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Cold Pressor Response to Seasonal Variation in Winter and Summer

Won Gyun Park and E Up Chae

Department of Physiology, Keimyung University School of Medicine, Taegu, Korea

A possibility whether the appearance of adaptation to cold climate during winter could
occur or not in Taegu area was evaluated by comparing the data obtained in winter with that

obtained by the same method in summer. Circulatory response was induced by the imme-

rsion of one hand in the cold water. The systemic and local responses in the blood circulation

from the immersed hand and the unimmersed opposite hand were observed simultaneously.

In addition Galvanic skin resistance(GSR) that is influenced by the activity of autonomic

nervous system and the vascular tonicity was recorded. The experiment was performed by

examining sixty healthy college students in winter and fifty in summer, whose mean age
was 21.0, mean weight 60,6-£0.90 kg(male) and 48.310.98 kg(female). The cold stimulus
was applied by immersing the left hand into the cold water of 5°C for 3 minutes, and the

response was observed on immersed left hand and unimmersed right hand simultaneously.

The observation was made through determining mean blood pressure, heart rate, amplitude

of photoelectric capillary pulse(APCP) and GSR.
The results obtained are as follows:

The mean blood pressure was elevated during the cold stimulation. The increase of blood

pressure in summer was more remarkable than in winter. At the recovery period the blood

pressure was decreased to the control level in winter but the decrease below the control level

was observed in summer.

The increase of heart rate in summer was more remarkable than in winter during the

cold stimulation. At the recovery period heart rate in both winter and summer was decreased

below the control level.

During the cold stimulation the APCP was decreased on both hands in winter. However it
was more prominent on left hand indicating additional direct cold effect on immersed hand.
In summer, the decrease of APCP during immersion was less remarkable than that in
winter, but the regain of APCP was faster than that in winter at the recovery period. And
the prompt increase of APCP over the control level has been obtained at the 3 minutes of

the recovery period.
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The GSR was remarkably increased on immersed hand but slightly decreased on unimme-

rsed opposite hand during the cold stimulation. Thus the finding on immersed hand indicates.

that the local direct effect of cold water is more prominent than the systemic effect,

where-

as the finding on unimmersed hand indicates that the circulatory response to painful stress.

elicited by the cold stimulation is more prominent than cold temperature itself.

In summary, it seems that the systemic circulatory response to the local cold stimulation

of the one hand is arised more from the secondary elicited pain sensation and less from the

low water temperature. On the contrary to the report of Kim et al*®, the adaptation pheno-

mena in blood pressure to the relatively mild cold climate in winter was not observed in

this study. The difference of circulatory response observed in this study between winter and

summer may be due to the difference of the magnitude of subjective sensation of the cold

water stimulation by the seasonal changes in air temperature.

M =

AT A e YAEF, P13 wwy
|, A% (shivering) S22 vehe] Fakgst A4
2 ggon i 4 o, Taee el da
o WlAE ARHL G H4E BT FEYFEA
o e Yl 2 Le FEE Adatdel 93
2ARGY, A4 B ALEAAE FT L3O
H 2 ol g% R WAT TEEE
sk A W G4y exast g R4S

45030 £ERT ROBE %—“rzﬂ sle 9%
ekl G 21 4 Y0, 2= A% 39
FaRATA ATl AdA FAE AL 7 F

A0l vt WS 24 5
3 A ol e AT ol

o
300 9UE AL A4Hre LR R0 2
3}

i gleh A1 9 ‘”f} L B a0 o stwl FAgt
WaAT4 LAY FEoR dde 551 2F
ko e TE A ‘f‘“—rr7 2 2as] g gfe] FAp
BANGEE SAEHNOD ot

ol A7zt =F5A Ha ol gk A S
o] v]-E}v}m] Covino ¥ Beavers'¥: 45% 9} 4]
o] Hal gAls] e Hid Hgol vehdutz
g}, = LeBlanc S19.¢ Eskimo ql% wjAre 2 @ A
ol Ago| Hu IAARA FE BAEZR
_'73"‘]73‘3 Wkgo] Frgttm dtgch. 2y ol
Wl 224 vehte g #3 Rie FE2

ofl,

ol
K

}

a7
o;.',

£ e

)
r°“

5ol A7 =Sy JEg gAeE 3
Lo sl Ry 4448 7}21 -
g A -go] Vel o Fof
2ae god AE FFAY YA R
TELRA vPE}v}t g war Lol I
vg}cq Hong“’"—” 18)0] Barh ot o] + 5]-\)] o A
AA Pl A v FeFd AL LEL
Eskimo ¢] S 72+ gl vz TAEAOE wE-
A2 AL AT thEs W D0 60-4 ol
%) 4] ] T4 vasoconstriction of] 23t Fx&8 F--
247} ey TR e ASdstn shgEt. 2E W
L2zl Ae FA Y el dF x=Ee B4 A
5 AYstnys Eolv dES AL FTAAH mgold
2 717 E g Aol
EAYL 945 &8 4
Aetge A AT Sk ik EY g
e FEFIATA A )
st Aol sy ge vlAlE
Zalgeh. =T FAY /%
she] SA glel A9 g
= A% nad Sy

ME W e

£ Ay A s 4Astg o FA9 4F

Fdo] 2B A7 =30 Hydm A4 £ g
= 2% (1982:) el AA Sz 1A ¢ 4F-& 3 8
Aol A 9 el HA A4 oP%M 2 A 49y
Az g BEe AT EA A ATt glos b7
Ag 19823 1090148 19834 9Yel Aa YT
slee 27 15 e



—gF - A : FEDR ATl A
30r
¢
§ 2or Experiment
K in winter
a Experiment
E tor in summer
R
G- i i 4: i ' 1 1 Il 1 L o
Oct Dec Feb. Apr. Jun Aug.
1982 1983
Fig, 1. Changes of the average air temperature
from October, 1982 to September, 1983 in
Taegu area.
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Table 1. Blood pressure(mean--SE) at immersed left arm in winter, and not-immersed right arm in
winter and summer in cold pressor response

Blood pressure(mmHg)

During exposufe After exposure

Control 1 2 3 1 3 5 min.

Winter MP 90.3 101, 5%* 101. 8** '100. 0** 92.4 91.2 92.0
1.88 2.07 2.31 2.17 1.79 1.73 2.05

Immersed left arm SP 119.6 129.4* 129.0* 128, 7% 122.1 120.1 121.7
2.56 2.49 3.09 3.21 2.29 2.57 2.74

n=23 DP 75.7 87.6%* 88** 85. 7¥* 77.5 76.6 77.5
1.81 2.18 2.18 1.96 1.81 1.58 2.09

MP 87.9 94, 7** 96, 0** 93, 3%* 88.9 88.2 88.3
1.25 1.54 1.60 1.43 1.24 1.23 1.29

Not-immersed right spP 116.1 121. 8* 1238. 2* 121. 6* 117.1 116. 4 116.3
arm 1.83 2.00 2.07 1.95 1.74 1.74 1.76

n=60 DP 73.7 81, 5% 82.3%* 79, 3** 74.9 74.1 74.7
1.19 1.57 1.52 1.34 1.17 1.16 1.26

‘Summer MP 92.3 105. 4** 104, 1%#* 94.7% — 89.1% 89.1
1.13 1. 50 1.65 1.31 1.10 1.15
Not-immersed right SP 116.5 128, 4%* 127, 3** 119.5% — 112.5*%  111.5%
arm 1.38 1.80 1.87 1.64 1.37 1.36

n=50 DP 80.3 93. 8% 92, 5** 82. 3% ~ 77.4 77.6
' 1.18 1.55 1.64 1.34 1.14 1.13

Note; MP=mean blood pressure, SP=systolic pressure, DP=diastolic pressure. Significance vs. control:

*p<{0. 05 **p<0. 01
#: This value was obtained immediately after elimination of cold stimulus.
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Fig. 2. Comparisons of mean blood pressure among the results obtained from immersed left arm in
winter, and not-immersed right arm in winter and summer in cold pressor response. Sign-
ificance vs. control: *p<{, 05 **p< 0. 01



LT A  FETYATe] A4 R FEIA I oA ¥

Table 2, Comparisons of heart rate(mean=+-SE) between results obtained from winter and summer
experiments in cold pressor response

Heart rate(per min.)

During exposure After exposure

Control 1 2 3 1 3 5 min.
Winter 74.2 76.8 76.8 78.8 75.0 75.1 75.2
n=60 2.47 2.53 2.55 2.48 2.60 2.20 2.74
Summer 77.7 79.4 78.6 75.2% 75.9 74.6
n=>50 1.73 1.60 1.91 1.97 1.86 1.73

#: This value was obtained immediately after elimination of cold stimulus.

Table 3. Comparisons of photoelectric capillary pulse amplitude(mean+SE) of the 4th finger in cold
pressor response

Capillary pulse amplitude(2;)

During exposure After exposure

Control 1 2 3 1 3 5 min.
Winter
Immersed finger 100 20.1 14.7 13.6 24.9 47.5 65.4
n=60 2.78 2.27 2.23 4.01 6.76 10.29
Not-immersed finger 100 32.5 38.7 51.7 76.4 91.1 95. 6
n=60 2.73 3.10 4.13 5.37 5.22 6. 24
Summer
Not-immersed finger 100 37.7 43.2 65.0% 121.8 123.5
n=50 2.92 3. 89 4.32 9.78 11.87

#: This value was obtained immediately after elimination of cold stimulus.
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Fig. 3. Comparisons of heart rate between the
results obtained in winter and summer in
cold pressor response.
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Table 4, Changes of Galvanic skin resistance(GSR)(mean+SE) of the middle finger in cold pressor

response
GSR(kQ)
During exposure After exposure
Control 1 2 3 1 3 5 min.
‘Winter - . )

Immersed finger 98.2 146. 2% 154. 1% 161, 7%* 146. 9* 138.3 131.3
n=60 12.96 16. 64 17.96 19.51 17.49 16. 66 16.11

Not-immersed finger 105.8 102.3 102.2 105.7 110.7 117.9 119.9
n==60 11.65 12.09 11.96 12.15 12.38 12.59 13.08

' Significance vs. control: *p<{0.05 **p<{0. 01
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Fig. 5. Changes of GSR of the middle finger in
cold pressor response. Significance vs.
control: *p<0.05 **p<0.01

o =

FaFYAT] A4 3 TPl %
ol At} Al 1ROANAE 2AD o gk L A
A4S FAWYATA FTUL  FAA4E
sk Drinkwater®S8-190] ¥ g9l A2 ste], F4Y
F3¢ APALE 2B BA 2AYD Ay
FAE TYATA FTE£EFH] AL vHE R
Zensl gA)dek EE 2R 9 stas A
A A3 &5 A4 w28 2po]: Buchanan 520
3} 29 o BEmBeef] M wlel o] FYAF
2 A4 2o AT FTLEIA) 24 A0E 2SE
ralet, :

N3AAAGE DR Aol AN LA
AP L B3 LAY LT LY BA¥0 9
o dx9 FaAA %%}% HhETh2 Wy gl
FaAToeA FYL AAAATGE FAHE0
Az BE &L °17ﬂ\% & A7 A Jel,

o2 YA, 45

X% Bini 53¢ vasomotor nerve 2} sudomotor
nerve(HAA) Y ArH FHEE FAs WY
Z R4 A= sudomotor nerve ¢] sudomotor activity
7F A} g4 E s Afelx] 2 vasomotor nerve ofl 4 9
78 vasoconstrictor activity 7} vielviA] e ?;1_-
oh, B AP A9 AR ALY AREA FL4Y
AFA L P I 55 A7 wbdol FAl FEE R
ke &9 X3 FAE Hof
AALA FEL F5el 7t ghge] AT Fes B
o A4g 39 ¥R F Srbe YA
A Fakgol $AIS) e 22 AR
LeBlanc 51532890, glulel] A2 FFA 734 4t
-?: 43la FRgARA wgel Fobee F4%
2ol &g &) SRR A rla ). Page
Brown“’o 10°C 8 F4TAAFA & Fe] 1A
ol A& FH4stt Eskimo gl e & #3dE 2
A 2HBgn grd. =T Nelms 3 Soper®™} &
B 325,300 British fish filleter® (959 A4
Aejl JF)} arctic indian®® (FF EFl)e] gle]
A F4£5d A=A cold vasodilatation o] ¥4 S-FXH
oo whe] dehde 2 AR YAAE ¥ a2Em
el Krog $%9% el -3
activity 7} &gk x kgt
Qo4 3187 Garel R AL 3} olx
FA delA el ALPE Aol HGH o Eol
Bu shgdeh & AL 7 509 $AY 4gst
2 357 FFYGY /AT 24T FAGA By
224 7 59 gl A go] Hgls] & Eel 557
Holo] AT} Bues g5 gevh. 2o
A9 FaWIAFA FTAG F7HEA AR 2
e Ao Wl ASA vl gl BT HE
wpmmwe gt & 4 AP FAAA

(i{l

2.2 vasoconstrictor

A F0e 3A9 4

. — 98—



b - AN Y FEEE AT
357 JFEEY FHEe) s 2w =2H A A
A B3R mAYRE A shn (Y Fel Hlﬁf&)gl Zha
b FAAA W 2m FFe] o =1 AL Y Ea
S5 o x)5hx] =t LeBlanc”’i il FH-$-
2] 5 Gaspé fisherman()vhe} o] )l At of 2T
,Aow AAA FARSY TaFIATAY P
St o i*% k. 2 AgelA Ty AT
A9 A4 & FE5A4 A At dbgol T
ATl o § qh3-Eret $ASA Vebdoe2A ol
oA 8 dbge] FA R 2 Asbe TWASE A
Aol wE A7l AFLE}Y Fold] ¥leA T
FIA A Folel AT A= HAlEL
o) 4e Az E Aoz FA SolA W
o W Age ebdA dEvn e EAg
gAY FAJYATA -89 sz A #E
e Est AT L2 Aoldl g FRA A

aL
2.
O

1oy

O

e

719 % AL 2 B
e ¢
FaPYAT] A4 % FaAAER 1AL 9
g3k EAG oA el HE A&L BAEA 4
sl 54 % Sl FEAY 2009 B A A
607 8 50%-& AFLE 5°Ce e dF &2 F

TFol 3% FA&PWATE Astgdch A+ 1, 2 3%
st 3|25 1, 3, 58el A4t S A db FeA
Fgsh, 2AAYS, B zAga W o3,
B8R A A GE B g e ASE A9

FAYWAFA "o Zrlbsigan sAd A FAR
e 2 S8 By 3 Esd FAE AAE W
ZA 2 &5 s E Az R {5 4
g

EA AL
o] Zrbstg o 3
mv} Zrastgdch

FA mAER At dae FAdE A4 2 A
+ W & P_Fr Zastg o AFTE S 4 ¥ 2
Fasgos ol A4 Fo doiA FHY F£F
el 7] 418k Aii Bl dAldlE FARHT FE
24T Bgoen HErde o #E 58S B o
228k S5 sk ).

HARAAAGFL AFA G A FAA e 3F4sh
AAFT FAAEL F98A St Etsl S5vle A
A Zastach. A4 4S9 4 F5A AT
whgol gl 9§ wSell Arbsel Veld A=

0

R
3 ESAE A W

A A FA Bt
A 25 EA

i

=

A4 1

%‘Z}E.‘oﬂ %t 554 stressol 71T Wgol £4
Ao

A
R4 7 old
BE, %As}»ﬂz}.JO

Ty A EFel] vl X]

sc e %w A4 A

6 o =
s

=]
=

a3 *
) 98 ALE FANA
A Ae YA

T T

=N

7 59 washe B FA
B

Z}o ]t‘ A A w2 =}

¢

E A EH.

1)

2)

3

4)

5)

6)

7)

8)

9

REFERENCES

H.: Neural processes in thermoregu-
lation. Physiol. Rev. 53:948-1017, 1973.
Hertzman, A.B.: of
cutaneous circulation. Physiol. Rev. 39:280~
306, 1959.

Selkurt, E.E.: Basic Physiology for the Health
Sciences. Little, Brown and Co., Boston. 1975,
$.554-557.

uHYT, ey, BAT,
olHS, A : T4
A3l " XE G5
A 2(2):1-10, 1983.
Bader, M.E., and J. Mead: Effect of local
cooling on finger blood flow in individuals

Hensel,

Vasomotor regulation

Pl

= 7]

o=

kA
Ty

1
t‘

exposed to warm ambient temperature. J. Appl.
Physiol. 3:508-512, 1950.

Greenfield, A.D.M., and J.T. Shepherd: A
quantitative study of the response to cold of
the circulation through the fingers of normal
subjects. Clin. Sci. 9:323-347, 1950.
Rapaport, S.I, E.S. Fetcher, H.G. Shaub, and
J.F. Hall: Control of blood flow to extremities
at low ambient temperatures. J. Appl. Physiol.
2:61-71, 1949.

Thacker, E.A.: A comparative study of normal
and abnormal blood pressure among university
students, including the cold-pressor test. Am.
Heart J. 20:89-97, 1940.

Whittow, G.C.: The effect of different env-
ironmental and cold-bath temperature on the

- cold pressor response in man. J. Physiol. 129:

99 —

72-73, 1955.



—o 4 7 58]

10) Schottelius, B.A., and P.D. Schottelius: Tex?-
book of Physiology. 17th ed. The C.V. Mosby
Co. 1973, p.290.

Glaser, E.M., and G.C. Whittow: Retention in

a warm environment of adaptation to localized

cooling. J. Physiol. 136:98-111, 1957.

12) LeBlanc, J.A., and F.J. Rosenberg: Local and
systemic adaptation fo topical cold exposure. J.
Appl. Physiol. 11:344-347, 1957.

13) Brown, G.M., and J. Page: The effect of
chronic exposure to cold on temperature and
blood flow of the hand. J. Appl. Physiol. 5:
221-227, 1952.

14) Covino, B.G., and W.R. Beavers: Cardiovascular
response to hypothermia: Effect of cold accli-
matization. Am. J. Physiol. 191(1):153-156,
1957.

15) LeBlanc, J., S. Dulac, J. Coté, and B. Girard:
Autonomic nervous system and adaptation to
cold in man. J. Appl. Physiol. 39:181-186,
1975.

16) Hong, S.K.: Pattern of cold adaptation in
women divers of Korea(ama). Federation Proc.
32:1614-1622, 1973.

17) WA, A7, A, 2EE, T4
ol gk 5 GgA dbgel A AT
FAE T3 A 3(1):59-66, 1969.

18) Paik, K.S., B.S. Kang, D.S. Han, D.W. -Rennie,
and S.K. Hong: Vascular response of Korean

11

S~

ama to hand immersion in cold water. J. Appl.
Physiol. 32(4):446-450, 1972.

19) Drinkwater, B.L.: Women at altitude. Cardio-

Aviat. Space
Environ. Med. 53(5):472-477, 1982.

20) Buchanan, J.L., J.J. Cranly, Jr., and R.R.
Linton: Observations on the direct effect of

vascular response to hypoxia.

cold or blood vessels in the human extremity
and its relation to peripheral vascular disease.
Surgery 31:62-73, 1952.

21) Freeman, N.E.: Tkhe effect of temperature on
the rate of blood flow in the normal and in
the sympathectomized hand. Am. J. Physiol.
113:384-398, 1935.

29) Hertzman, A.B., and L.W. Roth: The vaso-

:A179H A 23 1983~

motor components in the vascular reactions in:
the finger to cold. Am. J. Physiol. 136:669-
679, 1942.

23) Folkow, B., R.H. Fox, J. Krog, H. Odelram,
and O. Thoren: Studies on the reactions of the
cutaneous vessels to cold exposure. Acta
Physiol. Scand. 58:342-354, 1963.

24) Wang, G.H.: Tke galvanic skin reflex. A review
of old and recent works from a physiologic
point of view. Part I. Am. J. Physiol. Med.
36:295-320, 1952.

25) Wang, G.H.: The galvanic skin reflex. A
review of old and recent works from a physio-
logic point of view. Part II. Am. J. Physiol..
Med. 37:35-55, 1958.

26) 2197 : Na o] &3-sle] o3 #A# 9] 5 3Al7) =g
o w3, AR 4(4):19-21, 1963.

27) Catania, J.J., L.W. Thompson, H.A. Michal-
ewski, and T.E. Bowman: Comparisons of sweat
gland counts, electrodermal activity, and habi-
tuation behavior in young and old groups of
subjects. Psychophysiology 17(2):146-152,
1980.

28) Adams, T., and J.A. Vaughan: Human eccrine
sweat gland activity and palmar electrical skin
resistance. J. Appl. Physiol. 20(5):980-983,
1965.

29) F9%, £33, AEd, AYd: £22 Qg
GSR##. 39 15(2):23-30, 1967.

30) Edelberg, R., and N.R. Burch: Skin resistance
and Galvanic Skin Response. Arch. Gen. Psy-
chiat. 7:163-169, 1962.

31) Bini, G., K.E. Hagbarth, P. Hynninen, and
B.G. Wallin: Regional similarities and diffe-
rences in thermoregulatory vaso-and sudomotor
tone. J. Physiol. 306:553-565, 1980.

32) LeBlanc, J.: Local adaptation to cold of Gaspé
Sfisherman. J. Appl. Physiol. 17 (6):950-952,
1962.

33) LeBlanc, J., J. Cotg, S. Dulac, and F. Dulong-
Turcot: Effects of age,
Sfitness on responses to local cooling. J. Appl.
Physiol. 44(5):813-817, 1978.

34) Page, J., and G.M. Brown: Effect of heating

sex, and physical

— 100 —



—QF - AN FaG ATl

and cooling the legs on hand and forearm
blood flow in the Eskimo. J. Appl. Physiol.
5:753-758, 1952.

Nelms, J.D., and D.].G. Soper: Cold vasodila-
tation and cold acclimatization in the hands of
British fish filleters. J. Appl. Physiol. 17(3):
444-448, 1962.

Elsner, R.W., J.D. Nelms, and L. Irving:
Circulation of heat to the hands of arctic
indians. J. Appl. Physiol. 15(4):662-666,
1960.

37) Adams, T., and R.E. Smith: Effect of chronic

— 101 —

Fagel$Rd AL 98—

iv
o

local cold exposure on finger temperature
responses. J. Appl. Physiol. 17(2):317-322,
1962.

Krog, J., B. Folkow, R.H. Fox and K.L. Ande-
rsen: Hand circulation in the cold of Lapps
and North Norwegian fishermen. J. Appl.
Physiol. 15(4):654-658, 1960.

AAE, FaAS, A4S, FHaFy, HAS, ¥
of, T, AP FEEI] ¥ AF AAX
o] At ¥ ECGe| WA= g3k A 1R, A%
B3 1:72-88, 1982.

=]

b



