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=Abstract=
Effects of Cold Stimulation on Systemic and Local Blood Circulation ()

Won Gyun Park - Sung Han Kim - Jae Soo Kwon - Yun Soo Kim
Un Hee Bae - Jae Hoon Bae - Myung Ok Lee - E Up Chae

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

The purpose of this experiment was to investigate the effects of cold stimulation on systemic
and local blood circulatory system. Many investigators have studied about the effects of cold
stimulation on blood circulatory system. However, the experiments were performed under the
different conditions and therefore slightly different results have been obtained. Particularly the
author attempted to evaluate the effects of cold stress by comparing both hands during cold
stimulation. The experiment was performed by examining sixty-one healthy college students,
whose mean age was 21.040.22, mean weight 60.6+0.90 kg (male), 48.3+0.98 kg (female). The
cold stimuli were applied by immersing the left hand into the cold water of 15, 10 and 5°C for 3
minutes, and the responses were observed on left and right hands simultaneously to evaluate
systemic and local effects of the cold stimulation respectively. The observations were made
through determining blood pressure(B.P.), heart rate, amplitude of photoelectric capillary pulse
(APCP), skin temperature, Galvanic skin resistance (GSR), subjective sensation and ECG. The
obtained results were analyzed according to the degree of cold stimuli and compared with
previous reports. The results are as follows:

The B.P. was elevated during the cold stimulation. The increase of B.P. was remarkable at 5°C,
and probably it was due to the response of pain. At the recovery period the decreased B.P. below
control level as described by Kim et al'® was not observed.

The heart rate at 5°C was increased, whereas those at 10 and 15°C were not changed. They
were decreased slightly at the recovery period.

The APCP was decreased on both hands during the immersion. However it was more prominent on
left hand since there was additional direct cold effect. APCP was lowest at 10°C, which indicates
the maximum constriction of vascular smooth muscle. During the recovery period, APCP was

more rapidly recovered at 5°C than 10°C. It was considered that the cold induced vasodilatation
was added at 5°C.
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The GSR was increased on both hands with greater response on left hand during the cold

stimulation. At the recovery period,
sing on right hand.

it was decreased on left hand,

whereas it was still increa-

The skin temperature was decreased on both hands.

The subjective sensation during hand immersion was mainly pain at 10 and 5°C, the intensity

of pain was gradually increased during the immersion.

The circulatory response to cold stimulation at 5°C was mainly due to pain, whereas at 10

and 15°C it seems to be due to both cold and some pain.

Changes of the ECG findings according to the cold stimulation in this study were not significant.
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Table 1. Changes of blood pressure in cold hand test
Systolic blocd pressure (mmHg) Diastolic blood pressure (mmHg)
During exposure After exposure During exposure After e‘{posure
i Control 1 2 3 1 3 5 Controi 1 2 3 1 3 5min.

Left M#£|121.5 125.0 123.5 124.3 120.1 119.8 116.8:77.5 81.0 80.8 77.9 76.4 74.7 74.1
n=24 SE | 1.63 2.46 2.46 2.61 2.40 2.25 2,25;1.78 2.18 2.29 226 2.15 1.91 2.09
15°C
Right M+ 116.1 118.5 117.4 117.1 115.2 114.6 114.7 | 74.8 77.1 75.9 76.1 74.1 73,1 73.3
n=61 SE | 1.60 1.91 1.82 1.87 1.8 1.74 1.81|1l.22 1.28 1.19 1.27 1.1 1.13 1.18

Left M=£|119.9 127.3* 126.1 123.6 120.3 119,0 119.3|76.1 80.7 79.9 79.7 76.7 75.9 75.3
n=24 SE | 2.23 2.37 239 2.26 231 227 229(1.8 209 1.43 1.56 1.84 1.92 2.16

Right M%[114.3 117.5 119.4* 118.3 116.1 116.0 114.9 | 74.1 77.7* 77.2 76.7 74.8 74.5 73.6
n=61 SE | 1.62 1.75 1.8 1.81 1.73 1l.64 1.52(1.07 1.21 1.15 1.10 1.08 0.90 0.97

10°C

Left M| 119.6 129.4* 129.0% 128.7* 122.1 120.1 121.7 | 75.7 87.6%** 88** 85.7** 77.5 76. 77.5
1

n=24 SE | 2.5 2.49 3.09 3.21 2.29 2,57 2.74|1.81 218 218 1.9 1.¢81 .58 2.09
5°C

Right M+ 116.1 121, 8* 123 2% 121.6* 117.1 116.4 116.3 | 73,7 81.5%* 82.3** 79.3** 74.9 74.1 74.7

a=61 SE | 1.83 2.00 207 195 174 174 1.76!1.19 1.57 1.52 1.3¢4 1,17 1.16 1.26

* Significance: p<0. 05
** Significance: p<0.01
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Fig. 1. Changes of blood pressure in the cold hand test: S.P.=systolic pressure,

D. P. =diastolic pressure. Left indicates immersed hand.
Significance: *p<0.05 **p<0.01
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Table 2. Changes of heart rate in cold hand test
n=61
] Heart rate (per min.)
\ During exposure - After exposure :
| Control 1 2 3 1 3 5 min.
e M= | 740 789 742 740 731 733 737
SE ‘ 1.23 1.48 1.36 1. 40 1.30 1.30 1.29
10°C M=+ 72.4 71.8 73.3 74 72.7 72.6 73.5
SE 1.76 1.67 1.31 1.36 1.31 1.28 1.28
i
5°C M+ | 73.3 74.5 75.3 74.9 72 7.7 72.1
SE 1.37 1.48 1.46 1.49 1.3 1.34 1.42
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Fig. 2. Changes of heart rate in the cold
hand test.
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Fig. 3. Changes of capillary pulse amplitude
in the cold hand test. Left indicates
immersed hand.
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Table 3. Changes of capillary pulse amplitude in cold hand test

n=61
Capillary pulse amplitude (%)
During exposure After exposure
Control 1 2 3 1 3 5 min.
Left Mz | 100 20.7 17.6 20.2 33.8 53.7 63.3
¢ SE 2.77 2. 40 3.02 6.00 9.02 9.67
15°C
Right Mz | 100 49.8 56.5 64.7 82.0 106.6  109.4
gt op 3.80 3.55 3.42 4.03 5. 46 4.81
Left M= | 100 22.5 14.0 13.3 22.7 34,9 51.3
€ SE 3.67 3.20 2.48 3.95 4.54 6.02
10°C
Right Mz | 100 44,5 52.4 66.5 97.0  107.6  110.8
1ght of 3.42 3.52 4.11 5.97 7.20 7.49
Left Mt | 100 20,1 14.7 13.6 24.9 47.5 65. 4
SE 2.78 2.27 2.23 4.01 6.76  10.29
5°C
Richt Mz | 100 32.5 38.7 51.7 76.4 91.1 95.6
gt SE 2,73 3.10 4.13 5.37 5.22 6.24
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Table 4. Changes of skin temperature in cold hand test
n==61
Skin temperature (°C)
During exposure After exposure
Control 1 2 1 3 5 min.
Left M+ 31.5 31.1 30. 6 29, 7* 29. 5% 30.2 30.6
15°C SE 0. 67 0.70 0.48 0.47 0. 47 0. 46 0. 48
Right M=+ 32.0 31.7 31.5 31.3 31.2 31.4 31.7
g SE 0.50 0.50 0.50 0.44 0.51 0. 52 0.51
Left M-+ 3.3 29.9 20, 1** 28. 5%* 28, 5** 29, 1** 29, 2%*
10°C SE 0.52 0.50 0.50 0.52 0.53 0.56 0.59
Right Mz 32.2 31.9 31.6 31.4 31.3 31.6 31.7
gt SE 0.47 0. 47 0.47 0.48 0.49 0. 49 0.49
Left M+ | 30.8 28, 9% 27.9%% 27, 1% 27.2%% 27, 9% 28, 4**
o SE | 0. 57 0.57 0. 58 0.59 0.59 0.61 0.62
50
Right M+ 31.8 31.5 3.2 31.0 30.8 31.0 31.3
g SE 0. 51 0. 50 0.51 0.50 0.52 0.53 0.51
* Significance: p<0.05
** Significance: p<0.01
Table 5. Changes of GSR in cold hand test
n==61
GSR(k2)
During exposure After exposure
Control 1 2 3 1 3 5 min.
Left M+ 1038.7 132.4 145, 5% 145, 2% 130.3 127.7 127.90
c SE 11.59 15,29 16.51 15.70 14.16 14.25 14,29
15°
Right M+ 107.4 111.8 117.5 121.5 124.6 128.2 134.7
g SE 13.07 13.25 13.35 13.61 13.88 13.97 13.96
Left M+ 102.3 140.9 154. 4* 164. 6* 153. 9% 147. 8% 144.4
10°C SE 13.38 16.95 18.37 19,23 18.64 18.13 18.32
0
Right M+ 107.5 107.3 110.2 114.3 118.4 118.9 121. 8
g SE 12.91 13.35 13.64 13.91 14.11 14. 16 14,54
Left M+ | 98.2 146, 2* 154.1* 161, 7** 146. 9* 138.3 131.3
e SE 12. 96 16.64 17.96 19.51 17.49 16. 66 16.11
50
Right M+ 105. 8 102.3 102.2 105.7 110.7 117.9 119.9
gt SE 11.65 12.09 11.96 12.15 12.38 12.59 13.08

* Significance: p<0.05
** Significance: p<0.01
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Fig. 4. Changes of skin temperature in the
cold hand test. Left indicates im-
mersed hand.
Significance:

*¥p<0.05 *#p<0.01
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Fig. 5. Changes of GSR in the cold hand
test. Left indicates immersed hand.
Significance: *P<0.05 **P<0.01
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Table 6. Percentage distribution of each degree of pain sensation during cold hand test

n=61
T Teme 15°C 10°C 5°C

i During exposure .
Degree of pain \ 1 3 min. 1 2 3 min. 1 2 3 min.
Comfort 11.4 11.4 8.6 — — — — — —
Discomfort 77.2 65.7 62.8 21.1 13.2 13.2 2.3 — -
Mild pain 11.4 20 22.9 44.7 36.8 26.3 — 2.3 2.3
Moderate pain - 2.9 57 | 31.6 36.8 36.8 20.5 2.3 2.3
Severe pain — — — 2.6 13.2 23.7 59.0 59.0 52.2
Bitter pain — — — — — — 18.2 36.4  43.2
Total [ 100 100 100 100 100 100 ! 100 100 100
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Fig. 6 Frequencies(%) of the occurrence of each degree of pain sensation per cent of
subjects at the given cxposure time (min.) during immersion of the left hand
in cold water. 360 degrees of a circle are set as 100% (See Table 6.).
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Table 7. Changes of ECG in cold hand test

n=24
R amplitude T amplitude P-R interval Q-T interval
(mm) (sec.)
M + SE M SE M £ SE M SE
0 15.6 0.95 5.3 0.38 0. 158 0.004 0. 364 0. 005
1 15.7 0.98 5.6 0.36 0. 159 0.004 0.361 0. 005
2 16.0 0.99 5.8 0. 41 0. 157 0.004 0. 360 0. 006
15°C 31 14,7 1.07 5.8 0.39 0. 160 0. 004 0. 363 0. 005
*1 16.0 0. 96 5.6 0.38 0. 158 0. 003 0. 363 0. 005
3 16.0 1.01 5.6 0. 40 0. 158 0. 003 0.367 0. 005
5 15.6  1.03 5.4 0.39 0.159  0.004 0.362  0.006
min. .
0 15.2 0.91 5.0 0. 41 0. 157 0. 003 0. 365 0. 005
1 15.5 0.96 5.2 0. 46 0. 157 0. 004 0. 363 0. 006
2 15.4 0.96 5.5 0.38 0.163 0.003 0. 366 0. 006
10°C 3 15.3 0.97 5.4 0.39 0. 157 0. 003 0. 363 0.005
*1 15.2 0.93 5.4 0.41 0. 160 0.003 0.364 0. 005
3 15.4 0.94 5.4 0.39 0.16 0. 003 0. 368 0. 005
. 5 15.3 0.95 5.2 0.38 0. 158 0. 003 0. 366 0. 005
min.
0 15.3 1.13 5.2 0.34 0.163 0. 003 0. 367 0. 005
1 15.5 1.16 5.2 0.35 0. 160 0. 004 0. 368 0. 005
2 15.9 1.19 5.3 0.38 0. 159 0. 003 0. 360 0. 005
5°C 3 15.7 1.14 5.4 0. 36 0. 160 0003 0. 360 0. 005
*1 15.7 1.10 5.0 0.36 0. 160 0. 003 0. 365 0. 005
3 15.6 1.12 4.6 0.33 0. 161 0. 003 0.370 0. 005
. 5 15.7 1.13 4.7 0.36 0. 160 0.004 0. 365 0.006
min.
* : Recovery period
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