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EXPERIMENTAL STUDIES ON THE PATHOPHYSIOLOGY OF
NEUROGENIC BLADDER DUE TO SPINAL CORD INJURY,
ESPECIALLY THE EFFECTS OF DRUGS ON BLADDER
SMOOTH MUSCLE IN THE ACUTE STADIUM

Kyoichiro TANOUE

Erom the Department of Urology, Kumamoto University Medical School
(Chairman : Prof. K. Narahara, M. D.)

The purpose of the present paper is to investigate the functional, histological and metabolic
changes of cord bladder in the acute stadium of spinal injury. Spinal injury was produced on
rabbits at the level of Ls; by means of a new simple technique.

Cystometrogram, histological findings of the bladder wall, histochemical activity of succinate
dehydrogenase (SDH, modified method of Nachlas, Seligman et al.), that of phosphorylase (PhR,
Takeuchi and Kuriaki’s method) and chemical activity of phosphorylase (cPhR, medified method
of Sutherland) in the bladder smooth muscle were observed both in normal and cord-injufed
rabbits, in the latter 5 days after the injury. F urthermore, the effects of atropine (0.15mg/kg),
bethanechol (0.8mg/kg), and cocarboxylase (3mg/kg) on the above mentioned examinations were
observed. The following results were obtained.

1) In normal rabbits, the maximum voiding capacity (MVC) was 62.74+9.4ml and the
maximum voiding pressure 33.141.3 mmHg.

In the bladder wall of normal rabbits, smooth muscle had PAS positive substance, SDH was
weakly positive, PhR was stronger in the muscle than in the mucosa and cPhR was 5.441.1.

2) The cystometorogram on the 5th day after injury showed hypotonic curves, increased
MVC and decreased MVP, but did not show any autonomous waves.. Histological examination
revealed deformity, atrophy and ablation in the mucosa, edema, hemorrhage, proliferation of
connective tissue and atrophy of the muscle layer. SDH and PhR were decreased and cPhR
was 3.0x0.7.

3) After a single injection in normal rabbits, MVC was remarkably decreased by beth-
anechol and not changed by atropine, but the effect of cocarboxylase on MVC was indefinite,
On the other hand, MVP was decreased by atropine, but effects of bethanechol and cocarboxy-
lase were indefinité. - The drugs had no effect on histological findings and enzyme activity in
the normal bladder. After daily injection for 18 t0 20 days, there was also no difference either
in histological or histochemical findings by bethanechol and cocarboxylase, but by atropine,
there was weak edema in the muscle layer, and SDH, PhR and cPhR were decreased.

4) - Bethanechol in the daily doses of 0,8 mg/kg, which was not fatal to normal rabbits
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even after 20 days of daily injections, killed cord~injuried animals within 3 days after the
beginning of daily injections. On the other hand, the half doses of bethanechol given to cord-
injured animals showed a tendency to increase MVP and irregular waves in the cystometro-
gram. MVC remained unchanged. Histologically, there was no favorable influence of bethane-
chol; and moreover, it exhibited tendencies to decrease SDH, PhR and cPhR when compared
with cord-injured animals which were given no drug. Cocarboxylase presented a tendency to
repress the changes produced in the bladder by cord injury such as the increase in MVC, the '
decrease in SDH, PhR and cPhR or the appearance of muscle atrophy.

The author concluded from the experiments described above that because the bladder smooth
muscle has fallen into dysfunction and metabolic disturbances, the administration of cocarboxy-
lase is useful for neurogenic bladder in the acute stadium, but bethanechol is not only insignifi-

cant but even harmful to function of the bladder in this stadium.
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PEBI®LC LT, BREOTAHRLRED
RNECBEEOER YRR L, rehabilitation %
BET2045 5T, REAHERELOBREY
SELIBLE LD D, 25 H BRI
RESCH T s BHENEROHEED kv,
FHEAIC B0 2 BEFIRY, REBOH R
RBO+HiiBY LB T 55, fkchreo
WTOERTHBHIZ L,

R FHEGHc 80 2 RETEO R Lic &5
5HNCTREL AW FEDHOFRT ORELR
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bie, BRSO FRERBEICR T 5 @
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M ® A&

1D EREMy 4FE 3kg #iRO B EEEERR
FRELB, ~EOBRAA CHE, EBOBRIIEAE
HE LD R LD,

2) FHALE FRITREIESEESOENLR
FR TSI DS 5 [BHES ©fT 7> 7o, urethane 4
T, AR, BAUBIAREA BBl s LS 5 BHER
*BEH, BRI CEE X ) BRESEC TR
57, Ho#t Lukens bone wax #7EiE, (ML
To. TR T BRI RO SRR TR,

‘hematoxylin-eosin ¥t (HE s L BK), i, 1B

BOW, BELHEL .

3) #5EEA choline {RFEMEMBEEMEENALL
“CHifg atropine(0.15mg/kg FERETHAT, A ZH5), [
#ilH) & L ¢ bethanechol chloride (0.8mg/kg %852

- TS BLEE), MMMAHEEEA L L T cocarboxy—
lase (Bme/kg FiffitE, C LMD E FhERBEL .

4 BRAENTE ERETERFREY TS E
B, LT 2 o R E ST F: Nelaton’s catheter @
4 % xylocaine YRR B, SHRER L D #INT8~
dem @A, FMHERDLZATEHE DB, B
Brrem s L, M205REREICHE, Lewis ZUEERNEA
FEREsR L BRE, £ 36°C OWERBRE I+ 7 —
2 X b 147 8ml OFRITEALEHSD BERANE
Wi AT -TFARBIVOBRKEILIEA T~
F OB E o THENER I, COBROEARE
TRABERAR MVC 188, AARE MVP L)
L.

5) [EBeEEMEAE B ENE EREN A EE
E L0 ERERYB TRE B AT, Bk
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EERCHE A LEENER, WIRE D, BRERoe
o HEHAME Z 1L, Lavd RiyBR R
THENLA FEO BB YR, 10 A< Vv E
5, HE 7ab e PAS #fa, Stk 7o, succinate
dehydrogenase (SDH k%) i BEREEEY] A $RHX
BEBEX 132 OHEET 2EK, Nachlas Sligman
et al. YW L S7T°COSFHEERCEE, 10%+
=) VRTHEE, KEE, 75 A PV THEHAGR,
NBT- =A< ¥ vBRER L - TREAWD, FRE
(+), RERE (1), BRkEdo (-) O LB
53vF iz, phosphorylase (PhR 1 #%) 1E#ki% SDH &
HOBE L FRCERBYT 20, RA-BREY
X VEERBEER L. BRERL s - FRISEBIRO
BEIC X VREE (), BEG (1), #EE (5,
FEEL () OABREL L. TExdoLrUDEK
Yigf7 PhR BB EE I AEREE S XTORE
BT, EERIS Fus-1-yvEr ) (G-
1-P r8%) 20mg, §FN7 F=—nfk 20mg, primer
(7Y =—4v) 2mg, FREIK 20ml, EeEs - BEAY —
FIEEK (pH 5.7) 20ml, BERRI30GE LK.
SHBEER & LTt G-1-P % iz W% s
Wiz,

6) [BEMtE: PhR oA {bZiEE ChR HHEE L
#8) Sutherland EZEA - H - KENKREZE
PESID ) ro o, H® kB EREENEETR S
TSR L B PhR BIEIIR 1 ¢ 5 OEIAKE
Bieys. X CTHYER X A BRISHET 28T 57
DEBOEEMELIE L. BB 0.18 D&
il phosphorylase 2k » G-1-P sn% 0.1lmg
EESIRA L s s ok T B & LT,

E A

1 HHEOBERAES LUEREHOEGETR, A

BREEEAOYE
BEFRBEORSELHRE L CEFREAERS HEOR
W8 POREy LB L., ERATERFRREOTILE
EUTHIE, A, BRLIPDEBEEIRTN R, £
OREIR—fE T No. 3 REDZ & AR
D—MDHDOEGBERENS, No. 8 REDOZ L Hfll
A, A, BA, BRTbhk- TARHREED LD
EFTVAWATHS (Fig. 1, 2, Table D). Fiio=E
BT FRAER L ) 20REe R UREEES
B L Th bbb, FREOBETXHFERORE &
B —Li, FEABRREEEITEDLOL
Hoteps No. 3, No. ), —ReHIBEEZEL,
Hnizk No. 4, No. 6 FKED & & & EEBRAF S H-

fz.

1) BWRAE SHRERFEENRASEMEAL D
OEfEZE, BEXLLN:., BEREISHO MVC o
iy 62.729.4ml, MVP % 33.3+1.3mmHg ©
Hote. BREEBWANED MVC RHEARET
ot No. 3 PAMIT_RTCRECHENERL, MVP
TABHEER X7 Uiz (Table 2, 3). A sEENE
LEETHo 7z No. 8 FRTIAEMTHOZRT
430ml OPER 2B D, BT H L RAORBH - 7cd
DEFL BRI,

2) EERtEEOMMATR EEREENEAESo HE
Heflk (Fig. 3) @B\W-CERAERIR AN JEEE
R, BN A~5SBOBTLER,bIS. EREER
BFICREEM X 0 Tn b S EA IR AR
BRSBTS, GBI O~ EDL T
BRsb D, TOMREEREARD. TOIMUILE
BEDNEATDd S, BTE TOBMWHE O
HE T B < B BHES oM ORI 2
W, ke b PAS IBMEHEN B bhie
25, FEE oMzt PAS BB EIRE LD THIR
HORIETER. BREREHB CIEBECED
FHheplc LROEER, ik, PE, hEo
MR b, 8 I 5 Pl FifgiE R & 3%
B8, 5@l H B (Table 2. Fig. 4). i
BTE TSR R CRGRED B EE X v bt
R D BMERI A Blic 7e b, extracellular space 23
WRTHEHAYEL.

3) EMtEECEFREM: SDH ik (Fig. 5) 1Ml
Ja mitochondria w—FK L THEEBLET DA, Bt
YL mitochondria %4 { & T A HEEUHOHKRE
W HARB L3, HBEREHaC ik
ILEFHEL, RRFRREHFC S, PhR EE (Fig. 6,
) EECRBCREC T BERE, SiRcREa
a— FRIGZEL, oo L &m, fREoR
Blix7s &, phosphorylase RIGIZ—HRIC 0 { 2B
CREBEC—%L CHETS. BB, BaRTies
G E R b Tl L L ¥ 5. FElE
prEED SDH, PhR BTG LR &FIc & T 23
@b bni: (Fig. 8, 9 Table 2).

4) [FEBtEE PhR IGH(E BERE7PHCsTsB
PEEE PhR JEM:MEILEET.1, RE4.3, P5E5.441.1
T otz (Table 4). FHEBEME T &53.8, ®E
1.7, $52.9 £ 0.7 THLIR EFARD bhk
(Table 2).

2 atropine, bethanechol 35 £ T cocarboxylase
BSORES LURBHEFERREEHRAOR
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Tablel &TF & 8 & o B E

N T OB 0 B E B KEOE A

0.

%5 % kg

| x4 % A -03

2 e A T 5w & -02

3 F = A = ex 0

& 1E - oA _

4 = P T £ 0.6

5 5 & = A2 0

6 T ® & 5 A -05

7 52 A 5 & -0/

8 w4 5E A ~0.4
CEERE GIHR CARRETS L OBOK, i L, CHEETIR30S#H MVC, MVP ki

BH BRI, FREEE, RRRER 2 ho7. B
BeETIIERLRE, WE, BERIEERR bR
2% CERETIIAILDEEL koo, EHICERN
FHRERRE CIXFBLE (Table 5) » R EH
DESERE R, REBER~NOBEYHE LK. B
BETIUDEERE G LEfE1E 0.8mg/kg
SEBRE LT, AR 3 TR 2HE, B D 1PN3
BES LT Lk, 1H 0.4mg/kg SEHERS L.
CHREBIBERRELELLE.

1D BRAE EEFETCITAEE0S% MVCI
T L AL, MVP 13461ET, Bi#5304
%5 Bl 3 flc MVC DFEH, 2 BIiERE, MVP

—EOEMLL BRIk %= (Table 6). HEFRET
X MVC g’ BERERECRELTREL, CRS
BTIIEBBE~NAETL L BPERLI.. MVP
EBHEEHTI LAERYEL 7288, CBEFETIIR
BTHo 7o (Table 3). 7ok BESETIIARRAIRI
HEEEOINC B BTz,

T2) HMEBTR BEEXRETIT A BRIV C oM
B 5-30~605 I 3\ TR BCIE & A KB
Zbiicy, fEEAZ18~20 BRTER B 5 #IEB, C
BEFR OB TRTE, AREFTCIIERSEOX
RARRERTHH, HBENCR S BHREY
BDIEHIER A T, BEFE~BYHEL T
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Fig. 2 fHR#EAPE S04, HE R, AMRTMILtsaikl, Siiciigs
T AhDH (FHREEMD .

L, IS BRERAT RV 1] & D IRFIBE Y- b 1Tt b - TR
FREOHR (B 10 2HER) LRsLl
Alkich o tohy, CHEERRCI W UL EMOREN
W S ABMERIAY 5 2shiioie (Table 7).

3) EEFEM A, B R XU COKIEAHEBY-#%
30~605 B 31T B Bk EED SDH, PhR G MIZAZE,
18~20 H s G- Hic ks T AR G- © SDH,
PhR iEM0 B S E F i bhiest (Fig. 10, 11),

BHAWNECEERTIRT LA EIEH LR RTILH -
#o. FHRFEEENEED SDH, PhR jE#I3#EA 2 % 5-
L WHEREERCHERT, BEGHTMET, C#K
ERECI R A b (Fig. 12, 13, 14, 15).

4) JEess PhR (G 18~20 A i G- o
BEEEED PhR JEMEAILSEY 2.9 TH S K T AR
B bR B G HOFHIEL.9, CHRYEMS.2TIER
L KFEIsh - o (Table 4). FFiBMAEED PhR ik
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Fig. 4 95 B B MG HE % (15%10).
VA, Ao, A h S,

Fig. 8 75 H B oM Fi#A% SDHIGH: (15 x10).
WD) OFEHIE T2 4 5.

N

Fig. 5 EHFEBEMNVIMMO SDH Gk (15%10).

FPEEOIEEE 2D,

o ) .

Fig. 6 IERAFEBEMGHRGEL, EHRESs LOFiREO

PhR K& (15%10). HilEds X OVEH I S5
<, FiRCER,

¥

Fig. 10 atropine 20 H#$5-#% 0 BERE k&> SDH
G (15%X10). 2/ h OIEHK T2 4%,
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Fig. 12 1fiR#% bethanechol 5 A% 4.0> SDH Fig. 14 5% cocarboxylase 5 A#¢4.00 SDH
St (15%10). 2 7e ) OFEHIK T2 25, Wt (15%10). &M EABIEE RS,

ity BEG-RETIIRR0MET CRH2.7), CHREMTIL DT L 72 Tihia {55 LERICH L W R

R Cr83.3) sz bhtc(Table 7). hH 2B Enl, BRHCHEEREOL b &n
% . T, RERETRBHOBREY —ELEL

WREAD D, FIREE O REURES b FEK
B3 I S B e R O FERITFSEIc ik pekE & L S OAME, BEAHEST S LS ICIFRIBA A K
TAAHACBRAA, RS ZOHRIE P i ok 5% 5 MIETICEA, Ch

=ic
LREOMATHD L, ROCICRRBRR 1y grweenyic 3 B F IR infranuclear
WTW%“EW*ﬁﬂ%fﬁ'it?%@Lf cord bladder # (- fzz 2ici .

[55\ e L THREXYEAL., 1 RCHFHED FHES L —EEv1> % spinal shock
< Bl HEE S 2 Uk, Bz ERE S 5 v IC BH 0 B Bk < atonic & 7
L mi*@’kﬁﬁﬁLlC%T“’, P 513 EHE 4 %. spinal shock # Marshall & Hall?® 1z
DFP R IhTwDE, hbofkik BEBLUT o 2o &, Munro® F
KR RZEIBRTHEHLB TRV EE2Z bR iR 55 D B PR 7 < BEGIELUT O i 75 i s

Table 2 7F 4 B M o % 1t

o ¥ o ZF MR L5 &k
M M . R | e | i Il R
Y v £ | i | ié oM f‘j | ]SD phosphorylase
N A R L - o H - -
=1 He = = < T 5
W g £ :: o W i
No oml ™B . w | G k£ W W @ M| om | G )
1| 205 | 26 + + - = = + I - — W W 1.9
2 13021 | £ | | = |+ =+ | =] x| U ! 1.7
3 65| 22 |+ | + ‘ £ |+ | = + + ‘ - | ! 3.5
| | |
4 120 2 | x| W | - | # |+ + + | = | ‘ l 3.3
s 135 17 x  + | - | £ - |+ |+ | - ! l 3.5
6 140 | 30 4 H — =+ == + | - + v ! 3.8
AR ‘ — | ! ‘ 2.9
|
300 - [T i L 1 ‘ !
8 gy TH| £ | # | #o x| | | U 2.8
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Fig. 7 EEFEBENTMAH PhR KK (15x40)

et

Fig. 9 A5 H H OB PhR G (15x40). &L W RIGIRESE 25,

Fig. 11

Difllfke> PhR J& (15x40). 237 h OIGHEIR T % A Z
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Fig. 13 friftkbethanechol 5 HiZ 4. PhR 3Gk (15x40). Av/g h O IIGHES

%_)HL.

ig. 15

{TH % cocarboxylase

Fulton®®' (1 F

4l {(\,3 e IR0 )[H'

LR P ARAE S 2 Tk
xr‘wlu fle L,

B PR L,
4D 1R YN Shmuvwe
Clx R s o Ul o

O &

1
> V=

GIE N TRE:

HTHIBE- L L7, 4Eic spinal shock
MWE D {r’hmrﬂx‘u X iUJL»mxmxm SNOES
B C LR RS 5 O T I O EE) S HERAIREE 2 & FI
LU, 51N 5 2 spinal shock 23474k
St L # 2 bt shock il B0 5 BE
WL E A 8 L T WD 0 &7 b, BUR

5 H#%4.» PhR G}

E (15x40). Fig .7) il LKt mij 2%

flg LY L C BRI AIE L 7 pos

He FE -
ture # & O34\ i>vp %5 atonic JRTEAR R4 %
LT DA% L2 Nesbit et al.?6.2? 1,

1 2 O FFE P s O 7D Y e DR BB 2 R
4 2 Db ey L&D Isw & L, shock fij¢

LI E I BIGT % tonus AMRFFI LT
B0, KT ABiLA atonic bladder (% g
i s Efc X5 b o & ik,

Plum® (3 =2 3T {rq‘iﬁw UMz wnwLy)
Bz, Al pi s L U)Wy, atropine 12 & %
F e ol 2 '”"*Jr, 7 }/ﬁm AT ﬂ{ SO, HE
R EIC ko T PO fHrEhEIH (rhythmic
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Table 3 #F#E5 BE MVC, MVP Table 4 TEEFREREME: phosphorylase
/ mimHy ; C %5 F IS s
5%70- . ol AT B LIS TR OBE
ok
£ %
. SEYHE
2004 * 301 o
. o s |
$ . . i
/00— 20- L] e .
. | .
Yoie . T 5 ~ 135
S50+ k s Al
L[] a * )kﬂ
o 3 R
10 S LT
P e = 1~ |3 ® - L
Vi 5 ‘7 5
= |17 27
. T | A . 7T
8 | * 18 v F
MVC MV P
Table5 &HF #1 8 # o # B GHARSL
. T R ] g2 .
No. | B ® % 4 DEEBER | hEOEL
* % kg
! 52 2 F R A -0/
Ly
%)
<
N
< }
003 ) T %4 5 2 ~04
o
<
&)
S
O
3 F x4 5 A ~0.4
] F % A& 5 A -0.4
51 2 F x® A& x A2 -0/
Q
S
T
L\J 3 F oE & 52 2 -0/
&
4 5 % A ® A -0/
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Table 6 TFEFEE MVC, MVP itk kg 33y

ATOROPINE BETHANECHOL COCARBOXYLASE
No ' £l m E | o= Elm E|® BN E
o1 oml —3mmHg —2zoml ommHg + 5ml —~5mmHg
2 0 -8 ~25 —i5 0 0
3 0 —12 0 +11 -5 + 2
4 +5 —-12 —65 + 8 +5 —18
5 +5 —12 0 + 7 +55 -8
6 —20 -3
i +2.0 — 9.4 —22 + 2.2 + 6.7 -7
Table 7 # # B M o % 1 CGEHES
HOo®m % M ZF I HEsbL®EBNELR
M M . 5 -
v | v | k2| BB |8 & & | W0 S Phosphorylase
C | P | g KX 4 & D
z | 1 % | % H
“aE N = i% B OEE | BEM
No | ml P ' g | @& | £ | & | ® | & | W | m | # (e
[Fa]
& 1o | 26| + | + | = £ | x| x|+ |- ! ! 4.0
s
§ PRI S I VRN T B R [T R T T | 3.6
a3
S 18 s |2 |+ | # x| H# |+ -1 =-]u W 2.2
8
8 1 {170 28 s — + + + + _ ! ' 35
é 2 | 70 | 23 * + + + - + + + V y 2.7
=5 |20 | 25 |+ | H |+ ||+ H ]+ W 1.7
=
e 4 (13 | 28 | £ | 4+ | — |+ = | ®H | =+ ! W 2.9
bladder contractions) 1% sk L7z W& L, rington®® X FEETIEEI I B\ T HARMERE

Juul-Jensens® RAREHEILHE O NE 2 HEREE)
LieBel, TE® REREMRTERC B»
TR DI — M 2 R <R R A ER D
HUCbHNIcd 5 &R, VMR G
UeBENESHELRTE LR, ROFHES
HEFRAEOER T4 atonic BELAER
BrRLbORid- s, IEEREBICHEN
AE S 2L < hypotonic =, MVC B
Lk k, MVP oETaED bk,
FEMREERENEC S bh 5 THRENE
bz >wir Elliott?®,  Fearnsides®”, Bar-

RoHH LA BtHo BEL 25 &L,
Rose®®, Holmes?, Denny-Brown® & & #5IB
B v P HFEBNC 305 B8R E Lk,
Elliot®® 13 WA S vIies 3 ~ 4 BREICH
BeEkoREY &3 2L, FHFAD, HR*®D
A R OB HRRTR, %R, RN, Fie
R & BRI+ 5 &, TR T
THEbtEEC B RNE L, - tefBE, AEOH
dH 5 WY, RIRED oK, BHRREY
MEAZ L ERB BN, FEOKELE & BBl
BEORESEREINS, »2r 5 IEERHFED
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BECr 2B bk 58 ES X OHBETRE
MBOBBEL Y k50T, RIERBEENM
Rl d v & Lie, S8 k4 =0 £8H
BYIWE: 7 B B O BEHEEE O RSN BT ST
Bic @i X o8 TCA 4 7 rie ki3 5 4KFR
DR, BEE, AELAREREGLNEDK
RU, BRUMERC R EER b B R
DOIRE, HiMlzoERt, FEL S K5, A
EDETHALND & Lie, o sEECTY
BHEMEER b b 5 A X R EREEL A s
BOHMIC ko TELL R 505, ROFHES
HERECRIEEAE I N, R KT 554
LB R ETR 2R3 50, Bk
BEIOHLAERRE D, 2FCiFERS
b glycogen 75O IH, energy pEd®
ETFrfishi,

REAMERETIC % 5 H%o R#oWRE
Bk & LTI oW T SNEBHro
WTOEREZZL L, BRPEHCOWTRS
B OBFEL S BT Ei .,

RER D BERU T >\ T D MR LZE IR g8 -4
O TREEAKR IE TcH b tonic nE¥
%7 THREEEE mitochondria IE % PhR
G &<, SDH EE:EA ¢, glycogen R
R H <, HEBRAEZR Fiesd v phasic 7
B & % 7n T BfFR e mitochondria 23707 <
PhR EM:Efrc SDH iEMaz{E<, glycogen
DA BB C glycogen BRELZ L\
LINDB., PhBABERHCOWTOREYED
CFPRBCEY b nins, 5
Offf &, energy EWin ¥ & HABEEREE
ORRAEH T s ER e xR LE S,

PhR ISR RC RO EE L BEBEER
T glycogen HRICEIG-T %43, FEREHET T
¥ glycogen 4 pic B854 %. PhR n@E®
MR E TR S h R cR B e i
5 E—BIC A, RREED PhR G
dohB, SDH 1z TCA w4 7ric BT
succinic acid Z#H/KFE L ¢ fumaric acid 1
T 5 RIG &MY A 4 3 BER TR mi-
tochondria WicF7E-+ %, MEY RHOMEE
Rk BifRiE O B/ 20~30p % Tk
PhR oMM BREE R BEET T 55

2358 20p LITwins & EERELIETTS
&L, Engel*® 133 = oA gaigdiwie X o BE
fEf5o PhR fEik2s 1 BEET, 108%EET
5EL, /ANRJIB® w PhR EMk BAEE
R R —Bie ML, o KT,
BETrel, KD 55 +O LEMET
Wi CHEES PhR iE4eat SDH ik X b BE
CIEMETY $eT2 k., IBEY XK
MR X 0 F#fE PhR 23 BPHALC WM
ke, BF glycogen SR, IMEEMED
EABRBBRBEL, ARL® RTEHRE
PhR &R & & Sl L, SHEEE T
EHERE EFTHET S L, AFEQIHAIIE
Wk A BHOTHEH PhR HEERL 250
11T, estogen #Lkc kv PhR jEELIE
W BIR X 2 % »3 progesteron ik A B 1EH
Bt e L, RO WHMEC ST 5 PhR G
{35 R i < R B9 < eSS 5 1 1
OE T e Lk, FoEETHHEMHEED PhR
BB W CHlRL 0FEL
b o o, BA L RIHAE YO FEYEEE PhR
WE R B L 5 ERER e, b
H wfk PhR i fhdfic < Migko
BREL & & bic MkT 5 Bk PhR 4% L
EFHI X LB HEEERY PhR o 24 % % 3fEhk
yEf PhR ¥, BEBEHANE PhR 2
ORMBCBT S & Lz, EEY EAER
IR 2, 48H O B < SDH I
M5, ATPase, LDH, cholinesterase
EMRETTsEL, &5 L¥ BRIl
2 EB O ® PhR, ATPase JEM:CH] D
s AET, SDH HEcBEERTEZRED 2,
OFES B HFREBN o SDH, PhR &
L HICETF, 7 PhR {L¥EFERLC S W Tk
Fj 25D 1 ~OED D Bivke., o 55K
IR 11 B RGO B TR o Bim
FEoET, BHAROHIN: & oBENZELL,
o HE, BEX S OMABZTRE L X<
—HTBrL s, FEVHcEbh 2 ED
BREY, RENEoRECRBAOBRFRE
z bhsa, XMEREEC X5 1V A
OBER B BT 3 nwhbY 5 excitation-
contraction coupling (E-C coupling &#%)
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CEREY oL, WREHO energy HTH %
ATP oftitc &30 5 @R 7o bic TCA
A4 I NCRERZ Db Lizizn : dME IR
5. S ERES B X 0 BETEED
® E-C coupling oA % b T BT EERCD
RExERL, chnfift#i sz —voBis
AU THBCRENE B s e s xR/
Tel, AL ZHEMEILRERED MEKE
TERES K X 5 MREE DY 2 RE, Grin-
stein® M ER >/ L To HBREEREA
OEBHROBES S5 L Lie, ROBERE
~ ¢ atropine ¥ 5EF -tz PhR, SDH Hi:
CETHRA B ZH, MBRENCRE LA SR
1. 729 - 7=, atropine % acetylcholine & %%
A UKEMREER T % b0 cTE R B
VL7 WD e atropine BAe X B EERIEME
DETRIMAEEC X 5D ERARLAEL,
FEEEEN R O EREEZ DR S, HEE
W BR U COBRTREBERIG tE O (T 03T E
B ®fFd % c LRERHCE W TEHIRT
WA, HoBES HERRCS bR
OHBFERECEE, Hifkb o Lo
B THBABIE T X - CHBRLE S
FTRT, MEENc X2 nikiEE0ES BT
TERVY, MEESCEEENT 2 RS
OER, X LFHBENAHcS b s spinal
shock RO BBHBOEBLIERTE L.
Lawson®®% 3 BEptPKEAEAK & %8Rk
BB S X % RENEL BRI S
LL, Y RIEER TR 36~481FH
BPER I | i 250, BEE, HET R oM
B, £BORESEEI R, REAMER20~30
HEkRsWTd @lELRWEL, FEFE® rE
BEEEAR X 5 BEtEEEERREREAD E N
Lod BELOFINHECTCHE2L, Dee &
Langworthy®" 1 HEIHE TN & b BRRE
Peaissz b, BER4LFCHEA, METEM
TRHAL, NREYHRE LR, ROFHEFRE
BT b—iBic RO Hmas s bz,
BB MRS B X IETHERTE ek E
{ shock o R N+ 5@ cERTEH
DTEERC x4 k.

atropine i BIas BERR S OR & 0T U RERE P iR

FORR, PHENEZETsE2 Y, HoE
T3 atropine ¥&ic X v BHERFED 5
RIETHS bhie, &Ik atropine 138k
WRFEL BL, REXTEHOBAE3HCL
THREREDBGPHEIh 3 TE R nEnS
89, Liedio THEHABSEIN2EE acetylcho-
line BEAFEFEEHC g 0BEY 31T
Fo B oaT, Lewin™ it e + 0B at-
ropine Hhigic X % BERESEHS 2 HE L 2. F
DEEC B\~ C atropine EHEEIK X 5 EWR
BED HEN Bl BT - 7225, PhR 7
Lyl SDH EHciE T s bhie, Tk
acetylcholine \Z-PHEFMlEC Hofs & 2
LD 1 7 viEREZ ES N o ER s
BT L3hasn?®, FLoOEETIL atropine 3
Pk x v acetylcholine fERR EHE
JERT X AR OE T T R b bEERERO
ETHERIh D EELBNS.
bethanechol REOLE, BFBEEOHD,
IKETI DR A & et T EREMEEBRE~ OB B
DNT LHO BiERE 25, FOERT
% bethanechol H 5 L 08 R BBEHE MVC
DR # B Bz, bethanechol o FERREED &
MEERIEMEAN QBB oW CRBHR WA,
FLO EHERE~D bethanechol Eipik 5 EE
TN EE O MR Ric & PhR, SDH {&Hiic
BIREAE BB B binino . Neshit &
Gordon!® 513 EE shock Hiic 13 5 BIZ5ER
HREFE A OREZEBR L Liess, FROFH
5 HHOHFE ks> % bethanechol & 5.FEk
TR GFC R TR ED EAER &
AR O HBERS DR, L LIRS BERE
BRI R Az & A Bk
{,PhR & X t¥ SDH j&E#:rx bethanechol #5
Brernwithzo TET ZRLE. 205F
B8 1w 33T bethanechol #E XD 5
bh s BERAED LR ARG, BEE .
1% shock HiZBiL 7 — VL E MR X35 R
B, EHicxs BEEDO LAY cEbb0L
ErxbND, Ldc nnd BHo Bk
B - LB TSR B S v, FEHic X
VBEOH AL 5 © & RSN O Mg H
K LAEBELR T, BEEBE~NOEE
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ZfEE T ARk R I e, S Bic beth-
anechol X FHEWMIFEICK LER B H~
TEHFNEERE LD TRELBERECHL
TR IREEL - CTBRFER260EH
Mt Lies LixEHCiT 5, ThbbE
BT B0 % A o (6 B R e o 1]
BeRLtbeatc b BgEr s i3T50
BHDLEL bR,

thiamine tetrahydrofurfuryl disulfide (TT
FDemt) »&mmiREmENcED & T
E182 32y, TTFD btk cocar-
boxylase ~FEHShBHRIC EHT 5 b0 &
I T\, cocarboxylase o piREMEBERE
w3 5EIEL cocarboxylase OBERR, M
5, BAEAHRANO BWENDHE 2/ L
THENEELE L bR, BPEToM
B - i BT EES ~DO cocarboxylase
DEBENHRC L5 LADBRATHS, &
77 B G BRI R 0 % BEREAS PhR,
SDH, ATPase jH#: KT 4% thiamine mono-
phosphate disulfide, pyridoxine B k¥ cy-
anocobalamin @ SXREIC X OEKH N5
EL, IRF -S4 SR MRED TIEES
RIS U TR 2840 L B g i P s
@y TTFD 5 X v EETA~HESIh
% & L7z, cocarboxylase i pyruvic acid Jif
IKEEESR, FBLEER, a-ketoglutaric acid fif
[REEEESR, oxaloacetic acid AREEEL & O
RERECARIRHBERTH L, ToRMBRE
ERbDwin TCA w1 71k FHEYE L
ET CRBbLrTHB. O BEERE O
cocarboxylase ¥ 55 C I UESEERY
CHERBENC DR EA EHB R b o Tens, B
#5 B HFKRCKH L CRFHEC X 3BHEED
Wn, HiZEMo %4, PhR, SDH JikoET
CH U THLACIIERNEERS bRk, Tk
% TTED 7w cocarboxylase o5t
FRSZEES LIRS h D B TES o Ak
R, BT EEROEHR» W2 703 BB
M7 b O BEpEEE o BB AV ZE (L o fe Ric R
R fER LERBcFEEr s LiEzTd0L
BMING. 4 TTFD 72\ L cocarboxylase
R RS bR EITE R b,

CREET B CHFRZHEE X 0 Bl
BEREEE & - LI BIE PR OMRAY, BTHE
EROBERAI R INEREEIET TS, L
2L o D RN SRR T 5 EERAH R
Er RSB R FC X A R W UEBRRO 72
FRINBYERRE, AmiESEeELd
VW E o THEBIN TS 2 n e BIEEHOSEEN
BeaEET 5 o BitEEo mEREE S
nExORMEDHRIBEIND. Licho
THEMEIC R G 5 TR ERE L CORERC
L otoBRRELYY Y, FHZERHIOT
A EOHEBAHMBH LB S LIRS oM
BAH, BTEEROERLIH S 5 WREIE
THC eBNFETHESL, L Lianbz O
TR AAHRKOBRSREERTEZENY
TR, BLAFELELDNE,

#® i

EERELNEB L L CHEZES HARRERC
oW CIEEPIFERIGE, BEERED MRk, KRk
{t22fgMA —succinate dehydrogenase (SDH)
JE#:, - phosphorylase (PhR) EfE— & BN
JEpREE PhR IGHEAE 0 B LFERER TR,
b2, 3SEFoOFECOWIHERROR
AT, ROT & EHRLBE.

1) EEFKEBEAECR» 0 OEEFE,
AEnd 55, RABKEER MVO FioE
62.74+9.4ml, FE MVP) ¥35E33.1£1.3T
b5, BEFRRBENTFES L PAS BEYEY
41, SDH Eizhikiyss<, PhR {HiHE
¢, PhR JEM:EFHERS 4+£1.1 Th - T,

2) TRAB®S B EPBEAEGTCRER
¥R, BEFRE I I ERRE T
MVC ok (¢ 148ml), MVP oET CF
¥{E 22.8mmHg) »RAH bRk, FEBMEED
HEEBFIRE R LEROBHER, i UiE
Wi, BE, —HcHm, SE8o BENSD
., PhR % xo¢ SDH E#EZETETEL k.

3) EEFE MVC 13 atropine 5L X D
Bs& 7 < | bethanechol #5iC X b ZEH, cocar-
boxylase #& Tt FREiIc & v BWPERE T,
MVP 1z atropine 5.1 k v {&F, bethanechol
% %\t cocarboxylase ¥ 5. Cw kA, E TR
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ERBIL X O—FE Linh» =, FEbEEED Mk
FIFT Roie b O Ic BERTE MR v AR 3R o B E R 5
TG LA EHERL, FEEMOH20HHE
5 X - T3 bethanechol, cocarboxylase
TrREW LR K, atropine #fik 5 Crai
B nBMaE i@k n, PhR, SDH
EEOETRAD bk,

4) TEFHE bethanechol # B REHE
5B RBHEGRS T 5 22N Lk, ¥
EREcrx BN ER#c MVP ERAERN &
FHAB O HHARA B e, MVC kgt
Tinmefe, MBRENFRCRE LA SEER
fnino fo73, PhR, SDH E# FHRELER
Ric I bic ETFERAS & bhi, cocar-
boxylase B4 TR HFHEFE AR S5 MVC
oK, HEMO%E, PhR, SDH Hiko &
TanizoiiEIhik,

CHAET TR CERSEEE > bENT
BREEY ¥ et & & ISR O MR
BEE BRI, BENCOLR DO LR
BT5., chbolEHEew UEY)ER, FH
X o BB ER OB EREED B L
I UEEAEET 5. Ua LSRR o
5 c oz BEKT H5END TR
$, DLAFELEAMINS,

R BINSD, SN TRCEE B 1o
A 2 RS SRR L BT,

KR O BB EIMBE <~ Fvo7 BELSR
£, AARMBRBFEAH0ETEHARESHSTE
THEELI.
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