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Relationship between brown adipose tissue and the brain activity

I. EEG activity

Sadao Yamaoka (Second Department of Physiology, Yokohama City University School of

Medicine)

Employing mature rats with EEG electrodes, the changes in EEG activity under extremely
cold environment (—15°C) and the influence of extirpation of brown adipose tissue (hibernating
gland) on this EEG change were studied. On the other hand, lipids (10 mg) extracted from
brown adipose tissue by Folch’s method was administered and its influence on EEG was

observed.

It was found that EEG activity in intact rats of the limbic structures such as hippocampus,
lateral septum, and medial principal nucleus of amygdala, or of basomedial part of the
hypothalamus such as medial preoptic area, posterior hypothalamic nucleus and premammillary
area, showed elevation during exposure to extreme cold, but in the same animals after
hibernectomy elevation of EEG activity was less remarkable and sometimes even declineTof

activity could be observed.

Administration of lipids extracted from brown adipose tissue caused elevation of EEG
activity, which persisted for 15 minutes to 4 hours with elevation by 0.5°C on the average of

retroperitoneal temperature.

Thus it was concluded that some substance contained in brown adipose tissue plays an
important role in heat production via some neurohumoral mechanism which involve the
limbic system and the sympathetic zone ofsthe hypothalamus.
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Fig. 1. Effect of 12 hours cold exposure upon

retroperitoneal temperature of the three cases of
rats. Upper : In winter. Lower : In summer. Abscis-
sae : Time in hours after initiation of cold exposure.
Ordinates : Retroperitoneal temperature.
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Changes of EEG patterns and frequency analysis in the hippocampus of the

rat during and after cold exposure. Left:Intact rat. Right: After extirpation of the
interscapular brown adipose tissue (hibernating gland). Upper figures represent EEG
patterns of the rat during and after cold exposure. Lower diagrams represent the increasing
rate of integrated band value of EEG frequency components.
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Changes of EEG patterns, frequency analysis and rectal temperature during

arousal from hibernation of a kind of squirrel (tamias sibiricus).
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Changes of EEG patterns and frequency.analysis in the amygdala (medial

principal nucleus) of the rat during and after cold exposure. Left : Intact rat. Right : After
extirpation of interscapular brown adipose tissue.
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Changes of EEG patterns and frequency analysis in the lateral septum of the

rat during and after cold exposure. Left : Intact rat. Right : After extirpation of brown

adipose tissue.
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TChanges of EEG patterns and frequency analysis in the midbrain central gray

of the rat during and after cold exposure. Left : Intact rat. Right : After extirpaiion of

brown adipose tissue.
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Changes of EEG patterns and frequency analysis in the pontine central gray

of the rat during and after cold exposure. Left : Intact rat. Right : After extirpation of

brown adipose tissue.
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of the rat during and after cold exposure. Left : Intact rat. Right: After extirpation of

brown adipose tissue.
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Changes of EEG patterns and frequency analysis in the lateral preoptic area

of the rat during and after cold exposure. Left : Intact rat. Right: After extirpation of

brown adipose tissue.
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Changes of EEG patterns and frequency analysis in the anterior hypothalamic

area of the rat during and after cold exposure. Left: Intact rat. Right : After extirpation

of brown adipose tissue.
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Changes of EEG patterns and frequency analysis in the ventromedial hypo-

thalamic nucleus of the rat during and after cold exposure. Left : Intact rat. Right : After

extirpation of brown adipose tisse.
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Changes of EEG patterns and frequency analysis in the lateral hypothalamic

area of the rat during and after cold exposure. Left: Intact rat. Right: After extirpation

of brown adipose tisse.
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Fig. 13. Changes of EEG patterns and frequency analysis in the posterior hypothalamic
nucleus of the rat during and after cold exposure. Left : Intact rat. Right : After extirpation

of brown adipose tisse.
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Changes of EEG patterns and frequency analysis in the premammillary area

of the rat during and after cold exposure. Left : Intact rat. Right : After extirpation of

brown adipose tisse.
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Fig.. 15. Effect of the lipids from brown and white
adipose tissue upon the retroperitoneal temperature of rats.
Upper : Intramuscular injection of the lipids from brown
adipose tissue. Lower : Intramuscular injection of the
lipids from white adipose tissue. Ordinates : Retroperitoneal
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Fig. 17. Changes of EEG patterns and frequency analysis in the amygdala (medial
principal nucleus) and the lateral septum of the rat after the administration of the lipids

from brown adipose tissue.
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Changes of EEG patterns and frequency analysis in the midbrain central gray

and the pontine central gray of the rat after the administration of the lipids from brown
adipose tissue. Upper : Midbrain central gray. Lower : Pontine central gray.
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Changes of EEG patterns and frequency analysis in the medial preoptic area,

the lateral preoptic area and premammillary area of the rat after the administration of the

lipids from brown adipose tissue.
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Determination of fluid compartments in the rat kidney

Mamoru Fujimoto* and Koh Higaki** (The Second Department of Physiology, Gifu
University School of Medicine, **The First Departmen of Physiology, Kyoto Prefectural
University of Medicine)

The water distribution in the renal tissue of the rat was studied by means of neoprene
cast method and radioisotope method using C-inulin and 3¢Cl, and the following results
were obtained.

1, Vascular volume within the kidney was estimated to be 8.3+0.89% of tissue water
with the neoprene cast method.

2. Total urinary space was demonstrated 10.1:-1.49% of tissue water with the neoprene
cast method.

3. The extracellular water of the kidney estimated from its volume of “C-inulin space
was 25.24-2.7% of tissue water.

4. The 3Cl space in the renal tissue was determined 70.7+2.79% with respect to tissue
water by dilution technique of radioisotope.

5. The above data showed that the intracellular water was 74.8% of total tissue water
and the interstitial volume can be calculated to be 6.8%, if the vascular and urinary
volumes were taken as extracellular volume. The Cl space within the cell has to be estimated
as 45.5% of tissue water, if the subtraction of inulin space from 3Cl space would be walid.

The rest of Cl space, i. e. 29.3%, has to be taken as “intracellular Cl free space”.
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Fhote. ZOFER, BEHatkoks 100
%l LT, 4 3V v EROEEL S, Ml
W, SMEEERD, &6, MEMERERSL
<, M, RELZLCICEBOREERD T,
Ebig, 7r—VEROERE 2 5, Cl Of
ooty R RERR U,

£ B M &

BB O MRS MR B 2 ORUTETE DIIITIC X
5T, RHERENEAELNDHIC, fE3kK
DRFEAEITIE, —BHERL bOBH . FEHD
X, TOEICEE LT, Bl MAMNEER
dhll, £F, Fy PFEOWT, ZOME
B L OREAFE % neoprene cast I TRY, X
blz, RS “C-4 2V vabWic *Cl &
AT, FhEROBRERELT, BHE
R4 L.
L iR '

- 6#l0F v Mo\ T, neoprene cast &
PHMEREY R, FOpEL Table 1 12
N .
Table 1 oiMOMICE, 7 v NEOMES
BOLEw 55 A FHBERY Y 0% TRLT,

= DOFHE L BRFEERD LT 5. Ao
i, K%y o EwsE&EEEDb L.

5o NEOMERE LD 584, Tablel
PHEHEALARE ST, MBEREYY T, 63 (F
YERFEL0.6) %, 7K%Y T8.3 (EUEFZE+0S)
%EED TS 20X 5 IO mERHE,

oI E_RE TR E VR E 9 T

Bz L9455 (Plate 1, 2, 3).

2. JREEM
RERMEOHE LE S, BRAEERL
T 78 7, —JH XY neoprene ZIEAL

Table 1. Vascular volume of rat kidney
(Neoprene cast method)
Kidney| Vascular volume
NO. o yusue 5| of tiosus HO
| 6.6 8.5
2 5.6 7.2
3 6.3 8.1
4 6.3 8.1
5 5.7 7.3
6 7.4 9.5
Mean 6.3 8.3
£gp. |[t0.6 |10.8
Table 2. Urinary volume of rat kidney
(Neoprene cast method)
Kidney | Urinary volume
| 7.4 9.5
2 9.5 12.2
3 6.8 8.8
4 7.0 9.0
5 7.2 9.3
6 9.4 12.1
Mean 7.9 10.1°
18D | £1. t1.4
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T, ThyMiF I VLT L % O 22D
B LN TE VDT, RENSHITH
neoprene Z{A L 7z. {4, #OE, FALK
EHLOEE B, ARRIE Ui CREEE I

L.

IDEOIZLT, Ty hE6FOFIZOVT,
REEEERDI. £h b O fiEs Table 2
R LTz, .

Table 2 (2i%, MERFEERDIFHELIZE
IR RO RERFEE R LTBY, ROEH
OFRICITHABERY Y o, ARlloficix, kY
D DRERFEDED 5EEE%TRLIZLDT
HB. IOV TOEHGE L FEREFETRD
L.

Table 2 (Z5R¥4n<, MBEEYNY ORED
H 5EER, FH BEREFEELL) %T,
KE DAY 5 &, 3 101 (EHEREELLY)
%THBHZ EERDI. Lo TEEEETO
WRERBEOED 5EIGE, mEAELY bRE
vwi =z 5 (Plate 4, 5).

3. MDA X U R

B0 LBy, BT OME R X ORER
R EE, HBINRRE» D, Th b DR
HmEESIZLickY, EY OMBEOEM LXK
DB LNTES., 20T, £, MK
REEEEI LEREN TS A XU VERE
MHRDBZ LT Lz, FTT, B, B
Thik~7zan<, in vivo TfTi 5, HEBOF
RETHETZZLNTE R O T, AHT
i, FicEpfimE “C-A XY vk v T in
vitro TITR 5 FEY itk vk, FRA B D
kiEx Table 3 T/ L7-.

Table 3 (2, 7 v P 6 FOBIC>VTRD
7oA XV CHEIROMEERL, EfoRizE, M
MEEYD ©, AAloMIcE, K%Y O
BOLEDDEIGER L.

Table 3 (Z7R¥40<, MRERYY oML
LD BEIEE, T 19.6 (ERFEE2.])
%, KEBY CHHEST B L 252 (FEREL2T)
% TH 77,

4. 7w — R

B IO S BN >V 159

Table 3. 4C-Inulin space of rat kidney (Tissue
incubation technique)
Kidney | CZinulin space
% %
NO, of ﬁs:ue g9 of tissue H,0
| 20.8 26.8
2 22.6 29.4
3 17.6 22.7
4 16.7 2 1.5
5 2 1.1 2 7.1
6 18.9 24.3
Mean 1 9.6 25.2
+S.D. 2.1 2.7
Table 4. 3C] space of rat kidney (in vivo space
technique)
Rot | Body [H0 % [ cI*® space
Weight )
No. | (q) of tissve £ o ¢ % of
Sex 100 9 | tissue g, | tissueH,0

| | 209,| 804 | 540 | 672

205,| 756 | 5681753

2

3 | 2274 787 | 583 | 74.
4| 154, 776 | 409 | 526
5 (247,759 640 | 844

Mean| 208 | 77.7 | 54.8 | 70.7
tsof+310|x1.7 |£77 |21

iz, MiRoMIMNERE ZRkD BERIZ X<
FERAISNZERWEL LTD 7e—VEH
T, FRIRICE - THAAMREZRIE L. %
bh 7k % Table 4 1R L7z,

Table 4 12, v FS5HlIzOPVTDy r—
NMERO SO 2EE FHBEERY Y, b5V
KYDIZHEAL TRLE. TOBROFELE
ERETU, TRDb L.

ERPOEBEREY Y 07 v —-LHEROED
ZEIAE, T 548 (BHERZELTT) %T, K
Yook 3 E A3, FHI0T (BEREREES
11.1) % Th 572, LIzh 5 T, BTk A
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XU UEREERT S E, 7 v — L HREA X
VUL Y 13 5 2 IKEVERZED T
3.
4, BAREEOHH

E1£17, neoprene cast 3h CERR Lz B B &
CRED cast OFEFETE LD TRT. i
b, CERETHRAEEMEX AR 2D
2, Fh o O B KT ERIEE S ¥ 0RER TR
ELlboThb.

Plate 1: SfABMEE T CESHE 2T L

Plate 1.

Vascular cast of rat kidney.

) Plae 2. Vscuar cast fat 1dny.

0

Plate 3. ‘ Vascular cast of rat kidney.

LOThHY, T 0 X ) CBEREMEHFLR
neoprene latex 2k - TEBN 3. EARAOHEE
i3 2cm, ERIZ 1.7cm oK & S O HBETH
2. '
Plate 2: & & I EEBEMET CIEALT, &
NI LT B M OSFRL ERE L.
Plate 3 : i—RERE DR E R L2 b DT,

“Z M X H iz neoprene A RHIE I ME ) H¥

BROFA~AoTeflEm L T b,

Plate 4: [RE&HE 0 145 TH - T neoprene
BEAED L ZAHETAS TOBHERT.
Plate 5: REFHHO—EE S bk Lz D
DTH D,

% ®

PR LY, HMREOMISMER ZHIE Lol
IS8 H 52, FOHEOFE L EBHEER -
11)12)13)14)15) BB }iéﬁ’g) 10)11)12)15)16)17)18) Kﬁg
T3 b O THEICHY1920), FFOI0), fEIOEs k(X
B &4 2 ) CRERSHES LT 5.

Plate 4. Urinary castfof rat kidney.

Plate 5. Urinary cast of rat kidney.
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UL, BRI CE, i, WE, 2L
nY, e, ROLATVTYH, FORMEIC—
HEERI LDV B, ZOFEEE, W, ER
FfE7s b I ERE OFRHOMRICLH 275,
fl D RERR I P~ TR B R oG 7z B UM
BEOEES P LORIELOTHS .

L7zt o THEH DI, BRME OA & Vs
OBEEROMZEY ©, M oA & VEHHZ
i, RMEBMON E » bBEkTBEET, £
S LTHLBYFOMBKIBBE L Y,
‘neoprene cast ¥E%EHWVT, IELVHRBX S &
1TiaRH & L.

e, 4TI, ZhbOfNER Bk 50
HELT, 7y NEOMBEIA CHEBEEARZE
L, OB EEMET TEREIR- T, M
ety 5, (E, RED D VCIZEEOR
BEE LY v oRkBbH B, L, %
DIFEE, FREAREERT 2 £ TOWRIZH
JBMEBOER, BHHCF LY ERICERL X
5 LT YA, R b2 O R il
DR EHET Bk, FEERFIOVEZZ L
2 H—cid v, 72 Bottd (% Necturus
EACT, 7 Uv7Fo= oS 5 HFE
AT, RME LV EENRERERLT,
VT F= o BEUA XYV EST LRI,
yerERy O ERELL 5 & L T
neoprene % f\, IEALRME R X ORIKMED
BRZIERR LTV 5. & b iz Moffat et al2
%, 7 v FEOMEETEMEHFRCRERL X
5 L LT, indiana ink & neoprene latex 572
RRELT, ZRETRER»HEALT, M
OB EER LT v 5. £, Bisset et al
BIZX 5T, 7y FEBROEEFAIRAYICEE
3% BHYT, neoprene %fE o T, FLIROEHF
BE-72Y, LWEMEOMEETEHE S
IZ neoprene latex 23MFEbIL TV 5.

Z D X 51z neoprene (I EFIRRT S
—DODFRIZAVL N T &7z, ZZTEHEED
1%, Z® neoprene |[ZHH LT, &% bV
RAERFEL KW 55 (neoprene cast ) 252
HL, BoMBKDORIEICRH L.

AN

2z

Cl free space
29.3 %
Intracellular
water \
74,8 % Intracetfular
’ Cl space B3
~
45.5 % o
s ~
N >
o @
o~ 1
° Intersiitial space o
g Extracellular 6.8 % —
& water 15.1 % Vascular space ©
8.3 %
=
'?—‘ Transcellular Urinary space
£ water 10.1 % 101 % )
Fig. 1. Water distribution in kidney tissue (%

of rat tissue water).

LT, RO 4TEEICE S ERRE? b,
AR DTN R LB B I A
T, Fig. LITRT SRS 24T - 7z,

Fig. 1 o £ OMICE, BHEehokeE
Y i 100% L Liza oA ER 2 % TR
L, Fflofic, msMEE s oic, K4l
T, W&, RE 3 X CBEO LS 3EE %R
L, &BICBMcor v — VO 5D 5E|
EEFEbLz.

Thbb, 1Y HROERE (Table 3)
b HIIASNE R 25.2%, MIAPNIREL 74.8%
HEHTva., Effioryind, 512, Mg
MEERS LT, I, RERSCCHEOE
FEERw D &, neoprene cast EH HRDTL,
Mm%, B L CREOEHENS, ThEhd3%
(Table 1), 10.19, (Table 2) TH BN 5, A X
Y TR 25.2% (Table 3) 7 WA % %51
Wich ORFE 0%, 68%MBx b5, M,
7w — VITHIERNC—ESR L T Z e
5, 7 u— o 70.7% (Table 4) 76 A X
U LR 2529382 b 025, HERER S =

— AV REIE 45.5% ¢, 5D ORI D 29.3% 5501

BNy r—v free BRLEZDZ L B3 TE
5.

-



162 RS « WBlE—E B OMBIX 75 0flE e 2T

Z o X 5z, transcellular space [Z& L4, L
DY, TZTARY UEREBEBETS X O RE
RSB OB I oW T OHIRE S BTz
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& Bl
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Inulin carboxyl-*'C and *Cl spaces of various tissues of the rat

. Koh Higaki* and Mamoru Fujimoto®* (The First Department of Physiology, Kyoto
Prefectural University of Medicine, **The Second Department of Physiology, Gifu University
School of Medicine)

Extracellular space of various tissues of the rat was estimated by measuring the distribution
volume of inulin carboxyl-*C and 3Cl, and comparisons were made between the two.
The following results were obtained :

1. A period of about two hours is sufficient for the eguilibration of inulin and Cl with
the whole body in the nephrectomized rats and normal rats.

2, The value of inulin space of the whole body was 22.84+1.0% of body weight. The
other tissues such as skin, intestine, liver, skeletal muscle, bone and brain had an average
value of 46.9+2.0%, 21.1+06%, 134+05%, 11.8+0.3%, 10.1+08% and 0.4+0.1%,
respectively.

3. Using slice method in vitro, the extracellular space of kidney tissue determined by
inulin space was estimated 19.6+£2.1% of tissue weight.

4, The chloride spase of the whole body was found 35.3%+0.9%. The mean value of
extracellular spaces in the skin, kidney, intestine, liver, skeletal muscle and the bone, was
demonstrated 58.8+3.7%, 54.84-559%, 54.0%, 2944219, 182+11% and 14.9:+05%,
respectively. ) :

5, Thus, throughout the various tissues in the body, the chloride space was always larger
than the inulin space, especially in the glandular organs. This fact must be due to a diffusion
of the chloride into the cell. The difference of both spaces, therefore, should be called chloride

space within the cell.
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PERD» 5, MRRSMEROTIE I, —Rick
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ZTRLDEEHALNICT B0, EESIX
HC-A XY B L UECL 2 H T, BEORRE
BRI L, &0, Mok L ke L
PHES T 3BFHBEOMIBIEREO KD Fic
DV THRRT L7z,

£ B F =&

MASMEROWIE L, KE 150~250g o
Wistar R#EMET v P2EL L TR, 2h
bOBEIIBLTHB. Zh b O EWEA
T, AX) VR B & O 7 v — R E2HE
L, &HEREO ZhEhoMias ke * ik
5D TH 2N, ZhitkiosT, 7y b
B 1~23 8/, BA v ESESE o
BLT, 2hb0EFERER2—EIC L.

Wiz MC-o XY V8RB Lot *ClL R 2k
OBLHIZY TOTFHEE LTHV R, B
AEIN UWC-1 XY > (specific activity 3.75
me/g) 1%, New England Nuclear Corp. 7 5 i
ALlcdboTdh b, ZOEER (CeHiz05)n
“COOH < 5. —F, %Cl 1z, H*Cl %k
(specific activity 0.347 mc/g) PG CHELEL, 4
R, 1HEOKERET MY v ATHRIL
TH6 T v b OBIRPICES L.

L HC-+A 2y MR (Bzo0Z L £KE)
DRIE '

AR D T v Mz C—+ XY v R EBIRA IS
LT AR URBRERIRE & - THIEL
oo W, —MRIEERDOA XV R OBIE BT
S, BREFEH-TVIHEAL, A XY v
PERPICRPICHRE SR T, B T340
BCTKGHMET, 2oz LRBEOFRREL Iz
5. INEST B0, AERCITHIRLE
BLTITh o .

EFTRBEROBERICY - T, Tv b &
Ravonal (sodium thiopental) 25~30mg/kg »
FEREPN L Bl DS X 0 Bl 1 L <, FEfTic
LTRIET 3. ke, MRS I Y 5 miH
EBYELC, EFHREIY, # 05cm %
BEIL, &bic, HREEUATS. Zhivg
EiED, BM XK 05cm Bh-ET, W

[4)
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»
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Fig. 1. Time course change of inulin distribution
of rat kidney after incubation of inulin containing
Ringer solution.

PIESBAR RS Lo, BEIRER% 8, &K
JEiIREA T 5.

DX 5 ILT BEHROEENMETTH
W, Bz y FEEMICEELT, “C-A XV
VRS, Ty MEE100g% Y 1 o
FlETHERLT, 2KMEHESEL. 2028
PR, SBic, T v b OHIBEIE T,
FlnakBRagic A XU EIR% Ross and Mokotoff
BOFEIC L - TRD, 4 XY v BFSTEHRY
M2 0CBEARSERETH B Z & 2N,
»TRD bhi (Fig. 1 BE).
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FOVHEET CEMICEE L. KT, Bk o
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DEIET, BEBEIRNICEA L. *°Cl BAZR,
FhEhosy FEEEEPOBHKL, 105
REtr—Y o An T, AX) VERERD
B OSEAEERIERE, 2 R (2 o, kI
36C] Py 548 D& BRI oW T, *°Cl ofiligkANIC
T % W R I LR, K905 TIEMIC
ik, 2BEMERTS 7 »—VEfHR
MehsdiEzonhs) HEISER 0k
B, £40 75 v b ZEES IR L TR
%, BT, BMBESEE L. KT, SR
D—EITEKSEORER L LT, &) Of
v SCl oM RE ORE I B Lz, '

BT, 7 n—VEREOWEDOHE, KFIC
Pt s e *ClEZHIET 2 HERH 5. L
BoT, = OVMERER, o% Y 2RHANIER
59 b9, EL, SERLEGACERH# -V
DREED, bk, r—YoRBIHE L
RETHEECHECHE LT, PR CCIREIE
HCHEL, ARNEEROFEOEEICE,
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B Cl 2 o8k °Cl B2 250 X v, M,
875 b I &R OBRELS X U RE D RIE
B, A XY CERORGEDETH L < A
L7zDT, ZZTRERTS. DhkokoicL
T, EEEREEBO 7 v — VR ESKR E
BRTHBHH, 7 v—LEROBE, Bz
LEEFICRkD 228 O T & BHFEE LTV
3. 3T, HIROFRKITL Y, kKoMK
BB X U2 0M e MoK ER D ICe
B X OHMEo *ClEEEZHAVT, . 7 a—
NEBEEHET A LN TES., FOEE R
AXY OB/ LEST S, 2L, *Cl KR
LA IS °Cl Bh b3k °Cl & &350z
SCl ENEFEELACRTTE b2V, &5
2, IR B UNCHERE T *0CLIZAY b R
FHEEITR D DI —EDMERITR 5 BEN
HY, TIITTHIERS 1074 mAREE CFR T
TRDe. Z OKBEIEZRE 1.080 dsle iz vkatic
XoTRDB. Thbb, KEEFREs CL+
5L,

HHENGS D UC-4 X ) I XU #Cl iz >WT 167

Table 1. “C—inulin space of various tissues of
rat (Wistar strain & B. W. 192+36.2¢ (S. D.))

H,0 % of cXinutin space
tissuelo8| %of T.100 g% of T. HO

Brain |77.0404] 0440, | 05+02

Tissue

Liver |702406|13.4t05(19.2%).0

Intestine| 75.011.0 |21.1+£06]28.0£09

Kidney™ | 777409 |19642.1 [252227 |

Muscle [70642 5]118+03|167+09

Bone |38.141.0{10.1+08|26,6+!.5

I Skin |602%1.2 |469120|77.9437

¢t inulin space
%of B.W. MofWB.HO

22.8%41.01352+1.5

Whole Body

% measured with in in vitro method.

Al} the other volues measured in vivo were
presenited ds meant SE..

Donnan H. x fifast ik &

T (IR PR X K STV + (R TR < LR K 2 V)

HlEANE O, 20%I3IREN T, FoH, B
B7%5EET5b0L L, o80%i:ikE
boT, TOFOEHNL %D LREL, &
512 Cl” @ Donnan fr % 1.052 LT, Fzhticqy
AthiE C=1.07 233k 5.

B, MIFTFOEAD S\ E, MBI S
BSEHERFOR RO ELONEDT, F
®, Mz & QI HERIE I B kg o *Cl 2 iR

T, HOCRINE E I L.

£ B K &

ﬁ-‘ﬁ 192 (RHRZEE36.2)g OHEMERHRT »

N, BRISIE®R SRR L, FH1 ORI, £8B
J:U‘%ZU\%@%H@ (i, AT, /NG A, B
JJE) @ in vivo 2B B4 XV L REBREOH
E, FH20FENT » M in vitro ki 5
MO 4 2V CHBREOHEIZH L. &5
W HE3DTZy ML, invivo icBIIB R
—VREBR ORIEICHER Uiz,

1. 59 bO&E b NcEIEER D HC-1 X

U R

=7, BEREEIICB T 4 XY U
MEBEMNT 251, FhEig Ik oE
BLANL VO EICOVTHRIT L, TOREER
ERE, TR, 1205 0fE0, BREL DK
<y Fiz, HEFOA XY OFED FIRLY #
TL, BE—CHEEFRTEELZ L EHEDD
T, REBRTEMC-4 %) %7y MKE 100
g¥Y luc OEATHESR 2RHEZLZZ
iz L7z, B FRIC Licio TR ey
BB VIR RED A XY LHkRES, Table 1
IZE & TRLE.

Table 1 1213, ®FDOA XV VEBEEL O
R B OMBARSBEB I VERLLDA XY v
BRENTZH I TS, 2@F 01 XU R
B3, {KE 100g %Y 22.8 (FEXEFEE+8)ml
Ho, AKEbvic ?ﬁ% L7z %A, TR i e = N
35.2+15% 5 T\ 5. FEERcovTid, &
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PIShix in vivo OEBEORR %k TR, Fix
in vitro T477z 5 Slice #:29 TR 7o FRIE AT
EhTvs., FERESRTT, 4 XY VHERED
BOLKEWEEZRLEZOBREETH- T, 2D
fEix, ##%100g %Y T, 46.9:£2.0ml, KLY
T, T1.9+3.7%, Lizh - THEEED KK
80% ASHIMSMNER T & 5 L #HEShZ. Ke
T, N, B, I GBI OBOIETA Y v
MR OER/NEL 7Y, LN SWERZRLE
ORMTH B, FOEE, MEER 100g %
T 04+01ml E®, K%Y T05+£02% TH
olce FIT, BOA XY CHERER, fhofkk
LHEBLT, K SBIRBVT, KRERIK
bbb, FOEMERICIS V. ZOF
i, B <, i, RMIMEEMR S 572, ML
FICEASRIA XD v, O F~55
EBITTERVEVIRIEEL & 5 & L &R
L, L7Zzdio CZ OEREOMMMRREEZRL
TOBREHSREEbLYAS LRUE. ¥
2, BHLE DA XV R R EREICRD 5720
12iE, Bon< in vitro @ Slice 20z X %
D, FOMBEY B FEODTRD B L E R D
%. Wi Fig. 1 0 X 5 cEHR o4 XY v[HE
BRBIE O RBIE T, A XY VNSRS

Table 2. 36C] space of various tissues of rat
(Wistar strain & B. W. 192+34.7g (S. D.))

38
H.0% ot | C'Space
tissueiwng | % of T100g %ot T.H,O

74.442.6|294+2.| |395%3.0

Tissue

1 Liver

Intestine| 71.0%1.5 [54.0£2.0| 755 25

Kidney |77.7+09|54.8455|707154

Muscie 1723133 (18.2%L1 |24.312.0

Bone |21.0%l.1 [149£05]71.0x2.4|

Skin |606438 |588t37 [972105

CI*space
% of B.W. |%ot W.B HO

353109 (54.2t14

Whole Body

All the values were presenfed as mean x SE, .

5o F OEBRHED UC-4 %Y v X ¥Cl fHRiconwT

FoofrE L, SMR L P ICE T SRR & 05 2
BETh o b, FORMERAVYC B
slice = > EPE L. TOFR ELIR)
I, Eisk 100g %Y, XY R
19.6+21ml ¢, Ay icHETZ L, 252k
27% 59T 5.

2. Iy MO TicElEi o CClLEE

7w —)VERRE, 4 XV v EROBE LR
B, FmRz A 3HmIEC I - TR0
ThHH, ZOHEEDL, T, *Cl 2EFE,
FNRT v N OREICTSIERT 5 R 2150
L, Z0OfEE, TE 90~120 43¢ *Clp3 ik
WICIERT B 2 Lo 20T, REB LU
JggenA4 XY VHEBEE QHEET X 5 X 9,
3Cl % 0.56 pc/100g #yE LT 2 BB OEE
BHTB5Z LT LT

P EoinE Fikic TR 7z, @556 ik
figgs o *°Cl BB Ok L Table 2 ic—#HL
CTEHE L. #iCid, 2FBIU0FRBECI v
—VHEBRE L, FEHFCOVWTE, ELELD

KSR EBEHE L. M, SO vV

PR, WIEMAER 100g XY OHE ml
TRbL, &biT, Thb EMHRkY Y D%
WMELTRLE. BROERE, Tv b 6F#
LD BEL 2 DEHREETH 5.

7 v — LR Ex, Table 2 o+, &
B2 T, ZOMHEIRAIKRYREL o T 5. Ko
b, 20 n— VHKEE, 4% 100g %Y
353+09ml ©, Ky BT 5L 542414
% hdTvB., LEEHoT, bl, T07w—
EBREMNE LWl NREERD T b0 LT
i, RERoKkORREESRIMETED b
NTWBLEZZBILICRY, =2 ICHIEANE
D¥gEL LT, *ClERER V5 Z &I RIE»
DB, KT, FlEEIICO>VTHB L, 7
v VHRER S Z L ICEEROZ B, R
T, RBRACOVTHDB L, 7 v— VRO
BLREWEBMAEE T - T, TOMEIL #H
% 100g X0 T 58.8+3.7ml T, K¥D Tk
97.2405% &, kR OFh A & OKBHIIINE
TEDLRTWBZ LIcs, RICKEWER
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RLEDW, BTho7T, LTF/MNE I &
BHROIETH 7. 7 v —VEROKL/HS v
BHTH, KD ICRET R, T1.0£2.0% 5
O, 42 R (Table 1) ic bRz K &
WEEZRLT 3. —F, Bk > v TH
%L H#k 100g %y, 54.8455ml kY v T
70.745.4% &%, in vitro THEIE LA XV v
FREL DIZa NI KREVEEZR L. Lind
> T @5 H DI AlEEE OISR E & JUE
T555, B OREIC X - TLHIEMER
Ri), FEBRCI->TOLARVBL-T
CHZERbND.

% %

FRISME R &3k 5 FEEIZ 20T, %<0
WM fThbh TR Y, ToXEkh b0, ER
WA OFRE, HMBRBELETH 50, #BE
TEORBERICB W TERBOEL, OB S
Y, =& vy, SRR LT, B
ETH, ERFICI-T, MirvFE (B0
E, Bolgds, TR, S gL
£) BELB. Thishich, —EOEmTH
> Th, BORED, b2\ id4eiEEE Ok
RREY) OGEY &2, ZoOLEHREL 5 5.
IETRBEOFR T, CloeNag 4L 2H3
B SAEERRE VD, MBERC—EADSZ
EVREERTH B, —F, BEEIEREME (1«
XYy, fEELRLNICY Yy PR Y) &
Ricii G, SRR R Z <, Sz b B
BLbind. 2T, SANHEREE R *°Cl
LHC-A R Y vEEREFROARE LTEY,
TN ONBBREPLICL TEELZED
3.

MoT, A 11, “CLAIIC X 5 HIAK
BEOHEEAXVvRouF v ) g LR
DMBAMRE OWIE & B L, *OMNRE
EEL LCoBM L WIEENE I 2 v THit
Lz, ZOic i, nx o s 7 e —
VIR & Bk Lz 4, *°Cl IR ORIEE 0 5
BEVEHTH DN, —HHBERIEASEICE
DHIFENE L D 2R REVEETTZ L 2HS

B Inulin space {1 Ci space
60

at 40}

Space

o]
Liver 4 Kidney 1 Bone Skin
Intestine Muscie

gol (% of Tissue H0)

) 60}
@
5 40
a
(%]
20¢
(4 e . "
Liver 4 Kidney ¢ Bone Skin
Intestine Muscle

Fig. 2. Comparison of *¥Cl- and “C inulin-
space in various tissues of rat (% of tissue 100 g).

ML Tw3. L2L, ZOETHE, £olg
B AATRR TR T 5 M BRI S hTwv A v,
e, MOFEZOERICLTY, K& MK
SMHEDBEL, REOMRFHFOHITRLNT
BY, LehBoT, 2FOKMET RN
TENIFE L Elc. Lvd, 2 o0ERpEE
[, RAERTT AL T, WEORME
BB IEE, MThB. TIT, £
DIFEFIZ DT, 4 XY rBLUY v — LB
FRIEL, ZOMKRELRIMEBL CHR3 LKROM
{75 (Fig. 2).

B DRI X, ARk 100g %Y OEE ORI
B (LB %&, k%Y 0% (FB) THo<T
Kb Liz. HPEaEL (XY CHEER,
HEET7 v —VEBREZ T h £ R Tey
5. Frronl, 7 e—VEREE, 41XV
MREICHA~ T, #RESeficE - TR &
Vo IR, SF0EBREOHEICEVTLS
X, Bz, BERBNCHEHBREOEE A THH]
RYRRLY, TOEORLRECHBELTTH
v, FoM, B FThoT & BEBX
OREZ T BN S 572, —F, ZhEK
WY THD L, FERICBV THEEBREDZENHE
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WICRE L BB EMEORERR L B> TwB e
=z b.

. TRNLORELY, BibhdZ i B
BB L O 81, WHOBBHOWM LY, =
vz, BEORBEREORVIEHETH D
S rEz, Lah, TORBEE, K BEREO
B d == OB LVETHY, 7 u—VE
BRENE L CHBINEREZRL T3 L3RV

Cl free space
29.3 %
Intracetlular
water
74,8 % Intracelluiar
Cl space ®
~
45.5 % (=]
* ~
~N >
S g
® Interstitial space &
H Extracellular 6.8 % —
all water 15.1 % Vascular space ©
8.3 %
c
E Transcellular Urinary space
£ water 10,1 % 10.1 % J
Fig. 3. °~ Water distribution in kidney tissue (%

of rat tissue water).

Cl free space
22.9 %
Intracellular
r wafer
®
Intracellular 58.1 %
®
< Cl space 52
10 35.2 % @
: »
Interstitial s ]
® bl Extracellufar §
s Vasculgr space water 1.7 % @
a 6.3 % <
- Urinary space Transcellular =
© 7.9 % water 7.9 % 2
Solid 22.3%
Fig. 4. Distribution of water and solid in kidney

tissue (% of rat tissue g).

F» b OLERBD UCA %Y vk IO ¥Cl MRz owT
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EDRT3., 20X 5 EMAKROHRECHIE
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THRBY TH A S, T, B o

bDERNSTRY, FHOWEELEEET S Z

LT T CORIEY Th S, B,
Law and Phelps? {3 sucrose, raffinose 33 X O°
{2 Y VEOSKERERTIEL L THRREE
Kk, ZOMBEEOHKEETE-Tv%. Th
SIRTRIE D AR T ORI, M, T O
RESCHRCICERT 225 #idH OBIEHE

CBOGMICE ST, FOMRG Rz - EX %

bha., i, 42V UHERERVERERE.
PR BEES M icA XY v ERKEREH LA
Vi, DR ERTHILBTET, Tk
2, MRCHT RO/ BARE— LY, BEER
Zohiclv. 22T, BTRHWEDOA XY VT
Ffitge 7352 Lick?), EEBELHE
Eemy, Livh, FEARHMEMEERERET
BUNEL RV LD, L, ABPEETT
WiEt sz L RTE, Zhss, &LEYrEE
NEEOTEEL B bDLELOND. Fit,

Law and Phelps? |3 gastrocnemius o [.PR&:
ERDBIDIC, TTFORXSORN - MR
(sucrose, raffinose, inulin) Z¥gRPE L LCHl -
ELER, O zbhrfE BN
RS EROTERICEFR T Lo T
5. ZOFEIzo>WTIE, Tz, Cotolve®
% Conway and Fitzgerald?® |z ¥ - THEEREIBR
CEELTEAR STV B, R, Mk
SEBRDIER, A4 v B\ ik PSR &
DHFDOREEITL - THRY, ZOWEPHIL
MBI LIPS Be, RERGTFHAVIA
HDECE SRS~ NS BGTFOIRTE
BEHICAY AR, HEA~ND—HRAT S
W, FREICX3HEBRP RS CHERED
ER2ZLRDDTH 5.
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WZHDOR7EBY ThB.

B, L LE—SRicARERECEL
T, BELEZ bR 3% R BEEBETDH
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Fig. 3 %, Neoprene cast 20 L G2 %
MAELE TEORKESEME LI LK T H
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Effects of distention of the proximal or the distal colon upon
the movements of the other part of colon

Katuhiko Ohasi (Second Department of Physiology, Okayama University Medical School)

On the dogs anesthetized with chloralose, the effects of distention of the proximal or the
distal colon upon the movements of the other part of the colon were studied. The results
were summarized as follows :

1. When the proximal colon was distended with the pressure as high as or more than
40 mmHg, the movements of the distal colon were firstly inhibited and then augmented. After
severing the splanchnic, colonic, hypogastric and lumbar sympathetic nerves bilaterally, the
inhibitory response was abolished, whereas the excitatory one was not.

2. When the distal colon was distended with the pressure as high as or more than 40
mmkHg, the movements of the proximal colon were augmented. The excitatory response was
reversed to the inhibitory, after severing bilaterally the pelvic and vagus nerves.

3. From the results described above, the mechanism of the proximal-distal, and the
distal-proximal colonic reflexes may be as follows :

Afferent impulses which are produced by distention of the proximal or the distal colon
arrive at the spinal cord to excite the excitatory and inhibitory centers of the colonic move-
ment residing there, responses being thus regarded as the summation of excitatory and

inhibitory ones.
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Fig. 1.

Arrangement of the experimental apparatuses. A. c. m. : Arteria colica media. A.

m. i. : Arteria mesenterica inferior. C : chronometer. D. C. : distal colon. K : kymograph. M :
mercury manometer. P. C : proximal colon. S:syringe. T;~T}: Marey’s tambours. W : water

manometer.
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Effects of distention of the proximal colon upon the movements of the distal

Fig. 2.

60mmHg

. 12sec.

colon. Tracings from above downwards are the movements of the distal colon, signal marking
the distention of the proximal colon and time in 12sec intervals. A : The distention of the
proximal colon produced an inhibition followed by an augmentation in the movements of
the distal colon. B : After bilaterally severing the splanchnic, colonic and hypogastric nerves
as well as resecting lumbar sympathetic chains, the inhibitory response described above was

abolished, the excitatory one being remained to be produced.

Fig. 3.

. Glomme 12sec.
-]

Effects of distention of the distal colon upon the movements of the proximal colon.

Tracings from above downwards are the movements of the proximal colon, signal marking
the distention of the distal colon and time in 12sec intervals. When the nerve supply was
intact, the distention of the distal colon always produced an augmentation in the movements
of the proximal colon (A and B), whereas it produced the inhibition, when the pelvic and

vagus nerves had bilaterally been severed (C).
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Effect of dietary composition on thermal acclimation

Manabu Yoshimura, Hitoshi Takeda and Hisato Yoshimura

Department of Physiology, Kyoto Prefectural University of Medicine, Kyoto

Osiba® has shown that climatic adaptation
of thyroid activity plays an important role in
the seasonal variation of the basal metabolism
(B. M. R.) of Japanese. More recently, a publica-
tion from our laboratory® reported that Cana-
dian missionaries living in Kyoto did not show
the same seasonal variation of B. M. R. and
thyroid activity as we found in Japanese subjects
studied simultaneously (which was essentially
similar to that described by Osiba). The Canadian
subjects had, however, higher overall thyroid

" activity than the Japanese. A dietary survey
showed that the Canadians had a higher fat
intake, but that other dietary difference was
insignificant.

As part of a continuing program directed at
analysing factors regulating adaptative changes
of B. M. R,, the present study was designed to
study how acclimation, with particular reference
to thyroid function, may be affected by the
composition of the diet.

A total of 90 male Wistar strain rats were
kept for more than 4 weeks in 3 temperature
chambers set for : a cold environment (5 +
2.5°C), control (about 25°C), and warm (30~
34°C). Each temperature group was further
subdivided into 3 subgroups of 10 who received
different diets ad libitum as follows ; a high fat
diet (179 protein, 279 carbohydrate (CHO), 56
% fat), a high CHO diet (19% protein, 81%

" CHO, less than 19 fat), and a high protein,
diet (509 protein, 45% CHO, 6 9% fat). The
resting oxygen consumption of the rats was
measured by a standard method using a Pauling
oxygen analyser. 1*'l was injected intraperito-
neally in 1 4C doses each and 15 hours later
the uptake was determined by a standard
scintillation counting method. Plasma free fatty
acids (FFA) were determined colorimetrically
by the method of Ttaya and Ui2.
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Fig. 1. The thyroid activity, resting oxygen
consumption and the plasma FFA concentrations
of the temperature acclimated rats. F : high fat
subgroup, C :high CHO subgroup and P : high
protein subgroup. S : significantly different among
each dietary composition at same temperature. *:
significantly different among each temperature at
same food groups.

Figure 1 shows the thyroid activity, resting
oxygen consumption, and the ‘plasma FFA
concentrations of the temperature acclimated
rats according to the composition of their diets.
The most striking result is that all of the warm
acclimated rats had lower mean resting oxygen
consumption rates, thyroid activities and plasma
FFA concentration than any of the cold accli-
mated rats, regardless of their dietary composi-
tions. This difference is less striking between
the high fat subgroup in the warm and the
high fat subgroup in the cold, than between
the corresponding high CHO subgroups. Within
each temperature group, the oxygen consump-
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tion and thyroid activities are consistently higher
in the high fat subgroups, but this not statistically
significantly so.

The trend of difference exhibited in these
dietary subgroups offers a possible explanation
of the seasonal periodicity in the B. M. R. of

Japanese subjects, which is not seen in Canadian

missionaries living in essentially the same envi-
ronment. We propose as a working hypothesis
for further investigation that the higher fat
diet of the Canadian missionaries (and of
Western peoples generally) promotes a high
level of thyroid activity which is already high
enough for winter-time metabolic requirements,
and which overrides any other mechanisms
which would otherwise lead to a summer-time
lowering of thyroid function and B. M. R..
Consequently there is no winter-time incerease
of thyroid function and B. M. R. and no
summer-time decrement. In the Japanese people,
on the other hand, the high CHO-low fat diet
leads to a generally lower level of thyroid
activity which is then susceptible to the seasonal
variation in response to changing thermal
stresses.

LeBlanc? reported the superiority of a high
fat diet in resistance to intense cold by rats,
as indicated by changes in rectal temperature.
Ito et al.® administered adrenaline and nor-
adrenaline to 4 groups of rats fed a high fat,
high protein, high carbohydrate and control
diet respectively. As indicated by enhanced

oxygen uptake, the high fat group showed the
greatest sensitivity to noradrenaline. The syner-
gism of noradrenaline with thyroxine and TSH
has been described by Foldes et al.l

These findings are consistent with our
proposed explanation of the presence and
absence of seasonal B. M. R. periodicity in
Oriental and Western peoples respectively,
although clearly very much more information
is needed about the interrelationship of dietary
fat content and thyroid function. We are
particularly interested in further investigation
of the possibility that a high fat diet’s enhance-
ment of thyroid function overrides seasonal
changes.

We are grateful to Dr. T. A. Rogers, Visiting
professor from Hawaii, for his suggestions in the
preparation of this manuscript.
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Influences of hypercapnic and/or hypoxic conditions on
breath holding time increase in the repeated trials

Nariko Takano and Yoshiyuki Honda *

vDepartment of Physiology, Kanazawa University School of Medicine,

Kanazawa

Accuracy in the measurement of breath
holding time (BHT) is inconsistent because of
its gradual increase when the same procedure
of inspiring a given amount of air is repeated
D23, This training effect in breath holding was
suggested to be more related to the psychological
tolerance or will power than to the physical
adaptation?. Since the primary ventilatory
drives in determining BHT are hypercapnic
and/or hypoxic stimuli, these chemical drives
may have been modified by repeating the breath
holding tests. It is also known that the
mechanisms in hypoxic drive and in hypercapnic
drive for the respiratory regulation are different :
the former primarily originated peripherally
and the latter centrally. Therefore, the experi-
ment was designed to observe differences in
training effects on BHT between these two
stimuli.

Breath holding test was performed on sitting
position in 10 subjects (8 males and 2 females).
Except for one of the laboratory staff, the
subjects have been untrained to the test. After
full expiration, the subjects inspired a given
amount of gas mixture which was usually
within. 2 to 4 L close to his vital capacity,
then held the breath as long as possible. Just
before inspiring a gas mixture and at breaking
point, alveolar air was taken by the Haldane-
Priestley method.

Three different experimental series were
conducted :

1. Pure O, series : The subject inspired pure
oxygen before measuring BHT. Analysis of
.alveolar air at the breaking point showed higher
than 300 mmHg of P,o,-and higher than 50
mmHg of Pyco; (Table 1), indicating CO, being
solely responsible for chemical ventilatory

* EE AT o ARERET ¢ SIRKFEEE RN
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stimulus. This is referred to as a breath holding
test on hypercapnic condition.

2. Hyperventilation series : Following a 2
minute maximum, voluntary hyperventilation,
the subject inspired hypoxic air (7% O, in
N,) before measuring BHT. During hyper-
ventilation, Paco, decreased to the level of
around 20 mmHg. Paco. at the breaking point
remained mostly hypocapnic or normocapnic in
some cases, while P,o, dropped to about 35
mmHg by means of apnea (Table 1). Therefore,
hypoxic stimulation may have been regarded
as a dominant chemical factor for BHT (breath
holding test on hypoxic condition).

3. Hypoxia series: The subject inspired
hypoxic air (10% O, in N,) without hyperventila-
tion. Alveolar air at the breaking point showed
hypoxic as well as hypercapnic (Table 1). Both
hypoxic and CO, stimuli were considered to act
to determine the breaking point (breath holding
test on hypercapnic hypoxic condition). Five
trials were made in each series, interrupted by
a 10 minute rest after each breath holding test.

As shown in Table 1, a significant increase
in BHT was demonstrated as the trials were
repeated in pure O, series in which the
progressive increase in final Pyco. were
observed. There appeared less significant in-
crease in BHT in hypoxia series in which the
difference of P,co» between initial and breaking
points was almost the same throughout 5 trials.
Relatively great increase in BHT was seen in
hyperventilation series. This increase, however,
does not appear to be accompanied with such
rises of final Paco, as seen in pure O, series.
Kobayashi® also observed a similar phenomenon
to ours. The successive dropping of initial Paco,
may in part account for this BHT increase.
Thus, a progressive decrease in body CO, stores
due to the repeated hyperventilation seems to
complicate the evaluation of BHT increase. A
10 minute rest taken between the consecutive
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Table 1.

181

Changes in BHT with the repetition of breath holding tests, and Paco: and

Paos values, before inspiring the test gases (initial) and at breaking point (final), respectively,
in 3 different experimental series. All values represent mean value+SE from 10 subjects

Test BHT Initial Final

Series No. sec. P of dif* PacozemmHg PaozemmHg PacozemmHg PaozemmHg
19824117 () og5 4094104 1014202 5255152 3854179

2 1223+171 (ISESOD 4lax1lo  eB6ras6  S75raz  404x128

Pure O, 3 1313%174 O 05 395%132 10324259 5934175  406+10.8
113322170 oo A 00 2044131 10155247 STEIT  406+110

5 14611149 COISP<005 4055197  1007+2.30 6041155  388+204

1 9304+ 35 2234091  1305+180 39.94078  38.7--166

2 1068% 56 COISES005 9154071 13333077 3884077 3594260

Hyperventilation 3 1133+ 57 R 2097081 132.6+085° 382+084  342+247
1 174% 61 N9 203089 1338+108 387+1.03  344+277

5 1221+ 82 1934004 13411120 375+1.06  34.9+280

1 532+ 58 NS 404+131 10104182 462+110  53.7::3.17

2 550+ 43 ) A5 (00 3934126 10284173 461127  Bl4xaTd

Hypoxia 3 6l4x 51 COISEO0 4071127 10104167 461+109 4943172
4 617+ 67 N 394+139 1000+216 47.0+129 482315

5 655+ 74 4135106 1005175 469+133  497+1.17

* Differences between BHT of successive numbers of test were verified by matched pairs t test.

breath holdings might not be long enough for
restoring the body CO, stores. Consequently,
in both cases of hyperventilation and hypoxia
series does slightly appear the BHT increases.

Most remarkable increase in BHT demon-
strated in pure O, series suggests that the
training effect in breath holding is easier to
occur in the circumstance in which hypercapnic
stimulus is more dominant for determining the
breaking point than either hypoxic or hypoxic-
hypercapnic stimulus. This observation might
be related to the fact that acclimatization of
the respiratory systems to CO, stimulation is
relatively easy to occur® whereas hypoxic
drive remains unmodified for a number of
days?D.
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