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The effect of local temperature on skin 
temperature and blood flow are intimately 
related to internal body temperature or to 
body thermal state( 1) .  A significant circa- 
dian change in internal body temperature 
occurs with the lower period early in the 
morning, the rise to a peak occurring during 
the day. These tests were conducted to de- 
termine if the circadian shift in internal tem- 
perature alters the response to a step change 
in temperature. 

Methods. The subjects were seated in a 
calorimeter (2 ) . Heat loss and heat produc- 
tion were measured in a manner already de- 
scribed (2). Body and skin temperatures were 

recorded with thermistors (YSI thermal un- 
derwear suit). Peripheral blood flow was esti- 
mated from the change in volume per beat 
determined by Whitney mercury in rubber 
gauges (3).  Measurements were made on 4 
subjects over a time period of 3 hours. Ex- 
periments were initiated at 0630 with the 
subject basal and at 1330 with a controlled 
intake at  1200. An initial period of 90 min- 
utes at 30°C was followed by a period of 60 
minutes at  25°C. The 5°C temperature shift 
was accomplished in one minute. 

The data recorded from these tests, Tables 
I, I1 and 111, have been analyzed in several 
ways and 3 salient features appear. First 

TABLE I. Average Skin Temperature. 

LDC WVJ  TS AH 
AM PM AM P M  AM P M  AM P M  

5 
10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

12.0 

130 

140 

150 

33.34 
.41 
.44 
.62 
.74 
3 8  
.75 
.71 
.83 
.81 
.83 
.62 
-65 

33.61 
.53 
.34 
.39 

33.50 
32.95 

.81 

.76 

.46 

.24 
-25 
.28 
.29 

32.22 
31.87 

.92 
31.94 

33.90 
34.05 

.12 

.17 
34.07 
33.88 
34.13 

.13 

.23 

.39 

.53 

.38 

.37 
34.37 

.47 

.52 

.39 
34.26 
33.67 

.29 

.04 

.02 

.04 
33.06 
32.88 

.73 

.64 

.45 

.46 
32.41 

32.63 
32.61 

32.87 
.80 

32.86 
33.00 
33.09 
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.89 
32.85 
33.02 

. l o  
33.03 

.02 
33.04 
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33.05 
32.30 
31.94 

.76 

.74 

.71 

.75 

.56 

.70 

.71 

.40 

.33 
31.26 

33.17 
.17 
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.2 1 
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33.48 
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.37 
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.35 
.40 

33.35 
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.26 
.18 

33.15 
32.61 

2 8  
.17 

32.04 
31.78 

.75 

.75 

.62 

.61 

.50 

.52 
31.47 

33.20 
.32 
.46 
.59 
.51 
.43 
.51 
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.55 
.53 
.59 
.56 

34.70 
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.74 
.69 

33.71 
33.32 
32.98 

.66 

.46 

.48 

.58 

.46 

.18 

.05 
32.05 
31.96 
32.14 

33.85 
33.88 
34.21 

.08 

.21 

.15 

.26 

.15 

.09 

.25 

.24 

.25 

.30 
33.45 

.56 

.28 

.18 
34.32 
33.65 

.38 
33.15 
32.95 

.86 

.84 

.93 

.83 

.68 

.59 

.59 
32.48 

33.33 33.37 
.30 .47 
.42 .52 
.41 -85 
.41 .76 
.67 .73 
.52 .89 
.54 .66 
.60 .65 
.78 .84 
.79 .97 
.90 .87 
.84 .815 

33.77 33.79 
.78 .a4 
.85 .77 
.67 .89 

33.80 33.99 
33.12 33.38 
32.98 33.06 

.76 32.71 

.72 .65 

.61 .51 

.44 .43 

.49 .48 

.43 .46 

.37 .34 
32.18 .22 
31.90 .28 
31.85 32.37 

*Aided in part by Grant 04829-02 from Nat. Inst. 
Health and by Contract FA 3086 administered by 
Federal Aviation Agency. 
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TEMPERATURE CHANGE ON SKIN TEMPERATURE AND BLOOD FLOW 33 7 

TABLE IVa. Estimates of Average 
Time Constants for  Toe, Finger, and 
Average Skin Temperature Changes. 

Estimated time 
Site constant -C S.E. 

TABLE IVb. Analysis of Variance of Time Constants. 

Sum of 
d.f. squares Mean square 

Toe 13.84 

Avgskin 6.04 

Subjects 3 1.091 
Time of day 1 .805 3 0 5  F=  8.30 
Error 3 .290 .097 
Sites 2 11.636 5.818 F = 27.53* 
Sites X time of day 2 .763 .381 F=  1.80 
Error 12 2.536 .2113 

TABLE Va. Estimates of Average 
Time Constants f o r  Toe and Finger 

Changes in Blood Flow. 

Estimated time 
Site constant -C S.E. 

* Site difference significant beyond the .1% level. 

TABLE Vb. Analysis of Variance. 

d.f. Mean square 

Subjects 3 .074 
Time of day 1 .043 F = 4.62 
Error 3 .0093 
Sites 1 ,0042 F = l  
Site X time of day 1 .0023 
Error 6 .0148 

there is a difference in the initial skin and 
rectal temperatures upon which the step 
change is imposed, secondly the pattern and 
extent of the change is similar and finally in 
the sitting position the toe response is differ- 
ent from that of finger and mean body skin. 

Body heat content as reflected in rectal 
temperature and mean skin temperature in- 
creased during the period from morning to 
early afternoon. Average rectal temperature 
increased from 36.6”C to 37.1”C and mean 
skin temperature rose from 335°C to 33.9”C 
in the subjects tested. Approximating body 
heat content from the equation of 0.65 Tb + 
0.35 T, the change was 24 Kcal for a 70 Kg 
man. It is of interest to note that during a 
3 to 4 hr test initiated at 6:30 A.M. the rec- 
tal temperature did not rise as would be 
anticipated but remained a t  the initial level. 
This effect of the experimental situation de- 
serves further study. 

The skin temperature from toe, finger, and 
the mean skin temperature were analyzed 
with the assumption of a “strength dura- 
tion” relationship of the form A T  = a/t + 
b where A T  is change in surface temperature, 
t is time in minutes and a and b are con- 
stants. The model is not entirely adequate 

’ 

since there appears to be a tendency for step 
changes rather than smooth transition. This 
deviation is greatest in the morning experi- 
ments. Despite these deviations the model 
was effective for significant portions of the 
variation and its simplicity permits compari- 
son of the rate of change by least squares 
estimates of the single parameter a. 

Formally, the analysis of the time con- 
stant (a’s) was regarded as a replicated ex- 
periment, with the subjects forming the repli- 
cates and with the main effects due to site 
(toe, finger, average skin) differences and 
time of day difference. (“Split plot” design). 
Differences among sites were highly signifi- 
cant; a major portion of the variance was 
due to the high value for the toe relative to 
finger and mean temperature. Estimates of 
the average time constants are given in Ta- 
ble IV and the analysis of variance is given 
in Table V.t 

Under the conditions of the experiment the 
toe is operating separately from finger or 
other skin sites (Fig. 1). 

Combination of the model discussed above 

t Dr. Alan Ross, of Behavioral Analysis, made the 
statistical evaluation. 
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FIG. 1. Temperature and digital pulse during 
exposure a t  30°C (first 90 minutes) and a t  25°C 
(following 90 minutes). Open circles are data from 
afternoon experiments, closed circles are morning 
experiments. 

with Newton’s Law of cooling ( H  = K(T, 
-Ta) where H is the heat lost, T, skin tem- 
perature and T, the ambient temperature, 
the conclusion might be drawn that the shift 
in T, should be the same as the shift in T, 
( i .e .  5°C) since K should not change and H 
might be assumed to be constant. That this 
is not the case is readily apparent and since 
T, does not change by 5”C, H must be al- 
tered by an internal mechanism. 

When the finger blood flow, as indicated 
by the %AV/beat(4), is plotted against 
mean skin temperature the values show the 
tendency for the morning and afternoon val- 
ues to be displaced, the afternoon values 
being higher. The slope however is not dif- 
ferent. A similar plot for the toe blood flow 
suggests a slope change. 
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Relationship of Interferon Production to Virus Growth in vivo. 
(29575) 
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Interferon has been implicated as an im- 
portant host factor which contributes towards 
recovery of animals from virus infection ( 1, 
2 ) .  Early studies of interferon production in 
infected organs indicated a close correlation 
with virus growth(3,4,5). The present study 
was undertaken to compare the relationship 
of interferon production with virus growth 
during infection of mice with various viruses. 

The results indicate that interferon produc- 
tion may decline during the later stages of 
certain virus infections despite continued 
growth of virus. 

Materials and methods. Interferon was as- 
sayed as described previously( 6 ) .  I t  was 
characterized through its activity against het- 
erologous virus, by: lack of activity in host 
cells from heterologous species, inactivation 


