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Effects of K* or norepinephrine on oxygen uptake in brown adipose
tissue Takao Komaravasur and Minoru TSUBOI (Department of Physiology, Tokyo

College of Pharmacy)

This investigation was undertaken to clarify the mechanism of the stimulated-respira-
tion caused by K* or norepinephrine in brown adipose tissue.

1. The addition of 30~100 mM K* stimulated remarkably oxygen uptake in brown

adipose tissue, and similarly norepinephrine (0.1 or 1.0 z#g/ml) caused a marked stimula-

tion.

2. Even if Na' in normal Ringer solution was replaced by Choline or Li*, oxygen
uptake caused by K* (30 mM) or norepinephrine (1.0 zg/ml) was unaffected.

3. K*-induced oxygen uptake was not observed when a Ca’¥-deficient tissue was
incubated in Ca?*-free Ringer, while norepinephrine-induced oxygen uptake clearly
~observed. And the oxygen uptake of Ca?'-deficient tissue due to K+ was recovered by

the addition of 5 mM Ca?*,

4. Mn®" (6 mM) or La®* (10 mM) inhibited significantly oxygen uptake due to K*, but

not oxygen uptake.due to norepinephrine,

5. K*-induced oxygen uptake was unaffected by 10™*M or 10-3M ouabain, but
norepinephrine-induced oxygen uptake was inhibited considerably by 1074 M ouabain.

6. The oxygen uptake due to K* was unaffected by propranolol (33 #M), whereas that
due to norepinephrine was significantly inhibited in the presence of propranolol.

7. In the tissue from reserpine-treated animal, the oxygen uptake caused by K" was

observed.

Accordingly, from these positive results we are justified to suggest that K'-induced
oxygen uptake is dependent on the presence of Ca?*, and not always caused by cate-
cholamines released secondarily from nerve terminal.

(J, Physiol. Soc. Japan (1976) 38, 449-458]

key words : brown adipose tissue, K-induced oxygen uptake, norepinephrine-induced
oxygen uptake, Ca dependence.
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A LB @I S = -1 7 2,
Jnh=, ACTH, TSH# ¥ kit
S 5 L EREETRE o< lipolysis @iy
e & ORFNEETRSE S A b5 (Joel)o),
LIRS DOFLELVERNT A4 Y 12 Rin-
ger o K JBEE 2 3 & T b Bind & e
I AENEELES (BLT Ringer o K* i
O BN X O norepinephrine oz £ ic
Lo THBE S NEEEHES 2 K 98B

TEFISI4E 2 7 5 B2 A

& U norepinephrine Zh5L L) BNESRE R
% (Yoshimura et al.3n3®)),
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I & - THREIRIHLER DO LB I LB 2555
FENBHZ L ¥ Girardier et al.9, Hor-
witz et al.iD®), Krishna et al.lD, Seydoux
et al.3), Smith & Imaish, Williams & Mat-
thews3S) iz X > THEShTVW3., ABZO
I D B3 42 1 propranolol % insulin @
EZE>THflshaztanbmbhTe
% (Krishna et allD). zh bz 2nbiED
B (HAamIcHERE+T53) k2hicky i
D RENEHEL L ORIl S 7 O—FEOBEE-L
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BT (excitation-metabolism coupling
mechanism) BEETH O LELBNS. L
L2 b ORIEE R - IS gD T
tvs. I ¢Y Rinegr o K JBREE QSN
ko THERE NS RENEH BT 2 BT 2
B e B ERE A EH LRI,

AEER FRO X 5tz b A ERFAOITbR
TR ISR O TR R O B L T hic
ot < AREDTHE L OFIcEET 5 LEbh s —E
D EAE-RAREEEEZ B 5 i § 2 BRTIT
ST DTHB.

I.%€ & 57 &

FEE RN 1: Wister REA 27 2 A3 (M
P, 200~300 g) oJF F R EENEREZ v
7=. Ringer ¥z 1% Krebs Ringer phosphate
buffer iz 2 %OEIFTEMFET VT IV & B
L, PH7T4 R o7eb0Th 5. BB K@
WERPERT AR K oRR BB ANT
Z 0437 NaCl B % EEMic i U 7. Ringer
#rh oo Nat % choline, Lit E#L = b,
Ca%*, Mn**, La®* 75 ¥ iR+ 3830 o5
RO T b Y AFERRE e, kg
Bt Ca?* s+ 2 4441 Ca** of4 b iz EDTA
% 2mM (c72% X 5 iz 7z Ringer yE T
1HMBET v sk & o7z, Ca?r free
Ringer ¥ 1x1EH Ringer & & v CaCl, i
7z. Reserpine gij 4L 3 13 Weiner et al32o
FEiLESTiF o7z, T /b b reserpine B
JLERAEREY reserpine (5 mg/ke) EEHEO
B Fiz# 5. L norepinephrine 28& & A 8188
Lic 2 Bbh s 2 IFE30GRICHH Uz,

BT R 1T Winterstein 2B L O,
up tester (KEERE) 2 v, FIE7 9 2aR
TR A 7 A4 AH50~80 mg % 5ml DO¥EIEIC
FilE S, MEpsERAE, 37.5°C oERSM: <10
438 preincubation 47 - 7= BRI & iz
1 e TR I E U Te.

3% %1 1% norepinephrine (=it K.K.), oua-
bain (E. Merk. Darmstadt), reserpine (iit;H
L K. K.), propranolol (f£&{k % T %

K.K) #Hv, +_T pH74 wHELEH
L7z,

I = & & R

A, KB oI X O norepinephrine ¥
iz & v #EE & h s RS o
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Fig. 1. Effects of various concentrations of

potassium ions on oxygen uptake in brown adi-
pose tissue. Brown adipose tissue sections (ap-
porximately 50~80 mg) were incubated in 5ml
Krebs-Ringer phosphate buffer containing 2 %
(w/v)of bovine serum albumin under pure oxygen
for one hour at 37.5°C. Each point represents the
mean=S.D. of seven experiments.
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Fig. 2. Effects of various cocentrations of

norepinephrine on oxygen uptake in brown adi-
pose tissue. Experimental conditions as described
in Fig. 1. Each point represents the meanzS.D.
of seven experiments.
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Fig. 1 1 Ringer JizF oo K* J4EE % 4.75 mM
25 100 mM F TN & ¥ R O AN
MOBBREROLEZ R LcbDOTH 5, BHE
ERERE R OREEIT & b 75 o THMB AR S,
604711z 1 30 mM K* iz~ T control level
DFI2 4%, T5mM K* 1z 35 v TH 342, 100
mM 2B TR B42fEnEINER L 2. h
S DGR DARERICH 5 K RE T4k
K ZRoME g s 2 L 2R L .

Fig. 2 K oinof; v i norepine-
phrine ZIFML 72 $A OBMFERO L) 2%
L7zd ®Tdh 5. Norepinephrine iz 3
FRsEEE Ringer Jkpy o K* JREE &880 L7
R B S M e Bl LRI OB & L %
WZEEIREE ®» 5 k2. Norepinephrine 0.01
pg/ml OFHITIx control level L iFREEE
Tholedd, E6i2 0.1 pg/ml, 1.0pg/ml iz
W32 &ERREMBFED bhvie. Zhdofs
H» b norepinephrine %543 0.1 pg/ml PL L
@ norepinephrine OWEIICHERICIL S = & %
oz,

D EofERic ko &, DBoEREMIET
K* o461 30 mM K*, norepinephrine
WINOBAE Lo pg/ml LRELTTS 2 LI
L7z.

Table 1.
K or norepinephrine

B. Na* o choline, Li* ~ o B #ushHE

Table 1 1z Na* % choline, Li* 12524z &
#: U7z Ringer y%iz K* 35 X ¢t norepinephrine
ERIL B OMFBERES R L b © T b
5. BRFEEOWINIER Ringer k% v
7oy L RIERICEIZ S h, B Ringer 8T
SRECHUEL & IE% Ringer ik T OBASEERE L 0
FICFBRRERGED bR o7

C. Ji Ca** s g

Table 2 13& 522 Cw i Ca® JUH & hic il
fk% Ca** free Ringer JElc AR, &b K*
¥ & O norepinephrine % #sh0 U 72 D EASEIE
BEzRLicboThs. K i k 5%
ERE B Ca?*~free Ringer JEic 8T
FLIMflE v, EH Ringer 3% o IE ¥ IR
DFEFR L I1SEFEE C » » 7z. ¥ 7= norepine-
phrine {{iNc & 5 BFEREIZ K 04 L &
7 b Ca**~free Ringer #Fiz 35T b sk
DORFFIERER L, HELERIIED b
P oiz.

D. K* f#ETIC B 1 3 Ca?t Jusiiiskic
x5 Catt JEino g

Fig. 3 i Ca** s hicfilfkic Car %
TN U7z OFRFHBEIR O L E R Lc b O Tdh
B, B Ca*t WP & W7z fE ik & Ca?*-free

Effects of choline- or lithium-replaced Ringer on oxygen uptake caused by

Oxygen uptake
{plo, /100 mg wet w./hr.)

Conditions
Treatment Ringer
Normal Ringer
30 ma ¥ Choline Ringer
Lithium Ringer
Normal Ringer
Norepinephrine, . N
1.0 }lg/ml Choline Ringer

Lithium Ringer

103 & 13
123 & 12%
96 x 11%

113 % 15
93 & 13%
99 & 15%

% p > 0.1 compared with the corresponding value with mormal Ringer.
Monovalent cations were introduced into the Ringey solution by
substituting for 118 mM sodium chloride an egual molarity of lithium
chloride or choline chloride. The phosphate buffer was substituted
for Trig-HCL buffer, The other experimental conditions were the same
as described in Fig.l, Each value represents the mean::S.D. of

seven experiments.
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Table 2.
by K* or norepinephrine

Effect of Ca**-free Ringer on oxygen uptake of Ca?*-deficient tissue caused

Conditions | Oxygen uptake
Treatment Ringer (10, /100 mg wet w./hr.)
R N.t. + Normal Ringer 107 + 11
at PR :
20 m clgiiieient tasuet 0 & 127+
. X N.t. + Normal Ringer 110 4+ 13
AT elnuaet s

N.t.: Normal tissue

* Brown adipose tissue was suspended in Ringer solution containing

2 mM EDTA for 1 hr.

*% p =<10.01 compared with the corresponding value with normal

Ringer.

¥%% p T=>0,1 compared with the corresponding value with normal

Ringer.

Experimental conditions as described in Fig.l. Each value represents

the mean + S.D. of seven experiments.
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Fig. 3. Reversibility of potassium effect in
brown adipose tissue by the addition of 5mM
Ca?*, The experiments in this figure were done
in the presence of 30 mM K*. The dotted line
shows oxygen uptake of normal tissue, the solid
line shows that of Ca?*-deficient tissue. Experi-
mental conditions were the same. as described
in Fig. 1, except the phosphate buffer was sub-
stituted for Tris-HCI1 buffer. Each point repre-
sents the mean-=S.D. of seven experiments.

A

Ringer i Adu, & bICIEH Ringer J#icE
*h 5 Cart LFUCEEED 254 mM Ca?t %
MU 7 BRI RUR oW L L LD b

7

e

Ehote. Linl, Ca?r oz 5mM i
BT 5 L IRER O EE M ERD bl

E. Mn®** 3 X0t La®* oo

Table 3 i3 K* 33 X (X norepinephrine Oif
T & - TERREIm O L Ty 3k T
bt K 4h8, norepinephrine ZhE DO HER LT
SRR & Bic Mn?t, Ladt BEnL <z

DEBEHcbOTH B, K olinc X 28
FEREE 2mM, 6 mM Mn®* OBENC X
S TRl & iz, 72 6mM La* o
ik eIl s i o7edd, gz
10 mM i #nT 5 & BRI IE A B ]
ShaZ MR bRk &k 6mM Mn®
B X 10mM La** sBIRIE o R
control level LIZIERMETH -7z,

—J5 norepinephrine #EhN ic X % BRI
Bcstl, K R e M L e 6mM
Mn?+, 10 mM La®* #38EN LN E & Lk
BEIESh 7 o 7o, ¥ 6mM Mn*, 10
mM La®* ZIEFMER Ik LA b8 5
oz,

F. Ouabain J&JRINDZHE

Table 4 1% K* J4JE o B0 X 8 norepine-
phrine N ic & % FEEHALEGITE L T
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Table 3. Effects of Mn%* or La®" on oxygen uptake caused by K* or norepinephrine
Oxygen uptake
Conditions (p10. /100 mg wet w./hr.)

Control 56 & 12

30 mM K' 107 & 14

30 mt X'+ 2 me ot 79 & 11%

30 mM X'+ 6 mi Mo 57 & 13%

30 mv XK'+ 6 mu Ta 98 & LO**

30 i K+ 10 mt " 51 & 10%

Control 65 + 5

Norepinephrine, 1.0 nug/ml 114 % 19

Noreplnephrlne, 1.0 npg/ml P

PP s 108 % 14

‘Norep:.nephrlne, 1.0 ng/ml 5 A

+ 10 mM L ’ 98 £ 5%

* p=<0.01 compared with the corresponding value with 30 mM %,
*% p=>0,1 compared with the corresponding value with 30 mM X.
#%% p=-0,1 compared with the corresponding value with nor-
epinephrine, 1.0 pg/ml.

Experimental conditions were the same as described in Fig.l,

except the phosphate buffer was substituted for Tris-HCL buffer.

Each value represents the meant S.D. of seven experiments.

Table 4. Effect of ouabain on oxygen uptake caused by K' or norepinephrine

Oxygen uptake

Conditions (110, /100 mg wet w./hr.)
30 mM K 110 £ 9
30 mt X'+ Ouabain, 107 M 114 & 12%%
30 mM X'+ Ouabain, 107° 100 + 1l%%
Norepinephrine, 1.0 pg/ml 117 + 15
Noreplnephrlne, 1.0 pg/ml 53 + 6%

+ Ouabain, 107

* p<<0.0l compared with the corresponding value with

norepinephrine, 1.0 pg/ml.

%% p>>0.1 compared with the corresponding value with 30 my kT

Experimental conditions as described in Fig.l. Each value

represents the meant5.D.

ouabain OBEFRIBAMT 7L 2 BB E 52 50 %
BELeboThs. K BEOHINC L 55
SRy 1074, 107° M ouabain 03BHRIIC
Yo T LAEEERZZTR P - . —F
norepinephrine {EiNic & 2 ERIEERum o BN
1% 107* M ouabain OBERMC & - THE I
.

G. Propranolol sEysino s

Table 5 yx K* %595 X U norepinephrine
I LTy BRI propranolol #58E

of seven experiments,

MU 7l OWRFEME LR LI L DT .

K* iz & 2 Bl o #hma 0.33, 3.3, 33pM
propranolol OEEMC & - THEERELEZ
7 - 7z, —3J5 norepinephrine DM
S o THERS h 2BBEREOHIME 3.3 M
propranolol OB T & E FEH S e

S, EDITIRIMEEREN & ¥ T 33pxM
pfopl”aﬁ0101 LT Eick o THERIHS

nhHZ k& 7)‘;»()2‘7) t)j’(l/t.u
H. Reserpine gijfllsfi 7 =) 7o ikicxl3 %
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Table 5. Effect of propranolol on oxygen uptake caused by K* or norepinephrine
Oxygen uptake
Conditions (R10, /100 mg wet w./hr.)

30 v x* ’ 103 + 9

30 mM X'+ Propranolol, 0.33 pM 84 & 13%%

30 m4 ¥ + Propranolol, 3.3 jM 82 & 20%%

30 mM K + Propranolol, 33 pM 80 & 15%%

Norepinephrine, 1.0 pg/ml 109 x 14

Norepinephrine, 1.0 Bg/ml 96 + ok

+ Propranolol, 3 uM

Norepinephrine, 1.0 pg/ml 61 + 11%

+ Propranolol, 33 pM -

Table.

* p=20.01 compared with the corresponding value with norepinephrine
1.0 pg/ml.

#% p=>0,1 compared with the corresponding value with 30 mM xYor
norepinephrine, 1.0 pg/ml.

Experimental conditions as described in Fig.l. Each value represents

the mean#£5,D, of seven experiments,

6. - -Effect of K* on oxygen uptake in reserpinized brown adipose tissue

Oxygen uptake

Conditions

{plo, /100 mg wet w./hr.)

Normal tissue + 30 mM K+,

Reserplmzed tissue®
+ 30 mM XK'

101 + 11
85 & J2%%

* Brown adipose tissue was removed at 2—hr. after reserpine

injection (5mg/kg,s.c).

*% p=> 0,1 compared with the corresponding value with normal tissue.

Experimental conditions as described in Fig.l, Each valué represents

the mean® S.D, of seven experiments.

Ky s

Table 6 1% b & U reserpine -5 % 5%
norepinephrine 7%jEE L7cikiB & Bbh 2
fik% Fiv T Ringer ko K¥ REZ BN €7
HOMBEREEZRLED © Tbh 5. Reser-
pine BLIEZ 32 1) 7oAk O EASRIEER IR
BOHAME & i L LR EEZ R L T %05,
BERE ﬁﬁ@wbmhﬂon

V. & %=

hFa—prTIv, s I, ACTH,
TSH 75 & @ v 2 30 IRk o B SRz
IRE R Bmawi- b, lipolysis 70t ¥ 5
NN joellﬁ)kiof‘{ﬁc EhTwv 5, ki
Bz 38\~ C % norepinephrine @%?SJJIJ Itk -T

R I ERSRE IR O 23380 & hvie (Fig. 2).
%7z Ringer ko K {EZENs s L
xofﬂﬁmﬁﬁﬁﬁﬁént(ﬁgn zh

OfERE L Yoshimura et al.3N®) o3 b —
ﬁ?%.K+ﬁ%H$%@hMﬁ%®m%%%
RN, ZRJI, BEHD, 3%9) ek v T b Big
I3 eh bEORE X Y RS i vz
% % T ORI OEBEBE A FEET 5 O Tk
mepkFEzbhs, LHLLENDL S K*
12 & B AREHE BRSO AENE E o v AR
PR crBEshiv.

B TSR o Nat &bl 4 v
WY B IR IC S bRk L, B
MR B X OTREEM oM SR B2 5 b
by, Na" {KEEo@EeZ L BmbhTv s



BRI MR

(EEY). & ZaRARERICE v T FlER
Z L EBBIRERIC OV TIT o 12 d, EEEE
B o Hhm: Ringer ygsh oo Nat % choline,
Lit e B L Th s ¥ LY Nar (&l
LRELONNVEERECH -7z (Table 1),

FIEWE» b7 LU o4k (Douglas
& Rubin®, Rubin®), TFmMAERTIE, b O
BRIV E > 04w (Samli & Geschwind®))
P TERBEPLOSY LYY VD5
(Douglas®, Mikiten & Douglas?®) jz Ca** 7}
BELBR R Z LR ERFESL TS
FEIHERIZZRN2), )1, BEH2D, #%9, 13 Ringer
o K JRE BN X 5 B o RS
{EBIEINL Ca® UHi+ 52 Lic X > THLS
Plshaz L Ca¥t oBhE bR
EROZLERE L T v 5. RKERICBVT
norepinephrine |z X 2 EaEEE: o HE B
Ca® JEl & hocfifkc b g S e, K
e k2 Epdai i o i Ca® L4 %
TERE-THELIMME b 2 L bEH
HoSE LIREE Ca oEBEHEIVR IR & v i
(Table 2). %7-%offkic Ca* EindT 2 &
IR O RIE A Bl & hvie (Fig. 3).

Mn**, La®* @ighiiic s v T Ca® LA
FEHER 2R+ 2 vbh 5 (B32D, W),
ARESCHE S e K N X % WhsEs i
DHEHE Mn**, Lad oFshinc X - Tl < il
&z (Table 3). & OIHIZIAIZIRIMPLEE 12 &
S>TERREY, BICERELRBY TEHELIL k.
B oI E I (Mn**), (La®*)/(Ca®) fi
THREhZL0EELXOND. THDBER
o anionic site XV £ < » Mn?*, La®*
ThEE IR Cat o flux B Lo T
BivirkEzbhs, UEOZ»bEED
KT e X - CHER &S 2 REEIE O
JmE norepinephrine AMC X % BT & &
iy Ca® 0@ L BEELHERER2bLOLE
ZTw5.

A BRI AR I 5 - T Na*
T 5 vb ¥ 5 Nat-pump MO EEN
JELBED 5 Tw 5. Ouabain j3fEo Na*,

(Joel'®),
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K*-ATPase 75 ¥ 1238 /EA L Na* o3EH
5 (Skou?D). Horwitz¥)k norepine-
phrine iz & 2BEIETHIM O B SRERE O
i Na*-pump o turnover o¥EfIIC & b 74
S AAE—ETH D L BEL TS, KER
o4 Fain et al.9), Horwitzl¥, Herd et al.115)
D4 L FREc norepinephrine #hmiz X 5
FERREOWIMLGEE R S h s RED107M
ouabain T L { PElEhic (Table 4). —F
K* iz X 388 1074, 107* M ouabain T &
LA i s hn  ouabain sensitive com-
ponent REFEW BIL A » o 2. FEERZEE
Yoshimura et al3®s K* 1z X % lipolysis i¢
B THZE LT 5. Norepinephrine ¥Rinic
X A BFBIR o HEE o Nat-pump O
etz X iR e Exbn b2, K )
FEO BN X % RSB R O HmE norepine-
phrine ML LE 75 v, o= F X —HHE
REELBVENRD .
HFa—T 3k B RETRIER ORI
R o8 lipolysis oL & 1EIEFATE
SRS, AGIRIIMC v Tk lipolysis 23
TOE L T b MBEHURoBIMGE Z b v
kI 31 5 lipolysis ixFE & LT
cyclic AMP # A LTCHB T2 L vwbhvd
(Beviz»®), Butcher et al.b). Z @ lipolysis @
AP ARCODVTERITFa—NT I VL2
TIEMA{L S hu7- adenyl cyclase 23 i P9 @
cyclic AMP o#Fizi L, fiv TRIEMER Y
28— ¥ B IEMEEN ) 2 SRR O S 1R B L E
FBHrE 2 bR T 5 (Rizach®, Reed &
Fain?h, Williamson et al.3®). = 32 cyclic
AMP EpEo#gin e lipolysis o7t & DOFIC
—EOBEHEEET B B HESL T
% (Butcher et al.h, Fain et al.n, Moskowitz
& Fain®). % =B EIEHERICS VTS
N T BN o Bk I cyclic AMP 23\
i BERE oMo TIRERIC A BT
i, Kt BEOHENC & 2BREEIREOHE
fmx K+ B & X B MiRHER OB I & - T
&5 2 Ykiyiz norepinephrine oEf T
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cyclic AMP o v 23 L& L, o cyclic
AMP 23] & 5 O¥EREIC/EH L CRIT B FEE
HLELDL b 5. WERFHERIZED nor-
epinephrine %% (Stock & Westermann),
Weiner et al3?). Norepinephrine DRI
X o THligEsh 5 lipolysis LERBEREDHE
s BEO RS R s £ v iR TH 5 propra-
nolol MBI I X » TEFHIIH & h 3
(Heim & Hull'®, Krishnal®), ARZEBRIZB
T K+ Z)89x norepinephrine )% iz H g L
propranolol DIRMNC & - THE ik & 520
7z (Table 5). %7 reserpine FiiLE L 7z 48
BT HHERE MR A 5 iz (Table 6) Z &
BEIPSFEZ D L FBICHEE L IHERSR A B 0
2 Yk ts. norepinephrine ofHIz X % & 13
Z v,

PlE, RERicBTHERSh K 21 s
& O norepinephrine 5 o HEREE I S
WPIEERBH . fic K BE BN X
- THE S h 2 BFRERE OBz Ca™
PEBELFE RS LBHLMC R 0T F
TeRERSR DRIz X 5 2 YRiy7r norepine-
phrine Ogic X B{EM L ZEL b vig
BBz b, RBEKYBEEOHMB X O
norepinephrine O#INT L - THIFE D B4
WBABESh3Z b, ThbDBERISL
RS L B2 0 X 5 nBEER -7
MLTRAHTHS. Zhd o> T
SHERF LTI EX T 5,

V. ZE #

TE I & 0 BIH U 7R IR IA LR 2 AT
Ringer & o K+ JBEE 0 #8013 X Of norepine-
phrine {{fNic & » THEE S h 2 BRFEERE O
HWIMOWFIC oW TR L &5, RO
xxlz.

1. K EEOEIINC X - Tl 2 B
ik 30 mM K* 2R\ TIEH Ringer iF ¢ oEp
FEBRUROK 25, 75mM K* ik v T3
f£, 100mM K* i3\ TH 34265 0 s A8
ZLXP7-. ¥ 7- norepinephrine O¥EINIZ L %

TR ERE I 0.1 pg/ml, 1.0 pg/ml OFIC &
> TH) 2 DM A B iz,

2. K* 35 X ¢ norepinephrine iz X 355
EROBEMZ & $ i Na* % choline 3 X tr Li*
CEHRL THBES .

3. K* iz X 3 BpshiBmui o #imid it Ca®* 40
i, Ca?* free Ringer i\ Tl & h, 5
mM Ca?* DFMic X - THUEMAED b h
7. Norepinephrine iz X 2 #hnixjii Ca** 4L
7, Ca? free Ringer jEHchEEEhiz.

4. K* iz X p@REREOHEIE Mn™ 35
L La** oigiRimc & - TRl & e,
Norepinephrine |z X % B2 HE O
HlEnid oz,

5. K¥ iz X TRRERE © # ik 1074
107 M ouabain OERIC & - TEE A EM
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Blood flow of the lower limb in maximal treadmill
and bicycle exercise
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It has been widely accepted that maxi-
mum oxygen uptake is the best physiolo-
gical predictor of aerobic work capacity in
man, and maximum oxygen uptake during
treadmill running is significantly higher
than that obtained during ergometer cycl-
ing®. In a previous study®, it was suggested
that lower maximum oxygen uptake during
bicycle exercise is related to the lower
maximum cardiac output as compared with
treadmill exercise ; the difference of maxi-
mum oxygen uptake between running and
cycling appears to be due to the limitation
of central blood flow i.e. cardiac output. It
is also possible that periphral blood flow in
working limb muscles should be considered
to be one of the important factors concern-
ing maximum oxygen uptake as noted by
Reybrouck et al.» The present study, there-
fore, was undertaken to compare the diffe-
rence in the effect of maximal treadmill
and bicycle exercise on the maximum
oxygen uptake and blood flow of the lower
extremity.

Eight healthy male students, aged 19 to
24 years, served as subjects. The subjects
came to the laboratory on at least three
separate days. On the first day, all subjects
were allowed to familiarize themselves with
equipment and the testing procedure. In one
day, only one maximal exercise test was
conducted using a treadmill or bicycle
ergometer. Both exercise tests were carried
out with stepwise incremental loading in
which the speed of the treadmill and the
load of the ergometer were set so that the
subjects became exhausted during 5 to 8
minutes of exercised.
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{Received for publication June 18, 1976

Oxygen uptake was determined by the
Douglas bag technique ; expired gas was
collected continuously in a Douglas bag
every minute until exhaustion. The collected
gas volume was measured with a gaso-
meter, and gas analysis was performed
with the Scholander gas analyzer. Blood
flow of the femur and crus in recumbent
subjects were determined at the same time
by use of venous occlusion plethysmography
before and immediately after exercise ; two
mercury strain gauges, under a tension of
25 g, were wound lightly around the maxi-
mal circumference of the femur and crus,
respectively., In order to occlude venous
blood in the lower limb, the vena femoralis
was pressed to 2 to 3kg/cm? on the anterior
surface of the inguino-crural near the
sulcus inguinalis by means of a pressing
apparatus which was made of a blook of
stiff rubber. The strain gauge was balanced
at a tension of 25 g and calibrated with a
micrometer before and after experiments.
The calculations of the blood flow in the
femur and crus were performed based on
the assumption discribed by Whitney?.
Significant differences between the means
in the two different exercise were diter-
mined by the t-test.

In this study the average values+-SE for
the oxygen uptake during treadmill runn-
ing and ergometer cycling were 3.33:4-0.14
and 2.73+0.10 I/min, respectively. The diffe-
rence between these two values was stati-
stically significant (p<0.001).

The blood flow of the femur and the crus
before and after treadmill and bicycle
exercise is shown in Fig. 1. The difference
in the blood flow between the two type
exercises was not significant under the
resting conditions. The blood flow in the
femur after bicycle exercise was signifi-
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Mean values of the blood flow in the femur (white circles) and the crus black

circles) before and after maximal bicycle (left) and treadmill (right) exercise. Standard

errors are shown with vertical bars.
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Fig. 2. Mean values of the total blood flow,

which were determined by adding the blood
flows of the femur and crus, before and after
maximal treadmill and bicycle exercise for each
subject rather than totalling the mean blood
flows. Standard errors are shown with vertical
‘bars.

cantly higher than that in the crus (p<
0.001), whereas the difference between femur
and crus in treadmill exercise was small
and statistically not significant. Although
blood flow from the vena saphena parva
could not be occluded when using the
method as applied here, the mean values+
SE of the peak blood flow measured im-
mediately after exercise in the femur and
crus were 39.14-4.0 and 28.94-4.0 m1/100 ml.
min for the treadmill exercise, and 44.2-+
2.8 and 13.14-2.6 ml/100 mlemin for the bi-
cycle exercise, respectively. '

These values are almost identical to those
reported by Elsner and Carlsond, Grimby
et al.? and Pirnay et al.® who determined
only the blood flow of the calf or the tight
but not both simultaneously. Total blood
flow, which was the blood flow of the femur
and crus added together, in treadmill
exercise was also significantly higher than
that in bicycle exercise as shown in Fig. 2
(p<0.05). If it is assumed that the blood
flow of vena saphena parva in the treadmill
and bicycle exercise is the same, the lower
maximum oxygen uptake during bicycle
exercise seems to be due to the lower
blood flow in the lower limb as compared
with treadmill exercise.
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