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EFFECT OF THE PROSTATIC EXTRACT (ROBAVERON)
ON BLADDER FUNCTION: AN EXPERIMENTAL STUDY III

—RESULT OF PHYSIOLOGICAL AND BIOCHEMICAL STUDY
ON THE EXPERIMENTAL NEUROGENIC BLADDER—

Kunio Naxkaarai, Ken Outa and Yoshihiko Sato
From the Depariment of Urology, Hoshigaoka Welfare Pension Hospital

Masafumi Sumonra (Biological Division)

and Yoan Samizu (Pharmacological Division)

From the Research Laboratory of Nippon Shoji Kaisha, Ltd.
(Chief : K. Fujimoto)

Through the physiological and the biochemical study, the effects of prostatic extract
(Robaveron) were investigated on the rabbits with experimental motor neuron lesion by the
perfect transsection of the spinal cord.

Experiments were carried out with two groups, in which one was transsected the spinal
cord at the level of the twelfth dorsal vertebra and another was transsected at the level of
the fifth lumbal vertebra after two weeks of operation. The pattern of neurogenic bladder
was established within two weeks.

"From the physiologicial experiments, it became clear that the sphincter was important as
the factor for the lower urinary tract obstruction in the case of upper motor neuron lesion,
whereas the bladder neck was more dominant than sphincter in the case of lower motor
neuron lesion and that in the lower motor neuron lesion, the acceleration of the vas deferens
motility was observed by the stimulation on the urinary bladder, and the regular low voltage
contraction in the case of lower motor neuron lesion was the rhythmical contraction of the

detrusor mauscle itself, moreover it was not influenced by the electrical stimulation of
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hypogastric nerve.

Prostatic extract (Robaveron) increased the elasticity of detrusor muscle and the voiding
pressure regardless of upper or lower motor neuron lesion, furthermore in the case of lower
motor neuron lesion increased action potential to the rhythmical characteristic contraction
of the urinary bladder.

On the biochemical study, Robaveron increased permeability of organic acid of TCA cycle
member to the mitochondria membrane and result in the elevation of the respiration of TCA
cycle. The potent activity of Robaveron was found in the experiment under succinate or
oxalacetate, on the comparison of the both, succinate was more efficiently utilized than
oxalacetate, while citrate was hardly utilized. Futhermore the respiration of urinary bladder
under succinate especially decreased in the case of lower motor neuron lesion, and the
decreasing respiration was recovered by injection of Robaveron.

From these physiological and biochemical experiments, it was concluded that the beneficial
effect of Robaveron on the urinary bladder function was thoroughly myotropic and Robaveron

was extensively useful for the improvement in the neurogenic bladder.
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YEIEY, O F—-FAXREYEC CUERACE
AL, BUVHCBRECBAIRICD &% BRELLD
b, 1~2ml DLEKTC AN~V ELELER, 25 b
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R, REBEET T i —viRiib s ERRIEL
o, REDEBC L ) REOHEILTL b—E T
L, A= VECEBLRD FAl—DLo% FHuvic
M, ThE BT 5 BEECLEINLBELZT 5
L, £0EH, ATHESI XD TELDT, 20
ENOHHEORREITERN T\ & Bz, BRETY
BT D EFR AN~ B RS & REEER Y
BETHEERC ANV IEMbBENEDORELTE
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WNT RO FECE DT, BEEROES, K
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(b) EROFERE

(i) % v M mitochondria ¥ X O homogena-
tes O BRBPET L2 WOEME L, BB
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(2) RN R T 5 R
EREBIBRE A ER L SRR OBM=A,
P L O RBOBBIERITN T 5 e e v OfF
%, IEEEOEE L BT TCA cycle member

DEEBOBLEREHAEEL L CEEL .
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BERED BCRIAEE, BERERTOBENAES & OULHER
B W THRE LR Table 1 wpRLTe. &8
BORIET, BENORRIRED FHELIH 55T
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43.5mmHg, v XevEER-GIL 48.5mmHg ©

Hotc. BHRERTD BHHNED SESE R 5RET
16.1 mmHg, v AxXwe L5812 12.9mmHg T

b

Upper motor neuron lesion.

A : Pressure of the bladder neck.

B : Pressure of the membranous urethra.
C : External orifice.

Fig. 1.
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Ho 1o, BRI O SEIEIXIER 5REC 27.4 mmHg,
rANR /R ERECIE 35.6 mmHg Thoto, OFD
IRFEIRIEI, = ~_e SR T, Y ERE
ITHAT 1.3 SO IRIRIE & 72> T 5.

B & REEAETE & Dc oW THRET 5
&, ERGRETIX L OfH. 50X L Tr A r v h
FTX0.61& 7o T B, WTFRLZDHIZ 1 TFD
filid7eo Tk b, B EARBOBET, BNIRED
EHL Db, KBRS TOEMAE L REVW L
rR»bRhA (Fig 1),

MEMBROTCOWTIL, »rixe v EERHTR
FELOAHIE, B b A DTt Fig 2, 3 o
L5 HEBIAARD HEED S35 ik B bh
A, FIEFEREOTHEOPIENC L H mass reflex & L
TOBMIELED RS (Fig 4).

PRERPTR T, JREORIMCHE, koI
- TRERAICE L WitEr B bh (Fig
5), PHRICH- TERAMEIEREE Y, Sbic,

Table 1. Voiding pressure of upper motor neuron lesion rabbit on non or treatment.
Maximum pressure Pressure Pressure
of the bladder Base pressure . bladder Pressure
No. contraction amplitude neck membranous
\ (mmHg) (mmHg) (mmHg) urethra
- 50.0 15.0 35.0 0.85
2 72.5 22.5 50.0 0.83
3 30.0 7-5 22.5 0.17
-] 4 35.0 7.5 275 0.70
[}
=] S 52.5 20.0 32.5 0.26
B
§ 6 55.0 20.0 \ 35.0 \ 0.39
: 7 32.5 18.0 14.5 0.18
o
g Z 8 35.0 20.0 15.0 0.83
= 9 38.0 23.0 15.0 0.57
= 10 34.0 7.5 26.5 0.25
[=1 ST - — S e -
o
5 Ave 43.5 \ 16.1 \ 17.4 0.50
[} = i - TR N — s o e
g |= I — S , SRR —
5 1 52.5 250 27.5 1.03
2 = 2 37.5 10.0 27.5 0.55
E S 3 42.5 7.5 35.0 0.29
[}
§ z 4 60.0 7.5 52.5 0.33
=N é | 5 56.0 17.5 38.5 0.68
= 6 55.0 6.3 48.7 0.80
£ 7 35.0 6.3 28.7 0.73
=1 8 47.5 12:5 35.0 0.69
£ 9 29.0 14.0 15.0 0.27
s 10 87.5 25.0 62.5 0.73
& | n 30.5 10.0 20.5 ‘ 0.60
Ave. 48.5 12.9 35.6 0.61
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Fig. 2. Upper motor neuron lesion. Reflex contraction of the bladder by 50 ml of

bladder urine.

A, C : Catheter is propelled out.

B : Reset of indwelling catheter.

Fig. 3. Upper motor neuron lesion: Rhythmical contraction of the bladder is increased

by Robaveron.

Cystometry : 100 ml of bladder urine.

IROET Y, HRRIREE T 2 BARTEEI GBS B
h, ¥roOEBEDOBENRABTREDODVIVGEL, Sici
OBEMEIEREC 75 (Fig 6) &5 BRI
FRO— B EA MR ST 5. R TITIERIC
DT, RIEB L O AR 7 EHOHEE L, JEE
5L r A ANe v B EHOMICENERGRD DR

Hlltﬂil!”l (1382831815842 0RRAER0Y T Hlﬂﬂ!ﬂllﬂ‘l‘,u”"'"“"!“
i 3 e i : i i

Fig. 4. Reflex contraction of the bladder indu-
ced by stimulation to the leg (mass
reflex).

e to, BEREAEOHEMCOWTE, BEiEA
R I\ THEMED HETIAIE 2 7~ R R R i
DEIMZAECBHOENCRBDBND, ZOFHERD < £
— VIDWTIIERHEE L T 528 (FHiHF - @,
1974), FERGREL v e v EER L OMCIXZO
RE—VTOWTOREIED bR, LrL—
— DD AR I RICONTHR LT &, AN
B VEGRETE, A 2 BEORIES, R
HlEL TRE L, —RICEBERD A4 7 4D RD
bia, ZORTRE, IRESHERDIR L, Bof
TSR & R S W a3 acd, BERERTT, =M%
Table 2. Frequency of spike per sec. (EMG)

on the trigone in upper motor neuron
lesion rabbit.

Frequency of

.. S0IkS Bel Beg.
Before " After
stimulation stimulation
59 39 29 |45 39 32
|39 33 33|33 39 42

Electrical activity of
the trigone

271 31 36 45
Ave. ‘ 37 38
S.D. +10.7 + 5.4
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111 N
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Fig. 5. EMG of the bulbocavernosus muscle : Upper motor neuron lesion.
I : Just before voiding : Interference pattern. ‘
I : Voiding start : Diminishing electrical activity.
I, IV : During voiding electrical silence.
I N
1T . .

Fig. 6. EMG of the bulbocavernosus muscle : Upper motor neuron lesion.
1 : During voiding.
1T : During voiding to end of voiding reappearance of electrical
activity with short duration.

CREKXNENRD ORHEE, FRRCEDLRAEIL 2% (Table 2), HEHIEFREO A 1 7 RHE1RRD
TH5H (Fig 7, 8), LaL, BN OBXN LhLREIC, THEMEYESIMLICE A, 20
EEROHBEIIERER L v e VB ERORMICRE REOMEREBN T, A1 2 HOBIFEDH
TeEERD e, nighoic (Fig 9. ZoOBFRFELLTC, THEM

LR T, BhRNCRESAD I BEE B EBHIO RGBT LR, THEHEEINEO%
PE@b b D A2 7 FENID TR D NHA TS B BERHBLATCWbDEEL HRS,

Trigone e e A B e Y A S (VL R N VN,
Vas. def .

Robaveron induced

Trigone ——
Vas., def e
Non treatment

Fig. 7. Upper motor neuron lesion : Just before voiding (reflex voiding).
EMG of the trigonal muscle and vas deferens.
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Trigone _____ . . _
Bulbo. C. o
muscle

Robaveron induced

Trigone —
Vas.

def -

Non treatment

Fig. 8. Upper motor neuron lesion : Rhythmical contraction phase in small bladder urine.

EMG of the trigonal muscle and vas deferens.

Before stimulation

+ ¥

T

I T
After stimulation
Fig. 9. Upper motor neuron lesion : Rhythmical contraction of the bladder wall and
hypogastric nerve stimulation.
EMG of the trigonal muscle above record.
() : Indicate stimulation.

Table 3. Voiding pressure of lower motor neuron lesion rabbit on non or treatment.

Maximum pressure Pressure Pressure _
No. | Of the badder Base pressure | ypplijude | Dagder o Breseure
(mmHg) (mmHg) (mmHg) /// urethra
1 27.5 15.0 12.5 2.0
2 15.0 12.5 2.5 4.3
3 17.5 5.0 12.5 1.5
g 4 35.0 10.0 . 25.0 0.7
g 5 17.5 5.0 12.5 0.6
g | & 6 20.0 12.5 7.5 1.7
- 7 18.0 13.0 5.0 1.6
a | & 8 20.0 10.5 9.5 0.6
% 9 25.0 18.0 7.0 0.6
g Ave 21.7 11.3 10.4 1.5
S
g el 1 45.0 30.0 15.0 0.7
51 5] 2 20.0 12.0 8.0 1.6
E ,:E 3 37.5 7.5 30.0 1.3
£8| 4 23.8 10.0 13.8 1.6
= 5 45.0 15.0 30.0 0.9
£ 6 22.5 15.0 7.5 1.6
s 7 42.5 10.0 32.5 2.4
-
& Ave. 33.8 14.2 19.5 1.4
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(B) HHiTRCBE

16HID 4 & b D RETHIILARLFRD B
Z DB EDBEMOFRIFEE & Lch Ok, BEAR
400ml D& X DERHEDEKEXL AT L EL,
FEFEAE & 0%, HBRD IR IRET, BEERES BT
BLARTD PEN EHREBO L XD ERESL L EL
7z. Table 3 iz hbd i RLIC, HEFREDIRGE
T, BERORKIGEEDESEL, FERGHFT 21.7
mmHg, ri<wv#EEHC 33.8mmHg, HEEMHED
SEdfty, JEREREC 11.3mmHg, mAxeviE
#C 14.2mmHg, IURIRIEOFSEL, FFEEHT
10.4 mmHg, v AA<Xev#EE5ERCT 19.5mmHg TH
otz DFD, INFERIEL, = XevESERTE,
JER ERAC L T 1.9 fEDIEIRIE & 720 TV 5.
TSR E & REREARREE & O Hie o\ THET S %

Fig. 10. Lower motor neuron lesion.

L, EREHTIE, TOEN1.5EHLT, »AXR
VIRERETIE, ZOfEN 1.4 E75oTW0 B, WTRD
ZOfER L L EDfEE o Tk D, B TIIBEDOS
A, REFERTOES L v b, BN TOMHD
FONKEBREY L O ERRTHEE Ico T 5
(Fig. 10),
PEEGARETE, 20 bEREHRTHOHER
RS, RO TRy, BETERC & 2 PR b x
GO TEINELREBCHS. & DTV TEIEE
LREE, mAaANev EEFRCOWTUL L HEN
U,
EN=AROHERIILAL bEL BB/ TIED
Bh, BERINMEE 2 bh b ERER 2 Mk
LTuwabidtitis (Fig 11), LT, Bz
DEENEREhIcEELZBRAHZD X 5 ISBAW,

A : Pressure of the bladder neck.
B : Pressure of the membranousiurethra.

Trigone

Vas. def

4

Robaveron induced

Trigone

Vas. def

Non treatment

Fig. 11. Lower motor neuron lesion.
EMG of the trigonal muscle and vas deferens.
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T OBREN B LEENL, B EBHEOSAIT
BLCRAWTH LAEEO W TH S  (Fig
11, Table 4), ¥/ OBEORENNEITEC
LHHHR S X OBIRPCESKOEN & T s L
WHEEIR- (Fig 12), 2L Tz oRBIET
THEMEOBIFMC L » T, TOEESHHLEEL
TERWEEML B T2 2 &iin (Fig 13-4,
B, Table 4),

JEERE = A3 D #5728 B S LB ADE B T RIS { WD
HLT, BEOMBER 2L L B Bobh,

i
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(Fig. 13-A, B, Table 4), %7, BRCFELNZ
THIR D S WiL, ZHRIC L RBESEEI
B LV EERTVD, BEOEBMIENAD
BEAREABII ST TS s X OB FEL M
A CHR 22 E 5L BRNEESR#HNT% (Fig
14y,

X5 BN, BEOHEN»LEbRC
BRI OWCISERER L v A v SO E
BEDLRIG, L LEFEOR T, =ZAf0onE
BicounC, £ OiEREI by fEs o b

TREAROBSIBIC L » T, ZOESEASEINT 5 (Fig 11~14), Tighb, » A<v vEHEHFEC, &

Table 4. Frequency of spike per sec. (EMG) on the trigone and vas deferens in
lower motor neuron lesion rabbit.

1 2

Frequency of spike per sec. Frequency of spike per sec.

|
| Before After Before After
’ stimulation \ stimulation stimulation stimulation
_—
- | activity of the & | 42 36 41}40 42 46 3%6 | 47 40 43
¢ 0 e trigone
ectrical activity & |2 38 3 { 38 47 44
Electrical activity of vas deferens | 45 47 45 j 51 59 59 ; 45 44 5 62 67 60
I
|
Elecirical activity of the | Ave. 40.22 42.22
trigone { S.D. + 3.42 § + 3.93
—
Before crede maneuver Robaveron induced
%
On crede maneuver
Fig. 12. Lower motor neuron lesion : EMG of the trigonal muscle.
Trigone —
Vas. def -
Before stimulation
Trigone | {_\
Vas. def -

! : ‘
After stimulation

Fig.-13-A. Lower motor neuron lesion: Rhythmical contraction of the bladder wall and
hypogastric nerve stimulation.
EMG of the trigonal muscle and vas deferens.
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Trigone

~

——

Vas. def

Before stimulation

Trigone |

Robaveron induced

Vas. def , |

After stimulation

Trigone

Vas. def

After stimulation

Fig. 13-B. Lower motor neuron lesion: EMG of the trigonal muscle and vas deferens.

Trigone

Vas, def

Before crede maneuver

Trigone

Vas. def ; —

On crede maneuver

Trigone

Vas. def -

Fig. 14,
Robaveron induced.

fEAiRE &, FEREBCHL CHLLERLD A
A 7DD, UL, BRI OBKHE
BIOSHECOWT, B RS ROBE L FRC
IR BD NI h o T,

EIESPAIREICRT HER

FROBROPIERMEEN LD b 0D 5~
LEZ LNABENRIR TS, ¥ TFrhyERT
5E,

(1) MEREEENOPHREECEL ©, BRER
REBEEROEN, EOBRETHRREYBHT 50
b EBRL T, B ELEE (REHERER) o
BAwy, RERES, 2% v AHERH O BBIERMN
ELL, BtESOERY EES. LarL, BHOT
FABB OB A, BNESOENL, REFEETO

Lower motor neuron lesion: EMG of the trigonal muscle and vas deferens

EIe bEls.
(2 BRTMREOHET, BEMEOHANHE
BN E L BB CHD. T, THEMEDOES

FIEE - OBFRINFRIEEIC S L TS Loy,

—7, EEOBE, THEHMRD BEXHBL Bt
L CT—BEDIFEHRD H & B BRI R &
HhaZ ENFHELAS Hmbh w5 (Elliott, 1907;
Langley and Anderson, 1895, 1896 ; Sherrington,
1892 ; Stewart, 1899; Edmund and Roth, 1920),
Fio, EEMEEEOHBEICTRD LIS EINEE L EH
I AN B Z ML TWB (REFE, 1972).
ARROTHTABRGOHEIL, FRMENTCE
BEhTwb, ZOBARS SN ARES I RERIN
i, TEAEOBIIB THEIhINZ &3, =
DETIIED, BEREEROLOTHS LELLR



it « 130 PEREEAESERRTYBESE - Robaveron (1) 655

5. IOX 5 EBATBRAECET 2R TaL R
TUHEE LY~ T5LDLELDNS, Tihb
b, EEPEEEARREEE, B XU EMEERIA D N
MFEN - ORBHEEOPOLTHB LTHLDOTHS
(Elliot, 1907; #£#ED, 1956). = DEMECEED
HAWMEPIWESOREBLO L0 &, FERERNCE
MEEC D LN L BEKEE OB 32 fiEO b
DTHDH., BEOBEFCITEFRAENCLI-EVE
SEEF O Hd b (hEEF, 1972), TEM
BOBKABC L v, FoFEBoMmE I Rb b stk
BDOLOTHSD.

Z OEA OEENEEOSREIINAEL, BROoHTERD
REBLOL O LEECEFRTHLDEEXLLNS.

e, HOTHEGOBET, B 5K
THEEDOEEMENTIHET S L BERIL, C0X ok
B, B o BRE I ERITI LS,
BICTRMES bIlRaERoREYsIEREC T
WO ERFRTLOTHL., bhubhil, 2980T
SEHOBF OB AHICEIET 5 & S PR R
LT3, 0K 5 nERAE LERIMCHRIIL S
BLDEEZLBNBERTHS.

PAEDHEES, MEREEND <5 -T2
DELTC, ZOEBRNLELNT WA, DL 5K
O RCEEREDIVEEXLD. ‘

(1) mAxevORRCOWT

RSB RRC BT 5 e e v ORRIIKRE
., FERBEOBALERL LiXinw, Tidb
b, REHmE Ro b s R FHo kivEE
20 THENONMEEEY bR e, EEEVETS
®5. Z OBEIEYIERIE DK & iso THb
Ty, SERERFCHL, 1.3 BOMEER S oo
Tw5, ZOZ LIXESHCRD bR B HHRY, JiK
ERCHLCIVRNTHEZ E2BRTSH. BEA
EReibh? e e v S BoRBRHEARD
WRERL, HENCRRD b B AT 7 BEOIR
BOWKIZL > THEITOIBR, DL H PR
PBBCEREMITL TR L Tu 255 RGO
BEOHRO &, BERED MBFRME L To BEHR
(pelvico-abdomino-perineal reflex K, 1965) %
BRTDHEC S FS5F b DEELLRD.

BHOTHRESCOWTIE, A ANe v EERT
B OB ASFREMED E5F & & bicEEED R
sdbhs. O, B LVRGBROSGEICEEMET
Db DDETF BRERND T o CURFIRIE DB IS
bicbINcLDETRKA D, BAIEEEN M
HZER B RRE L fso T IHRIRESS Bt T

5. ZOBEOIMIRBOMIMIFER ST 1.9
fELico T b, ZOBFOEKL, HENHCES
Tons. Thbb, FBAEENLENSER I
Bk 3 BEER OB ERIRC 2. b h 5 BRYEED
DOHBEDERTHD LEL BB, 2Dz &k, BEbE
DOH NP ShAEAETRTLOTH Y, L~
ok S BB BRE MR I D REBEEL b
%. I (1963) (IAETIRID SV OENRE LOH
BRI OV TIIEL, & B EtRE e =
DHRERED TRUH EEHIh il b Bobhs
2, BEEIGEEO HET 5 PRI O HE
LigW Bl 3 X O TRENEFNE SIEiflc Roh T
D, ZOIWOEAEREEOHBETEEC L - i
Z o THEREFICHL CERABEITERIRCE -
5LTHEETHBEELTD, ADLRIOHER
R RN E Y LR S5 @E R R L CED, &
NS Lo THRIELFE T o BRY AL, BtEE
DIFEET 52004 & LT, BRI NER
WMECHBET S EE2 T3,

COX ST RrD b SRR ORD Hivioy BB
ERIT3HBR EOESHFRE Y MRTA 2 L, K
R OBMEHER FE L W2 & TH D, ritny
BERFRCADND X 5 IsAE EOZ b, BEMEDORE
VST & BRSO AR BT 5 S L B EL
WELTH D, ST O FRESMER SR T
LT ENIREED BREL- T3 DL EFLbR
5.

LBOr Aw v DR, RBRHRCRAR G
FHOBRTHHLEEZONS, BEOLMBELT
FBEEERLT, R e vORHERIL, - OBY,
BER=AROHBERCABR D, REI AT HHT
HobTwb. TichbHBER EOBMNEEM L
AW THRPAD L, BAEHYS Y DAL 7 ¥
M A TR E VLS EREML LR AR v D
DREDPFEETHD LHEBING, 20z Lix, #ic
LT A EEEROBEL B b o £ 5 B b ES
GR-3 (%%

(L) THRBEOEL & OBFR

FEID _LATRGRE COBEEERIE & ROEBESED
WX, 1BTTHh Y, BHREEE L CHHENTIBOE
PO HARE, LT, ERERDO.50E 1T
v ASn VIRERETII0.61 & Tno T B, T UIAME
FIFREA & U CoEH2S, B b 2Rl &
HRTHDTH Y, HIIRROGEIERFIRGO A
b T, BB ORELDEELBNL, L LE
DEIHE YRS RLDO TR, Fiz, BRBEDD
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ERTIHERREOMAR A4 JHEDOHEM L 0%t
BELEEDSRIch ol
BHTURERC IR E LG, BEERTE
EIREERETE EOHIE L X hRE L, ZoBa0Hk
FEZORT &L T, BWETED G 2HENT
MOELhLEFNREWEEZBRS, LAL, 3
BEBL v e ViR ER L oMK E I ERER
Bbhichofe, T, REEHHERCESCE
IERECH S, ChbOHND, »vi<e /2ER
PEBEREC AT 5 3y, L QEAHERTIERT A g
BTHREELMETLZ L3P0 L EL LR
5.

ENLBFRROBRLE KUTER

(A) EFECET 5 ERER

(1) % v MjF homogenates X3 5 1EH

(a) Succinate BB & T 59K

WEIBT 5 IEHRE AV TREL 2.

IG5k« £%, 2% homogenates 2.6 ml (2.91 mg
protein),. fHl=E, ZE 0.15M succinate 0.2ml, =
ey 0.2ml, AF (allergy free © 8 BOiEYH>
B OTEMELED 400 mg/5ml %W 0.2ml, BHF]-(# 4
T AHY Y Y =x ARI U 3O M=+ 2 Ll
D5 BEEOBSKS /B S) 2T5mg/5ml B 0.2
ml, . Bli&E, 20% KOH 0.2ml,

? Rat Liver Homogenates

(pl)
400} Succinate + Robaveron

200 XK XX KA XK=

Succinate alone

100

BohcEEL Fig 1 wRIhTwa, Ticbb
DL T, BENR (endogenous) 1 20~30
el TZL T THDH, —JF, succinate AFE L
LTHRImEN S & 21X, #9605 CThEirda 20041 ©
MFEEERTHLHNBH, Fv FH-homogenates
TIL succinate XA MU E i X 5TH 5.
BN B\ 5 BB 0HE» RE S h s,

FbirAte y BIUAFIORINC X » CTHHE
BRI IT R A CEBY F 2 T, BETHE, Th
DESIFNL, = oEE-ciidin{ 23 homogenates
ORMEEE & L CXFB S hin 2 b xRS

U BICBEANY succinate - BEH SR 2 EH WV
i, TOPRBERFEBCERT S, COBEFRT, Wi
e X% succinate OFAAFE LR TTHEhBZ &
------ SERIED succinate FEMED HiES BRI
ZEHTRT.

BAEE, AFIO BRI X » T succinate 4%
BE120 0% CEAL, 2FE Osuptake 1 310 41 @
EZ, DX >HRLT succinate OELiL 605k
BER L, O-uptake 239 110 pl 22 8MLcZ &
Zitd.

fiE, w»o3<r VO RMTHE succinate OFIH L
IHIHERIh, 160 5CFEo Thick, EFANCE
7L, MEBEAEY 180 ul I LIERL T L.

PEDZ &b moixr v 0 succinate FIFICK

Rat Liver Homogenates
(ul)[ﬁ

400+

Succinate + Robaveron
300

200

100

Endog.  Robaverone +Drug B
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TAEBRIZAFIOZNE DIEBENE T SHT BT &
AL,

i, FREORESFIIe e v L BRIOH TR
g hic (Fig 16), '

OB LbMA LS, rANe v ORESR
REFFRIBHDLR LI LT ShT0BZ &5
Abhbhd, )

(b) Citrate Z&E &3 5FR

3 » }MFF hemogenates o citrate OE{LASITALL
THhH., ZDREOESBBORBEEC O ULESE
AgEIRCET. ‘

Fig. 17 s X f Fig 18 @z oFETHI R, Tz
-1, succinate & [FEED citrate 2NEMI T
BRFRIIZEALE ERET, RIG60~05%Thi
T 20~30 2l BETH », BRI TR T
DFHETS 2 Livbhote, X5 ldeff TR
mENfce SAxe v, AFISIOBHEO IBELE L
EEOMECK L Cihz - TR (FEOZEILR
B wifc b En s bt (Fig 17, 18), =
AL succinate DB F & & lBE BRICTHHETH
B, mAN gy L EEEEE RO E G EE L Tk

C;—uptake (ul)
Syst i
vetem '—au H 5 o % W & % &0 0
Endog.
+Citrate
Net Oxidation — )
Robaveron
+ Citrate
Effect of Robaveron|
Drug A r———
+ Citrate
Effect of Drug A
IR 60min. [ 9omin.
Fig. 17

O:—uptake (ul)
System I} T Y T

T2 40
Endog.
+Citrate l

60 80

Net Oxidation

Robaveron
+Citrate
Effect of Roba,

Drug B[RRI |

+Citrate
Effect of Drug B
BRE 60min. [ J9omin.
Fig--18

FREEED I~ Z E R U,

(2) Jv M mitochondria w335 fEA

EBREE 117mg #4732 mitochondria ¥ &
<y e VICHT5 succinate OEMLIC 1113 e
Axryv LBEIOKEN Fig 10 KHESh TV 5.

Succinate DOE{kiY, homogenates DL & [FkE
200 pl Z00lR R ok Z ACBRANBLEI NS,
REOEEN PR L GU60FHD Tw5b, Zhik
HAWICEREN1/4 AT ChH % = & & mitochondria
BRI X L THIL S icies Th B LR sus,
Lem homogenafes L TETOEEOEA
PED BRI, S

BHFIDEINCIE, ~homogenates D%%&biﬁmﬁk
25T succinate FIA#IHIT 2 HACHS (¥ 40
ml), = OB W55 Ty, endogenous mito-
chondria 1 LCHE T MEIERHL S bbh T3
HEhb, HBH\L, succinate o mitochondria @
B BECEE Y Sz foohb Lhios,

—F, woAw v RIITCE succinate BHOEA
IO ERIEHER D QO: IEHITEL A, RISILERRA
WHEFT L, succinate OFIHE A B 4oFRILH kinetics
THIET2EROH 5 LB LRT, BHIED B
TONICEEFIH OB FBEL Q3.

(3) 7 ZBiALlg homogenates x4 2R

—fic, FER BT, WIESRIT §isiRo

[} Rat Liver Mitochondira
Succinate alone
KX e
{ul) X i
e D

200 X o

Succinate-

{50 +Drug B

Z/ o) Succinate + Robaveron

Endog.

,@_OQ'Q_O_O’O Roba.

120 150 (min)
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Table 5. Influence of Robaveron on the respiratory activity in swine prostate homogenates.

\ubstrate Oz-uptake
Fumarate Pyruvate Keto Glutarate Citrate
Reaction \ + - A + A + - A + - A

» 30 | — 2.3 —2.6 +0.3
Time (min) | 60 | — 7.8 —6.8 —1.0
9 | —10.1 —8.5 —1.6

— 2.6 —2.6 O
— 9.4 —6.8 —2.6
—11.9 —8.5 —3.4

+0.9 —2.6 +3.5
+0.9 —6.8 +7.7
—1.7 —8.5 +6.8

-3.6 —2.6 —1.0
-7.3 —6.8 —0.5
—9.5 —8.5 —1.0

TCA cycle BERIEHE- & Xh, AL ZOED
BT slice HAVIPRIEMATEL TV 5. bh
biui, 7y MEOERICHKTS TCA cycle BILIE
2T 5 BE9C 7 X BISBNC ST homoge-
nates ¥HWAZ L L7z, ;
Succinate, oxalacetate LI#FDEE Cid Table 5
TR L5 EA LTERED AL ED DRI,
. (a) Succinate #&£E + T 5K
Fig. 20 R4 2 & BB 38\ Cik succinate
e A FERCE B RBIhD, Tiebb
Z DB OEE BT 5 HIENE BRI h T
LT EAHEAL T,
ZDX 5 RV HIETeH D EEOFAC L T
%, rANRYLBHIL S EMETHS. '
(b) Oxalacetate %#'H & T5K
AR IEREE succinate W HEEL T LA T B

l} Swine Prostate Homogenates
(ul)
200+

/7,
X/
)2% ~

T #

50} 0] Robaveron + Succinate
g Drug 8+ Succinate
/ X Succinate alone
O . . . . o
0® 30 60 30 120 (min)
Fig. 20

%, FBRIE D - 0RB T 5 EEHMEBELS » b
BF homogenates I3+ 7% succinate O¥FETIHLL
LIERZHS L5 THS.

Fig. 21 wRTZ &<, endogenous iz A LE
BOTH BRI »Ar v D oxalacetate BYEFR
~OBENIT OFRIEE Y BRI LR L D5,

Ticbb, voA<r v ORIML, H5HEREOCHERNE
HEE OB EHECH L T OERTTEDEL R
15 X5t b{ AT 5 v M homogenates
G succinate WHT5 vi~r v o {EH L FA—E
FERL T3,

(B) IEHEMpEET 5 E{L2RBROBE

Ll ko Bt F2EB IO Ty MIFO ho-
mogenates ¥sJ ¢ mitochondria @FEHEER TCA
cycle member OELEEREMEIGEL L C, BHT
HE LB, woiu v XOMOREBEORSLIREE

4 Swine Prostate Homogenates
(ub)

Oxalacetate

50r + Robaveron
Oxalacetate
+ Drug B
40r
0]
30 (N
Robaveron

A 1

0 30 60 9'0
Fig. 21

1 .
120 (min)
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Table 6. Influence of motor neuron lesion on the tissue respiratory activity of bladder
and leg muscle (after 14 days operation).
Bladder
Leg Muscle
Trigone Body
Suc. Cit. Oxal. Suc. Cit. Oxal. Suc. Cit. Oxal.
Normal rabbit 71.1 2.7 31.8 108 4.5 36.1 71.0 7.1 43.7
Upper motor neuron lesion rabbit 70.0 0.4 34.2 79.8 2.6 38.4 68.3 0 33.9
Lower motor neuron lesion rabbit 71.7 2.9 40.3 77.7 4.6 36.7 91.4 4.0 46.8
Data : Indicate O, uptake/300 mg tissue at 120 min.
Trigone Body
Experimental—System T Y T T T T T T T T it T T T T —
20 40 60 20 40 60 100
a0 T ] ]
Normal Rabbit 60 [CNNNNSNNXY] )
120
o0 ] 1
Upper motor neuron
lesion Rabbit 60 NANSANANSNNN NOSOSSOSNONSANN
2o [ R
40 ] ]
Lower motor neuron
lesion Rabbit 60 SISO
120

Fig 22. Time course changing of respiration activity on trigone and body in bladder.

Fig. 23.

Succinate QOxatacetate
i 7
11
1 o
00 1
11
A -
LA
1
-
/ —‘
LA
P g [
£ s0f 1
5 A
13 L
o -
L
1
1
1
1
o 1
0 7 u 0 7 1410 7 14 QO 7 141 0 7 140 7 14
Trigone Body Trigone Body
Blodder Legmuscle Bladder Legmuscle

Influence of the periods of Robaveron administration on tissue respiratiomn.

Note : Number (0, 7, 14) indicates the days after Robaveron administration.
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Oz pl Oy pl Oyl
140 F Buffer 140 '; Buffer 140 L Buffer
Note : [ Succinate Note s Oo—O S%\CCmate Nore. [—{7 Succinate
Is—/\ Citrate O Citrate note: I\ Citrate
120 f Oxalacetate 120 F Oxalacetate 120 F Oxalacetate
100 | 100 100 +
80 80 80
60 | 60 | 60 o
0
40 | 40 | 40 |
20 | 20 r 20
S —~
; . . . X \ 7y L ° e . .
o 60 120 o 120 0 80 © 120
{min.) (min.) {min.)
Fig. 24-A. Inovivo respiration of Fig 24-B. In vivo respiration of TFig. 24-C. In vivo respiration of

trigonal tissue in upper motor
neuron lesion rabbit.

FPEBEOFBEC LD X 5 e By 52 5ok et
LebDTHA. v FFDO homogenates s LTV
mitochondria & 4 r-3<r v ORERIMT L b, succi-
nate ZFIFT5FRIIEFCREIND. DEVE
RED succinate FH@EMENTTHESI RS, DXk
RO FHEMEDITHEL, oxalacetate T\ T m
A VIRNMDBECHEDHIS.

D X5 e, TCA eycle w35 E&BD
FIR, 2% bk EBPRO #EFRC v e v HEN
TN REE EThz b mTL0THS. S
(1962) %, BEBGEShCT5 34 i fRBHRE, b
$%& TCA cycle Rich s E:#FE42TEb, succinic
dehydrogenase (SDH) BST 2 BT, =%
(1968) %, WA 2, 4 /A OB T
SDH HHEIMETR T, kT3 L008HHEL (1968)
& SDH FEoBEMET, MLk (1969) 1 SDH §&
HDOETEED TS, 2D X545 T TCA cycle
FOREH, & & succinate OERIESE ML TTE
52 LB Dw e v, MHREEEN O
MERRCERERIA L E 2 C, ROFEBE R itol,

(C) TRRMEREER BB+ 5 REs R

(1 EBFEABT ORIEE O

BEE=FAET, - (6% X OVKBRAS 300 mg VT,
i Fh, succinate, citrate, oxalacetate i1 ¢
HE S RICHER SR Table 6 WEHINR T 5,

—i, ERAEAR A B TCA cycle mem-
ber DEAFMEBIIIISI0~ 405 K IRl A2 7R3

body tissue in upper motor
neuron lesion rabbit.

trigonal tissue in lower motor
neuron lesion rabbit.

[e791]]
140 Buffer
Note: 00— Succinate
55—\ Citrate
120
Oxalacetate
100
8o | /g
60 |
40|
20 b —a
¢}
0 60 120
{min.}
Fig. 24-D. In vivo respiration of body tissue in

lower motor neuron lesion rabbit.

YRR GBI S B8, 2T 120 AT
% Oguptake THETZ Z LU,

Titbht, AW 3EORED S BT, succinate
L FIHE 3L, oxalacetate BRI Y,
citrate (G E A EFIA IRV B EDR
fo. ZOFRETEBEOBERI T 5 E RN BIR
THLDTH5.

ZDRET, FHIILTV succinate T 5
MERIEMEVE, BB CE L &L, BE AR
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HoEh & BERFOFEEERL T, DERFH DR U I B0 RGO 8T, [H
(2) HHEBRGFEREMA OIS #hic Table 6 REH TS,
IEFERERZOR & B O B0k T OFALEE 2 BB R X g, succinate TS EEIE IEME IR
Oy il O, pl Buffer .
1:0 Buffer 12:0 Note - O— Succinate Oz Buffer
Note O—{] Succinate LA Ciurate oy O Succinate
o OS5—\ Citrate ) Oxalacetate Note : A A Citrate

120 Oxalacetlate 120 | 120} Oxalacetate
100 100 } 100}

80 80 80

60 60 60

o
o
490 /o‘o—_o 40 40 r
o
o
20} 20 20 r /
A & / A B
o] [o]
o] 60 120 o 60 120 o] l ' 6’0 4;12.5
tmin.) {min.) {min_)

Fig. 25-A. [Invivo respiration of Fig 25-B. [In vivo respiration of Fig 25-C. In vivo respiration of

trigonal tissue in normal rab- body tissue in normal rabbit. leg muscle in normal rabbit.
bit.
O, ul a
Oy i Oz p! 140L /
140 140+¢
’/
120}
120 120
100}
100 100}
ot
80 8 L]
60 60 |
/ o
o ol /g/q—/’vfﬂ
20| 20 ¢ a A
/ﬁﬁ
0 : m’{)"?
80 120 o 60 120
{min.} tmin )
Buffer
Note: Robaveron (1W) Succinate  E— Robaveron (2W)
55—\ Citrate s—A
Oxalacetate

Fig. 25-D. In vwo effect of Ro- Fig 25-E. In vivo effect of Ro- Fig.25-F. In vivo effect of Ro-
baveron on the respiration of baveron on the respiration of baveron on the respiration of
trigonal tissue in normal rab- body tissue in normal rabbit. leg muscle tissue in normal
bit. ) rabbit.
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Gy pl
140

1201

100

Fig. 26-A.

Oyt
140+

120

100+

80

60

40

20

RFH - 13D 1 BERIRREERAYBISE « Robaveron (M)

O, i
140

120

100

80

60

40

20

Buffer
O0—17 Succinate S
5~ Citrate

Oxalacetate

Note: None.

In vivo effect of Ro- Fig.26~B. In vivo effect of Ro-
baveron on the respiration of
trigonal tissue in upper motor
neuron lesion rabbit.

baveron on the respiration of
body tissue in wupper motor
neuron lesion rabbit.

Oy pl
140

120

100

60
40

20¢

Fig. 26-D.

0 60 120
{min.)

Buffer

O—0 i
Note: None Succinate

Oxalacetate

In-vivo effect of Ro- Fig.26-E. In vivo effect of Ro-
baveron on the respiration of
trigonal tissue in lower motor
neuron lesion rabbii.

baveron on the respiration of
body tissue in lower motor
neuron lesion rabbit,

0, pt
140

100

Robaveren (2W)

Fig. 26-C.

O, pl
140

120

100

80

60

40

20

Rob: 2W
obavi
O Citate A eron W)

Fig. 26-E.

In vivo effect of Ro-
baveron on the. respiration of
leg muscle tissue in upper
motor neuron lesion rabbit.

L]
a

In vivo effect of Ro-

baveron on the respiration of

leg muscle tissue

in lower

motor neuron lesion rabbit.
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ZAHRTRERBEORE LI ERRTRE~ELE BEAED LR T Wb i,

FEh T30, i, #F8c, FEEYEIOTF F72, ko k5 icfBmiE oxalacetate #EE &3
MBEREE LIBHBDETRH b T 5, DHEAECLELFETICE bbb, A 2 BRAE

BMAICIRS e succinate I B S DL D T, SFAW16T%, KBS 141 %2 5 BEAVRE R
FHHEETFIL oxalacetate @ X 5 7o LB FIA B D€L -

HETIEH T ) IE TR oo, —0F, KBTI DX S TR KT A r A v OEEEIT

R T (1B D854 succinate (X1 5 IR iEHE BHBEL X - T2 O succinate IZx§3 %

D EANRDLRTGICH, T OREIIEEMCE EEAMET 5 2\ 5 FE (Table 6) & i THl

IR ETHY Wi DOEHREFRERED X, WRkiEE ERER YR
BEAET X 5 IO succinate IKHT5 Z TE5S X TRENTHP Y EREL T3,

O L 5 KEERIGHEOERTR, HRREEGEF & B#EM: (4) EHRFRREHTOLABA RIS 3EEEOTE

H5I5BELROT, &L EEHTELFHOFER TSk D BRI R

O &REIEE L o1 Fig 22 gL . I OB O Tid Fig 25-A~F iw—#EL
Z DR & B O AR T & OMRFIEREED 5 b, TRLE., ZhbORIEFFREC KT A LB O

Fig. 24-A~D, Fig 25-A, B : O HHIHETS TEREEIEME & m e VST T A IEHALEIREC B L
Lo, EEEFREETHBEFEMN RO TRE L RO 2 BEMCREL Q510 T
RrZz@E@sbht, BRESEH C—RICERD H5.

HRIMAE XS BEEIhA, ChiE, ZOoERK 2. BEHBBEFRRMHTH 2 e v ORR
M OBFFEEN DI Ioo foicdis, EEOERED Hes U BEN TOZ=ME, R s I0VKES

EEH B\ L SDH {Fi 0 L DETCRE T 50 (Fig. 26-A~C) W2 THL, B DD b bhds
EAREATH B, WThice D REBH TR BT LY 5, citrate &R ARO 2 DOEECHL T

ot L L T EL CHERBTREEFETHAS. A w R ER TR ESE: LR AGED DR, KT
(3) EHFREHBIRICETH e e v FEDE iy X O AR B\ U FORFAARE o T,
= ESICIS ET T 2 RN (4075 H) kst

HEBEF R TORBRERERCE JET e~ xa BasAxwy #EC LS EE ERRY SEB LT
v OBBEEHEETL S, FEDEFRERCTT HE succinate ¥ L 1¥ oxalacetate oW TEHEL T
Brpbn LOBRT A C Lk, BHBERETED Table 7 wmRL7c. Ziuc Liuf, succinate Bk
%:Lf;@‘%’({%%@ﬁi%ﬂ(:/)h CTIELWERAE D fodic 45 H%%Eﬁf—ﬂg% I Uﬁk%{i@%’({%ﬁﬁ'&ﬁi SRR
‘Mi‘%tﬁk—& kéi . N e e e U Lo TRLIBEIN T A I Edibhio 1o,

Poie LT, AR BRISRCE g, serPUESRC AL TRETL IS e
5 EERFECORBIEEOELEBHL T, Iy RS Tig 26D I EGShCoD. 405 H

Fig 23 bl U Ao,
CELWTEHRIR e e Y ORREER,LDRD

HEORE L - 7o 2 DOAHE, succinate & ox- N g | ~ o
alacetate WHf$ HIFRIEMLL, succinate {TDOWT £, fﬂﬂﬁ"ﬁk‘i@b CCRPTARICHLTE I 151 %
Lo FBoERB LR

i, BEME=ART I BRC125%, 2BETI0%E

BER, b EREERRL TWe, KEH LT O@E[s (D) FRERMEEENR R BET 5 b RBOF
XHIELL, 2 HE T 188 % & RIBCTRREENE -3
BaBbL i, SN OB L s L ¢, succinate Bf

IHERLUTCERGER T e A< e v OREHRIT LRI EBL I bicie s, &

Table 7. The raising ratio of activity in each tissue on Robaveron administration
(Upper motor neuron lesion: 40 min).

\ } Succinate Oxalacetate
System o \'\\\\i Trigone ' Body ]LEg Muscle| Trigone ’ Body Leg Muscle
Non treatment I 292 30.1 23.1 23.5 | 24.8 23.0
Treatment with 42.3 43.3 ’ 27.6 30.2 ] 24.2 29.6
Robaveron | (1.44) (1.43) (1.19) (1.28) | (0.97) (1.28)
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EE T O succinate FH & T 5 IRRIEEOETHE
BHTHD, 2O ERRERIPLHEIRTVWA LS
EERtEEC 31T 5 SDH EHOET L BRI ke D
Ex2bBh%. LHL, 20X 5ET LICFRREER,
rASp VB Y DR EEEFCHEELY A &L
SETHELTEREE»bEL T, BRFED TCA
cycle HEOFEBEOET L bREKTLELTHD T
LEMEERRD. ID LSRR Ehh, mMRFEMEEEN
OHEDFRGIORBOBHRLC v A m VT L AR
WHALRHWLRE T EEZ BRA.

EREBRICHT HEE

AEEN), AEERNERREECDOVWTERTS L,
RIS A ALY, = e v DR
By, bbb BHEROMBRCHBEEELDBND, X
DFROPAL, HREBOER AL, Tk
ETLHHRCHDHLEELHR, TCA cycle member
DOFEBED mitochondria B 545 Bk TTE X
BEFHZ L0, b DORENBENRNERZE Lo
HEHRIE O B AR 0T F L UTEDb
NBL0EELZ LIS, FERRINCE, A4 7 DR
EOMWA, TichbENEOEIIEENC KI5 E
DWRE L TEDONTHBEILTHo I

DX B IREREL, v oAte VSRR O
FeR O, BRI CERN T b 0HRLLT, &
B LRG0 IV OB O, BRTAIEE
D XD DFERPEEDIERE (LT & OBALE IS < 1
DI OFEREEL DA,

B DRI BCHFTRECRR T 5 EE R
B BRTH B T D Tl d, KL MEREEEY—
%, ok TR R OBNRESCERE S TERT
MR OEMREC L FRATHHUEDOLDEEL S,

# =

BHOZEEN A B2 i LEBROFTHIBERRIC
DWW, AEENE L OEENRRC LY, B
WY, v SNe v ORBEAREL.

KRR 125k v ~ L C OB RIS A RN & 58 5 e
VSV COBRTEEBEIO 2 BT, B2E% 28
MiE TR o o, MRREBC SV TR DR
v, T2 BEEITHESLL T,

ATEPEENCIE, B EBEOSBA, THR
Mo EEEONT & L UMEIHSAEETH Y,
BHTIBBEOB AL, FREOET & L CENESS
LOVBEETHAH I L, BFRTHEEDOEE, Bl

S L CEEOEETESRDOLh B, 36

CHEB TAHAET R B B S S 5 HEINIHMEE
PLDIfEL, BEVEEER O BB CH > C TR
BOBEIFB B Lo B L e,
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