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Effect of Insulin upon Resting Electrical Potential of Adipose Tissue.” 
( 27588 ) 

I) .  11. BJ~IGELAIAN AND 1). B. HOLLANDER 
Ikpartments  of MPdiciw nnd Yhariiracology, I ’ i i i z w s i t y  of Sorithvrn California MPdicd School, 

Los A n p k s  

Increase of rat skeletal muscle resting mem- 
brane electrical potential by addition of in- 
sulin has been reported( 1 ). KO such increase 
of resting electrical potentials (REP), follow- 
ing addition of insulin, was noted in an iso- 
lated ventricular heart preparation obtained 
from 200 g rats(2). The present report con- 
cerns the effect of insulin upon epididymal 
adipose tissue REP. 

Methods. The technics employed for utili- 
zation of epididymal adipose tissue have been 
described (3) .  Segments of epididymal adi- 
pose tissue were excised from male Wistar rats 
and immediately transferred to Krebs-Ringer- 
bicarbonate buffer solution containing ap- 
proximately 0.1 ?L gelatin+ and, for certain 
experiments 1 mg/ml glucose. This buffer 
solution was maintained during preparation 
of the experiments a t  room temperature. The 
rats were in the fed state, and weighed 110- 
405 g. 

The instrument and the experimental tech- 
nics employed for measurement of resting po- 
tentials have been described in detail(4). In 
each experiment, a segment of adipose tissue 
was suspended in the medium, maintained 
constantly a t  30”C? between two supports 
without being stretched. Ninety-five per cent 
02-five per cent C02 was bubbled through the 
medium at a rate of approximately 300 ml’ 
min. The tissue was sufficiently agitated by 
this action that, by a single adjustment of the 
micro-electrode tip to the undulating surface 
of the tissue membrane, repeated electrical 
contact of tissue with the micro-electrode 
could occur. Numerous REP’s of many areas 
were recorded in this manner. Also, good 
REP configurations were obtained, employing 
the standard technic of penetration of the adi- 

*These studies were supported, in part, by grants 
from U.S.P.H.S. and from Diabetes Assn. of South- 
ern Calif. 

t Knox Special Gelatin, 6% conc., no added NaCI, 
lot P P-111 N.S. 

pose tissue by the micro-electrode. Dead adi- 
pose tissue demonstrated no REP. 

In collecting data, an initial 10-1 5-minute 
interval of equilibration of the tissue in the 
buffer medium was followed by a 10-minute 
period of recording control REP. The control 
buffer was then replaced by buffer containing 
insulin and after a 2-minute period of equili- 
bration, three 3-minute periods of REP were 
recorded. There were 2-minute waiting inter- 
vals between these periods. In some experi- 
ments, the insulin-containing buffer was re- 
placed by control buffer and the previous ex- 
perimental procedure followed. In  a few ex- 
periments, a second “wash-out” with a control 
buffer was performed and REP’s recorded for 
2 or 3 intervals of 3 minutes separated by 2- 
minute waiting periods. 

Results. There was considerable variation 
of pre-insulin control REP among individ- 
ual rats, varying from +17 to +69 millivolts 
(Table I ) .  The increase in adipose tissue 
REP to loo0 micro-units/ml, compared with 
the pre-insulin control values, is consistent 
and marked with the mean increase in the last 
3-minute period varying from +28 to +37 
millivolts. The mean increase during this 
last 3-minute insulin period was +33 milli- 
volts, computed on the basis of a single value 
for each of the 5 smaller animals (Table 11). 
This is highly significant as determined by 
the Student Y7 test, the probability (“P”) 
being < .ON, according to Fisher’s Tables 
( 5 ) .  

Following the replacement of media con- 
taining 1000 micro-units/ml of insulin by 
control buffer media, there was a decrease of 
REP. In the final 3-minute post-insulin con- 
trol periods, the adipose tissue REP incre- 
ment in young animals varied from +9 to 
+23 millivolts, as compared with pre-insulin 
mean control values. The mean increase of 
REP in this period, computed on the basis of 
a single value for each rat, was +16. “P” 
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W- 

Y 

was not significant, being >.05,<.1. 
There was an increase of adipose tissue 

REP, in one small animal, to a maximum of 
+28 millivolts following addition of 10 
micro-units/ml of insulin. The final post- 
insulin control value with 10 micro-units of 
insulin appeared lower, +7  millivolts, than 
observed following 1000 micro-units/ml. One 
micro-unit per ml of insulin appeared to pro- 
duce no stimulation of adipose tissue REP 
during the first 3 minutes, but increasing in- 
crements of REP appeared in the following 
two 3-minute periods, the maximum increase 
being + 18 millivolts. It is perhaps also sig- 
nificant that the initial 3-minute post-insulin 
control period, after removal of one micro- 
unit of insulin, demonstrated a marked de- 
crease of resting potential, in marked contrast 
to the results observed with lo00 micro-units/ 
ml of insulin. 

There is considerable variation of pre-insu- 
lin control REP among individual rats weigh- 
ing 330-405 g, varying from +16 to +SS 
millivolts (Table 11). In response to 1000 
micro-units/ml of insulin, the large rat adi- 
pose tissue REP showed either little change 
or a marked decrease (Table 11). Adipose 
tissue REP's in 2 animals were totally 
ablated, the decrements being -16 to -18 mil- 
livolts. The REP in each was totally re- 
stored by replacing insulin with control me- 
dium. 

In response to insulin, the mean change of 
REP was -9 millivolts, computed on the 
basis of a single value for each large rat. Ac- 
cording to the Student "t" test, this figure is 
not statistically significant, the probability 
("1"') being i .05,  <.l by Fisher's Tables 
( 5 ) .  

Tissue tested in Krebs-Ringer-bicarbonate 
buffer containing no glucose demonstrated 
little variation of pre-insulin control REP's, 
mean values ranging from 52-61 millivolts. 
The alterations of REP following addition of 
1000 micro-units,/ml of insulin generally par- 
alleled those observed in the presence of glu- 
cose (Table 111). There was a marked in- 
crease of adipose tissue REP in the smaller 
rats, with REP increase in the last 3-minute 
period varying from +22 to 4-33 millivolts. 
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Following replacement of the insulin-contain- 
ing buffer medium with control medium, there 
was a variable, but definite, decline in REP. 
The mean increment, during the last 3-min- 
Ute insulin period, of REP was +31 milli- 
volts, calculated on the basis of a single value 
for each of the 4 smaller animals. As com- 
puted by the Student “t” test, this figure is 
highly significant, the probability (“P”)  be- 
ing <.Ol  by Fisher’s Tables(5). The mean 
increment during the final 3-minute post-insu- 
lin control period was +16 millivolts, com- 
puted on the basis of a single value for each 
small animal. The “P” was not significant, 
being >.1,<.2. 

The 2 large rats tested for response to in- 
sulin of adipose tissue REP demonstrated 
mean increases in the final 3-minute insulin 
period of 4-1 to +13 millivolts, respectively. 
The mean increase of these 2 rats was + 7  
millivolts, significantly less than that ob- 
served in the small animals. 

Discussion. The increase of adipose tissue 
REP obtained with 1000 p U/ml of insulin, 
utilizing tissue from rats weighing 110-160 g, 
ranged from +28 to +37 millivolts. This is 
considerably greater than the increment, 2.7- 
9.6 millivolts, obtained by Zierler( 1) with 
striated muscle from 60 g rats. Also, these 
significant results were obtained with smaller. 
more physiologic, concentrations of insulin. 
1-1,OoO micro-units/ml (.001-1 milli-unit ‘ 

ml) as compared with 0.1 unit/ml (100 miili- 
units/ml) in the striated muscle experiments. 
The absence of response to insulin with adi- 
pose tissue from heavier, older rats further 
extends the evidence that the biologic changes 
of tissue associated with aging are funda- 
mental and profound. The investigator who 
conducted the REP readings did not know the 
weight of the rat from which adipose tissue 
was secured until the particular experiment 
ended. 

The irregular, but definite decrease in REP 
following replacement of insulin by control 
buffer medium became greater with passage of 
time and repeated “washings.” Also, these 
decreases appeared to be greater and seemed 
to occur earlier following the smaller insulin 
concentrations. These observations suggest 
that little or no firm binding of insulin by 

adipose tissue occurs in relationship to 
changes in REP, 

Zierler ( 1,6) demonstrated that approxi- 
mately the same increment of rat skeletal 
muscle REP occurred with insulin in the ab- 
sence of glucose as with glucose. The skele- 
tal muscle REP increments, in response to 
insulin, ranging from +3.3 - +lO.O milli- 
volts, were considerably less than the adipose 
tissue increments, ranging from +22 - +38 
millivolts. Also, the insulin-concentration 
employed was 1 milli-unit/ml (loloo micro- 
units/ml) as compared with 100 milli-units/ 
ml in the muscle study. As occurred with 
glucose, no significant increment of REP was 
noted in adipose tissue secured from large 
rats. Also, without glucose, marked reduc- 
tion of resting electrical potential was dem- 
onstrated following withdrawal of insulin 
from the medium. These data indicate that 
change in cell REP, associated with insulin, 
can be independent of glucose transport. 

The possibility of a non-specific protein ef- 
fect is largely discounted because of the ex- 
tremely small concentrations of insulin em- 
ployed in these experiments. Also, 0.1% 
gelatin was incorporated in the buffer medium 
so that any increase in protein concentration 
resulting from addition of these very small 
concentrations of insulin would be, propor- 
tionally, minimal. 

Szrmmary. Significant increase of cell 
membrane resting electrical potential (REP) 
of adipose tissue obtained from young rats 
occurred in response to 1 - 1 ,ooO micro-units/ 
ml of insulin. Decrease of adipose tissue rest- 
ing potentials occurred following replacement 
of insulin by control buffer. Resting electri- 
cal potentials of adipose tissue from older 
rats, weighing 330-405 g, showed no such in- 
crease in response to 1,W micro-units/ml of 
insulin. Presence or absence of glucose in 
the buffer medium appeared to have no effect 
upon the response of cell membrane REP. 

The authors wish to acknowledge the invaluable 
advice and encouragement of Drs. J. L. Webb and 
H. E. Martin, Univ. of Southern California Medical 
School. 
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Sodium - Potassium Activated G-Strophanthin Sensitive ATPase in 
Cardiac Muscle.” (27589) 

JOSEPH V. AUDITORE (Introduced by II. D. West) 
(With technical assistance of Littleton Wade) 

Department of Pharmacology, Meharry Medical College, Nashville, Tenn. 

Skou ( 1,2) demonstrated the existence of 
an enzymatic activity in peripheral crab 
nerves which possessed such properties that 
he considered whether the enzyme might be 
involved in active transport of Na and K in 
the nerve fiber. The substrate for the en- 
zyme is ATP, appears to have an absolute re- 
quirement for Mg and can be activated fur- 
ther by Na and K. The Na + K active com- 
ponent of the enzyme exhibits a unique sus- 
ceptibility to inhibition by very low concen- 
trations of G-Strophanthin, a supposedly spe- 
cific inhibitor of the coupled Na + K trans- 
port system( 3). 

If such an enzymatic activity is a partici- 
pant of the Na + K active transport system 
it may be assumed that the enzyme should be 
present in other tissues where active Na and 
K transport occurs. The purpose of this in- 
vestigation was to search cardiac muscle for 
an enzymatic activity similar to that first de- 
scribed by Skou(1). 

Materials and methods. Preparation of 
enzyme: Two different procedures were em- 
ployed to prepare the enzyme. In  the first 
procedure rabbit ventricles were homogenized 
in 9 volumes of ice cold distilled water using 
an all-glass Potter Elvehjem homogenizer. 
The water homogenate was centrifuged for 10 
minutes at 2000  X g and sediment discarded. 
The supernate was dialyzed against a large 
volume of ice cold water at 5°C and was 
changed once within a 24-hour period. This 
dialyzed preparation represented the source 
of enzyme and is referred to as the water ex- 

*This study has been supported by grants from 
Tennessee Heart Assn. and from Nat. Inst. Health. 

tract. A small amount of sediment formed 
during dialysis and was included in the prepa- 
ration. 

The second procedure was that described 
to me by Skou with some modification; rabbit 
ventricles were homogenized in 9 volumes of 
ice cold sucrose containing 0.1 % deoxycholate 
(DOC), .030 mM L-histidine, and .W5 M 
ethylenediamine tetraacetic acid (EDTA) , 
and the homogenate subjected to the differen- 
tial centrifugation technic( 4). The debris-nu- 
clear (5001 X g, 10 min), mitochondria1 ( 10,- 
OOO >(: g, 10 min) , and microsomal (72,000 
x g, 45 min) fractions were isolated using a 
Lourdes refrigerated Vacu-Fuge. The micro- 
somes were washed once in a medium consist- 
ing of .25 M sucrose, .05% DOC, 030 mM 
L-histidine and .001 M EDTA. All fractions 
were resuspended in a suitable amount of 
cold .25 M sucrose containing .Q30 mM L-his- 
tidine, rehomogenized to ensure a fine sus- 
pension of enzyme and immediately assayed 
for ATPase activity. 

Reaction mixture: The activity of these 
preparations was determined at 37°C in a 
total volume of 2.5 ml containing 0.2 ml of 
enzyme preparation buffered with imidazole 
(100 pmoles), histidine (100 pmoles) and 
brought to pH 7.1 with approximately 50 
pmoles of HC1. Incubation time was 60 min- 
utes. The reaction mixture for routine as- 
says was charged with 6 pmoles of Mg and 5 
pmoles of ATP which was rendered free of 
Na and K by passing it through a Dowex 50 
cation-exchange column in the tris form and 
finally buffered to pH 7.0 with trishydroxy- 
methyl aminomethane (tris) . The Dowex 




