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Studies of Insulin Effect on Permeability of Dermal 
Connective Tissue. (32048) 

J. FABIANEK,* A. HERP,~ AND L. KORCEK~ 
Medical Research Laboratory, Veterans ildministration Center, Martinsburg, Wes t  Va.  

Our previous studies have shown that 
numerous metabolites and other compounds 
affect the permeability of dermal connective 
tissue( 1-4). The changes in permeability ap- 
peared to be due to alterations in the physico- 
chemical properties of hyaluronic acid, which 
is the main constituent of the ground sub- 
stance of soft connective tissue( 1-3). Since 
insulin has been reported to be an important 
agen't regulating the permeability of cell mem- 
brane towards glucose( 5 )  and proteins (6 ) ,  
it suggested the investigation of the effect of 
this hormone on the permeability of soft con- 
nective tissue, i.e., dermis. 

The studies were performed on 3- to 4- 
month-old albino rats of both sexes. They 
concerned two types of experiments: the effect 
of local application of insulin (U-40 Regular 
Iletin, Insulin Injection, U.S.P., Eli Lilly 8z 
Co.) and its systemic effect by intraperitoneal 
injection. 

Materials and methods. The permeability 
was measured by one of our previously 
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described methods(l,2) based on the rate of 
dermal diffusion of dye alone or combined 
with test substance. The procedure consists 
of intradermal injection of 0.015 ml of a 0.4% 
solution of Evans blue in physiological saline 
(pH 7.1) with or without test substance. 
Three injections on each animal are made for 
the control (generally dye alone) and 3 for 
the test compound. Thus, each animal serves 
as its own control. The contours of the blue 
spots formed are traced onto semi-trans- 
parent paper a t  30-, 60-, 12G, and 180-minute 
intervals after injection. The areas of the 
spots traced on the semi-transparent paper 
are cut out, weighed, and calculated as mm2. 
The area of each spot is entered as an in- 
dividual result in the calculation of the aver- 
age value and standard deviation. Repro- 
ducibility of results and tests obtained by this 
method were discussed elsewhere( 1,2,4). 

ResuZts and discussion. Two concentrations 
of insulin, 1.6 and 5 units per ml were used 
in local applications injected intradermally 
along with the dye (Table I ) .  In the study of 
the systemic effect of the hormone, the rats 
were treated for 3 weeks with daily intra- 
peritoneal administration of 1 unit insulin. 
Then the effects of dye alone, ascorbic acid 
and ascorbic acid combined with thiourea 
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TA'BLE I. Effect of Local Application of Insulin 
Tested by Rate of Diffusion of Evans Blue in  

Living Rats. 

Concentra- Difference in spreading 
tion of insu- No. of areas as compared to dye 
lin (units) results alone (30 min after inj)  

- - 

1.6 18" +3% 
5 18" 0 % 

~~ 

*Obtained on 6 male rats: 18 results were ob- 
tained with dye alone (400 mg in 100 ml saline) 
and 18 others with insulin. (Three injections with 
dye alone and 3 with insulin were made on each 
a ninial . ) 

were studied on these animals and compared 
to the effects obtained on control (untreated) 
rats. 

The effect of dye alone was tested on 5 
insulin treated and on 5 control animals. Since 
6 injections were applied to each rat, each 
value reported in Table I1 is an average of 30 
results. Three animals from the control and 
3 rats frolm the insulin treated groups were 
tested for the effect of ascorbic acid and of 
ascorbic acid in combination with thiourea. 
On each animal, 3 injections were applied for 
ascorbic acid and 3 for ascofrbic acid combined 
wit'h thiourea. Thus, each animal was its own 
control. Each value reported in Table I1 for 
asccxbic acid as well as for the combination of 
asccrbic acid with thiourea is an average of 
9 results. 

It should be noted that ascorbic acid was 
previously found to be a permeability en- 
hancing factor ( 1,2) whereas thiourea acted as 
inhibitor of connective tissue 'permeability' 
( 2 ) "  

The results obtained with dye alone show 
that. in both local and systemic applications, 
insulin was without effect on the permeability 
of dermal connective tissue. As compared to 
the colntrol (untreated) rats, insulin was also 
without effect on the activity of ascorbic acid 
andl thiourea, substances producing alterations 
in connective tissue permeability (Tables I 
and1 11). 

An interesting parallelism was earlier ob- 
served between the in vitro oxido-reductive 
depdymerizaltioa of hyaluronic acid (tested 
by the rate of its viscosity reduction) and the 
in vivo alterations of connective tissue per- 
meability. Substances which depolymerized 
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hyaluronic in vitro enhanced skin 'permlea- 
bility' in vivo and compounds which inhibited 
its depolymerization acted also as inhibitors 
of this permeability( 1,2,7,8). 

Thus, the alterations in connective tissue 
permeability appear to be due to changes in 
the degree of polymerization of hyaluronic 
acid, the major component of the ground 
matrix of soft connective tissue. And since the 
ground substance is essentially responsible for 
the extravascular transport of metabolites to 
and from the cells,§ the changes in connective 
tissue permeability are measurements of the 
rate of intercellular movements of biological 
substances. 

Conclusion. The present results with in- 
sulin seem to indicate that the hormone, at  
the doses used in the present work, is without 
local and systemic effect on the intercellular 
transport of metabolites, a t  least if tested by 

the rate of intradermal diffusion of Evans 
blue dye. 
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Factors Influencing the Inotropic Effect of Corticosteroids.* (32049) 

ALLAN M. LEFER 
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Certain corticosteroids exert a positive in- 
otropic effect on isolated cardiac muscle as 
well as in intact animals( 1,2,3). Previous 
work(4,S) has shown that aldosterone does 
not exert a positive inotropic effect in cat 
papillary muscles maintained at  37OC in buf- 
fer containing normal concentrations of cal- 
cium (2 .54 mM), whereas aldosterone in- 
creased contractile force by about 10 to 1 2 %  
when the calcium concentration was reduced 
to 0.63 mM (5:6). Hydrocortisone, (cortisol), 
a glucocorticoid, does not exert significant 
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inotropic effects a t  either calcium concen- 
tration. Preliminary studies revealed that 
hypothermia also enhanced the responsiveness 
of cat papillary muscles to aldosterone( 6).  
The present study was undertaken in order 
to determine whether papillary muscles main- 
tained at  27°C in a low calcium medium 
would show an altered inotropic response to 
corticosteroids other than aldosterone and 
whether alterations of the concentrations of 
other cations could modify the inotropic re- 
sponse to corticosteroids. 

Methods. The isolated cat papillary muscle 
preparation previously described ( 6) was used 
exclusively in this investigation. A modifi- 
cation of Krebs-Henseleit solution previously 
described (6) was used as the bathing medium. 
The solution was gassed with 95% + 5 %  
COa at  a temperature uf 27  t 1°C or of 
37 -4 0.2"C. The pH of this solution is 7.3 


