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=Abstract—

Studies on Vascular Responses to Cold Stimuli in the Korean Diving Women

K. S. Paik, C.K. Kim, D.S. Han,
B.S. Kang and S.K. Hong

Department of Physiology, Yonsei University College of Medicine

Seoul, Korea

Experiments on thermoregulatory responses to cold immersion stimulus were carried out in September,
1968 (summer studies) and February, 1969 (winter studies). Eight each of ama and control subjects

were selected at random from a same community in Yong-Do Island, Pusan.

The results obtained are summarized as follows:

1) The rate of fall in muscle temperature of forearm dufihg a 30 min-immersion in 6°C water bath

- was significantly slower in the ama in winter and was about 'the same in“the two groups in summer.

However, the magnitude of change in the skin temperature and the heat fluxes observed during

immersion period was not significantly different either between groups or between seasons.

2) Both finger blood flow and skin temperature during one hr-immersion in 6°C water bath decreased

significantly in the ama as compared to the control. The magnitude of cold-induced vasodilatation during

immersion period was significantly greater in the control in winter. However, the time of omset and

blood flow at onset showed no significant relation between groups.

3) The magnitude of reactive hyperemia after a 5 min-arterial occlusion in both air and 15°C water

bath was significantly lower in the ama than in the control’ In control subjects, post-occluded blood flow

in water was significantly greater than in air, while in the ama it decteased to 1/2 of control values.

The time required for the return of blood flow to resting values in the air was faster in the ama than

in the control but was the same in water in the two groups.

4) The results suggest that vasoconstrictor tone increased in the ama in winter;, indicating the

development of vascular adaptation as a part.of cold acclimatization.
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Bioz REse mstel Ao 2 e ol HY
HHY FES A5 HE Aok
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A4 Be B/EAA 7 Beled BEAR D& BEEE
o, o] B& £28 LAREIA & 5~Tm s &
EE WASGEE WAMME
(Hong et al, 1963). 4k ¥k WEE 28 Hiol
= 27°C, 3% Aol 10°C7lA] Fid= (Kang et
al,, 1963)KiRe] 10°C 7=l Tl LXfidE BLE
L o} F REA BAE glol oo WA KikLs ¥
Ak dgkehel A fEzkel #Fsn v HFolt. =
B4 o] B WG S5 BHS MEEES B
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BREL 2G5 B =5 JRRIOF BT a4 &

n=le] 9l v} (Rennie et al;, 1962).
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4l 5] = nonshivering thermogenesis ¢] #HA42 %’E’%

(Rennie et al.,

279) & norépinephiine's] &g WMRET Sl Wi
norépinephrine 8] Rty QA

Boll A By o
Kol Bmele] 98] I eh(Hong et al, 1968;
Kidrtig et al.,- 1969)
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siqron] SN A LT FEEREY As 51
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SAEEE, EEEE ¥ REAEKR WE

& BRe HHid sl mistgleh.  EREE
ERESETS AL THA T % BRBRE WEM
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Wil EESAt =9 MENES BN AHER
ol mEFE EEska s '

KA gk B MR, HEEE ¥ nEd
BE #EY ok .6°Ci A ki Efled &
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SHRE L F 245348 02 60 50T ASste) FiEstg ok

Piemitgs WE-e =iz EfEE BhHHE 33
ste] BpRmO HAE Akik AMCRES ELEHE 2
sty BIRLTE AR obg S LA gt
BHE REsERA velhts FIERKEHS BEEL
E. Strain Gauge Plethysmograph 7} Zx8le F-a1s =
M- Dynograph Lol ##sta mitthife] &K
fHol] ol 2l JfirigEel EHE BEstnad Ml
8 ApAal e dgles (Whitney, 1953) 2 A
A MR 1@ BR vket ek o] o
BRI 2=rg HA A= LR 220 mmHg & EAS
2eEx FEEMA-S B L gl ARl
50 mmHg | EHE marsich
EE 3. KF St 15°C Aol A ¢] Reactive Hyper-

emia 2] HIE

o] BE-& XEolRr MEfTeld o HEREMERT BikE
T Hfre 30 5 EA & % KRGl A9 reactive
hyperemia 8] A& B ] Hel =AA K@ P
e MRS W WERE L] 220 mmHg 8 B

HoZ 540 BiEME stz 55otkel L B
L BEDE AL 25Me § 15PRAE, 2588
547t 45 308 2A e, 5444 1057 € &
14 24 o= dhigel mi@$ WEskd=t

A—3 HBe 15°CE 249 K#el 5742 8k
A7z EiRe Hiksk AR R hige] mitEs W
%%].-3111 Krehel] A1 8] reactive hypergmia okALS HHER
et

. % 8 R

R 1. 6°C KON ZOIFES AR DRI TS
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B 209 60 kil EHFRE 05 8
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SRARS H2E % 3E6) BT ek 2ok
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(Physical characteristics of subjects)

Subjects | .Age Weight Height SEI(‘)?a)(I:e
(numbex:). (Gyrs) (kg) g?.{“) (m?)
February, 1969 (Winter)

Ama (8) | 39+2 53.3%+1.8 1522 |1.49+0.03
Control (8)| 37+1 52.3+2.2 1512 [1.47+0.04
September, 1968 (Summer)

Ama (7) | 40+2 50.9#+2.5 152+3 |1.4530.04
Control (7)] 3741 51.6+2.5 1512 |1.46£0.04

(Mean~+SE)
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Rest 1 min. l 2 min. ] [ 4 win. j
Immersion of Left Hand in Water ot 6°C j

AL Arterial Inflation (598 A=)
VI; Venous Inflation (39 d =)
AD; Arterial Deflation (593 g AA)
VD; Venous Deflation (3= ¥ A #A)
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As —g o Hefiol = 4.8°C 24 JEBLARY 20
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A SEERE A B, 281 HRslz HRERE
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o 3e HAE 2T gy o mRk 2% de
FERe opgvh
HEY 3 AF|PM 15°C kB0 A2 Reactive Hypere-
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AR5t 15°C 8] Kigol A 7 540 Bikm 2
T B gl vElde digniEY SMesEe £7
Bl B kel 2o o] o) higmytEe BNEMS
EiS mitEs At Rk mikEste 2(ABF)
£ Y 42 FRdydeh
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WREE Bt L EE 2y ol FE e MRS &
%3l Wbt 650 ol2elAok AntAe miiBoeE
A HEot ot A3 AutAe] EHEA o2&
Z3dn Bing REEE stz dvh & KEF

A mEdd FEY EES BUe JRgamacdt ¥
o EEHfES 342 BREe] H5s WA
E ¢ T Ak

T 15°C 4] skfffell FERE KRS reactive hyperemia
ofAk-S- v RLEL BEmA Bk 15 B4R
B miEe EmE 2 45 P BkmiEO. 8ml/
100 ml/min.)el] o] 28 o v} o] & A+ BKEIES] 50%
o] Rt o Krheldl e =z K] BoRE ¢ 4
Qgleh, 458 o) FHe = MIE-S ks Hdsle 6
oo g mmEe s AEEAY. FRELAFEIAAE
Mg 15 Bl {1 AZsle] KFFA42k =
MR 2 14 15 el HAmiE (3. 21 ml/100 ml/min.)
ol - #elglen o BEY BXHIlE KH=E K&l
HAA @B gldeh St BaBdAE Kigd
BkFezA FEfez millXe ELHSPRE mEF
3¢ Ao SFELEIAE ood W TR,
HES 45 #A G 444 ¢ 4 s
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KBS mikES Aste FTEETE nEst meE
R EHE T 4 Jdor ot ABRARIES el it
BRI A st A 2l 7R Rl fhate] B o
&k gk EARIE Bl T2y a4 e BT
L s Weld REHELE ERE = nRge B
PElo] FERIZ BHS BEAE BETAA 299 4
= A #HEEE = piiEisi(protective mechan--
ism)o] HRHch oleigt PN EATIRY 2K,
B 8 EAEHES B&d el 2 BES deElEe of
ol ¥% Wt delPEEe kel #Higk=E

Brown ¥ Page(1952), Brown (1957), Leblanc (1962),
Krog et al., (1960), Elsner et al., (1960), 28] 3 Nelms
u Soper (1962)E& dJtiEih el Eskimo A, Gaspe.
Fishermen,” Norweigian Fishermen, Cold-exposed Artic:
Indians @ British Filleters o] 4] kffiell FEE AR o
el WY HERE ¥ mitEe HER e &
Al fEEE e BESGc Bl B EafResn.
4= e MAEEERE(cold induceded vasodilatation).
9] 2ol W=7t ol BdAA A wwl ol R
ELSBRHEZ BRI RHK EAEESS (loal adapta-
tion to cold) o 24 FEho 2 NI EHHE ¥ &L
w8 EEAg BhEEls] BF Eiolsln WISy
(Nelms & Soper, 1962).
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R e R er B ERHdAE FH Bk
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skl EEAl Wkl B EAREes fUsEE M@
BRRIES] BEYS o JHEsl SERRTE Ko ¥
A WE] ddsh wEd BB B 4 ¢l
EHTIR B KEL 2 . B glolA &
REe ¢ 4 AU BRE) BAWB HY B
BRES RBTHOERS KBS ARz #BmAs
2RA KBE JHe MEES HOASE A4 Bgek A
e AR BEANE s mEES #mAA dr
ving, 1939) %8 R il BRIAx g ¢
T ARk o]zl LEEAES Bkl gleol A A
Y BEBRZC] HEAL ol B 4FERE] AR
A 2= R Qe B dEiETe) Eskimo A,
Gaspé Fishermen, Norweigian Fishermen, Artic Indians
g British Fish Filleters 52 ARG 2853 Ho] o
vel 289 AEHERORA KRY 58 FHte A
&+ EHRRA Bl o2l 453 R KHEE
4 Rt BHEE vl BAELS & sfH6dE
B o de s Beatel FANLEA EATE
ol ZHEHS ok/IAA LBy Bl MRS
I EREE ubeleh Hl wHAlA e EEFIRA Halo
KW MERE e B D 024 BEEET B
35l General Acclimatization #ifio] JHR= gl cly &
Bk REel RIS Elkington (1968), Budd
(1964;1965)5} Budd @ Warhaft (1966)°] EfEH1750l
A BHHEGBE 2HBHAd o2y o K
—%ele o] & g4 LIEKME General Acclimatiza-
tion o 2 MM g

E§ Brown 3 Page (1952), Brown et al, (1953)&
Eskimo Aol glei Al skifiel] BEARRIMMMTR-L HRR
of fstel ¥4 Mo MMGRIAES BHEL
HiERe] el 483 SRS BHEIN B o) 2
< RIGENAC] 49 BEEES Bint obbx KA
Al A BHIE Mol WIFEES #Eete] = Eolsle MK
e Ehe ZRTon e e ABR Yo
A Bl WAL AR BRI HRAEES %
L JRERE ke Xd=e] glgled oleiihe
HRe A KBRS d@std Eolsle AHE Mk
&2 WPel, B4 WA AE 440l =& non-
shivering thermogenesis (Kang, et al, 1959)2} o
fikahe] efkEEe] Eing o 24 X KR B
¥ 7Hee #EReaE BEE A= mAEEl
Bl A= B4 stratum corneum o] S 7} %79
A= welA g0 BEEE AR BhnsEldn skd
(LeBlanc, 1959), TEXE Wil Ao Eel BB
FiRE BHT ot goy BYERS vdos M

fho 2 Jul HRAAE EEES 4 Mme A
RZEsL Asdlnad HREEY BHES Xd A2
4+ gosgtm BREE wkolth '
Bk AtBREged] Jelvde mEHEERIE (reactive
hyperemia)®] #2pr: Bk Asko R EERER
of 4% g3 EAd o5 £t g

“(Jepson, 1954) ARE A AFHt 15°C 9] Kifgoll 4

WEY BRmAE Rk MERRRES 27 B o
RS B AR KEH 15°C ] sKifel 4]
363] FEELBRE T Weher] o & MR MEHEY
Holl $% SRS Mge iBRstY Fo ded, A
Broll MEHE MRS LRl BAHL S A4se A
Zch. 3 Elsner ¥ Carlson (1962)& <aixl SEBHE
Fol At BN Bk H4r6 Yol ERmfe
9 2 FA7ke] whE- WMENL LW o)k BN i
EREEDY BES ETHA dEeltn a9 %
Rl A LBl KRpelA EHmitEe] 382
o] 953 WE BHHe WAEL EAFRY Frtse
BEHE A$AQl #kfEZos $ey ERHEFE 15
Hez 94 mEREWEY BT o8 MHE BHE
M s E ol wes] wFolzln wA) ol
T BREES Bine MK RAYR A2 9
Fo] AR EBIlikl ksl B (Heroux,
1961: Martin et al., 1932) Ho 24 MHAKGS BE
fiifiehe] 2ge} olulr] wfFol eht Asleln B
Rrele} R 15°C kifiel A9 RIEREE wa JsL
B AR fobp o WA AR KiEY 4
BEE BORa e ok %A s kel o]
WRE-L EHFR -HY KSR BHT F30
HER Aoz @Bl
V.o®E @

1968 4 9 H(HED=F 1969 4 2 § (B8] 2%l A
A BLEEN A K D EERS BEUE & 744
Al & 844& HHo® Fo 6°Ce] Kifia] 30
5 TE 6045 FHE BAAA Bokirsh Bk £
PIRIGES) MPAUEEE, RRTERE R RMAEAR 23w
g MR, EAEE ¥ nES MNEkREsn =
KEH 15°C &) kel A 5 FRI BIRMAD Bk
o] Vel reactive hyperemia o] #{pofAFS #iggs}e]
o437k 2 e Q3

1 6°C9] kife]l FHE BRARL o wMe) EE
WSl EEAREARS A5 HE, WA =% 9
¢ BOBS ngch 2ehv BREEE S8 9l
A el JRiskBl Mald EHYA oL WE
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o old g st EEele ¥ 4+ Ayt

2. 6°C¢] kitle]l FWS BAARLS o higel mik
e WRRe] Bl tatel WA wshe,
NG ESRRe s SUEE 28 92 BEE
S LEe] 958 oo FAPF o HE 94
LB A N8 Lol g ¢ 5 Aol

3. 540 BHEMm AR Bkl velie dasd
RIES BEE Aol Bk 25 HRRel W3
on Y HEE 15°Ce) Kifidl Bk FmARe
YRBFRLe  kghol el 2 BESL B o
o} ool KEE BRBAAL kEBEY oy —EE
2 OHAE-e ¢ 4+ Jovh EEmK REEES X
Aol A E WATl JEELTo) Jhatd s “%}}9_
o @kl & R EF F— HE) £ede ¢4
gl =k

HES REEE o] o} 49?31 2ol Fkel A
L ogemel Aol ML BETAGoH, 8
#B%S Pels] ﬁs}oﬂ'mm%m el e
{vasoconstrictor tone)E Ao BTAH KRKE HKS =
MR B 9es ¢ 4+ sk

weld EHES EANRS EREAA M ERE
B (vascular adaptation):& §ubA] 7] = FHe] oldst B
#15)= wpolrh
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