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Response of Epididytiial Adipose Tissue to Stiiall Concentrations of Insulin : 
Effect of (hr t i sone . '  (25641 ) 

Addition of insulin to rat epididymal acli- 
pose tissue in zritro cauyes increases in glucose 
uptake( 1-4) ,  in C 0 2  evolution with glucose 
as substrate( 2 .5 .6 ,7) .  in fat  synthesis( 2). and 
in  incorporation of amino acids into protein 
( 8 ) .  The stirnulatory actions upon glucose 
uptake and C 0 2  evolution have been proposer1 
as the basis for insulin detection methods ( 5. 
6,9). In attempting to assay insulin quanti- 
tatively it has been found. in confirmation oi 
Ball et a [ . (  6 ) .  that the response to insulin of 
adipose tissue from successive rats of a siven 
colony may undergo sudden changes which 
negate the assay procedure. The causes of 
these changes are being studied. The precent 
experiments show that senqitivity of adipose 
tissue to small concentrations of insulin added 
in vitro is significantly decreased by injection 
of cortisone acetate into the donor rat from 
which the adipose tissue is taken. 

Methods. Son-fasting: \Vistar rats weigh- 
ing 124-168 g, were sacrificed by cervical 
separation attended by minimal previous ex- 
citement. The 2 epididymal f a t  pads were 
transferred to filter paper which had been well 
moistened with the medium to be used for in- 
cubation, i.e., Krebs-Henseleit-bicarbonate so- 
lution containing 200 mg "/c each of glucose 
and gelatin(6). Each pad was quickly di- 
vided into 3 approuimateljr equal pieces. 
Each piece was transferred to 1.9 rnl of the 
above medium in the main compartment of a 
15 ml Warburg flask; the pieces were added 
in a predetermined and known order. The 
flasks were equilibrated with 95% O2 - 5% 

* Aided by grants from Rockefeller Foundation 
and Conselhc Sacional de Pescluim do Brazil. 

t Permanent address: Dept oi  Physiology, I'niL 
of Chicago. 

$ Rats were provided ad lib. with diet containing 
the following as "/'o by weight. milk, 6 3 ;  liread, 20; 
wheat, 8 ;  corn, 8 ;  dried beer yeast, .7 ; cod l i , c r  
oil, .08, and alfalfa were added to thc ration dur- 
ing one day weekly. 

_I____I _ _  

('02 and incubated 3 hours a t  37°C a t  a shak- 
ing rate of 120 oscillations per minute and an 
amplitude of 6 cm; 0.1 ml insulin solution was 
tipped in from the side-arm a t  end of the first 
hour to give the final concentrations shown; 
after incubation, the fat  pads were drained on 
filter paper and weighed. Before insulin ad- 
dition, consumption of oxygen and evolution 
of C02  are usually such as to give only a 
small pressure change with time; after insulin. 
there is increased C 0 2  evolution, presumably 
associated with increased fat synthesis ( 6 ) .  In  
Fig. 1 ,  the gas exchange is arbitrarily recorded 
as pl C 0 2  per g tissue, i.e., mm pressure 
change x Kco2itissue weight in g ) .  In  Table 
I .  the results are expressed as net increase in 
('(I2 evolution after insulin (pl CO2 per g tis- 
sue per hour);  this is calculated by subtract- 
ing pressure change for the first hour (before 
insulin addition) from that for the third hour 
( period of maximal insulin response), multi- 
plying by K C O ~ ,  and dividing by tissue weight. 
l'alues for glucose uptake were also measured 
( l o )  on the same samples and include uptake 
for the equilibration period of 15 minutes, plus 
one hour of incubation without insulin, plus 
2 hours with insulin. Insulin was prepared by 
diluting Lilly U-80 insulin with the incubation 
medium. Identical responses were obtained 
i n  trials with Lilly crystalline insulin$ stated 
to contain approximately 0.4% glucagon 
(Lot No. 535664). 

Results. The changes in C 0 2  evolution 
and glucose uptake in response to insulin were 
found to vary according to  the position in the 
fat pad from which the fragment was removed, 
the left distal portion being the most respon- 
si\ye of the 6 pieces to insulin, just as i t  is the 
most responsive of 4 pieces cut from 2 fat  
pads ( 7). Accordingly, each concentration of 
insulin was always tested in duplicate upon 

0 Insulin was kindly supplied by Dr. W. R. Kirtley, 
Eli Lilly and Co., and cortisone acetate by Dr. 
Maul-icio Teichholz, Schering, S. A. 
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FIG. 1. EfTcct of pr ior  injection of cortisoiie oii  
rcsl)onsc~ of ]*:it epiclitly~u;rl adipose tiwuc. t o  insnliii 
atitled i)i ritro. Irisillin coiic.eiitrations, :IS riiicro- 
units/nil, i v ' tw :  0, 20 ; 0 ,  50 ; A, 10,00@. lrisii- 
liii was adtlrd a t  60 iiiiii. For details, see Mcthocl:;. 

the same 2 segments of the fat  pads from a 
single rat, e.g., 20 pu/ml upon the right 
distal and left proximal poirtion, 50 pu 
upon the right and left middle por- 
tions, and lo4 pu upon the right proxi- 
mal and left distal portions; averages of 
the 2 duplicates are recorded. This procedure 
yields a log dose-response line with approxi- 
mately the same slope as that reported for 4 
pieces of fat  from one rat(  6 ) .  

Cortisone acetate,$ suspended in 0.9 % 
NaCl, was given subcutaneously, 2 mg per rat 
per day (1 mg each at 8 a.m. and 5 p.m.) for 
3 days plus a final dose of 1 mg 3 hours be- 
fore sacrifice, Control rats of nearly the same 
weight received the saline solution concur- 
rently. 

The effects of insulin and cortisone upon 
gas exchange are illustrated in Fig. 1, which 
presents the results for a single experiment, 
and summarized in Table I. Results for the 
controls are qualitatively similar to those for 
normal rats (6).  Prior injection of cortisone 
acetate did not significantly change the slope 
of the curve for C 0 2  evolution during the first 
hour, priolr to addition of insulin; however, it  
significantly reduced in vitro stimulation olf 
C 0 2  production resulting from addition of 20 
or 50 ,UU insulin per ml and had a similar but 
less significant antagonistic action toward 1 O4 
pu per ml (Table J ) .  

The increases in glucose uptake produced 
by the same concentrations of insulin were 

also smaller with adipose tissue from the cor- 
tisone-injected rats than with tissue from sa- 
line injected rats; in fact, no stimulation 
above the control level was obtained with 20 
or 50 pu insulin per ml. A single dose of 1 
mg cortisone acetate 3 hours before tissue re- 
moval did not prevent insulin stimulation. 

Discussion. The response to insulin of adi- 
pose tissue from successive rats of a given 
strain and colony may spontaneously de- 
crease, with no significant change in basal glu- 
cose uptake or net gas exchange without in- 
sulin. Or, basal glucose uptake and COa evo- 
lution may spontaneously increase to such 
high values that addition of small doses of 
insulin in vitro has no further effect (6  11 ) . The 
present experiments show that the first of 
these anomalies can be reproduced by  injec- 
tion of cortisone acetate, suggesting that the 
spontaneous decrease in sensitivity may stem 
in part from excess endogenous adrenal ster- 
oids. 

The relation of cortisone to the effects of 
very small concentrations of insulin does not 
appear to have been previously studied in in- 
dividual tissue. There is evidence that insulin 
in suffkiently high concentrations can partly 
or wholly counteract the inhibitory effects of 
T A B L E  J .  FXect of Cortisone Acetate  OIL Glucose 
Uptake  and CO, Prodiic t ion of Epididyinsl Adipose 
Tissue in Preseiice of Xniall Coiieentra tions of I n -  
sulin. Cortisoiie ttcetatc: injected in to  donor ra t s  2s 

tlcscribcd i n  t e s t  ; insulin addcd in vih.o. 

Significance 
of difference, 

Adiposc P, between 
11isali11 .2tliIms(~ tissue from control arid 
coiic., tissue froiii cortisoiir- ( 3 0  

punits/ml control r a t s  in j. rats saniples 

N c t  i i iuease,  a f t e r  iiisulin, iii gas evolution, 
aalcula ted  :is n i i ~ i ~  (pl) CO,/g/hr 

20 80 r 6.6* 22 t 2.2 .@01 
50 125 & 8.9 41 2 4.7 .001 

Glucose uptake, rng/g/3 h r  

20 1.9 t.19 1.2 k . 2 9  .OG 
50 2.9 2 . 3 3  1.1 2 . 2 0  .OO I 

10,000 4.9 e . 5 2  2.9 2.50 .003 

10,000 298 t 2 G .  220 k 2 3 .  .04 

0 1.4 2 . 2 1  1.4 2.15 

.x- Mean stand. error ; means a r e  obtained f rom 
duplicate tissue saniples f rom each of 8 rats ,  except 
for tlic valncs for  gliicose uptake withoirt added in- 
suliii; eaclr of t h t w  is ~ ~ i c a i i  of 9 duplicate sarriplcs 
f r o n 1  3 ra ts .  

I/ Unpublished cxperirnents. 



cortical steroids on C 0 2  evolution or fatty 
acid synthesis by mammary gland slices ( 11 ) , 
on fatty acid synthesis by rat adipose tissue 
(12)  or on glucose uptake by rat diaphragm 
(13,14,15).  

The stimulation of glucose up- 
take or ( * ( I 2  evolution produced 1 1 ~ 7  20. 50. or 
l o L  pu insulin per nil in rilitr-o to rat epididy- 
ma1 adipose tissue was niiarkedlj~ reduced IIJ- 
prior sulicutaneoui; injection of the rat tissue 
donor with 7 nil;' cortiwne acetate in cli14dctl 
doses over a period of 3)/ .  (lays. 
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Action of Mucoproteins in vivo and in  Tissue Culture on Yolioniyelitis Virus. 
( 25642 ) 

N.  EIICOLI, G. BOBALII~, R. Ii. STUBRS ANII 0. NUNEZ-$IONTIEL 
Dept .  of Phnrrrzncology arid Chcrriothcrnpy, .lrnrozir. Phariiiacczttical Co., Kankak fe ,  Il l . ,  and 

I?? \ t .  ~ r r z e z o ~ a n o  rte ~ ? ? . c ~ e ~ t i g a r i o i i c ~  C'ieHtifica,, Caracab, I/'eizezlcela 

'The 1)resent report contains our findings on 
the protective effect of various mucoprotein 
fractions obtained from hog gastric mucosa 
in experimental poliomyelitis infection of mice 
(Lansing strain TI) and the influence of the 
same proteins on development of the virus in 
monkey kidney cells. 

Materials  and naethods. Three hog gastric 
inucosa fractions (A ,B  -C)  received from I'rof. 
IT. Capraro (YIilano. I taly) and 2 extracts 
(D,E)  prepared in the Arniour Laboratories 
by E. Samsa, V. Snider and P. \'an l lclle 
were used for study. The  characteristics of 
these substances as determined by IT. Cap- 
raro are: ( A )  A and H group specific sub- 
stance: 95% pure by electrophoretic deter- 
mination (free phase). Anti-agglutinating 
potency lo7. ( H )  "IJIL' binding factor"( 1 ) 
100% pure. BIZ binding titer, 2 2  pglmg in 
the E .  coli assay. (C)  Acid aminopolysac- 

charide. Electrophoretically 9.5% pure, 
uronic acid content 3.5%. (D)  Armour prepa- 
ration KO-45-102-1. Uronic acid content 
1.62 c/c. ( E )  Armour preparation KO-45-124. 
H I 1 !  binding titer 228 mpg/mg, uronic acid 
content 1.670. Doses of 1 and 2 p g  showed 
A, respectively H substance activity, inhibit- 
ing 10 minimal agglutinating doses in the sys- 
tems X red cells/anti A serum and 0 cells/ 
anguilla anti H serum. 

In,ft>rtion. Swiss mice of 14-18 g, 4-5 weeks 
of age, were inoculated intracerebrally with 
0.03 mI Lansing strain (Type 11) virus, di- 
luted 1:3000. Standard procedure was to in- 
fect mice Friday and begin treatment Mon- 
day;  however on 4 groups of mice treatment 
was started prior to inoculation. Ten treat- 
ments were given, 2 daily for a period olf 5 
days, except when otherwise stated. Esperi- 
mental animals were observed daily for a pe- 


