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Influence of Cortisone upon Acute Inflammation." (19273) 

VIRGIL H. MOUN AND GEORGE A. TERSHAKOVEC. 
From the Department of Pathology, Medical Research Unit, University of Miami and Veterans 

Administration Hospital, Coral Gables, Fla. 

Several workers have reported that the for- 
mation of granulation tissue is inhibited in 
animals treated with cortisone( 1-5). This re- 
sulted in delayed healing of wounds. These 
findings suggested the desirability of deter- 
mining whether cortisone retards the processes 
of acute inflammation. Accordingly a series 
of experiments was planned to secure evidence 
bearing upon this question. 

Thermal injuries were chosen as the sim- 
plest form of uninfected lesions and best 
adapted to the purpose of these experiments. 
Such lesions were made upon the abdominal 
skin of guinea pigs weighing from 350 g to 
400 g. In one series, burns were made by 
applying the mouth of a test tube, 8 mm in 
diameter filled with water at  90' to 9S°C, to 
the skin for 10 seconds. In another series a 
pencil of solidified C02 (dry ice) about 6 mm 
in diameter was applied to the skin for 301 
seconds. Such lesions were made in two 
groups of guinea pigs: one group treated with 
cortone@,t another group serving as controls. 
In  each group, lesions of 24 hours, 6 hours, 
and 1 hour duration were made, after which 
the animals were killed under ether anesthesia 
and sections of the lesions were prepared for 
histologic study. Each of the treated guinea 
pigs received 2 injections of 5 mg cortone 
acetate intramuscularly on the day preceding 
the experiments and 2 such injections on the 
day of experiments. Twelve lesions each of 
24 hours, 6 hours and 1 hour duration, respec- 
tively, were made by heat in cortone-treated 
animals, and the same number in untreated 
controls. Eight lesions of the same durations 
were made by freezing on cortone-treated 
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animals and on 8 untreated controls. A total 
of 60 lesions in cortone-treated animals was 
compared with the same number of lesions 
made in untreated animals under identical 
experimental conditions. 

ResuEts. A prompt inflammatory reaction 
developed in all instances after the application 
of heat or cold. The latter provoked a milder 
reaction. Lesions of 1 hour duration consisted 
of hyperemia, slight edema and accumulation 
of leukocytes in the pre-capillaries, capillaries 
and venules. A few leukocytes were observed 
in the tissue spaces; diapedesis and occasional 
capillary hemorrhages were seen. These feat- 
ures progressed in degree and reached almost 
maximum intensity in 6 hours in the lesions 
made by freezing. There was further pro- 
gression in the injuries made by heat. 

Acute inflammation includes several major 
features, ie., hyperemia, diapedesis of red 
cells, capillary hemorrhages, edema and leuko- 
cytic infiltration, which vary in degree. I t  
seemed appropriate to estimate the degree of 
each feature separately in each lesion exam- 
ined. A marked degree of either feature was 
recorded as 3, a moderate degree as 2, a slight 
degree as 1, and absence of that feature was 
recorded as zero. While such a record of re- 
sults is not mathematically precise, it provides 
a practical means for the required compari- 
sons. Diapedesis and capillary hemorrhages 
were combined as one feature. Table 1 is a 
tabulation of results recorded by this method. 

The sum of the figures in each column in- 
dicates the total degree of each feature in that 
group. By comparison, it is apparent that the 
degree of each item was less in the cortone- 
treated animals than in the untreated controls. 
This difference was greater in diapedesis plus 
hemorrhages and in edema than in the two 
other items. The results indicate also that 
the severity of the inflammatory reaction was 
greater after burns than after freezing, prob- 
ably because the latter caused less severe 
damage to the tissues. 
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TABLE I. Tal.rulatioii of Results. 

Burns : Cortone-treated 
2 3  2 0 1 1  ‘ 7 1 1 2  1 0 1 1  
24 3 3 2 1  3 3 1 3  2 1 0 0  - 3 8 3 3 1 1  3 2 1 1  2 0 0 1  
2 9  3 3 1 0  2 2 1 2  2 1 1 0  
3.5 2 1 2 1  3 1 0 1  3 0 1 0  
38 4 3 2 2  2 1 ’ 3 2  2 0 1 1  
:<$I 2 2 1 2  2 1 2 2  l I ) 1 1  
42 3 3 1 1  3 1 1 2  7 1 1 1  
.71 2 0 0 1  2 ‘ 7 ’ 1  2 0 1 1  
.iz 2 1 1 1  2 2 2 2  2 1 1 1  
.53 1 0 3 3  2 1 2 2  1 1 1 0  
. ) I  2 0 3 1  l ( 1 3 1  2 1 3 1  

Total 28 19 18 13 ‘77 18 18 ‘71 22 6 1 2  8 
Burns : 1-iitreated contruls 

14 3 2 9 1  ‘ 2 3 5  2 1 2 0  
1.7 . ’ “ 2 3  - -  2 1 3 3  “ 1 0  
I t ;  2 1 ” ”  3 3 ’ 7 ”  “ ‘ 3 2 2  
2.7 3 3 3 2  3 3 1 2  2 1 2 0  
:34; 3 3 3 2  3 3 3 2  2 2 2 0  
. ) I  3 3 3 2  3 3 2 2  2 1 2 1  
411 3 3 3 2  3 3 3 2  2 1 2 0  
41  3 3 2 2  2 2 2 3  2 1 2 1  
-7-1. 2 2 3 3 1  3 2 3 3  3 2 2 2  
.).) 2 1 3 2  7 2 3 3  3 2 3 1  
.S[j ’ 2 3 2  3 3 3 3  2 1 3 1  
.78 3 3 3 2  3 2 3 2  2 2 3 2  

Total 32 28 32 22 32 29 32 78 26 17 26 10 
Freezing : C‘ortone-treated 

2 0  1 0 1 1  2 0 1 1  1 ? 0 0 0  
’1 i n 1 2  o o 1 , 0  u O O 0  
’71: ’ l ] i ! 2  n n I , o  u o 0 0  
2 ;  2 n 3 2  0 0 1 2  0 0 0 0  
31) 1 0 1 1 0 0 2 2 0 0 1 0 
:-I1 I l I l 1 1  1 0 2 2  u o 1 1  
;3.; ” 1 3  2 1 3 2  2 0 3 1  
42 1 0 2 2  1 0 3 3  1 0 1 1  

Freezing : T’iitreattd controls 
19 1 0 2 8  1 u 3 3  1 0 1 0  
’7” 1 1 2 3  3 0 3 3  1 0 3 3  
32 1 1 3 3  2 0 3 3  1 0 2 2  
33 1 0 3 3  8 0 3 3  2 0 2 1  
36 2 1 2 3  3 1 3 3  2 0 2 1  
3 ;  3 3 3 3  2 0 3 3  2 0 2 1  
72 2 1 1 1 3  2 1 1 1 2  1 0 1 1  
7 3  1 0 1 1  1 0 2 1  1 1 2 1  

- -  

*, - 

- -  

Tot:ll 10 7 1 2  14 6 1 11 1 2  3 0 5 3 

Total 1 2  7 1 7  1 9  1.5 7 1 9  21 11 1 15 10 

Physiologists have shown (6) that adrenal 
cortical steroids reduce capillary permeability 
or? in other words, they increase capillary re- 
sistance; hence it follows that under the in- 
fluence of cortisone the passage of fluids from 
the blood into the tissues would be reduced, 
thus reducing the degree of edema. The same 

principle applies to diapedesis and capillary 
hemorrhages, assuming that capillary resist- 
ance is increased under the influence of corti- 
sone. Benditt, et  al.( 7)  found that cortisone 
decreased the permeability of capillaries and 
lessened the spreading reaction which results 
from hyaluronidase. ‘On the other hand, 
Menkin (8) reported that cortisone acetate in- 
jected intradermally caused an increase in 
capillary permeability. However, he inti- 
mated that this might be due to some sub- 
stance present in the vehicle rather than to the 
cortisone itself. Michael and Whorton (9) re- 
corded that the leukocytic infiltration, the 
formation of fibrin and the development of 
edema were strikingly altered in the early 
phases of acute inflammation in animals 
treated with cortisone. Robson and Duthie 
(10) cited the findings of other workers indi- 
cating that increased capillary resistance ac- 
companies the “alarm reaction” in which cor- 
tical hormones are important factors. These 
observations were made following stress of 
various origins including heat, cold, ultra- 
violet light, x-radiation, nitrogen mustard, 
histamine, protein shock, insulin shock and 
others. These authors tested capillary re- 
sistance by applying a vacuum cup to an area 
of skin and determining the degree of negative 
pressure necessary to cause capillary hemor- 
rhages in the skin. In  cases of rh’eumatoid 
arthritis, spondylitis, lupus erythematosis and 
thrombocytopenic purpura under treatment 
with ,\CTH, they found that a definite in- 
crease in capillary resistance had occurred. 

In  view of these observations i t  is not 
strange that diapedesis, hemorrhages and 
edema after thermal injuries, were less in 
degree in animals which had received corti- 
sone than in the controls. Increased capillary 
resistance may be a factor also in the degree 
of hyperemia resulting from tissue damage. 
The minute vessels may maintain their tonus 
and not dilate so readily or so extensively as 
under normal conditions. Furthermore, the 
walls of these minute vessels may offer more 
hindrance to the outward migration of leuko- 
cytes than would endothelium whose permea- 
bility had been increased. We noted fre- 
quently that leukocytes had congregated in 
large numbers within the lumina of the capil- 
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larks and venules, but relatively few had in- 
filtrated the adjacent tissues. 

Summary. (1) The inflammatory reactions 
resulting from thermal injuries were com- 
pared in cortisone-treated animals with those 
in untreated controls. ( 2 )  Diapedesis, capil- 
lary hemorrhages and edema were quantita- 
tively much less in the cortisone-treated ani- 
mals. Hyperemia and leukocytic infiltration 
also were less in degree but the difference in 
these items was not so marked as in diapedesis, 
hemorrhages and edema. (3) There is accepta- 
ble evidence that the corticoid hormones in- 
crease the resistance of capillary walls. The 
authors believe that this effect reduces the 
degree of each of the features in the inflarn- 
matory reaction. 

1. Plotz, C. M., et al., Surgery, 1950, v28, 1 7 7 ;  

2. Baker, B. L. and Whitaker, W. L., Endocri- 

3 .  Spain, D. M., Molomut, N. and Haber, A., 

4, Howes, E. L., et al., Surgery, 1950, v28, 177. 
5. McManus, J. F. A., et al., Fed. Proc., 1951, 

v10, 364. 
6. Best, C. H., and Taylor, N. B. The Physio- 

logic Basis for Medical Practice, Baltimore, Williams 
and Wilkins Co., ed. 5 ,  19501, p313. 

7. Benditt, E. P., et al., PROC. SOC. Em. BIOL. AND 

MED., 19501, v75, 782. 
8. Menkin, V., Am. J .  Physiol., 1951, v164, 294. 
9. Michael, M., Jr., antd Whorton, C. M., PROC. 

10. Robmn, H. N. and Duthie, J. J. R., Brit. Med.  

Arch. Derm. avcd Syph., 1950, v61, 919. 

nology, 1950, v46, 544. 

Am. J .  Path., 1950, v26, 710. 

Soc. EXP. BIOL. AND MED., 1951, v76, 754. 

J., 1950, v2, 971. 

Received November 18, 1951. P.S.E.B.M., 1952, v79. 

A Phenomenon of Topical Protection Against Hyperergic Inflammation 
by a Preceding Local Inflammation. (19274) 

RUDOLF HOENE, PIERRE LABB~,  AND HANS SELYE. 
From the Institut de Mkdecine et de Chirurgie Expkrirnentales, Universit2 de Montreal, Canada. 

The decrease in reactivity of living organ- 
isms in the course of repeated, non-physio- 
logical irritations or drug administration is a 
natural law of wide importance. One form of 
this is well known by the name of “tachy- 
phylaxis.” Following a similar principle, an 
anaphylactic reaction can be avoided by pre- 
treatment of the sensitized animals with a 
small dose of antigen, whereaf ter the animals 
will ttolerate a multiple of the lethal dose of 
antigen (“anti-anaphylaxis” ) . This phenom- 
enon is mainly based on the exhaustion of 
specific antibodies in the tissues of the shock 
organs ( 1 ) , and seems to be involved in desen- 
sitization. Furthermore, we know that pro- 
tein therapy, which in itself has inflammatory 
properties, can also exhibit antiphlogistic ef- 
fects-this being due to an endogenous dis- 
charge of gluco-corticoids through the mech- 
anism of the “alarm-reaction”( 2,3) and a 
consequent reduction of the “inflammatory 
potential” (4). I n  addition, the phenomenon 
of local immunity(5) has been shown by 

various investigators after a preceding nonspe- 
cific local inflammation. Thus, the spreading 
of topically injected virulent bacteria could 
TABLE I. Topieal Protection by a Preceding In- 
flammation Again& Hyperergic Readion. Six ani- 

1st in$, 2nd in$, Mean inhibition of 
.2 ml, 24 hr later, inflammation in 

Groups subcut. intraper. left  hind paw, 70 

mals in each series. 

I a D (1:37.5) E .5ml 97.2 & 2.8 

b D (1:37.5) D 1  ml 69.7 & 2.8 

I1 a E ( 1 : 5 )  E .5ml 96.4 & 1.6 

( 1  : 2.25) 

( 1  : 37.5) 

(1 : 2.25) 

( 1  : 37.5) 

(1 : 2.25) 

( 1  : 37.5) 

TRU) (1 : 37.5) 

b E (1:5) D 1  ml 100 2 0 

IIIa P (3%)  E .5ml 34.8 & 6.3 

b P (3%) D 1  ml 70.6 -e 9 

IV H (100 D 1  ml 68.8 & 9 

D = Dextran, E = Egg-white, P = Psptone, 
H = Hyaluronidase. 


