above. Verapami l 

~in the dose of 0.2 'mg/Kg body weight was injected I.V.. The 

cystometry was repeated again 5 min after the injection. The 

changes in bladder capacity were recorded. 

Histopathologica1 studies: 

At the end of each experiment, the immunized rabbit was 

sacrificed by heavy dose of Nembutal LV. or l gm KCl LV. 

The bladder and urethra were immediately removed. Four 

pieces of 10 x 4 mm were taken from the dome, anterior wall, 

trigone and proximal urethra and were immediately frozen 

. under liquid nitrogen and stored there. In order to study 

theDdlstribution and density of the cholinergic fibres, we 

used a specifie acetyl cholinesterase staining tech~~que 

described by Koe11e (1955). 

The principle for staining of specifie acetyl 

cholinesterase (Ch.E)-containing fibres is based upon the 

enzymatic hydrolysis of thioanalogues of acetyl- and 

butyry1choline by enzymes contained in the fresh frozen 
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section, \."ith the precipitation of the liberated thiocholine 

as a mercaptide and its subsequent replacement by copper 
, . 

su 1 ph ide (CuS). Theoaddition of diisopropyl fluorophosphate 

(DFP) inhibited the non-specifie ChE. 

The frozen sections, once eut, were placed on slides, 

allowed to thaw,for one minute then put in the storage 

solution of-DFP for 30 minutes. 'They were then transferred 

to the incubation solution for 5-6D minutes at 38 0 C. 

The Incubat,ion solution contained Cu-glutamate 3.75 gm, 

glycine 250 gm, CUS04.5H20,q.S. 100.0 ml, Malic acid 9.6 gm, 

NaH maleate 52.2 ml, N NaOH q.S. 100.0 ml, Na2S04 40% (W/V), 

the pH wa sad jus t ed t 0 6.0 0 , Mg C 1 2 9 • 5 2 g, ace t y 1 th i 0 c h ~ e 

iodide 23 mg and disti lled H20 1000 ml. 

The slides were thèn transferred to rinse solution 1 

(20% Na2S04 saturated with copper thiocholine "CuThCh") for 5 

minutes then immersed for about one minute each in rinse 

solution 2 (10% Na2S04), saturated with CuThCh and 3(CuThCh­

saturat~d water), following which they were placed for 20 

seconds in Cu S-saturated ammonium sulfide solution, rinsed 

rapidly ln water, fixed in Cu S-saturated 10% formalin, 

dehydrated through Cu S-saturated alcohols and xylol, and 

mounted in balsam. Sorne preparations were counterstained 

with hematoxylin-eosin and others fith the brilliant cresyl 

violet. Sections were also studied with phase-contrast 

rnicroscopy. 
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In order to fix the brain and the spinal-cord in situ, 

the ascending aorta was cannulated and perfused with 10% 

formaI in solution. Through an extended craniotomy and 

larninectomy the bra~~ and spinal cord including the nerve 

roots ,were removed en bloc and hung in a long cyl inder with 

10% formalin solution for further fixation. The brain and 

spinal cord were cut serial1y in transverse sections. A 

minimum of four transverse sections were chosen from each of 

the following ,levels: anterior and posterior hippocarnpus, 

midbrain, pons, medulla oblongata, cervical, dorsal, lumbar 

and sacra l parts of the spina l cord. The sections were 

stained one with each of the :ollowing stains: hema tox il in 

and eosin for cellular infiltration, Luxol fast blue ~or the 

myelin substance, Bodian for the axons and Holzer for the 

glial cells. The sections were examined with light 

microscopy by an Independant neuropathologist without ~nowing 

neither the neurologic nor the urodynamic findings'of the 

rabbi t. The lesions were classified according to the level 

within central nervous system, site (gray or white 

matter) and degree. Grading the degree of lesions was from 1 

to 3 according to the extent of cellular infiltration, and 

demyelination, grade one~being the minimal damage. 

\ 
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RESOLTS 

The same sequentiql arder will be followed in exposing 
• 

the results of the present work. 

Objective 1 

Continence and voiding mechanics in th~ control cats: 

Anatomy of the vesicourethral junction in the cat: 

The gross dissection of the bladder and its outlet 

showed a preprostati~ urethra of about 2 cm long extending 

from the bladder down ~o the prostate that lies deep behind 

the symphysis pubis. The fat surrounding the urethra showed a 

r~ch nerve plexus and blood vessels. At the,level of the 

pros ta te, ske leta l musc 1 e fibres were found surround i ng the 

prostate and fixed to the back of the symphysis pubis (Figure 

19). The histologic examination showed that the preprostatic 

urethral muSculature was totally smooth muscles. There were 

tw\ distinctive separate layers: an inner longitudinal 

(L 0 n g) and 0 II ter ci r cul a r (C i r c), l a y ers th atm in g l e d 

proximally with the detrusor fibres in continuity (Figure 

,20a). 0 More distally, these two layers fused within the 

prostatic glands. The periurethral striated muscle fibres 

were found ta be 'arranged mainly. in circular fashion 

surrounding the urethra and mingling with the ,circular smooth 

muscle fibres (FIgure 20b). 
",., 
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Figure 19. Microphotograph of a transverse section at the 
level of the prostate showiri~ the striated muscle fibres 
surrounding the prostate. H&E x6.5. (U) urethral lumen. 
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Figùre 20a. Microphotograph of a longitudinal section in bhe 
preprostatic urethra of the cat. Note the oute~'longitudinal 
(L) and inner circular (C) arrangement of th~urethral smooth 
muscle fibres. H&E x20 ~~ 

/ 
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Figure 20b. Microphotograph showing tche ·urethral smooth 
d muscles intermingling with the périureth~al striated muscles 

at the level of the prostate of the cat. H&E x20 

o 
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Br a }tl stern e x a fi i n a t ion: : 

A iota l ~f 15 brains from decerebrated cats' were 

ava,i lable for study of ,the level of th) lesion. We divided 

the lesions under three groups accor-tng to their sites in 

, relation to the nucleus caeruleus, at the upper part of the 

floor of the 4th veritricle (Figure 2Ia & b). Lesion type l 

was found in 7 cats, type II in 6 and type III in 2 cats. 
'4{ 

Changes during ~ontinence and voiding: 

Du ri n 9 the s t 0 ra 9 e ph a se, we fou n d a m4 n i mal mus cul a r , 

~otil~ty of both Long aad Circ layers of the urethral srnooth 

muscle. The detrusor (Det) showed sorne osci llations. The 
\~-

frequency of detrusor contractIons was 1.1/min .:!: 0.1 standard 

error "(S.E.). The rest·ing intravesical pressure (LV.P.) was 

5 mm Hg'.! 0.9 (S.E.). The E'MG activity of the per,jurethra1 
• 

----~-------str-i--ated~ musc-les -(PSM) was found stable with minimal 

f 

activity. Just before voidlng, we noticed a contraction of 

Det and 2 different movements of the urethral muscles: 

relaxation of Long and contractions of Circ. This 

"tigh teni ng" mechani sm, descr i bed prev ious ly (Abde l Rahman et 

al, 1981).1 coincided with an addi.tional burst of increased 

act i v i ty of, the, EMG of the PS M. Th i s i 50 VO l ume tric phase was'. 

associated with a rise in both the IVP and intraurethral 

\ 
press~fe (IUP). The voiding phase started when the Long 

urethral layer contracted, the Circ layer relaxed, the DET 

con tr acted and the PSM showed reduced EMG act i v i ty. The IVP 

rose ta 28.6 mm Hz + 3.4 (S.E.) and the flow of urine 

~ppeared as a continuous stream. This continuous pattern of 
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Figure 21a. Schematic diagram of the sagittal section in the 
,brain stem of the cat showing the different le"vels of lesions 
(l-III). (1) Superior colliculus. (2) lnferior colliculus.-
(3) Locus cerulens. (C) Cerebellum. (M) Mi'd-br/ain. (M.O.) 
Medulla oblongata. (P) Pons. 
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Figure 21b. Photograph of the sagittal section in" the brain 
stem of a decerebrated cat. Note the exte,nt of the les ion. 
Masson x 10. 
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voiding (first pattern) dId not totally empty the bladder. 

As the urethra opened, IUP showed an ini tial drop th en became 

equal to IVP throughout voiding since both bladder and 
. 

urethral luminae are free1y communicating. At the end of 

voiding, the urinary stream became interrupted in spurts and 

this 2nd pattern was associated with rhythmic bursts of EMG 

activities of the PSM (Figure 22). The bladder was then 

found tota lly emptied by the end of the 2nd pattern. This 

2nd pattern was found in 22 out of 25 of th"e decerebrated 

cats and was abolished under anesthesia with alpha-
~ , <'~, 

chloralose r.v. and/or after local 2% Xylocaine in~iltration 

around the urethra and bladder base. Under anesthesia (local 
, 

and general) the yoiding pattern was present only as a 

continuous stream (1st pattern) leaving the b1adder half 

-- emptied. 

The correlation between the brain stem lesions and the 

voiding pattern in 15 decerebrated cats, showed that when the 

lesioo (type II) was closer to the rostral pons the 2nd 

pattern was lost. In 2 cats where the lesions (type III) 

were through the mid-pons (n. c3eruleus), voiding reflexes 

were much inhibited (Table 1). 
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Figure 22. Recording of a complete voiding cycle (between 
two arrowheads) in the control group of cats. Note the 
period of EMG silence (lst pattern) followed by rhythmic 
contractions (2nd pattern). The intraurethral pressure (IUP) 
shows a short drop that coincides with relaxation of the CIRC 
and" contraction of LONG urethral smooth muscle layers 
heralding the openlng of the bladder neck. 

104 



\ 

TABLE l 

CORRELATION BETWEEN THE LEVEL OF BRAIN STEM LESION 

AND 

VOIDING PATTERN IN 15 DECEREBRATED CATS 
~ 

',' 
" 

No. 200 pattern 
Lesion type Cats Synergism (%) , voiding (%) 

l 7 7/7 (100) 7/7 (100) , . 
. 
II 6 4/6 (66.6) 5/6 (83.3) 

III 2 0/2 (O~ 0/2 (0) 
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Objecti ve ~ 

A. In vitro s tudy on the urethr a: 

Neither longitudinal nor circular urethral strips 

developed spontaneous rhythmic contractions. 

Effect of cholinergie agonist (Bethanechol chloride) 

n=28 s tr ips: 

AlI the longitudinal strips responded to Bethans::!chol 

chloride by tonic contraction. Augmenting the dose resul ted 

in an augmentation of the response. The response was 

irnrnediate after adding the drug in the bath. Atropine (0.05 

ug/ml) blockèd the Bethanechol effect on the strips. The 

circular strips in their intact ring forms exhibited either 

minimal or no response to Bethanechol. The dose related 

tissue response (Figure 23) showed an overall higher response 

in the long strips. The differences between Long and Circ 

muscle response were highly significant particularly in high 

doses of Bethanechol chloride (P(O.001). The vertica l bars 

represent the standard deviation. 

hydorcholoride) n=28 strips: 

Both Long and Circ strips responded by contraction to 

Phenylephrine. Figure 24 represents a dose-response curve 

that shows no significant dlfferences in the response between 

both 1ayers. The contracti l 
~-/ 

e effect of Phenylephrine was ... 

blocked by Phentolamine (0.01 ug/ml). 
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Figure 23. The dose-response curve of the effect of 
Ure c h 0 1 i ne 0 n the ure t~h r a 0 f the ca t • Not eth e 5 i g nif i ca n t 
d i f fer en c e i n the r e a cl t.i 0 n 0 f LON Gan deI Rel a ye r s t 0 the 
agent. 
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Figure 24. The dose-response curve of the effect of 
Phenylephrine on the urethra of the cat. Both layers (LONG & 
CIRC) reacted in similar fashion. 
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n=22 strips: 

Isoproterenol in doses 0.01-20 ug/ml caused relaxation 

in both Long and Circ 1ayers. Figure 25 shows the dose-
, -

J!'espO-A-se êtrtve,. 
, / 
The re1axing effect of Isoproterenol was 

more significan,t: on the Circ layer (P<O.OOl). Propanolol in a 

dose of 5 ug/ml blocked the relaxing effect on both layers. 

Prostaglandins F2alpha and ~~ n=52 strips: 
- l', 

The effec~ of PGF 2a l p ha (3.5 x 10- 6 - 3.5 x lO",SM) was 

studied on 12 Long and 12 Circ strips. Bot h t Y P e S 0 f s t.r i p s ,. 
responded' by contraction and the responses were dose- i 

dependant. The difference in, the contractile effect: of/ 
/ 

PGF 2a l pha on both Lon: and Circ strips was nOn-Significat 

- (F i g ure 2 6 ), • The con t ra c t i l e e f f e ct 0 f P G F 2 a l ph a 0 n t j e 

strips was not blocked by atrop.ine (4.4 x lÜ- 6r)' 
phemtolamine (3.7 x 10- 7 M) or~by tetrodotox:ï.n (1.5 x lO-6 IM). 

The effect of 'PG'E 2 (3.5 x 10- 6 - 3.5 x' 10-~M) was t'ested 

on 14 Long and 14 Circ strips. PG~2 resulted, in a 

c0t?traction of the Long strips and a relaxation of the Circ 

oriented ones (Figure 27). The effects were dose-dependant. 
" < 

The contractile effect of PGE2 on the Long strips was not 

blocked by atropine (4.4 x 10-6M), Phentolamine 3.7 x 10- 7 ) 

or by tetrodotoxin (1.5 x 10-6M). The relaxant effect on the 

Ci rc stri ps was ne i ther affected by propano 101 (1.9 x 10- SM) 

nor tetrodotoxin (1.5 x lO:6M). 

The s trip s we r e de s.e n s i t i z e d toP G F 2 a l ph a and E 2 b Y 
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Figure 25. The dose-response curve of the effect of 
Isoproterenol on the urethra of the cat. CIRC ,layer shows a 
significantly higher response to the drug . (Relaxation). 
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" Figure 26. The dose-response curve of the effect of 
Prostaglandin F2alpha on the urethra of the cat. Both LONG 
and CIRC react in similar fashion. 
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Figure 27 .. The dose-response curve of the 
prostaglandin E2 on the urethra of the cat. 
significant difference in contraction of LONG and 

of CIRC. 
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gradually increasing the dose until the effect was max imal 

and left in contact with the PGs until they returned to the 

base-line, usua1Iy within 1Q ta 20 minutes. The desensitized 

strips were then challenged with phenylephrine (1 )( IO-SM) 

and isoprenaline (2.1 x lO-6M). The responses to these two 

agonists were similar in amplitu~,~,_-to those -reco'rded in 
, 

strips unexposed to PGs. 

Effect of other agonists: 
I"~ 

The myotropic effects of other agonists on the Long and 

Circ muscle of the urethra are surnmarized \n Table rI. 

Bradykinin contracted bath urethral muscle layers and the 

effect was more pronaunced on the Long strips.' The 

contracti le effect of substance P was almost equai on both 

muscle layers. Ail other tested drugs had no effect on the 
o 

urethra 1 musc l es. 

B. In ~itro study on the detrusor: 

r n pre sen c e 0 f no rm a 1 Kr e b s' sol ut ion, 75- 8 0 % 0 f the 

detrusor strips deve10ped spontaneous rhythmic contractions 

and relaxations of average amplitude (about 0.5 - 1 gm force) 

- --and frequency (mean = 5.6/m i n). This spontaneous per i sta l tic 

movement disappeared in Ca++-free Krebs' solution and 

reappeared by adding Ca++ to the bath to become less frequent 

by increasing [Ca++j concentration to 10 times the 

concentration present in normal Krebs' solution. 

'. 
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Response-frequency curv~ n= ~ strips: 

The electric stimulation of individual detrusor strips 

(10-15 volts, 50-60 msec) resulted in muscle twitches whose 

amplitude increased gradually by incr~asing the fr~quency ~f 

stimulation until a plateau is reached at 55-6~ Hz. Plotting 

the frequency of ele:ctric stimulation and the amplitude of 

the re sp.on se, a con stan t f requency-r es ponse cur ve wa s 
t$ 

obtained. The presence of Tetrodotoxin (1 x (10- 6 M) in the 

bathing solution abolished the response of ~he strips ta 

electric stimulation atrl-lO msec but demonstr~ted ~o or 

minimal effect at 50-60 msec dur&tion. 
(' 

After adding VerapamIl ,(1 x 10-5M and 2 x lO-6M) ta the 

bath, the frequency-response curve diminished ta nearly 50% 

and 25% of the origi~l control studied in the presence of 

it normal Krebs' s'olution. AlI three Ca++ antagonists caused 

srgnificant inhibit,ion in the contractile response. This 
.Q 

in~ibition was shown ta be dose-dependentqwith any of the 
il> 

Ca++-antagonists used (Figure 28a, b & c). 

After incubating the strip in Ca++-free Krebs' solution 

for 60-90 min, no response was ellicited on electric 

stimulation using the same parameters that resulted in' 

response when the stimulation was studied in the presence of 
( 

normal Krebs' solution. 8y gradually adding the CaC12 ta the 
, 

CA++-free Krebs' solution and by applying the same electric 

stimulation, 2 types of responses were noticed. 
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Agonist 

, Bradykinin 
Substance P 
Neurotensin 
Vasoactive peptide 
Cyclic 3.5 adenosine 
rnonophosphate 

Cyclic 3.5 guanosine 

.1 

TABLE II 

Dose 

0.025-5 g!rn1 
0.05-10 g/rnl 
1-5 g!rn1 
1-5 g/rnl 
1-5 g!rn1 

1-5 g/rnl 

1-5 g/ml 
" rnonophosphate 
Adenosine triphosphate 
Adenosine di phosphate 
Bcrnbesin 

1-5 gjml ~ 
1-5 g!rn1 

• Significant difference (p<O.OOl). 
* No significant difference. 
+ = contraction between 0-0.2 gm. 
++ = contraction between 0.2-1 grn. 

.... 

ll4a 

", 

Effect 
LOn9'i- Cir-
tudlOa1 cu1ar 

++ +. 
+ +* 

- ~ ... ,~ 

"" 

No. of 
Experiments 

8 
6 
4 
4 
4 

-4 

4 
4 
4 
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Figure 28a. Effect of Verapamil (VRP) on the frequency 
detrusor. (*) means response curve of the rabbit 

statistically significant (P<O.05). 
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Figure 28b. Effect of Segontin 
r..e s p 0 n sec u r ve 0 f the rab b i 't 
statistically significant (P<O.05) 4 
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Figure 28c. Effect of Nifedipine 
response curve of the rabbit 
statistically significant (P(O.05). 

(NFD) on teh frequency 
detrusor. (*)means 
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a. ~ ~ha~~ ill E.~~I?O~~~: a detrusor tWltch that was 

almost coinciding with the application of the stimulation; 

b. r-a graduaI rlse ln the basal 

tension of the stril? was noted irrespective of the electriç 

stimulation. 

By -increasing the concentration of Ca++ in the medium, 
l 

the phasic responses showed a progressive rise in the 

ampl itude unti 1 a Ca++ concentratioJ:l of 0.5 lM was reached 

and then gradually declined with further addition of Ca++. 

(Figure 29). 

In the presence of Verapami l (2 x lO-6M) both the T and 

P con t r a c t ion s we r e sig nif i c a' ft t 1 yin h i bit e d • l t i s 

interesting that Veral?amil showed a non-competitive 

inhibition with Ca++ to supl?ress both types of detrusor 

contraction (Figure 30a & b). Nifedil?ine in concen"'tration of 

2.5 x 10-SM sh-owed non-coml?etitive inhibition on the P 

contraction (Figure 31a). However, the T contraction was 

suppressed ir: a competitive manner under the effect of 

Nifedlplne (Figure 3lb). Segontin in concentration of l x 

lO-SM depressed both the T and P contractions of the detrusor 

stril?S in a competitive inhibitory manner (Figure 32a & b). 

The inhibitory effects of the three Ca++-antagonists were 

evaluated at ED50 and their respective concentration were 

compared. Verapamil and Segontin showed non statistical 

significance in their ED50. However, both were more potent 

in their inhibitory effect on detrusor contraction (P<O.05) 
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Figure 29. Effect of rising the CaC12 concentration on tonic 
and phasic contraction of the rabbit detrusor. Note the rise 
of tonic contraction and the diminution of the phasic 
contraction as the CaC1 2 concentration rises (each downward 
vertical dash). 
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Figure 30b. Effect of verapami 1 (VRP) on tonic contractions 
of the rabbit detrusor. (*) statistically significant 

(P(O.05) • 
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Figure 31a. Effect of Nifedipine 
contractions of the rabbit detruso r • 
significant (p<O.05). 
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Figure 31b. Effect of Nifedipine (NFD) on tonic contractions 
of the rabbit detrusor. (*) statistically significant 
(P<O.05) • 
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Figure 32a. Effect of Segontin 
of the rabbit detrusor. (*) 

(P< q _,P 5) • 
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than that of Nifedipine (Figure 33). 
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Objecti ve 1. 

Bladder and urethral 

phase: 
/ 

Twenty-six (26) out of 28 cats qid not void during the 

experiment. The bladder capacity reached 40-50 ml without 

voiding even though it appeared to he severely distended. 

Urethral and detrusor muscle motility was demonstrated 30-45 
" 

minutes after the cord section (the period usually taken ta 

set up the preparation). At a volume of 15-20 ml, the 

maximum intravesical pressure IVP in 11 cats varied between 

15-28 mmHg with a mean of 20.1 mmHg + 3.4 (S.E.); the mean 

resting IVP was 13.2 mmHg 2: 0.7 (S.E.) and the mean frequency 

of detrusor contraction was 1.77/min ..:t 0.1 (S.E.). On 

comparing control and spinal section groups we faund no 

-
sig nif i ca n t d i f fer e n ce b et we e n m a x i mUID IV P • . H'o w e ver, the 

res t i ng IVP and the freguency of detrusor con tract ions were 

significantly higher in the spinal section group. 

A marked discoordlnation was found between Det, Long and 

Circ urethral muscle layers and sometimes the P.S.M. 

Vesicourethral dyssynergia was particularly evident, as weIl 

as a urethro-urethral dyssyner'gia between the Long and Circ 

layers of the urethra. This multiple dyssynergia was 

ob se r ved i n 26 ca t s th a t d id no t v 0 id (F i g ure 34). In 2 

cats, the vesico-urethral synergism returned after 6 hours 

and both voided spontaneously (Figure 35). In 13 cats where 

the intraurethral pressure (IUP) was recorded, it was found 
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Figure 34. Recording of the lower urinary tract in the cat 
during spinal shock phase. Note the dyssynergia between 
different cornponents of the urethral muscle and the detrusor. 
Note also the persistently higher intraurethral pressure 
(IUP) than the intravesical pressure (IVP). (*) represents 
the site of the tip of the urethral catheter measuring the 
IUP at a l cm difference between each 2(*). 
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Figure 35. (A) Recording from a cat immediately after spinal 
lesion. Note the dyssynergia. 

(B) Recording from the same cat 6 hours after 
showing return of synergism and voiding (arrows). 
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to be constantly higher than that of the bladder. The 

anesthesia àid not seem to affect the vesico-urethral 

motility as the dyssynergic pattern was present in both high 

spinal unanesthetized and low'spinal anesthetized groups. 

Pharmacologie manipulations during spinal shock phase 

rthanjChO 1 ch 1 oride was injected LV. 4-6 hours after 

the (Pinal section. -ln 7 out of 10 cats, there was a marked 

incre~e in the motility of the detrusor and urethral layers 

without voi\~ing. The dyssynergic pattern between the 

bladder and urethral muscles persisted in aIl of the 10 cats 

(Figure 36). 

Phentolamine mesylate (alpha-adrenergic blocker) was 

injected I.V. 4-6 hours after cord section. Voiding was not 

possible in 5 cats and the vesicourethrai dyssynergia aiso 

persisted. The only cat that voided incompletely showed sorne 

relaxation in the circular muscle layer of the urethra. 
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Figure 36. Effect of Urecholiné injected (arrow) during 
spinal shock in cat. Note the marked dyssynergia between 
LONG and CIRC. In spite of strong DET contraction, voiding 
was minima 1. 
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Objective i 

Animal model for multiple sclerosis-like disease: 

The 9 cats that had been immunized with mammalian 

nervous tissue were followed up for 8-12 months with no 

evidence of neurologie abnormalities ~xcept in one cat that 

died after a short period of convulsions. The brain and 
1 

spi na l co rd of th i s ca t d id not show any ev idence oflesi ons 

when examined histologieally. 

~ 

Twenty-one (21) rabbits were immunized with the 

ho m age n a te 0 f m a mm a lia n t i s sue. The neurologie signs 

developed in 17 rabbits 10-21 days after the inoculation of 

the homogenate. TWO rabbits died in a fulminating form of 

the disease. Of the diseased live rabbits, la showed 

paralysis in both hind limbs. Analgesia of l or bath hind 

limbs was shawn in ll, respiratory difficulty presenting with 

slowing and irregularity of the respiratory rate was noted in 

9 and incontinence (urinary and fecal) seen in 13 rabbits. 

Nystagmus was noted in 2 rabbits. Mean weight 10S5 'was 400 
, \, . 

gm. No symptoms dç )3igns of neurologie deficit appeared in 

the respective controls. 

The tonic immobility reflex was applied in 19 Pâirs of 

rabbits (immunized and control) •. It was accompanied by 

~e i 0 sis 1 n 0 r mal br e a th i n 9 and r e duc e d ton e i n 4 1 i m b 5 • 

Arousal from the reflex,was associated with the return of the 
( 

pupil to normal s!z.e, sometimes with mydriasis, an increase 

in the respiratory rate and jerky movements. Ton i c 
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Figure 37. Reeording of the urethra 1 pressure profi le (UPP) 
in a paraplegie rabbit. Note the

r 

lower maximum UPP as 
compared to the control. 
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immobllity was maintained for periods of 1.5 to 2 hours> 

throughout the exper iment. The urodynamie stud ies were done 

suecessfully in 36 out of 38 rabbits under tonie immobility. 

Urodynamie~studies: 

The maximum urethrai pressure (UPP max) in the 
/ 

c lin i cal l Y dis e a s Ei! d rab bit s var i e d b et w e e nIt and 3 2 mm Hg 

(mean 23.25 mmHg). In the norma l con troi the UPP max varied 

between 48 and 55 mmHg. The UPP max in the paraplegie 

rabbits was significantly lower than that of their respective 

controls (P<O.Ol) using the Wilcoxon matched pairs test 

(Figure 37). The bladder volume at voiding (blad_der 

capaeity) in the cIinieally diseased rabbits varied between 

10 and 55 ml Jmean 28 ml). In the control group, the bladder 

capacity varied between 65 and 90 ml (mean 72 ml). The .. 
bladder capacity in the diseased rabbits was significantIy 

lower than that of their respectiJ'e controls (P<O.OI) llsing 
"'-

the wi Icoxon matehed pai rs test ·(Figure 38). 

The rabbits that showed no clinical evidence of disease 

on the day of the experiment (5 were in remission and 4 did 

,not initially show any disease) had UPP max similar to their 
\ 

respective controls. The bladder capaeity in the animaIs in 

remission was lower than that of their contraIs (P=0.05). 

The bi adder capac i ty in anima 1 s wi th no ev iden t d isease was 

similar to controls. 
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Figure 38. Recording of cystometrogram (CMG) in a paraplegie 
rabbit with E.A.E. Note the small bladder capacity. voiding 
at arrow. 
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Figure 39. Recording of UPP before (A) and after 
administration of general anesthesia (B)' in a normal control 
rabbi t. 
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Effect of anesthesia on the urodynamic parameters: 

In 19 normal rabbits from the control gro'up, the UPP max 

was found to be signiflcantly loweL when measured under 

anaesthesia than that obtained using immobility reflex, 

(P<0.02) (Figure 39). The bladder capacity was found 

significantly higher in the anesthetized rabbits (using Mann-

Whi tney U test for independant samples). 

Pharmacologie manipulation of the diseased rabbits: 

Five diseased rabbits with evident small bladder 

capacity were given Verapamil 0.2 mg/Kg body weïght 

intravenously. Repeating the cystometry 5-10 minutes later 

showed an increase in bladder capacity of 250-3'00% (Figure 

40) • 

Histopathologic studies ~ the brain and spinal cord: 

Microscopically, the typical lesions were characterized 

by perivascular cuffing of mononuclear cells with variable 

degree of infiltration of the surrounding parenchyma, 

concomitant with plaques of demyelinization of variable sizes 

(Fjgure 41). The axons were found swollen, partially or 

c~pletely, destroyed. The above-described lesions were found 

to'be extensive in 8 of 10 paraplegie rabbits. 

The topographie distribution of the lesions showed they 

are more extensive toward~ the lu~bosacral cord segments, 

particularly the posterior and 90terior columns. The 

anterior haros showed demyelinizatioo):11 some cases (Figure 

42) • 
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Figure 40. (A) CMG in a paraplegie rabbit. (8) 
injection of Verapamil IoV. Note the augI'(lentation 
bladder capacity. 
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Figure 41. Microphotograph .showing anterior horn cells from 
lumbar level of spinàl cord of rabbit. Note small 
perivascular cuff of chronic linflammatory cells without 
involvement of myelin. H&E x21_2" . 
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Figure 42. Microphot'ograph showing posterior column from 
lumbar level of spinal co rd in a paraplegie rabbit. Note 
extensive focus of demyelinizatian. LuxaI fast blue x33. 
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The histology of sections taken from the 5 rabbits that 

were in remission showed less extensive lesions. These 

lesions were characterized by sub-pial cellular infiltration, 

mainly monocytes and, sorne l.ymphocytes. Very scarce 

demyelinization was found at the peripheries of the section. 

" 

Neither cellular infiltration nor demyeliniz.ation was found 

in the parenchyrna. Of the 4 rabbits that did not show any 

ev idence of di sease,' 3 presented wi th very scarç,e les i ons and 
1;) 

one did not show any. _ The lesions were tiny sub-pial or 

perivascular cellular infiltrates (Figure 43). 

,,' 
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Figure 43. Microphotograph showing the posterior column at 
the" lumbar level of the spinal eord of a paraplegie rabbTt: 
Note the perivascular chronic inflammatory infiltrat~ and 
demyelinization affeeting the subpial zone •. Luxoi fast blue 
x212. 
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HIS tochem i'ca l the 

bladder and urethra: 

We could not find a significant difference in the 

distribution of cholinergie fibres i'n the detrusor and 

urethral muscles b'etween the control and the diseased 

rabbits. 

A correlation between the neurologie lesions, clinical 

and th~ urodynamic findings are summarized in Table III. We 

found extensive demyelinizing lesions more localized in the 

lumbo-sacral segments of the spinal co rd in those rabbits 

with paraplegia and low urethral resistance. 
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TABLE III 

Correlation Between Urodynamic, C1inical and Pathological Findings in Inmu 

Clinica1 Max. UPP Bladder Cap. 
Signs Tonus H.L. K.Jerk (mn. Hg) (ml.) Ant.Hippo Post. Hippo Midbrain Pons M.Oblo! 

---------------------------------------------------------------------------------------------------------
1. P-plegic tR N 26 45 ++ ++ ++ +++ 
2. P-plegic tR & L t R & L 12 20 ++ +++ ++ ++ ++ 
3. P-p1egic tR & L tR & L 12 20 ++++ +++ ++++ +++ 

'4. P-p1egic tR & L tR & L 32 18 ++ +++' +++ ++++ ++ 
5. P-p1egic tR & L tR & L , 12 12 ++ +++ ++ +++ ++ 
6. P-p1egic ~R & L ~R & L 15 25 ++ ++ ++ +++ +++ 
7. P-p1egic tR & L tR & L 31 30 +++ +++ ++ +++ ++ 
8. P-p1egic ~R & L tR & L 25 25 ++ ++ ++ ,++ +++ 
9. P-P1egic tL t R & L 15 55 ++ ++++ +++ ++ ++ 
10. P-p1egic ~JL& L ~R 20 10 + +++ ++ 
11. RE!TIission N N 40 10 + + + 
12. Remission N ~L 51 20 + + + + 
13: RE!TIission N N 49 ' 40 + 
14. Remission + R & L tR 42 20 +++ ++ + + 
15. RE!TIission N N 40 + + + + + 
16. Normal N N 49 
17. Normal N N 55 + 
18. Normal N N 55 + 
19. Normal N N 50 + + 

Note the distribution of lesions and their extent: + minimal, ++ moderate, +++ severe, ++++ extensive. S< 
knee je!k (k.jerk) and tonus of hind limbs (h.l.) in right (R) and le ft (L) 1imbs. t for augmented and } 

/ 
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TABLE III ~~}. 
IW'" 

ion BehJeen Uroàynamic, Clinical and patholgg~~al Findings in Irrmunized Rabbi ts 

.12 12 
15 25 
31 30 
25 25 
15 55 
20 10 
40 10 
51 20 
49 40 . 
42 20 
40 10 
49 55 
55 70 
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DISCUSSION 

Lower urinary tract problems encountered in patbents 

with lesions of the spinal co rd vary according ta the nature .+ 

and location of the disease af~licting the nervous system. 

In order to individualize these problems, we followed a logic 

patp along this study. Our primary concern was the study of 

the voiding continence mechanisms in an animal model (cat) 

with intact neuraxis and after producing lesions in the 

spinal cord. The pharmacologie studies on the bladder and 

its 'outlet confirmed the selective action of some drugs and 

neurotransmi tter s on the lower ur inary tract. Ffnally, the 

development of an ani!llal model for the multiple sclerosis­

like disease he1ped us shed sorne light on the changes of the 

b 1 ad der and ure t-h raI d Y n ami cs dur i n 9 the e vol u t ion 0 f the 

disease and presented an opportunity to evaluate its 

pha~macological manipulati\on in vivo._ 

The reason behind the choice of the cat as an animal 

model for studying the mechanics of voiding and continence is 

mainly because of the anatomical separation between the 

internaI and external sphincteric mechanisms. In other 

mammals (dogs, rabbits) and in human the proximity of the 
\ 

! 

prostate to the bladder neck makes it difficult to study the 

individual moti1ity of the proximal urethra as an important 

entity-in the internaI sphincteric mechanisrn. Most authors 

negate' the prese,l)ce of an "anatomical" inter! sphincter at 

the bladder neck (Hutch, 1966; Tanagho and Smith, 1966 and 
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Woodburne, 1968). Others emphasized the importance of the 

proxicnal urethra (Lapides, 1953 & 1958) for the sphincteric 

mechagism. In the adult cat, the pre-prostatic (proximal) 

urethra is about 2-2.5 cm long and this allows a clos,?r study 

of its motility. The fact that the muscu)ature of this 

urethra is distinguished into two layers, longitudinal, and 

circular was, the focus of the experimental set-up used to 

clarify the mechanics of continence· and voiding. During the 

bladder filling, continence is achieved by minimal or 

negligeable activity of the proximal urethral smooth muscles 

and the periurethral s~ muscles (PSM). The mechanism 

of opening of the bladder outlet and voiding entails a 

synergism between the detrusor, the two urethral muscle 

layers (Long and Circ) and the periurethral striated muscles, 

the result of which is a free flow of urine out of the 

urethra. The reflexes involved in this mechanism are 

centrally controlled and resistant ta the general anesthesia. 

OUt brain stem lesions studies confirmed the importance of at 

least the locus caeru l eus, the red nuc l e,us and the adj acen t 

reticular formation in central regulation of voiding that wa~ 

described previously (Barringto~, 1921). 

The completion of the voiding cycle and emptying of the 

bladder comp1etely necessitated the integrity of both central 

and local reflexes. We found that these reflexes disappear " 

following central lesions in the upper part of the pons, 

under general and local anesthesia. Barrington (1921) 

described local urethro-sphincteric reflexes for the voiding 
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phase. the depressing effect ~f anesthetic agents 

on them. 

. 
B rad l e Y' (1 9 7 6 ) i n c l u d e d the" lac a l r e fIe x b e t we e n the 

bladder and urethral sphincters in the 3rd loop. He proposed 

a central and peripheral control on the external sphincter in 

the 4th loop. 

As the °smooth muscle 1ayers of the urethra showed 

individual synergistic actions during voiding, we found it 

necessary to s tudy their individual 
~ 

response to 

neurotraQsmitters of different types. The in vitro urethral 

strips were taken from decapitated animaIs to avoid any 

interference qf autonomie ref1exes by the anesthetic agents 

,should the study be conducted in vivo on anesthetized animal. 

The experimental design of splitting the urethra to study the 

longitudinal layer and keep the urethral ring intact to 

represent the èireular layer, enabled us to evaluate the 

'effects of pharmacologie agents separately on each layer in a 

practical manner. The closest work to ours was that of 

Nergaredh and Boreus (1973) in considering the urethral 

response of the 2 axes: longitudinal and transverse. 
• 

However, in their preparation they included part of the 
, . 

detursor muscle in a more complicated manner. The 

longitudinal urethfal muscle responded by contraction to the 

cholinergie agonist Bethanechol chloride. This corroborated 

the mechanical pattern which entai led a wave of contraction 

in the blader that propagates ta the urethra to involve the 

longitudinàl layer to initiate tthe opening of the bladder 
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outlet. The contractile power of the longitudinal urethral 

muscle is weaker than that of the detrusor under cholinergie 

s t i ID U 1 a t ion ( K han n a e t al, 1 9 8 1 ) • Th i sis a,c cep t a rH e sin c e 
~"---'~ - -' 

/ 
the longitudinal urethral Ift~'Jîs needed only to shorten the 

urethra and widen its lumen during opening of the bladder , 
outlet·unlike the pro~lsive strong contraction of the 

detrusor. The circular ,u~thral muscle responded weakly or 

not at aIl under choliner\ic stimulation. This finding 

su 9 9 est s the p r ~ sen c e ~ 0 the r 'n 0 n - ch 0 lin erg i c 

neurotransmitters involved in t~e relaxation of the circular 
) 

ure t h rai mus cIe l a ye r dur i n 9 v(o i d i n 9 • Th i s h y pot he sis wa 5 

, 1 
confirmeà by the seleC:n~~laXing effect of PGE2 on the 

circular layer of the u~ca. 

Both,the longitu~nal and circular layers responded 

equally to adrenergic stimulation. This confirms the 

~uggestion that the tonic closure of the urethra during 

continence is adrenergically mediated (Awad et al, 1974). 

The selective contraction of t~e circular layer during the 

isovoillmetric phase may te mediated through adrenerg'ic 

neuron~s connected to cholinergic nerves. The two muscle 

lay,ers of the urethra might also function synergistically 

during the process of ~jaculation: tight closure of the 

proximal urethra ta prevent retrograde ejaculation by 

circular contraction wh~le the urethra actively propagates 

the seminal bolus by longitudinal contraction. 

Data about the effect of prostaglandins (PGs) on the 
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· . 
uret~ra are scarce. There is experimental evidence that PGE2 

h a d are l a x i ng e f f e c ton the ure t h rai n the d 0 9 ( G h 0 n e i met 

al, 1976) and in human (Andersson et al, 1977). 

The present data demonstrated a selective relaxing 

effect of PGE2 on the ci rcu 1 ar layer and con tract i on ef fect 

of PGF 2alpha on both longitudinal and circular urethral 

layers. These effects were shown ta be unaltered by 

chol inergic antagonists (atropine), adrenergic antagonists 

(Phento lamine, Propano 1,0 l) and tetrodotox i n. Thi s suggests a 

non-cholinergie, non-adrenergic, myotropic direct action of 

the P G E 2 and P G F 2 a 1 Bh a 0 n the ure th raI mus cIe s sim i l art 0 
.~ 

those d~scribed for the action of ?~/pn the detEusor-
" f 

(Andersson and Forman, 1978). The resu1ts from the present 

data showed that Ca++ are important in detrusor contractility 

both spont&lnE;ous and provokea. These data are in accordance 

with others (Rohner et al, 1976 and Khanna et al, 1983). We 

demonstrated that optimum Ca++ cO\"lcentration in the 
\ . 

extracellular fluid is mandatory for persistance of both 

spontaneous con~raction (peristaltism) and provoked~response 

(twi tches). Raising Ca++ concentration 5 to 10 times the 

"physiologic" concentration might result in disturbance in 
Ù 

the contractile protein system, though direct electron 

microscopie evidence is 1acking. The difference. in 

sensitivity between the phasic and the tonic components to 

Ca++ concentration i5 probably due to alterations in the 

channels of Ca++ influx into the ce11. The difference in the 

ton i c ( T ) and ph a sic ( P ) s y ste m h ad· b e end i s c u s s e d b Y 
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Golenhofen (1976). He showed that there are two cr,emica lly 
'1- • 

different systems for Ca++ acti~ation on the membrane of sorne 

smooth muscle as aorta, porta-l vein and uterus. In the 

detrusor, we found that the Ca++ antagonists inhibit the P 

and T contractions in two ways: c~mpet i tiye and non-
, 

competitive. Bath the P and T,contractions were inhibited 

competively by Segontin and non-competitively by Verapamil. 

The latter finding was similar ta those of Khanna et al 

(1983). Nifedipine was shown by others (Forman et al, 1978) 

ta inhibit the chemically induced bladder contractio.n in 

human detrusor. Although we foupd ";'general inhibition on 

electrically-induced response of the detrusor, Nifedipine 

inhibited the P contraction in a non-competitive way whereas 

it inhibited the T'contraction competitively. For the t ime 

being we do not have an explanation for this discrepancy in 

mode of inhibition of the T and P contractions. Perhaps a 

iimultaryeous recording of the electric membrane potential 
. 

with the P and T contractions might e1lfcidate their mechanism 

of action in the detrusor. 

The data gathered,from the work on the cat with intact 

spinal cord showed that voiding is a result of fine 

coordinated movements of the detrusor, both layers of the 

smooth musc 1 es of th~ urethra and the per i urethr al str i ated , , 

muscles. The cause(s) of urinary retention and failure of 

bladder evacuation fo-l1owing acute spinal 1esions are 

debatable: bladder areflexia (DeGroat and Ryall, 1969 and 

Jonas et al, 1975) or an increase in out1et resistance 
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(Edvardsen, 1967 and Awad et al, 1977)., In our pre~ent work, 

the detrusot"motility was record~d in less. ~han an hour after 
" ~ 

C"'fhe cord secti~~~ The changes in the maximum intravesical 

pressures (IVP) were similar to those of cats with intact 

spinal cord, but the resting IVP and frequency pf'detrusor 
\ 

contractions were significantly higher in the" sf,7"i'nal section 

group. Thi s suggests an incoordi na tion in contract i li ty of 

the d e t rus d~!="I)I n d no t are fIe x i a . The fa i 1 ure 0 f v 0 i d i n gin 

the sec a t s ca n no t b e exp 1':3 i ne d sol e.l y b Y the e f f e c t 0 f 

anesthesia used since both the paraplegic anesthetized and 

quadrip1egic unanesthetized groups fai1ed to void. The 

intraurethral pressure (IUP) was always higher than the IVP 

showing a higher urethra1 resistance. This resistance is 

pers i stant i nspi te of norma 1" maximum IVP probab ly due to an 

incoordination between the bladder and urethra. In 2 cats, 

the return of vesico-urethra1 coordination (synergisrn) 6 

hours after the spinal section was associated with refle~ 

\'(o'iding. The cholinergie agonist Bethanechol ch1oride, and 

a1)na-adrenergic blockers Phenoxybenzamine and Phento1arnine, 
~. 

have bèen used either sole1y or in ,combination to help 

bladder emptYlng during the spinal shock stage. Failure of 

satisfact.ory bladder emptying was reported clinically (Yalla 
.-

~.. ~ 

e t al, 19 7 6 and M cG u ire et a 1, l 9 1.-6) and exp e r i In en t a 1 l yon 

" dogs (Tullock al)d Rossier, 1977; Twiddy et al, 1980). The 

present data showed that thes~ drugs were inefficient'to 

induce voiding because they .did not _.correct ~ 

vesicourethral dyssynergia. 

We were unable to induce experimental allergic' 
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encephalomyelitis in the cat. We chose the rabbit in our 

study because o,f the ~ossibi I ity to induce EAE and of the 

size of the animal ,that makes the urodynamic evaluation 

siI?ilar, in a way, ta that used in humans. The rabbits were 
/, ~ 

studied in pairs (immunized and contraIs) to eliminate the 

artefacts resulting from repeated manipulation, infection and 

possible trauma if the same rabbit was used as its own 

control. Moreover, the least number possible of 
-

maniPulation~ the bladder and ur:ethra, was carried out in 

each pair. Each member of the pair was studied on the same 
\ 

day to a void any externa l env i ronmen ta I factor to a I ter our 

-findings. The rabbits werè sacrificed,at the end of each 

experiment so as to get a, reIiab1e correlation between the 

'"Ùrodynamic, clinical and histopathologic findings. In humans 

with multiple sclerosis, the cystometric findings were in 

favour of hyperreflexic bladder with small capacity in 60-70% 

"of cases (Goldstein et al, 1982 and Safras and Edwards, 

1981). The results on the diseased rabbits showed a simi1ar 

pattern of reduced bladder capacity that was significantly 
o 

be10w that of respective controls. The histologie findiijgs 

showed sorne damage (demyelinization) in the 1atera1 columns 

" of the spinal cord, site of the pathways of the 

reticulospipa1 tracts. Several authors (Miller et al, 1965 

and Bradley et al, 1973) pointed ta the relation of the 

hyperreflexiç bladder with damage, to the reticu10spinal 

trâct. 

. 
We could not find significant difference in the 

o 
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cholinergie fibres density between the detrusor of diseased 

bladders and that of the controls. Assuming the staining 

technique is sensitive enough, the bladder dysfunction is 

probably due to impaired central neural control. Further 

electron microscopie studies on this issue might bring 

clarification on the intrinsic innervation of the detrusor in 

M.S. 

Reducing the' bladder irritability by Ca++ blockers 

showed significant increase in the bladder capacity of the 

diseased rabbits. This might open the doo·r for the use of 

Ca++ blockers for diseases other than cardiovascular. 
, 

preliminary clinical applications had shown that Nifedipine 

can inhibit bladder contractility in patients with urgency 

and urge incontinence (Forman et al, 1978). 

Contrary to the majority of patients with multiple 

sclerosis the maximum urethral pressure profile (UPP max) in 

the diseased rabbi1;:S was lower than "that of the contraIs. 

The sites of lesions were confined to the lumbosacral 

segments tha tin vo 1 ved the an terior horn ce 11 sand la tera l 

columns (pyramidal tracts) in these rabbits. In humans with 

multiple sclerosis, the sphinateric incompetence was 

attributed to damage to the pyramidal tract and pudendal 

nucleus (Bradley et al, 1973). In normal 'rabbits and those 

during remissions, the urodynamic data w,ere simi lar to their 
n.~--

controis 'it spite of the presence of minimal lesion in the 

nervous system. These lesions were probably insufficient to 

cause detectab l e cl i nica l or urodynamic changes. 
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Anesthesia is frequently necessary for most of the" 

experfmental procedures. The depressing effect of anesthesia 

on the spinal reflexes is unpredictable and cannat be 

neglected (Barrington, 1921 and Tullock and Rossier~ 1977). 
/ 

We conducted our experiments successfull,y under the tonic 

immobility reflex and shown the depressing effect of general 

anesthesia in changing the urodynamic parameters. In 

cl inical situations the majority of urodynamic studies are 
1 ~ - l ' 

done without anesthes~a. Using sorne precautions, the tonic 

immobility reflex in the rabbit was shown to be reliable. 

Whether this reflex affects per se the voiding reflexes is 

unlikely since there i5 experimental proof that t~e rabbit is 

awake (Klemrn, 1966). 

We suggest that the rabbit i5 a good anfmal model to 

study the ves~courethral changes and pharmacological 

manipulation during the different phases of multiple 

sclerosis-like disease (EAE) without the effect of 

anesthesia. 

155 



. ' 

CONCLUS IONS: 

Several conclusions could be drawn from the present work 

,that might shed sorne light on the neurogenic lower tract 

dY~ion. 

1. Th~Y for proper opening of bladder outlet is a 

syne rg i sm between dif ferent cOffiponeI1ts of the lower uri nary 

tract. 

2. The lack of this synergism is respo Ible in great deal 

for the uri na r y d Y s fun ct i o'n a ft ers 1 na l cor d les ion. The 

conventional pharmacological ma Ipulation fails to restore 

the norma l syne7--SUbSeQUent 'adequate b ladder 

emptyi ng. 

j. The highly selective pharmacologie manipulation on the 

individual layers of the urethra might be the solution in 

,restoring normal voiding in lower urinary tract dysfunction. 

4. The Ca++ blockers might have a raIe, at l~ast partly, in 

correction of bladder instabi lity • 

5. The rabbit i5 a fair animal model for M.S. and could be 

expl 0 i ted further to i;uprove our understand i ng of the b ladder 

dysfunction associated with M.S. 

~. 
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