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Effect of Iodoacetate and 
Iodoacetamide on Oxygen 
Uptake of Heart Mitochondria 

Iodoacetate and iodo.~cetamide have 
been used as specific inhibitors of the 
Einbden-hleyerhof p ~ t h n a y  of glycolysis, 
the site of inhibition being at the triose- 
phosphate dehydrogenase. Early reports 
( I )  indicated that iodoacetate a t  l o ~ v  
concentrations inhibited anaerobic gly-
colysis and respiration ~v i th  glucose but 
not the oxygen uptake induced by addi- 
tion of pyrulrate or lactate. hlore recent 
studies ( 2 )  halve shoxvn that the oxida- 
tion of pyruvate may be reasonably sen- 
sitive to iodoacetate. A study of the 

Table 1. Effects of iodoacetate and iodo- 
acetamide on the mitochondrial oxidation 
of various substrates. The reaction medium 
contained 121 m M  KCl, 20 m M  potas- 
siuln phosphate buffer (pH 6.8),  0.01 mM 
cytochrome c, 5 mM MgC12, 1mM adeno- 
sine monophosphate, 0.5 mM adenosine 
triphosphate, and 5 mM substrate. The 
temperature was 37°C. The  mitochondrial 
suspension was incubatcd for 10 minutes 
with the inhibitors in the medium, and 
the oxygen uptake was determined over 
a period of 1 hour. 

Change ('% ) at various 
concentrations 

Substrate ------- - -

0.01 0.10 1.0 
m M  mM m M  

Iodoace ta t e  
u-Ketoglutarate - 6 3 - 33 3 
Malate - 7.4 - 20.0 
Pyruvate f 
malate - 4 3  - 4 3 0  

Succinate - 3 8 - 8.0 
Citrate t 4.6 - 8 1 
Isocitrate + 15.0 - 15.3 

Iodoace tamide  
u-Ketoglutarate - 6.4 - 17.2 
Malate - 1.0 - 21.0 
Pyruvate f 
malate - 9.4 - 12.6 

Succinate - 2.5 - 17.0 
Citrate - 16.1 - 14.9 
Isocitrate - 1 2 0  - 7 3  

direct effects of iodoacetate and iodo- 
acetamide on the aerobic oxidation of 
pyruvate and cycle intermediates by 
mitochondria would provide more in-
formation on their effects on resuiration 
and g i ~ ~ e  a bisis for the judicious USP of 
a particular concentration of these in-
hibitors to inhibit specifically the glyco- 
lytic pathway. 

T h e  preparation of the rat heart niito- 
chondrial susnension and the manomet- 
ric measurement of oxygen uptake were 
made according to the methods of Mont- 
gomery and Webb ( 3 ) .  The  results are 
summarized in Table 1. Both Inhibitors 
at a concentration of 1.0 mA/i produced 
distinct inhibition xvith all substrates, 
the strongest inhibition being observed 
in the oxidation of pyruvate and a-kcto- 
glutaratr, which may indicate the sen-
sitivity of iyitcms inlrolving coenzyme A 
and lipoic acid However, the lower con- 
centrations also produced definite inhi- 
bitions ~vhich cannot be ignored in rcs- 
piratory studies. I t  may be noted that 
iodoacetate Ivas generally more effective 
than iodoacetamide. I n  ord::r to pro?ucc 
complete inhibition of triorc-phosphate 
dehydrogcnasc and glycolysis, concentra- 
tions of 0.2 to 0.5 niA4 must be used in 
most cases, and thus the present results 
indicate that a comulete inhibition of 
glycolysis is usually accompanied xvith 
some effect on respiration ( 4 ) .  
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Carbon-14 Activity of Some 
Heat-Degradation Products of 
Milk Containing Lactose-1-C14 

T h e  course of heat-induced lactose-
protein interaction in milk has been fol- 
loxved with the aid of lactose-1-CI4 ( I ) .  
Use of labeled lactose also aaueared a+- 

L 1 


t r a c t i ~ ~ cfor inlrestigation of the suoar'? 
deconiposition under these conditions. 
Of the many fragments known to be 
formed ( 2 ) ,  formic acid, furfuryl alco- 
hol, and mdto l  (3-hydroxy-2-methyl-
nvrone-4) were evaluated in these ex-., 
aerimcnts. I t  has been u r o ~ o s e d  that 

,	 l 


formic acid is deri~ved from carbon atom 
No. 1 and furfuryl alcohol from carbon 

Table 1. Levels of C14 activity found in 
some heat-degradation products of skim 
milk containing lactose-1-C14. 

Activity of BaCoa 

(Count/min Lac-
Compound Car- mg) tose/ 

prod-
(atom/- uct 

The-
Found ory, 

~ 1 '  

ratio 

Lactose 12 8.7 
Formic acid 1 53 104 1/0.51 
Maltol 6 14 17.4 1/0.81 
Furfuryl 

alcohol 5 0.8 20.9 1/0.04 
Naphthyl 

urethane 16 0.0 6.5 
3,5-Dinitro-
benzoate 12 0.0 8.7 

" Baaed on molar transfer of 1 atom of C'b. 

atomc 2 tlirough 6 in the glucose moiety 
of lactose ( 3 ) .  Maltol results rather 
uniquely from the heat-induced interac- 
tion of reducing disaccharidcs ~v1t11 ami~ lo  
compounds ( 2 ) .  I t  has been detected in 
evaporated milk, baked cereals, bread 
crust, and roasted malt, amon; other 
places ( 4 ) .  

T h e  three compounds in qucstion werc 
r eco~~cred  and pur~fied from hr l ted 
(121OC for 4 hours) condensed slcim 
milk (30 percent total solids) to ~vhich 
lactose-l-Cl4 (Xational Bureau of 
Standards) had been added. Steam dis- 
tillation n a s  ascd to i%olate the com-
pounds from the heated milk. Maltol 
and furfuryl alcohol were recovered from 
this distillate by ethyl ether extraction 
and were purified as described elselvherr 
(3 ,  5) .  Formic acid was recovered by 
neutralizing a portion of the distillate to 
~ I H7.5 and evaporating the solution to 
dryness under Pacuum ( 6 ) .  The  crude 
forinate was selectively con\rcrtcd to CO, 
by the method of Osburn et al. ( 7 ) .  This 
CO,, samples of furfuryl alcohol and its 
d~rivatives, maltol and lactose, the latter 
from the unheated product, were con-
verted to BaCO, (8) Radioactivity in 
these preparations was determined with 
a 	 \.\indowless flow gas Geiger-hlui ler 
counter and decade scaling unit. 

T h e  d i t a  thus secured (Table  1 )  re- 
veal that carbon atom ATo. 1 of lactose is 
involved in the formic acid and maltol, 
but not in the furfuryl alcohol. A pre-
liminary cxperiincnt yicldcd essentially 
the same findings with the exception that 
some activity was detccted in the fulfuryl 
alcohol ( 9 ) .  Further investigation of the 
alcohol and two carefully authenticated 
derivatives of it, as shown in Table 1, 
revealed that it had no activity. 

Under the riqorous heating conditions 
cmploycd in these experiments, a num-
ber of carbon sources could conlributc to 
formate; ho~vever, carbon 1 of lactose 



appears to be the principal orlgin. Thco- 
ries \vhich propose that the carbon skele- 
tons of furfuryl alcohol and nialtol of 
heated milk derive from carbon atoms 
2 to 6 and 1 to 6, respcctivcly, in the 
glucose moiety of lactose remain attrai-  
tive in light of these findlngs ( 10 ) .  
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Gamma Rays from Local 
Radioactive Sources 

There is considerable interest a t  the 
present time concerning the possible ef- 
frcts of man-made radiations on man 
himself. Becausr one source of these ra- 
diations is of tvorld-wide extent, the in- 
terest has also become world-wide. Al-
though considerable literature now exists 
on the subject of man-made radioactive 
contamination, on the one hand, and on 
the biological effects of radiation, on the 
other, the actual importance of the first 
as far  as the second is concerned has 
often been obscure. I t  is thought desir- 
able a t  this time to present some inde- 
pendent experimental data that will 
allow individuals to reach their own con- 
clusions. 

As early as 1928, R. A. hlillikan be- 
came interested in the gamma ravs 
emitted by local radioactive materials 
in the soil and rock a t  various localities 
in order to determine the f.ffect of these 
radiations on the cosmic-ray measure-
ments in which he was primarily inter- 
ested. These measurements extended 
from California into the Rocky Moun- 
tain area and on u p  to Churchill, Mani- 
toba ( I ) .  They probably represent a 
unique series of measurements, since they 
\\ere made before man-made contamina- 
tion became widespread. 

An ionization chamber measures di-
rcctly the quantity of interest as far as 
the l~iological effects of gamma rays are 

Fig. 1. "Noise level" of gamma rays and cosmic rays in the Western Hemisphere. Abscissas 
roughly increase with increase of distance from Pasadena. The amount of man-made con- 
tamination is taken from the National Academy of Sciences report, Biological Ef fects  of 
A t o m i c  Rad ia t ion  ( 7 ) . As is stated in that report, ". . . U.S. residents have, on the 
average, been receiving from fall-out over the past five years a dose which, if weapons 
testing were continued at the same rate, is estimated to produce a total 30-year dose of 
about 0.1 roentgen" (an average of 3 mr per year). 

concerned, and this is the instrument 
here employed. One of the instruments 
Millikan made and calibrated is still in 
good condition after 26 years and is very 
convenient to use. A recent redetermina- 
tion of the absolute value of the calibra- 
tion (2 )  agrees with Millikan's value to 
0.3 prrcrnt. In  this survry, hlillikan's in- 
strument has been used for some of the 
measurements, and a more modern ion- 
ization chamber (3) for others. T h e  two 
give essentially the same answer. Both 
tvere used unshielded in the measure-
ments reported here. 

I n  Fig. 1, most of the values taken 
during the years have been entered. T h e  
ordinates are in milliroentgens ( m r )  per 
year. T o  convert into ion pairs per cubic 

centimeter, per second in 1 atmosphere 
of air, divide the ordinates by 15. T h e  
various stations are plotted as abscissas 
with the same increment from one to the 
other. Roughly, the stations get farther 
from Pasadena tvith increase in abscissa. 
T h e  chief reason for plotting in this man- 
n r r  was to bring out the variability of 
radioactivity from one station and region 
to another. 

Measurements were made of the total 
radiation a t  a given station; then the 
known contribution from cosmic rays (4)  
was subtracted to get the effect of the 
gamma rays from local radiation only. 

I n  the Rocky Mountain region, the 
local radiation is high, presumably be-
cause of the granite, which is known to 
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