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Effect on Joint Permeability of Adrenal Cortex Extract," ACTH, Cortisone 
Hydroxy-phenyl Cinchoninic Acid and Hyaluronidase. (19535) 

JOHN HIDALGO, C. DEAN MCCLURE, JAMES B. HENDERSON, RICHARD W. WHITEHEAD, 
AND CHARLEY J. SMYTH. 

From the Depurtments of Physiology and Pharmacology and of Medicine, School of Medicine, 
University of Colmado, Denver. 

Recent experimental and clinical studies 
have indicated a functional relationship be- 
tween the mesenchymal tissues, the anterior 
pituitary gland and the adrenal cortex. The 
sequence of events in this relationship indi- 
cates that under clonditions of stress, aug- 
mented adrenocorticotropic hormone ( ACTH) 
production stimulates the adrenal cortex to 
release corticoid hormones. The corticoid 
hormones influence, in some way, the integrity 
of the connective tissues or ground substance. 
However, the changes in function and struc- 
ture of the mesenchymal tissues which occur 
under the influence of these hormones are still 
not completely understood. I t  has been postu- 
lated tha't 'the mechanism of action of ACTH 
and cortisone is related in part to inhibition of 
the enzyme hyaluronidase and to a resulting 
decrease of membrane permeability ( 1-4). 
Furthermore, i t  has been hypothesized that 
the above mentioned hormones may exert their 
beneficial effects in the collagen diseases in 
part at  least through this action on permea- 
bility( 5,6) .  

In  an attempt to determine whether joint 
permeability of rabbits is altered by injection 
of these hormones and related substances, a 

*We are indebted to Dr. David Klein, Wilson 
Laboratories, Chicago, for the cortical adrenal ex- 
tract. 

method was used which is similar to that re- 
ported by Seifter et a L ( 4 ) .  It consists of 
injecting phen801sulfonephthalein solution 
(PSP) into the knee joint of a rabbit under 
nembutal anesthesia and determining the rate 
of its excretion in the urine. The following 
procedure was carried out: 

The bladder of the anesthetized rabbit was 
washed with fresh 10 cc portions of tap water 
until the sample withdrawn was clear. After 
waiting 10 minutes the bladder was washed 
again; a 1\01 cc portion of water was then 
introduced and withdrawn from the bladder 
to be used as the blank specimen in the 
photocolorimetric determination of PSP. 
Twenty-five hundredths cc (1500 pg) of PSP 
was then injected into the knee joint of the 
rabbit. Care was taken to ensure that the 
PSP was injected into the joint cavity and 
that hemorrhage and undue trauma were not 
produced. After 5 minutes the bladder was 
washed and a sample taken in the described 
manner. Similar samples were obtained at 
1 O-minute intervals throughout the remainder 
of the experiment, which lasted 135 minutes. 
The time of appearance of PSP in the urine 
was noted, and the concentration of dye 
measured in each sample, using a Lumetron 
photoelectric colorimeter. After the above 
control studies were performed separate series 
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TABLE I. Route and Time of Adm.iiiistratioii. Suiiiber and  Total Dose of Substaiices Vsed. 
~ ~~~ ~~~ ~~~~~~ 

Animal Time of admin. No. of 
Drug S O .  Route hefore dye, hr doses Total close 

Cortisone 

A C  b: 

I l P C  

ACTH 

Hyaluroiii- 
du St' 

-4C'TH + 1 1 ~ -  

aluroiiidasc 

1 1 
18,12,1 3 > 

l 9 , l  
44, 2.5, li ,  2 4 
1.3 1 
4, 2 .7 
. i 5  1 
1.3, 1 2 
2 4 , 2  2 
24, 2 I 7 

24, 2 - 1 

1 2 , l  2 
48,24 ,  12) 1 4 
30, 1 8 , 1 2 , 6  4 
30, 18, 1.7, 6 4 
TYith PSJ' 1 

1 
1 
.5 
> 
) 

a 

., 3 ,  

- 7  9 9  

24,t 18, 13, i, 1 
2.T, 19,  13, i ,  1 
2 3 ,  19, 13, i ,  1 
2.5, 19, 13, 7 ,  1 

+ TRT' Turliidity reducing units. 
t A( 'TH injection times; hyaluloniclase was gircii wit11 PSI'. 

of experiments were conducted to determine 
the influence of hyaluronidase, of ACE 
(Adrenal cortical extract, prepared by Wilson 
Laboratories), of 1 l-dehydro-17-hydroxy- 
corticosterone (Cortone .Acetate, Merck) of 
adrenocorticotropic hormone ( ACTH, Arm- 
our) and of 2 hydroxy-phenyl cinchoninic acid 
(HPC)(7,8) upon the permeability of the 
rabbit's synovial membrane to PSP, as re- 
vealed by the rate of excretion of this sub- 
stance in the urine after injection into the 
knee joint. Cortisone, ACE, and ACTH were 
given intramuscularly, intraperitoneally, or 
intravenously a t  varying intervals before the 
dye was injected. Because of its insolubility 
in water, HPC (Lilly) was administered in a 
suspension by stomach tube before PSP was 
given. Hyaluronidase was injected directly 
into the knee joint. The substances were ad- 
ministered in the dosage and a t  the intervals 
shown in Table I .  

Results. The results are shown graphically 
in Fig. 1-5. The mean values for PSP excre- 
tion by control animals are labeled on all the 
graphs. In  all 10 control rabbits, the dye 
appeared within 5 minutes and reached a 
maximum concentration in either the 25th or 

35th minute sample. The 135th minute sam- 
ples contained an average of 18 y ( p g )  of PSP. 
The average of the total dose excreted by the 
controls in the 135 minutes was 65% with a 
range lof 57  to 7 7 %  (Fig. 1 ) .  -Although the 
standard error (SE) has little statistical sig- 
nificance when computed on such a small 
series of animals, the t 2  SE is used here to 
indicate the scatter of the control values. 

The mean rate of PSP excretion in the 
cortisone-treated group is indicated in Fig. 1. 
The mean total excretion of PSP in this series 
was 65% with a range of 61-72%. It will be 
observed that the mean total excretion by 
these animals was influenced little, if a t  all, 
by the administration of cortisone. 

Whitehead and Darley(9) had obtained 
suggestive clinical results in a series of 8 cases 
of rheumatoid arthritis, with an extract of 
adrenal cortex prepared by the method of 
Swingle and Pfiffner ( 10). Accordingly, we 
studied the effect of ACE prepared by their 
method on the permeability of the knee joint 
to PSP. The adrenal cortex extract used in 
this series of experiments was prepared for us 
by Dr. David Klein, of Wilson Laboratories, 
Chicago, and was adjusted in strength so that 
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1 cc of extract was equivalent to 30 g of beef 
adrenal. We are greatly indebted to Dr. 
Klein for providing this product. The average 
excretion of PSP in the 4 animals treated with 
-4CE is indicated in Fig. 2. The mean total 
PSP excretion was 62y0 with a range of from 
59 to 68%. These results, Itherefore, provide 
little evidence that ACE had any influence on 
the permeability of the joint membrane and/or 
the kidney to PSP. 

The influence of ACTH on the excretion of 
PSP is shown in Fig. 3. The mean total ex- 
cretion was 54% with a range of from 45 to 
617%. Of all the substances used in these 
experiments only ACTH may have had a 
slight depressant effect upon either joint or 
kidney permeability, 

The results of the administration of HPC 
100 mg/kg administered orally 24 and 2 hours 
prior to the PSP injection are shown in Fig. 4. 
The mean total excretion of PSP was 61%; 
range 57-64%. 

Each of 3 rabbits was given 100 turbidity 
reducing units (TRU) of hyaluronidase 
(,\lidase, Searle) dissolved in the 0.25 cc of 
PSP. This mixture was injected into the 
synovial capsule of the knee joint. The re- 
sults of this experiment are illustrated in 
Fig. 5 .  The total excretion of PSP averaged 
85%: range, 82436% : this was a marked in- 
crease over control values. ,4pparently there 
is a latent period of approximately 25 minutes 
before the enzyme becomes effective, since the 
initial portions of the PSP excretion curves of 
the control and enzyme treated animals are 
practically superimposable for that period. 

The effect of the combined administration 
of hyaluronidase and ACTH on the excretion 
of PSP is shown in Fig. 5. The ACTH was 
given intraperitoneally in the dose and at  the 
intervals shown in Table I. The average ex- 
cretion of PSP was 71% (range 69-74%). In 
these experiments -4CTH appeared to counter- 
act the effect of hyalurcmidase upon the rate 
of excretion of PSP. 
Discussion. The results secured in the 

present work indicate that normal joint per- 
meability as determined by the PSP test is 
not decreased appreciably by adrenal cortex 
extract, cortisone acetate, ACTTI, or HPPC. 

The results obtained are confirmatory of 
those reported by several other investigators 
(2,11,15) using different technics. I t  seems 
possible to say unequivocally that adrenal 
cortex extract, ACTH or cortisone do not alter 
the permeability of the normal joint membrane 
or any other tissue that has been tested. On 
the contrary when permeability has been in- 
creased by hyaluronidase administration (3,4) 
or by inflammation(l1) then the ll-loxy- 
steroid hormones and ACTH tend to reduce 
the permeability toward the normal. 

Whether permeability of the joint mem- 
brane to PSP reflects in any accurate fashion 
the normal state of this 'tissue is of course 
open to question. That ACTH or cortisone 
do not alter the permeability of the kidney to 
PSP has been determined 'by Paul et al. (12). 

The possibility that a reduction in permea- 
bility is an important common denominator 
in the anti-inflammatory action exercised by 
cortisone and indirectly by AGTH has been 
emphasized by several writers( 13-15). Moon 
et at?. ( 14) observed that diapedesis, capillary 
hemorrhage, edema, hyperemia, and leucocytic 
infiltration induced by thermal injury were 
much less marked in cortisone treated animals. 
The resistance of the capillary walls is known 
to be increased by cortisone, and this may be 
a common factor in the reduction of each of 
the features in the inflammatory reaction. 
Whether the effect of these hormones is pri- 
marily on permeability or whether other fac- 
tors are also prominently concerned in the 
anti-inflammatory action still remains un- 
determined. 
Summary and conclusions. 1. Permeability 

studies were conducted on rabbits by injection 
of PSP into (the joint and recovery of the dye 
from the urine. 2. Cortisone, ACTH, adrenal 
cortex extract and hydroxyphenylcinchoninic 
acid (HPC) given to normal rabbits failed to 
cause any significant alteration of synavial 
permeability. 3. ACTH given parenterally ex- 
hibited a significant antihyaluronidase effect. 
4. We agree that the permeability of the joint 
membrane to PSP is not necessarily a measure 
of its permeability to normal body substances. 
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Amino Acids of Turnip Yellow Mosaic Virus.*t (19536) 

EUGENE ROBERTS AND G. B. RAMASARMA.~ 
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S t .  Louis, Mo. 

A study has been undertaken in our labora- 
tory of the adsorptive properties of the re- 
cently described crystalline turnip yellow 
mosaic virus (1) and of the nucleic acid de- 
rived therefrom. A complete analysis of the 
nucleic acid moiety of the virus has been pub- 
lished ( 2  ). The present communication con- 
tains the analysis of the protein prepared from 
the virus. 

Experimental. The protein was liberated 
from the virus by treatment with 35% ethanol 
a t  room temperature a t  a neutral pH(1). 
The precipitated protein was washed free of 
nucleic acid. Suitable quantities of the pro- 

*The production of the virus was made possible 
by a grant from the Charles F. Kettering Founda- 
tion. The work was aided by a research grant from 
the Xational Cancer Institute, National Institutes of 
Health, United States Public Health Service. 

t The authors are indebted to Dr. Kenneth M. 
Smith of the Agricultural Research Council Plant 
Virus Research Unit, Molten0 Institute, University 
of Cambridge, England, for making the virus prepa- 
ration available to them and to Dr. Roy Markham 
of the =me institution for helpful suggestions. 

Permanent address, Raptakos 
Brett and Co., Bombay, India. 

$ Eli Lilly Fellow. 

tein were hydrolyzed 'and analyzed for amino 
acids by microbiological and paper chromato- 
graphic procedures which have been described 
in detail in a previous communication(3). 

Results. Chromatographic findings. A 
typical 2-dimensional chromatogram prepared 
from a volume of acid hydrolysate correspond- 
ing to 1 mg of the original protein is shown 
in Fig. 1. Eighteen ninhydrin-reactive sub- 
stances were detected. In  addition to the 
usually occurring amino acids small amounts 
of constituents which have been tentatively 
identified as glucosamine (spot 2 ) ,  a-amino- 
n-butyric acid (spot 6), and y-aminobutyric 
acid (spot 1 1 )  were also observed. It is not 
certain whether the latter 3 substances are 
present as impurities or are actually constitu- 
ents of the virus protein. Tryptophan was not 
detected because of destruction during acid 
hydrolysis, and the phenylalanine spot was 
obscured by the large spot produced by the 
leucines. The most noteworthy finding on 
the chromatograms were the large quantities 
of proline, serine, and threonine. The propor- 
tion of threonine was greater than that found 
in any protein previously examined in our 




