
it possesses the only living species of Mastoterrrres, the 
most primitive living termite and one which is respon- 
sible f o r  a large amount of economic loss. Mr. Hill 
gives the means of identifying all the termites, which 
he recognizes from Australia, New Guinea and the 
islands south of the Equator, between 140° E and 
170" W, a region which is of very great interest to 
us in  this country a t  the present time. Although the 
book is primarily a description of species in  technical 
terms, it should not be forgotten that this is ulti- 
mately one of the major bases of our knowledge of 
any group of animals, and where a n  entire fauna is 
redescribed so f a r  as possible by one man on a uni- 
form basis, the value of all separate descriptions is 
enhanced. 

The book, however, is more than that since it  in- 
cludes a summary of whatever is known, all too fre- 
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quently very little, of the biology of the various forms. 
I t  may, therefore, be considered as a foundation upon 
which much future detailed work will be laid. I t  is not 
surprising, with such a rich fauna hitherto described in 
fragments by many investigators, that detailed esperi- 
mental work on the physiology of the species Elas not 
been widely undertaken before. W e  may hope to see 
a great increase i n  such work in the near future, now 
that the solution of the always troublesome problems 
of identification of material has been rendered as sim- 
ple as may be. 

I n  spite of the fact that the book is lithoprinted, its 
appearance is very pleasing and the illustrations are  
excellently drawn and well reproduced. I noticed 
only a few typographical errors, of no particular 
consequence. 

CITARI,ESH. BLAKE 

SPECIAL ARTICLES 

O N  T H E  M E C H A N I S M  O F  I N S U L I N  A C T I O N :  

O B S E R V A T I O N S
P H O S P H O R U S  

INspite of the large amount of study that the 
subject has received, the mechanisms by which insulin 
brings about increased deposition of glycogen and 
oxidation of glucose i n  striated muscle are  little better 
understood than when these effects were first observed. 
The participation of the phosphorus compounds in  
carbohydrate rnctabolibr~i offers thc hope that tracer 
studies with thc radioactive isotope of this clement 
(P32) would cast some light on thc matter. I n  this 
prclirninary report arc described sornc cffccts of in-
sulin on phosphate ~netabolism in resting muscle, as  
determined by this technique; possiblc corrclations 
of the findings on the intact anirnal with those obtained 
on cell-free extraets arc  discussed. 

The injection of insulin into cats undcr pcntobar- 
bital anesthesia was found to rcsult in  a n  increased 
turnovcr rate of phosphocrcatinc P and of the two 
labile phosphntc groups of adenosine triphosphate 
during glucosc absorption, and no change in the rate 
of turnovcr of glucose-6-phosphate beyond that result- 
ing from thc administration of glucosc alone. 

Three groups of experiments wcrc perfornied on 
24-hour fasted an i~ t~a ls .  I n  cach case, the rriusclcs 
were analyzed 4 hours aftcr the subcutaneous action 
of Na,HPO, containinq PAL.  I n  the control group 
(8 animals) only thc phosphate was given. A second 
group (4 anin~als) was given 50 ccru per kgrri of 5 
per ecnt, glucosc solution intrapcritoncally half a n  
llotrr aftcr the glucosc. A third group (4  animals) 
was given glucosc in  the same way as the second group, 
f o l l o ~ ~ e dhalf a n  hour later by a subcutaneous injec- 
tion of 5 units of insulin per kgrn. 

The phosphorus cornpounds were separated Urom 
trichloroacetic acid filtrates and lneasurernents of 
radioactivity made by methods similar to those pre- 
viously described.l The data, given in Table 1,are 
expressed in terms of counts per minute per mgm of 
P, calculated to the basis of l o 6  counts per minute 
injected, per kgnl body weight. 

Gr.ozip I 464 125, 82 208 9460 
Phospllate (221- (64- (50- ( 4 (6300-

only 470) 182) 117) 208) 14.400) 

Gvo~cpI 1  308 115 77 522 9475 
I'hosphttte (212- (67- (64-- (402- (7150-

and Glu- 4GO) 210) 10G) 665) 14.200) 

Group 111 325 :<17 180 482 6200 
Phosphate, (225- (20~5- 1 : - ( 3 7 4  (4050-

glucose 415) 42s) 248) 620) 8800) 
and insulin 

* All values are expr<wsed in terlns of colints 1)cr minute 
per mgrn F calculated to thc basis ol' 106 counts 1x3 lninrltc 
injected, pdr kgm body weight. Figures given are averages,
with the range in ga~e l~t l~eses .  

I t  is  apparent that thc injection of insulin during 
glucose absorption results in a n  acceleration of the 
turnovcr rsatcs of phosphocrcatine and adcnosinc tri- 
phosphate, and that this effect is not secn in thc 
absence of a n  cxternal supply of insulin. I t  is quite 

1 Jacob Raelrs and Charles H. Altshuler, Am. Jour. 
Physiol., 137 : 750, 1942. 
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possible that this increased turnover is associated with 
the increased oxidation of glucose that insulin pro-
duces in  resting muscle. Such coupling of phosphory- 
lation with oxidative reactions has been reported many 
tiines in cell-free extracts. I n  most of such studies 
the emphasis has been placed on adenosine triphos- 
phate, but the present findings indicate that phospho- 
creatine is also involved. Obviously it  is inadvisable 
to attempt any specific correlations between the ob- 
served changes in  the intact aniinal and the vast num- 
ber of reactions found in cell-free extracts. However, 
these results point strongly in the direction of such 
a n  association of phosphorylation with glucose oxida- 
tion in  the resting metabolism of muscle, and indicate 
that insulin, by accelerating glucose oxidation, also 
accelerates these phosphorylation reactions. 

VCTith regard to glucose-6-phosphate, on the other 
hand, it  is evident that the administration of glucose 
alone to the 24-hour fasted aninial does produce a n  
increased turnover which is not affected by a n  external 
supply of insulin. I t  remains for  future study to 
determine whether the increased turnover evoked by 
glucose depends on the normal secretion of insulin. 

Caution is necessary i n  evaluating the data on 
the glucose-6-phosphate in  relation to the question of 
phosphorylation during glucose_ absorption. The 
presence of P32in higher concentration in  this sub- 
stance than in the other organic phosphorus com-
pounds shows that some phosphorylation of glucose 
does take place. However, i n  relation to the total 
probable glucose absorption, the amount of phos-
phorylation observed is rather sniall. This becomes 
evident on comparison of the P2levels of glucose-6- 
phosphate and plasma inorganic phosphate. The 
average glucose-6-phosphate content of resting muscle 
does not exceed 1 0  mgm per cent., calculated as  P, 
and there is  no interchange of phosphate groups be- 
tween this substance and phosphocreatine or adenosine 
t r i p h ~ s p h a t c . ~  Therefore the transfer of 1 mgni 
per cent. of P across the cell niembrane in the form 
of glucose-6-phosphate should raise the level of 
this substance to a t  least 1,000 counts per minute per  
mgm P when the P32of the plasma P is of the order 
of 10,000 counts per minute per rngm P. B u t  the 
highest values obtained are  only about half of this 
amount, indicating the transfer of about 3 mgm per 
cent. of glucose into the muscle in the form of glucose- 
&phosphate. This holds even in the insulin experi- 
ments, when i t  would be anticipated that glycogen 
deposition and glucose oxidation are  talcing place a t  
relatively high rates. I f  the glucose phosphate were 
dephosphorylated in the forniation of glycogen, not 
only the glucose-6-phosphate but also the inorganic 
phosphate of the muscle should show higher P32levels 
in the insulin experiments than in the other two 

groups. Two possible interpretations of the present 
data are:  (I) that the absorption of glucose by the 
muscle fiber does not involve the entrance of a phos- 
phate group into the cell, or (2) that glucose-6-phos- 
phate is not involved in the principal mechanism of 
glucose absorption by resting muscle. 

Sumw~nry. Insulin causes a inarked increase in the 
turnover rates of phosphocreatine and adenosine tri- 
phosphate in resting muscle during glucose absorp- 
tion, as  determined with radioactive phosphorus, but 
does not cause any increase in turnover of glucose-6- 
phosphate beyond that produced by glucose itself. 

The radioactive phosphorus used was supplied by 
the Department of Physics of the University of Michi- 
gan. 

This work was supported by a grant  from the John 
and Mary R. Marlcle Foundation. 
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S U L F O N A M I D E  D E P R E S S I O N  O F  INOR- 
GANIC CATALYTIC ACTION1 

AN anti-catalytic action has been urged as the 
fundamental mechanism of the antiseptic action of 
the sulfonaniides, although it  would probably be 
weaker than that of many other antiseptics. The evi- 
dence f o r  this has been limited to catalysts i n  living 
microorganisms. This theory does not necessarily 
conflict with the competition-interference theory in  
which the utilization of para-aminobenzoic acid and 
other agents essential to bacterial growth is affected 
by sulfonamides, because metabolic functions are basi- 
cally mediated by catalytic action. Depression of all 
catalysts by the sulfonamides would be expected to 
decrease nietabolism and growth of niicroorganisms. 
Johnson2 has reported that the activity of the catalyst 
luciferase is reduced by sulfonamides and a number 
of other chemically unrelated agents, which, however, 
possess in  common a depressant pilayrnacological ac-
tion, especially narcosis. Certain narcotics, alkaloids, 
antiseptics and toxic ions are  known for  their de-
pressant actions on inorganic catalysts, which are 
wholly foreign to living microorganisms. Thus far,  
however, no test has been made for  siniilar possible 
effects of the sulfonamides. I f  positive, this would 
help to establish a general anticatalytic action for  
these chemotherapeutic agents. This report presents 
positive results, demonstrated by us with three inor- 
ganic catalysts, naniely, fullers' earth, platinum black 
and colloidal silver. 

Methods : Santesson's3 procedure f o r  testing cata-

1From the Department of Pharmacology and Thera- 
peutics, Stanford University School of Medicine, San 
Francisco, Calif. 

2 Johnson, SCIENCE, 95: 104, 1942. 
3 Santesson) Skand. Arch. f. Physiol., 42: 129, 1922. 


