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0.3%. It is obvious that  the treatment has remained in- 
effective, and tltat a t  doses which allow about 60% of 
the $ $ and about 75% of the Q Q to  survive, formal- 
dehyde neither reacts with the chromosomes directly to 
produce mutations nor with the cytoplasm of the germ 
cells to  produce a mutagenic substance. 

TABLE 1 
THE EBBECT O F  ~ ' O K X A L D E t I Y l J E  VAl 'OR O N  MTJTATIONHATE 

I N  GERM CKL1.S OR IAI.iGIN13S 

~urvival  No. Of NO. of PercentSex rate X-chronro- lethals of Iethals so~nes 

Since it seems legitimate to  consider the experiments 
as tests for  spontaneous lethals, an  interesting incidental 
result consists in the confirmation of two previously re-
ported features of the spontaneous mutation rate. First ,  
the mutation rate is  higher in $ $ than in Q Q (1). 
Second, when the mutation rate is  recorded separately for  
the four successive broods from treated $ 8,the follow- 
ing figures are obtained: first brood, three lethals in 860 
chromosomes; second and third broods, no lethals in 1543 
chromosomes; fourth brood, one lethal in 203 cltromo-
somes. This curve of mutation rate with a peak for  the 
first sperm used and an  increase for  spermatozoa which 
have been stored fo r  a considerable time, has been de- 
scribed by Lamy (9),and Muller (4). 

As the feeding method only treats larvae, the negative 
result obtained on adults did not seem conclusive. Ad-
ditional tests on larvae were curried out with a new ap-
paratus which allowed milder and therefore longer ex-
posures to be made. I n  the first experiments old larvae 
mere used, because these can stand a fairly long exposure. 
I-Iowever, when feeding tests, carried out a t  the same 
time, indicated a sensijive period to the mutagen early 
in the third instar, tests were also carried out on younger 
larvae of this age. These larvae can stand only a much 
shorter exposure without being killed or sterilized. 

TABLE 2 
Tan EBFIC'T OF FORMALDEHYDE VAPOR ON MUTATIONRATE 

IN T H ~GERM CELLSOF IJARVAB 

Time in hr No. of tested Letllals 
Length Of X-chromo-after laying exposure

of eggs somes NO. % -
96-100 2 hr 2126 2 0.1 

about 70 2 hr 138 0 0 
46-56 2 hr 169 1 


70 min 408 1 

50 min 436 1 


I n  all tests, a considerable proportion of the larvae 
died either during exposure or later on. The two sexes 
llad the same survival rate. Table 2 summarizes the data 
gained from exposure of larvae. 

I n  all series, the results a re  negative. Tb~is,  all a t  
tempts to induce mutations by formaldehyde vapor have 
failed, and i t  seems most Likely tha t  the effccrive mutagen 
is a compound formed by reaction of formaldehyde with 
one of the components of the food. Experiments to  
identify this component have been started. 
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Inhibition of Phosphatases by Beryllium 
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Beryllium poisoning has become a subject of consider 
able practical importance a s  a result of  the use of beryl- 
lium compounds in the fluorescent light industry and in 
several other industrial processes. The occurrence of a 
number of cases of beryllium poisoning as  a result of 
the industrial use of this metal has emphasized the neces- 
sity of obtaining detailed information on the toxicity 
and mode of action of beryllium in mammals. While 
numerous studies have been carried out on the toxicol- 
ogy of beryllium, littlc is  knovn of i ts  mechanism of 
action and no thnrapeutic measures for  either acute or 
chronic beryllium poisoning are available. 

I n  i~ndertaliing studies on the mechanism of actiol~ 
of belpllium, we were interested in examining i t s  effect 
on enzymatic reactions with special attention being 
directed toward enzymes requiring metallic activators. 
The occurrence of beryllium in the same atomic group 
with calcium and magnesium and the many similarities 
in the chemical behavior of these three metals suggested 
tha t  the toxic effects of beryllium might involve interfer 
ence with the biological functions of calcium and mag- 
nesium. The present communication describrs the results 
of experiments which demonstrate that  beryllinm inhibits 
alkaline phosphatases activated by magnesium and cal- 
cium, and tltat this inhibition can be p r~ven ted  and re-

1 The work described in this paper W:IS conducted at the 
University of Chicago Toxicity Laboratory under a research 
contract supported by the Atomic Enercy Commission and 
administered tllrougll the Medical Division, Chernical Corps 
U. S .  Army. Under the terms of 121e contract neither the 
Atomic Energy Comn~ission nor the Army Chrlnical Corps ir 
responsible for the opinions or conrh~sions of the aut110rs 
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versed by manganese. 
I n  order to ascertain the action of bcryllium on a 

calcium-activated enzyme, the adenosine triphosphatase 
system was employed, and the effect of beryllium on the 
adenosine triphosphatase activity of mouse livcr and lung 
tissue was measured by the method of DuBois and Yottcr 

TABLE 1 

I . ~ L E  EEWECT BERYLLIUM THE ATI'-ASE ACTIVITYOFO F  ON 

hI0UsE LIVER AND IIUNG TISSTJE 

.pissue Molar concn. .Vl'P-nse 
of beryllium Units % Inl~ibition 

(2). For all of our tests, aqueous solutions of beryllium 
chloride were employed. The inhibitory action of beryl- 
lium on adenosine triphosphatase activity is shown by 
the data in Tablc I, from which i t  may be seen that the 
activity of lung and liver tissue was inhibited to about 
the same extent by similar concentrations of beryllium. 

IJhosl)hatnse activity Molar concn. of Be 
TissUp mg I'/g tissuelhr for 50% inhibition 

Scrum 0.33 
1)uodenunl 34.20 
Kidney 32.6 
Lung 1.78 
Brain 0.72 

In view of the inhibitory action of bcryllium on 
adenosine triphosphatase activity, we wcre interested in 
testing the effect of beryllium on magnesium-activated 
phosphatascs. The similarity in  the chemical behavior 
of magnesium and bcryllium was first observed in 1888 
by Scstini ( 5 )  who found that beryllium could replace 
magnesium in the growth of plants. Recently Gricr, 
Hood, and IEoagland (3 ) and Klempercr, Miller, and Hill 
(4) have demonstrated that beryllium exerts a strong 
inhibitory action on alkaline phosphatases. To compare 
the inhibitory action of beryllium on phosphatases acti- 
vated by magnesium and calcium, we have examined the 
effect of bcryllium on the alkaline phosphatase activity 
of several tissues. Alkaline phosphatase measurements 
wcre performed using essentially the method of Bodan-
sky (1) with modifications in the quantities of reactants 
to make the method suitable for small quantities of tissue. 
The test system contained 1ml of 0.025 M Verona1 buffer 
(pH 8.9) containing 0.015 M sodium fl-glyccrophosphate, 
1-100 mg of homogenized tissue or serum, and enough 
water to make a final volume of 1.7 ml. Solutions of the 

various metals employed replaced an equivalent amount 
of water in the test system. After incubation for 30 min 
a t  38" C, the reaction was stopped by thc addition of 0.3 
ml of 50% trichloracetic acid and after centrifugation the 
inorganic phosphate liberated was measured. Tablc 2 
gives the alkaline phosphatasc activity of several tissues 

TA13LE 3 

ANTAGONISTIC ACTION01?' MANGANESETHE OFO N  INHIBITION 
S ~ r r u ~ r  BYF~rosrma~asn Enrrur,LIu&f (5.9 x 10-10 nr) 

&lolar concn. of 
';i, Inhibition rnanganesr 

in the absence of addcd mctallic ions. The values are 
expressed as mg of phosphorus liberated per g of tissue 
per hr together with the molar concentration of beryl-
lium necessary to produce 50% inhibition of the alkalinc 
phosphatase activity of each tissue. These results demon- 
strated the pronounced inhibitory action of bcryllium on 
magnesium-activated phosphatases. There was a consid- 
erable difference in the sensitivity of the alkaline phos- 
phatase of serum and various other tissues to bcryllium, 
with serum phosphatascs being the most sensitive of those 
studied. 

I t  is likely that the inhibitory action of bcryllium on 
phosphatases results from competition with magnesium 
and calcium for the same group on the enzyme with which 
they react. I n  this connection we wcre interested in as- 
certaining whether increasing the concentration of mag- 
nesium or addition of some othcr metallic ion to the sys- 
tem would decrease the amount of inhibition of serum 
phosphatcsc by beryllium. V a r i o ~ s  concentrations of 
magnesium as high as 5.9 x 10-3 M did not influence t h ~  
inhibitory action of beryllium. This observation was 
in agreement with the results of othcr investigators ( 3 ) .  
This indicated that bcryllium has a much greater afflnity 
for the enzyme than docs magncsium. Since mangancse 
also activates alkaline phosphatases, we tested the inhibi- 
tory action of beryllium on serum phosphatasc in  the 
presence of various concentrations of manganese as  
manganese sulfate. When manganese and bcryllium 
were present in the test system a t  the time of addition 
of the serum, manganese markedly decreased the inhibi- 
tion produced by beryllium, as illustrated by the data in 
Table 3. I t  was also found that manganese was effective 
in antagonizing the action of beryllium when added to 
the reaction mixture 5 min after the bcryllium and serum 
were mixed. Cobalt and nickel also antagonized the in- 
hibitory effcct of bcryllium on serum phosphatase i n  

The- results of these experiments give support to the 
hypothesis that bcryllium interferes in biological reac-
tions in  which magnesium and calcium participate. 
Magnesium-activated reactions appear to be more sensi-
tive toward the action of beryllium than calcium-acti-
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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. 
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The Skin Temperature of an Extremity as a 
Measure of Its Blood Flow 
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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. 


