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Alactic and lactic oxygen debts after maximal treadmill exercise
Yasuo IKEGAMI, Noriaki FUJITSUKA, Miharu MIYAMURA and Hideji MATSUI

Laboratory for Work Physiology, Research Center of Health, Physical
Fitness and Sports, Nagoya University, Nagoya 464, Japan

Since Margaria et al.®’ first suggested that the oxygen debt can be devided into two
components that were described as the sum of the exponential term, the alactic and lactic
oxygen debt has hitherto been mathematically evaluated by the several authors??®4'9)8),
However, these investigators determined the alactic and/or lactic oxygen debt by way of
assuming the size of the some constant in the equation or eye measurement, but not the
so-called method of least squares ; it will be not able to compare objectively the oxygen
debt which was obtained by the method of previous authors. The present study, therefore,
was made to estimate the alactic and lactic oxygen debt by adequate mathematical model.

The subjects were five healthy males (laboratory staffs) aged 25 to 33years. They had
the experience in maximal exercise. All experiments were performed in the climatic
chamber under controlled temperature (18+1.0C) db) and humidity (60+3% R. H.)
conditions. Maximal exercise test was conducted using treadmill with constant grade of
8.6%. The speed of the treadmill was chosen so that the subject could run for about one
minute before exhaustion. Oxygen uptake during rest, exercise and recovery were
determined by the Douglas bag technique ; the volume of the collected air was measured
by wet-gaso-meter, and gas analysis was performed by using an infrared CO, analyzer
(Godart, Capnograph) and oxygen analyzer (Morgan, Model 262 D). These apparatus
were calibrated frequently with two calibration gases that had been checked by the
Scholander micro-gas analyzer.

We assumed that oxygen uptake during recovery could be fitted best by one formula :
Y=c+a, exp(—kit)+a, exp(—k,t), where Y is the oxygen uptake during recovery at any
time(t). The term a; exp(—k,;t) and a, exp(—Kk,t) presumably represent the alactic and
lactic components, the amount of alactic and lactic oxygen debt is equal to a,/k; and a,/k,.
Thus the total oxygen debt is equal to a,/k;-+a,/k,. The parameters in above formula were
determined by the least squares method using NOVA 1,200 computer.

Adaptation procedure for
Y =a,+a,exp(—a;x) +aexp(—ax) (a,>a,)
a,=c
a;=a,
a,=k;
a,=a,
a,=k,
Suppose we have a set of n measured pairs x;, v;, i=1, -, n we try to adapt to above
function.
Define :
V(X)) =a,+a,exXp( —ax;) +aexp(—ax;) (1)
for a given set of parameters a,, -+, a,. Adaptation in terms of a least squares fit is reached
by searching the point at which the sum of square difference is minimum in the space.

S(aq, -+ a4)=i§=1<yi—y<xi>>2 (2)

o LREE, BREEAEE, EHER, RASBE  AEERERAMEAE RS v &~
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The minimum value of S? can be determined by setting the derlvatlves of S? with respect
to the parameters equal to 0 ;

05* _g k=0, -, 4 (3)

aak ] b

(This is a set of 4 non-linear equations).

However, 'it is difficult to solve these equations directly because of non-linearlity of the
function S? with parameter a,. Then we expand the function S? to first order in a Taylor’s
series expansion as a function of parameter a;

52~Soz+z(a§; ;) (4)

where S,2is the value of S? at some starting point and in where the values of the parameters
are a;’

n
Soz=i§1(Yi—Y'(Xi)) . (5)
where y'(x;) is
v'(Xi) =a,'+a,'exp(—ay'x;) +aj'exp(—a,/xi) (6)

and the da; and increments in the parameter a; to reach the point at which y(x) and S?
are to be evaluated.
To substitute (4) into (3) lead to:
ASE _ 3S¢2 | < 9% _)_ —0. ...
02y - 0ag +;§j( aajaak 53., =0 k—o, ’ 1 (7)
The result is a set of 4 simultaneous linear equations in da;.
Defining the matrix « and g as

2
e j, k=0, -, 4
S _1_ 925,2
®TT9T Gasoax
(7) can be written as a matrix equation,
ﬁk=ﬁ}0(5a,-a;k) k=0, -, 4
=
(or)
B=daa
With the inverted matrix ¢ of @ we can solve the equation
da=e (8)
e=a! (9)
and the approximate solutions of (3) are
ay=ax+0ay k=0, sy 4 (10)

It can be shown that iterative recalculation of a, by (8) and (10) always lead to the
solution of (3) if the starting point is close enough to the (minimum) point where S? is
minimum.

Furthermore, the “standard errors” in a; (sax) can be calculated from

525 k=0, ---, 4 (11)

Fig. 1 shows the measured values of oxygen uptake during recovery periods in the case
of the subject Y. K together with the fitted curve (Y=c+a; exp(—k;t)-+a, exp(—Kk,t)).
Despite slightly scatter fitted curve, it agreed very closely with the measured values. The
same results was observed by testing another four subjects. Table 1 demonstrates the each
constants and its standard errors estimated by the fitted process as described above. As
shown in Table 1, the standard errors of a, and k, were a little higher than those a,, k; and

2 —
0ar” = Exx
n
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Fig. 1. Oxygen uptake during recovery for the subject Y. K together
with the fitted curve.

Table 1. The results of exponential curve parameters and its standard errors.
. a; Sa, 1 Sk, a, Sa, k, Sk, c Sc
Subjects (Lemin~t) (min~1) (Lemin-?) (min~?) (Lemin™1)

3.351 0.307 1.663 0.173 0.487 0.309 0.098 0.077 0.275 0.063
2.029 0.088 1.532 0.064 0.522 0.154 0.110 0.026 0.254 0.017
1.894 0.098 0.833 0.101 0.528 0.091 0.086 0.031 0.311 0.024
2.425 0.092 1.257 0.088 0.436 0.134 0.093 0.041 0.296 0.029
1.747 0.289 1.733 0.459 0.930 0.860 0.270 0.135 0.294 0.027

Z <90 xR
mw R 2Z <

c. This seems mainly to be due to the numbers of measurement of oxygen uptake ; it may
be more small if oxygen uptake during recovery was determined with more details.

On the other hand, it was found that the average values and standard deviations of
the alactic, lactic and total oxygen debts were 1.71+0.47 L, 4.80+-0.86 L, and 6.50+1.29 L,
respectively. In addition, the average value and standard deviations of the velocity constant
of fast component (k;) was 1.403+0.328. This values appeared to be within the range
reported for human subject during heavy exercise®, but it is about the 1/2 of the value
evaluated by Royce” who measured k; in 2/3 max work load. These results suggest that
the k, value may be change more or less with work load, though Berg! have reported
that k, is independent of work load within wide ranges.
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1. Ouabain [= & % Na efflux oip4lcds &
[Z3HEREA Na ofR

EHEFE 8B, b8 F, FRIE, FLUA—,
BEERN WHEEKX, $#4H)

F = VERFIC insulin & ouabain & & [[@gic
5% 5L, #5EiEET% ouabain OE Y insulin
BEZICEEOH LTI ECHERTS. ZOFE
# 5 Erlij & Grinstein (1976) I, &1 active
feh o & latent 7§ D & 2 H b, ouabain %
active 7z 3 D & DLFESTH DT, insulin
latent 7¢ % D% active igd DEELIRD Z &
X - THiE3 % ouabain OEHEA T 5 L#
2 TW5h. —F, Bax OEEHEE L insulin 23 Na
RO LNT D Na B2 EmD 5 2 kit X -
T, Naefflux #HAZEBZLERLTNHD
T, ZD2ODEERLLFELTCVD L5
2%, REBRIIZOEEWHL TS ACHERN
Na BEOR D M0 (high Na & low
Na #5) %M\, Na efflux izxt3 % ouabain @
VEF 2 B IE Uiz, ouabain o#I4IshR T
high Na fiDiz 5 2K ¥\ 2 EHED bR, &
1., ouabain #FdE % 7= Na eflux o Hif
P Na JRERIFUESRFINB &, high Na o Na
efflux vs. log (Na}i Hiffi% low Na § o £ 1
X vAET (HkEP) Na BEOBWJT) ~BE LT
Wiz, DlEoZ &5 ouabain (3 Na EHEE L
TV HEELERNREA L, Na efffux 230
F3EELBRS. %1, insulin A% Na #%E%
DHDITO Na R ED B & Na EBEH LT
WHBGOEBEAL, TOBEHCHEE TS
ouabain DENEKT B LELLNS.

2, BBHROBRFBEICH KT HEROW
e

BRI, B &, HlUA—, EEF—E,
JLFR (BEEX, £4H)

—i% 1z, mitochondria ~DEAE DB LRI DO &
mitochondria 75 Ca*t IR %. Z0H
SEFALT Catt o § filalfics JiEd%

B, BIOW B HRREEMOE (Lt ion
BYEDELIOWT  #&E Lz, albino mice H»
DT AR L, B CEE A E - T
W B R 2 Bk L chamber WEE Liz. ¥
WHe1395% 0, 5 % CO, T bubbling X} pH
74 i Krebs-solution ©h 5. 77 Ak
INEMEE pH7.4 © 2M « K-citrate #2557z,
BREDL 100~200 MQ D% » R L. 111
mM glucose %% ¥s Krebs-solution sz C &M
B MR HIA L, i burst pattern %
BLI, BE 0, % N,  TEBR L. HBH
B3~ 445 UURBEMIIR 2 RSB LIZ U,
10~11A5#ri3i 10mV SBSE LCEERE
5. WEHRF N, % O, TEHR TS LIEEMI
EHBoE LI TS, 2~ 3 5%iciRs B
X 9 $10~15mV BipmEoE e b 7~ 8 5tk
Citd LOBEBIRS. O, BT T, HEHW
o K* g4 47mM 2 94mM, YT 141
mM 3% L B MREEA IS OB D 8 mV,
208 mV BioBEAI~EIL Lic. Zhics ULC#ER
BHROBE 0, & N, BHBRK2051C T, ERK
fip K+ &4 94mM, kvt 141mM 5
LR BB EMIT S DR D 96 mV, 24mV B
rEfl~ZE L.

3. Za—H=7EHAOEEERNE LT
EHHE

dTHEM=, & 0 3 HPERE, WBE B #
Bl (REEX, $B—43)

AFT = —F = 7 O UEE TR, B
DEMmIZ 13~16C &L, HER27~30C &
EEChE LESEXRT B —FERI g
BOBAEENIZEA EELT, FERTERT
EFELTWS. FERIEAES LEBEEI
hTw30T, REROKRBECHRFALIEES
ED X 5 1lg» T B M RHERE. FERD20
FROBABFISEOHERHE X 75 439
cal/m?/hr Ch-7. 25C, 0CHOEEROLXE
BHCHHEE, FhEh 400 cal/m2/hr 35 L Of 41.0
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cal/m?/hr Th-tz. ZERCEMHTTORRA
BroRHHABER, ThXh 440 cal/m?/hr
35 X% 476 cal/m2/hr C B -t-. FEROHEE
BRBEH25TC, 0CTORHHRARZ LV F 0
B, BEROEENSISTCERTEFLL
5O TEABRERERORFRECIL>TW55D
Thb. FEROTHRABESLAAAL VDI
Wik, FEROARENRE LLBEATHEZ L
LRGN BB LHEE I WD . REROZHRAH
EFBESREOERD > THIBEALEEDLRW
o, BEERFBREROZEIh T, BERR
OELDRBEER S JIETEE e tolciz
DTHAHS.

4. EEEAREEREEOKEICET DRERMIEFE

R, NEEIT, ShUEE GIEEX, %
—HH)

X EE bt ERMESEEREY ¥
B 5 HEEREEOT (L L ow TR Lz
2, SENIKBERERS JOERTR MR B
3Hz »3\ 1 100Hz 0BZHBEE2 52 &
wlb, vkt s EERERFOERCE
REBE Lo 9FeonT, SEMENEC XS
ROHNBEERER, KMEERNNC X 55
HE, M3 B, Refgko 3 RERCRE
B HEE LERY T, TLTIhbOME
ZE XIFTVvbh Y B MEERFEOGRIT OV
THHEH Lic. TOBREERERNCKT 21E
ROREBCBIFREN 55 LEL BN D EAE ORI
T, KBEMEROE & MSRRE OB
S UTRIRAE, B0 & HEes LTipiien e
FEE R JIF L, \RTRARRLELE &K
B oEEIc LCREE, Hitext LTl
S EER B XIET 2 ERBLn e, D
WOEBHERNRBT X 5 EREECT T o MEER
EEOVERA XTI FEE T, Meclofenoxate {1
KRB FERBOC X 5 ROH & IMHAESC BT
B LCEh W 51EA %Y, T
TREAESRABC X 5% 08 L HEoZ ket L
TL4 T 5 EA% R L, CDP-choline i3 AR
IR X B SRR B AR LT
BET B ERER UL,

5. U/ EORERE & FHCYHBE

FmEMN, REFHEY, LBEME, FKEEZ
Rk, B, o4l ERAR - BREX, R
)

Y v REROIFFRACALREIC S\ TR B
BATEENRE L, hicfilapg~o Ca?t A
AR LT A ELAHIERE Lic. SEES T
BEMER D OEEETEEGI X h EFE
BRTFORDO L ERE 2. ©F v PIRY
VARREERH () U vosEReh LS BRI
faoE& T E-. EEFERILEE S villous TH
%ok LEiE R ridgy ©hs. =9 AT-Y v
7 & — < Bl (Lo178Y) o h bl LE L
kX & EEFARIL hairy THD. QFEY v <
BRo THME E BHifaoMiz, K&, RKEMRE
TR WTEEERZER L KFIT & /o . @PHA
(70%) ¥ 7z4x ConA (1543) M X b KafFHElg
11$930~40% 1z %\~ C uropod, ruffle, pseudopod
TEEMTOhBHBEELYRT. ZhboEl
e Sl OEFHEOTIEEZRE LT 5.
@NalO, (154r) MPE . L BEEEEBRLIC X » T
} RO EBELLRObNS. iz, NaBH, 2 X
HEITE L Z OB bOEREEANED LIS,
®Ca A+ 7+ 7 — A23187 (155)) MB i34
B U IAE LEMIE smooth &gz, Zh
b OBMERERY, FRICFMEBEERP I HETS
Ca® DAL, HifaoEBHM: THER I EE e
BREABRLTCOBEREEERE LT 5.

6. MRIEIEAIANDL 7 = v RBROSE &

ZOBELIRFME
RHEE, LBEAR, BEEMH (ZK B, #
A

BIEFEHRC L HEEMIETEFER LT
b Twb. &8, 5y MERY v 3kHkEpst
D VT = VRAFEOSEL L T OEBEMKE R
Bat LT of Ry 2 i, (OHBRAERE D dis-
Cs-(5) Bz MR OB D v — 713, M
BEE#Kie ol T 670 nm (Fg) 705 683 nm
(Fess) 1cred shift L, WFEED 650nm D —
7 (Agso) b 665nm (Agg) 1 red shift Lic.
IREBEOSEE L EBEOY— 2713 Feo & Agso
DAHETHwtz. Zhd b, Fay As RERPO
dye monomer (D;) WHE L, Fess Ages (EHIAI
P dye monomer (Dy*) w3 53 45 HH
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L. QEBRBEFRR CERREDOH -y — 2
(Azgo) PR E . (B)cell free & F T o
Agosy Argo & Ao R LT, EMIREELET
TD Asgs, Argo % Ages R LTI S = » b
ThHE, MEHETELZOEEIIN2 LH 8RR
Lic. Thi D, A 3B¥K T &l o dimer,
Avgo VXIAVEP L MIMEA D polymer X B b D &
HeE I 5. (4)Valinomycin FE#E T THRIRISME ©
Kt REXIET L Foo Ao DHIMPBR LI,
zhix, EEAOBSBe, £ & LT D
D* oS FEL T, MlENs b %I P
dye BNEHE I hicled&HEZbhb. (6)Fg0,
Agso DELE B S FiIC & Y EBRME LI ERER
R INAENIREINS.

1. VE RZ5 v MROBROELIEEM & EE
EFE

LME, B ORKN, AR B, BEL (R
K, B, HEE < EERY

VE RZ5 oy PRIMIRELEE T » FROROER
FEFEMTIHEITIZITE LS, ERRIBcs 35
Begattix, VE RZ5 » PRIEROFT 2L
KECENRRB SR, BIROESEMEX, HRinzk
W%, gl 5, vortex mixer T
P Bk, B T R LR EE &N
XBFEXACTHEARL. chbizbhibhol
Bl T Th S .

VE RZ 75 » MirMER%EY Oy (~1 HFvsF
VEFYVFUFF VR B K S TER LK)
CRETH LERERCHEmEY L. EET » b
FEERA O BB LiBAwiy, EFe Fikm
HoBE (ESTERT AT RES) LRk, 7
et (NHRGER) - =AEEX, BEER
X OBERENERS BN, IRE L EBEH OMHAEEA
RT3 E#EOEL (Ay IR -
T, Ficls bound spectra OHBEAR L)
RRHE IR, BIRCREShol. L2 5
2%, VE RZ 7 » RSk VE Sefifsisi s
Mz sE, O BB - THEMbHEmS 4T
HHEI EERMIRER RV 2O BEL R
WUl DEoERMS, BB E %08
FHETAEELRTI, BEELEAOHAIEA
Thh, Fio, ERERS & LT VE SBRARL
BAEETHAIEINRE IR

&

2
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8. FEKDHMER - ERNEREE

WnHE=, @FRz, BE—-F* shkigs,
JNARIER, ZEMEER (KA, BEEX « KRE
Ey N ,

FEDORDECHE LT THby L5 EEkmE
EBITRAE S BgES . KRER T, KR
MERWEE L LT, KRR - B0,
DRB: (B3 LOHER), DR, BEES, B
RET RS Le. & bt R e 3Rt s
DIFE L LT ear oxymetry %17 - 7. BEREZI
ik, BREK¥ER =275 BT, £EOBE
BeRx vl LERTS X R L.

DG & &b CEIREIIF A FEAe i &
A, DIEEREHEIN L. RESERIC I bz 7
Mot FIOMEERER LB IR, ToK
BarEixzh LA, Mkc 2~3~4Hz
KRWERHB L. TS, &R & i# <
2, by AR 7o 10 %, HEEBARE
R CEB CEBCR -T2, T0oh e, DHEL
HIRE - Th Zh R OREA B L O HAER
L, 1~345CcHEBITR >7. ear oxymeter |
X5 &, BEREAFELL, Ty ORIt 2~5%
WA Uiz,

HAEBRR T 5 R 2 Vi LORIE K %, T%
b1 BB THE L. &L OfTIE b Btk
TRIGRMCZER L, Pk by BTRL
o TnBbDdBHote. FREITERETH
BEFzlebo ik in L, by #BH- TRk
BUNLIENSI LD Hote.

9. EHEY Y £(CH TR OHEBYLTE ORIT
hOER, DEAE (ENERER e v 2 —
W, D)
BHEOHEIERCER L T35, o
e bR O CORRIR . £
CCHHRTBHTOYF L2, Frai—x—F
R X v, 2480 ke B 5 B0 BREELT
W Uie. 2 0fER, REEIRYZRT6, 'H
BIRERTH, B IOBRECE ) RE LG
Richl, &L LTH5 Lk X FFHE LOTH
10~12K DR TR A EEI 7L, 1 HOF
BB EY R L. fEECS T 1R
B ovv oY v Lic B0 S EERFE D
Bifhx 1 HY D T4hB &, 1 BFEELMENSE
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PREINRALT B e oh TEEREIEADETH
L eBBPRESL . Fi, £73FroOn
<F0 1 BN L EEREOB K 2 F X
5L, FIlROv ¥z K EBRFEEEETED L
. RERIOH e A T 7T A bR (S £
47, Bl (V&4 7), SIVHPRICE—7
ExETD MaA7) #x—VvEGETE
o b, BEET b e € vB IO BIENA (1
VTS —L®) RS LLER, ThZheEk
B IOBRRODEN BRI, WTFhoBasd
BFENIZERCRY LEIRE (©—*v7) B
Zbbhtc. D Eoikix, BBRTE T CLm
Aok XOERDO AR HT, TOXEEC
Wb TR X ORI R R A L B S
LTWAZ ERRLTWS.

10. EEIR &HAHEIR & 0F—E

% Bhz, VaiREA ENERRR 2 v X —
oF, OB

RO LEHERROKR, DEIIEEED
INFEIK (end systole) &, ZDIMHTDKKRE
AThHHHMER (end ejection) LIZHTLD
—Fe$, BAT L » THRBLEF—FENR bR
BBEL 55 EBRERBTMONTEL. L
LLBAWOEN, B, BERGOEOEDOD
ik, IURHR-HERHA—RORE & ©
BRI RATHS. ZORROMYioE—dE L
T, SERTEEETHOHLINLLER, i
B4R, BERS LExROMIERY &8 LCER
EafcHsE LUDE—ATNREELT, Z0FRK
DEUEFLTEN e VI b—Y g VRIDR
L. £23, R, LoFikl, hod=, &
RN TE CHHBIR Y SR ELse, |
MR BRI Ree—%KTH0i, R, L
R—EDBREY EHBEDHRTHHZ LR L
Jo. Licdi- T, FBRYE S IEER 2 [
ETHZ LT LIBEAL TR WEE XL b h
5.

1. RS BERCETIHERE
EILBEEA, KTER, RAHFE— (KERH X,
B, #-4aH)

mERZED hEXES HlasBERO—2 L
LT, 79€7 (7H>7) TABRIIT A

& B &

BERHLD, BEIESETH T, bhbhid
CDTFETTARNEBLT, BHEFOTES
SEWRVESL L,  OMIR, SEEEZ S O HilE
cHT L HERRE L. TIET7 T AREKEK
CHBE UL, =& —A%ine TEEL, £
T-BEY R E£DCERE, BRC L. Thik
CHRRL, BRI C—REBEBE LT, Bi5
MR, LR pH R XORBELELKL,
HEAEE L. cheT7 v 7 AREALT, 2
BEERRE L. SOHLWT I ET TADR
WL FANRINS ST, BREGY, HE R b K
pH &R\ T, RO D LFEA EELH eh o
5, HERETEL, BEED 120mOs &< /s
> TED, ARCHEER DD EE L DR B, X
T2, D75 €7 L AN 4 CTIOR PRI
BT e L, MERE Licb o Tix 14
BTLE BB REN T, ShEAWT, 7
v MR Y v iR EREROHBEC LT, 3
“>¢> population HEEL, KDL D LA
BIFcEEL 2. bk, HilaotRoiRAR
i Xk % viable cells 1390%C, RNA &5 4 DNA
ARzt s Con A % LU PHA i35 Kt
LRIFTH-T:.

12. 3P NMR [CLBERVF¥EBHREY ¥
BtahoAIE

ch¥#E =, 4 2% B. Chance*, R. D.
Keynes** (FigkIUELX, FE—EE « v vrs=
TR, CavVVHIFe r v Y, UK, ST

TE v F ¥ (Electrophorus electricus) FE%
BTORFE L Fhicfes phosphocreatine (Cr-P),
ATP, Pi BEOT B R YT T 5 kO T £ B 217
—7-. Electrophorus (I¥iEEHEI cm 0 Xwy)
Wr, k¥ Ringer Wi, AL L cmX
08cmx 2cm DX X X electric organ %] H
b, 20mmgNMR BiciBA Lic. %P NMR %
Bruker WH 360/180 NMR Spectrometer % Fu»
72.86 MHz CHi%E L7z. Electric organ »H D
8P FT-spectra i3 3 I3 BEHRBOTh ERLT,
Cr-P/ATP iy 1LOCHRICBE Lic (L33,
41% p.42 ,79) brain DZTh X Y HKEMh -7
BERE D% KCl ZERFEIL M W8 IR
field homogeneity Wk & is#u 5% 3, Bl
7oL Tx bhi-o iz U spectra 25 2 b h



#-. 100pulses/sec, 40 volts, 0.5 msec duration
T 2R Lic L ¥ Cr-P/ATP [hidfy6 ¢’
60FPHIEE TH 4 IRA L. Fi, BRIEEK
T Cr-P B25R4+ 5% oy, Pi peak (338
MUieas, ATP Bz LA EEDh 1.

L% Bz, electric organ OETE L Thicft
5 high energy phosphates & %P NMR K
I RN 2 ATV, Rl AR 5 WHRIE & LT#R
I N BHES NAD ORBIE &\ - fe—BHEL
DOEREFRH L.

13, BESHBERCLDIHFERFEOME

HEEFE, M2 18, wEIEAE, FBARF (
REX, H—43H)

BRI C O BRB OB, RERE
FERRSRARESE bR, KT X OiREk
EREEIN TR, ZOHETRREOE—E
DB DESIREEAS7 A% 5 5o LT
Thote. FHEANZ « 7 — ) =BHBRES I
BRI hic AV ARSB AR T, BB
PEREMR X, A7 bARE—Tc¥REE T
WETHPXRIMEAN7 bV ED B LENT
5. COFEERATAC L LY, AGER
DESBEEA 7 + A CHRIETRE 5T DR
D THERRE & o,

#83 JEOL PFT-100 NMR (H : 100 MHz,
P:40MHz) T, Ye—70EFH= A VvOBMEY
i X SRS L F—J7 R H40 gauss/cm DR
BEAORYER e, BEARROHE X Hahn
DALY o =2 —RRHBAR VA g BN,
90°-g-180°-g D AN ARFIEZ Iz, DALV A
BHhc X v BRI RIc= 2 — DIEIRE, Flixzo
7 — ) =FRB OB MRIEA = 2 b L TOIIEH
DOEEERD, WHAM VA g ORFERRHE &,
& v 7 VIREE DA OB H HIKBERE R R D
fo. TOER, H= A HEPOKRLBELAS DI
BT, KB DR DR DD T DINERK
CH LTI W EBRPELNET T,

SN

A

14, Phospholipid dispersion T o it &
Ca** piRE(ERA

FNIEAE, HFWAE, ZARF, ZE 4 AF
(FFER, E—4E 1A, B, B

BRI (NMR) A7 b A DIRIGHRON(E

# 61

B3 8 5B F o mobility %33>3". phospholipid
dispersion DBHFEIALO Y VIEF D ¥P-NMR
ARy PATL LR BAEERL, Rl —A b
BoBEIZIESE Ly, £AEEF 2 2 LT
phospholipid dispersion % F \», BRI D
mobility #¥{HIFTHEEL, D Cat* & L O
cholesterol 1= & % B b, W EFTLL
Cat* O EF A % BH L. FABhEHRO
phosphatidylethanolamine, phosphatidylserine,
sphingomyelin & - O°
cholesterol % f\» dispersion Z5F8 L7z, HIE
#B11 JEOL-PFT-100 NMR (40.3MHz)
proton noise decoupling % ffFf Liz. HIERE
1324CTTH - T Catt e X 2 RIEOE L,
Sph Tk, PC Tixkd, PE LPS Tikk
X HEI L. {b% 7 bk Sph & PC Ty
16ppm, PE & PS TCliig s A Llhot. D2
=, Sph & PC Ti% mobility {I/h& & »»o
ordering 23k &\+. PE & PS ti% Catt & Xk
% mobility DA ITKE A ordering X7\
L\ % %. cholesterol 48 Cl¥ Sph Cfruidiz-
ing BN L5, PE Cli condensing ZHEMN
iy Catt ¥Rimiz X 52{kik cholesterol
DR EF U Th -7, phospholipid disper-
sion “CH bR Zh b OFKRIL, RMB=—2 b
L Catt OMEMFRCLIBRCRE—HKT S
HDTH5.

phosphatidylcholine,

15. tRIEEE OB M L RMERBICOIT

¥ U, BRELYWELA, B, SR
WHEEA, BR*)

7 = ARG X OEIRfR D 2 ORI
MHEE L, REFREIE502nm, BEFRET
1 432nm, ¥—gERMACIL 575nm, BEEHEREC
X575 3 L0502 nm T Amax &F T HEWEN
HFNTVWD. KRR TIEE LTHEREEDE
5 LRt & oBIRE LB BT,
HEE L LTt ERP DiEIEY, SRZHEL
Tit 10pV © LRP % Jesk 353658 B % Hl &
L, B TomEx sz, 1) B—fEREwonT
e N7y vaBaIeig, TREL LT 48
nm ¥R MBS L bRENX % A v T ERP &
LRP 0BE%RD % &, LRP DORREER LA
LT ERP DIRIERSARD ORIz Lhb, #i
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WEECHA L THRREMROE TR b0 L
BEhD. 2) 502nmiT Amas ¥ET HEMMC
DWTIE, TREE LCRAXEYBHL, BBk
UELIEEVT LRP oY RD5 &, 0
LTt 5 ERP 13, X & UCEGEHERE,
LRELTWARDEEL bR, B—HR&kLR
B GER L ERZH & O IE L FIR 7B
FhED BRI,

16. BaR~AES0E Y (HbF) o #ilME L @
HEERSCEM pPHEIC DT

ER & B RHE EREKX, g4

HbF 3 BE5L39EDT I VR B T% 7 84
*#3% %, DPG &4 HED Hisl438 o Serlddy ~
OE#BZ XY, TO O, FEFtkL in vitro T HbA
X bh&E<, DPG DEFET CHIEL B L&
hTwa. 46, @ik pH & (1=002) To
DPG & Hb oMEFARBEILT HbF L A T
W@ Li-. O, #5 ; HbF o O ,BFi3, DPG
free ‘G4 pH %3 U T HbA X hi{E<, DPG %
ncEetE pH IR CiI{EV2idhiE pH Bl BT, B
{it®%. DPG #HEix pH58 TRETHY, +
DOFIETHEMTS. » fEx F, A 3t pH 0fE
TTHEA L, pH47 T 20 L7c%. DPG %
T HbA © n {Hiz ER$ %5 HbF T3 REMN
L LAET$ 5. HbF o Acid Bohr 512 DPG
free TA X h/NX < Ho DPG EEOREIN & 3t
BAL, TOMMBECRAERCRA—Lk5.
~ A DORMERUS 5 ~ > 80 HEIFELE B E 5
DPG free (pH4.8) - HbF, A ¢, Fh#h 0404
h-1, 0.202h-!, DPG/Hb=10 ¢ 0.676h~!, 0.249
h™! CH%. Deoxy Hb Tit DPG ¥imz X b
HbA iz F clh LEPRBERIEHH S h 5.
DPG #4523 (pH47) ; Deoxy HbF, A TF+h
Fh 91x10'M-1, 1.8%x105M-1, Oxy-HbF, A ¢
31x104M-Y, 1.3X10°M! TH 5.

D EDERCEE, ~®7/r e voBRBEEE
EDOHEERS XOBENERE 0L T -
WTEH L.

11. i oEERERS v -4 Y 20F1t
FIREER], N EBE, &F EE, $HEN (X
REX, #—4E)

BRI K OB X DEWRRBRTH L. HWH

WA % &R ANE IR A UBR I~
ELTHWEh. SOMEfROBErl v
— &V ARPER X VAN, BRI RO~
EALRER T B MRAIT I A, MlaskEL
R X85 fedic 1000Hz OEFI A HV, 1 v
v — & v ARSI RS L. RRFcER
SWELBTFRAELACAEL, THTCESL
7o, BRI in vivo TIEH MPEIRAE & MmHTENIR
LTI -, EFMIRERTIY, BERMENH
X ) KEBEOEKG WD Zbh, {1 vE—X VA
BEY DR YR L. WEELe X b oE
&4 vE— RV AQEERRD bR, —FM
TREHIRAB I, IR v - F v RIELL
b, FReXvs vE—-Fv AR 2Eeck
B 7. & ORRIBC X AERSINTE < —B
Thote. REEELL, HomitzHET L
A VE=FVARMETL, d LDV %TEE
Lic. &0 LR CraR s 3 4 i ik
CXy, hith RECBE LERKE LTHREh
B EEARTHIOCTHS. oM Miasgo
BEAIR E LTRETH Y, MRRSRIER OH5E
FELTHERDDTHDEI EERLTNS.

18, BANBRBRERERICE 2ZETEOD
o2 T

exREHE, PEETF, FHEMHN HEK
iz, &% &2, 4N (KIREX, $F—458.
— RS R

4%, 9+, =7 1) OEHEDON R &
L, EbRREERPTIHERE L, FOBEEEY
RFaEl L, BEEELT-7=0%, Hiz H500
BFEHE L — 21 Y A5 5 (Kevex #hfill= % L
F-SREXERE, SWEEEE) CEFRRE
HXBYINBAH TV, SELR O WIRE
FEHRAS iR X OSBRIk > £ oL B4 ik
L.

43, 79 bRIC=0 1Y EASWRREM
HofE iy, P, K 8 X0 ED Cl 2L
o SWERRCE S, K, Cl KXOVETHD
2 Ca AZE»bhi. Pilocarpine (K1l
0.2ml #¥) ¥ X0 Ach (A ¥ 107*M) O &5
Pl AN 5 &, HlaER XOFWERAK Na,
Cl OHBLTD. % 7o 1 KB EME N
Bo K OREOWESL, =F31F -5HE R~



7 b5 AkBTSH K dpeak/back ratio %l
THLEEE ST, 5 147TmM LH#EE L.

=7 b Y ENGBRIRERC v Tk, =
7 FUEBHL b % 7o Catt-Mg*t dependent
ATPase b5 vy FHifka A\ 7o Ferritin
- REBERC L o Ty g AR Y 7 ORBRE
HEAKIC. :

19. JE5TBF endoplasmic reticulum (in situ)
23T D EMACHIENRE

ZRERT, AR, N GrEsa v
HA =V AP PR, EHET)

FFHfa o endoplasmic reticulum (ER) i\
TE L OEYPIKBEE NS = LB HibhT
W5, FIlCHEE: 7w v —a (Ms) HAVWIcEY
Rt oW CoOREISED ., FFHCHESh
Tws. Ui LEERRBOMIEP ER kst 2
EHRB OV TOREFEI . SEERFY
AT ER e isid 2 B RAMB B £ STk
THEES Uiz, (J53:) phenobarbital 4L Wistarsi
5 o b OFEHIF% Ringer ¥ (95% 0.+ 5 %CO0y)
TR L, B EeT 22 R 7 bk
Organ Spectrometry ¥ (K& H852) X hiEd
&:1L7-. ¥4 L LC aminopyrine, hexobarbital,
benzphetamine % A\ o, (FEER) FEHHR 5
I bhBpEAR P L, 390 nm RIS
K, 420nm BB NE o5 4 7 THEEOKRE
fef B2 A7 b %R L. benzphetamine (&
LBEANRY + OBRRELEFHNIER, EY
EABHOZEAR7 bL, B Ms s %
NADPH /IR 0EEZE A7 F VI LI,
BB s LM T NADPH FRinksoiEEzE
ARy P AR L. (B M ko RBHER
AT A ER CriZgEiEmc s ¢ NADPH
RBHEINEEEThD L ERBRTIOL
Ezbhd.

20, BRGIRIBEIRBREEAIICY D Ca 1
M0}

N, ENRT, AE R, BHER, B
W=, N, BA S (KREX, 24
)

B’ H = VB RS O B % A B A
i Ca %7c134& Ca Ringer WHERL, T O

23 63

BERoBEE, WA Nat, KY BROFEE 1 4
VINERERGCTHI L. BENE Ca Wi
MTE 2 OB ER2 L, FHBE B E &
I fifa Ny Nat s & K o#iing iy, 608
PAR oo e B, Na*t #350, Kt W%
B Ut B Ca YN T 2 MM LD
by, —RRcBERS®E, Nat i, K+ b
EL L. KB LT VOB LoHEEGRY
2B &, B L ARORERRIIEI b
-~ 7z. Ca-ionophore, A23187 % [Eisic/EEMIL
bbbz Th CaghREdiinhote. AE M E
Ca JEWTIE Ca DFEF & 13 TROKIEIH
bivie. D EDRRY S FEEA~D Ca g7,
BRSO ERA L CE L L € Nat B %
TVF, EricBBEYRIEHLOTHESS. L
2L, COHOERLHABIMERN A - &
Ca™* 2R o P D FBEBATIC B o R &
Zxbhs. Catt Ofifal»bOIERBRFL L
Tk, E£& LT Nat-K*-ATPase # i e X %
Na* 8B v 7B, —#itED K+ w45 Nat
DL EY: (Pra/Px) 0K (Nat OFZEIRESR
oK) ¥EEkTHLOLEbRS.

21, WHEEREARIAEEIZICES (7 B HCO,,
ClI~ Oz tF
EHER, AH R, BETFHR=,
A S (KEEX, $24H)

1) =@ K, & #-1% Cl- 1 4 vER%
ATl O BRBEOB E R Lishib,
TEEB A R R st 5 HCO, Cl- o
R oOWCHRE LE. 2) FHTEEM 2 &
K* W C#fT 5 L MBREOB B 235 23,
& ClIm WCER LTS, M- TH mV Of5
BERTEES. 3) REMZERMEE CERT
5 EENRBRSESY, ¥ 7An ) TR
SHEERT. 4) CIm oFRBCR T, Ei2
RAIE ORIBIE T, RMERE»LHEARALE
SAEHERCLR EVHTHSD. Lich-> T O
Tk, Na*, ClI- ORMIlaRRRST B L,
LA Nat, HCO3- o ZhHE % 5D 5.
6) —77, ¥Rk Tk, FERAZEERE T
EERLCLE mV LRGSR LIRS T, BE
P B &I = T, R Clo
DOHFARATEKILHERNC T VR LD, 2D

R, B
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AEED Cl- e LBV EBEE R T, Lies
o TEFLTCE, Ee Nat, ClI7 OBIREIT-> T
W EELZbRS. 7) HREEERYE-> TOER
B, T Clr kT 5 . BEfRAEL
Brbich, BEERCTHYETHDZ &b,
Cl- DZOBEEXNMTHRNIFFEII>DH L
Ezbhb.

22, faik4 # gt =& pH $ ) EEORIE
EZDEMFERISA

BH 8, TA%SE, BER=, LK F (K
REX, $4H)

Wipapy pH * EENET 5 BT, RS+
o pH #hEBERIE L. 14 VE
#7013 Na-Nigericin % 10% (w/w) O & & &
3-Nitro-o-xylene = ¥fi# L, Tetraphenyl borate
w1 YBEMmZ CER L.

pH J5& L pH 5-9 ORE CEKE TH B,
Z O TR ENS. * o pH B3 (-mV/pH)
SR (E 25.7C) T 489+1.3 (SE, 174i)
Thotz. BLIGERETET 2-3 #C, &0
NEBHLUACE X E -7, A—EZER COFHRNE
i+ 1mV (002 pH) LI, 180 ZE G
+02mV BETH-7. K, Nat, Cat*, Mgt*
e B &y 107-10*M D& T 2 -3mV/
p (X) (XA + vBEIOSE(L) OBZHE L 2R
X7eupt, NH st Uiz 1071-102M oo
¢ 14mV/p (NH,*] ®#/RL%. ULs» L 1072-107*
MoOZE T 2-5mV/p (NH*) w®E 5.

L Eog/s pH Bl % Fv-TAEYHK pH X HIE
Lic. ¥3F2Ay=A0m¥E pH (7 5 AE®RT
pH=7.5740.093, pCO,=15.0+1.69 mmHg (SD,
n=7)) #PETH L, 7.55+0048 (n=7) TH
~tc. ARILHMRA pH (pHmuscle) & e
RanEimiap pH (pH tubule) 2 8IE LTH5 &,
pH muscle {3 6.98+0.135 (Ey=—74.4+10.64)
(SD,n=7)C# b, pH tubule=7.36+0.132(Ey=
—773+11.73) (n=6 ) Az bhT.

23, s DRKEEREIC K > THERSIAEE
EipoEEIC2T

REZRE, XH B E R K RE, F
HE=ER (REEX, F4AHE)

BERB X ABEEEETMA LRy AT

23

BE LK. T2ED T » PV, BRETCER
100 pm > A 5 v v A B & B LR i J1 A
Lic. A5 2 —2%@reh L CESRML, &
REIhHBERLEGE L, WHRE S IGER s
I OE—FIB X 5 BT HREEECE RIE L.
ERR T RS Y BEHE LHBENCREL
fo.

FOKAE R R 5 HFRET EE, BRPIRE
F3R oD RS HBE U CRIBRRE MK S, ISR
M.

FRDIR B B SR OB E B ORI 2 1§54
77 LT, ¥ 620ms LIFT 370ms g%
{oRIs% fast PVG response (FPR), 620 ms
LI 800ms & % & 2 K s % slow PVG
response (SPR) &40 5.

FPR {37 my %o —puh & {, B—HHK X
LBEBERFEELEL, v AFIRBORHR
RE#EA LT RINVEERCETAADRIG) -
Fo. ER-RE L EREE DML b T,
—7 SPR O¥ETRRARRRERD KIS X <
LT b, FPR L i2iE A %R Lic.

LA ko FPR OB L, FOKAEARIKE
FRPIfEE X b b ABE BEEEA R X b specific i Bk
THZENTRRING.

24, 5, I-DHTR=AES S v FoRIERES
BB, BB Rk B, AR
22CONRETT, BEERAAY =2 — Vb
FIRE (LV) R 7 A2 v E VR EA LIC T
vy NOREE (Ts) OB bx# 1EEHEEL, 2uv
THEBEESEYINE Lo Ts ER, Rk
%o Ts O TR 2 @EE Lic. 245345,
desmethylimipramine 25 mg/kg (i.p.) & BijALE
LT5, 7-DHT (200 pg) % LViciEA L. 5H
%, NEER LA UL TERYRASI. 5P
2 Gl SRRBRIA R b DX RSB O IR FHCE Li:
Ts OBREEL V&L, ook LTk
AEEERET, 160 ORI RIE—E
DERHER L. 1 BEREY ST
e, EER2HEELT S Ts BH%m Lic.
fs 2 GBI 5 Ts BEjAR Licds,
KRR TIINR AR ##9505T Ts 13 235CLLTiC
TholeDr i, BEEE Ts O THRERIE
h26CE LN TRLh -, Wb ERE



REBAERLUA 2601k LV @ Pyrogen ##HA LT
b BMELIAEEY, Mt e b = vESERRD
LT, BEONMERIGCHREr + = v
BRI L TR Y, EROHRER DFORE
EOBELYRIMLTWS EEbhS.

25, ELERICxT D2/ a0HE
AR, $HAREA, LUAHEE, Ik # /h
W, mEAE, NE %, AlEE GURE
K, 4w

WU PR MR R B AR ER e LT &
FILABRTWS. bhbhil, R R
I DEIE, PSS h s BN EEe R 5 B O
WhRFT B, BENG OB OB LT
REL, UTOBELEL. U, B
EOBIFI R IRB D b, 0.3Hz LT
DS NEE L L. L ERT A RED
Yoy —VRIBRER, BIO27 Y, 7EFE
b MERN SRR LR EE 2 T cbhe %
&, BLEROEREIRD L, = OREOWE
03Hz UTFORGTERTH T BEIEORE
1Ezh2R) . AR REPIXHBE FL T2 bh
fo. WS, BOBIE SRR CEEE (04—
0.7Hz) OB /s I\BP 2R Lic. TERB X
CHEEWIRERES) % 1T 70 % &, heavy smoker
TRWThOBEES, = OBRBNCIREIE R
BB Lic. light smoker Tit, &H
B D RIREDOZFE WA B H bk, PR
BWCX, WE L DTREOWANILS hicd -
fo. FEREECZEINRE I BE © b E IR
18, EHEECEEIITHE L. LaL, BEE
BhRE, POERIBER TR L BIE ORI LA BRI
mote. DIEOFER LY, Bl L OZE)RYBLE
i, BEHEEE R LEE TR s
M8k 3 X137

26. Fluosol-DA FHlck 3K £2IT o7
3 [z&l+ % Evoked Potential [ DT

HnrEk, WEES, AF40x, REEMN
(KBRHK, B, $—4H)

Faw AT & Fluosol-DA 35% o7z
R ET, £ OBOMREROEE KRB L
LH5 7% visual, auditory, sensory ¥ X%
BSR o Evoked Potential & carotid sinus

3 65

nerve discharge % a04¢ L7-.

TREE AR 2 OWREIRE X OBEIR~» = o —
VEEAL, RENR X D OBt & BREIR~D ST
P2 FRHCSEHE L, #9305 e 100ml i %
TV, FAREOBEEZ3~5EL Yz Lic. 5D
SVEME HRTR TR Lic. & o, EEG,
1 JE, % f& Evoked
Potential g 308 L.

ZDFER, 56T Hematocrit i (Ht) 5 %LA
T % T Fluosol-DA & X 2 ZcHilgyE 2 Ty Uiz
2, ToFIciL EEG, MURIRAE, IfiFIX control
E13IER UTHh -7z, &7z sinus nerve discharge
TREAD 0, PEOE/LR LTh control &
R DE{L AR L. F1:, Evoked Potential i1,
Ht DET > CTLORIBOE TS S h 3,
visual ¥ X fauditory evoked potential =33\
TiEE DA HBZE Sh, BSR OIEIE L BE O
K& bz, UL, HtI0% LUF Tl
R IRACRERSE T R 1 LI IE T 5 4
BHHY, TOBE, FTIFRONENHE L,
EEG m3F{t%s X ¢ Evoked Potential & ik
L.

sinus nerve discharge,

21. BB OB $ S1EH

ABHDPE, HREEY, FREk, HEED
(KBRTA, B, $H—4H)

G = L FBCRTF B EIIR > R« OPRE D
RFTRBEA 2 ER L, BIRFOC & 5 RS
REM s X OHIZERRE & 5RO KIEE DC-
7V CHEIE, RS L. OBE, RITEREH
13, FBMREOELEEEN 23X b HE:
BB ORI L. 20K, YV Fag v
1% 05~06mM, 7w i Vidfy1lmM FiTe
TORIGEIEE Lic. B4 v AL ADAT
DRES (BBROROMEEBEMOIRIE) &L
(A BT ) oXxEI LB LLL
B, AN DR TV BRET, T CIclh
DO LI BONHEIN:. ¥, REMOE
B2, BUoBS L VRS BIxLbhsBHENR
L, RFRREEIL, ROEBHEO KRBT
HHCGEERL, NEBAFE= o — 7 VTHEWE
AxrXiETeErbhic.

GABA, glutamate ¥5REOREDO K & & 2
B, FHRE &5 2 5 REORERE ORI E:
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HTE, chbOEFCHTHER = —n v
ROEBHER B DR HITE & A BB Linw
Eabhote. BB, BIEO glutamate Eht
BRI oREThrb BT, BB TH-
foh%, B GABA B2, RFTREAIR G
BB TH-Th, BREORITRER TRY
B2 T3 0nREbhi.

28. KR E#HAKME oMY + 72 TR
lc&lTd1+ v EBYE

EREEME, £ OEB, mARZE (K, E,
HF—H)

KIMEHE = - — = vOIflik s 7 ATRCE
V5 A 4 BB BT 5 Kelly b ORISR Tk,
—fHDREA A ViRGEAETRNTEBLETHD,
5B X OREBIEO B A LG
ThTW3. bhvbiud k= OKBMBUEHEARRA
Bl s\ C, KEM: IPSP w3 2 #ifap A 4+ v
BAORBHEL, Kelly b EETRIOFHERY
#7%. (1) Br-, I, CI-, NO,~, SCN-, OCN-,
ClO;~, HCO,™ SnIBBAEAL LT, BEAY
FRTCOFT, IPSP AL, BEEAK I -
TR R IPSP Ok & 4K Lic (A group
D1 # V). (2)BrO;-, HCO;, acetate, propionate,
butyrate, glutamate % © JKEFHEA K X - T
IPSP mi¥iEas % bh Bi5E 234 - 723 (B group
D4 A V), FOHEER Kelly bo#E LD bik
BhNTH o7, B group oA A+ v OIBIEA
X CIPSP 2R Lic b &, BBEARTTS
&, KEHoplicisCbismE IPSP oX & X
MEA Lic. Licdi-<T, Bgroup & A group
DA F vORCIEBbLN RSB EELDR
%. (3) F-, SO2, H,PO, , citrate ZDEAK
YoTIPSP o BL G EAE ZbhinhoT
(C group DA #v). (@) LEDFRM2L, Kk
WEHSSRAROIHtE sy 7ATR IC 3 W T
3, HHERH= .- vckT b L0 ETKE
\ pore B, DB CRHEIVFETHZEREL
bihd.

29, KN ERIKERS

[ I~ 6t NP 7 ¥ o8 2]

KRB » bR E S EEIL, *=2T
BRBOHEEESFNORT B EEL LR T

&

5. Lo L, KBBEE S TSR T5
= o — v Y OWMBR U BRI T 2 0 E s
OREIHRE Ih Twichot. REDOEREH
SFOFR X b, TEMEAMSCER T 5 K
BEER LOKRBE-TAY) — 7B = —r v
DRSS, BRECES L5 EBATRR
Xhic. b, 20X 5 TAMBRIRcHE %
525k Edic, BIRBOC BB &% 5 KK
FH=a2—r VIRBEVBCR» THEL, BR
B OB R EEL 52 D ARMEE =2 —r v E
3, FORMRVBELMCRLSZ EXBEIRT
W5

&mE it 2 ORRIZIEIRK horseradish per-
oxidase (HRP) %A L, HITHHEREEHRC XD
EHRIhBAMEE =2 —r VERETHZERL
Ly, Rk~ k5 i EE O AR BRI
B EOBERIEEICTRE SR B NENED
THEt Ui, TR, HRP X b Ei# 3hb
CREEORMEE - 2~ vBREL LTHEGE
CHEBTAZ A L. — 2R KB VB
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