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CHARACTERISTICS OF ATPase IN THE MICROSOMAL
MEMBRANE OF THE RABBIT KIDNEY AND BLADDER:CHANGE
AFTER SPINAL INJURY AND EFFECT OF ROBAVERON

AN ANALYSIS OF ATPase ACTIVITY DISTRIBUTION
BY MEANS OF SUCROSE DENSITY GRADIENT METHOD

Masafumi SEmonira*, Takayuki IMacAwa,
Koji Mizuono and Yoshinobu Axkmoro
From the Biological Division, Research Laboratory of Nippon Shoji Kaisha, Ltd.

Kunio Nakaarar and Kaoru YAMADA

From the Department of Urology, Hoshigaoka Welfare Pension Hospital

ATPase in the microsomal membrane of the rabbit kidney and bladder and the related bio-
logical macromolecules such as protein and nucleic acid were submitted for the analysis with the sucrose
density gradient method in order to know their in vifro localization and distribution. On the other
hand, the in vivo experiment was carried out, with the above group being a standard model, on the
rabbits with experimentally induced spinal injury and those with such injury treated with Robaveron.

The following results were obtained.

1) ATPase localized in the membrane of organelles such as microsomes, mitochondria, gra-
nules, lysosomes and their upper fraction showed the distribution of the regular fashion corresponding
well to the protein fractions.

2) ATPase of the microsomal membrane of the kidney and bladder, namely 48,000 X g frac-
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tion, showed a localization of a single peak exactly corresponding to the distribution of other membrane

biological macromolecules such as protein and nucleic acids. This distribution changed to the dual

peak pattern under the action of Brij 58 showing the elevation of the relative activity of ATPase. Two

peaks consisted of the low density fraction and the upper layer fraction. On the other hand, this

enzyme was shifted, under the presence of DOC, to the fraction of the heavy specific gravity accom-

panied by formation of a new fraction of low density.

3) In animals with injury at the low spinal cord the kidney ATPase and the microsomal bio-

logical macromolecules moved to the low density area just as seen in the addition of Brij 58 to the

normal rabbit. Administration of Robaveron resulted in restoration to the normal pattern.

4) Hemoglobin-like pigment appearing in the supernatant fraction of the kidney and bladder

microsome after spinal cord injury, either the high or low, was effectively inhibited by means of admin-

istration of Robaveron.

5) Microsomal (Nat - K+) ATPase was partly purified in the animals, normal, spinal cord injury

and Robaveron-treated. 'The relative activity of this enzyme of these three groups showed no signifi-

cant difference.

From the results as above, therapeutic effect of Robaveron for the difficulty in urination in spinal

cord injury was proved to be related with functional repair of the membrane microsome of the kidney

and bladder.
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Fig. 1.

Preparation of the sub-cellular fractions of rabbit kidney.

Homogenates

‘ 150 x g. 10 min (x2)

I

2 Nuclear fraction

1

Second nuclear supernatant

Superposed in 2ml { 0.44 sucrose + 1% glycogen) medium

10,000 rpm, 3min,

Supernatant ( A)

iml

Superposed on gradient sucrose (1. 1-1. QMM

150 min. 25,000rpm with swinging bucket rotor

Y
Fractionation with fraction collector

&

Supernatant fraction (a)

Fig. 2. Preparaticn_of rabbit_renal microsomal
fracticns.
Homogenates
7,000 x g. 15min. {(x2)
Supernatant peP.t.
%8,000 x g. 30min,
Supernatant p-pete

l Resuspended in 0.29M sucrose histidine medium 1

[LSuperposed on gradient sucrose (10 - 45%)

120min. 20,000rpm

LFractionation with fraction collectorJ

‘p.\p.t. (B)

Primary granule fraction

{Besuspendedin 0.4/M sucrose}

N iml

JVSuperposocl on gradient sucrose (1, 1-1.

150min. 25,000rpm with swinging bucket rotor

Fractionation with fraction collector

Sediment fraction (B)

Fig. 3. Preparation of microsomal fractions
from rabbit bladder.
Rabbits bladder
soaked in 0.154M Nal
solution containing SmM
EDTA at O°C

10f Homogenates

|

10% Homogenates
i

Homogenates
Mixture

7,000 x g+ 15min.

Pepete. Supernatant

48,000 x g. 30min.,

Supernatant

l Resuspended in 0.25M sucrose—0.3M
histidine medium

rSuperposed on linear gradient sucrose ( 10-45%) l

120min. 20,000r.p.m.

Centrifugation with swinging bucket rotor

Fractionation with fraction collector
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Fig. 4. Distribution of membrane ATPase and
proteins in the supernatant fraction of
sub-cellular particles of rabbit kidney
(Maunsbuch method: see text).
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Fig. 5. Distribution of membrane ATPase and
proteins in the sediment fraction of

sub-cellular particles of rabbit kidney
(Maunsbuch method: see text).
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Influence of DOC and Brij 58 on the distribution profile of renal microsomal ATPase and
the other macromolecular substances (proteins and nucleic acids) in rabbit: Sucrose

density gradient (10~45%) was carried out in accordance with text.

¥— X OD: 260
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Fig. 7.
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Influence of DOC and Brij 58 on the distribution profile of cystic ATPase and the
other macromolecular substances proteins and nucleic acids) in rabbit: Sucrose density

gradient (10~459%) was carried out in accordance with text.



840 T - i34 EEME ATPase « Robaveron
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Fig. 8. In vivo normalizing effect of Robavero on the modified distribution profile
of renal microsomal ATPase and the other macromolecular substances (proteins
and nucleic acids) in spinal cord injury rabbits.
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SIENCONWTRS NIERIE, Fig. 5 WRTTEL T,
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THEHIET 5.
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oD,
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A A 1 3 A
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3, 5. ] L 4
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Fig. 9. Preventive effect of Robaveron against hemorrhagic phenomenon in the supernatant
fraction of renal microsomes (48,000 xg) in the spinal cord injury rabbit.
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Fig. 10. Preventive effect of Robaveron against
hemorrhagic phenomenon in the supe-
rnatant fraction of cystic microsomes
(48,000 x g) in the spinal cord injury
rabbit.
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FhueonT, 3SHETHEINI, ZOBEE,
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i) ATPase G ; 25 L BECW, SBOEICEE—2
pEmsni. —H, HIETE, T spEI0y
EFTBELTE D, in vito T Brij 58 OfEH TICHE
X NIRRT EA TR 4 XD SWVIEROES
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FEFHBHLENERRE 28T, SRME L, B
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BREETH-TEH, ZORERICBNTRALPDE
HEZU DOcHEBEINS.

—J5, BE3WTIE, EONEI Y — 2 PEEIN,
WREM T 25l ATPase 75 ©— 2 OB 8 5
Robaveron 512 % - T WBRAL T THETL T
B EWbotz. Tizb b, Robaveron (&, FH#E
B B3y vy —a ATPase 2RNCT 5 HEREE
EVERAZHET5 0L HETEN 5.

iy xorty Bk OKHE; ATPase JHHIC WHIGL
T, BIPTOY—1%, BIFHOY— (G5 IHE)
FITEELTOA C EWERINT.
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Jorgensen-Skou 12 (Feg. 2) 4 8 Cortas'® &

Jorgensen-Skou 1:12 DA Fb¥ % (Fig. 3) Tx

20¢
£
=
3
g
s
g
~
&
=
ES
10¢
. . L L
0 150 100 50 0 Nab
10 60 10 K
Cation ( mM+) 180

Fig. 11. (Nat-K+) ATPase activity of rabbit renal
microsome relating to the concentration
of Nat and K* in the presence of Mg+,

WLtz 48,000xg iE4E %, Table 1, Fig. 9 ¥k
¢ Fig. 10 (ORI EEE C—ERICHER LT 350~540
nm QEINARZ kv REBERL, 7o, BRFIX (415
nm) 1Y B BB KD I ER, B &
UTIRD & 5 s v s e,

) Bisev—a L BERTUEESL G, BH
LATE 1l B L OF C NG ICHIE T B RALEE SRR R
# 1P GHOBD w2 THRET LIz &ElE 3 3 WY
DOEND S I U e EETHEED S bz,
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ATPase D25 L T, FEBY O L OB
BED ATPase jE#:E Robaveron DFEE% A 5729
KB IzbNIc s DT 5.

i) FEST soyv—n (Nat-KFf) ATPase; E0
48,000 g 4 % HF#S kL & LT, DOC, 0.6mg/ml,
2 mM EDTA, 25mM imidazole %»-&{plaikAHic,
Bk Ermy— bk s E 0.5 mg/ml 28 e UL
BIERR L, 20°C, 30 R RLG &8 C (Nat-K+) ATPase
RERFHNT HALL T2, OB % B v C Table 2
BEICRUICRGRICE TS Y, Na, K 1 4 VRED
TEk iz ¥ AAow & ouabain OBEFYEAEFIAL (Na
+.K+) ATPase & Mg? ATPase »4ypiE=&L 7z.

BoN TR, Table 2 ok ¢f Fig. 11 [OURTC
ELTH B, chikiiuE, (Nat-K¥) ATPase jE#:
1, Nat: 150~70 mM, K+: 10~90mM o #E&%
TERBILE 5 T &AL

i) IFHEE, HEEMW X O Robaveron 5T
Y AEEEMOES I BN 7 v v — & DDA
{b(Nat-K+) ATPasejft Dbl ;3 REi0 B T
Mot Ul REBRBC O B BL O Bk Nat-



844 TSR - (34 JERDUE ATPase « Robaveron

Table 1. In vivo protective effect of Robaveron against hemorrhagic phenoménon in the supernatant
fraction of renal microsomes (48,000x g) in the spinal cord injury rabbit.

optical density at 415 nm and absorption ratio

Experimental system I* IT* IIT** Iv* v
0D (ratio) 0D (ratio) oD (ratio) 0D (ratio) OD (ratio)
Control 0,700 (1.00) 0.660 {1.00) 0.718 {1.00}) 0.512 (1.00) 0.460 {1.00)

Spinal cord

0.795 (1.14) 0.925 (1.40) 0.880 (1.23) 0.665 (1.30) 0.450 (0.98)

injury

Spinal cord 0.674 (0.96) 0.820 (1.24) 0.718 (1.00) - 0.390 (0.85)

injury + Robavercon

Dilution unit of

supernatant * 10 x4 x5 x 10
Jud t

udgement on the Positive Positive Positive Negative
effect of Robaveron

Note: (1) Ramark : * Lower spinal cord injury animal *¥% Upper spinal cord injury animal

(2) Each experimental group consists of 3 individuals.

Table 2. (Nat-K+) ATPase activity prepared from renal microsomes of rabbit.

ATPase activity (}1 moles Pi/mg protein/hour)

Concentration of Na' and K*

in the reaction mixture Mg++ATPase (Na+ - +) ATPase
€ (o T Un e b
160 O 20,14 16.25 3.89
150 10 34.84 13.93 20.91
130 30 34.83 14.71 20.12
110 50 35.60 19.35 16.25
90 70 34.83 18.58 19.35
70 90 32.51 14.71 17.80
50 110 24477 15.48 9.29
30 130 21.0 17.28 3.71
20 140 18.58 15.48 3.1
10 150 19.34 21.68 - 2.3

The microsomal fraction was incubated at ZOOC for 30 minutes as described in text.
Then, 0.2ml of sample was transferred to test tubes containing 3mM Mg-H—, 0-150 mM
Na¥, 0-150 mM XK', and 50 mM Tris-HCL buffer, pH 7.1 (total 1.8ml).

The reaction mixtures were preincubated at 37°C for 10 minutes and after that, 0.2
ml of 10 mM ATP was further added and the incubation was performed at 37°C, for
15 minutes. The reaction was stopped with 1ml of 10% TCA.

Liberated Pi was estimated (15).
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K*t) ATPase JEfE2HIEL, %>/ mg HYDJ) ST LEA I, FHICX 2584, FRobaveron
HCTRE UL, Table 3 BI04 KWRTI& LI DBEARIBOONDNENIZETH Y, #

LTHA. b3tz (Nat-K+) ATPase OFIL, FREEG & X
LB ORESL b B L I, mamEE, T SHRCIKRRIN TR 2 C b T
$EBE5 X OF Robaveron BYSBIEICIST 5 Bis X O 2 g

WD (Nat-K*) ATPase FEHICIIE % DRBBIRCE Lo n Y- MR B RO S, 2
TOERIDH-TH, TNGICBEB EO—ELIT B, AELT, WhHhOsEHAMERPERL, &K
FEEDSERD N1z Tiebb, (Nat-Kh) ATP- BRI EE RS EL TS, D55, ATPase
ase DX 34, WML ToBR 2RI L TR & iz (Nat-K*) ATPase i3, AABEE ST % Nat,

Table. 3. In vivo effect of Rovaberon on the activity of renal microsomal (Nat+-K+) ATPase
in spinal cord injury rabbit.

ATPase activity (y moles Pi/mg protein/hour)
Experimental system
++ + +
Total ATPase Mg" ATPase (Na" = K" )ATPase
*
I. Control (Normal rabbit) 61.4 22.1 39.3 (1.0)
%
1I1. Lower site spinal injury 81.8 29.6 52.2 (1.33) (1.0)
111, " 73.5 29.5 4.0 (1.12)  (0.84)
(Robaveron treated)
Iv. Upper site spinal injury 83.1 29.3 53.8 (1.37) (1.0)
v. " 91.8 3hok 57.4 (1.46)  (1.07)
(Robaveron treated)

*
Note: (1) Ratio of (Na+ - K+) ATPase activity.

(2) General prccedure : As described in the text, the renal micrcsomal fraction was
isolated from each experimental animal group (consisted of
3 individuals). The preparation of (Na+ - K+) ATPase was
carried out using the same method as noted in Table IV,
Enzyme activity was measured in the reaction mixture

containing 130 oM Na* and 20 mM K*.

Table. 4. In vivo effect of Rovaberon on the activity of cystic microsomal
ATPase of spinal cord injury rabbit.

ATPase activity (P moles Pi/mg protein/hour)
Experimental system s
Total ATPase Mg ATPase

I. Control (Normal rabbit) 39.36 39.36
II. Lower site spinal injury 37.27 35.69
11T, " 37.15 40.25

+ (Robaveron treated)
IV. Upper site spinal injury 39.0 36.0
V. "

+ (Robaveron treated) 35.53 3k.02

Note: Experimental procedure : as described in Table V.
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K* OrEEIHS %8 U TR R nBR%E b
DEVPRTV 3.

3T, ¢ D& 572 (Na™-K¥) ATPase i%, B
Skou 1 JROFFFEIZ17~2D %12 Uy, Towel 22, Uesugi
52520 I F Kyte?®® Ltk ->T BEicBEsnn
B EUTHAM - ®Esh 3

COEEENE O THMOWBIKFE 2RI LI, B
FHEOREZEIERE ST, LOFHICHBT BH%
BPALIEMZ DL TA.

2T, biubiud, 48,000xg 43 HEHHL
to vy — s FEICET S ATPase [l % £HES
FizBiT 5 BEEO BB L0 S BERL BRLUTA
1z

g & % Robaveron "Cig® U1z in vivo T
DIRBER T AICHAL - T,  invitro TERLNIZRE
P HEBZINIE, Maunsbuch B0 THITLICE %
B efife EmRioE (Fig. 4 BXU5) T, AlPase
WL, 2V s BOEEELBUINE U RE
LTWAZ EWbbd otz o, EERBBX OB
TO 48,000xg 2 7 vy —L9ETH, ATPase |3,
2R IEIBNEBBOL S DI s vy — LK
RBERT L EEALRA—RERZTRTE D2
7z (Fig. 6,7 38X O 8).

355 A, Usugi 5220 558 Kyte 5,29 itk
STHEINTWA L 5T, 8l (Nat-K+) ATPase
T3, COBERVE VS EYED S 2RERNICE
EUTHW2EWSHELH LY, 2hb ik, BREORB
BIEOERITESLIDTHS 5

FCC, bhvbhui, CokisHIrey -2 R
ATPase % 2 B OREEMH DOC & Brij 58 Z2H
W, REBEOBESZ2HFET L L0013 0DT.

—fRiC R ATPase Of{LD Tevic, DOC ik
CRBShTWALSTHY, & T, Bas &/
RPRIERRSY DB &N 5 v B % T L N COMHRE

BOWRITIFATER SN T A%, —F, FHII,

FPHLE /ANEED» S Y V'~ A, )RV — 4% FHES
BGEOEER X UTAFIH SN, 20BN
28,29)

fib75, Brij 58 {3, WBEODOA 7 xnF TR b Db E
U — kR AYEES BB, B labilizer & UTAT 30,80
MEBUICAEEERITH D, bhibhd, ZOHE
ek »T E. coli K-12 #£5:8 TOS UK — 4 O F
B 35 L I3 o 723289,

ORI, cnd 2EEORMBERIDS, R
OREW 2 L 0 EEERRE DL P EIRE-T,
% DR 28T, “ERL FRARETE 2

BHEICES L A DTH 5.

3T, ZOBFIIENT, bhvbhix, BEEEFo
T 7wy —u T Brij 58 33, FLEAIC ATPase ff
DOEEEDTTFE (2 o0 BRBLUKE) »HEOR
WAEANEBHL, X5, EBRANBEIT AL
WAEOHER PHFHTAFAZIAT L 2@ &
1z, DOC OHBEIR, EE— IPEVIEANBET 5
BRHEOIEIC, Brij 58 {2 € TS,  HlpyER-
FENCHT € — 7 OFBRRE - B THE L THER
U AT

DL 57z invitro I AR EEEFIOEARE
¥ % prototype 1< UC, BHHEYTHEL NI in vivo
OFER LB I2LE, FRATOTFIIav—2
ATPase BEMEAFL, Bri 58 OHEIEFILTE
h,Robaveron {3, Z Dk 5 cBM2HET LEE
o b ot DL I BEHERIEL TV
FEFHE 2 70V — 2 RBFFOBR & ORFER
KEIL T, ZRETHY, 20BN in vitro
BL O in vive OEBIEEICOWT BHENHEAEED
BEFOMENERML2ERINL S

7212, oler 53 X ¥ Kisilevsky®® |3, 5 » MT
TF =BG, 4~24 BEEZET, FEYV—24
DY XY — AN ERIGT A EEE 2 bbb & FRRICH
FAEOEMHEBHRETHEL T 5. bhvbhd &
DEEZEZRL, 35T phosphatidylcholine #5452
X 2 ZFDIERIR P E LTV A%, Zmidd», m-
RNA & AHZE & % () turnover rate 251 &4 A1
R YV — & iTxid % thiolutin OIERIT 3500 T 45
EIOBHTEESBEH ST 537,

Robaveron 5 ic ;% FHEWO EI roy — 4
BRI T 2 BEDRE, ALt
EEWOBL L BN 7 0V~ a2~ O MmMBEROM
FIWEFAIT X - THEM BT 5 (Table 1, Fig. 8 9%
o 9).

—fRiT, FEEMEREKEE, S50, MREE
L OBEEEMEICOVTE, P HEBINTEH, 7T
WP § Dea 5% 0k - T, HIBUNTRICE
WO F OEMERBIC X AIMRERDBHEINT
WA T, AT, HLERICL o TR EEN
BonTna. ok I HORRE, EUREBOR
R A BEABMICEEL T, 352017
7Y — A RESTHREREEHORER EX L TEE
95 & EEERGE. FERBROE R BE B TEn
DIHE, SEEAICEE LT, Bl RO ATP-
ase, r iz (Nat-K+) ATPase fE{EZBNT ZE4
EXWRELATHAH. MEEMERBEDEOEB LI
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geae~ &5 I OF BEREARR S R B B T (LR RIBEY ©
g g ATPase OIEHDOETHERHIN TS,

UL, ZCREUIE 5 mEamiciit Uiz (Nat-
K*) ATPase % B THIE L 72 2 DEEFRERIE, X
fREE, HEBWE, Robaveron HEERT EY/pE
BOIZNC EDDhroTl. COEER, COXS5ICH
HEEY, BRZO L OORNNERICEEY T
BTz, BRERE UTRET AERKSYFL
~NNDT H aizp profiles DI - A {LZREy I EsERE S
2T, BARAETERLTE, BESETUIZE
Hibhab.

PR TORE Y THT X2 THREYOV L O
Ot (AR YR O METE#EICRIEY Robaveron
OIEEHE L, ERL VB sBEoREl, E
B EEBEENE s 2ED I b a s P 7,
WALy ey — A OBEBEDEEERICI 230D L
il sh 5.

BRI, FIRE BT 55 L EROEERE DR
HITOWT "IR %KD, Robaveron DOEEREZITH
T BEME R REIITERU 2.

Runts (3, HEE—BEHHEEOSITH 218 2 72558
FEDUPEHeEY ThHL BN L, 16FOFHEER
FIT250B TN T, RS ICIS T B BB OB %
YEHIcRET L, WIERITS 2B REREOEER
wEE L.

LOXHTEBETHES, TRICK > THET 5
BRMEHREEIICET 2 Robaveron OIBEIRE %
OIEBFEOF IR, B—BMEEREEE L 54
ARV RV TR S RIBERBBEINANE TR &
Eibh3.

KEOBBI N 7oy — & R ATPase kb
ZHCEEE T BB S FR(E LN 0 Bl X U
D in vitro 1TISVT B WIEWDTH 2 v A pRE AEET
SFUT. F1z, fF, e standard model (T
LT, B EHRE B FiBEwie chz
Robaveron TIEEE U TBMEHC DWW TR LIz in vive
OEBREZBRELTROT E {HEMmLI.

(L) FRBEOFNVHF AT (3 7vv—4, T hav
Fo7, R, VYV —sBIEEOLBYE) ER
WWRTES B ATPase {3, 2 XyBENEE NHT 3
FAE LS 2R T

(2) s I OFBEME 2 & v v — LR ATPase (48,000
Xg yE) 1%, BEEOREITRERL, b X
PR E BB EDMOBRERBYITHONTE

BELHGEEZEDT. Lbd, T 3206,
Brij 58 OIEAIC Y » T BEOBENYET b b LB
~EEIT 3 2 B ENICEA S, ATPase HEHD
ERPEDLIz. —JF DOC OEFLETFICL OBEFEIL,
{RBER OF A EOFET 2 HONISDH6, 2 DEIEHSH:
HOEWAHEAN LB - BEI IO T 5.

(3) TR TAEEEYO 2 ERBICIWT, B ATP-
ase ZHUDET A T rny— W EKESTFHORERE
BB IC R, in vitro O Brij 58 DIEINTR, FHERE
b NI S IWREBEIRAIA & BHEE I L5 )35, Roba
veron ¥ BT X - CIERRNMETT AEEMERL 12

(4) B BB X T HRBEI OB & VB £
rwv—n BESEA BB 5 I RERERIL,
Robaveron #5c X - TEIRMICIFE Iz,

(5) EHEEY), THEEIYIS L iz Robaveron
PREUNRBYEC, 2 7oy — 4 (Nat-K*) ATPase
BENFNEINTHALL, Z OBEEHEE 2 L
THIZD, #ndHDHIKE, BROZILEED Hh
Dotz

L B ED 6 HEBIIC IS 5 Robaveron DH
IREEWERL, BE—BWERTI 2oV~ 205
HIBE i B 5 © L HSEBI L 7.
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