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ABSTRACT :

-

' L
The mechanisms implicated in voiding and continenge are

far from being settled in the normal as well as in neu%ogenicw

bladder dysfunction. Understanding these mechanisms is an

essential step in the management of the bladder dysfunct1on

.
'

secondary to neurOIOglcal 1es1ons. In the course of .our

LY

o
studies, we demonstrated thé existence of a,fine cogrdlnatlon

AN

- "synergism" between _the several components of the lower

urinary fract i.e., dgtrusor; proximél urethfal muscle and

)

periurethral striated muscles. This syhergism is found to be

responsible for adequate bladder emptying during veiding in

o

1

hetween the bladder and its outlet is under the control of a

A
-

higher centre in .the brain stem and mediated through the

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

[ )

L’ :b}adder emptying fo¥lowing a spinal lesion was shown to be a

ldck of‘syngrgism between the bladder and its outlet.? An
! I o —
animal model for chron1c multiple scler051s like dlsease was
)
developed and proved to show a gocd urodynéglc and

neurologlcal correlatlon with that found in the human

‘&fleEEéd‘wfth multlpie»scler051s.

The pharmcological investggation on the bladder and

urethra shows thht there is selective distribution of
o -

-

cholinergic, adrenergic 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

- -

the animal model with intact neural axis. The éyneréism’
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£

L
'

o

contractility of the detrusor muscle was also studied.

The
b3

effect of some Calcium ions antagonists’on the detrusor:

contractility was"ev%lqated. }hey show selective inhibition
'\)) ¢

.

- B RS -~
on the.detrusor cdmtr ction botg in vivo and in vitro.  The
calcium antayonists may present a .new treatment modality for
controlling bladder instabiiity.

.
’
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RESUME ’ ,

° /\\ \
, .

Les mechanismes impliqués dans la continence et la

o

miction sont loin d'etre é&tablis dans 1'é&tat normal ainsi

L1

que dans la dysfonction vesicale neurogéne. Comprendre ces

- mechanismes reggégg@teﬁﬁne importante &tape dans le traite-

,

ment de la dysfonction vesicale suite 3 des lesions neuro-

-

.génes. Pendant notre &tude nous avons demontré la prééence
d'une coordination 'synergisme’ délicate entre differentes
coﬁposantes de 1l'appareil urinaire bas tel que -le détruseur,
la musculature de l'urétre proximale et la musculature striée
periﬁféteraié. Ce synergisme est indispensible pour une
évacuation adéquate de la vessie pendant‘lanmiction chez le
modél—animai avec un systéme nerveux intact. Le synergisme
entre la vessie et son col est controlé par un centre situé
dans le mesencephale. La transmission se fait & travers la
_-moelle epinijére et les nerfs péripheriques. L'incapéci;é'de
" vider la veskie aprés une lé&sion epiniére est due a une
absence de sy ergiéme entre la vessie, son col et les

muscles striés periureté&raux. Nous avons developé un modél-

“animal pour la sclérose-en-plaques chez le lapin. Ce modéle-

.

animal a montré une bonne correlation entre les changements

urodynamiques et neurologiques semblable & la dysfonction

vésicale chez las patients atteints de sclérose-en-plagues.

.

+

" Les investigations pharmacologiques sur la vessie et

.
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1'urdtre ont montré une distribution selective dans leés

récepteurs cholinergiques, adrenergiques et purinergiques

sur les differentes couches de muscle lissé de 1'urdtre.

v

D'une autre part, l'importance du rbole des ions de Calcium
dans la contractilité du muscle détruseur a été étudié.

Les effects de quelques agents bloguers d'ions calciques

ont 8té&€ évalué sur la contractilité du détruseur. C(Ces

agents montrent une inhibition sue la contractilité de

la vessie in vivo et in vitro. Ces résultats montrent

la poséibilité d'utiliser une nouvelle modalité de traite~

‘

ment pour le control de la vessie instable.

-
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INTRODUCTION

The present knowledge on the bladder gegaﬁ man
-

[

that we are starting to understan

d its mechanism of function.
Galen described the bladder as a hollow organ made of fibres

with different directions and has a sphinéter structure. The
b A .

/
ancient Egyptians gave a fairly detailed description about

the neurogenic bladder dysfunction in paraplegia in the Edwin
Smith Surgi'cal Papyrus (Elsberg, 1931).

Griffiths in 1891
gave a detailed description of the anatomy of the bladder and

the ‘arrangement of the muscle fibres into different layers.

Barrington was the first to describe the superior centres of
micturition in the brain stem and their
reghlating micturition.

v

importance in

- \

’

Since then,

the literature dealing with the lower
urinary tract has expanded enormously year'after ?ear and

.

many authors share the main concern of attempting to better
understand the mechanism of Bladder 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 éhose patients
with inéppropriately managed bladder dysfunction.
preéent work, I

In the
shall try to summarize the results of .
research conducted in the Urology Departments of the

University of Sherbrooke and McGill University during the

PR

i
1
|
!
|
i
’
|
|

centuries ago but it is only in the last fifty to'sixty yeats

~

Y
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last fbur years., Our approach to the problem of neurogenié

bladder dysfunction was, categorized under two main goals:°

The first goal was the development of an animal model for

N
studying the mechanisms . of continence and voiding in the
animal with intact spigz}\cord. This entailed special

—emphgsis on the role of tﬁe detrusor, the diffe;ent
components of the bladder outlet which are: the smooth
muscle and striated muscle components ofﬂﬁhe uﬁinary
sphincterie mechanism. This work was followed by a study of

the pharmacology of the different neurotransmitters and other

agents and their effect on the urethral musculature. The

other major goal was the study development of animal modelis

for both aéute and chronic spinal lesions for the study o.

theirsequelae on the dynamics of the bladder and its outlet.

t )

The possibility of the use of newer pharmacological agents t

control the bladder irritability was also evaluated. !
N, s

the present thesis after a general review of the
"literature pertinent to the study, the results will be
presented and discussed in detail in the chronological order

4
Pd
of their achiewement.

v
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REVIEW OF THE LITERATURE

»

ANATOMY OF THE BLADDER AND URETHRA: ' a

The bladder outlet and urethra are still the subject of
many divergept opinions concerning both their structure and_

function.
\\\

The musculatutre of the urinary bladder or detrusor is
clagsically-described to be formed of three layers, an inner
and cuter ,longitudinal layer and a middle circular layer.
These smooth muscle bundles intermingle with each other

ey,

. Y L. :
forming a broa® or narrow meshwork with decussation all

‘through the wall.

Woodburne (1968) and Gosling (1979) demonétrated that

the musculature does not form separate layers.

At the level of the internal meatus, the detrusor
bundles tend to converge (Bissada et?al, 1977). However,
Taﬁagho.and Smith (1966) found that the inner longitudinal
layer if missing posteziorlyvand that there is poor
develop&eng of the middle circular layer. As the fibres of
theginner longitudinal layer reach the biadder neck, they are
a;ranged in a radial manner. They converge on the internal
meatus where they meet the longitudinal fibres of the
superficial t;igoné at the midline posteraprly. \All these

fibres sweep over the edges of the internal meatus to

continue into the urethra as its inner longitudinal coat

o



€

~

‘“,
Q 7

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

a

The middle circular fibres are well developed anteriorly

AY

. in the midline above the internal meatus’without encif¥ling

it., Posteriorly this layer is the least developed (Tanagho
and Smith, 1966; Woodburne, 1968) forming thus an arc close

to and just above the internal meatus. On both sides, the

fibres fan postero-laterally to bind to the latefal edge of -

the deep trigone. Above the level of thé ureteral hiatus,

the bundles become more superficial (submucosal) to form a

complete ripg (Tanagho and Smith,)1966).

Hutch (1965) descgibed this ring as the ventral segment

of his "base plate". He counted them to be 15-18 indivfduél
string-like bands of :circular smooth muscles. The most
caudal ring passed around the bladder neck to insert into the

apex of the trigone. The most cranial are inserted into the

L3

ureteral hiatus and the remaining rings are inserted fnpo the

trigone in corresponding position between these two points.

>

(Figure 1)

The outer 'lbngitudinal layer form a well formed;coat

above the level of the internal meatus. As the bundles

approach the bladder neck, the posterior fibres from both

sides sweep posterolaterally and fuse with the anteerior wall

,/f’Sf the prostate (Woodburne, 1968)., The remaining fibres pass

4

around the bladder neck to the opposite wall of the urethra
thus forming the outer circular muscle goat of the urethré

(Hutch and Rambo, 1967). (Figure 2) .
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" Figure 1. Sagittal section of the bladder base and male

proximal urethra. (1) Mucosa and inner LONG muscle layer.

" (2) Middle CIRC layer. (3) Outer LONG layer. (4) Ring of

niddle LONG layer. (5) Deep trigone,’' (6) Median lobe of
prostate, (7)" Posterior lobe of prostate. (8) External

,urebpi\al sphincter. (9) Periurethral striated muscle. (10)

Transverse precervical arc. (11) Detrusor loop. (12) Smooth
muscle sling from precervical arc to urethral inner LONG

layer. - .
. ’ From Bissada et al (1977) .
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Figure 2. Sagittal section of the bladder pase and urethra :
in the female. (1) External LONG layer. (2) Striated& N

muscle. (3) Urogenital diaphragm. (4) Urethra. (5) Vaginal
wall., (6) Striated muscle. o
From Hutch and Rumbo (1967).
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;> The trigonal musculature-is the termination of the

ureteric muscles in the bladder. W&odburne (1968)  followed

4

the ufeteric muscles down to the bladder and noticed that

they cross the midline to blend with those of the opposite
side forming the interureteric fold* Moreover, there is a
downward fanning of the ug’téric musc¢le to form a dense

-

lateral border'of the trigone.

1

Bladder Ttigoqg:

Hutch (1965) and Tanagho and Smith (1966) differentiated
the trigone into superficial and deep strata. The superficial
trigone is a direct continuation of the ureteric?muscig. .The
longitudinal muscleéﬂof the ureter fan out uninterrupted down
to the internal meatus, ?assing over the posterior lip of

a

the internal meatus, ghey unite with those of the oppziite
side. A}l‘of”the fibres continﬁe downw:;d through élmﬁét the
entireilength of the female urethra whereas, in thg male,
ﬁost oﬁ them afe inser%eé into the verumontanum where they

fuse with the musculature of the ejaculatory ducts.

The deep trigone is a direct continuation of Waldeyer's
= - '
sheath (Tanagho and Smith, 1966), apd with its mate from the

other side as well as variable contributions from the

detrusor muscle, form a roughly triangular sheet of muscle

that lies:deep to the superficial trigone. The apex of this
3wy L
{
sheet lies at the iWternal meatus where most of the fibres

are inserted. The Waldeyer's sheath is a fibromuscular

e
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tubular structure that encircles Ehe distal 3-4 cm of the

juxtavesical ureter and follows the ureter through the

ureteral canal.- (Figure 3)
N Y

Woodburné (1968) denied the term "Waldeyer's sheath" and
found that this investment is by the detrusor muscle ahd no
as an .0organized csnngctive-tissue enclosure of the ureter.
However/ Woodburne believed that' this "sheath" is a space
that separates the ureter from éhe reflected detruser muscle
on its lowest pa;t.

~

The Urethra:

o

The parts concerned in the:nechanism~6f:continence and
voiding are the proximal urethra, in the male, doqﬁ@to the
the membranous urethra and nearly the whole female urethra

(Lapides, 1953, 1958).

The urethral mustulaturé ig for@ed<of tw0'éoats: inner
longitudinal and outer circular.” The.inner coat is a direct
continuation of the inner longitudinal @etrusor coat (Tan;gho
and Smith, 1966; Hutch, 1967 and Woodburnme, 1968). It
proceeds downwards anq inserts into a. dense bpllagenbus
tissue accumulated in the urethral wall a few miflimeters
proximal to the extefggl‘meatus in the female. In themale
subject, the lower end of the inner longitudinal coat“£§ not
sharply delineated and blends with the prostatic musculature
and some fibres join the mpre‘distal urethral musculatiire.

The crista urethralis represents a mucosal fold over the

downward continuation of the superficial\trigone (Hutch,

P
.
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Schematic diagram of the region of bladder
(1) Waldeyer's sheath. (2) Ureter. (3)

Superficial trigone. (4) Deep trigone. (5) Bladder neck.

From Tanagho and Smith (1966).
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The outer circular muscle coat is probably derived from
the outer longitudinal detrusor coat. As the lattér'fibres
descend; they loop. around the urethra and turn back (Tanagho
and Smith, 1966; Hutch, 1967; Woodburne, 1968 and Droes,
'1974). The inner longitudinal muscle layer is well
developed 1in botﬁ sexes (Tanagho and Smith, 1966 and
Woéodburne, 1968). The circulér muscle is absent or minimal
in the female,. Th;s may be the anatomic basis of the

greater vulnerability to incontinence in the female

(Woodburne, 1968).

The Urethral Sphincteric Mechanisms:

There 1is still controversy about the urethral
séhincteric mechanism. Most ‘of the authors agree on ‘the
absence of -‘an "anatomic" internal sphincter (Tanagho and

Smith, 1966; Hutch, 1967; Woodburne, 1968 and Meunier, 1980).

Gosling (1979) described cigculgrly arranggd bundles of
smooth muscle fiSres encirél%ng thé bladder neck and the
preprostatic portion of the urethra. The terms internal;
proximal or pre-prostatic urethral sphincter provide an
accurate description for this partfﬁular component of urinary
tract smooth muscle. Conseqguently, the smooth muscle of the
bladder neck, the pre-prostatic urethra and the prostatic
capsule form a single mgrphological unit whigh is quite
separate from the bladder detrusor. The bladder—neck and

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

. According to Hutch and Rambo (1967) the striated
sphincter is mainly the "sphincter compressae urthrae" that
lies between the two layers of the urogenital diaphragm.
However some striated muscle fibres escape by be?ding sharply
upward along the outer surface of the inner longitudinal
layer of the urethﬂa to form what he termed "the para-
urethral striated muscle”. TH?% latter inserts into the
inferior border of the outer circular‘smooth muscle coat at a
point half way between the urogenital diaphragm and the

bladder neck anteriorly in both sexes. In the male subject,

B .0
the para-urethral muscle extends posteriorly for 1 cm above

the urogenital diaphragm but the presence of the prostate

seems to prevent ifs acc?ss to the superior half of ‘the
posterior urethral wall. In the female, striated muscléewas
abundant in the superior half of the posterior wall and was

present up to the bladder neck posteriorly. (Figure 2).

Tanagho et al (1969) described the voluntary external

sphincter as a group of striated muscle fibres encircling the

membranous urethra in the male and usually the middle third

of the urethra in the female or occasionally some fibres day

reach up to the vesico-urethral junction. Throughout their

. serial tﬁétological studies done on human bladder and

urethra, it was clear that the cranial extension of these

striated muscle fibres is quite inconsistent.
. y

Gosling (1979) gave another description for the striated

11
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muSCIe/components. In the male, a group of striated muscle

fibres are found concentrated arour}d the membranous urethra
and extending up to the verumonta‘num. It constitutes the
:'distal intrinsic striated urethral'sphincter“. Its fibres
may be traced inside the prostatic tissue and has a

relatively minor contribgtion to the proximal urethra. This

distal intrinsic sphincter consists of striated fibres that

differ both anatomically and functionallly from the extrinsic
or periurethral striated musculature of the l;elvic floor.
The fibres of the intrinsic sphincter have a diameter oﬁ\leg,s
than half the fibres constituting the periurethral levator

ani muscle; furthermore they are functionally classified as

"sloew twitch" and they have a different innervation from_the

(-
- .

pelvic (splanchnic) nerve.

£ -

-

The fibres of the periurethral- pelvic muscle belong to
the "fast twitch" group and are innervated bir»tt;e. pudendal

nerve (5S2,3,54).

In the female subject, thé’ intrinsic sphincter is

thickest along the middle third of ,the urethra except
el

posteriorly where it is thin. This intrinsic sphincter 1is

anatomically separate from the adjacent but somewhat remote

peri-urethral striated muscle of the anterior pelvic floor.

(F’igure 4)

P

B

Y% _The “"slow twitch" fibres are meant to ensure passive
continence whereas the periurethral "fast twitch" fibres

cannot maintain a long sustained contraction but they
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’ Figure 4. Schematic diagram of the female lower urinary
tract shown in coronal section. (1) LONG urethral layer.
(2) External striated sphincter, (3) Periurethral striated
muscle. (4) LONG urethral layer. ‘
From Gosling (1979).
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incr.‘ease the urethral resistance during coughing and
; y )

straining. |

CENTRAL NERVOUS REGULATION OF MICTURITION AND CONTINENCE

Great discrepancies still exist concerning the centres

L

for the inneryati’on of the bladder and urethrd in the central
nervous system, Most studies were perforrqe;ci on mammals

(cats, rabbits, monkeys) and very few. on man,

3 -

) Nathan (1976) divided central bladder innervation into

three 'levelsil low, high and highest levels of autonomous
. . . . i
bladder centre. ‘ v o

The low level autonomous bladder centre lies in the

-
L

S ‘ X .
.conus medullaris. The' neurones concerned for detrusor

contraction, i.e.. parasympathetic lie in the

-

intermediolateral grey matter of the 3rd sacral’ segment

rqainly and usually extend to the Znd sacral segment and

v 3 ~

occasionally to the 4th and 5th segments. The cells of

-origin of the somdtic neurones dedicated for the external
* 2 o
- striated hrigary sphin¢cter are in the anterior horn column of
A ¢ 4

the 2nd to 4th sacral segments, The sympathetic efferent
for the bladder and urethra arise from the intermediolateral

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

~2nd lumbar segments.

The high level autonomous'bladder centre lies in the

r

junction of the telencephalon with the diencephalon. This

13
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subcortical area consists of two adjacent parts: septal and

pre-optic area. These areas are functionally and

anatomically related to the hypothalamus below them and with -

the amygdalum and hippocampusnabove them, The role of these
different areas on the bladder and pelvic muscles were
studied in mammals: the parts 'of the hypothalamus concerned
are the regions cOntrollin'g the autonomic nervous system.

The septum pallidum also is a contributor to the

parasympathetic and sympathetic organized activities (Figure

5).

» ’ ‘

The highest levels influencing the high level autonomic
centre lie in the frontal cortex (medial wall of the superior

frontal gyrus), anterior part of the cingulate gyrus and the

related part of the genu of C. callosum. Again, different’

areas could be assigned- acéo;ding to its effect on the

bladder. In the cat, Gjone and StelKlew (1963) found’
" excitatory areas on the lst sensory-motor area, the anterior
cingulate gyrus and the superior part of the pre-central .

'gyruvs. Inhibitory ,influence on bladder activity was obtained

on stimulation of the same region of the pre- and post-
'centr_al gyrus, and in the subcallosal part of the anterior

SN
cingulate gyrus, in the somatic sensorimotor area IT and in

. the orbital gyrus.

»

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

of the pre-_and post-central gyri, is concerned with the

bladder evacuation, and control of the pelvic and perineal

musculature. The anterior cingulate gyrus is also a region

-
o
9
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Figure 5. Sagittal section of the regions of the
hypothalamus and septum pellucidum in the human brain. (1)
Lamina terminaljis. (2) Optic chiasmia.. (3) Anterior
commissure. The shading is over the regions constltutlng the
high level of autonomous centre.

From Nathan (1976).
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of bladder facilitation in man. No definite area c%ncerned
with bladder inhibition was found in or around the region of

*

the orbital gyrus. (Nathan 1976).

a

Nerve fibres from the frontal and cingulate cortices

project directly to reach the hypothalamus, the septun

pel lucidum and the pre-optic areas.

In man, pathways connecting high corticai and
subcortical micturition centres are still debatabie: af ter
cingulotomies nothing is changed in micturition nor
defecation. However, lesions in the paracentral lobule
results iﬁ inability to micturate associated with strong
spastic extension of the lower limbs; this is the paracenéral
lobule syndrode. Excessive spasticity of levatores ani and
bérineal muscles may be the cause of inability to initiate
micturition. '

The reticular formation lies in the brain stem. It is‘
formed of short fibres conhecting various nucléar groups
concerned with the bladder. Both vesico-stimulant and vesicb-
relaxant tracts are closely related to each other, hence
lesipns in the brain stem in man almost always involve many

tracts and structures. - T

Kuru (1965) found in the cat, fibres from the vesico-
stimulant centre descend in the lateral reticulo-gspinal tract
and terminate in the intermediolateral region of the

lumbosacral cord.

17
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The nerve pathways from 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 thhe .ventral reticulo-spinal tract.
However, Nathan (1976) found no disturbances of micturition

in man with bilatefal lesions of the ventral reticulo-spinal

tracts.

s

The cerebellum a¥so has some role in rpicturition.
Stimulation of the.fast‘igial nuc leus depresses the pelvic
nerve discharge and detrusor contraction. Ablation of the
anterior lobe of the cerebellum in cats, dogs and monkeys
;resulte% in a hyperactive bladder. The function of _the

cerebellum in innervation of the periurethral striated

muscles remains undefined (Bradley and Teague, 1969).

The pathway that conveys information of bladder fullness
to the cerebral 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).

t

Part of the sensation of bladder fullness is conveyed

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

\ Y

thalamic tract and the fibres of the posterior columns end in

the vental posteri\or +lateral nucleus of the thalamus (Nathan

"1976). ‘ - -

Efferent Innervation:

The’ innervation of the smooth musculature of the bladder

18
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and ureth$a is provide;ﬁg;\both divisions of the autonomic

nervous system. The external urethral sphincter receives

somatic as well as autonomic innervation. N

o

°

The parasympathet1c efferent arises from the 1ntermedlo—
1atera1 reglon of the gray matter of the sacral spinal cord.
It travels for a distance with the sacral plexus then
cqentinues as the-ﬁelvic nerva in the cat which courses on
each side of the rectum and joins tha hypogastric nerve to

form the vesical plexus'at the bladder base. (Langley and

’ﬁnderson 1896). These greganglionic parasympathetic fibres

synapse with postganglionic fibres about the bladder and
urethra'(Wein’and Raezer, 1979). In man, the parasympathetic
efferent forms  a pelvic plexus at the base of the bladder and

not individua;'nerves (Walsh and Donker, 1@82).

-

The sympathetic efferent originates from the intermedio-

lateral cell columns of the spinal cord segments llth

tﬁoracic through” 2nd 1lumbar. oThe preéanglionic fibres
traverse the ventral roats and theutrunk ganglion to extend
distally as the hypogastric nerve to the»yesiéa} plexus. The
majority of the sympathetic fibres synapse in the inferior
mesenteric plexus “and hypogastric .plexuses. and terminatebas

postganglionic adrenergic neurons on the.smooth muscle fibres

of the bladder'and urethra (Figure 6).

’f

The distribution of ,the cholinergic and adrenergic

fibres in the bladder and urethra is still a ma{ter of

‘disagreement., 'El Badawi and Schenk (leEl/;oDnd that the

19
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ganglia

NA: Noradrenaline
ACh: Acetylcholine
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Figure 6. Diagram representing the efferent’ innervation to
the lower urinary tract. Note the 'interconnection between,

both sympathetic and parasympathetic ganglia. PN
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cholinergic fibres and ‘ganglia are found in all layers of the
bladder. Gosling (1979) agreed Ehat the parasympathetic
innervation is.uniformly distributed thrgﬁghout the detrusor.

However, Razer et/€1L(1973) found less neuronal

cholinesterase in the body of the bladder than in the base. -

The density of the cholinergic fibres and their neuron-musclg
ratio varies according to workers. El Badawi and Schenk
(1968), Gosling (1979) and Schulman et al (1972) fou&a 1:1
neuron-muscle ratio of the parasympathetic components in the

detrusor.. - .

Razer et al (1973) stated that the nerve-muscle cell

ratio is less than 1l:1 in the bladder body. Ek et al (1977)

found that the cholinergic nerve terminals in the human

urethra is less dense than that in the detrusor.

The adrenergic innervation in the human detrusor and

urethra are unequally distributed. Ek et al (1977) described
JDumerous adrenergic nerve terminals in the smooth musculature

- , ( -
of the' trigone in both sexes. But, these nerve terminals are

scanty in both urethra and<g1§dder body. They surround both
the smooth muscle bundlés and thﬁ blood vessels. Gosling et
al (1977) found that the adrenérgic innervation in the
bladder neck and the (female urethra is scanty but it is
densely arranged in the, preprostatic urethra, hence, deduced
that this pait acts‘qé a sphincter to prevent/retrograée
ejagulation. .

st

Using .specific histochenical ;echniques'for the

21
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selective demonstration of terminal cholinergic and

Ry N

postganglionic adrenergic (sympaéhetic) nerves, E1 Badawi and

* Schenk (1968) studied the intrinsic innervation of mammalian

bladder. They demonstrated a pericellular plexus of

sympathetic fibres around pérasympathetic ganglion cells

providing the first morphological evidence for an inter-

action of the two components of the autonoimic nervous system

peripherally in the bladder wall.

Innervation of the Striated Urethral Sphincter:

The external striated urethral sphincter receives

somatic innervatipn via the pudendal nerve from the anterior

horn cells iﬁ the grey m;tter of the 2nd, 3rd and 4th sacral

1
»

segments of the spinal cord.

Wein et al (1939) found no evidence of the adrenergic
innervation for the striated periurethral sphincter.
However, Gosling (1979) found that the motor nerves to the
male and female external intrinsic slow-twigpgﬁzstriateg
muscle fibres are branches of the pelvic (splanchnic) nerve
and noé the; pudendal nerve. El Badawi and Schenk (1974)
examiﬁed the innervation of the striated sphincter of
different mammalian species and concluded that the urethral
rhabdosphincter, particularly its upward éaraurethral
extensions has a triple innervation sympathetic,
pérasympathetic and somatic components. The sympathetic

innervation is composed of the perivascular plexuses and

numerous independant fibres running between the sphincter

22
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muscle cells in close relationship to their surfaces. . The

.parasympathetic innervation is represented by individually.

discernible nerve fibres forming intricate networks around

skeletal muscle cells. \\\4\

Afferent Innervation of, the Bladder and Urethra:

Both pafﬁs of the‘autonomic nervous system convey
afferent activity arising from the bladder to the central
nervous system. Those afferent impulses which siénal the .
bladder distension (propioception) 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. (6é@roat\ét al, 1975). ' Pain,
touch and temperature impulses from the’bladder reach the

thoracic spinal cord segments via the hypogastric and

inferior mesenteric plexus. These impulses travel via the

spinothalamic tracts (Kuru, 1965 and Nathan, 1976). \ ‘

&

Uemura et al (1973) using electron microscopy studied
the afferent fibres of the bladder in cats after spinal
ganglionectomies. They found that the sacral parasympathetic
a%ferent innérvation of the detrusor is equally distributed
throughout the bladder. The afferent terminal axons within
the muscle fascicles are in parallel with the smooth muscle

~

cell, thus may act as stretch receptors for initiation of i K\\\

detrusor contraction.

The sympathetic afferent innervation of the detrusor was

.
it N T s ettt

sl
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scarce ‘throughout the bladder except in the trigone and

~
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bl;dder neck where it was.densely arranged. Ueﬁura et al
(L973) made an observation that the sacral afferent terminals
wére abproximately twice as numerous as the lumbar afferent;
in the muscle layer. The sacral afferents were equally
distributé; in different region of the bladder_ but the lumbar

t -y

afferents were concentrated in the bladder neck of the cat.

2

However, infthe Eubmucosa, the autonomic.aff;rent&
éhdwe@ a reversal ratio: the lumbar afferent outnumbered the
sacral afferent terminals. Uemura et al (i973) could not
find a functional role of the afferent endings in the

submucosa but they suggested that pain is transmitted by

i

¥Y

these nerve-endings to the" hypogastric nerve.

Bradley et al (1976) had identified 2 types of sensory
receptors in the mucosa and the muscle layer of the bladder
of cat. Tensi;n receptors were localized in the cpllagen

°
layers surrounding the smooth muscle fascicles, Volume or

length receptors were fewer than tension receptors and were

located withén the smooth muscle fibres.

In the urethra, the afferent innervation is brought by

"the branches of the pudendal nerve. Sensory receptors are

found in Ehe urethra and bladder. Both the free ending and
the laminated types are present. Neither cholinetrgic nor

adrenergic nerve fibres were traced To thesé sensory

receptors (El Badawi and Schenk, 1974).

The peripheral inne;vation of the bladder and urethra

24
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are summarized in Figure 6. 2

The thoracolumbar sympathetic outflow can be divided

into three types:

l. Short preganglif?ic fibres (cholinergic) thaat relay

in paravertebral ganglia. The postganglionic lodg fibres
(adrenergic) supply the muscles of theybladder neck,

. \
posterior urethra, and the striated sphincteﬂ,
: 4 \

2. Long preganglionic fibres (cholinergic) that relay

in the pelQic ganglia around the bladder base. From these,

postganglionic shodrt adrenergic fibres innervate the smooth

musculature and the-striated sphincter. \
\

(Y

3. Postganglionic fibres (adrenergic) khat are

connected to the pelvic parasympathetic ganglia idkibiting

\ .

\

The sacral parasympathetic outflow mainly consists of
. N3 ,

long preganglionic fibres synapsing in the peivic

the parasympathetic transmission,

\

parasympathetic ganglia. From the short postganglionic
nerves, cholinerg{c fibres innervate the bladder, urethra and

the striated sphincter.

Bradley, ip 1978, gave a simpler description of bladder

innervation. He assumed 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. It is termed the nucleus locus

] ’ - 25
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coeruleus, Based on this brain stem detrusor nucleus,

Bradley organized th% four loops:

‘Loop I consists of -axons conneétiﬁé the frontal lobe
cortex. to the brain stem detrusor nucleus and vice versa.
The' latter receives inputs from the cerebral cortex, basad
ganglia, cerebeflum,as well as from the detrusor-directly

and indirectly. (Figure 7 & 8)

Loop II-has a spinal and peripheral'compqnent. The
peripher§l component adrises a§ afferent propioceptive axons
whose senjory.endings are in the detrusor muscle. These are
conducted via-the pelvic nerve to the sacral cord where they
ascend as tHe postérior column to the brain stem detrusor
nucleus. These axons do Aot synapse but rather convey long
route tfthe brain stem. The descending ‘or spinal component
of Loopfil originates from the brain steﬁ detrusor nucleus
’ .
intgrmedio-lageral neurones present in the gray matter of the
sacral cord, 2nd, 3r§j§nd 4th segments where they relay. The
preganglionic parasympathetic and the postganglionic neurones

form the rest of the peripheral component. (Bradley and

Teague, 1968). (Figure 8)

The pudendal nucleus, present in the anterior horns of

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

4

sensofy axons of the detrusor muscle and from the

corticospinal tracts. Its output is directed to the

.

periurethral striated muscles. /

jﬂ
@

— |

and descgnds along the reticulospinal tract down to the.

¢
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Figure 7, Diégram of the left human cerebrum showing' the

representation of the detrusor muscle.-control and the.

periurethral striated muscle in the cerebral cortex.
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EIEGYE-S. Diagram of loop I (left) and both loops I an II
(right). (1) Para-central lobule. (2) Anterior vermis'of
cerebel lum. (3) Pontine mesencephalic reticular formation.

(4) Reticulo-spinal tracts.

.From Bradley et al (1974).'
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Loop III consists of proprioceptive sensory axons from-

the detrusor muscle to the spinal cord to synapse on the

v

motor neurones in the pudendal nucleus. These afferent
impulses are inhibitory to the pudendal nucleus. The latter
continually sends out motor impulses to maintain the pelvic
floor musculature in tonic contraction during the storage

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

Loop IV consists of segmental and supraspinal

innervation of periurethral striated 'muscles. (Figure 10)

’

The supraspinal innervation consists of sensory impulses
a - P N
from the muscle spindles passing cranially in the posterior
| s * N - -
columns, These gxons send collaterals to the cerebellum and

"thalamus and terminagfe in the sensorimotor cortex of the
4 *

frontal lobes.'

<

-~

%he segmen£a1 fﬁnervation consisfs of axons arising from
the muscle&spindles in the ana; sphincter, the pelvic floor
musculature and to a lésser extent in the periurethral
‘sttiated muscle. These muscle gpindles are controlled by the
¢ontra¢tion of intrafusal fibres supplied by gamma motor

2 .
neurones. The afferent 'sensory axons reach the pﬁdendal

motor nucleus present in 2nd,” 3rd and 4th, sacral segments.
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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
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 urinarf tract are mediated by special
neurotransmitters acting on special pharmacological
receptors. These receptors are compogents in the membrane

that reacts with a specific neurotransmitter to produce a

specific action (Raz, 1978).

A. Adrenergic function:

Norepinephrine is considered to be the chemical
transmitter for the %drenergic receptors (Razer et al, 1973
and Wein et al, 1976). The adrenergic receptors are
classified into alpha and beta subtypes. The beta—recep£ors
predominates in the bladder deme. The alpha-receptors are

. ,
numerous in the region of the bladder base, outlet and
p§oxima1<urethra.(Razer et a)}, 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 ;n
contraction; whereas beta-receptor stimulation results in
cellular membrane hyperpolarizatioﬁ and inhibition with

relaxation of the smooth muscle cells. (Bissada et al, 1977).

The alpha-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 alpha-receptors are present in the blood vessels and not

e
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tﬁe‘smooth muscles of the urethra. They affect the urethral

registance via the rich vascular bed of the urethra,

©

Recently, there is evidence of two subtypes of alpha-
Lok ° J

adrenergic receptors, aIpha; and alphap (post and(fre-

synaptic respectively). They have been describe in

.differfent tissues including the urethra. (Hoffman and
Lefkowitz, 1980; MacGregor and Diokno, 1981 and Andresson et

al, 1981). : *

B, Cholinergic Function:‘

- /
Atroplne sen51t1ve chollnerglc receptors have been

e

demonstrated 1n bladder base and body and urethra of mammals

- and man (Tedd and\Mack 1969 Nergardh and Boreus, 1973 and
. wd ]
Raezer et al, 1973) with variable concentrations,

1 /} \ '
Whether acetylcholin;\;;\igg\sagg.néurohumoral

transmitter for the parasympathetic innervation is highly
¢ontroversial. Botﬁ prostaglandins (Taira,>1974) and purine

nucleotides such as ATP (B rnstock et al, 1972) are thought

v

to be among the non-cholinergic*transmitters.
. e f

.. Other authors (Ambache and Aboo Zar, 1970) presented
experimerftal evidence against the concept of cholinergic
.motor ;eurones in the detruser. They stimulated electrically
‘the postganglionic motor neurones ig th; cat, rabbit and
guinea pig ;ladder strips. They found lit;le Or no,
diminution in the contractions of the strips after prolonged

exposure Eo high dose of atrgpine. Eserine failed to

SN

potentiafe the atropine-resistant contractions.

.
S ] .
""m'
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Prostdglandins (PGs) pre,stru;turally'derived from
prostanoic acid and are ZO—éarﬁon polyunsaturéted f@tty;
acids, contaiging an internal cyclopentane ring fr&m cg to C
12. The nine known PG families (PGA, B, C, D, E, F , F, G

anﬁ I) are identified according to the substituents_and their

configuration on the 5-membered ring. The most abundant

-

.naturally occuring PG precursor is arachidonic acid which

'broduces via an enzymatic éystem éélled PG~-synthetase, PGs ?f)

the 2 series (PGp). The initial step in the synthesis is the
formation of PG endoperoxides (?GGé and PGH3). Further
transformation can lead to PGDy, PGEy, PGF, , Prostacyclin

(PGIy) and Thromboxane Az. These compounds are widely

distTibuted in tissues and act upon target cells in the

‘immediate vicinity of their 8ite of biosynthesis (Mathe et -

al, 1977). The role [pf PG's on the mammmglian urinaxy

bladder was focused mainly on the PGE and F families.

Ambache and Aboo Zar~{1970) demoastrated sluggishqpontraction

of detrusor strips under the effect of PGEy and PGFjalpha.

[2d .
The ability of the detrusor muscle to synthetise PG was

“z

demonstrated by several authors. Bultitude et al (1976)

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

LN
rabbit detrusor strips using bioassay techniques. Using thin

layer chromatography, these were shown to be of the PGE)
t§p§. Abrams et al (1979; noted that‘additién of arachidonic
acid in crude human bladder homogenates promoted the
biosynlhesis of PGs and therefore they postulated the

presence of PG-synthetase enzymatic system in human bladder.

N
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Othe"ris demonstg:ated theirﬁeleasé‘ of PGs into the bladder lumen
and pelvic venous izlood in response tc; vesical distension and
pelvic nerve stimulation. PGE, was the one mostly involved as
shown b’)" radio-immunoassay and l'oioassay‘ K’techniques. /‘(Ghoneim

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

The effect of PGs on the mammal ian bladder muscle is in

S

favour of direct rather than via a ne“urotransmi‘tter. Abrams
and Feneley (1976) noted significant contractions o‘f“humar;
detrusor strips produced by the add_g'tion'of PGElr\, PGE7 and
PGFjy. Thee aétiop of .PGs remained unchanged after the
addition of antagonists to acetyi choline, 5~
Hydroxytryptamine, histamine and epinephrine.k Bultitude et
al (1976) found PGE, and PGF, alpha to cause a dose related
contraction of several mammalian detrusor s’tiipé. They
obgerv,ed that indom;zthacin caused a reduction in tone and
loss of s‘pontaneous activity. They)concluded that PGE9 iS
respo,nsib_le For the tone and spontaneous activity in the
bladder muscle. Khanna) et al (1978) demonstrated
different;ial action ;:g PG on ;:'he‘bladder and urethra of the
rabbit. Whereas PGF; alpha caused contraction of bladder
base and the urethra, PGE%Q had no effect on these two
structures.q They showed ttia;t the action of these compounds
is not mediated through muscarinic, nicotinic, adrenergic or
histamine receptors. They probosed the concept of PG

receptors. Evidence of different actions of 'PGFjalpha and

PGE, on human detrusor and urethral strips was also noted by

Andersson and Persson (1977). They reported that bothq,‘ PGs

35
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contracted detrusor strips but urethral .strips responded by
contraction to PGFalpha and were relaxed by PGE2. The
addition of tetrodotoxin did not affect the PG induced
contractions giving evidence against nerve ¢ransmissiqn as

part of the pharmacdlogic response.
. K
Al though the effect of PGs on the activity of bladder

and urethra seems to be independant of the cholinergic and °

adrenergic system, A little is known regarding the exact mode
of action of thesg,agents. The presence of Calcium ions in
the bathing medium is necessary for th;&contraction produced
by PGs ({Paton andeaniel, 1967) and elevating its
concentrationfsynergizes with or enhances their stimulant

effect (Ealing et al, 1972).

The interaction between PGs and other "pu;inergic"
substances had been rais;d as a possibility. Dean and Downig
(1978ay) ,and Burnstock et al (1978)qseparately\showed-evidence
of ATP acting either as a néarotransmitter or a modulator of
the ﬁostganglionic "purinergié" fibrres. The mediation of PG
synthesis by the release of ATP is a‘distinct possibility and
it s;ems tha; nonychol inergic, non-adrenergic
neurotransmission requires the cooperation of ATP and PGs

(Dean and Downie, 1978b).
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Importance of Calcium Ions in Smooth Muscle Contractility:

The contractile protein system in the smooth muscle,
consists of a) thin filaments with a diameter of 5-8 nm

H

called "Actin" and b) thick filaments 15-18 nm in diameter

termed "myosin". In presence of ATP and Calcium ions (Ca**),

myosin reacts. with the active site of the actin molecuié.
Beside the contractilelprotein sysgsy, there are two other
regulatory prdteins.tropomyosin and troponin (Huxley, 1969).
In the absence of ca*t the troponin-tropomybsin system acts
as an inhibitor which brings the adenosine triphosphatase
(ATPase) activity to.a low level associated with rélaxed
mu5cie.‘ The addition of Ca'** merely removes this inhibition

leading to a high level of ATPase activity and contraction

(Perry and drépd, 1979). |

‘ The mechanism of action of the neurotransmitters on the
smoﬁfg/;usdle fibres is probably mediated by 2 kinds of ion
channels on the cell membrane that 4llow the entrance of Ca*™
(and possible Na') inside the cell: potential-sensitive
channel and receptor-operated channel (Bolton, l979f (Figure
11). According to this theory supported by several
evidences showing that various neurotransmitters
(cholinergic, adrenergic, purinergic and Prostaglandins)
activate or inhibit the smooth ;uscles by altering the level
of intracellular Catt (Shibata et al, 1968, Paton and Daniel,
1967 and Bolton, 1979). Whether the Ca*t enter theiceli by

a potential sensitive channel or a receptor operating

channel, the end result—is an increase in the imtracellular
Y, ¢
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- Calcium=-Channels Theory  (Bolton 1979 )

v

Figure 11. Schematic diagram of a smooth muscle cell showing

"calcium ions channels. (A Ch) Acetyl choline. (APC) Action

L et b e emame e o e

potential channel. (C.P.) Contractile proteins, (PG)
Prostaglandins. (M) Mitochondria. (NE) Norepinephrine,
(ROC) Receptor operating channel. {SR) Sarcoplasmic

reticulum.
From Bolton (1979).
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catt concentration that activates the coupling of actin and
myosin. .Pré‘venting the cat? entry could be a .logical way to

control the myocardial and smooth muscle activity.

Calcium Ion Antagbnists:

1

The term Ca*? antagonist was- intro8uced by Fleckenstein
(1971) to desctfibe the action of those drugs that
specifically block catt depéendant excitation~contraction
coupling. A variety of names hés, been gi ven t;) this group of
drugs incluciing Calc'ium4antagoni'sts, slow channel blocke{:,
Cal;:ium cha;1ne1 blocker and‘ Calcium entry blocker (ZIsoster

‘and Church, 1983). The term "Calcium antagonists"™ is the’

most appropriate and will be used throughout the text.

*

Although the list of substances that interfere with cat?

b ~

influx into the cell i’nclilde cations (as Lanthanum,

Manganege, Cobalt, .Nickel), ‘lo"cal anestpetics, nitrites
(Rahwan et al, 1979), the true Calcium antagonists are
organic compouids such as Verapamil, Nifedipine, Diltiazem
and Prenylamine. The latter arel the drugs mostly used

therapeuticically for cardiac arrythmias, angina and

hypertension (Zsoster and Church, 1983).

"It is widely accepted that the predominant effect of
“Ca++ éntagonists is on potential ~dependant (AP) channel in

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

—

-myocardium (Zsoster and Church, 1983). The "fast channels
through which Nat enters cause Ahe initial rise in the action

potentiél (AP) in myocardium (Nayler and Grinwald, 1981).
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The fast Nat channels are inactivated by K* depolarization or

tetrodotoxin (Mascher,n 1970). -+

3

Nayler and Grinwald (1981) showed that Verapamil,

Diltiazem and Nifedipine act selectively on the slow channel

through which ba"'* and possibly .some Na' enter the myocardial -

cell. They suggested that Nifedipine may simply inactivate
the calcium channels in a dose:é'éﬁend,ent way, wili_le Verapamil
and Diltiazem in addition interfere with the kinetics. of

inactivation and recovery.

Some authors (Nayler and Grinwald, 1981 and Zsoster and
Church, 1983) believed that these drugs interfere with the

** for its physiological role at

availabilitly of Ca
intracelblular site(s) as well. These sites are believed to
be the sarcolemna, the sarcopla'smic reticulum and the
mitoshondria. ' Verapamil has been reported to interfere with
Catt-ATP use in ]E}:ne sarcolemma. Nifedipine has a more
selective action on the slow chatnels while ‘Verapar'nil has a
double inhibitory effecgon the fast channel as well. The
use of Catt antagonists on vesicourethral musculature had
shown a éos,e—dependent depressing effect ori_ﬁ slmo'oth~ musclié
contraction. Khanna et al (1983) demonstrated such effect of

Verapamil on strips from the detrusor and urethra of the

rabbit. Finkbeiner (1983) noted & diminution of in vitto

spontaneous contractility of guinea pig detrusor after,

&
exposure to Diltiazem.
-—-—-“’—.

The ¢linical application of Ca*t antagonists in urologic

40
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{ patients could be promising. Forman et al (1978) wused
’\/ ( Nifedipine on patients with detrusor irritability. They
reported subjective and objective amelioration in their
+bladder capacity. i . .
:
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VISCO-ELASTIC PROPERTIES OF BLADDER AND URETHRA:

e
YT e e e,

7

The creation of a mechanical model for the bladder andi
its mathematical analysis has contributed to " the

understanding of the physical behaviour of the det;uso;.

-

The three basic mechanical elements known are briefly

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

Viscosity is expressed by the dashpot (Ngﬁton element)
where the resultant.force (F) is proportional to viscosity

coefficient (n) and rate of deformation (X) according to the

o

formula F=nX.

It is obvious that. the dashpot fesponds only slowly to

the acti9n of the force regarding the resistance ae;éloped. .

( .
Elastigity is presented by a helical spring (Hooke

element) where the force (F) is proportional to elastigity

constant (E) and deformation (X)

F=EX

Maxwell element ié represénted by a Newton and a Hooke

.
i

H
i}
g
'

element in series. Both elements supply the same fqrce on

opposite direction (Kondo et al,’ 1972).

r

The behaviour of the bladder, being a biological system,

depends in great part on the visco-elastic properties of its

material.

4

©

Visco-elasticity is'a "passive function". 1Itiis the

tendency of the compliance of a material to increase with

42 u
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(F) force, (X) deformation.
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Figure 12. Diagram showing the 3 basic mech‘:;ical elements
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time as it is subjected to stress (force). When a stress is
applied steadily the tension which initially builds up, will

gradually decrease (decay) with the passage of time.

Because the bladder wall contains collagen, élastin and
smooth muscle, it was found that a combination of Maxwell and
Hooke elements might represent a mechanical model for its
‘viscoelastic properties. Kondo et al (1972) suggested a
mechanical model of three Maxwell elements and one Hooke
element for the bladder behaviour in response to filling
(continence phase). They showed that rapid filling of the
bladder (stress) was followed immediately by sudden rise. in
the' intravesical pressure (tension). Rnalysis of_this
component fitted with a Hookian element. Then after stopping
the filliﬁg, the intravesical pressure decreased rapidly
(decay) the; gradually to an asymptotic value which is
greater than the intré&esical pressure before the injection.

" They deduéed that the pressure (tension) is separated inpo
¢ contribution from the collagen component (Hookian element)

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

Coolsaet et al (1973) provided a mechanical model with
two instead of three Maxwell elements to be more consistent

& <with their measurements.

Law of Laplace: -

The application of the law of Laplacé has been used to
explain urethral and vesical mechanisms of continence and

voiding (Woodburne, 1960). This law expresses a relation

. x
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between the pressure (P) inside a-closed vessel and the

forces arising from the tension (T) in the walls of the
vessel. At equilibrium, the pressure is equal to the tension

force. By introducing the dimensions of a sphere, the

& o

pressure (P) is equal to two times the wall tension (T)
divided by the radius (R) of the sphere,

‘ P = 2T/R

For a closed cylinder, Laplace's law becomes: pressure

(P) is equal to the circumferential wall tension (T) divided

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

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

et al, 1977) assumed that the thickness of ghe wall is small

compared to the radius. 'Thus for simplicity, Laplace'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 the

curvature i that direction.

Bladder Behaviour During Continence (Accommodation):

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

P = 2T/R. At constant pressure, the wall tension 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

46
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(elastomer) fashion when wall tension is plotted against
length (stretch). They showed that és the bladder is empty
the raaius is small and thus the,pregsu;e low. As the voiumg
is increased inside the bladde; there is initial rise in the

[

wall tension and pressure. With further increase in the

volume, the pressure rise is minimai, but the wall tension
- continues to rise until a éoinﬁ where some pressure’is
attained. At thi; point further in;rease,in the volgm?
(radius) will raise the wall tension and trigger the

sensation of voiding. Thishjjgiesents the basis of the

cyétometric curve. Zinner et al (1977) showed that changing

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

substance coincided with cystometrograms from cats after

hypogastric nerv?‘ifij@ion.

3

i U;gthral Closure During Contirdence:

Aép;;éqffdn of Laplace's law on the urethra .is not

.'clearly justifiable because of changes in curvature of the
urethra and thickness of its wall. Zinner et al (1976)

stressed the importance‘of elaétiéity of the urethral wall.

They proposed an "elastically-inert filler" that surrounds

the urethral lumen. This filler transmits a pressure from'

surrounding elastic (muscle) sheath and does not exert any
_elastic forces; thus corresponding to a layex of spongy
¢ . 3

tissue.
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THE MECHANISM OF VOIDING AND MICTURITION

The g’ual function of the bladder for storage and

evacuation still requires explanation.

‘ » i
Several “speculations have peen put forward in order to

‘explain both mechanisms of continence and voiding. As far as

continence mechanism is concerned, several factors are
involved. Lapides (1958) proposed two factors essential. for
the urethral resiséénce during the s%orag%}phase viz the
' R
inherent tension, of the urethra{ wall and the length of the
"functional" urethra. He gescribed the internal vesical
sbhincteé as a tubular structure composed of bladder smooth
muscle and elastic tissue and that this sphincter represents

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

urethra., Both segments represent the true bladder neck.

{
During storage, the internal sphincter is kept closed

and thus maiptains'continehce%~ This is carried out in an
autonomous tireless fashion with a negligible expenditure of
energy (Lapides, 1958). However, Hutch (1966) related the

continence to two sphincters. The internal sphincter located

in the base of the bladder "base plate" and the urethral

sphincter located in the'proximal 2-3 cm of the urethra. He,

believed that so long as the "base plate" is kept -flat,
continence is assured. :Both sphincters help in this

achievement.

Zihner et al (1976) described three major elements to

ensure total continence: inner softness, inner compression,

q
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and outer tension of the urethral wall, They believed in the
softness or plasticity of the inner urethral wall to seal the
lumen. The inner urethral compression is a passive responge

to a squeeze from outside the region of compression.

The urethral wall tension is crucial and develops within

the urethral wall and/or the surrounding structures and acts

té, compress the region of continence. Tensidn in the wall

results in part from the passive characteristics of the

2

. e
elements forming the urethral wallg which are collagen,

elastin, smooth and striatéd musculature.

. ] *
H A R
1 Mechanisms of Bladder Outlet ‘Opening:

Between continence and voiding, there is a tranF'Eion
period during which the ,bladder outlet opens. Sejé:al

theories were proposed to explaim 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 bladder contraction.
‘This relaxation .will result in a dra in the urethral

resistance.

>

Evans (193§) presented evidence of reciprocal activiti
between the bladder fundus and neck. He postulated that once
the bladder neck relaxed, the hydrodynamic squeezing of the

detrusor-allows the urethra to open and the bladder to empty.

.23
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Bradley et al (1974) measured electric activity in the
hypogastric nerve and found a burst of activity at beginning
and end of micturition. They concluded that the urethral
opening and closure was a nerve mediated active function.
Jonas and Tanagho (1975) sho&ed ; nerve-mediated spinal
reflex that induced a drop in uretﬂral resistance in response
to detrusor contraction. They supported a role for the
active urethral relaxation prior t; voiding., On the other
hand, Tanagho et al (1969) presented evidence of the role oq

'3

the external sphincter relaxation during voiding.

From the above data it seems that for oéening of the

"bladder outlet to occur, the theory of active 5&gthral

relaxation reguires that both smooth and striated muscular
h Y .
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 layers of the

proximal part of the urethra into longitudinal and circular

llayers. 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 (1965) after an exhaustive

dissection of the outlet region held the trigone muscle
responsible for bladder neck opening. They stated that by

A
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_contraction of the trigone muscle, it pulled the posterior

part of the vesical orifice ardd the posterior upper part of

the urethra upwards and backwards.

Tandgho et al (1969%9a) showed that the inner longitudinal
urethral coat helps during voiding.- by reducing the urethral

resistance.

[y

In 1965, Hutch came with the théory of base plate that
entailed an active contractiﬁp of the detrﬁsor to>open the
blaéder outlet, This theory ﬁeld that the base of the non-
voiéing bladder is flat and aisc41ike. The internal ureﬁgral
orifice penetrates this plate eccentrically. As the disec
plate ‘was flat, the bladder outlet was closed. During
initiation 6f voiding, the ddh;racting detrusor musculature

pulled the lateral borders of the base-plate upwards

converting it into a funnel and hence the bladder outlet was

|

opened.

Biiefly, the normal micturition can be summated as
: j

t

follows: ) p

*
L]

During the phase of urinary stofage, the bladder
accommodates urine without appreciable increase in the
intravesical pressﬁre. This is due\iq paét to the visco-
elastic properties of the bladder wall and in other part to
,
neural control via the sympathetic dutflow to the outlet and
the dome. The net results will be closure of the internal
sphincteric mechanism and inhibition of the bladder activity

allowing more filling.

.51 -
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The micturition reflex isfinitiated mainl§ by the rise .
in ingra;esieal pressure. It‘is the latter that provokes the
sensation of bladder disfension that is mediated Ehrough.
afferent impulses through pelvic nerves. Micturition is
mediafed via the parasympathetic outflow to the detrusor.
Despite the fact that the sacral segments of -the spynal cord
harbour efferent parasympathetic neurones, it seems that the
actual organization of the micturition centre lies i .
brain stem. The final steps in micturition will be op::fzza\\%\\
of the vesical outlet, synchronous contraction of detrusor
with relaxation of the st;iated misculatrue of the pelvic
floor and emptying of the blgddér. The facilitatory and
inhibitory impulses which origiﬂate at several levels of the

nervous system including brain stem, cerebellum, and the

cerebral cortex allow for full conscious control of -

A%
L

micturition.
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BLADDER AND URETHRAL BEHAVIOUR IN ‘SPINAL CORD LESIONS:
, —

LN

‘“ﬁhe acute urinary retention following spinal cord injury

has been described some several decades ago (Holmes, 1933).

However the causes of failure of the_bladder to evacuate

during the spinal shock phase are stiﬁl unknown. Some

b

attributed it -to-bladder areflexia secondary to loss of nerve

"
- A

reflexes (DeGroat and Ryall, 1968 and Jonas et al, 1375) or
to increase in the outlet resistance secondary to an increase
in the sympathetic activity (Edvardsen, 1967; Awad.et al,

1977 and Rossier et all 1980).

. r3 '
The duration of "shock" phase in man is variable between

a few weeks to several months depending on the management of

the bladder and the extent and site of the lesion.

w

Ultimately, the bladder will régain some activity thoygh
incomplete. The association of chronic spinal lesions with
lower urinary tract dyéfunction is particu}arly disabling in

several diseases and particulaily withmultiple sclerosis

P

(rﬁcslc)o )
Multiple Sclerosis:

.

M.S. is the commonest demyelinating disorder

vt

characterized by a chronibAand relapsing -course of
neuroaogical disorder. The disease prevéils in certain
éeographic distribution which is north to ;00 latitudes.It
affects equally males and females. About161% of cases begin
between the age of 20 to 40 years. There is no appreciable

racial factor and a purely hereditary basis seems to be
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i ‘ "excluded. Little is krown about the etiology of the disease.

y Some workers claim to isolate a corona virus or ga filterable
agent that has a cytopath.ic effect (Mitchell et al, 1978).
It appears that there is a corre‘wiation. betweep measles and
M.S. and other viruses (Poser, 1979). Immunologic studies‘to‘
d;‘ite.have not yet established whether M.S. is the result of al
hyperimmune state or a cellular immunodeficiency. 'Some
factors are thought to be precipitating for the onset or
aggravating for the course such as upper respiratory tract
inféction, immunizaltion, pregnancy or excessive stress

2

(Schoenberg et al, 1979).




T

Pathology of multiple sclerosis: .

Macroscopic fipdings:

The disease is confined to the brain and spinal cord.

e o

Groés examination’reveals circumscribed patches in the brain
and spinal cord. The "old" lesions apbear gray, g;a§—red or
brown in colour. They are well circumscribég. The numbei,
shape, size and location of the plaqdes vary in the nervous
tissue. Although the plagues are distributed in random, in
chronic oases, they are al@bst always paraventricular, i.e,
between corpus callosum and caudate nucleus and a;ound the
posterior and inferior horns of the lateral ventricle, ° The
plaques are mainly found in the white matter though the gray
matfer is sometihes involved}' In chronie cases, variaus
degres of atrophied plaque; are found in the brain, sﬁipal

cord and the optic nerve. The leptomeninges are found to be

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

K4
il ' N

- 7

Microscopié findings:

The essence:of pathogenesis of M,S. is demyelination.
The demyelination is found 'to start around a vessel then
spreads irreqularly towarés the outer surface. It doeé not
follow a particular tract., Contrary to the "fresh" lesions,
the "old" patches are sharply demarcated from the surrounding
normal nervous tissue. The foci of demyelination may
coalesce and present larger plaques that in general are

wedge-shaped or semicircular, They are different from the

vascular necrosis of the nervous tissue.

FUpa—.
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- prediliction areas for the plaques.

The lesions in. the gray matter are found to a variable
extent in the cerebral cortex, basal ganglia and the adjacent

white matter, eg the internal capsule., In the cerebellunm,

the - deep white matter and the dentate nucleus are the’

0

v

In the‘spinal coz:d, the lesions merge fromwhite to gray
matter. They are often symmetrical and located 6n bo}h sides
of thé ventral fissure and the dorsal septum. Both the
posterio; and central parts of the lateral columns are sites
f;r the plaqdés. The anterior coipmns aEe affgcted cloée to

the ventral fissure. Occasionally, the lesions are

concenErically found along the central spinal canal:

e —

The optic nerve, chiasma and optic tracts are almost
! v

always involved. Sometimes they are completely demyelinated

and due to the subsequent gliosis they become atrophic.

The myelin preakdown is a primary disorder leaving the

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

to the noxious agents in M.S. Only in longstanding cases,,

o~
R

some foci.may show a minority of dégénerated axons, The
nerve cells ;how higher resistance than the axons tc the
noxious agents. However, swelling of cells are ;ometimes
found dnsidg the plagues. The breakdown products of the
myelin sheath are removed by phagocytes of glial origin. The
presence of glial cells stuffed with fat droplets indicate a
"fresh" lesion. In the centre of the "older" lesions, fhere

are no fat-laden glia except perhaps around the vessels. The

56
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"healed" lédions do not contain breakdown products. |,

o

-The glial fibres form a thin network in the centre 9f a
"fresh" lesion. As the lesion gets "older", the network of
glial fibres becomes dense causing the gray-brown coloration

and the firm consistancy of the lesions.

>

Variable amount of perivascular cellular infiltration

are élmost always found in the "fresh" lesions. This
infiltratiop/consists of plasma cells and 1ymphocytes; Th;
blood vessels inside the plagues may show swollen endothelium
or occasional thrombi particularly in "fresh", lesidns

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

—~

e
Because of the involvement of the reticulospinal tract

in the regulation of the lower urinary tract function, damage
to its continuity by the demyelination process might explain
the high }ncidence of bladder dysfunction in patients with'

M.S.

Blaéder'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 irritab}lity: urgency and
frequency and urge-incontinence (Andersen and Bradley, 1976;
Bradle; et al, 1973; Summers, 1978 and Schoenberg et al,
1979) and represent 50-75% of the bladder symptoms. The
presence of urinary infection is accelerated and perpetuated

by residual urine and frequent instrumentations.

Qrodynamic studies in the form of cystometry combined
with EMG of g&e urinary sphincter revealed that detrusor
(hypegreflexia accounted for 50-75%, and blaédér areflexia for
25-40% (Andersaon and Bradley, 1976; Bradley et al, 1973 and
Schoenberg et al 1979). The most common EMG finding was
vesico-sphincteric dyssynergia (Goldstein et al, 1982) where

there were persistant or augmentgd EMG activity during

"voiding. Uncontrolled sphincteric relaxation is .a less

common finding. During this phenomenon, there is an
unvoluntary inhibition of the external sphincter represented

by a period of reduced EMG activity associated with a bladder

58
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"urinary tract damage (Damanski and Keer, 1964).

contraction (Bradley et al, 1973). The incidence of urihary
Y
incontinence is more in women that ‘in men. This is probably

because of the better developed urinary sphincteric mechanism

in men (Bradley et al, 1973).

The incidence 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

. ¥

B

In order to study the.evolution of M.S., several

.attempés were done to induce a "demyelinating" disease of the

central nervous system in several animal species by repeated
injections of heterologous mammalian nervous tissue as a
éensitizinghantigen. The "experimental allergic
eHcephalomyelitis“ (E.A.E.) was proposed as a model for M.S.
in rabbits and guinea pigs and appears to.- have had
considerable support particularly aftef the close resemblance
between clinical and pathological feétures of E.A.E. and
those found in M.S. in humans (Lassmah and Wisniewéki, 1979).
However the literatur; lacks, to our knowledge, the animal
g

model for M.S. that allows adequate urodynamic studies during

the varioys phases of the disease.

rJ
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MANAGEMENT OF VESICAL DYSFUNCTION IN PATIENTS WITH SPINAL

vt

CORD LESIONS, R

Irrespective to the etiology of the spinal cord lesion

the urolodogic treatment of the patients remains essentially
the same. The primary objective in caring for these patients
is to presexrve the renal function. Donnelly et al (1972) and

Hackler.(1977) showed that between 40 and 43 percent of all

~ spinal cord injury patients eventually will die of rehal

disease. Beside preservation of renal function the

N
achievement of a socially accépta%le means for handling both

bladder functions is by itself an important goal.

i

Immediately following an acute spinal lesion (traumatic
injury, acute exéperbatibn in M.S.) the state of spinal shock

occurs and may last for a few weeks to a few months.  The

‘bladder activity is absent or severely depressed during this

phase of spinal shock. The initial management that is agreed
upon entails a short term (5-7 days) indwelling catheter
followed, as soon as the condition of the patigpt allows, by
an intermittent catheterization. Guttman 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 subsequently. ir
the intermittent catheterization program is not available in

an institution, Graham (l§81) suggested to move the patient

to a fentre where it is possibles The applicatien-eof other

MRtk T stiat s

* Medh spa

‘-—\u/
modalities to evacuate the bladder during the shock phase

showed no success. Yalla et al (1976) have demonstrated that

60
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the uée{of‘Crede's manoeuvre to induce bladder ‘emptying was

<
H

associated with sphincteric contraction, Moreover, the same

authors showed that iﬁjeqtion of Bethanechol chloride caused

a rise in the urethral resistance by contracting the yrethral

L3
/ -

musculature as well as the detrusor. ) .
N - £ K 7 ‘

[ R

Aftér'the spinal shock phase fades .away, the bladder

.8

.starts to regain.some contractility. The urodynamic studies,

S

9 a

. and?partﬁcularly, the cystogram will help in categorizing the
nature of the established bladder and outlet dysfuaction.
Thus the fqllow-ub of these patients with repeated cystogram

’ .'had beenﬁtadviséd on periodic basis of 8 weeks in order to
o decide on the thérapy (Graham 1381). Th; sgébilized lower

\\urinary dysfunction can bg managed by several protocols

.taking'into consideration to start with the least invasive

modalities and keep the irreversible drastic medsure to the

‘

end. .

s . -
- °
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I. Pharmacotherapy: o Cy e

-

. § L ~
Pharmacotherapy has enjoyed immense popularity in the

ﬁanagement of patients with urinary dysfuncglon.

Unfortunately, théreﬂiemaig/séV%ral impediments to the

| ’

: ‘gffective ﬁse of pharmagéﬁ%ical agents. These obstacleé
iﬁclude reliance upon the‘presence of a detrusor reflex and
upon'patient.compliagEe. \Moreover, the site of action of
most pharmaceutical agents precisely on the lower urinary

stract are not‘known:precisely, furthermore, their central

nervous system action is virtuallx unknown.

’ o : 61 -}'kt‘



-~

The choice of pharmacotherapeutic-agents fall under the
following categories of drugs:

1. Drugs that increase detrusor muscle contractility

2. Drugs that decrease detrusor muscle contractility -

3. Drugs that increase urethral resistance

4, Drugs that decrease urethral resistance

5. Drugs for treatment of autonomic dysreflexia

Drugs increasing detrusor muscle contractility:

These drugs provide excitation of the ﬁéuromqsculéf
junction. The most popular cholinergic.agenf used 1is
Bethanechol (Diokno and Lapides, 1977 and Sonda et al, 1979).
The indications for Bethanechol include detrusor areflexia,

pladder denervation and increased residual urine volume.
v
Other drugs include Carbachol, Neostigmine and Mestinon.

' The side effects of these parasympathomimetics are nausea,

. cramping paln, dLarrhea, bradycardia, postural hypoten31on

Jgd dizziness. The popularity of these agents has declined
since the introduction of the intermittent self-

catheterization (Lapides et al, 1974).

Drugs decreasing detrusor muscle contractility:

A

This group includes the anticholinergic drugs. The main
indication is to suppress involuntary detrusor contraction.
They include; Oxybutynin (Diokno and Lapides, 1972),
Propantheline (Finkbeiner et al, 1977), Imipramine (Labay and

Boyarsky, 1973), Methantheline-(Finkbeiner et al, '1977),

/

62

it B gt s O e e i b b - ——



Emepronium (Ulmsten and-Andetson, 1977) and pi&yclomine (Awad _

et al, 1977). Their side effects vary in extent but mainly

include: - dryness of mouth, visual blurring, constipation and

cardiac arrhythmias. . . )

+

Drugs decreasing urethral resistggce:
- 2
This group of drugs acts on smooth and/or skeletal
muscle components of the urethral resistance. They include

alpha-adrenergic blocking agents namely Phenoxybenzamine and

i3

Phentolamine (Krane and Olsson, 1973). Their main
indications are to reduée residual urirne volume. They are
also used to prevent autonomic dysreflexia in patients-ﬁith
high spinal cord lesions (Scott and Morrow, 1978). Their

side effects include postural h&potension, tachycardia and

diaphoresis.

4

Drugs that reduce the striated muscle tone of the
external sphincter include Diazepam, Dantrolene Sodiumy
{Murdock et al, 1976) and Baclofen (Florante et al, 1980).
The main indication for use of these agents is detrusor-
sphincteric dyssynergia. 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 rise
in the urethral pressure profile indicating-a higher urethral

resistance, This group of drugs include Ephedrine (Diokno

3
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and Taub, 1975), and Phenyipropranolamine (Montagge and.
Steward, 1979). Other a?ugs raise the urethral resistance by
blocking the relaxing effects of beta-adrenergic receptors as
Propranolol (Qwad et al, 1974). The side effects include
irritability, insomnia, elevation of blood pre?sure and

™~

cardiac arrhythmias.

' 4

©

Drugs for autonomic dysreflexia:

Thesg include Phenoxybenzamine (Scott and Morrow, 19§%)
and the ganglion blocker agent Hexamethonium (Bors and’
Comarr, 1971). The main indication is autonomic dysreflexia
in patients particularly with high spinal cord lesions,- i.e.

upper thoracic or cervical levels. The clinical presentation

includes paroxysmal hypertension, headache and diaphoresis.

Y

2. Surgical manipulation:

Several neurosurgical procedures we¥re proposed to

P

ihprsve the impaired bladder function following spinal ¢ord
lesion. A limited number of patients may benefit from them.
However, carefu} preoperative evaluation of the bladder and
its outlet is important since most of these érocedures are

drastic and irreversible.

»
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The surgical manipulation of the neurogenic bladder can

be categorized under the following headlines: o -

o -

2,A. Surgery for improving detrusor force: s o

Several authors attempted several procedures with the’

A
. objective being to reinforce a weak detrusor muscle. Some

workers tried sympathetic denervation together Jwith a
pudendal neurectomy to leave the parasympétﬁe£ic drivé
unopposed. The results were disappointing. Other authors
favoured a partial bladder resection which may, providing
that thg detrusor reflex 1is preserved, re-establish
satisfactory expulsive force in the remaining detrusor (Orr,
1937). These operations did not produce satisfactory results

and thus were abandoned.

[

The addition of ap intestinal segment to the blaéder had
been advocated to help incréase the intravesical pressure.
The bowel contraction was found insufficient for bladder
emptying since the intestinal segmentlconfraction does nof
generate enough tension to maintain a normal opening of the

bladder outlet during voiding.

2.8 Surgery to control bladder hyperactivity:

These procedures are reserved for persistant, crippling,-

_uncontrollable detrusor hyperreflexia not responding to

anticholinergic agents. The techniques aim at either the
nerve roots concerped in bladder and outlet innervation or

peripherally on the bladder. The preoperative evaluation

65
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includes percutaneous anesthesia of the éacrai roots that

could be helpful in predicting the result of the operative

procedure’ (Rockswold et al, 1974). By careful selective

rhizotomy, the detrisor and pelvic floor spasticity were

reduced as shown by Rockswold et al’(f973L

APe;ipheral surgical denervation of the spastic biadden

took several” forms but the principle remains the same. A

transvaginal approach was tried by Warrel (1977).

Transection of the bladder above the trigone was carried out

in order to interrupt the idnervation (Turner—Warwick and
L'

Ashken, 1967). Complete perivesical dissection to denervate
L4

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

° £

2.C Surgery to reduce outlet resistdmce:

These procetiures are reserved for decompensated bladders
associated with high outlet resistance not responding to

i
drugs, Pudendal neurectomy was tried but was found to be of

little or no bepefit in reducing the outlet resistance with

the associated erectile impotence (Bors and Comarr, 1954).

External sphincterotomy had replaced the need for pudendal

neurectomy. Its main indication remains detrusor-sphincter

dyssynergia with a decompensated bladder and associated

vesico-ureteral reflux., Three types of incision have been

used for achieving an external sphincterotomy; namely at 12
3

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

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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obstructien, the procedure could be rf—_:peated. External
sphinctero{:omy can be associated with .a transurethral
prostatectomy if voiding is still im}aossible (Gtaham, 1981).

Detrusor—-sphincteric dyssynerc}ia associated with some

‘diseases particularly M.S. is much less severe and quite

variable due to the evolutive process of the disease.
Sphincterotomy should only be rarely indicated in M.S.

(s‘laivas et al, 1979.).

¢

3. Electronic control of mjcturition and continence: -

The principle of electric stimulation for achieving

bladder evacuation and storage vappealed ‘to several
. -~

researchers particularly with the introduction of more

sophisticated @lectr onic devices.

For bladder emptying the early trials entaileddirect
bladder stimulation by application of electrodes ‘on the
bladder (Bradley et al, 1962). Iafer electrodes were put

around_the spinal cord for stimulation (Nashold et al, 1972).

-—— -

. The problem of simul taneous pelvic floor contraction created

&

a high intravesical pressure during voiding with high
urethral resistance and poor emptying. By changing the

modalities of stimu;ration, it was possible to induce fatigue
"

0f the external sphincter (Tanagho and Schmidt, 1982).

The use of electric stimulation to improve continence
has been tried (Caldwell et al, 1965) with some promising

results. Later, by the use of vaginal or anal devices,

67
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electric stimulation improved urge incontinence particularly
in women through .2 negative feed back to the detrusor (Godec i

et'al, 1975).

Electric stimulation of skin dermatomes in the leg was:
gshdwn to control urge incontinence though the mech/anisni is

not understood (Khan, 1983).

4, Mechanical devices:

A multitude of devices had been proposed for reducing
the social and hi;'genic pro’biems‘{associated with incontinence.
They can be placed on a temporary ;)r éermanent basis. Some
ar';'e very simple, others are more elaborate and sophisticéted.
all _share the sdme disadvantage of carrying the risk of

e

technical»;q?fect and embarrassment. :

' T}le male appliances are the condom urinal that fits
sn‘ugly around the penis and has gained w‘ide acceptance. The
penile clamps carry the risk of penile and urethral erosion
iaarticularly in° patients devo’id of sensation in their

genitalia.

The female appliances a;:e more complicated and usually
uncomfortable. The majority of the “devi‘ces are applied
intravaginally) in an attempt t to compress tﬁhe urethra aéainst

the symphysis pubis.

¢

The artificial urinary sphincter had" gained popularity

partugqcularly after improving the technical device. The
e
G
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principle is to compress tﬁf/bladdér neck (or bulbar urethra)
- —a ! ‘ ~

by a cuff dbnéaining fluid that can be'shifted away (to a

reservoir) prior to voiding. The main complications remain -

. E .
the risk of infection, egobion and mechanical failure,

5. Intermittent clean self-catheterization:

This metheod had gained wide popularity during the last
decade for the management of patients with neurogenic
bladder. The patient must have somerdexterity with both
hands. Teaching personnel are essential for.guidance to the

patients. Several reports showed remarkable decrease in

urinary tract infection following the use of this technique

(Naninga et al, 1982).

*

6. Indwelling catheter:, . ,

P .

This solution becomes the last resort when intermittent
catheterization is impractical or impossible either assisted
or self-induced. However, the care of the indwelling
cathéter\gna the patient is important in OFE?I not to
complicate,.L matters further. Changing fﬁ:“cathéfég
frequently, observation of closed irrigation drainage s¥ystem
and debloéking the catheter are among the basic rules that

must be observed.

7. Urine diversion:

This represents the ultimate failure of all previous

solutions be it pharmacological, pedagoldmical or
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, - conservative surgical. Urirde diversion should not be the
1
first choice and -should be seriously reappraised because of
the consequences. . ‘
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OBJECTIVES OF THE STUDY
|

°  Throughout the present work we tried to shed some light

on the following: .

1. The motility of the bladder and its outlet during

continence and voiding in cats with intact spinal cord.

.

»

2. In vitro pharmacological study of the proximal urethra
and the detrusor exploring the effect of some
neurotransmitters, Calcium ions and their antagonists,

3. . The motility of the bladder and its outlet during acute’

spinal shock phase in cats.

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

some urodynamic parameters during the different phases of the

disease and to test the effect of pharmacological

manipulations on these.parameters.

—
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MATERIAL AND' METHODS o

The handling and manipulation of the animals throughout
the expériments‘were approved by’the Animal Care Committee in

both Sherbrooke and McGill Universities.

. e .
For the sake of convenience, the material and.

methodology will be categorized according to the four above-

()

mentioned objectives,

reren
¢ . M —

Objective 1 .

Mechanism of continence and voiding in control cats: in

vivo study:

°

A total of 86 adult male cats were included }n this
study. Their weight varied between 2.5 ~ 4 Kg. Si%ty-one
(61) were sgydied under general anesthesia (induction by
ether inhalatién then maintenance by alpha-chloralose* 50-60
mg/Kg of body weight dissolved in warm isotonic saline and
{njected 1.V.). Twenty-five (25) cats were Gecerebrated
under ether &nhalation: once the craniotomy was done, the
two occipi;al lobes were removed by suction revealing thus
the corpora gquadrigemina. A section in the brain stem was
done by a blunt spatula between the superior ana inferior
colliculi. After proper hemostasis ghe scalp was sutured
closed and ether was discontinued. The decerebrate rigidity

s

soon appeared in the 1imbs.

*alpha-chloralose: Abbott Laboratories

*
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The experimental set up was the same for bo‘th the
anesthetized and the decerebrate gorOups. The cat was put on
its back near a Heat lamp to keep the animal warm. bThe
abdomen was incised along the mid-line from xiphoid process;
to the symphysis pubis. The intestines were packed away from
the bladder after sectioni"nguthe rectum to prevent
transmitted respiratory and intestinal movements from
reachingﬁ the bladder and thus altering the recordings. ~ The’
bladder, proxi\ﬁmal (pre-prostatic) wurethra and the
periurethral skelmetal muscles were exposed.a Minimal
dissection was carried out in the periurethral fat in order
toopreserve the inn vation and vasculature as mucb as
possible. The blaﬂddeks cannulated by a Size 8 Fr feeding
tube for filling and pressure measuri\ng. The filling medium
was 0.9% saline warmed to 37°. Two fixed points were chosen
on the anterior wall of the bladder and at the vesicourethral
junction. One centimeter away from this fixed point, 2 fine
black silk sutures were taken respectively on the bladder and
along the 1longitudinal axis of the preprostatic urethra. A
third suture was taken 0.5 cm lateral to the fixed point at
tl:F vesicourethral junction along the-transverse axis of theu
p:reprostatic urethra. These silk threads were tied on to

-2
three force-displacement transducers “(Grass ft 0.3) ‘recdording

thus simultaneously the motility of the detrusor,
longitudinal and circular urethral smooth muscles
respectively. Upwards and downwards deflection of the

v

writing pens coincided respectively with contraction and

. ’
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relaxation. The vesical and urethral pressures were measured
by two pressure transducers (Statham). The bladder and
urethra were perfused by two Harvard continuous perfusion

“

pumps at constant rates of 1.91 and 0.19 ml/min respectively.

The EMG (electromyographic) activity of the periurethral
Stiiated muscles was recorded by two stainless steel wire
;-
electrodesiisolated except for 2 mm at the tip. These
electrodes were inserted in the pgriurethral tissues at abpdt
. -
5'- 7 em from the vesicourethral junction Udsing two 21 gauge
spinal needles (Figure 14). All tracings were recorded on a

W4
polygraph Grass EEG model 7.

In order to test the effect of anesthesia on the
urethrovesical reflexes, we injected anesthetic agents
systemically (alpha-chloralose 56-60 mg/Xg body weight I.V.)
and locally around the\arethra (2-5ml of 1% Xylocaine) in 10
of the decerebraéed Eats that were kept until then without

anesthesia. i

0 ’

By the end of the experiment, the cat was sacrificed by
I1.V. heavy dose of Nembutal. The dece;ebrated 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 thé cervical spinal
cord was removed. Serial sagittal sections, at 0.5 mm
intervals, of the brain stem were studied. The sagittal
sections were stained by Luxol fast blue technique. The

v

sections were magnified 5-7 times and projected on paper.

:
- i

——
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.Figure 14. Diagram showing the in vivb@xperimental set up -
on the bladder of the cat. The arrow shows the direction of
bladder infusion with warm saline. . -

75



rd

t

Diagrams made of the sections were compared to those of
‘Berman (1968). Special attention was focused on the relation

of the brain stem lesion tp the nucleus coe{Pleus and red

nucleus. A total of 15 brains out of 25 decerebrated cats
were studied. A correlation between the voiding pattern and

the level of the lesion was thenddne.

In order to study the anatomy of the vesicourethral

o

junction, the bladder, rurethra and periurethral musculature

v

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

solution, —~ (Figure 15)

Under an operating microscope, a meticulous dissection
foR the bladder outlet was carried out to liberate the

\
blaéder neck, posterior urethra, prostate and periurethral

3
’

striated muscles fram surrounding tissues, Sagittal and
transverse sections were then done and stained with Masson

trichrome and examined with the libht microscope.

3
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Figure 15, Photograph of the bladder and urethra of the
adult malée cat. The arrow points to the area of prostate Aand
periurethral striated muscles.
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Objective 2

0

A. In vitro 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 érostate (in male)
down éo the symphysis pubié. The urethra was then divided
into two equal segments in length, One half was hooked
through its lumen leaving it as an intact ring. The other
half was split open along its longitudinal axis (Figure 16).
FEach segment was then suspended in a double jacketed tissue
bath of 20 ml capacity. O?e end of the strip was tied to a
fixed point inAzhe bottom of the bath, the other end was
connected to a force displacement Grass transducet (f} 0.3)
by a 6-0 black silk thread. The temperature of the bath' was
kept tonstant at 37°C by a thermostatically controlled
circulating pump {(Haake). The bathing medium was Kreb's
physiological solution prepared fresh daily and aerated with
a mixture of 95% oxygen and 5% carbon gioxide. The
constituents of the Krebé} solution were as EZilon: (gm/1)
NaCl 5.54, KCl 0.35, MgS04.7H,0 0.29, CaClp 0.28, KH9PO4
0.16, NaHCO3 2.1 and Glucose ZQl._The gsalts were dissolved

in deionized water. Under a basal tension of 1 g, the strips

were allowed to stabilize for 40-45 minutes before testing

the drugs. The drugs were added directly to the bath and the
response recorded as an isometric contraction (or relaxation)
with a’low level D.C. amplifier mounted on a Grass polygraph

EEG model 7. The doses of the drugs were calculated as their

78
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Figure 16. Schematic diagram showing the in wvitro set up of
. the arrangement of the urethral strips in the cat.
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\ / .
f1nal concentration per ml of the solutjon in the bath. The

1
observations were plotted as dose-response curves. .These

b4

data were analyzed using the Student's TN test,

s

&
@

o

Drugs:

" The following commercially available’drugs were used:

)

/
Bethanechol chloride, phenylephrine hydrochloride, atropine

'

sulfate, 1isoproterenol, gropranolol, 3) entolzmine,
prostaglandins (PG) Fopalpha and Ej, indomethacin, adenosine
triphosphate (X&P), adénosine diphosphate sodium (ADP),
cyclic 3,5 adenosine monophosphate (CAMP). Vasoactive
}nteséinal peptide (VIP), substance P, bombesin, neurotensin’

and bradykinin were synthetized locally by solid phase

methodology ,(St-Pierre et al, 1979; Fournier et al, ‘1980 and

4

St-Pierre et al, 1981).

Stock solutions of PGs and peptides wére prepared and

stored at -20°C. PGs were dissolved in a small amount of
. — '

absolute ethano}‘andﬂdiluted with Krebs' solution. All other
drugs, exceptefor indomethaciﬁ, were dissolved in Krebs'
Isolution. Indomethacin, freshly prepared for each
experiment, was dissolved in 0.2M Trizma HCl.

Ed

B. In vitro pharmacological study on the detrusor:

In order 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

3
a
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The surrounding fat, serosa and mucosa were

opened,

dissecte

1

off the muscle. Thg step of "temoving the mucosa

w%s considered essential’ for impraving the oxygenationh of the
! '

preparatipn and for providing better drug ‘contact with both
surfaces of the thin muscle sheet. “Several strips 10 x 4 mm

were excised from the anterior wall along the wvertieal axis

! O]

of the b/ladder. Each s?rip was fixed at one ‘end to a
\ .

| « . . x

Platin?m electrode shaped like a hook and the othex end tied
- N [y . . L4

to a force displacement transducer Grass (Ft.03) by 4-0 silk

1
/

tbread* Another Platinum ring shaped electrode surroun the

upper 'part of the strip. The strip and electrodes Qé{e

bathed in Krebs' physiologig solution in ti;sue bath warmed™,

to 37°C and aerated with a mixture of 95% 09 and 5% COop as
mentioned in tﬁe previoys section. The strip is allowed a
stabilization period of 40-45 minutes under a basal tension
of 1 gm. The isométric contractions were ;ecorded on a Grass
polygraph similar to the one mentioned in the previous
section (Figqure 17). The electric stimulation of the strip
was carried,out by a Grass stimulator S88 connected to the

electrodes. The parameters for electric stimualtion were 15-

25 wvolts, 50-70 msec duration, applied as trains of

rectangular pulses of 5 sec long and allowing 90 sec interval

of rest between two consecutive stimulations, In some
experiments, the, frequency of stimulation was gradually
increased from 5 to 60 Hz and the response noted. The same

procedure was repeated 5-10 minutes after adding the Calcium

3

’

antagonist.
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Figure 17. Schematic diagram of
study of the detrusor strips o
electrodes, (8) electric
displacement transduler.
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the' set up used for in vitro
f the rabbit, (E) platinum
st¥Pmulator and (T) force
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In the rest of the experiments, the frequency .of

electric stimulation was kept fixed between 10-15 Hz.

S
R —
N &
. o a

In order °to check the effect ¢f Ca*™ on the detrusor,
- several strips were incubated in Catt-free Krebs' solution

0y

(from which caCl, was intentionally removed) for a period of
oo ’ - '
60-90 ‘minutes and stimulated electricallly every 10 minutes

¢

¢ . v
until the response disappéared.

“

Solution. of CaCl, was ‘added gradually in a cumulative
manner.to raise the final bath concentration up to 10 times
the Ca“l' concentration in the normal Krebs' solution. Five
minutes after the addition of CaClg solution, -the stimulation
is carried out. The strip was then washed with catt-free
Krebs' solution for 90\m\in until no response 1is obtained by
stimulation, The Calc\hm antagonist was added to the
solution., This was followed 510 minutes later, by CaCl; %d
‘the stimulation is repeated as“before. Thus each strip

served as its own control for the effect of Calcium

antagonist.

In another part of the study; the detrusor strips were

-~ kept 'in normal Krebs' solution then subjected to iﬂcreasiné
dose of the Cé++-antagonists (Vefapamil, Nifedipine or
Segontin) 10-15 minutes prior_to electric stimulation with
fixed parameters. The response o{btained was calculated a,s
percentage of the responsae obtained by the strip at 0

concentration of Ca*' antagonists.
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The amplitude.of the responses (twitches) of the strips

were calculated as the percentage of ‘the maximal amplitude of

.the control strip. The data were analyzed by Student's "t"

test and plotted on curwves.,

- v

Drugs:
Verapamil (Searle), Tetrodotoxin (Sigma), Nifedipine

(Miles), Prenylamine gluconate "Segontin" (Hoechst).

u
°
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Objective 3

#

Stu dy of the bladder and urethral mechanics 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 I: 11 cats with high sp%nal lesion
(between 5th and 6th cervical segments) that.resulted 1in
quadriplegic cats. Group II:1 17 cats with lower spinal
section (between 5th and 7th thoracic segments). Tpe
anesthesia used was ether inhalation during the laminectomy
of Group I cats.and ether then alpha-chloralose I.V. in
Group II, Once the cat was anestﬂetized, the skin over the
chosen vertebral spine was incised, the paravertebral muscles
retracted and the vertebral laminae exposed. Laminectomy was
then‘performed exposing the spinal cord and its meninges.
The spinal cord was then sectioned and about 1 cm in length
was removed by suction. The bleeding was controlled and the
cat turned on its back. The abdomen was opened by midline
incision, the bladder and its outlet were exposed. The set
up was Q?rformed as mentioned above (in Objective 1l). (Figure
14). Th: set up usuvally took 30-45 minutes to complete. The
recordings of the motilit&\of bladder, urethra and
periurethral striated muscles were followed for periods of
three to eightuggars after the spinal section. The following
components of bladder cycle were evaluated in 11 cats mostly

of Group I: resting intravesical pressure (IVP) between two

consecutive cycles, the maximum (IVP) at the highest point gf
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detrusor cycle and the frequency of det;rusor cycles per
minute. We compared these parameters with those of a "control
group of cats with intact spinachord (decerebrated cats
described in Objective 1l). The data were analyzed using the

Student's "t" test for comparing the significance of the

results.

The pharmacological effects of Bethanechol chloride
{(0.05 mg/Kg of body weight I.V.) were studiedﬁon 10 cats and
Phentolamine mesylate (1 ug/Kg of body weight) was used on
six cats in attempt to induce voiding. Particular emphasis
was directed toward ‘the effe;t of these pharmacologic agents
on the motility of the detr'usor, the individual layers of the

urethral musculature and the degree 5f bladder emptying.

«»
e
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Objective 4

Development of animal model for Multiple Sclerosis-like

1

disease:

This part of the study was devoted to developing the
experimental allergic,enceéhalomyelitis (E.A.E.) in an animal
that permits a convenient evaluation of the bladder and

urethral behaviour under different phases of the disease.
- I

T

A group oﬁ 9 adult.%alé cats were immuniied with
mammélign nervous tissue in order to produce an E.A.E. in the
cat. The nervous tissue utilized was spinal cord from sheep,
human and guinea pig and injected in 4, 3, and 2 cats
respectively. Thee immunizing mixture was piepared as
follows: a homogenate of spinal.cord mixed with equal amount’
of sterile physiological ;aline to which an equal volume of
Freund's adﬁuvant R.A. (Difco Lab) was adaed. Several sites
were chosen for inoculation: the back of ge%k,.the feet pads
in 4 and 5 cats respectively. The total dose inoculated
varied between 2-4 ml. The procedure for sensitization was
repeated three times at 4-6 week interval. The cats were

.

observed weekly for appearance of signs suggesting neurologic

-

s
lesions. .

A group of 42 adult male New Zealand rabbits were
segregated in pairs of equal body weights thus making 21"
pairs. One rabbit of each pair was randomly chosen for

immunization and the other member of the pair used as its

control. The immunizing mixture contained 10 gm guinea pig

87
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? A
spinal cord homogenate mixed with 10 ml of isotonic saline
and 20 ml Freund's R.A. Adjuvant. The spinal cords were

removed aseptically from 30-35 guinea pigs after laminectomy.
Care was taken to aAvoid 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
capacity. ?he 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
tuberc£1in needle and syringe were used for the intradermal
injection of- 0.05 ml of the homogenate éer foot pad. 'The
injection site showed a slight bleb and the bleeding was

negligible. Each rabbit had a total dose of 100 mg of

homogenate intradermally.

The” control member of the pair was anesthestized én the
same day using Nembuwal. The paws were shaved as in the
immunized rabbit. Instéad of the homogenate,'0.0S ml of
ﬂsterile isotonic saline was injected in each foot pad using a
similar 1 ml tuberculin syringe and needle. Each rabbit
(control and immunizeds was housed.in a separate cage, fed a
known amount of rabbit chow and kept in the same
environmental conditions (room temperature, illumination and
humidity). The rapbits were observed every 2nd day (even
during the weekends and holidays) for the following data:
body weight, amount of chow eaten, guantity of stools iA the

bottom of the cage, appearance of neurologic signs

particularly in the gait, and the tail heralding the onset of

88
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the disease.

’
:

On the day of the experiment, the immunized rabbit and
its control underwent neurologic and hrodynamic tests, The
neurologic examinat%on was for weight, gait on hard rough
ground, efe pupils and reaction to light, eye nystagmus,
respiratory rate, tone in limbs.and tail, knee jerk and

response to pin prick.

The urodynamic test was performed on both the immunized
rabbit and -his control the same day of the neurological
examination. The urodynamic tests included measurement of

4

urethral pressure profile and cystometry. . .

3 IS

The catheter used was a locally made ,special double
lumen size 8 Fi feeding tﬁbé graduated in centimeters. . it
consisted of a capillary tube lodéed inside the 8 FE‘?eeding
tube (Argyle). The tip of the capillary tube paséed through
a silicone plug heldat 1 cm from the tip of the 8 Fr feeding
tube. The capillary tube was connected to a chamber at the
extreme "end of the feeding tube, ﬁﬁmmunicating with the
exterior through two lateral holes. Thencha&bér proximal to
the silicone plug communicated with the exterior by two
laterél holes (Figure 18). The capillary tube and the feedigg
tube were connected each to a pressure transducer (Statham or
Tranter Bently 800) and to a perfusion pump (ﬁarvaré). The
transdubyers were connected to D.C. low 1ével amplifiers built

in polygraph Grass 7D. This catheter allowed measuring the

urethral pressure profile twice by a single withdrawal.

i ) 89 *
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Figure 18. Photograph of the modified 2-lumen catheter size
8 Fr. used in the rabbits.
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Measurement of the urethral pressure profile (UPP):

The UPP was done by the perfusion method described by

Brown and Whickham. (1969). It assumed that the int;%urethral

pressure at a point is proportional to the resistance 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 bladder was
evacuated and flushed with isotonic saline to remove. the
chargcte%istic urine sedimentﬁ»that might block 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 with warm isotonic
saline. This perfusion rate was found to cause a minimal
rise in the base line of the pressure recording of, 3-5 cmH 50,
The withdrawal of the catheé&ﬁxggs done mechanically using a
Masterflex speed controlled machine at a constant speed of 2
cm/min. The recording of UPP was done twice'by a single

withdrawal of the catheter. At least two reproducible UPP

recordings were necessary for the data collection.

Measurement of the cystometrogram (CMG):

During CMG, the same Ccatheter was used with one tube
connected to the presure transducer and the other connected
to the perfusion pump hgld at 1.91 ml/min of warm isotonic
saline. The catheter was introduced to the bladder per
urethrum and the Sladder emptied before starting the
procedure. In order to record the changes in the intra-

>
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abdominal pressure that might affect the intravesical
pressure, a simple 8 Fr feeding tube was inserted per anum,
perfused with 0.38 ml/min and connected to the other pressure

transducer. The bladder was filled until capacity at which

spontanecus voiding occured.

Effect of the anesthesia on the parameters studied:

In order to obviate the effect of anesthesia, tﬁe abgve—
mentioned urodynamic stuq%es on each rabbit (immunized and
control) were conducted under the immobilization reflex
(I.R.) with some modification from that described previously

(Rapson and Jone, 1964).

The rabbit was grasped firmly by its four limgs with
both hands while it was innprone position. It was then
sﬁddenly turned 180° on its back and put in a plastic U-
shaped trough (50 x 11 x 9 cm) and kept in this pgsition with
gentle hand pressure on for 5-10 seconds. The back and
flanks of the rabbit were in contact with the f£loor and side
walls of the trough respectively. When the rabbit relaxed,

o

the hind limbs were gently strapped to the side walli of the
trough. The size of pupils and respiratory ragg were
observed indicating the level c¢f the immobilization reflex.
Gentle strokes were applied on the neck and chest of the
rabbit whenever needed to prolong the tonic immobility.~ All
manipulations were done with the minimal possible noise and
maximal gentleness as the animal was ngt anesthetized. The
catheter was then passed per urethrum. The UPP followed by

CMG were done as described above.

q
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The whole procedure was repeated on the same rabbit

v

‘after beﬁeral anesthesia using alpha-chloralose (50-60 mg/Kg

body weight) I.V. in 15 pairs and Nembutal (30 mg/Kg body
weight) I1.V. in 5 pairs. The level of anesthesia was kept

close to the blink reflex on corneal touch.

Effect of Calcium Antagonists:

The effect of Verapamil was tested on 5 rabbits with

developed E.A.E. CMG was done as mentioned above. Verapamil

@lin 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.

Histopathological studies:

At the end of each experiment, the immunized rabbit was

sacrificed by heavy dose of Nembutal I.V. or 1 gm KC1 I.V.

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. 1In order to study

%

the.-distribution and density of the cholinergic fibres, we
used a specific acetyl cholinesterase staining technigue

described by Koelle (1955).

The principle for staining of specific acetyl
cholinesterase (Ch.E)-containing fibres is based upon the

enzymatic hydrolysis of thioanalogues of acetyl- and

butyrylcholine by enzymes contained in the fresh frozen

93
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section, with the precipitation of the liberated thiocholine
as a mercaptide and its subsequent replacement by copper

sulphide (CuS). Theocaddition of diisopropyl fluorophosphate

(DFP) inhibited the non-specific ChE.

The frozen sections, once cut, 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 5-60 minutes at 38°C.

The 1incubation solution contained Cu-glutamate 3.75 gm,
glycine 250 gm, CuSO4.5H20,9.S. 100.0 m1, Malic acid 9.6 gm,
NaH maleate 52.2 ml, N NaOH q.S5. 100.0 ml, Na5504 40% (W/V),

the pH was adjusted to 6.00, MgClp 9.52 g, acetylthiocholine

iodide 23 mg and distilled Hy0 1000 ml.

The slides were thén transferred to rinse solution 1
(20% Nap;504 saturated with copper thiocholine "CuThCh") for.5
minutes then immersed for about one minﬁte each in rinse
solution 2 (10% Na,s04), saturated with CuThCh and 3(CuThCh-
saturated water), following which they were placed for 20
seconds in Cu S-saturated ammonium sulfide solution, rinsed
rapidly in water, fixed in Cu S-saturated 10% formalin,
dehydrated through Cu S-saturated alcohols and xylol, and
mounted in balsam. Some preparations were counterstained
with hematoxylin-eosin and others ﬂith the brilliant cresyl
violet, Sections were also studied with phase-contrast

microscopy.
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In order to fix the brain and the spinal-cord in éitu,
the ascending aorta was cannulated and perfused with 10%
formalin solution. Through an extended craniotomy and
laminectomy the brain and spinal cord fncludihg the perve
roots were removed en bloc and hung in a long cylinder with

10% formalin solution for further fixation. The brain and

spinal cord were cut serially in transverse sections. A

minimum of four transverse sections were chosen from each of
the following levels: anterior and posterior hippocampus,

midbrain,‘pons, medulla oblongata, cervical, dodtsal, lumbar

kN

and sacfal parts of the spinal cord. The sections were
stained one with each of the following stains: hematoxilin
and eosin for cellular infiltration, Luxol fast blue for 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 k%nowing
neither the neurologic nor the urodynamic findings ' of the
rabbit., The lesions were classified according to the level
within g%e 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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RESULTS

N

The same sequential order will be followed in exposing

the results of the present work.

Objective 1 ,

Continence and voiding mechanics in the control cats:

S

’ Anatomy of the vesicourethral junction in the cat:

The gross dissection of the bladder and its outlet
showed a preprostatic urethra of about 2 cm long extending

from the bladder down to the prostate that lies deep behind

the symphysis pubis. The fat surrounding the urethra showed a
‘rdch nerve plexus and blood vessels. At the.levef of the
prostate, skeletal muscle fibres were found surrounding the
prostate and fixed to the back of the symphysis pubis (Figure
19). The histologic examinatibn showed that the preprostatic
urethral muéculature was totalfy smooth muscles, There were
tﬁb distinctive separate layers: an inner longitudinal
(Long) and outer circular (Circ) layers that mingled
proximally with the detrusor fibres in continuity (Figure
. 20a). . More distally, these two layers fused ;ithin the
prostatic glands., The periurethral striated muscle fibres
were found'to be ‘arranged mainly, in circu&ar fashion
surrounding the urethra and mingling with the circular smooth

-4

muscle fibres (Figure 20b).

}\



Figure 19, Microphotograph of a transverse section at the
level of the prostate showing the striated muscle fibres

surrounding the prostate. H&E x6.5. (U) urethral lumen.
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Fidure 20a. Microphotograph of a longitudinal section in the
preprostatic urethra of the cat. Note the outer longitudinal
(L) and inner circular (C) arrangement of tft}e/urethral smooth
muscle fibres. H&E x20

7
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. s
Figure 20b. Microphotograph showing #%he ‘'urethral smooth
7 muscles intermingling with the periurethral striated muscles
at the level of the prostate of the cat. H&E x20
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Braim stem examination::

7
b A {otal Sf 15 brains from decerebratea cats were
available for study of .the level of the lesion. We divided
the lesions under three groups according to their sites in

relation to the nucleus caeruleus, at the upper part of the
floor of the 4th ventricle (Figure ?la & b). Lesion éype I

was found in 7 cats, type II in 6 and Eype ITI in 2 cats.
‘ 3

Changes during €ontinence and voidfng:

3 . ' - ..
During the storage phase, we found a minimal muscular

motilAty of both Long awmd Circ layers of the urethral smooth

musc&e. The detrusor\(Det) showed some oscillations. The

frequency of detrusor contractions was 1l.l/min + 0.1 standard

a

error "(S.E.). The resting intravesical pressure (I.V.P.) was

5mm Hg + 0.9 (S.E.). The EMG activity of the periurethral

- Ed

stgfgféd muscles (PSM) was found stable with minimal
activity, Just before voiding, we noticed a contraction of
Det and 2 different movements of the urethral muscles:
relaxation of Long and contractions of Circ. This
"tightening" mechanism, described previously (Abdel Rahman et

al, 1981), coincided with an addi;ional burst of increased

associated with a rise in both the IVP and intraurethral
pressp%e (I0P), The voiding phase started when the Long
ureth;él layer contracted, the,Circ layer relaxed, the DET
contracted and the PSM showed reducéd EMG activity. The IVP
rose to 28.6 mm Hzri 3.4 (S.E.) and the flow of urine

appeared as a continuous stream, This continuous pattern of

X
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activity of the .EMG of the PSM. This isovolumetric phase was-
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Figure 2la. Schematic diagram of the sagittal section in the

.brain stem of the cat showing the different levels of lesions
Inferior colliculus.-

(I-I11). (1) Superior colliculus. {2)
(3) Locus cerulens. (C) Cerebellum. (M) Mid-brain. (M,0.)
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 extent of the lesion,

Masson x10.
/1 ' 102 .
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- emptied.

A

voiding (first pattern) did not totally empty the bladder,.
As the urethra opened, IUP showed an initial drop then became
equal to IVP throughout voiding since both bladder and
urethral luminae are freely communicating. At the end of
voiding, the urinary stream became interrupted in spurts and
this 2nd pattern was associated with rhythmic bursté of EMG
activities of the PSM (Figure 22), The bladder was then
found totally emptied by the end of the 2nd patterh. This
2nd pattern was found in 22 out of 25 of the decerebrated
cats and was abolished under anesthesia with alpha-
chloralose I.Vzeand/of after local 2% Xylocaine ingilf?ation
around the urethra and bladder base. Under anesthesia (local
and‘general) the voiding pattern was present only as a
continuous stream (lst pattern) leaving the blaéder half

e

The correlation between the brain stem lesions and the
véiding pattern in 15 decerebrated cats, showed that when the
lesion (type II) was closer to the rostral pons the 2nd
pattern was lost. In 2 cats where the lesions (type III)
were throuéh the mid-pons (n. caeruleus), voiding reflexes
were much inhibited (Table I).

-
v
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Synergism (control group)

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 opening of the bladder neck.
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TABLE I

AND

CORRELATION BETWEEN THE LEVEL OF BRAIN STEM LESION

VOIDING PATTERN IN 15 DECEREBRATED CATS

No. 2nd pattern
Lesion type Cats Synergism (%) ° voiding (%)
I 7 7/7 (100) 7/7 {100)
11 6 , 4/6 (66.6) 5/6 (83.3)
I1I 2 0/2 () 0/2 (0)
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Objective 2 w®

A. In vitro study on the urethra:

\

Neither longitudinal nor circular urethral strips

developed spontaneous rhythmic contractions.
¢

Effect of cholinergic agonist (Bethanechol chloride)

n=28 strips: \

All the longitudinal strips responded to Bethan=achol
chloride by tonic contraction. Augmenting the dose resulted
in an augmentation of the response. The response was
immediate after adding the drug in tpe bath. Atropine (0.05
ug/ml) blocked the Bethanechol effeét on the strips. The
circular strips in their intact ring forms exhibited either
minimal or no respo;se to Bethanechol. The dose relaﬁed
tissue response (Figure 23) showed an overall higher response
in the long strips. The differences between Long and Circ
muscle response were highly significant particulariy in hiéh

doses of Bethanechol chloride (P<0.001l). The vertical bars

represent the standard deviation.

Effect of alpha-adrenergic agonist (Phenylephrine

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 differences in the response between

both layers., The contracti 1 e effect of Phenylephrine was
[y EN

blocked by Phentolamine (0.01 ug/ml).
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~ -log (Urecholine )
Figure 23, The dose-response curve of the effect of

Urecholine on the urethra of the cat. Note the significant
difference in the readtion of LONG and CIRC layers to the

agent,

107



L o

Figure 24.

. comtraction (G )

- ‘

h

o 7 8 5
-log(Phenyiephrine)

The dose-response curve of the effect of

Phenylephrine on the urethra of the cat, Both layers (LONG &
CIRC) reacted in similar fashion. .

i
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Effect of Beta-adrenergic stimulation (Isoproterenol)

n=22 strips:

Isoproterenpl in doses 0.01-20 uvg/ml caused relaxation
in both Long and Circ layers. Figure 25 shows the dose~
respohse Etfve, %he relaxing effect of Isoﬁéoterenol was
more significant on the Circ layer (P<0.00l). Propanolol in a

dose of 5 ug/ml blocked the relaxing effect on both layers.

Prostaglandins Fpalpha and Ep D=32 strips:

The effecg of Pégéalpha (3.5 x 106 - 3.5 x 10-9M) was
studied on 12 Long and 12 Circ strips. Both types of’strips
responded’ by contraction and the reéponses were'dose-

kY

dependant. The difference in,the contractile effect. of

. /
PGFyalpha on both Long and Circ strips was non-significazk

"(Figure 26). The contractile effect of PGFpalpha on the
strips was not blocked by atromine (4.4 «x 16'%&),

phentolamine (3.7 x 10-7M) or by tetrodotoxin (1.5 x 10-6M).

The effect of ?GE2 (3.5 x 10-6 - 3.5 x IO’SM) was tested
‘on 14 Long and 14 Circ strips. PGE; resulted.in a
coqtr;ction of the Long strips and a relaxation of the Cirg
orienﬁéd ones (Figure'27). The effects were dose—ggéendant.
The contractile‘effect of PGEy) 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
Circ strips was neither affected by propanolol (1.9 x iO'SM)

nor tetrodotoxin (1.5 x 10-6M), ‘

The strips were desensitized to PGFyalpha and Ep by

109
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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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v Figure 26, The dose-response curve of the effect of
Prostaglandin Fpalpha on the urethra of the cat. Both LONG
and CIRC react in similar fashion,
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Figure 27.
n of LONG and relaxation

Prostaglandin E5 on the
significant difference in contractio

of CIRC.
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gradually increasing the dose until the effect was maximal
and left in contact with the PGs until they returned to the
base-line, usually within 10 to 20 minutes. The desensitized
strips were then challenged with phenylephrine (1 x 10— 9M)

and isoprenaline (2.1 ¥ 10-6M), The responses to these two

agonists were similar in amplitude.to those recorded in

strips unexposed to PGs.

4

Effect of other agonists:

The myotropic effects of other agonists on the Long and

Circ muscle of the urethra are summarized \in Table 1II.

- “

s

Bradykinin contracted both urethral muscle layers and the
effect was more pronounced on the Long strips.: The
contractile efféct of substance P was almost equal onxboth
muscle layers. All other tested drugs had no effect on the

]
urethral muscles.

B. In vitro study on the detrusor:

In presence of normal Krebs' solution, 75-80% of the
detrusor strips developed spontaneous rhythmic contractions *

and relaxations of average amplitude (about 0.5 - 1 gm force)

‘and frequency (mean = 5.6/min). This spontaneous peristaltic

movement disappeared in Catt-free Krebs' solution and
reappeared by adding Ca*t to the bath to become less frequent
by 1increasing [Cat*] concentration to 10 times the

concentration present in normal Krebs' solution,

s
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Response-frequency curve n= 16 strips: -

¥

The electric stimulation of individual detrusor strips
(10-15 volts, 50-60 msec) resglted innmuscle twitches whose
amplitude increased gradually by increasing the frequency 'of
stimulation until a plateau is reached at 55-60 Hz. Plotting
the frequency of electric stimulation and the amplitude of
the response, a constant frequency—résponse curve was ‘! o
obtained. The presence of Tétrodotoxin‘(l x (10-6M) in the
bathing solution abolished the response of the‘strips to

electric stimulation atfl—lo msec but demonstréted no or | .

minimal effect at 50-60 msec duration.
.

i

After adding Verapamil (1 x 10-5M and 2 x 10-6M) to the

bath, the frequency-response curve diminished to nearly 50%

" and 25% of the original control studied in the presence of

normal Krebs' solution. All three Ca** antagonists caused

_significant inhibition in the contractile response. This

inhibition was shown to be dose-dependent,with any of the
- [

Catt-antagonists used (Figure 28a, b & c). - '

After incubating the strip in Catt-free Kre?gf solution
for 60-90 min, no response was ellicited on electric
stimulation using the same pérameters that resulted in 7
response when the stimulation was studied in the presence of
normal Krebs' solution. éy gradually adding the CaCly to the

CAt+-free Krebs' solution and by applying the same electric

stimulation, 2 types of responses were noticed.

»
[,
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TABLE II .

Effect
Longi- Cir- No. of

Agonist Dose . tudinal cular Experiments
, Bradykinin 0.025-5 g/ml ++ +o 8
Substance P 0.05-10 g/ml + +x 6
Neurotensin 1-5 g/ml - - 4
Vasoactive peptide 1-5 g/ml - - 4
Cyclic 3.5 adenosine 1-5 g/ml - - 4

monophosphate

Cyclic 3.5 guanosine 1-5 g/ml - - - 4
- monophosphate o

Adenosine triphosphate 1-5 g/ml - - 4
Adenosine diphesphate 1-5 g/ml - - - 4
Bombesin 1-5 g/ml - - 4

* Significant difference (p<0.001).
* No significant difference.

+ = contraction between 0-0.2 gm.
++ = contraction between 0.2-1 gm.

LY
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b , Frequency response Curve . S
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Figure 28a. Effect of Verapamil (VRP) on the frequency
response curve of the rabbit detrusor. (*) means
statistically significant (P<0.05).
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the rabbit detrusor.

statistically significant (P<0.05).
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Figure 28c. Effect of Nifedipine (NFD) on teh frequency
response curve of the rabbit detrusocr. (*)means
statistically significant (P<0.05).
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a. A Phasic (P) response: a detrusor twitch that was

almost coinciding with the application of the stimulation;

B

b. A Tonic (T) response: a gradual rise in the basal

tension of the strip was noted irrespective of the electric

stimulation.

1

By increasing the concentration of Ca** in the medium,
the phasic responses showed a progressive rise in the
amplitude until a Ca*t concentration of 0.5 1M was reached
and then gradually declined with further addition of Catt,

(Figure 29).

In the presence of Verapamil (2 x 10-6M) both the T and
P contractions were signific}htly inhibited. It is
interesting that Verapamil showed a non-competitive
inhibition with Catt to suppress both types of detrusor
contraction (Figure 30a & b). Nifedipine in concentration of
2.5 x 10-5M showed non-competitive inhibition on the P
contraction (Figure 3la). However, the T contraction was
suppressed in a competitive manner under the effect of
Nifedipine (Figure 31b). Segontin in concentration of 1 x
10-5M depressed both the T and P contractions of the detrusor
strips in a competitive inhibitory manner (Figure 32a & b).
The inhibitory effects of thé three Cat*-antagonists were
evaluated at ED50 and their respective concentration were
compared. Verapamil asd Segontin showed non statistical
significance in their ED50. However, both were more potent

in their inhibitory effect on detrusor contraction (P<0.05)
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Control
LB L)

Figure 29. Effect of rising the CaCl 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 CaCl, concentration rises (each downward
vertical dash).
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Phasic Changes
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Figure 30a. Effect of Verapamil (VRP) on phasic contractions
yof the rabbit detrusor. (*) statistically significant
{P<0.05).
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Tonic changes
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Figure 30b. Effect of Verapamil

of the rabbit detrusor. (*) statistically

(P<0.05).
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Phasic changes
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Tonic Changes
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Figure 31b. Effectl of Nifedipine (NFD) on tonic contractions
of the rabbit detxusor. (*) statistically significant

(P<0.05) .
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Phasic changes
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Figure 32a. Effect of Segontin
of the rabbit detrusor. (*)
(P<0.05) .

(SGT) on phasic contractions
statistically significant
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Figure 32b. Effect of Segontin (SGT) on tonic contractions
of the rabbit detrusor.
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than that of Nifedipine

(Figure 33).
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Objective 3

Bladder and urethral mechanics during spinal shock

phase: ) ' . : ,

Twenty-six (26) out of 28 cats did not void during the
experiment. The bladder capacity reached 40-50 ml1 without
voiding even though it appeared to be severely distended.
Urethral and”detrusor muscle motility was demonstrated 30-45
minutes after the cord section (the period usually taken to
set up the preparation),. At a volume of 15-20 ml, the
maximum intravesical pressure IVP in 1l 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 + 0.7 (S.E.) and the mean frequency

of detrusor contraction was 1.77/min + 0.1 (S.E.). on’

comparing control and spinal section groups we found no
significant difference betweén maximum IVP, "However, the
resting IVP and the frequency of detrusor contractions were
significaétly higher in the spinal section group.

A marked discoordination was found between Det, Long and
Circ urethral muscle layers and sometimes the P.S.M.
Vesicourethral dyssynergia was particularly evident, as well
as a urethro-urethral dyssynergia between the Long and Circ
layers of the urethra. This multiple dyssynergia was
observed in 26 cats that did not void (Figure 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 components 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 1 cm difference between each 2(%*) .
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Figure 35. (A) Recording from a cat immediately afterwgbinal
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 did not seem to affect the vesico-urethral
motility as the dyssynergic pattern was present in both high

spinal unanesthetized and low' spinal anesthetized groups.

3

.

Pharmacologic manipulations during spinal shock phase

Bethanechol chloride was injected I.V. 4-6 hours after
the spinal section. "In 7 out of 10 cats, there was a marked
incre?fe in the motility of the detrusor and urethral layers
without vof@ing. The dyssynergic pattern between thé

bladder and urethral muscles persisted in all 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 vesicourethral dyssynergia also
persisted. The only cat that voided incompletely showed some

relaxation in the circular muscle layer of the urethra.

¥
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Figure 36.

spinal shock in cat.

LONG and CIRC.
was minimal.

Effect of Urecholine injected

EHect of URECHOLINE

{(arrow) during
Note the marked dyssynergia between
In spite of strong DET contraction, voiding
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Objective 4

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 neurologic abnormalities except in one cat that
died after a short period of convulsions. The brain and

spinal cord of this cat did not show any evidence of lesions

when examined histologically.

¢
Twenty-one (21) rabbits were immunized with the

homogenate of mammalian tissue. The neurologic 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, 10 showed
paralysis in both hind limbs. Analgesia of 1 or both hind
limbs was shown in 11, 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 1n 2 rabbits. Mean weight loss was 400

gm. No symptoms oﬁ ngns of neurologlc deficit appeared in

the respective controls.

The tonic immobility reflex was applied in 19 pairs of
rabbits (immunized and control). - It was accompanied by
peiosis, normal breathing and reduced tone in 4 limbs.
Arousal from the reflex was associated with the return of the
pupil to normal sizen sometimeg with mydriasis, an increase

in the respiratory rate and jerky movements. Tonic
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Figure 37.

in a paraplegic rabbit.
compared to the control.

Recording of the urethral pressure profile (UPP)

Note the lower maximum UPP as
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immob1lity was maintained for periods of 1.5 to 2 hours.
throughout the experiment. The urodynamic studies were done

successfully in 36 out of 38 rabbits under tonic immobility.

Urodynamic~studies:

The maximum urethral pressure (UPP max) in the
clinically diseased rabbits varied between 12 and 32 mmHg
(mean 23.25 mmHg). In the normal control the UPP max varied

between 48 and 55 mmHg. The UPP max in the paraplegic

A

‘rabbits was significantly lower than that of their respective

controls (P<0.0l) using the Wilcoxon matched pairs test
(Figure 37). The bladder volume at voiding (bladder
capacity) in the clinically diseased rabbits varied between
10 and 55 ml (mean 28 ml). In the c&gtrol group, the bladder
capagity varied between 65 and 90 ml (mean 72 ml). The
bladder capacity in the diseased rabbits was significantly
lower than that of their respecti&é controls (P<0.01) using
the Wilcoxon matched pairs te:t ‘(Figure 38). h

The rabbits that showed no clinical evidence of disease
on the day of the experiment (5 were in remission and 4 did
not initially ghow any disease) had UPP max similar to their
respective controls.\ The bladder capacity in the animals in
remission was lower than that of their controls (P=0.05).

‘

The bladder capacity in animals with no evident disease was

similar to controls.
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Fiqure 38. Recording of cystometrogram (CMG) in a paraplegic
rabbit with E.A.E. Note the small bladder capacity. Voiding

at arrow.
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Effect of Nembutal on UPP
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Figure 39. Recording of UPP before (A) and after

administration of general anesthesia (B)'in a normal control
rabbit.
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Effect of anesthesia on the urodynamic parameters:

In 19 normal rabbits from the control group, the UPP max
was found to be significantly lower when measured under
anaesthesia than that bbtained using immobility reflex,
(P<0.02) (Figure 39). The bladder capacity was found
significantly higher in the anesthetized rabbits (using Mann-

Whitney U test for independant samples).

Pharmacologic manipulation of the diseased rabbits:

Five diseased rabbits with evident small bladder
capacity were given Verapamil 0.2 mg/Kg body weight
intrévenously. Repeating the cystometry 5-10 minutes later
showed an increase in bladder capacity of 250-300% (Figure

40) .

Histopathologic studies on the brain and spinal cord:

Microscopically, the typical lesions were characterized
by perivascular cuffing of mononuclear cells with variable
degreejof infiltration of the surréunding parenchyma,
qoncomitant with plaques of demyelinization of variable sizes
(Figure 41)., The axons were found swollen, partially or
co@pletelyldestroyed. The above—descéibed lesions were found

to be extensive in 8 of 10 paraplegic rabbits.

The topographic distribution of the lesions showed they
are more extensive towards the lumbosacral cord segments,
particularly the posterior and anterior columns. The

anterior horns showed demyelinization ¥h some cases (Figure

Z

42).
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Figure 40. (A) CMG in a paraplegic rabbiit. (B) After
injection of Verapamil I.V. Note the augmentation in the
bladder capacity.
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Figure 41. Microphotograph .showing anterior horn cells from

level of spin&l cord of rabbit. Note small

perivascular cuff of chronic inflammatory cells without

involvement of myelin. H&E x212
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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 monocyteg and .some lymphocytes., Very scarce

demyelinization was found at the peripheries of the section.

Neither cellular infiltration nor demyelinization was found

in the parenchyma. Of the 4 rabbits that did not show any
evidence of disease,” 3 presented with very scarce lesions and
=}

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 cord of a paraplegic rabbit.
Note the perivascular chronic inflammatory infiltrate and
demyelinization affecting the subpial zone. . Luxol fast blue
x212.
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Histochemical studies of cholinergic fibres in the

bladder and urethra:

We could not find a significant difference in the
distribution of cholinergic fibres in the detrusor and
urethral muscles between the control and the diseased

rabbits.

, A correlation between the neurologic lesions, clinical
and the urodynamic findings are summarized in Table III. We
found extensive demyelinizing lesions more localized in the
lumbo—sac;al segments of the spinal cord in those rabbits

2

with paraplegia and low urethral resistance.
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TABLE III

Correlation Between Urodynamic, Clinical and Pathological Findings <in Immu

Clinical Max. UPP Bladder Cap. *

Signs Tonus H.L. K.Jerk (mm. Hg) (ml.) Ant.Hippo Post.Hippo Midbrain Pons M.Oblo
1. P-plegic IR N 26 45 ++ ++ + 4+
2. P-plegic ‘R &L 'R & L 12 20 + +++ ++ + ++
3. P-plegic ‘R &L YR & L 12 20 ° HH+ +++ H++ +++
"4. P-plegic R & L iR & L 32 18 ++ +H +++ ++++ +
5. P-plegic R & L VR& L, 12 12 + +++ ++ +++ ++
6. P-plegic \R & L {R& L 15 25 + + o +++ +++
7. P-plegic YR & L 1R & L 31 30 H+ 4 ++ H+ 4+
8. P-plegic VR &L R & L 25 25 + ++ ++ i+ 4+
9. P-Plegic L JR& L 15 55 ++ ++++ +++ ++ ++
10. P-plegic \R &L {R 20 10 + +++ +
11. Remission N N 40 10 + + +
12. Remission N VL 51 20 + T+ +
13. Remission N © N 49 ' 40 +
14. Remission {R & L R 42 20 + +++ + + +
15. Remission N N 40 10 + + + + +
16. Normal N N 49
17. Normal N N 55 +
18. Normal N N 55 1 +
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.1l.) in right (R) and left (L) limbs. } for augmented and ¢
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TABLE III ™
¢ \?‘1"
T

ion Between Urodynamic, Clinical and Patholg§ical Findings in Immunized Rabbits

iX. UPP Bladder Cap.

. Hg) (ml.) Ant.Hippo Post.Hippo M,idbrain Pons M.0blong Cervical Thoracic [rumbar Sacral
26 45 ++ ++ + ++ ++ H++ ‘ +++ ++++
12 20 ++ +++ ++ ++ + +++ +++ ++ ++
12 20 ++++ +++ +44+ ++ +H++ H+ +++ +++
32 18 + +++ +++ +HH H + +++ +++ +++
12 12 + ++ ++ +H+ ++ ++ ++ ++ +H++
15 25 ++ ++ +H +H +HH+ -+ +++ ++++
31 30 +H+ +++ ++ +H+ + +H++ ++ +H++ ++++
25 25 +H ++ ‘ ++ + ++4+ Al ++++ 4+
15 55 ++ 4+ ++ +H + + -+ +H+ 4+
20 10 + +++ + + + O
40 10 + + + + + +

51 20 + + + + “+ + "k

49 40° + + + + +

42 20 : + +++ + + + + + +

40 10 + + + + + + + + .

49 55

55 70 T + + +

55 100 , Ty + +

50 95 + + +

2ir extent: + minimal, ++ moderate, +++ severe, ++++ extensive. Some neurological tests were stressed:
mbs (h.l.) in right (R) and left (L) limbs. } for augmented and ¢ for diminished. N for normal.
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DISCUSSION
¢
Lower'urinary tract probléms encountered in patients

with lesions of the spinal cord vary according to the nature
and location of the disease afﬁlicting the nervous system.
In order to individualize these problems, we followed a2 logic
path 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 pharmacologic studies on the bladder and
its outlet confirmed the selective action of some drugs and
neurotransmitters on the lower urinary tract. Finally, the
deve;opment of an anipal model for the multiple sclerosis-
like disease helped us shed some light on the chénges of the
bladder and urethral dynam&cs during the evolution of the
disease and presented an opportunity to evaluate its
pha;macological manipulatiPn 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
internal 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 motility of the proximal urethra as an important
entity in the internal sphincteric mechanism. #ost authors
neéate’the presence of an "anatomical" interqii sphincter at

the bladder neck (ﬁutch, 1966; Tanagho and Smith, 1966 and
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Woodburne, 1968)., Others emphasized the importance of the
proxima& urethra (Lapides, 1953 & 1958) for the sphincteric
mechanism. In the adult cat, the pre-prostatic (proximal)
urethra is about 2-2.5 cm long and this allo@sa clos?r study
of its motility. The fact that the musculature &f 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 1is achieved by minimal oi
negligeable activity of the proximal urethral smooth muscles
and the periurethral ;2}$af€5 muscles (PSM). The mechanism
of opening of the bladder outlet and voiding entails a
synergism between the deterdr, the two urethral muécle
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
céntrally control led and resistant to the general anesthesia.
Qur brain stem lesions studies confirmed the importance of at

least the locus caeruleus, the red nucleus and the adjacent

reticular formation in central regulation of voiding that was

described previously (Barringtop, 1921).

The completion of the voiding cycle and emptying of_the
bladder completely necessitated the integrity of both ceniral
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 (l921)

described local urethro-sphincteric reflexes for the voiding
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phase. noted the depressing effect of anesthetic agents

on them.

Y

Bradley (1976) included the local reflex between 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 layers of the urethra showed
individual synergistic actions during voiding, we found it
necessary to study their individual response to
neurotransmitters of different types. The in vitro urethral
strips were taken from decapitated animals to avoid any
interference of autonomic reflexes by the anesthetic agénts

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 circular layer, enabled us to evaluate the

o

‘effects of pharmacologic 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: longitudin?l and transverse.
However, in their preparation they included paft of'the
detursor muscle in a more complicated manner. The
longitudinal urethgal muscle responded by contraction to the
chol&nergic agonist Bethanechol chloride. This corroborated
the mechan;cai pattern which entailed a wave of contraction

in the blader that propagates to the urethra to involve the

longitudinal 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 cholinergic
stimulation (Khanna et al, 1981), This is acceptalfle since
T
the longitudinal urethral layer is needed only to shorten the
urethra and widen its lgﬁen during opening of the bladder
outlet -unlike the propglsive strong contraction of the
detrusor. The circular.u>gthral muscle responded weakly or
not at all under cholineggic stimulation., This finding
suggests the présence f other mon-cholinergic
neurotransmitters involved in the relaxation of the circular
urethral muscle layer during vﬁiding. This hypothesis was

confirmed by the selective rglaxing effect of PGE, on the

circular layer of the urethtra.

v

Both the longitudinal and circular layers responded
equally to adrenergiclstimulation. This confirms the
suggestion that the tonic closure of the ureth}a during
continence is adrenergically mediated (Awad et al, 1974).
The selective contraction of the circular layer during the
isovolumetric phase may be mediated through adrenergic
neurones connected to cholinergic nerves. The two muscle
layers of the urethra might also function synergistically

1

during the process of ejaculation: tight closure of the
. i

proximal urethra to prevent retrograde ejaculation by

" circular contraction while the urethra actively propagates

the seminal bolus by longitudinal contraction,

Data about the effect of prostaglandins (PGs) on the
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urethra are scarce. There is experimental evidence that PGEjp
had a relaxing effect on the urethra in the dog (Ghoneim et

al, 1976) and in human (Andersson et al, 1977).

The present data demonstrated a selective relaxing
effect of PGE, on the circular layer and contraction effect
of PGFjalpha on both longitudinal and circular urethral
layers. These effects were shown to be unaltered by
cholinergic antagonists (atropine), adrenergic antagonists
(Phentolamine, Propanolol) and tetroéotoxin. This suggests a
non-cholinergic, non-adrenergic, myotropic difect action of
the PGE; and PGFZaEQha on the urethral Egig}es similar to
those described for the action of PG.on the detrusor’
(Andersson and Forman, 1978). The resultglfrom the present
data showed that catt are important in detrusor contractility
both spontaneous and provoked. These data are iﬁ accordance
with others (Rohner et al, 1976 and Khanna et al, 1983). We
demonstréted that optimum Ca''t copcentration in the
extracellular fluid is mandatory for éeréistance of both
spontaneous conpraction (peristaltism) and provoked:response
(twitches). Raising Ca*t concentration 5 to 10 times the
"physioclogic" concentration might result in disfurbance in
the contractile protein system, though direét electron
microscopic evidence is lacking. The difference in
sensitivity between the phasic and the tonic components to
Ca*tt concentration is probably due to alterations in the
channels of Ca** influx into the cell. The difference in the -

tonic (T) and phasic (P) system had been discussed by
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Golenhofen (1976). He showed that there are tw& chemically
different systems for Cat?t acti@étion on the membrane of some
smooth muscle as aorta, portal vein and uterus. In the
detrusor, we found that the Ca** angagonists inhibit the P
and T contractions in two ways: competitive and non-
competitive. Both the P and T contractions were inhibited
competively by Segontin and non-competitively by Verapamil,
The latter finding was similar to those of Khanna et al

(1983). Nifedipine was shown by others (Forman et al, 1978)

to inhibit the chemically induced bladder contraction in

-

human detrusor. Although we found a general inhibition on
electrically-induced response of the detrusor, Nifedipine
inhibited the P contraction in a non-cémpetitive way whereas
it inhibited the T contraction competitively. For the time
being we do not have an explanation for this discrepancy in
mode of inhibition of the T and P contractions. Perhaps a
simultaneous recording of the electric membrane potential

with the P and T contractions might eldcidate their mechanism

of action in the detrusor. ‘

The data gathered from the work on the cat with intact

spinal cogd showed that voiding is a result of fine
cgordinated movements of the detrusor, both layers of the
smooth muscles of theuurethra and the periurethral striated
muscles. The cause(s) éf urinary retention and failure of
bladder ;vacuation following acute spinal lesions are
debatable: bladder areflex}a (DeGroat and Ryall, 1969 and

Jonas et al, 1975) or an increase in outlet resistance
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l(Edvardseﬁ,—l967 and Awad et al, 1977).- In our present work,

the detrusor motility was recorded in less: than an hour after

-
¢

“the cord seétiéﬂt The changes in the maximum intravesical
pressures (IVP) were similar to those of cats with intact
spipal cord, but the resting IVP and frequency pf'detrusor
contractions were significantly higher in the spgnal section
group. This suggests an incoordination 1in contractility of
the detruség¢§nd not areflexia. The failure of voiding in
these cats cannot be explained solely by the effect of
anesthesia used since both the paraplegic anesthetized and
quadriplegic unanesthetized groups failed to void. The
intraurethral pressure (IUP) was always higher than the IVP
showing a higher urethral resistance. Th}s resistance is
persistant inspite of normal- maximum IVP probably due to an

\ incoordination between the bladder and urethra. 1In 2 cats,

«

/ \ the return of vesico-urethral coordinat}on (synergism) 6
\\hours after the spinal section was associated with reflex
‘ \gpﬁding. The cholinergic agonist Bethanechol chloride, and
aiéha—adrenergic blockers Phenoxybenzamine and Phentolamine,
have\;éen\used either solely or in combination to helé
bladder emptying during the spinal shock stage. Failure of
satisfactory bladder emptying was r?ported clinically (Yalla
" et al, 1976 and McGuire et al, l9%€i and experimentally on
dogs (Tullock and Ro?sier, 1577; Tuiddy et al, 1980). The
present data showed that these drugs were inefficient to
induce voiding because they did not correct the

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 of the possibility to induce EAE and of the
size of the animal thét makes the urodynamic evaluation
similar, in a way, to that used in humans. The rabbits were .
studied in paf}s ({immunized and cgﬁtrols) to eliminate the
.artefacts resulting from repeated manipulation, infection agd
possible trauma if the same rabbit‘was used as its own
c;ntrol. Moreover, the least number possible of
manipula@ioq?/g?\the biadder and urethra wa; carried out in
each pair. Each member of the pair was studied on the same

\
day to avoid any external environmental factor to alter our

-findings. The rabbits werée sacrificed at the

end of each

experiment so as to get a reliable correlation between the

. ‘Grodynamic, clinical and histopatholaogic 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 Sofras and Edwards,
1981). The results on the diseased rabbits‘showed a similar
pattern of reduced bladder capacity that was significantly
belgw that of respective controls, The histologi¢ findings

showed some dahage (demyelinization) in the lateral columns

’

" of the spinal cord, site of the pathways of the

reticulospinal tracts, Several authors (Miller et al, 1965
and Bradley et al, 1973) pointed to the relation of the
'hyperreflexic bladder with damage to the reticulospinal

tract.
We could not find significant difference in the

i )
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cholinergic 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 microscopic studies on this issue might bring
clarification on the intrinsic innervation of the detrusor in

M.S.

Reducing the bladder irritability by ca*? blockers

o

showed significant increase in the bladder capacity of the
,
diseased rabbits, This might open the door for the use of
Ca** blockers for diseases other than cardiovascular.
Preliminar§ 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 rabbits was lower than that of the controls.
The sites of lesions were confined to the 1lumbosacral
segments that involved the anterior horn cells and lateral
columns (pyramidal tracts) in these rabbits. In humans with
multiple sclerosis, the sphincteric 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 were similar to their

P
controls i% spite of the presence of minimal lesion in the
nervous system. These lesions were probably insufficient to

cause detectable clinical or urodynamic changes.
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Anesthesia is frequentl§ necessary for most of the
experimental procedures. The depressing effect of anesthesia
on the spinal reflexes 1s unpredictable and cannot be
neglected (Barriggton, 1921 and Tullqck and Rossier, 1977).
We conducted our exper;ments successfully under the tonic
immobility reflex and shown the depressing effect of general
anesthesia in changing the urodynamic parameters. In
cl%pical situations the majority of urodynamic studjes are
done without anesthesia. Using some 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 is experimental proof that the rabbit is

awake (Klemm, 1966).

We suggest that the rabbit is a good animal model to
study the vesicourethral changes and pharmacologiéal
manipulation during the different phases of multiple

sclerosis-like disease (EAE) without the effect of

anesthesia.
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CONCLUSIONS :

,//f////// Several conclusions could be drawn from the present work

.that might shed some light on the neurogenic lower tract

dy unction.

\

1, Thg\ify for proper opening of bladder outlet is a

synergism between different components of the 1lower urinary

tract.

2. The lack of this synergism is respongible in great deal

for the urinary dysfunction after spinal cord lesion. The
conventional pharmacological mapipulation fails to restore
the normal synergism an ubsequent radequate bladder

emptying.

3, The highly selective pharmacologic manipulation on the
individual layers of the urethra might be the solution in

_restoring normal voiding in lower urinary tract dysfunction.

4. The Cat* blockers might have a role, at least partly, in

correction of bladder instability.

5. The rabbit is a fair animal model for M.S. and could be
exploited further to improve our understanding of the bladder

——

dysfunction associated with M.S.
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