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Effect of Physical Training on Basal Metabolism, — (1) Aging and
Long-term Exercise Loaded at a Moderate Intensity in Rats,
Kunihiko HARADA and Toshio SAKAI (Department of Physiology, The Jikeikai Univer-
sity School of Medicine, 3-25-8, Nishishinbashi, Minato-ku, Tokyo, Japan, T 105)

Effect of training on basal metabolism in rats by means of long-term exercise loaded
at a moderate intensity were studied. The Wistar-strain male rats were carefully bred
at the room temperature of 23.0-1°C and humidity of 60%. The first physical training
was carried out by motor driven treadmill for 8 weeks at a speed of 25m/min for less
than 15min once daily and 6 times in a week after 4 weeks of birth. Continuously,
the second training was carried out for 15months at the same load of one time per
week. Running ability and the recovery of glycogen in exhausted skeletal muscles on
period of the first training, loaded from 4 weeks to 12 weeks after birth. There was
no change on the basal metabolism between the trained and sedentary control rats.
In general, the basal metabolism significantly fell by aging, for instance, 24 months
rat’s basal metabolism was 63% of 3-4 months rat’s. The second training repressed a
decline of running ability and rose the recovery of muscle glycogen in rats, though
training could not be stopped lowering of basal metabolism in aged rats.

key words : basal metabolism, aging, physical training, moderate intensity, muscle
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Fig, 1,

Changes of body weight in rats from 3 weeks to 18month after birth.

Shaded circles (---eer(Deseeee ) . sedentary control. Open circles (—@——) : trained.
Each point denotes the mean value, and vertical line the standar deviation.
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Fig, 3. The recovery of skeletal muscle glycogen after exhaustive running at a
moderate intensity. Uper panel represents sedentary control and lower panel repre-
sents trained group. Stippled bars (EIEZnd), slanting line bars (BEZZZZA), crossed
bars (RXS%), shaded bars (M) and white bars (1) represent m. tibialis
anterior, m. extensor digitorum longus, m. plantaris, m. red-gastrocnemius and m.
white-gastrocnemius, respectively. Each vertical line denotes the standard deviation.

(*p<{0.05, **p<0.02, *+*p<0.03)

Table 1. Change of basal metabolism after the physical training. Each figure denotes
the mean+$, D,

No Weight O,-intake CO,-ou tput RQ Basal metabolism
(g) (m#/100g/min) (ml/100g/min) (cal/100g/hr)
untrained
3-4months 15 395.8+99.8 1.67+0.27 1.23+0.17 0.74+0.02 473.6+79.4
12months 6  531.84-52.8 1.31+0.14 0.994-0.14 0.7940.05 376.4+£40.3
18months 9 477.5438.8 1.28+0.22 1.00+0.20 0.77+0.04 365.9-+62.2
24 months 425 1.05 0.74 0.70 296.2
trained
3-4months 12  360.8+29.4 1.81+0.25 1.38+0.20 0.76:0.03 514.74+73.9
12months 6 512.0439.0 1.51+0.14 1.25+0.09 0.83+0.05 438.3+40.7
18months 7 498.1+54.3 1.1440.22 0.88+0.16 0.77+0.06 325.9462.9
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Effects of Endurance Moderate Physical Training on Basal Metabolism
of Young Adult Rats, Kunihiko HARADA and Toshio SAKAI (Department of
Physiology, The Jikeikai University School of Medicine, 3-25-8, Nishishinbashi, Minato-ku,
Tokyo, Japan, F 105)

In order to clarify the conclution that the change of basal metabolism affected by
physical training, effect of endurance training for 8 weeks on basal metabolism of
young adult rats were investigated. Results are as follows.

1) Endurance training increased significantly running ability of rats, for instance
the running time at a speed of 25m/min on the control and training groups were
53.7+18.8 min, 232.8+32.8 min, refectively.

2) The ratio of soleus’s weight to the body weight in trained rats was high
significantly (p<{0.05).

3) The glycogen contents of trained rats under the condition of feeding have
higher than the control rats. Especially, glycogen contents of the soleus and red-
gastrocnemius significant increased (p<{0.05), and liver glycogen content under the
same condition increased significantly (p<C0.02).

4) The oxygen consumption in trained rats increased significantly compared with
control rats (p<0.03). The basal metabolism of trained rats showed 1.24-fold increase
compared with those of control (p<{0.02).

5) Oxygen consumption of sliced ventricle in trained rats increased significantly
(p<0.03), it’s rate was 118 % of control. However those of other tissues did not
change significantly.

key words : basal metabolism, endurance training, glycogen, tissue oxygen consumption
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Fig. 1. Change of body weigh? and amounts of exercise during the physical training.
Sixty ratsafter 28 days of birth were separated the control (——(——) and exercise
(seeeee ]:l----?-) groups'at random, The trained rats were loaded with preliminary running
at a low speed (10-20 m/min, incline : 2°) for less than 10min once daily and 6 times
in a week by means of motor driven treadmill. After 2 weeks of preliminary running,
their load was risen at a speed of 25m/min once daily and 6 times in a week with
gradual increase of exercise time for 6 weeks. Open triangles (—s—eAe—e—)
represent trained rats, whose load fixed at a speed of 25 m/min for 10 min per day (ref.).
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Tissue weight and ratio to the body weight in the control and trained

rats. Each figure denotes the mean+S,D. The figure in parenthesis represents the

number of animals used in each study.

Tissue weight and ratio to body weight

Age Ventricle Liver Tibialis Extensor Soleus  Plantaris Right
anterior digitorum gastrocnemius
longus
{days) (g) (2) (mg) (mg) (mg) (mg) (mg)
/ratio /ratio /ratio /ratio /ratio /ratio /ratio
to b.w. to b. w. to b. w. to b.w. tob.w. tobhw to b, w.
(x10) (x10) (x10) (x10) (x10) (x10) (x10)
Untrained 103.0  1.123 17.954 625.0 184.6 140.4 360.4 1920.4
(N=5) +1.58 +0.144 +2.430 +53.2 +11.9 +144 +24.7 +122.1
/2.641 /40.982 /1.432 /0.424 /0.322%  /0.827 /4.405
+0.128 +2.609 +0.068 +0.032  +0.022 +0.048 +0.180
Trained 103.0 1.180 18.416 644.2 188.8 155.2 389.2 1960.6
(N=5) +1.58 +0.048 +1.690 +27.3 +7.8 +12.4 +54.9 +108.6
/2.845 /44,311 /1.552 /0.455 /0.374* /0924 /4722
+0.168 +3.060 +0.065 +0.014  +0.030 +0.113 +0.190
* p<0.05
Table 2. Glycogen contents in various kinds of tissue under the feeding condition,

Each figure denotes the mean=+S.D. The figure in parenthesis represents the number

of animals used in each study.

Glycogen content(mg/gmswet weight)

Liver Tibialis Extensor Soleus Plantaris Red White
anterior digitorum gastrocnemius gastrocnemius
longus
Untrained 33.05-+7.29% 4.50+0.45 4.98+0.45 4.68+0.42%* 52441.04 5.33+0.52*%* 6.0240.58
(N=5)
Trained 53.39+8.80% 6.28+1.88 6.15+0.99 590+0.77¥% 6.62+1.47 6.64+0.79%* 7.38+2.34
(N=5)

* p<0.02, ** p<0.05,
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Table 3.
denotes the mean-+S. D.

7 » P OEBRECRETHREERBEC L A RANREES Ao YE

Change of basal metabolism after the endurance training. Each figure

N Weight O,-intake Cog~output RQ Basal metabolism -
° (g) (m#/100g/min) (mi/100g/min) (cal/100g/hr)
Sedentary control 14 4194106  1.70+0.26* 1.23+0.18**  0.7140.03 478,84 T1.4%¥k*
Trained 14 3621284  1.81+0.27 1.33+£0.21 0.75+0.03 513.6£76.2
(for 10 min. per day)
Trained (endurance) 9 336+£416  2.07+0.31% 1.60+0.31%*  0,7740.09  591.6% 9.0%**

*p<0,03, ** p<0.01, ¥ p<0.02

Table 4,
Each figure denotes the mean=+S. D.

Oxygen consumption of several tissues in the control and trained rats.

Oy~Consumption (pl/gm/hr)

Age Weight
No (days) (gm) Liver Kidney Heart Spleen EDL - Soleus
Control Group

1 149 506 106 354 185 162 52 43

2 142 480 192 409 145 188 70 63

3 140 506 208 378 150 167 56 43

4 149 638 189 402 196 168 53 55

5 149 454 203 390 171 165 52 53

6 150 450 183 399 174 153 61 55
mean 146.5 505.7 180.2 388.7 1702%  167.2 57.3 52.0
S.D. 4.3 69.2 37.5 20.1 19.7 11.5 7.1 7.8

Training Group (endurance)

1 128 342 188 356 202 168 59 50

2 138 470 188 - 364 225 172 58 52

3 138 397 183 430 180 163 62 64

4 146 400 191 445 198 172 65 54

5 146 332 226 508 200 166 72 55
mean 139.2 388.2 195.2 420.6 201.0* 168.2 63.4 55.0
S.D. 7.4 55.2 17.5 62.6 16.0 3.9 5.4 5.4

* p<0.05

X bIE 8.3, 8.2, 181, 0.6, 10.6 35 1 0'5.7%

DEMER Ll Lo LOEH#E T (p<
0.05) BEcETILIsh - .
V. & =

BABER & AR LB, 9 b0
EFEINNBREL v A3 5l L. Rk
W, MREDIERIC LS LE X DhBHERED
WRBBE IR, FHETTL2EH5161Y
DHERNZ BRI b b, EEAER

Binkm Lok, BEfs L ORgEiEch
HBHEMN &5 2FEDRCTHTe. Fie, =%
¥ — DR Ch 5 HESCBRRERD 72D D It
BBEHXOXETR D LEHOEEHKY
DA LIS, LD RBZDERBHBR LIOR
THERTILITED bileh o fo. Fitts 7254
Xy, BARNERC X 58X v R
Ao Gly. #RFHCFHHATES L5 iks &
5. %7 Bergstrom 7=%11%, #BA Gly.
BOEHWEE R ABRFEREDOTS OER) %
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Bt bhb EE2HE LTS, KFED
B (% 2)Tix, B#Emo Gly. Besic
BARBEERTE L, FHGRIES X ORGR
HThdbhb e 7 A5 LRAMES TERC
Hin Lz (p<0.05). %7, FFEo Gly. B2k
ARSI X v L6fEwwgin L, FRELER
L (p<0.02). L LAREED Gly. Bix,
BCHRE" LeBE X h R BEWEXE L.
Conlee 7 B2 X duE, BIREKHT T34 Gly.
BOY—-7138RThHY, 20RECRD &
HELTWS. Thbh, MEFETTLEH
BAVERLLVEWIZ ETHD, APED
BIERESLRE A IR ThD L 2 & L h
i, WS (ZoROWERMI IR OfEX
DEVWDIX, ZDOX5BAYVALAREZHD
EEz bhie.

st basal state T HEAREEE T
1.70+0.263 m//4 (mean+S.D.) ‘¢, L@~ %
WL L D EVETH- 2 (E3) LEDL
DOFRL T v P ORBED D L25THRL, X
HLIMEE 100g wiBE35 & L9ml/50 B 5
BEES. Lhl, 20Ty FOERKIIT
HETH Y, APRED T » FOEROT 20
DEWT ERBER LS THbhcEELDR
%. Gemmill® 13, EER#T v +ORE%33
kcal/m?/hr L#45 LC% b, %7, Heming &
Holtkamp? % 6.5 /m?/hr &\ 3} & ARGk
BrXroEw. L L, Gemill  Heming &
Holtkamp o B2 5R1HE B HIELRE B X AT R
HeBBELERIETROTE D, RPED X
5 I BARARO PR L v 6% keal {Er2 LT85
% 3L, ¥, Heming & Holtkamp
DREWTWSD Ty FDEEMN 125~175g (H#E
SERE L 40~46H ) EEEIMELC LRI
CHERREEL bR B f#o
HY XABEBR LT Eebicy. Hd b
FHN, KBYABFHEC L > TARY X 2%
Kk, 158 X b 1785305 % CF: b REAVMEWL &
ERHE L TWBHDT, ARRBEERZER T
BIHRLIECVRBLHEE LD LELBR
fo. B ARSI, ZEBERH & 23.6% W X

¥, FRAECES L7 (p<0.02). 413, X

. BRI DO HRARSEHBO SRR OB R E

MLICHDTHD. BELRERANBHERED
BEERENEL, L CLEH TR
Fh 181%Ase, BEAEL LY 5 2
(p<0.05). = DHBFEZRDOMA % F185% &
L, SORGBELDORKSE, HBOEEHAY
FPH92% L L T D HFER R %, (4788x%
1.085x1.092) @ X 5 wEtE 35 & 567 cal/100
g/hr b is b, & 3 D FARIBERED 3 & 591.6
cal/100 g/hr L i3iE—FK+5. Lin-T, &
AHISBHR D BRI AIE, B LT
ik XOBHREROHA L, GNFEESE A
DRBEROHEHRCL VUit EL bR
fo. WHEAED®E, BTEHRFOEBRYE
BRIFHLZDSDIRERTHE A1X 4 7
<, REGRfbo NBEERS chRT5 L8
L, AREZhE2%Z/HTH LEbRSB. Lk
L, ARROHOMEBFIRTCHERBENERD LI
ROEBEDORBEATLLEL LD HREY
E2 MEBER W EIZEL bR,

V. ¥ =

REEBHAMC X  ERREI LB TR
WeHigiod, RANEHAK %S » 1 8BH
AWML TEOHRETA. ¥, BANEH
iTleoe7 v POLEN, FE BEs IO
BEOHETR, KbV RERHHSIOL 5 2
WO Rz Warburg ORIERE X b W@
Lic. BRIEIOE¥DLEHTHS.

1L BABM Y v—=v 2L, EFEDIRALE
2%, XBE(25m/min ¢ 53.7£18.8455 ) 4.3
w5 23234328 (mean+S.D.) 4k 5 =
EMTE .

2. AL v— =V I BDLER, BREG
(WEH, RIEMH, © 5 28, BREY A
HBHES) BIOCHBOGEY »OERT, #
ABHFE TR WERCD Y, &L Pl
IORGRETEDOND € 5 A CHEE Y
IAsERD B h iz (P<0.05).

3. MBS CRTLBEGDO /) 2 -7y
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B, BARBBRCTEL, ke 2k
X O EBEE S TR B i L (P<0.05). %
e, HED 7Y 2 -7 v BANBE CHERBIC
& (P<0.02), ®B#ED 1.6265TH o 1z

4. NBECHN, BANBREOBRER
B, RBr7AHHER XOCEBRBRERCH
KL, EEBRHBECIL23.6% DEARL LRI
(P<0.02). Zhiik, LEG, FERIOCER
HoBEROHEM ELER, FE, BEs L0F
WO EBFROEADHRHRICL D L EL
bhie.

5. BAWEBIC X b RIED SRR R4 <
BELZTkhole. DEHIIV-=2v I
X v IB1%BEHEENEML, BRERELE
A L7 (p<0.05). FFig, B, REMHGHB IO
LI AGOMEBEBERIEELEL Tt v
2, FhERSS, 82, 106, 5.7% D HHH & b
i,
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Ellik

Ll

H I Rf6052 B9 A (L)
B OB ARERAR
Y & KREMASERLHEE

1. NMR [CkBEKS v MERROBLARE

REBEE, SN, EETEY, E Y (KK
BEX, H—ER - gUHEX, E—EE* « £ TH)

WA R TR 2RI GBI O = 3 L ¥ — R
DOPE A ¥P-NMR & T » TE R, 1) Bl
A&EL 30mm FORKELARELLT, 2) &
DKRES, MERFECBBEND Y, Eic 3) Fhic
R B I EDREN B ot dt, HWMENELB
BHMAOH RS WR LB TE 5F A H .
4E, 7y FETIR(0.15~0.2 g) %K L o> 10 mm
ROBKE AT, ¥P-NMR ORIENTEE & 7t
o ZOKR, 1) BofsEsrdin, 2) FiiE
FIAEM L, 3) 10mm ORBERTERTE 50
TREBOH—ENRR L I o THRENRLEL, 4) %P
DHRIEBLT, ThItO%E *Na, H, BC g KFOH|
EHTE, ¥io, 5 HABBORRMNWHELES,
R EDFIRAB LRI, LL, BAV/PNIVWO T
B2, BEERAOMBCERLYEE LTaw
EORBENTE R WREN DB, ik HEPES ©
PH 7.4 o L Krebs %' C 2 ml/0HECERK L, 1
R TIR & RO Ay GERLEY, R P,
7 V75 v CrP, ATP 72 1) ORI A FE Li-.
BEWREIET CrP, ATP 04 & Pi Bz 83 L.
¥ 7= 107%M Ach #ijgc CrP 34>, Pi#8fnt, 10-'M
Ach BB TIZ, ThbOBERBEX A i faote.
10-M Ach ¥ CrP 11—BMHA L BHERH D,
ATP 3B %880, PixER M L.

2. BHSEEEEE plasmin @ EMr L O3 kHbE:
L EFHIRA AR Y i oM
P x KFF, FT, MEFS*, BEEETY F
WER* LHRAT, BRPHEFEESRERR, I
B7mo 7 b EERK, B, EBLE . HEX,
RHEE AT
MRAMERYRRESE plasmin i3, OB LB LTh
ROV BROERHEROTGLM O BHEL 0. T TRE
SEARLHRH LAEEHE EACA 1% plasmin 0 H
g LBS (lysine binding site) ##& L, plasmin @
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fibrin & 2R E T 2 BMES FEREASFIIIRE Licu.
AP L BT 2B T SO ELS THER
BHHD O BREEE L L5 37500 THS.

Ticbd, #—c Cs-Szabé LOEH KD LS,
plasmin it L Km 7% 20 uM CTEWERMEE B 2
peptide 238 5 h, ok fli#i 7z TLMe(tosyl-lysine-
methyl ester) 225 HFE L, BREALFEMHcX b Ki
23 10°M T A E X 5 —EOAERIE B
B#BOOHB. Licho THEEPLIIEHEEY D
OHEBEDVIV DO R L BEODXRYr » F AL
L, £O—2ik Lys ${% A b, hoxs » bz,
Lys © a-C X 03 A gehicfrBo NH, L8A%
E30bDTHY, SHEEEDHRY » ML BB 7k
aromatic radical AANETH B, =D X 5 iciEd il
TBDFE LI » K1z, amidolysis ¥ -} fibrinoge-
nolysis WE#BEIST% L Ih 5.

3. EMXT/—~2 A8 @ tissue plasminogen
activator [ RIZIEFEE Na*, K* REORE
FHib %, LB %, SOREE EHEE BE

B GESK, B, #2408 ‘

Efy: e b x5/ —<Hfax fibrin ZFM: D & W
tissue plasminogen activator (LI F t-PA 'LE§) %4
Wi 5. -PA SUBHEHOFNMY & LT, MK
D Na*, K* BEZ{R t-PA SRcRiETEE o
WTERET L.

T L ARlaRE 10% FCS & MEM GHER 35 28
L, monolayer {&7¢ «» 7 #524% multi-well 3B L
Fo. AAIBIRE Nat, K* B 220 S 1o sueh
THEL, 2, 4, 685, t-PA 58, fIFIA t-PA,
MIREAELIE Lic. ¥ “C-Leucine %55
RINER 6 M B . TCA NESEOBSHEER2IE L
fz. Na*, K* O Eagle MEM e ing 5N &
NaCl(6,800mg/1), KC1(400mg/l) % #¥ 2 L, Na* i1
025~ 2 %, K¥ X 05~ 5 0 ZHHR LI t-
PA 53 & UCHIRISMRF D t-PA %, ¥ 7-#BIR
PA ¥ 1T cell lysate @ t-PA % fibrin plate gz X
h JFE Lic. Cell lysate D—ifi#BEER M L. .
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R RO Nat o, Bt det-PA
SWORH, MAELASROMH %L L Lic. t-PA
5%, BAABECTS K BESL O 813,
Na* D& EEBCikiods - . THEEZ (LI Nat
TE LT,

4. FRIREROEREREICHTIVI2Y v

ANP opxE -

HEWGT, R B, KERET, MEE, BE
5 (KREX, $£4:5)

¥4 7Yy 7 AMP (cAMP) O ALIRAIE §1 18 ~
OEBEHRHEL o, bhbhiis BN F+
VEBEE B, EREED K et 520
e %ME L. #4E 100~150g oAf =1k Y
VF VIRE: UBHTEE T 2B E, EARME O KR
P &SRR LT, K o NBERTEES
7eVvENRMERR O FEN 2 T oo, REM
(Em), K* BAZ (Bx) 2FBFIEL, oh X b HikEA
K58 (axi) 2B H Ui, $E8 1) dibutyryl-cyclic
AMP (db¢ AMP, 10~2M) 7~ butyrate (10-3M) % Jg
Eflcinz . 2) dbc AMP O KBEM T 5 5.
LEDOTM R D Bibic, chi Na, K &%
MAKeEs LRABNERS L, EioiikoroERD
fifgote. #R, dbcAMP X b Eu 2% 32
AU agi 2 L CHEOE LBl Rl —F
butyrate ‘T34 Z{bidier 7. B Na, K %Cix
dbc AMP OfEBIXFA L, En & Ex Db @i
HR L, 580k ZE{L (Ex, Ex O3IN) 13#
KOZDOHETHIEER LB Lo Tohbo
ERROZE L BEMUK T dbc AMP 2RI KD
BEELEE Dl BR TR

BlEX b, dbc AMP oshRizREMAK T { &
Mefiiio Na BHfvE» 52 &, #lpK: Na-K
RYTREDHR L LTRAT 20TV EBDL
i, : :

5 AREMBENaFIRKRYRTF K (a-
hANP) ©% 4 4 Henle L — F[cx T 2 EEER OK

BEEH, 434 T, BIBR* BES2* Ex
BEBREF e v & —BF, FE - GHERLA, 4% .
(BRY) DB Na FlR k12 vOBRERBRIZR
BTh5b. vy MEM/NERE T Henle 4 — 7'
ERH LicWwEIRTW58, B+ 7 » . O Henle

& B &

A= FRfERT AN ERS. Lo T, HEIREE
B X DR e MOEK Na fIIREY =7+ F
(a-hANP) @ v FBEEH # v~ Henle v — F~D
BEEA LB L.

(78] vyFBIOEM L 7o Eo— 7 Henle T1F
B (LDLu), v Henle 4T/ (TAL), #E % (MAL)
¥ L O EER(CAL) KW L2 #E Lic. 10°M a-
hANP % EEEM & i3 eflicing, LDLu TixR
KOBEENR X 5KEEM: %, TAL TiI NaCl i
BRI X BB E ¥Cl D=7 5, 7 A% T E
L, MAL, CAL iR EM 5 /EH B
L. . i

(&8 10°M & a-hANP 3 LDLu 0% 38 #:,
TAL O 4 * viBBERME, ¥Clo=7 35 4, 7 AL
P8R 5% 3R\ Henle LATHICL Bz 813
Rbhichoi.

53] a-hANP 13, ZOEBRE&MHT Ty % Henle
N7 OEGTeR LESEERA 2L, D Na Fl
RIERIL Henle & — F~QOEBEFERAUADLD &L &
zbhi. _ :

6. ZEFALIVYBEDERRERE & IVELE
BRER L OBRICSEAIHE
TREEN, EEER, BFRE ZEAE (EXE
B vz -, D43
7eFla Y v (ACh) BEDLE (LV) OBRE N B
Brbz 5B L CRAHO SIS, £ Th
N EROBEA %2 BT ACh 23 LV
DO—THEERMEER (VO,) & LV OUUEIIEAR H &
(PVA) L DBIRIRIETHE W TRE Lic. R
16FH % V- 8 OB REMDBER 2ER L. =0
DROBERELY RV 7T, DR EELER—-v Y
7 TCl40~1603/45 L BDBED—E & L. ZDOLV
CAN—VEBALZAOREEHEL LV o5 %
B X T PVA 28R 37, ACh % 50 pg/4D
EAEE TR OO BBk S L. ACh #4558
@ VO, & PVA 0BfE% VO, %, PVA %5l
L h#kE Lic. VO, & PVA OBz ACh #&3;
BeR W TRORDERBEGRLR L. COEKOH
BL(R) & VO, By (C)xkDd7. Rix ACh 55
1,4022:+0.6060(S. D.) x 10-5/mmHg/41 X b 1.3962+
0.6858 (S. D.) x 10-3/mmHg /i~ k HEOLEIL 2R X
7adn o todt, Cit ACh #5377 0.02778+0.01065(S. D.)
ml/#/100 g LV X v ACh #rE.4% 0.01992+0.01033(S.
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D.)ml/#1/100 g LV & p<0.05 CHEZDRD % F Lic.
ZhbOFERI Y, bhbhix ACh50 pg/5r0 F i
B5n VO, & PVA 0BIFE# 2 THCFETBE S
B THRERID PVA fEE&ED PVA fHek3 K0
E—MRAHEBRELYRL X85 LR L.

1. 41 RELBOE—MEEBRRTICHT3 508
BHREBBARTY S v VTRV E— D

¥ k2, BEEE—, UH €&, ETHEF-E &
SRR € v 2 — B, TEEEBEE)

4 2 ELBIEPESHER (PVA)S, ZoMBRH
BE (VO,) LREHMERE T LaHE LT L.
T DR BBA S C RN ET vy v =%
F—0 VO, ERRBZE LW LR RHELTWS., 4
Bk, ZhETLRBLHBHTREROBELOLDL
2T, FALHAN, BAWEETT, FAUNMEHES
BBy & 3 HHEE S VT Mgk 208
FE B M 2 KB B L X2 C, HEIEAR RS
BB IR, chbOHBIED PVA 1—EThH
ot FlehbOMO—HM DD VO, i3 & A
E—BThot. Thid, RiEHn ShcsH g
RIS 9T, L0857
FVYY e =R AT —HNIRTH, PVARR UK
B, VO, 3 A LTHBZ EERLTWS, LiiaT,
N E BRI ET vy b= X A F =L
1, AEHDB VIR X NSl BB R
DLEXBZ ENTELS.

8. KNFRRELNETEHOMBR

RWHR, AFAHPE, HAFERE, BEEM (KK
NERRERESNAROZLCE U e, MNER
RN BE R EOHMAER TR\ D SRR A
BNt ABEN D5, COERTEF2 AR VT
# — VKRBT, MR mEONREES, H5\ ki
EoX#E v~ (FHNE) SNREHKEO XKL L~
Wy BBCETOWRBERG & ED X5 kBfRicis 5
T, LML ESHE L B4 O MmE 2 Y
FRHBEOELI OV TN, MEOBFRLIE L
fo. MREERIEET, KEHchESFEIehB
&, MEHRECOESRA—FROERYR L., &
hicst L OSSO T, KEEoB& AT
MRS MEESI A &b - TELT BT T
54, MEFEB)EMZ L CELTZEENDHD, mE

DEFHE LS Iphi WNEHBKRED LA, MR
OMFEBOMACHA I W, D EOREE X v NS
BWEOLH Y X ALK ) X 475 E s U5 IRERS
ViftEDIREBENCKE L TEL TS & Edw, e
ik ED T IEER R  EENME OIRE
R X - T, RMIEE L FRET 2 RO HEEN
EZxbhi.

9. BIMIY Y EHRHERORNNEEREF =
-0y OHRFRISHE

Ve, BARR, WHHE, PREEFE (K,
B, BERHRPIER « R

7eF ) v (ACh) DR VKRS BB b
A EBERITTHEBE LTS, ACh#5D
BRI THB <1 7 + OEES—HBERO X 2k
BEE—RAEFNbE—= o — v VEBIRREL,
ZOXRERBE L. TbK, ey bioED
ACh *EEES L LEORREHELEIEE L
7. %Dﬁ%: WEM@&E Za—R ?/@3'5&“5': E
FUERREFEF 2 LT RRIGHENE LL R
LW, U LOGHIBUE 25BIRM:, E8) 05 1= M
SoEBMHEERELR TR, SbrzhbD=a
—e v ACh »EERE L LD A, BN, BE
PR KBFD = o — v VTRRIED 5 VI EHRED
OEBEHBRELN, BelEfl= .- voil, KRS
HOZRPRBARBE L. T, FEX2OHER
=a—u VT, AChDEHERTHSLT kv ¥ VOEE
BHERID, BREVE LS BEHHAREBE L. =
NODERNLL, 2V vEATORDH5 iERiC
I, BEF =2 —r YEREEO LB HIENE
BT XTI N,

10, EHERBICHEST BRERERERME =1 -0y
IR, Do, BEERE (KEERA, &
B BEREKX, F—hEY)
BIROBABE A (VPM) wlidid b oOROLMAT
PEET D LT RS T e, Thal VPM
DEDHMNCEET BN ERALNCT B, TV
VerZrSu—XTREE LR RN E E UTERY
T- .
HHOBTHRCKIGTS =2 —v vix, VPM o
B350 1OWRFER»PLRVHE S h k. ZOFER
X, bhbhdiBl, SXHRTERRCRBSEET
LOREZE = —w VISHETH LERVGHL



222 ¥ & ¥ &

TERE—BT 5. BREZA=2—r VL, HFRHR
EZR=a— v VELEHR= 2 — 7 vRFT DR,
R VPM 0% 350 1, %ERLOF HE LD 5
@4 300 pm OERFER ST 5. HHEABIEE
3% VPM = o —w Vi3, WEHMO 2 RS T 5%
HRR=a—rvi, KBCRRZAF YL D=a—
r v 2EEHT bR, BEXEERNRCHT 5K
RN, FBR =2 — 2 v ThDHZ LB LN
Cirotc., BHER=2—xm viX, VPM OB 35D
1 oAl S 700 pm DHORRHIBESE = 2 —
» YRR O AARR S 76 LT, SEERIBCE
ETBBEEER = 2 —r i3, BERR= 2 —r Ve
HiH O R RPED BT LT

1. WD B OROEATICKIE T DIRERESMER
BRERR=1—0Ov

BEREFH, #EsEh, MMiko, BB EEER
X, B—EE . F—AH '
“hhdbhi, BERKOBNENKER R & #E
P & b T B ERIEERFOBRTOLBA I » Hir
BRI, REHOE LRI T IR ER A AR E
Bo4MRERCHHT5BESZH = 2 — v VRS
THZERRE L. ZhilBRNBRESR=2—»
VEIREBIR = 2 — R VRS bR B, BEEENE
ESRO®H3IF0 1L, BHEXTOMAEED
HERERCSHT B, £ 2 THE?DOBE AN
ZOBEO EOWM BT B LTS EN
T, KNESRCE T3 Ad ROMEHFHECESHR
WL T, CORBCKIETS =2 —r vOLH%H
R, FRRIZYVEV e 70T r—XCHEELER
2R L. .
KABEAED Ad ROUMREOBSHB < KIET5
=2 —rvd, BARKSROBREOWRER S/
LT, Zhbi TN THBrRBSATLd b,
REFB T 5 KGR » b, BENBRESA =
—r VIR =2 —r VTHH I LN LN LR
oic. KPR ROMEMET T, 25 L, ©=E5
BUHREREATEHCASY, BEZETOSHER
% Tad Ly €Z2BAOMBERESH L b 5

7.

12, &FHRE L LRESHERERIC L3RR
Microvibration & 7¢ Palpebral reflex [cD(\T

MAERIES, R, PRSI, REHI (BIE

EX, $F4H)

SEHRERI X b EIRIR w3 % S h 5 Micro-
vibration (SMV) ¥, SMV,, SMV,, SMV;, © 32D
component LRI D, ¥k, MBI
Palpebral reflex (SPR) i}, SPR,, SPR,, SPR;, @
3> component HEFFE I h 5. Z h b D com-
ponent i XiE3 VPL, VPM, VA, CM /¢ & Dffigs
EAOEE, % X0 Morphine O{EHBEND, SMV
& SPR%, RUL 5 iefEAROBEE L > T4&T
B kiR N —F, EREMEN L 5k
iR Microvibration (TMV) %, TMV,, TMV,,
TMV,, © 3v>® component HHER IS, TMV
D4 component & Palpebral reflex (Blink reflex)
7. %33 Barbiturate, Cardiazol, CDP~choline, TRH
tartrate 7¢ KO FRIEFAEOERCOWTHENSE L&
L, WEERPTL ok, WEEROREN LI,
TMV & Blink reflex 1%, R/g o efifREfKoEEe
LoThTLBZ L, 7 TMV i3, SMV L3 Ritw
FCHRAROBEIC L > T T A 2 EREI .

13. RMENDESF, BEHICIs(T D Cat transient
E#ESs, F. Eusebi*, R. Miledi*($(k, &, #2
£ . v Y F VK, EHHEY
BEEETE, 5y rOREMH (e.d L) 8L
5 2 i (soleus) A HB I % 2 LIc X h&ETL % Ca*
transient % aequorin %\ CE&E L. E.d. L 11
98% NE R, soleus (X0 IEH VA DBRBZ &
BB TWB, §20msec DALVARL D & Ui
Ca?* transient OEFEEBEIL, e d. L 23% i soleus L
g &, decay time OFFES L, soleus T e.d. L ©
#2615 Th ot COREROHENRE L LR
BEL, BREROBEFRIL, e.d. 1 2.3, soleus ; 2.1
Thole. THhEDHEIZ, »=ADETH, v O
il ekt 5H L Kfk— %% 4 5. Ca?* transient
1%, Ca* free EGTA TR\ Th RBEHEI L B
Z b, Ca¥t DA X BT, MigR O H/ Mtk (s
L) pbBREINS C* ik W Ukd D LR TE
3. BisEoREgrh Ca2t transient DIEEN D B
hBM, Zhit aequorin OB LB HD T,
B H L, BE—Ca® PHEBERO NG X 5
LE2 bh3. 0 Cat WEORBZEBOWTH,
e.d.L 1% soleus X hiEL, W1/2ThH-l. B
1~ 288, BRSO BEREIERCRL 52,
Zh LT LT, Ca?t transient d EHRIEE L 2.



Ll ED#ER S B Ca®t transient ORFHIEER., EiB)
YOGPEECHBY EL TWE LR RE S h
5.

U, FERIERICKETEENEBROIELHOKE
l221sT

Bl H, Hbh#Es*, e, BRIEXRY, HE
B (RBFELX, H—4E « FRER

BIRMUEABOBRMKE RITTEHEY, mEE
BRSO BERMKEDOEE» LY L.

B LR R, BmMERIRENED D &
TIEEBRE Y £ 2 7 5 vEFRE LU UEOEREY
2K b, ERMKEES Cr-RiMERe & HEFEN &« J
T Ufe. (EMmERAEY, FHEBIRMOE X b ~20 mmHg
&L, 54, 105, 20530 CZDEREL LD,
MEFEIEEH G0 X 0 604318, {EMERIMAK: & F UK
ETHEI®.

20mmHg DOFEEBIREE T X  7.5% DIERME
BoHEmMAxbh, HECI b HBE~NER T ~
= t7 Yy MELMFEEAESEDLRDCLRMNIRE
LBEARRBE—EcKich, BRTOMBOIE
Biadhotel ERFR IR, FHEEIRLE & BRILEK
B Loz l kBh THEAIOBEGERD bR, 1
A HERCERT 5 - LA TEL.

BBE®%E= Y547 v A% 4ml/mmHg « kg, F£
ML O K FHBEH %Y 0.3 ml/mmHg « min » kg &
T3 L, KSBEH»S AT, 20mmHg OFEE) Ik M
EnZ{tix 1mmHg o FBHMEEOE LY L,
EHBREOCE(LD 5 ZHEMMEEOLELE LTEH
Ltz kicich.

15, SRMUERBTATREO 1 JMINEROLE

PR, SARF*, HARH(KEBREKX, F—
A . BEREX, #4AEY

bbbt s (ECF)JIZE marker TH %
SCr-EDTA D AEGRNG A2 L, ECF »=4
BrRoa3hsXez L% Rl L TC=EHD com-
partment model ZRER Lic. $ENTZFDORD 7
EFAG REREYT, FRERKATORKET
NESLETHEIREH L. BEHLLL X
SMCr-EDTA #FEALCHE, FHRET T 10mYy
(kg « 10 min) O FLERDN Ringer WA MK L, Rl
i S1Cr ¥Eik, Het fH, K THESKELZEENE L
7-. RI & 2% ECF volume %2, Hct {E# % plasma

w & 223

volume OEFX Kb, AWM Ihic Ringer HiLH
50% A RESANRIT B2, Z053BxFE F A0
TAERK (L), THbbRE « BRGIREE~BTL
TR ERETEAKESLNSRELDT, ECFD=
SECOWTHEED profile 233 bhic. =T,
GRBBLEETH>NERTFEXD R IR, 25
A2BWEEDFO D L TO tracer OBE X EEN ©
WL, FRTF —x LOHEN L, WoleFrORHRK
DB YRS, DR, “Cr-EDTA © mo-
bility index ZER T3/, BRAT & &3 B
BT s o EARER R, 2RISR HEE
TR BT, AN, BEEEOHNAXRL,
LB VA THIMERBIRR Y RO T EERIIEE L i
D55z EAEBIhi.

18, FMBREOEFHEICRIZTIROME

HERE (MFELTFR, KBEF)

BEY . EEMHAMO—R & L CRMBRBEOES A
ETLTEnEgns s —F, HEBREH
R OIBEN EFT5. KR CEIAMERBE O
P BIETHBRO FEw oW TRE L.

FHE: bvy FIaA kT, EEH 230m/450 EE)
% 3SMAR L, EBAMHES X EER M L
Fo. FRMIERFEO S L coil planet centrifuge E,
FLRRIRE TEERE, MEARGEBHERLEREYA
WTHHT L.

R M EAERERET S &, BEioroh
FRENEWEABEBEN LR L, ROREOEL
HAET L.

TEBR TES AR ET LA U, FRmERE
DEFMDETHALR 52, 305BciTABRED K
EHED L b BERHROEER L.

HHEBIR O M FLRRE (R 100mg/dl) X5
B A2 TR LR edmnd s &, FRiiBRiE
DEFHENFEEROE L 3EARECE TE T L
7.

TEEIRF O RMBRATEMBT, EER TEB IR
BH v AT e —LORBA, B avATe -1 L
BRBOHREROETAL LN, 05H it RO M
CIRIEER Lk, ¥ A2 TRR O M RnT 5
L, EPRTERLBERUCRE A2-viabh
7.

17, XEgvIEHHElC L3 7 2 BREMRRA LS A
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Ht

A RERE, PEET, SRERXRY, ELREY,
SIRES (RIEX, H—ET » ROk - B - BB
B

&, A G WIRR B CCK « PZ 0 X 5 /e
TEAVRAEVvEEL D E, #ilaRD Ca? BEMN
EF LT Nat ® Cl- i s il o BeH0 L&
FTBHEY T, KY e s iilEoBak b L
BT EBEIRTECWS. 720RBEEHME T
3, TORFKY 74 2 ANBEE, MAOREMDBES
BT 5 EBEIR TS, 2D KT 0 eflux 23k~
DFERFWEED X 5 B » Tk, BERS
DOBBEZATHBEN, 5EH, X< r7n 73V v
AT, 7S GUIRREMEAN O & &G R
(FAV)BEXHE L, 5@ & (CCK.PZ :10
PM :1min) m&d 75 MflaN1 A v, KiEaws
Lz

LU, IR0 MRED Ca, Na, Cl BEIX
ERL, KEERET L. RO SWMER D Na,
Cl BXUKDBEIZ LS L. BECIESHD B
BRFETHOVBE I NI, SWHEREK B IO
Na, Cl OBED EAMRXBARZ S ALV S
Licote, ZOERERIT, SWHER X T, 50
R/ NRfE D X 5 ey Ca BygE & b, Ca?t
MR L, A K, Na¥, ClI- O F & 288
BV IAE R, #fg~o Nat, Cl- o influx, 30k,
Be~® Nat, Cl-, K* 0 eflux, LitoTohb
A4 v ERDFE~OHRNEE L RR L T % L%
zbh3.

18. ERRMREEZERE D F 7% b (topogenesis)
EEENR Co

HIC #, AZE—8S, JE O, fERE—, UK
B, HPAT EWEEKX, £—48)
HEEMROEEMIIIZ LA F2 T RE wFET
VRV~ AR Lo TEREh, £ xDFEG(sorting)
#50F, ThEhEBOEMcHmREIhS. COEE
BHOREG L RERIHERN T 72, v v 7 LEE) LT
#T L, poMRECEES T &b EEBEREYL »
TWwa., EEMRCET 2 EEQORER L RELE
ORI PIEECHIS LEBRBRCETTAZ &8
HH LTS, REEMEEEESELR L, BEE
Ll s ER&RAT A EMRTES, S0 LX5 ks
RIRBHE G LT, B4 DMRIRERA O SFic b B

NEET B ENRESh TS, L L OEES
BRI T5 2 LR AERYET, SETE
WET T
bhbhoHE ke EENRFEEEE LR,
THIFMEEERE S D o ¥ ¥ in sitn IEVIREER
THETIZ LRI Lic. 20200 FERHET
B iribh, 77 e EEASAGRESER
HCEET B0, b-% 7 L5 # — % (Nat, K¥)
ATPase (338 « il b, BHBEEHCS FETS
&AM L. EMEERR O (Nat, K*)ATPase X
IR BRI OB H RS L w5 & Exbh
5.

19, BEBMAICLBE b—T9R Yy FHHOA
FOhYFUER

DIEET, TREEETY, MERMEL, B, 4£3H.
BE*)

bhbhIEBEAL AL DML SR
TEKAG®, = vAY v-JENNE (L5178Y) @A
L, BHEECRAEORI 2444 LCEL. oM
oBE, SHEo Cat, Mg BIE, RE, <1+ A%
His EEBO T v 77— BRE BT 2T, 0% E
L OBNKRCHAMEOB OIS Lk T CrBE L
to. SEIZOHEF O DRI BB LS 550
E5p, ¥, FABHREIES D Tk BRERRED
AEELFERILI B0 EIPRDOWTHRE L.

2/EOe b vAERYAWT, ThLh L5178
Y Mg & [ UL CRSRE 21770 5 &, Raji fifao
60% &\ 5 BNt L, HSC #ifaCix16% &5 &
WEIER LAELRAR . Las L HSC #i g %
neuraminidase LBFT 5 & L X b, BRARIIIBL
FTEA L.

neuraminidase “CEEAE L7- HSC #fa% L5178
Y Ml L RE LESEE RIS &, WO RERT
BAEENELRT. YRR ERERETCEFRER
DR ELDT T ~T v 5 )+ vOEERARS &,
BEMRD 5 bD40%HED T, 20 X5 kEH
BEROBE I LTHEY R XE T, BREE
R EMRE A EL AR TR LRV 55D EEDL
hs.

20, HelLa #EfRl=H(TBERE2I YV « LET2—H%]
Hicksd Kt ary a2y 28EE
BiEER, REHE, MERM K, B, £8)
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b FEESEBERD LMok Hela fifaiy, A
< MfaddpnmRchvyoh, ToMREOERN
WHEBITAMEL A LavL, SEERY
B+ 5B LR E+Horiib T
7ol 2 CAPgRCIE, Hela REBIMSEE 14 #1 3K
WE LR Ih A EABEEYECHTAE L 7 2 -
HL, CORBeH LCBRWIEIGE R RTNES
EEER L.

Hela #ifiY, ERE~DOe2F 3 VSR I DIE
8% —50mV OBHBICE &R L. FHERS #
BEE Lk b, WhwsREERSAR L.
ZDeAZ I VIEEIXH2 v 2 S % —F B & cime-
tidine "Ll HDOBEL FiF7c\vhS, Hlve s % —
FHEEX] pyrilamine X o TEECHEH Ihiz. T
F =2V v, &£wr b = v, vasoactive intestinal
polypeptide (VIP), & 7 v v i L CR B LA
BrRREhot. TOKT, PMeLEHRD Intes-
tine 407 HHFE L 13E LW WA Like. e A& 3 VIR
iz, TOWEBMAGELLTCK 2 vas72v R
WMrrsborErbhb, ¥, quinine £ X T
LT X B0 T Catt ki KY o+ 4 2 A DB
BRI NS,

21, EEFEHFERROEE Ry TORE
KM

L fbgE, KR TASBTE, RARII—ER (BK,
)

Chara #ifafE0 EHRBOBH—EE( ] — VHiR)
LavErz vA—EBE (G—Viig) 2EMEET
TRDI, 200 HERTS & | —V g0 GEiA
BAL, BILEBASBRSETS. ¥, G—-VHaRD
E— 7 MMEL i b &k LUS By 7 5.

20~28CCIBILBMN EE2 v 27 2 v AEEA
EEE Ui, HY 8 v 7 OfAE#H DCCD B #
v EEET S LEZHBSO 1 -VHREELhS.

FHRSOBEREE I NEL, 2 vH 75 /AD
v—rhicd ftb, BEMER VIO I -VliEE
Bitgo I —Viligo% L5 & THELh 5. Control @
I —ViigoREEKE L, #v /0l -VigoR
BEEREENDIZEAEETWS. G—VlllEOEERK
EHLAETh . Ry Favgs & v AD Ar
rhenius Plot {320 CAHE TH I » Tvie. By S
a2 VA Y EVADERL R AF -1 5 R il T46.
4 kJ/mol, EEMITI 4.1 k]/mole ‘CTH - 7.

Consecutive Reaction Kinetic Model % {# - CiZ
B HY R 7O 2Ttk Bv7avEsx
v ADREEKIFHLH v 7 ATPase DigEH:D 3 &
DERERB LT 5.

22, Chara corallina © H* £ » 7 @ stoichio-
metry

BRBT, KNFEK, B, BAIm— R,
BB, &)

B D —FE Chara corallina o S5 DB
BEHEML D IBASBI LT 5EBM H Ry 7
DFEFER, LER I VD TRE I .

Neurospora ‘Gi3, Slayman ik b, ATP14FC
s HY 12 145F, 3/cdb stoichiometry 251 L3
&I Tv 5. Chara s\ Th, Beilby 1k pH7 1@
FUT stoichiometry (X 1 ThH B &EBRNTW 5.

=7, bhbhix, HY £ v 7OBHREEREYE O i
., pH oSk b, Chara ® HY # v 7 o
stoichiometry 132 CTH % LD #H % B8 2. SED
pH %2 b & @ 7Kd, H* 4 v 7D, reversal poten-
tial (Ep) 1%, # 40 mV/pH <%t L pHo=7 ‘it Ep
1149 —250mV THB. Thbb, BHEH I,
ATP15FC245F0 H* B LT\w5 LEL bh
5. E¥i, bhbid Kinetic model Ci34 v 7#E
Tx

Ep=(1/m) (RT/F) (1 n(ADP](Pi)/(ATP]
+1n(1/2)+m1 n(Ho)/(Hi))
D X5 REAIh, FUOBREEEL LN T5 &
mi% 2 T 5. oEF A, BRKERE, Sk
HEMDORIENBR D, #v 78, cyclic ©ZL LT
W EEE LTS,

Biebic > CT—BBME 501k, Kv 7RSO
AEENETERCRDTNBNE NS T L THAS.
Beilby X La** i X » CTHEM ¥ S 2 it s v
ZBHEH| & LT DES #H T Babhhbhat s
T\ % DCCD i mg i HE R CH BB Y I 2
e bhbh B EE Y LTTE s gE0)
VBRI EENTH B LEL T\, Mfap pH
DEAL, FOFEL E OV TELE LR Chara
D, H* v 7% stoichiometry 232 Ch 3 & &%R
BLTw5,

23, BEMA I YRy TOEREE
REAYI—ER, LHbfE, MRRT, KRR, ik
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R B, #58)

MR L OREEIR A A v RV SR AT B
&, BEESIHEN U5~ v <A it 25 8T
B, ZOZ LiIFCRAKEDIE (Chara) THE T H
%. Chara O#IfaER oW, BEEOH(+H)H VS
DFAEE (50uMDCCD) 0 it I -V g% & b (ramp
voltage clamp &), B| E B¢ Y »CH(+)Ev 7D
i(p)-V SR xS, chikEhaliog BOE
DT HCHFIT 5 Sigmoid FTH 5.

EFETEZLR T W5 X 5 ik, B ATPase ©
ATP kR L%+ H(+)DRE « Ji & © Cy-
clic tRIGZREL, ¥ 5 kH(+ )0 translocation
O step RFVEEKTHTH S LTHEERN TS
AEERATH L, EROH ()X v 7D i(p)-V ik
FHRCHATE S, LRk - TRDL i(p)-V i
o Simvlation X » T, ZOETFAD 4DODRIG
EEEHR (EH: step, JHEEM: step OWHHOR
EEH) »RETES.

H(+)R v 7OEEBRE « 443D pH &L - REZE
{bic ¥ oeBEHOTbictE > LioERE O,
REEAA VYRV FOGTFEREEL el -(H
EHABREYE L TWDX5R% 5.

24, FHAEKOMWIFHORAZ 1 —OVICHTS
FEHR

EHERE, ¥ KB, MELEE B 0K,
B, g—EH - THEL, B, $—45H0Y

FRERTR O RO I BB Y B i s
WC R T AR recurrent sensibility 7 & D
IREYFT R EBSHEM B 5 B2 bh 50, BR4aHE
I E D RIRE R AT 1 T bhubh
e e —ARBTOS 2%\, BB Ui iaas
B (Ly 272 S)) ORBHROFIMC L VEFHEA =
— v VEERIND AL 2RI X PSP 0@
Tl o fe. BN LcHiiBORBmoRe X b &3
O = 2 — v Vi©. 10~T70msec D¢ EPSP &
Zhicki{ IPSP B8 IR, ZhbOEEITBIR
BUMWIT B LK THC b, FRROEEEDOR
BHRERIBEARE A= - VERS EE 2 b
o FHARESR OB S B kT OB ETIRA
BET A ATREMEAVRIE S hvic. EPSP @it XU
fEABFE & UTEEEE N 2 m/sec T OEREED R
BROEBHEOFEEIC L VA= —r VDRSS 2
HBABRINWD LELLRS, T, thbo#A

=a—r UL, £LLT, Rexed D4 EI IVHES
BOAMMR AL, %D—Eik spinocervical tract
cell j %\ % secondary dorsal column cell ‘CH 5 =
ERHER L.

25, HRKEH A BIROBEERGICEHLI 1+
WX oimiaE

TEITF, HABE, EAFE, BEX o (KKE
K, HodHE)

EWO RIS EAH, BeESTORER, Bl
T e S THLRKES A BEHER, GOoT7 v F—-v
Ao TNAR— Y ADEMEIEUT, RIS T
AH Y L ECRIET 5 2 AT 5. RERMARIE,
Acetazolamide (ACZ, 2x10~*M, S : $EBEHIES)
o xh, R7 A% 9 ¥4k 1k, Isobutyl Methyl
Xanthin (IBMX, Wifilt%) % 7=t% Chlorophenyl-thio-
Cyclic AMP (cp-cAMP, Sfil) wk v {EfE S h, £0
Eibsd ACZ w X vl h 5. 4@, Nat JpikeE
P H* %zt HCO,;~(OH) D Eb BihE 5 41 % 7o,
Ouabain ¥ %1% Amiloride %$#/ LT Nat #3540
HLIEMETT, 75 7 AW/E & & b, KBH
Ussing B 1cEE LB Ling-Gerard F#& /)
BEEFR L, EEoB bt MlEEML0Z by
PRI, FORE, 1) IBMX & cp-cAMP o S f#
TR bhBR7 Ah Vb RBicit, Cl- BERIND
i &, EgBRofincohi: HCO,~ SR
L, Nat & X O Cl- R M D HY % 7oix HCO,~
OEEHTFHEEN, 20L&, HEABEBA OB E
S 2, 2) BRREARBTAShEERD,
R7 s ) EREECA B EBM O D, &
bic ACZ THEL, AhoBaed, FHERREESLE
B ERED RS VALBNEEYEES & L2
nEie o,

26, EREICHADHIEERR—BREELRHE
fir .
SN, BA %, HEBEE, $REEE (KEE
K, B—HH)

7k & NaCl DfE#%R L, Nat, Cl-, k& IOES
DABED AV —BHEBRLTWAENE Y 257 4
ELTELDND., BNENDHREED iz TRy
—§yEy HER L ERARIEOFELAS &,
C OB BRER Y ERE T L LTRRTHC L
BERE LD, COEFARBE—BEED HEEH
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LB BMEEERAEANRS &, REELESES
OMICHBENHEEA EbRS. ZhilBREE,
MEEML L > ABBRKL—HTELD0THS. =
DEFARI DTN K, B4+ S I0BA+
VEBIED 3 OB A I U SRR SRR R
W, EREOTFEERIE L.

Ussing DEBEHGEL T, —HOBIHSEL < =
CWEHE EMELRTRE LT 5. ¥4 F X (100Hz)
RO T—HoBcERS Nz & ¥, Rio—#%

F2A EEEFREKES

H B BERI594E12H 228 (£)
B ERARMS M
URBRH I HEAFESR =2

1. #HEBHEAEC LD Nat, K-ATPase D&
BV AV LIHBHBEEDHHART

LEME, BIFEh (BXREX, $F—48)

Na*, K*-ATPase 2B+ 5 84 ORI L T T
50, RGROBEHENER X 2SS L.
BEABAEC X ) ABEZOBNFNEMAED S -
i, B#ELShTWBBEBHEY BENOWER
L UTHELT 5 2 LARED B TCH 5.

Nat, K+-ATPase DK IGEE % LKB 7 = —Ei#k
Bk - THISE L. Na*t 35 10 K+ PREStRfEM:,
HE R, HEADZR, ATP BEHKEN, Mg
BEREELHRC L, ABRCERNCBEYRE
Lic. Tiechb, RIGEE &L Pi OO BV
IGEBAE LR, ¥, ATP Mg OBEEKE
P SES B0 Km ffi, 30 %0 0.27 mM,
012mM & ZM/cfHTH - 7.

AEEFRA~D Mg O E&#T, LKB A, FHsEG
FREWTHE L. ZO#BEH, BES (1976), &
CIUE S (1979) X - THBEREA /L Shics,
bhbhZIb B EED, ey a vEEcE
TAHRBERED, BRETRELEBAEEENTL
X5 lic. Mg #Ak X% Rt o Km {Eix
013mM Th b, LEOFHER LBV —FEHi. Mgt
BRI X b= vz e -2, RIGHNET»HE
bR Th LR E Y ENE LR
Fhe, AERCETIME—DOHBERET b 5 Kuriki
b D4 (Biochemistry, 1976) i1, -% » FHBE %
R LTievicdie, FFRFENLBERE TR TS

LABMIRE (REIEA) 2 BbhdhE > nkER
Lic. EERTIH+mmHg OFERET, ¥ 1mV ©
BMEEFEbh S L2 R, o BiiRkE%
xic b EERMRBOKE, ERBAHS - L (B
RBE) R L. BECIVEBERTH LIV OEA
EE AR L, K om0 OFERSHAHE LL. o
NOIAF vEBETR TS & 2R L.
R, EEREEA A VAR LR CEBRIRT &N
B b hicic - fe.

13 :30~17 : 30

., PFEREES, B &

Z EHHEE L.

2. FRBIRESICHKTS R BF0ON5 Koy
z

LHAER, EHKE, KRR, IMREEY, A5
HRr (BN, B, BEAESE . F—HRgy

BRI SEIRD B V) v FDH~, Mifdk T OE
AR DO—#A T 5. DR, Staub OI8M:Y v
SAEEH AT, MY v 224w, Kedem-Katchal-
sky OFRTEIATbh. EBCRERA VS
h, MIREHEES Ce, V vRBEEHEE CL, CL/Cp
R EFGH LI CL & Cr DFHHEIZ Cs LI N
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9. Arterial chemoreceptor reflex and essen-
tial hypertension (453 1E)

A. Trzebski(Dept. of Physiol,, Medical Academy,
Warsaw, Poland)

This study is a summary of the results obtained
by me and my collaborators, mainly Prybylski
and Tafil. Both in spontaneously hypertensive rats
(SHRs) 12-16 week old and in young human sub-
jects 21-25years old with mild essential hyper-
tension a brief withdrawal of the tonic activity
of the peripheral arterial chemoreceptors by 2-3
min. O, inhalation reduces the resting ventila-
tion significantly more than in matched normo-
tensive groups. In young human hypertensives a
brief hyperoxia produces a transient fall of the
total peripheral resistance (TPR)and of the re-
gional resistance in the skeletal muscles vascular
bed of the forearm and thigh as well as slight
but statistically significant transient reduction of
both systolic and diastolic arterial blood pressure.
In normotensive subjects an increase in TPR

occurs during hyperoxia. The ventilatory and
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pressor response to progressive isocapnic hypoxia
is significantly augmented in young hypertensive
human subjects. There is no difference between
two groups of subjects in their responsiveness to
progressing hypercapnia in high oxygen, the
conditions in which CO, stimulus acts mainly
via central chemosensitive mechanisms. Carotid
baroreceptor inactivation by application of step
increase in the neck chamber pressure, thus a
reduction of the carotid sinus transmural pressure,
produces much less reflex response in heart rate,
TPR and skeletal muscle regional vascular resist-
ance in young hypertensive subjects as compared
to matched normotensive group. However, this

difference is diminished after the tonic arterial

& ¥ &

chemoreceptor reflex drive has been withdrawn
by brief hyperoxia. Preliminary study has shown
that young normotensive subjects with a family
background of essential hypertension respond more
frequently with a drop of TPR to O, produced
withdrawal of the tonic chemoreceptor drive than
normotensives of no obvious genetic risk of essen-
tial hypertension. It is proposed that a resetting
and an increased gain of the arterial chemo-
receptor reflex found in hypertension may contri-
bute both to some exagerrated sympathetic reac-
tivity and, in long terms, to local autoregulatory
response in microcirculation due to the prolonged

augmented excess oxygen supply to the tissues.
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