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Genetic and physiological studies of mouse systolic blood pressure
Hirohisa FUJISAKI (Department of Physiology, Wakayama Medical College, Wakayama,
640)

At the present, it is obviously demonstrated that the blood pressure is genetically
controlled. But genetical analysis are not well done because it is very complicated
in relation to the environmental factors. In this study, the systolic blood pressure
measurement and some blood examinations were carried in 23 inbred strain mice
which were relatively representative in different genetical background groups and
included 2 diabetic mutants, 1 obese mutant and 1 obese congenic mouse, and the
relations were calculated between them. And also the heritability and the number of

- genetic loci of blood pressure were determined with the hybridization experiment.
The results obtained were as follows.

1) About 50 mmHg difference was shown among the blood pressure of different
inbred mice. The strains of 129/]J, JPW, XP and C57BL/6J indicated lower values,
and NZB, ICR, C3H and PL/J strain showed higher blood pressure. Diabetic mutants
demonstrated relatively higher values compared with control mice.

2) It was demonstrated that the blood pressure rose high correlatively with the
age in the experiment of prediabetic NOD mouse.

3) Remarkable correlations were shown between the blood pressure and serum
triglyceride and cholesterol especially in diabetic mice.

4) It was calculated that the blood pressure was controlled by about 5 genetic
loci and the heritability was 0.3455.

key words : systolic blood pressure, heritability, mouse.
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Fig. 1. Blood pressure measured at different time.

BRI F L £ h0.7699(P<0.01), 0.4404(P<
0.05)Ch b, A4 &IfER O ERR

1 F=80.30+2.24 x A4 (mmHg) (P<0.01)
% % 7-(Fig. 2).

LT ATHS LR AEEMALRD YD,
Lol ETFRDbRS DA EOMER
W BB A HIET ALERDD. S OldE
6, A4 &IED 3 FHAMOEERRE LV
EEFEERRO RO EEFRRL

M FE=73.7134+0.168 X {A 2 -+ 2.426 x A4

(mmHg)
AR ER AL

MFEZE(E4 =0.1097 X ({65 — FIAE)

+08341 x (B4 —F#HA4) (mmHg)
Thz bh, FkE8.25g, FHASIIRT

Bole. ThhbbFEHAS D~ 7 ANFHEE
26 +10g Z84b U2 E o 75 4k 1349 £ 1mm
Hg ¢ 552, FHHEHEED~ v ARFIHASIC
WLTCE5 7y AN D HROMED 4 b ik #y
+ 4mmHg L R& ST 5 LRSS hic
SeveR LREERRZ 3 kxR L NOD #
BIRARIE~ 7 AR X OEIRBRIE~ 7 2D
WC7 ey b Licdon Fig. 3 th 5. EHERH
B ARE A R, A i PR L
A fE L Fig. 3 0B EIRFE CTHh 503, LHE
NI VECEEFEO LT ry F &0
5. ERRRE~ v A0 EAEIT4 CEERF
HX0ESL L EACEEL, WThbEHEME
I VEEERR LT EERE.

E. 4BAymgEail



704 < v AU FE & (54 B B

Table 1. Mean systolic blood pressures of 20 inbred strains of mice.
male female
Strain Mean systolic Star}da;d Sgnnple Mean systolic Star}da_rd ngple
blood pressure deviation size blood pressure deviation size
129/] 82.2 34 4 785 4.0 5
jpwW 99.3 3.7 4 98.3 5.2 4
XP 99.6 47 7 101.0 8.7 21
C57BL/6]J 101.7 7.3 32 976 74 36
C57BL/Ks] 104.0 4.2 21 103.6 23 3
BALB/c 1044 4.2 12 107.6 34 12
SWV 105.1 23 5 105.3 24 6
DK1 105.7 42 5 108.1 41 9
CBA 106.0 5.8 9 114.0 4.0 7
KSB 106.5 2.1 5 107.8 29 7
NOD . 106.6 48 2 110.5 8.2 4
C57L 109.8 16 28 106.6 3.6 22
DM 110.3 41 23 1074 3.8 26
NON 110.5 1.8 2 104.8 2.8 5
KK 1117 35 30 115.3 3.1 38
AKR 113.2 46 6 101.0 21 3
PL/J 117.7 4.8 33 116.8 5.3 51
C3H 119.0 6.7 18 115.1 8.7 20
ICR 123.3 34 9 118.6 2.2 5
NZB 1339 43 14 127.7 3.3 14
Table 2. Comparison of mean systolic blood pressure of diabetic and obese mice

to control mice.

male female
Strain Mean systolic Star}dqrd Sample Mean systolic Stal}dqrd S.ample
blood pressure deviation size blood pressure deviation size

C57BL /6] 101.7 7.3 32 98.6 74 36
C57BL/6]J-ob(ob/ob) 1044 6.3 14 111.0 46 8gxx
C57BL/KsJ-db(+/—) 104.0 4.2 21 1036 2.3 3
C57BL/KsJ-db(db/db) 114.0 4.8 20% 1136 45 15
KK 111.7 35 30 115.3 3.1 38
KK-AY 121.2 6.1 27 1159 6.1 25
C57BL/6J-A¥(+/+) 98.8 3.5 4 98.7 3.0 8
C57BL/6J-AY(AY/+) 1139 3.8 ¥ 1126 2.7 14%*

* PL005  ** P<0.01
I EAHBI DR IMEBEE & o i o
TMFH = v AR O F % Table3, 4
WLl BRF< 7 AR X R~ Y Ak
T ORBIERTMED B2V A T v —
W, Fva—A, R COWT D S
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® r = 0.7699 (P < 0.01)
%? Y =2.24 X+ 80.30 (P< 0.01)
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Table 3. Mean values of physiological blood examination of male mice.
Strain WG HT HB RBC MCV MCH MCHC CHO GLU TG PRO
XP 29 40.7 13.0 1009.8 408 13.1 320 1419 230.0 122.2 51.1
C57BL/6] 19 453 15.0 10571 432 143 33.0 101.7 180.5 91.0 736

C57BL/6J-ob(ob/ob) 38 454 14.2 10152 449 141 313  237.7%F 2725% 1716% 681
C57BL/6J-A¥(+/+) 26 41.3 132 9460 403 127 319 1345 1550 1019 556
C57BL/6J-A¥(Av/+) 38 422 131 9556 468 146 314 1462 2112 1395 539
C57BL/KsJ-db(+/—) 31 408 132 9823 418 135 323 1011  160.2 896 324
C57BL/KsJ-db(db/db) 42 438 139 10728 41.0 131 318  1753%F 383.2%% 220.4%% 7438

BALB/c 25 434 136 11147 395 124 314 1203 1375 1094 58.2
DK1 29 438 134 10968 40.1 123 306 155.8 206.2 130.2 485
C57L 32 456 144 10221 451 142 315 104.4 1424 106.8 36.4
DM 36 44.0 141 9981 44.7 143 321 2194 202.3 269.9 65.5
KK 38 44.0 134 1099.3 404 123 30.5 157.2 251.3 265.6 86.4
KK-AY 42 404 123 1016.7 40.0 125 306 194.4%* 2449 260.8 949
PL/J 28 422 138 10447 411 133 32.7 1074 184.0 114.3 414
C3H 29 415 137 9239 455 150 329 168.8 205.2 155.5 110.3
** P0.01

WG : Body weight (g) MCHC ; Mean corpuscular hemoglobin concentration (%)

HT : Hematocrit (%) CHO : Serum cholesterol (mg/dl)

HB : Hemoglobin (g/dl) GLU : Blood sugar (mg/dl)

RBC : Number of red cell (10*/mm3) TG : Triglyceride (mg/dl)
MCV : Mean corpuscular volume (pm?) PRO : B-lipoprotein (mg/dl)

MCH : Mean corpuscular hemoglobin (rr)

Table 4. Mean values of physiological blood examinations of female mice.

Strain WG HT HB RBC MCV MCH MCHC CHO GLU TG PRO
XP 26 408 129 9825 419 132 317 1248 209.7 97.1 50.3
C57BL/6J 18 434 142 10187 431 14.1 32.7 81.1 158.3 78.3 55.4

C57BL/6J-ob(ob/ob) 40 469 14.3 10549 455 139 306  2351%% 265.8% 2116%* 730
CS7BL/6J-AY(+/+) 19 404 139 9610 438 149 350 1097 1681 892 530
C57BL/6J-A¥(A¥/+) 32 436 136 10206 428 134 314  157.2%% 206.3* 1146* 518
C57BL/KsJ-db(+/—) 27 442 145 10980 411 135 328 932 1893 804 345
C57BL/KsJ-db(db/db) 41 447 141 10635 426 135 316  1829% 331.3** 1504** 666

BALB/c 28 414 132 9885 424 135 32.0 126.5 159.5 147.7 59.3
DKl 23 413 13.0 1039.8 401 126 316 106.9 1779 116.5 477
C57L 27 445 138 10235 439 136  31.0 93.0 122.8 92.8 341
DM 30 419 132 9788 437 138 316 185.2 180.2 221.6 554
KK 36 403 125 10011 406 126 31.2 150.1 204.3 1894 65.1
KK-AY 45 39.2 123 10141 39.2 123 30.2 174.7%* 2099 261.0**  69.2
PL/J 23 418 14.1 10162 415 137 329 116.7 172.2 99.8 45.2
C3H 24 393 125 8506 46,5 148 31.8 144.2 178.1 109.5 1095
** P00l * P<0.05

WG : Body weight (g) MCHC : Mean corpuscular hemoglobin concentration (%)

HT : Hematocrit (%) CHO : Serum cholesterol (mg/dl)

HB : Hemoglobin (g/dl) GLU : Blood sugar (mg/dl)
RBC : Number of red cell (10¢/mm3) TG : Triglyceride (mg/dl)
MCV ; Mean corpuscular volume (gm?) PRO : p-lipoprotein (mg/dl)

MCH : Mean corpuscular hemoglobin (rr)
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Pattern illustration of physiological blood values of diabetic male mice.
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Table 5.  Correlation coefficient between blood pressure and physiological blood values

in diabetic and control mice.

Control mice

Diabetic mice '\ Blood pressure Cholesterol

Blood sugar Triglyceride Lipoprotein

0.5603  ¥* 0.5178  ** 0.4926 % 0.2640
Blood pressure 0.2790 0.1774 0.4680 *% 0.1049
0.5662 0.3467 * 0.6410 *% 0.3024
Cholesterol 0.5501 *% 0.3290 0.7412 X% 0.2678
0.5431 *% 0.1572 0.6279 *% 0.1963
Blood sugar 0.6871 *% 0.1868 0.4668 *% 0.3738
0.6490 *% 0.1270 0.1752 0.3998 *
Triglyceride 0.6428 * 0.5517 **%¥  .0.1877 0.3556
0.6176 *% 0.2001 0.0763 0.2908
Lipoprotein 0.6203 *% 0.2984 0.1323 0.4559
¥ P <0.01 ¥ P <0.05
The upper row : male mice The under row : female mice
Table 6. Regression coefficient of diabetic and control mice.
Blood pressure Cholesterol Blood sugar Triglyceride Lipoprotein
110.44 171.44 255.94 231.47 66.92
Mean value 106.72 100.37 173,54 92.82 5171
L 417 43.30 62.74 56.88 10.75
Standard deviation 1094 2227 35.45 30.14 17.01
Partial regression 100.16 0.0173 —0.0138 0.0540 —0.0250
coefficient 100.37 0.0586 0.0006 0.0459 —0.0754
Standard regression 0.1799 —0.2070 0.7370 —0.0645
coefficient 0.1193 0.0021 0.1263 —0.1173

The upper row : diabetic mice

The under row . control mice

Table 7. Estimates of the minimum number of genetic loci controlled

the blood pressure.

Variance  Cumulative response

Sex Realized heritability Minimum No. of loci
(V») {R(mmHg)]} (h?) (n)
Males 149.0 219 0.3455 45
Females 223.1 25.3 4.0
Av 186.1 236 0.3455 42
MoOMEEOEDORBEETH 5. WIMERIE 8 L OET o A B IMEAEAE >

Table 7 1 LEER, BERTFHROFEZRT
H5. BERKT 03455 CHRE S HoOBEBRR T
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ARDIER KB
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Effects of running speed on the mechanical power and
efficiency of sprint- and distance-runners

Masahiro KANEKO, Akira ITO, Takafumi FUCHIMOTO, and Jiro TOYOOKA

Laboratory of Exercise Physiology and Biomechanics, Osaka College of
Physical Education, Ibaraki, Osaka, Japan

The effect of running speed on the mechanical efficiency has not been well estab-
lished. Cavagna and Kaneko(1977)® demonstrated that the efficiency of level running
increased with increasing speed above 45%. Gregor and Kirkendall(1978)%, however,
reported that the efficiency of female marathon runners decreased from about 30 to 20%
corresponding to the speeds 3.1~4.5m/s. In our previous study(1983)" the efficiency of
distance runners decreased with speed from 72 to 48%, whereas that of sprinters remained
constant(47~48%)in a limited speed range(4~6m/s). The present study aimed to study
how the efficiency of sprint- and distance-runners would be influenced by much higher
running speed including the maximum speed.

The subjects were well trained 3 sprinters and 3 distance runners aged 20~22 years.
The subject ran at 4 different speeds, 4~9.48m/s, including his maximum speed. The
horizontal and vertical forces were recorded by a forceplate(lmxlm)implanted in the
outdoor track. In order to check the ‘constant’ speed at the place where measurement was
made, the forward velocity was reproduced after each trial by integrating the forward
force electically. Two photocells were placed along the track to determine the average
speed of progression. From the force records stored in a tape recorder the external mechan-
ical work(W-ext)to accelerate the body’s c. 0. m. was calculated according to Cavagan's
method (1975)%. To measure the internal mechanical work(W-int)to accelerate the limbs
around the body’s c. o. m., the side view of the subject was filmed at 200 frames/s by a
movie camera. Through the analysis of the coordinates of c. 0. m. of limb segments the
kinetic energy was computed(0.01 intervals)by Fenn’s method(1930)*. The kinetic energies
of upper and lower segments in each limb were added at each instant to admit a complete
energy transfer between two adjacent segments, and then the sum of increments in the
resultant energy curves was taken as W-int. The net energy expenditure was determined
by measuring oxygen uptake above resting in (1)10-min treadmill running at relatively
low speeds and(2)100m sprint running at the maximum and near maximum speeds. The
mechanical efficiency was then calculated as(W—ext+W—int) /E—net in power unit.

The external mechanical power(W—ext)increased linearly and the internal power(W—
int)exponentially with speed. The resultant total power outut(W-tot ; watt/kg)increased
with speed (V ; m/s) curvilinearly ; W-tot=—1.222+1.676V +0.168V* %2, This equation is
common to all subjects, since there was no distinct difference between distance runners

STAE, PHES, WAKT, BRRY | KREEREETER (4 2 % =7 APRE
(Received for publication July 4, 1983)
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Fig. 1. Changes in total mechanical power(W—tot), net energy expenditure

(E-net)and mechanical efficiency of sprinters (o) and distance runners (x) at

various running speeds.

and sprinters when compared at a give speed. At the maximum speed, however, the
sprinters developed significantly greater W-tot than the distance runners(Fig. 1, bottom).
The net energy cost(E-net ; watt/kg)of distance runners(D)and sprinters(S)increased with
speed as indicated by the following equations; (D) :E—net=2.160e'437V, and(S) : E-net=
4.263e*V. The mechanical efficiency has appreciably decreased with speed(Fig. 1, top).
When compared two groups at a given low speed, the efficiency values of distance runners
were apparently higher than those of sprinters(D ; 50~64%, S ; 40~45%), but this relation
tended to be reversed at a given higher speed(above 6.5m/s)as indicated by the lines
calculated from above equations. The minimum efficiency at highest speed was significan-
tly different ; 21.7% and 16.7% for D and S groups respectively.

The efficiency reduction observed in the present study is in contrast with Cavagna

Y
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and Kaneko(1977). This discrepancy is attributed to difference in the E-net vs. speed
relation, since the value and trend in mechanical power were virtually the same. Cavagna
and Kaneko(above)assumed E-net as lkcal/kg/km for all speeds, but in the present study it
changed from 1 to 4kcal/kg/km. The efficiency trend reported by Gregor and Kirkendall
(1978)% agrees well with ours in spite of using different definition of mechanical work
(Norman et al, 1976)®. According to earlier findings the distance runner’s muscle is
characterized by a higher % of ST fibers, while the sprinter’s’ by FT fibers(e. g. Gollnick
et al, 1972)%. In addition ST fiber works more economically than FT fiber particularly at
low speeds(Awan and Goldspink, 1972). Taking these into consideration, the present result
may, in part, be explained : the more recruitment of ST fibers in distance runners may
demonstrate higher efficiency at relatively low speeds, and an increased recruitment of FT
fibers associated with increasing speed may reduce the mechanical efficiency in running.
If so, it is interesting that a dominant effect of muscle fiber composition can be switched
at the speed of about 6.5m/s from ST to FT fibers in relation to aerobic and anaerobic
metabolism.
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(200~300Hz, 5~10V) %Nz 5 &, MBEMHHEEE
HEE RN RE (0 3, W3Hz) R EHERET
EWRTES. ZOOPFER, BHEOBEELRIEIES

&, SRR AT (100~2004V) & iR 1Bl (200~ 300
VD2 TRELRETE, Lo, 0FE»E
LA EREShicy null zone Bp - fe. SENL, 1E
EBo£BCEHEEINS 0 EoME MBIk 2
W, A BB CRREERE LTI Lic. &
WOLBH Licx v 7 AT VIUNERY, BRETh
ZFh 0.5~1.5mm Bt LT 4 ARKEXfe= L FBEHEEH
THEREHEE Tt~ 2 KOBEB DL HEA D
BfhE» b RS IN S 0 i, WThiFEEHEY
mUle. FRHRENO 21FHLEHE&H IR %
OWARMAMTH 7. L, HEMEEMLD 0
L EIRE D 6 B ixf 180 FEAEL T T, @
THERESNREROZ L, #AMRBEAE T
#y 300msec DS, D% positive k.S
# 600msec £ 0 37 & 7n - 7. HIREITILHY 600msec
OB AE Sh o it HBEXD, 03
AR &, RE O 2 T TREL, 0
RECHE msec RN LTI bbb ol

6. WM& LUEWTRME=- —0 Y OBFMATIT
it

HA OB, SREG, BRE—, BER FEGLRE
K, SEAFR - BE—RE*)

F 2 O AR (Ci~C,) DK A B IS U 7
EhAEREEE= o — v v (ERBEM) ORFERE
RFBR oW TR TR Lie. SEILE DI,
JEBAPEGM: = o — » VEE L OBSHT, SHEAFPBME = -
—r VORI TITHR 2B 5 et 5 B THER
wITIn -7z,

FFR V7 — L OBRMREE T SRS X OHER T ET
DHEEL LRNBBCREY = 2 — = VR ZER
B L. &, PRER= - —r YOIFETDT
AR (Cs~Co) 35 X O T ERMB (Te~T1o) DRI W F
A LK/ NES CHM/MNESRIB RN L, 7 ik R
DEFEE T, W7 ARG I ERE CHR L
T ORI = o — = VITHER O FRHIERRC O S5
BLICH, ERIOWRM = o — » VIXFEE E il
OFIBCIEE L, OB EDLRIEN -1z, &
FoBEE R L ORI = 2 — r VOWLWTRAERO
FIMC IS 5 S A& O AR OBE & Vv Eb» -
fo. Thb O THEH omANK HRP 2 H4E
BEAL, Bty A ERER (C~Co)is JU0EE
LTl o FERcBEMRn R Ehs 2 &nb
B3 bhi.
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1. Bl#RE M EERROERAN SR

BRE B SB&=, B B EPERT AR
FE—*, KIFBE=* GLIREX, s « F4amY)

Bl R B I SEs Ci~Ce DRTALER L, &l
HEEMIEY LR - THBIFRY Th % EIEH, g
B TR T 5. Ly LEIMEEE MR OEa A
A RTEBALCE LW E R R —F LT e
OT, SEfAH HRP ki X b 5 Lic. SRk
Fawfv, BIMEFRRAFHC AT 5ETTY
WL, Wi oo by —fc LTE#20~30%
HRP ¥z bathing -3 5% FFEx F\vfo.

HRP Bl Ci~Co fEfc o7 h Ml
ARCRD LR, Fosfit C, Tk oTRil
BRI, Co~Cy T UTESHMR 4 f
WeBbbhic. Fio C TR & EAMB%D
8, Co TIRRAICET L TUEAAIBSN @ 72
Bdbht.

L Cs, Cs oRiAS TSRS ES Ml 05
FE—H LT ZOFRITFRESE L, #E
iR & BIHEOBEA TR I h 5.

8. Scratching reflex [CA§4533EAMNH B OF
DIFHEOBRAO LRI

BRE—, SRR, B ¥ GLREX, $24
=)

L LT LeFH 2 0B A28 <
Pinching +5 &, BIHEw 4t B /Y 7¢ Scratching
movement 45, APIFEE, ZOFNMHLORD
BHEOHFFIA TP TS B TR RSN FIE
& HRP % W TER Tk - 7.

HFEMMER F 1 3B 7 S DI A 5 CHE  Pinching
T B FETHESE RSP 1 ms OFEFPE, 50Hz) L
T Scratching movement »4: U X%, FHOBEA
0 (C~Co) e B/ NEBEPA Uk OMERS 28 L
Jo. BRI DAL 7 REETTOERNL, BA
b OROBHET, Ad FHELHERShi. R
B VXV DOATFHEOR LTS bR AL i HRP
(20~30% %, 10~40mg)*EAL, 3 HHE FEE
CFAFHEE (Ci~Cs) DTG I (60~70pm DJFEX )%
{E%L L=, TMB(tetramethyl benzidine) ik CRKIGH X
ik h, 441, HRPEMEMEZEH C~Cy( 1
FlDH Co~C,) DEEMHEE TR Hhvie. HRP B
faoBur 1§k iz v C BHAHEM T 3 ~25(, G, C
12~68{H, C; T2 ~28{F, C, TiX1HlcB T I9{A

w &

THD, EATPLOBBC X BEEDTd C U
TR Hh T

9. BHRLEETEAMICKRH T IHARHERO

HRP [c L ZE%E

KEEE, HAME F BE (BIEX, 24
)

a2 BTEA OO E B 3 43 (DTF
P3~P7, LRO, H-55~H-6.5) it/ NES I %
Mz &, MABEROHRERY ~SAMEEETS. 20
IR RIS Z LS, SRR OB L, DTF #y
BRI REISLI L3 0EEL LR
%. %= HRP g%\, DTF A7 % @83 % 55k
DRIAHR % F5E Liz. DTF i ofgkFEE - HRP
DEACILY A8 2EBBE AV, HRPE A
12 o0k Avie. 81 05T, DTF 66k
Bk, TOWLEC S vy ¥ v —ETHRP 2TEA L.
= OHETIL, DTF ik X T offFEoEE L T
THRRRANER D HRP DA R HZ LM TES.
# 2 KT, DTF FIBSIR OB b I %
IEEEL, ZOMPESIKEIE T HRP 2{EA Lic.
ZOFETE, Z O OBBRMENS X bR
HRP bR ¥R B ENTES. ThbHbEAFE
DRI HERNLROFENB BRI, E1OHET
1, BN E L LT DTF R0k 0@Edde
Db bhi. #2 05T, DTF SR ofBigs
thoflic, BYIROBERZEPOET RIS %
 DEBARESED bhi. ZoZ Eab, DTF iz
BT 5 MR ORBHIIE L LTERB S
DETHBIFET D Z EATRE S hi.

10. Bk JIDKER LA E group la, group
Ib BiREFEE

WAMRE, & IkFE, BEHATN(IIEKX, 24
B« ERAE)

BRBd o = OBEER, EHER A MEMEES B w B &
L, EABREERY D IS vAC . —v EBL &, BN
F 2 KHES R R L bRB ENTES. FEAR
OEPLEEF A (DTF ) s Rs i in g, %
WEREE VU R BB e S8, Jv S fnb
DR UVEFRHE DO Fe 5t % AT L. Group Ia, Ib 3
#Hex, MINBRBREREO IHHNESALBEBREAV
TZh D OERRT 2R VR RS Ik, 75
ARNER R BV CEBERNRES 2T, REERET2

I
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¥ &

m/BHUEThHSZ L, BIVe T 2 HEIRME w3 3
BINERE ENnDThZh% group Ia, Ib f#ffE & L
TRE L. —fI#BED vz, 01~05ke ofipH
TREHCEL IR, BEHvre i LT,
group Ja #ffE13 2 ~40spikes/Fy, group Ib #& #E 11
2 ~50spikes/F DEIF THRFAIRST L R L 7. B
HRREVSADRETT B & &b, group Ia, Ib f§fE
DOREHAELEA L. Group Ia, Ib #E+h 2ho
REEFELEFE V- LoHBFRE R, S0k
0.61:+0.32 (n=13), 0.84-0.14 (n=8) C# - #-. DTF
ek ves 2707 EBMGESE L, W
BEIL% S T OBSBITRREHER TS 2 EeownT
X, TOREE L. SEOWR,LRBELEHELE
R 5 BB EBR T —ER/L LT, TA7
7 EEIE~D group Ta #R#fEN D OBEMA T O
A, ThbbBIRBOBEELTWAZ LA HEE T &
5.

1. A9 EVNROEHEZIM=1—0

M 44, Philip H. -S. Jen*(Jtk, ¥, 48« 3
A=V JHILK*)

7€ 7 avyxy (Eptescus fuscus) & v %= v £
(Pteronotus parnellii) D/PMEDO BEE = o —w v
BRI RV T2 VKRBT, B x EE
L, BEEZHCTMYEREE Lie. Ktk SMKCL %
Dt AT ABEH LG Ui, FIEE w 1310~100
KHz o 30msec bt —vA—2x%&fH, HEE L
= o —w vl PR mERes A LT
. TEREIAZBIA X 5 /¢ tonotopic organization
Babhihote, 7€V 29 % ) CRESREREN
10~90KHz zdotc » Tiiedd, k¥ 2 9% Y T 360
KHz R AEE b 2d 08" %<, 2o
51%% Gebte. FAFMBEEEEEL, 2o ko
BB E S STHEN Db 0, VERDOL DB -
=08, e aw ey o1t 60KHz fFcdil AET 5
bOMHote. Flhoff KIBERTHDLH T Qp
dB #BEReRH LTI ry v T2, 7EVaYE
Y CRPES AT s 0 L, vy 2y e ) TR
60KHz fHEIE - QudB ZRT v — 70N C& k. B
B 3 ~20msec Tho7hd, BUWERKE O = —r v
O, T (BZ2 6 BFHRKR 1HbOATE
R 5. R LIES OBFR AR bR

7.

w8 717

12, EERBEOETREMEEICOWT
SEREER, EEXN, PR, ABETEY GF
R, o, £« 0k

W ORI B BN 2N 5 2 Lixsh b
1004£3 o Bayliss & Bradford no#fi&icd Rbh, #
DBEL ORENR LI B. DM, Lundberg(1955)
oG L, ZOBMEHRBCIIZooRIE
T ERNT B, L LThbilioHeEoRs
ERMAT L —F LT, —He r OF TIRER
DOEMEBRBIT O\ TIHER S (1950) DR E B 5
B, ZhiE o < ) LIcTBALZEE) & AR W EALES
BAMELCESINTVWB I ExRELTWS. *
LTz 04Er: Lundberg o4& & 14T Ld—8 L
Tievs. o, BED (1978) &AM b
BWEMEHRAZHEE LTS, LirLlidiboh
LOWEXTHIEHEMLZOSDENW5EL HE
LT3, Lil, bt OEEFHRC I 25 TE»S
DBAEEREEY L T\5 & Th) B BEEM, &
HELHGBRESBROAL. Thbb, A—HREC
DWTHE LT, LrdEESWEIER LT
THHELHbbT, BNEBILATLIALCLS
R ER ST, BRCBAECRBMLOBENE -1
SHEHEbhAEELHSB L, EBBREOREL X
S TR DFEFBEMIE L PX kB5BEb A bR
7.

13, HEBEEERBHOIREICHT I REOHE
MR Zh, #OEH LIREX, $—48)
Itk S phasic 7efEBDOAERTAEVDOE X D E
NS 100pm FikogEHOMR L /ML T, £0K
G L KRG BT O H S = AT 2B EOE
EEBE L. KB IO 2 A HiE25C Tl
0P cietE BEMRE LS L. §iFElmM
EGTA %41 Cafree Ringer ¥ CHLET % LBEKC
FHIh BN LT, BETFEAEMHZhign
ot BEX3~5CRETTHE, KBIU LA
2 13 (KBS B10~20580) OwFhhcke
ThHEKRE, BIRFIEL, BOOb ENVEER X
CHASEE R C. Lo L, BEEDRKHMECE
W30 R LA S it LT, sasa
AHRLEEEERIR S h . 2D a2 VIR
DER & 5 IHIERC X bR KEL, 145
DATIRZoMEI BN BE Ch . ¥k, KR
Toar Az v #iE o M4 2 1mMEGTA &1
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Ca-free ¥ 5\ ~3 0.1mM La***t wCBT 52 &
X hEE L. chboHEER, EEAE~DE
EAsS R R &, ¥k, Al arT
X B HRNER Ca ORI TFRIch THbZ &
BRE L, LizdioThAsza AlEoERe X 5H
#hix, & LThrsa v BEofilanirg Ca 1
ELLRMULBRTHHEELZDNS.

W 3Rz NIRRT RFREOINREEIC oL T

IWH %, DME—5, #& FEHE GREX, -4
)

ELEy MEBE X D YR = VB ETE R
(skinned cell) 2/E8L L, oG >WTHEE L
fo. BT, VEBRE 2T Y- ETREBLTED
- BB VR W RERAEE % relaxing solution Hr 7pg/ml
DY E = v CISHRME TS - Lic X b skinned cell
R L, HEOREIRYE=vABrl-Thiz
LA LEBINTch T, skinned cell (3 Ca?t B
CARTELCER L, TORKNEMT intact cell © 85
mM K i ORKEMEI D H K ¥ oo A, intact
cell DK AFEOER bh 5 B REMEIZAD bhvied
»fo. -, skinned cell ® A, skinned fiber X
3 Ca BREZHENE\Z LHARE . Ebhie skinned
cell DI Ca 2 h 7 = A YEB W THRHF L
-. skinned cell % pCa8 DHEWRETH &, £D
BEBESEVREN 7 =4 VR X BEMHIKE Do
7edd, 1mM Fep g vk Il hie. Fcf—
BERBCHsT 5HE Ca BB Ca¥* BEO
BWBEOIR o, B EX b, BHEETERGH
e b HIKEPY Ca store BNEFEE LTV A Z ENTRELE
h, ZoFREHERE L LT, Ca induce Ca release HHE
MBS LCWAIREENTR I h B LE 2 bh 5.

15. BHIRPECLB I DH7F K- 2O5H
Rk, ZHRTFR (BIEX, ¥E)
BERRE R X » TEMR - 7o O0HE8% o pH i
ETL (7F¥—vARKES), ZBLRENERE LT
A% pCO, B ERTHZ LB h T3, ##k CO,
B LKEA F VIBEORILKR OBERR S 5.
CO,+H,0=>H,CO,—>H*+HCO,"
AFEROBEMIEMC L » TR ZLHT7F F—Y A
(KFA & v oBER) 1388 CO: BEHOFETH 5 0
b, BERTHEONEWELNTHZ L THS. L
pH % X 08 pCOz 134 2 OB\ CREBIIZE X,

» &

HCO,~ BENSHEIN. ERBIRMTTEL R %E
35 &8 pH 3B Licdd, ok & HCO;- BE
LEHEREA L, B X 5087 F F—2 A3_R#
WThbHo EAREINA., M %AV invitro O
EEAT, MFEBERFLEHMTS & pHE T
»T HCO;~ BENERTS (PHREETF V- R)
DXL, MFEIABEHEMT 3 & pHE T
HCO,~ BEMXBATS (REME7FV—vRA) 2L
W bhiz. Bk, EmOHsd 500 &% pH
ETEREHE7F F—C AR I BT EXNHABLIRE -
7z,

16. 2 b LRICkDMEKREMREZOWE

EFEGE, KEHEE, LE B, NefE, g
RlE*, BERA(BIIEX, B£—4H - LEEHF X,
S A TY)

REMESFEOEHEE Y Fa2—AT IV, 74P
Ty, FRBALE VRS - T Sh53ES 5
2 BFEEDORECHD, TOX BRI H IR
(BAT)THBZ LB LMIh T35, —JF BAT
DOEBEETTENA I VAR DB Z B & (Selye &
Timiras, 1949), A + vV ARZEREMRER, s v
& NST oRBRcBfRTsH1rE v O5WEHETS
ZENRRENTWES., LA TA VA LELSEL
DX BILEOFIETHZ EXHENIh S, ZOFf
FEMAREND BB T » P THEA b VA ( SEFRE/
H, 1~48) »fifsE, NST itk XiET9R 2%
L.

— 5 CTCORBBRIETE CRAMERIZA VA
BFCE LHESh, WBHT 5 Friic—1.1~—23C
DIETHRASBRIOER LT, A b VvABECRERS
FEHFEIR. A PVAFETER/ AT FVFY v
X b NST o LnWE#ER A bRl FlA LR
FECix BAT EE0#HN, BEAEHEEORS, Al
BEEOEMA L DRI, M T, VA Er -7
2Ty VA REEN ek - .

P Eo&ERIT, AL AN NST ofgfEs s LTt
ErHET L L, L L Z0—ix BAT &%
35 NST BTl X152 LR ThEELD
hs.

17. JSBHfABE A >~ > 2 U v S REORAELIZE S
8
EFEFE, ER B, BERV (BIEX, #£—4

™



)

Insulin sZZ86 A A BRRIFEMR (WAT ) e T 5
EXMLR IR TR D, HEEHER (BAT) i
Rk Insulin FERELIFE L, EABULOBMDL
POBEERETTHBZ EXNTFRERS. LihLlzh
¥ LB OB, #iF L WAT, BAT Insulin &%
BEOBGRYEERE LeEiin. §Ebhbh
i1 ®l-Insulin % O AERE TV, WAT, BAT
@ Insulin $EAHEDIEATHLIC X 5158 % H T D TH
ET5. 4~5HMS CoEpEILIRIT » + O
ERER BAT Gl A~ o Sdnsulin 0G4
1125CHE OEER BB LTl LT LT
oo 2k BAT o Insulin fE&AL 0B Er
BINL Tk THS EEZD h fo. BAT FHEE
BENE WAT A E A~ 5I-Insulin #4 4 9
SO L, BEAMHE O CREE A ORI H
mlic&Ez bhi.

Lk X v, Insulin 23fREFHIRC 72\ 3 50 Al & 4
LTCEAHERBER LTS LM Eh S, 86
14 Insulin V<L OEE &5 28 Ofkicicv L
CIEEIRW B EY & IS T HEL BT €, ENRE
TH5 WAT % X 08 BAT H&7 Insulin 53610
Bl Ws FERERTAZ C L b, HEBK
Insulin AL IFTWBEELD R B, L5
FTrolickh, EAEhoBEoRILRER X 53
FE o WAT, BAT kBT 5B, FEe D 2B
BEEAHHRELTWAIDEEZDNS.

18, ALEVERY X LAQEGRECHITDIEIE
iz]es]

EJIERY, R WY, AHB—, A&, KE
B odek, B, NE* B, H—RH)

5y toMifarsraide v (B)OBRY XAk
3~ A BRRBBT A2, 20V R AOREEFILR
ERICERERBIAT B L E L bR, SENTERT »
P OBEER EB(SCN) R HHE LY X ADHKR LIRS
y FBEENRIFS y bOBY RARETAC &
CXv, BV RAXMFOB Y X ARBR JIXTE
Wit L. EEAE LD 12 1208E4EH4TT
B LA A —R/HET » bV, RS AR X
V10A 1 SCN oESMMWE LAFHT 2T ol H
R URFRIREREH LA ME el £583
BeEALL, 4, 5, HEERMLCBRRAEL
fo. EEMRER ER3BRFM LT » MRTNTR

¥ &® 719

BE L', 100 H OFMREIRE#E Lic. 205
HERBER XOFORETLTEELATIE, F7 5 b
A% 4BUEERABER Y X a28lhic. Ll
F OTREC B TERFEOF LT 4 R o R
EBRR LR R Fo o MERY XA0EBRREE
it in & IEIRIOB LI R o SCN 1L hE s
W Eie SCN BER XOBFEN T » FOfFOBER
) XA AR OMAfERALR LT L, EIR
10HLIREDBHRFHAOFHENRE IR 5.

19, {AEHFES o MModk(FBMEINLFIAZRFRY
BHRE & M LM R Y Y LRI

BIRERE, BRI B, AE—, BF %, KE
7ok, &, NR-E, B-£E)

F o FBT S EHIRAE T TR bh 5 M=
rFa Ay e V(B) v oBBicii BRI R
TEYy—ACT v XA, BENBY—27%2HRTS
oSS L TEABEB L V1O ETE 2
ST EAOEENLGRENES L5, AERILE
BOANE YV URARKTHEBENRO A I =X a%
MnEMCRZAbhic. BBEFE (1)EREETT
REMR AT Licy 4 A& —RHlET » e LD12:
12 (L, 06~18) D&MT Tl0~12 i DAl A B &

7 b IR R LEMS o ek L, By~

BWE L. (2)EFWHES » b LEEHIRGEY 28
B3 = fn o Tofh, IR EIc20% % L U505 7' v =2 —
AW HFEOEREL, mEdoB, B, 1 vAY v
AERE Lic. EERRERESLUHER AR
v P CHLBHENTOB Y — 7 LEABOB v DEH
BB D LRI Enb, ThboRIGrEEM
BBE LTt Bbh b, ¥7:20%% J0B50%
e — ARG LD, s IO, v A v
VRARERIE LR Lt b b B v ok
TFTHRBD LR ot Ehb, ShboETFIRER
@t > B v A 04 B EidBE LT e,

20, {GSSHRRRAESIC & BRSNS IRMER @ B A IRAYER
)

FEBSE ek, BE, 438)

PERED B OWLEER OG5 UNL, AN B RAHE
REMEE AL E VOREEZT TS, T8,
Fra—R, BRI EORBERODD LD, KA
DWHRAD R LY, B REREC b EREd - T
W5, HERLE vAUMER ST 3 2 BN, KAt
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SWRIEEIHT A L% 5 » M EHEERERCE
FE L7z (HARADA, HABARA & KANNO, #¥f5#+). K5
BT, A— 2 VBB X o TEE SR ESIEE
B2, BENSA v ) VeSS TR SR
B, L Liehd, ZoffAREmoEr X - TR
feoTH b, BEBP TR LE vORBIED S
hicw. —F, Thb ORI, vy o olA5W
2R BER% L - T\ 5 (HARADA & KATO,
1983).

ZOWETIE, Y, v¥F, e, b, k2,
Iy bESYRERT, BHEEHE X AHNSW
KI&% insitu & in vitro OEARTHE U, HEREH
Bave st 3 2 NaBh B o F I o\ TR R n & 7.
FEORER, RO L5 ERABEOh. 1) HHEH
B L A URBIERCEEN S5, 2) Zh
bR OB 5 WE RV, R BRI 5 s
fERATHB. 3) ~vArHFH CCK-8 DREH45W
RIGix, ZhblEhBr X > <ilidizhs. = ofig
3E & LB s 5 Ca-ii A oA
5.

2. BASBRISOERM A+ v EkFEomE:; 5
v hEBILEY POHRS:

BARA, FHER bk, BE, £3)

S 0T 2 OB WA KIS h 5. Ticbb
BREGKOMLBISERE -, EEABOEREA 4 v
CEUKDOFWTHB. bhbhiter e, PRIV
7y FOBEBFEREAY AT, BRKPOERRE
A VOFEDOFEC X 5 HEBERKRHES L OHK
WEOTCXEE L. 5o VTR, ERERMS
BERBIA VEBRIZERE-T, 7 VvFvR IV
VIP I3z & s R oMz IE S hizn, CCK
PR L 2 RER LR E oI EY
ZiHiehot. LhLers, PETE, & 27 L+
v, VIP R DA 53, CCK, » a2z — il
X BRI EOEA DA ELAHI N, Atk ibEs
FEHEIIMH I TR X 5 BRI EG
Ry ERCE DB INEBRLRAGT, 2tz — ]
B X A ERERR I T A EREEA 4 vOuE
AEELILLLA, e, MEOEREATRE A
TBRBA 4 v OFREOFEC X » T USNLEER
BHOERFRALE o7, UEOfERELY, ko
X5 icHER e EL 2 ENTE D, KIRFEAK oM LEE
EHRHRIET » b, ErEy b ED (Ca?), KRS

w ®

5. Lal, CCK, #a-Sz—Afigie X 58 E Rk
b OBERZWNE, T o F Tk (HCOs™), ittkipe
T, MK EEBRBECHKRLFWT B, TLE, b
TIREE MR D ORR AW L Ak (HCO ), ik
#FL, BEMR» D SEREBA A& Ve ETRER W
Iha.

22, a-adrenergic agonist 9ETFlE73I5 —
3 fER

REEET, KU, FHE—ELK, o, 48)

a-adrenergic agonist(a-agonist) DE T 7 3 5
— O MERL = Y VIFBNEE L Fikkic Catt fRIFpET
HHZ EhD, Catt A LIER EEZ DR T W5,
a-agonist ® 7 3 T — ¥ 4 WL a-blocker LSt 1c
propranolol "CE 4] X #-A%, methacholine {f
FivX propranolol Tl X g hv o A, & Jo a-agonist
D7 5 —EL5UMERL isobutylmethyl xanthine
(IMX) % X O* forskolin #£7EF CHE B 838 Lo S,
methacholine D7 3 5 — ¥HWMERITBBML 7c o
. Licdi» T, a-agonist w57 35 —EH5WE
A% Catt o b2 CREBTERV. 22 AT,
bR i Bl #i . phenylephrine 73 IMX 3 1ot
forskolin F7E T C cyclic AMP(cAMP) B 88 n
TRBIEERE L. TOZ LT I 7R
cAMP oBi5 % HEEZ® 5. L L, propranolol o
Wl Ri% a-agonist o cAMP BIMfER LTI
MR RR LI, 7 37 —E5MERCH LT
ISR RS AR & e h » 7. F7c methoxamine iz,
134 cAMP ¥R AER IRV, LieiisT
CAMP 237 3 7 — Y5 UMERC I EEREE L T i
WisrBbhs, U EOR#T a-agonist D7 3 5
—E5UMERAR Catt DSt ooRT oS L H#E X
5. & AT, a-agonist & dibutyryl cAMP ¢ o
HO7 37 - EHMERCIHESE b =
DT &k a-agonist D7 I 5 — LN OB F &
CAMP LA L TRADHELH DT EE 2 b
ha.

23, 4v7aF v/ - NESEELUhIEEOT Y2
FHTROoaVvIFO—-tH

HHEL, AHBAT, PREHE, BREm*CRE
K, #, AL - ¥

A4V 7uF v — A (IP)IHEEKROIEA & B
b3 0T, IP 5SS XOhEEo~Y 2EH T B



¥ &

aVvAFr— AR oOWTHE Lk, 7HEES
T, BROHM, B2 vATe—AED WA, FER-
1-4C L hpavAF e —AEAROMNEEL,
Bk LR N2 VAT B — VOISR ATH
%. SRS T, EERIOB2 VAT R — LA
ML= v AT e — A EARITE . FHTREO
JERBARRE L L Bbh b, 24 AHIRGH#21 AR
ERG T, BREREBCRSIH, 2vATe—
HEEBIZ LA, B v AT e —A{EZEMNL,
2 VAT r—ARBHIEFHICR > Tuhigh. ThILE
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