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of various tissues and behavioral aspects of 
reproduction. The ability for full reproduc- 
tive capacity to be realized with PMS primed 
immature rats allows for sequential analysis 
of deficits or defects and their interrelation- 
ships. 

Summary. Subcutaneous injection of 10, 
100 or 1000 pg of testosterone prop. in a sin- 
gle dose into female rats on the fifth day of 
life prevented luteinization of the ovaries after 
10 days of parabiosis with castrated male rats. 
Injection of 10 or 100 pg of testosterone pro- 
pionate on days 5, 7 or 9 of life also pre- 
vented luteinization of the ovaries, but ani- 
mals injected with the same amount of hor- 
mone on day 13 had luteinized ovaries. Ani- 
mals injected with 1 mg of testosterone pro- 
pionate on day 13 formed no corpora lutea 
when put in parabiosis a t  26 days of age. 
Animals joined at  36 days of age, however, 
did form corpora lutea. Animals treated with 
hormones in the early postpartum period and 
injected with PATS at  30 days of age did not 
ovulate. Animals treated with 10 pg of tes- 
tosterone propionate on day 5 and injected 
with 16 T.U. of PJlS on day 30 did not have 
corpora lutea at  34 days of age or at  58 days 
of age. 
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Effects of N-Ethyl Maleiinide and Insulin upon Adipose Tissue. (2&197) 

F. THOMAS OTT AND LILLIAN RECANT* 
Nutrit ion Re.warch Laborat ories, Departments of Preventive Medicine and Medicine, 

It'a.\hingtoiz I 'nivcrsity School of Medicine, S t .  Louis, M o .  

I f  the action of insulin is dependent upon 
the integrity of disulfide and/or sulfhydryl 
groups on the cell surface, alterations of these 
groups should interfere with the response of 
the cell to insulin. There have been conflict- 
ing reports referable to this question, particu- 

*This  study was supported by grant from Nat .  
Inst. Health. 

larly in the case of rat diaphragm( 1)  and 
heart muscle(2) as well as adipose tissue(3, 
4 ) .  The present report concerns the effects 
of N-ethyl maleimide (NEM),  a sulfhydryl 
blocking agent, the response of the rat epidi- 
dymal fat pad to insulin. 

Modifications of the rat epidi- 
dymal fat pad assay for insulin-like activity 

Methods. 
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0 1.92 (as).' 1.87 (8) .77 (8) .40 (8) 
31 3.10 (28) 3.48 (8) 1.26 (8) .28 (8) 

250 10.52 (27) 12.06 (7) 3.28 (8) .49 (8) 
500 17.04 (26) 13.64 (8) 6.05 (8) .64 (8) 

(5)  were used, in which quadruplicate sam- 
ples of tissue were incubated for each exper- 
mental point. Glucose uptake was expressed 
as counts per minute of C1402 per mg fat 
(wet weight), with the radioactivity arising 
from utilization of I-C14 glucose (0.1 &/in- 
cubation flask). Insulin in concentrations as 
low as 31 punits/ml produces significant in- 
crements in C1402. 

Results. A. The first group of experiments 
was performed to determine the effect of vary- 
ing concentrations of NEM on glucose me- 
tabolism in fat. Tissue samples (approxi- 
mately 100 mg each) were incubated a t  37°C 
for 2 hours in the presence of 0, 31. 250, or 
500 pU insulin/ml with and without varying 
concentrations of NEM ( 10-7-104M). When 
present, NEM was added 20 minutes prior to 
addition of insulin. The data in Table I 
clearly show that in the absence of insulin, 
10-3M NEM completely inhibits, that 5 X 

NEM partially inhibits, and that 
34 does not inhibit conversion of I- 
C14 glucose to C02. At similar concentrations 
of NEM i t  appears that the tissue response to 
insulin is also blocked. B. A second group of 
experiments was designed to describe certain 
features of the kinetics of the inhibition 
caused by NEM. Six assays were performed. 
I n  each assay, a range of concentrations of 
NEM from to 10-?M was employed with 
a single concentration of insulin. NEM was 
added 20 minutes before insulin in 3 assays 
and insulin added 20 minutes before N E M  
in 3. Insulin concentrations were 31 ,U units 
in the first assay, 500 in the second, and 
50,000 punits/ml in the third. The velocity 
of the reaction was obtained by determin- 
ation of CL402/mg fat/2 hours. Fig. 1 
illustrates the linear relationship of CI4O2/ 
mg to time over a 2-hour period, and 

justifies the use of this parameter as a 
rate. The results may be seen in Fig. 2 ,  in 

which the data are plotted as - - - 
VI 
V 

(inhibited velocity) 
(uninhibited velocity) 
Log Inhibitor Concentration ( N E M ) .  The 
degree of inhibition of glucose metabolism is 
dependent upon the concentration of NEM, 
regardless of concentration of insulin present. 
This appears to be the case whether NEM is 
added prior to or subsequent to insulin and 
suggests that insulin and NEM probably do 
not compete for the same binding sites. I n  
fact, a t  higher concentrations of insulin 
(50,OOO ,punits/ml) greater inhibition rather 
than lesser was observed. 

Treatment of tissues with insulin prior to 
NEM results in exaggeration of the inhibi- 
tion. Significant inhibition occurred a t  l P 4 M  
NEM which was not inhibitory when NEM 
was added prior to insulin. Further, this con- 
centration of NEM did not inhibit endoge- 
nous glucose metabolism (samples without in- 
sulin) while inhibiting the response of the 
fat  pad to insulin (31, 500, and 50,0001 p 
units/ml). C. In the third group of experi- 
ments, an attempt was made to reverse the 
inhibition caused by 5 X l C 4 M  NEM. In- 
cubation was begun as previously described, 
but 30 minutes later, the NEM-containing 
medium was removed from the flask with a 
syringe and was replaced by medium contain- 
ing either 250, 500, or 50,000 pUJml of in- 
sulin with no inhibitor. The 2-hour incuba- 
tion was then completed. 

In one experiment, cysteine was added a t  
30 minutes to make the final concentration 
lo-". Samples of C1402 were taken after 
15, 30, 60, and 120 minutes of incubation to 
determine degree of inhibition with time. 

Table I1 shows that all attempts to reverse 
inhibition were unsuccessful. D. The final 
group of experiments was designed to deter- 
mine whether addition of NEM and/or the 
sequence of addition relative to insulin a1 tered 
the binding of insulin to fat. Tissues were 
incubated in 2000 pU/ml of high specific ac- 
tivity P1 insulin with and without 5 x lo-' 
NEM. NEM was added prior to and subse- 
quent to insulin. Following incubation, tis- 

( P402 -!- NEM) 
( C1400, S NEM) 

vs - - - 
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sues were blotted, rinsed 4 times in large vol- 
umes of distilled H20,  hydrolyzed in 0.5 ml 
30'/( KOH and I1'{' was counted in a well- 
type scintillation counter. 

Control tissues in the absence of N E N  
bound 9.0v of the I l r i1  insulin counts per g '  
fat 2 hours. 9.67; of counts was bound per 
gram of fat when S E M  was added prior to 
insulin and 8.4y was bound when insulin 
was added prior to NEM. These data fur- 
ther support the contention that NEM does 
not bind the same site as insulin. If this 
were the case, less I1:{l insulin would be bound 
when NEM was added prior to insulin. In 
addition, alteration in binding of insulin does 

not appear to be responsible for the enhanced 
inhibition occurring when insulin is added 
prior to K E N .  

Discussion. The data presented show that 
under special conditions a sulfhydryl block- 
ing agent ( K E N )  can inhibit the stimulatory 
effect of insulin on glucose metabolism in fat 
tissue without inhibiting endogenous glucose 
metabolism. This implies a surface action of 
NEM in the inhibition rather than an intra- 
cellular effect, and suggests a relationship be- 
tween insulin action and SH-S-S groups on 
the cell surface. No evidence is available, 
however, that the binding of insulin to the 
tissue is impaired by the blocker. Further. 
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the mechanism is not a simple competition for 
SH or S-S groups, since the concentration of 
insulin added has little effect on the inhibi- 
tory concentrations of blocker. The rather 
interesting finding that addition of insulin 
prior to blocker results in greater inhibition in 
the fat pad has also been observed in isolated 
rat diaphragm muscle( 1 )  though not in per- 
fused rat heart (2) .  No obvious explanation 
for this is apparent. One can hypothesize 
that in the process of binding insulin to tis- 
sue, an increased number of binding sites are 
made available for the NEM or that insulin 
in some manner increases the permeabilty of 
the tissue to NEM resulting in high concen- 
trations of NEM intracellularly. 

Summar?. N-ethyl maleimide, a sulfhy- 
dry1 blocking agent, is capable of inhibiting 

the response of adipose tissue to insulin. The 
inhibitory mechanism is not competitive. Al- 
though the effect appears to be upon the cell 
surface, the binding of insulin to the tissue is 
not impaired. 
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In recent studies with dextran as a plasma 
evpander in the treatment of shock( 1)  and in 
extracorporeal circulations ( 2 ) ,  it has been re- 
ported that low molecular dextran is more 
effective than the higher molecular fractions 
in promoting and maintaining flow through 
the capillaries and small vessels, seemingly by 
lowering the viscosity of the blood and reduc- 
ing the tendency of the red cells to aggregate 
and stagnate in the small vessels( 1 ) .  The 
present experiments were undertaken to test 
the possibility that low molecular dextran ac- 
tually lowers the viscosity of the blood in 

* T h e  investigation was carried out under U. S. 
Army contract and  with the support of the Brook 
Foundation, Mrs. George W. Perkins, Mrs. Alan M .  
Scaife, the Mary Evelyn Townsend Fund and Na t .  
Inst. Health. 

t International Postdoctoral Research Fellow, Nat .  
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Present address: Dept of Physiology, Mie Uni- 
versity, Tsu, Mie, Japan. 

some way not explained by changes in the 
red cell concentration. 

Methods and procedures. Four prepara- 
tions of dextran with mean molecular weights 
of 15,000; 45,000; 75,000 and 250,000 (pro- 
vided by Pharmachem Corp., Bethlehem, Pa.) 
were tested on heparinized dog blood in vitro 
for their effects on a) sedimentation rate and 
on b )  viscosity of blood and plasma at  shear 
rates from 0.2 to 230 sec-'. Determinations 
of viscosity were made at  37°C with both the 
Brookfield cone-plate viscometer ( Brookfield 
Engineering Laboratories, Stoughton, Mass.) 
( 3 )  and the Polarad couette viscometer (on 
temporary loan from the Polarad Electronics 
Corp., Long Island City, N. Y . ) ( 4 ) .  Al- 
though the Brookfield instrument can be set 
for fairly low shear rates (down to 0.3 sec-l) 
the torque with plasma or blood a t  these set- 
tings is so small and the readings so near zero 
on the scale, that they are essentially mean- 
ingless. Hence the Brookfield viscometer 




