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vated reactions. The extent to which the effects of beryl-
lium on phosphatases are involved in acute and chronic 
beryllium poisoning must be determined by further ex-
perimentation on beryllium-poisoned animals. The ability 
of manganese to counteract the inhibitory effects of beryl-
lium on phosphatases in v i t r o  is  encouraging because 
i t  provides evidence of the possibility of reversing the 
combination of beryllium with tissue constituents and 
thereby suggests a possible approach to the development 
of therapy for  beryllium poisoning. I n  this connection, 
eqer iments  are in progress a t  the present time in which 
the effects of several metals on acute and chronic beryl-
lium poisoning are being tested. The results of these 
experiments will be reported in detail elsewhere. 

e References 
1.  B ~ D I N ~ I ~ Y ,A. J. biol. Chem., 1937, 120, 167. 
2. DuBors, I<. P. arid POTTER,V. R. J .  Daol. Chca~.,1943, 

150, 185. 
3. GRICR,It. S., HOOD,M. B., and HOABLAND,M. R. J .  0401. 

Clbom., 1949, 180, 289. 
4. I<LIC~~I~'ERI~;R,B'. \Tr., XIII,LIR, J. &I., arid ITILL, C .  3. J .  

biol. Ctiem., 1949, 1XO. 281. 
5. SESTINI,R. Chem. Cetztr., 1888, 59, 1622. 

The Skin Temperature of an Extremity as a 
Measure of Its Blood Flow 

E. S. Fetcher, John F. Hall, Jr., and Howard G .  Shaub 

Aero Medical Laboratory, Air Materiel Command, 
Wright-Patterson Air Force Base, Day tor ,  Ohio 

Skin temperature often i s  used a s  an  index of blood 
flow in the extremities, even though the relation may be 
merely implicit. The purpose of this communication is 
to  empliasize the fact, mentioned by Lewis (3) and 
others, that  skin temperature is  valid a s  a measure of 
extrcmity blood flow under certain conditions only. 

Skin temperature depends upon both the rate of heat 
supply to the skin and the rate of heat removal-that is, 
upon the temperature and flow rate of the blood, and the 
insulation and temperature difference between skin and 
environment. I f  the temperature difference is small, heat 
will be removed so slowly that  even large changes of 
blood flow will have little effect on the skin temperature. 
This is illustrated in the figures, i n  which are plotted 
finger blood flow and finger temperature against time. 
(Finger blood flow wasJmeasured with the plethysmo-
graphic method of Goetz ( 2 )  using air  transmission. The 
values given are the averages of the flow a t  systole and 
a t  the end of diastole. Finger temperatures were meas-
ured with small thermocouples attached with adhesive 
tape, and connected to  an  instrument sensitive to  0.15" C 
and recording a t  SO-sec intervals. The hand was bare.) 
At a room tempcmture of approximately 32" C i t  is ob-
vious from Fig. 1 that the finger surface temperature 
bears no relation to changes of blood flow. The cor-
respondence is scarcely improved a t  a n  ambient tempera-
ture of about 21" C (Fig.  2) .  The air movement i n  both 
thrse experiments was the same. 

Time-min 
1'"IG. 1. Blood flow an11skin tcmper;rlu~.ea t  32" C ambient. 

IIand air insulation = 0.54 equivalent clo. 
At  about 7" C room temperature, with greater air 

movement, skin temperature follows the blood flow pat-
tern fairly well, as  can be seen in the example given in 
Fig. 3. At - 3 4 O  C, with a gradient of 55-66" C between 
the bare hand and the ambient air, the lag between blood 
flow change and skin temperature change is  probably 
negligible; for  example, a very minor emotional disturb-
ance may cause a fall  of finger temperature of 8" C 
withill 2 min; or a few deep breaths, of 3" C. 

Our experience, exemplified by tlie figures, is  tha t  the 
heat loss rate calculated for the hand should be 12 kg-
cal/hr (240 kg-cal/hr/mz) or more, if the skin tempera-

Time-min 
FIG.2. Blood flow and slrin temperature a t  21' C ambient. 

IIartd air insulation = 0.54 equivalent clo. 
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FIG.3. Blood flow and skin temperature at  7' C ambient. 
Hand air insulation = 0.30 equivalent clo. 

ture is to follow closely the blood flow changes. It is 
liliely that this approximate minimum applies to other 
areas of the body. This heat loss rate corresponds, for 
example, to an  air  insulation over the bare hand of 0.54 
equivalent clol (insulation unit) and a temperature differ- 
ence of 24" C between hand and air;  or to a temperature 
difference of 13" C if the air insulation is 0.30 equivalent 
clo.2 Thus, if the temperature of the hand is expected to 
fall  to 21" C the ambient temperature should be -3" C; 
or 8" C for the higher air movement. I f  only gross, slow 
changes of blood flow are to be measured, correspondingly 
lower heat loss rates may be adequate. 

Good blood flow rates may be achieved in normal per- 
sons even with high gradients, provided that only the 
part under investigation is exposed to the cold, and the 
rest of the body is warm. This can be done by insertion 
of, say, the extremity of a nude subjrct into a cold box 
hl a warm room; or by exposure to a cold room of the 
e ~ t r e r n i t y ~ o f  I t  is  true tha t  a wa~rrlky dressed subject. 
minute variations of temperature can be measured with 
high sensitivity apparatus, and that these, with some lag, 
might,reptesent,blood flow -more exactly than do thn ex-
amples given. Such a technique has serious drawbaclcs, 
and i t  would appear advantageous to apply the laws of 
heat traiismission in order to amplify and accelerate tem- 
perature changes. 

I n  summary, if direct measurement of blood flow is not 
feasible, and skin temperature is  used instead, the part  
of the bpdy under investigation must lose heat a t  a rate 

=The clo equation is not strictly applicable to a portion 
of the body, having been derived for the body as a whole (1). 

2 Recent deterlninations with an electrically heated manikin 
give an insulation of the air around the hand of 0.54 equivn-
lent clo when that of the whole body is 0.82 clo; and of 0.30 
equivalent clo when the average for the body is 0.43 clo. 

of more than about 240 Icg-cal/hr/mz for good corre-
spondence between blood flow and slcin temperature 
changes. I f  local cold stimulus must be avoided, a flow 
method must he employed. 
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Gale and his co-worlcers (2) have reported that Gram 
positive bacteria are able to assimilate glutamic acid from 
the medium in which they are grown and to colicentrate 
the free amino acid within the bacterial cell. Gram-
negative organisms, on the other hand, appear to be un- 
able to do so. They further observed that when certain 
strains of Streptococcus faecalis and Staphglococcus 
aureus were exposed to penicillin during the logarithmic 
phase of growth, the ability to concentrate free glutamic 
acid in  the resting cell was lost. Subsoquently Bellamy 
and Klimeli (1) noted that a strain of Rtapl~ylococcus 
aureus which had been trained to grow in extremely high 
concentrations of penicillin changed from its usual mor- 
phology to that of a Gram-negative coccobacillus and 
acquired the ability to grow in a medium containing no 
amino acids. Gale (2, 3 )  also found that a strain of 
Stap7byEococcus aureus trained to grow in a medium defi- 
cient in amino acids, acquired pavi passu a considerable 
degree of penicillin resistance. He therefore suggested 
that ((penicillin interferes with the mechanism whereby 
certain amino acids are talcen into the cell, and that the 
sensitivity of the cell to penicillin is then determined by 
the dcgree to which i ts  growth processes are dependent 
upon assimilation of preformed amino acids rather than 
upon their synthesis. ' ' 

At least two objections may be raised to this hypothesis. 
I n  the first place, some of the Gram-negative coli.fi.for4n 
organisms are inhibited by high concentrations of peni- 
cillin, and yet most of them require no amino acids for 
growth (7) .  Secondly, B. subtilis, a Gram-positive organ- 
ism with many strains sensitive to penicillin, has been 
reported in some instances to grow in media containing 
only ammonia as a source of nitrogen (5). 

A search was therefore made for strains of B. subtilis 
which would grow in  a synthetic medium devoid of amino 
acids in order to determine whether such strains would be 
inhibited by penicillin. 

1 This investigation was supported by a research grant 
from the Division of Research Grants and Brllowships of the 
National Institutes of Ilenlth, U. S. Public 1Ie:rltll Service. 


