
Urol Res (1993) 21:121-124 gralogical Research 
�9 Springer-Verlag 1993 

Proportions of fiber types in the external urethral sphincter 
of young nulliparous and old multiparous rabbits 
Sohei Tokunaka, Hiromitsu Fujii, Hiroshi Hashimoto, Sunao Yachiku 

Department of Urology, Asahikawa Medical College, Nisikagura 4-5, Asahikawa, Japan 

Received: 3 August 1992/Accepted: 12 November 1992 

Summary. The propor t ions  of  fast and slow myosin 
molecules in specimen's  of  the external urethral  sphincter 
(EUS) f rom 6 young  null iparous (6-month-old)  and 6 old 
mul t iparous  (2-year-old) rabbits were studied using myo-  
sin heavy chain electrophoresis.  The percentages of  fast 
and slow myosin  molecules were 80.4_+4.5% and 
19.6 § 4.5% in the EUS f rom nulliparas, and 68.7 Jr 6.3% 
and 31.3 • 6.3% in the EUS f rom multiparas.  The differ- 
ence between the two groups was significant (P<0 .01) .  
We suggest that  a selective decrease in the volume of  type 2 
(fast) muscle fibers a n d / o r  conversion of  type 2 to type 1 
(slow) muscle fibers had taken place in the EUS of  old 
multiparas.  The propor t iona l  change in the consti tuent 
muscle fibers o f  the EUS with aging may  play a role in 
h u m a n  genuine stress incontinence. 
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ventral to the rectal vent. This female urogenital anatomy, complete- 
ly different from that of the human female, in which there are 
separate openings for the urethra and vagina, is similar to that in 
many other mammals such as the dog and the cat [8]. These female 
animals thus preserve the structure of the urogenital sinus. The 
female rabbit's EUS encircles both the bladder neck and the distal 
end of the vagina. There are no EUS muscle fibers between the 
bladder neck and the vagina. 

Sample collection and preparation 

Six young nulliparous (6-month-old) and 6 old multiparous (tri- or 
quadriparous, 2-year-old) female Japanese white rabbits (body 
weight 3.0 kg) were killed by rapid injection of pentobarbital sodium 
solution into an ear vein. The bladder, vestibulum and vagina were 
extracted en bloc and stored at -80~ The portion of the frozen 
specimen containing the EUS was cut transversely into serial 
sections about 0.3mm thick and stored in 50% glycerol, 50% 
relaxing buffer (RB) [23] at -20 ~ C for 2 weeks. Glycerinated muscle 
fibers were dissected out from these sections in RB on crushed ice 

It is generally considered that  genuine stress incontinence 
is more  c o m m o n  a m o n g  old mul t iparous  women  than 
a m o n g  young  null iparous women  [5]. Recent studies show 
that  loss o f  strength and a t rophy  of  h u m a n  skeletal muscle 
with aging are at tr ibutable to selective a t rophy  of  type 2 
(fast) muscle fibers [1, 15, 18]. The present s tudy was 
designed to examine the difference in the propor t ions  o f  
fast and  slow myosin  molecules in the external urethral  
sphincter (EUS) between young  null iparous and old 
mul t iparous  female rabbits. 

Materials and methods 

Localization of  female rabbit EUS 

As shown in Fig. 1, in female rabbits the bladder and vagina open 
into a single lumen, i.e., the vestibulum, which opens in the perineum 
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Fig. 1. Schematic illustration of the lower urinary and rectal systems 
of female rabbit, bl, Bladder; v, vagina; vs, vestibulum; r, rectum 
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Table 1. Wet weights of isolated muscle fibers of the external urethral 
sphincter from 6 young nulliparous (6-month-old) and 6 old 
multiparous (2-year-old) rabbits 

Weight/(mg) 

Mean _+ SD (range) 

Young rabbits (n - 6) 105.9 _+ 21.0 (71.5-133.0) 
Old rabbits (n - 6) 97.5 + 29.4 (59.3-141.3) 

The difference between the two groups is not significant 

Table 2. The proportions of fast and slow myosin heavy chains 
(MHC) in external urethral sphincter samples from 6 young 
nulliparous and 6 old multiparous rabbits 

Fast MHC (%) Slow MHC (%) 

Mean + SD (range) Mean + SD (range) 

Young rabbits (n -6 )  80.4_+4.5 (73.2-87.3) 19.6+4.5 (12.7-26.8) 
Old rabbits (n -6 )  68.7_+6.3 (60.1-77.1) 31.3 +6.3 (22.9-39.9) 

The difference between the two groups is significant (P < 0.01) 

under a dissection microscope. The isolated muscle fibers were 
homogenized in 3 volumes of Hasselbach-Schneider solution [ 13] at 
4~ with a micro-glass homogenizer for 16min as centrifuged at 
600g for 15 min. The supernatant was used as a sample of crude 
myosin for electrophoresis. Protein concentration was determined 
by Bradford's method [3]. 

Electrophoresis 

SDS-polyacrylamide gel electrophoresis (PAGE) analyzing myosin 
heavy chains [6] was performed. The separating gel was 6% and the 
stacking gel 4%; both gels contained 40% (v/v) glycerol. Ten 
micrograms of sample was applied to each well of the gels and 
electrophoresis carried out at 120 V for 12 h. The gels were stained 
and destained as previously reported [23]. 

The molar ratio of fast myosin heavy chains 
to slow myosin heavy chains 

The bands of fast and slow myosin heavy chains were cut out from 
the gel following staining and destaining. Coomassie Brilliant Blue R 
was extracted from the gel pieces with pyridine, and the protein 
concentration determined by the absorbance at 605 nm according to 
Fenner [11], bovine serum albumin being used as the standard. 

Results 

Wet weights of  i so la ted  g lycer ina ted  EUS muscle fibers 
f rom 6 young  nu l l iparous  and  6 o ld  mu l t i pa rous  rabbi t s  
are shown in Table  1. Mean  weight  o f  EUS f rom young  
nul l iparas  was 105.9 _+ 21.0 mg and  tha t  f rom old  mul t ipa -  
ras was 97.5_+29.4 mg. The  difference between the two 
groups  was no t  significant.  

F igure  2 shows S D S - P A G E  gel of  myos in  heavy  chains 
f rom psoas ,  soleus and  EUS muscles  o f  rabbi t .  In  psoas ,  

Fig. 2. SDS-PAGE gel of myosin heavy chains from psoas, external 
urethral sphincter and soleus. In the lane for psoas (P), a muscle 
predominantly composed of fast fibers, a band of fast myosin heavy 
chains ( f )  is seen. In that of soleus (S), a muscle mainly composed of 
slow fibers, a band of slow myosin heavy chains (s) is present. In the 
lane for the external urethral sphincter (U) bands of both fast and 
slow myosin heavy chains are seen 

Fig. 3. SDS-PAGE gels of myosin heavy chains from the external 
urethral sphincters of 6 young nulliparous rabbits (upper line) and 6 
old multiparous rabbits (lower line). In all specimens fast ( f )  myosin 
heavy chains predominate over slow (s) chains 

the cons t i tuent  fibers of  which are a lmos t  all fast  type,  
there  is only  a band  o f  fast  myos in  heavy chains.  In  soleus,  
which is c o m p o s e d  a lmos t  ent i rely o f  slow twitch fibers,  a 
single b a n d  o f  slow myos in  heavy  chains is present .  In  
EUS,  which has a lmos t  equal  p r o p o r t i o n s  of  fast and  slow 
twitch fibers,  two bands  co r re spond ing  to fast  and  slow 
myos in  heavy chains are seen. 

F i g u r e 3  shows S D S - P A G E  gels of  myos in  heavy  
chains f rom EUS of  6 young  nu l l ipa rous  and  6 o ld  
mu l t i pa rous  rabbi ts .  In  all specimens two bands  corre-  
spond ing  to fast and  slow myos in  heavy chains  are 
observed.  The  fast  myos in  heavy chains are p r e d o m i n a n t  
in all cases. 

The  p r o p o r t i o n s  of  fast and  slow myos in  heavy  chains 
in EUS in 6 young  nu l l ipa rous  and  6 o ld  mu l t i pa rous  
rabbi t s  are p resen ted  in Table  2. The p r o p o r t i o n s  were 
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Fig. 4. The proportion of fast myosin heavy chains in external 
urethral sphincter samples from 6 young nulliparous and 6 old 
multiparous rabbits. The difference between the two groups is 
significant (P < 0.01) 

calculated from the molar ratio of fast to slow myosin 
heavy chains in each EUS specimen. The molar ratio of 
fast to slow myosin heavy chains was analyzed with 16 
electrophoretic lanes per sample. The proportion of fast 
myosin heavy chains in young nulliparas ranged from 
73.2% to 87.3% with a mean of 80.4%. That in old 
multiparas ranged from 60.1% to 77.1% with a mean of 
68.7%. The difference between the two groups was 
significant (P < 0.01) (Fig. 4). 

Discussion 

Adult mammalian voluntary muscle is generally com- 
posed of three fiber types with different ATPase activities: 
type 1 is a truely fatigue-resistant slow twitch fiber, 
type 2A is a relatively fatigue-resistant fast twitch fiber, 
and type 2B is a fatigue-sensitive fast twitch fiber [16]. It is 
known that myosin isozymes in fast and slow twitch fibers 
are different [10, 12]. 

One molecule of myosin is composed of two myosin 
heavy chains (HC) and four myosin light chains (LC). 
Studies using SDS-electrophoresis on single muscle fibers 
revealed that myosin heavy chains from type 1,2A and 2B 
fibers are distinct; they are classified as HC1, HC2A and 
HC2B respectively [20]. In this study we could not 
separate HC2A and HC2B and had a single HC2 band on 
electrophoretic analysis because we used whole muscle 
extracts. The proportions of HC1 and HC2 in the EUS 
whole muscle extract represent the proportions of slow 
and fast myosin HC molecules in each EUS. 

We found that the proportion of fast myosin molecules 
in the EUS was lower in old multiparas than in young 

nulliparas. Given that there was not significant difference 
between the weights of EUS of the two groups, there are 
three possible explanations for this change in the propor- 
tions of myosin molecules with age: an increase in the 
volume of type 1 fibers, a decrease in the volume of type 2 
fibers, or both. 

Hypertrophy of type 1 fibers and/or a conversion of 
type 2 to type 1 fibers take place with prolonged training 
[2, 17, 21]. Since our animals had been reared in a 
laboratory cage without a special training program, an 
increase in the volume of type 1 fibers by this mechanism 
would be unlikely. 

Many researchers have ascribed the predominance of 
type 1 fibers in the skeletal muscles of elderly humans and 
animals to a selective atrophy and decrease in type 2 fibers 
[1, 15, 18]. Muscular structural changes suggesting neuro- 
genic disorders are known to increase with age [15]. 
Several studies on human anterior horn cells have shown a 
significant decrease in motor units after the age of 60 years 
[4]. Selective degeneration of the largest and most rapidly 
conducting motoneurons (type 2) and/or transformation 
of type 2 fibers to type 1 followed by nonselective loss of 
motor units has been suggested [9]. 

The increase in the proportion of slow myosin mole- 
cules in the EUS of old multiparous rabbits, as confirmed 
by the present study, would thus probably be attributable 
to a selective decrease and/or atrophy of type 2 fibers and/ 
or transformation of type 2 fibers to type 1 by denervation 
with aging. 

Some researchers [22] have described increasing 
neurological abnormalities of the pelvic floor musculature 
in human multiparas with increasing numbers of vaginal 
deliveries, and have suggested that the peripheral nerves 
of the pelvic floor musculature sustain damage during 
vaginal delivery. It remains to be established whether such 
damage cause the change in the proportion of EUS 
myosins demonstrated in the present study. 

The motoneurons of slow twitch type 1, fast twitch 
type 2A and fast twitch type 2B fibers are different from 
one another: the motoneuron of a type 1 fiber is small, 
low-threshold and slow conducting; that of type2B is 
large, high-threshold and fast conducting; and that of 
type 2A is intermediate in size, threshold and speed of 
conduction. During low-intensity exercise, when the 
stimulus from the central nervous system is weak, only 
type 1 fibers are recruited. As the intensity of exercise 
rises, type 2A and then type 2B fibers are recruited by the 
stronger stimulus. This phenomenon is called the size 
principle [19] and is common in mammalian voluntary 
muscles. 

It is considered that the recruitment of motor units in 
the contraction of the EUS occurs in the following 
manner. During urinary storage the EUS contracts con- 
tinuously, recruiting only the motor units of fatigue- 
resistant type 1 fibers by weak nerve stimuli. When 
stopping the urinary stream, or when there is a sudden 
increase in the intravesical pressure during stress and/or 
urgency conditions, the motor units of fatigue-sensitive 
type 2 fibers are recruited by the stronger nerve stimuli to 
effect short strong contractions. A decrease in the type 2 
fibers of the EUS would mean the muscle could not 
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pe r fo rm  shor t  s t rong cont rac t ions  adequa te ly  under  stress 
condi t ions .  The decrease a n d / o r  a t r o p h y  of  type 2 fibers 
in the EUS may  therefore  p l ay  a role  in genuine stress 
incont inence  in women.  

Resis tant  t ra in ing  of  the lower  extremit ies  in e lder ly  
women  is r epo r t ed  to lead  to type 2 f iber  h y p e r t r o p h y  in 
the vastus  lateral is  muscle  [7]. Our  results  suggest  tha t  
pelvic f loor  t ra in ing  [14], which is effective for  the 
t r ea tmen t  of  genuine stress incont inence,  m a y  p roduc e  
t y p e 2  h y p e r t r o p h y  in the EUS as well as increased 
s t rength  of  the pelvic f loor  muscula ture .  
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