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Muscle Derived Stem Cell/Alginate/Polycaprolactone/
Injection Therapy in Rats with Denervated Urethral
Sphincter
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Soo Byun', Sang Seob Lee’, Ji Youl Lee

From the Department of Urology, College of Medzcme The Catholic University of
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Purpose: In this study, we tested whether injections of muscle-derived
stem cells and alginate (Alg)/polycaprolactone (PCL) after denervation of
the pudendal nerve could increase the leak point pressure (LPP) and
closing pressure (CP) over the long term in a rat model of urinary
incontinence.

Materials and Methods: Muscle derived stem cells (MDSC) were isolated
from the gastrocnemius muscle of normal female rats, and these cells were
purified for creating a myogenic population by the preplate technique.
In the denervated (D) group, the pudendal nerve was transected bilaterally
via a dorsal incision in order to denervate the external urethral sphincter.
The denervated external urethral sphincter was injected with Alg/PCL (AP
group), or MDSC/Alg/PCL (M group) into the proximal urethra after
pudendal nerve transection. At 1 and 3 months, the LPP and CP mea-
surements were visually identified by using the vertical tilt/intravesical
pressure clamp model of stress urinary incontinence. The rats were then
sacrificed and their urethras were harvested for histology.

Results: Both the LPP and CP were significantly lower in the denervated
group at each time compared with the normal (N group), AP and M
groups, and both the LPP and CP in the N, AP and M groups were
significantly higher than those in the D group at both 1 and 3 months.
The persistence of MDSC over the period of the study was verified by
histology. Thus, pudendal nerve denervation led to a progressive decline
in the LPP and CP that was evident at 1 month and this persisted to
3 months, and injection of MDSC/ Alg/PCL into the denervated rats led
to a long term increase in the LPP and CP.

Conclusions: The N, AP and M groups all had significantly higher LPPs
than the D group, and MDSC/Alg/PCL injection into the denervated
external urethral sphincter in female rats increased the LPP and CP in
both the short and long term. We also observed a long term bulking effect
of MDSC/Alg/PCL injection in the stress incontinence animal model.
(Korean J Urol 2007;48:1296-1301)
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1. Muscle derived stem cell MDSC) £2|

317 9] s ZollA] AAG 2HL AA] o] Triple

Enzymes X 2l3l THAEE E23 3 Al E50] Eohx
ol FEkEw AR AR Aol & o] kel A A7 7
Ao 2 FEhAlS FESE E8}A = (Nalge Nunc International,
Rochester, USA)E Ab-&3te AEgamubo g 1397
2y gl wjek £ o] 25 ZV|AEY AAS slolslgd e}
THETAE Hc} A] ul| Aol PKH26 (Sigma, Saint Louis,
USAYS A7Fstol, W B A 2% W) 248 25
7|2 w7 e s e &l

2. Alg/PCL 28 ®M=

Alg/PCL E-3Al:= WA Alg: phosphate buffered saline
(PBS, pH 7.4)5& &]Z AlgS}t CaSO7F 24+ 1.59F 0.4wt%
2 35 A 524 PBS Woll £Asl+= Na,HPO,2} CaSO,
o] FuAr-goll ozl Algd] 7haA|E 24 o] Thsdtes Al
Zh=] 9l o, PCL -8 YA (100 <d <200 um)E Alget 23
slo] A-g3}elct.
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1) RTEI:
tamine hydrochloride (15mg/kg)S} 2%
(Smg/kg)E 2:12 &3 3 0.2m14
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o £H: A% 1, 37l Foll BE TollA ke-

xylazine hydrochloride
LgFAE nkEH &
T10 levelol|A] spinal cordE& ZA%kslit). vl
F o] sl8Hol| A AMNE AlsYste] AR
AAsL W3e =FAZ 3 tube (PE-90)E
3 Ads o) Tubert HAsHAl A4YE AL
-5 2-33laL tubeol| saline bottles 93745}
= B4 FE dlo]&ol Eola A& A&
& 3-4A17F & saline bottle?] Eo]E 1-3em#® 2]
WA o] Feve ] AJAsE Eo]E leak point pre-
ssure (LPP)E 4 3}a1, t}A] 1-3cmA ulgmA] ALHo] =
% o|Z closing pressure (CP)Z A 3l31c} (Fig. 1).°
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Fig. 1. Vertical tilt/intravesical pressure clamp model of stress
urinary incontinence. (A) Acute spinal cord transection at the T9-
T10 level was performed with the rat in a supine position and a
transvesical catheter with a fire-flared tip (PE-90) was inserted into
the dome of the bladder for bladder filling and pressure recording.
(B) The intravesical pressure was varied in 1-3cm H,O steps from
zero upward until we visually identified the leak point. The height
was then adjusted downward until the leaking stopped.

70 - LPP&CP at 1 months

I LPP
60+ CJ CP t
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24 o}
L 2Ty 53
o5 SHE7IAE F 09 9] LPP ZAHFS N
T, DT, AP B MollA ZHZF 41.95+1.08, 32.29+3.15,

45.01+1.99 3 4821+5.38cmH,00] 3, CPE= N, DT, AP
T 9 MTolA 722 21.17£1.43, 16.81£3.01, 28.75+3.84 3
29.74+1.70cmH,0%2 ZA ¥ et DTollA] Nl H]s}o]
LPP 3 CP7} EAIEHE o2 u|A 74619, AP 2 M
T N7 938 Xpo] & Ho|A] ¢hgk o), Dol vl 4]
T T8 A =A JEebg (Fig. 2).
S5 ZHEVNE 9 308 ¥ LPP SAHHUS N
T, DT, AP B MollA ZH2E 41.29+1.62, 29.04+4.17,
44.18+1.44 3] 49.66+1.62cmH,0°]%1 3, CP= N7, DT, AP
T 9 MTollA 722 22.38+1.90, 15.62+2.98, 30.43+3.88 2
31.60£5.05cmH, 0% ZA = vk DollA Nfell vls}o]
LPP 3 CP7} EAIEHH o2 u|A 74619, AP 2 M
T N7 938 Xpo] & Ho|A] ¢hgk o), Dol vl 4]
T T8 A =A Yl (Fig. 2).
N2 370 7ke] vl sl A& LPPeF CP& Dol A%
LA u|de A4S e o, N, D, APT B

Mol A= LPPE} CPel Wizt glgich.
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60 - LPP&CP at 3 months
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N D AP M

Fig. 2. Leak point pressure (LPP) and closing pressure (CP) at 1 & 3 months. The LPP and CP in the D group were significantly lower
at 1 & 3 month than the LPP and CP in the N, AP, and M groups. The LPP and CP in the AP and M groups were significantly higher
than that in the denervation group at 1 & 3 months. N normal, D: denervation, AP: alginate (Alg)/polycaprolactone (PCL), M: muscle

derived stem cell. *: p<0.01 compared to N group,

p<0 01 compared to D group.
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Fig. 3. Histology of the normal urethral sphincter of female rats. (A) Hematoxylin/eosin staining at 3 months. In the normal female rat
urethral sphincter, a layer of striated muscle fibers (black arrow) encircles the smooth muscle layers (gray arrow). (B) MyHC immunostaining
of the 3 months specimen. In the normal female rat urethral sphincter, the skeletal muscle (white arrow) shows positive DAPI and MyHC
staining. (C) a-SMA immunostaining of the 3 months specimen. Smooth muscle (gray arrow) shows positive a-SMA staining, and the

skeletal muscle (white arrow) shows blanks (A, B, C x100).

Fig. 4. Histology of the denervated urethral sphincter of female rat. (A) Hematoxylin/eosin staining at 3 months. The denervated proximal
urethral sphincter also showed atrophic and thin circular skeletal fibers (black arrow). The smooth muscle is well preserved (white arrow).
(B) MyHC immunostaining of the 3 months specimen. The denervated proximal urethral sphincter skeletal muscle (white arrow) shows
negative MyHC staining. (C) a-SMA immunostaining of the 3 months specimen. Smooth muscle (white arrow) shows positive DAPI and

a-SMA staining (A, B, C x100).
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Fig. 5. Histology of the Alg/PCL injected urethral sphincter of female rat. (A) Hematoxylin/eosin staining at 3 months. The Alg/PCL
injection area (Alg: white arrow, PCL: black arrow) is well preserved. (B) MyHC immunostaining of the 3 months specimen. Ingrowing
muscular bundles (white arrow) are observed on the periphery of the polymer. (C) a-SMA immunostaining of the 3 months specimen.
The organized smooth muscle layers (white arrow) shows positive DAPI and a-SMA staining, but ingrowing muscular bundles on the
periphery of the polymer (gray arrow) are observed as negative a-SMA staining (A, B, C x100).

Fig. 6. Histology of the MDSC/Alg/PCL injected urethral sphincter of female rat. (A) Hematoxylin/eosin staining at 3 months. The
MDSC/Alg/PCL injection area (Alg: gray arrow, PCL: black arrow) is well preserved. (B) Expression of PKH26 at the 3 months specimen.
The MDSC injection area was PKH26 positive. (C) a-SMA immunostaining of the 3 months specimen. Muscular bundles (white arrow)
are observed to be positive for a-SMA staining on the periphery of the polymer. (D) Merging of DAPI and, PKH26 (A, B, C, D x100).
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