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Et has previously been reported1 that hy- 
aluronidase reversibly accelerated osmosis and 
abolished the semipeymeable nature of mem- 
branes prepared from the excised urinary blad- 
der of rabbits. Skeletal and cardiac muscle 
membranes were not affected. Adrenal corti- 
cal extract and estrone diminished permea- 
bility of bladder membranes and antagonized 
the effect of hyaluronidase. Desoxycorticos- 
terone acetate enhanced the action of hyalur- 
onidase. 
The effect of hyalurunidase and steroids on 

membranes in vivo has not been studied 
heretofore. For this purpose we selected the 
synovial membrane of rabbits and humans. 
The synovial membrane and synovial fluid 
contain hyaluronic acid and are altered in 
arth-ritis.2 The alteration has been attributed 
to a specific effect on the hyaluronic acid by 

1 Seifter, J., Baeder, D. H., and Dervinie, A., 
€'ROC. Soc. En. BIOL. AND MED., 1949, 72, 136. 

ZMeyer, K., PhysioE. Rev., 1947, 3s7, 335. 

hyaluronidases2 and a structural change in 
the joint brought. about lby desoxycorticos- 
terune intoxication as a disease of adaptation! 
Arthritis has been treated successfully by the 
administration of Compound E or of adreno- 
corticotrophic hormone, which presumabIy re- 
leases this compound from the adrenal cortex? 
I t  was therefore of interest to determine 
whether hyaluronidase and desoxycorticos- 
terone weaken the normal synovial barrier by 
increasing its permealbility and whether other 
adrenal steroids, either administered by in# 
jection or released endogenously by the alarm 
reaction, would strengthen the barrier and 
antagonize the effects of hyalurunidase. 
The experiments on rabbits are reported in 

this paper. The data obtained on humans 
under the influence of various drugs and 

3Selye, H., J. CEin. Enctocrin., 1946, 8, 117. 
4Hench, P. S., Kendall, E. C., .5locumb, C. H., 

and Polley, H. F., PTOC. Staff Meet., Mayo Clinic,, 
1949, 24, 181. 
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diseases will be reported in a subsequent paper. 
by Fitch, D.R., Corn, O., Jallo, Jr., S. J., and 
Seifter, J. 

Material and methods. Sixteen male white 
rabbits weighing between 3.5 and 5.0 kg 
were prepared for this study by a modification 
of the method reported by Curtis and Brun- 
schwig for studying th6e human knee joint.5 
Each animal was anesthetized with 40 mg 
sodium pentobarbital per kg intraperitoneally, 
then placed on its dorsal surface and the 
inner aspect of each right hind leg was shaved 
a t  the talocrural articulation. A soft rubber 
catheter was inserted through the urethra into 
the bladder and retained there for the dura- 
stion of the experiment. A sample of urine was 
removed immediately to show that no dye was 
present in the urine at  the beginning of the 
experiment. Then by inserting a 26 gauge 
one-inch needle from the inner aspect of the 
ankle, 1.2 5 mg phenolsulphonphthalein (PSP) 
in 0.25 ml of 0.85% h'aC1 solution was in- 
jected into the cavity of the talocrural articu- 
lation. After insertion of the needle the 
syringe was aspirated to insure the presence 
of the needle in the joint cavity without hav- 
ing caused trauma and to check against the 
rupture of any small blood vessels. The joint 
was kept extendced at all times throughout the 
experiment. Every 5 minutes after injection 
the urine was tested for the presence of dye. 
-At its first appearance and every 15 minutes 
thereafter the amount of dye in 5 ml urine 
was measured in a Klett colorimeter by the 
method of Dandy and Rowntree.6 If its dis- 
appearance from the urine was rapid, measure- 
ments were taken more often. The bladder 
was emptied after each sample of urine was 
withdrawn for a reading. All animals were 
standardized in the manner just described 
from one to 15 days before any other com- 
pound was administered. All instillations 
were made into the right hind talocrural artic- 
ulation. The maximum number of tests in 
each rabbit was 5 .  

The doses and channel of administration 

5 Curtis, G. M., and Brunschwig, A., PROC. SOC. 

6 Dandy, W. E., and Rowntree, L. G., Ann. Surg., 
EXP. BIOL. m~ MED., 1930, 27, 358. 

1914, 59; 587. 

of each compound used are listed in Table I. 
Compounds injected directly into the joint 
cavity were administered along with the dye. 
All intramuscular and intravenous injectiuns 
were made 30 to 90 minutes before PSP or 
hyaluronidase was instilled into the joint 
cavity. The hyaluronidase used was prepared 
from bull testes and assayed 8W turbidity 
reducing units per mg of nitrogen. The urin- 
ary spreading factor was isolated in our 
laboratory from normal urine and has been 
shown not to be hyaluronidase. Ten mg of 
the urinary spreading factor had the same ac- 
tivity as 150  turbidity reducing units of hy- 
aluronidase in causing the spread of dye in 
the skin of rabbits. Colchicine was adminis- 
ter& as the alarming stimulus to 2 rabbits in 
order to cause endogenvus release of adrenal 
corticoids. 

ResuZts. The effects of hyaluronidase and 
steroids on the permeability of the synovial 
membrane are shown in Table I. Dye first 
appeared in the urine of the control animals on 
an average of 14 minutes after instillation of 
PSP into the synovial cavity. The urinary 
concentration of dye a t  this time was 49 y 
per ml. The peak concentration was reached 
within 3 0  minutes with an average of 126 y 
per ml. Excretion was complete on an average 
of 40 minutes, a t  which time the concentra- 
tion was 3 y per ml. The ranges of variation 
for the time of initial appearance and for the 
initial concentration were surprisingly small. 
The time to reach the peak, the concentration 
at  30 minutes, and: the duration of excretion 
showed similar constancy. 

1.  Effect of hyaluronidase and of urittary 
spreading factor. Instillation of 150  turbid- 
ity reducing units of hyaluronidase and PSP 
into the joint resulted in more rapid absorp- 
tion and elimination of the dye. The first 
appearance of dye was in 9 minutes, with a 
urinary concentration of 119 y per ml, which 
was the peak. The duration of excretion was 
20 minutes. Intravenous injection of 120,000 
turbidity reducing units of hyaluronidase per 
kg of body weight caused the dye to first 
appear in athe urine in 8 minutes at a concen- 
tration of 110 y per ml, which was the peak. 
Excretion was completed in 25 minutes. In- 
travenous injection of 12,000 turbidity reduc- 
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ing units of hyaluronidase per kg resulted in 
no significant change from the normal excre- 
tion pattern. 

Instillation of urinary spreading factor in 
an amount equal to the spreading activity of 
150 turbidity reducing units of hyaluronidase 
did not alter the normal excretion pattern. 

2. Eflect of adrenal cortical extract (ACE). 
Instillation of one unit of -4CE into the joint 
or intramuscular injection of 100 units de- 
layed the initial appearance of dye in the 
urine to 23 minutes at  a concentration of 30 to 
40 y per mLl. The peak of 49 to 68 7 per ml 
was attained within 30 minutes. Excretion 
was prolonged so that the concentration a t  60 
minutes was 49 y per ml and 2 1  y in 130 
minutes. Instillation of 150 turbidity reduc- 
ing units of hyaluronidase into the joint of 
ACE treated rabbits did not significantly alter 
the excretion pattern obtained with either 
channel of administration of ACE. 

3. affect of desoxycorticosterone acetate 
(DOCA) . Intramuscular injection of DOCA 
decreased the time for initial appearance of 
dye in the urine to 10 minutes at a concentra- 
tion of 112 gammas per ml, which was also 
the peak. Excretion was comp1,eted in 19 to 
20 minutes. Instillation of 150 turbidity re- 
ducing units of hyaluronidase into the synovial 
cavity 0 of DOCA treated rabbits did not 
further hastten absorption and excretion. 

4. Effect of alarm reaction. PSP was not 
absorbed from the synovial cavity of rabbits 
in colchicine alarm reaction, and all the dye 
could be recovered from the synovial cavity 
more than two hours after its instillation. 

5. Effect of adredec tomy .  The pattern of 
excretion begun 3 0  minutes after adrenalecto- 
my was essentially the same as in the intact 
controls. Hyaluronidase had no greater ef- 
fect in such an adrenalectomized rabbit than 
in intact rabbits. 

6. Effect of estrone. Dye first appeared in 
the urine of estrolne trezted rabbits in 15 
minutes at a concentration of 69 gammas per 
ml,, which was the peak. The duration of ex- 
cretion was prolonged to 243 minutes. Instil- 
lation of 150 turbidity reducing units of 
hyaluronidase into the joint of estrune t ra ted  
rabbits did not significantly alter this pattern. 

Discussion. The surprising uniformity of 

rate of absorption from the joints of normal 
rabbits and the constant effect of hyaluroni- 
dase lends great weight to the results obtained 
when small groups of animals were subjected 
to the other experimental procedures under 
test and when small changes were obtained. 
The more rapid absorption of PSP from the 
joint of rabbits receiving hyaluronidase is un- 
doubtedly due to increased permeability of the 
synovial membrane, Presumably this is a 
specific effect on the hyaluronic acid of this 
membrane since B non-hyaluronidcm spread- 
ing factor did not alter its permeability. The 
large amount of hyaluronidase that was needed 
by intravenous injection to produce the same 
effect as a small amount applied locally is 
accounted for by the presence of hyalumni- 
dase inhibitors in the blood. 

The delayed and prolonged absorption of 
PSP from the joint of rabbits receiving adren- 
al cortical extract is undoubtedly due to de- 
creased permeability of the synovial mem- 
brane. ACE probably altered the state of 
polymerization of the hyaluronic acid of the 
membrane since hyaluronidase was no longer 
effective in increasing its permeability in ACE 
treated animals. Inhibition of hyaluronidase 
activity by ACE has been observed in skin7 
and isolated membranes1 Estrone treatment 
also prolonged but did not significantly delay 
the onset of absorption of PSP. Since 
hyaluronidase did not increase the pwrnea- 
bility of thte synovial membrane in the estrune 
treated rabbits, it is assumed that estrune also 
altered the hyaluronic acid of the membrane. 
Increased resistance to hyaluronidase by es- 
trone has been observed in skins and isolated 
membranes.l 

The synovial membrane was more permea- 
ble to PSP during DOCA treatment than in 
the control period. The effeet was identical 
with that produced iby hyaluronidase. It was 
maximal and could not be augmented by the 
instillation of hyaluronidase into the joint. 
It is significant Athat the total adrend steroids 
had the opposite effect of one of them. The 

7 Opsahl, J., White, A., and Duran-Reynals, F., 

SSprunt, D. H., and McDearman, S., Endocrim- 
Ann. N .  P. A d .  Sd., in press. 

ology, 1940, 27, 893. 
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state of permeability of synovial membranes 
could be governed by the balance between 
DWA and some other adrenal steroid. A 
similar opposition of effect was noted in iso- 
lated m;eTabjTamsl and in human hyper- 
tensives! Furthermore, DOCA aggravates 
rheumatoid ar&itis,l0 while Compund E 
alleviates this disease.4 

The synovid membrane of rabbits in the 
alarm reaction phase of the adaptation syn- 
drome was completely impermeable to PSP. 
The dye could be recovered from the joint 
more than 2 hours after its instillation. Iso- 
lated urinary bladder membranes prepared 
from rabbits in the alarm reaction are imper- 
meable to the passage of fluid when used to 
separate M/1 suam from distilled water, 
while such bladders prepred frum normal 
rabbits act as semipemmble membranes un- 
der the same c0nditions.l Such semiperma- 
ble mmbranes become impermeable to the 
further passage of fluid if serum from a rabbit 
in the alarm reaction is added to them.l 

Adrenal steroids are released during the 
adaptation syndrome in response to physical, 
chemical, and psychic stresws. A protective 
role is attributed to these in the alarm reaction 
~tage.'~Jl Their role during the stage of 
adaptation is not clear, but the diseases that 
are thought to arise during this stage are 
attributed to DOCA intoxications. It might 
well !be that protective steroids possibly of 
the Compound E type are predominant during 
the alarm reaction phase and that possibly 
DOCA types dominate the adaptation phase. 
Alleviation of adaptation disease could then 
be obtained by administration of Cornpod 
E types or )by the administration of adreno- 
corticotrophic hormone. It is of interest in 
this respect that DOCA does not affect the 
blood pressure of normotmsive individuals 
but aggravates hypertension, which is con- 
sidered to lbe a disease of adaptation: and 
that the aggravation is nullified by ACE. 
The synovial membrane permeability was 
DPerera, G. A.., and Pines, K. L., P m  SOC. 

En. Bxolr, AND b., 1949, 71, 443. 
10 Degennes, L., Mahondeau, D., and Bricaire, 

H., Bull. 8m. Ned. Hosp. Par%, 1947,83, 532. 
11 Lone, C. N. H.. Fed. Prm... 1947. 6. 461. 

not altered shortly after adrenalectomy, nor 
was the response to hyaluronidase abnormal. 
Depletion of adrend steroids could not have 
occurred in this short period. Changes in 
permeability will probably be seen in the 
animds under study at various intervals after 
adredec tomy. 

The findings reported in this paper may be 
of particular signilicance in considering the 
pathogenesis and treatment of rheumatoid 
arthritis. This disease appears to be a de- 
ficiency in the function of hyaluronic acid of 
the synoviae. We have demonstrated that 
similar abnormal function of lowered resis- 
tance and increased permeability can be 
induced by either hyaluronidlase or DOC& 
both of which could permit exudatiun into 
joints. The etiology of rheumatoid arthritis 
has !been attributed to hyaluronidases attack- 
ing the synovid structures2 and to what may 
be DOCA intoxication due to various stresses! 
We have furthermore s h m  that the effect of 
hyaluronidase is antagonized by ACE and 
endogenously released Idrend steroids by in- 
creasing the resistance of the synovid barrier. 
We have also demonstrated that DWA acts 
in opposition to the other steroids present in 
ACE. These findings are to be cunsidered in 
explaining the mechanism of the beneficial 
effect of Compound E, adrenocorticotmphic 
hormone, and possibly colchicine and salicy- 
lates in the treatment of rheumatoid arthritis 
and rheumatic fever.l%ls 

Summary and cortc2u.sioucls. 1. The perma- 
Mity of the synovial membrane as measured 
by sped of absorption and excretion into the 
urine of phenolsulphonphthalein (PSP) in- 
stilled into the joint was found to be surpris- 
ingly constant in a group of 16 normal rabbits. 

2. Hyaluronidase markedly increased per- 
meability of the synovial membrane. The ef- 
fect was maximal and was not augmented 
!by dewxytortimsterone acetate (DOCA) . 

3. Adrenal cortical extract decreased per- 
meability of athe synovial membrane and an- 
~~ ~ 

=Forman, C., Seifter, J., and Ehrich, W. E., 
J.  AtZergy, 1949, m, 273. 

ISHench, P. S., Slocnmb, C. H., Barnes, A. R., 
Smith, H. L., Polley, H. F., asd Kendall, E. C., 
Proa Btaff Meet.. Mtwo CMic. 1949. a4. 277. 
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tagonized the effect of hyaluronidase. This 
effect of adrenal steroids was more pronounced 
when they were released endogenously by the 
alarm reaction. Estrone also decreased the 
permeability of synovial membrane. 

4. Desoxycorticosterone increased maximal- 
ly the permeability of synovial membrane to 
the same extent as hyaluronidase and could 
not be augmented by hyaluronidase. 

5. I t  is suggested that the normal perrnea- 
bility of the synovial membrane is in part 
controlled by the balance between adrenal 
steroids of the DOC-\ type and of the Com- 
pound E type. 

6. These findings are consistent with cur- 
rent views of the etiology of rheumatoid arth- 
ritis either by hyaluronidases or from exposure 
to stressing stimuli. They are also consistent 
with the therapeutic effects of Compound E 

or of adrenocorticotrophic hormone in the 
treatment of arthritis. 

Addendum: Since completion of this work 
cortisone acetatle and adlrenocorticotrophic 
hormone (-ACTH) were made available to us. 
One mg of cortisone acetate per kg and 0.5 
mg of ACTH per kg were almost as effective 
in decreasing permea(bi1ity of the synovial 
membrane as the alarm reaction. Witih both 
compounds only 25  to 30% of the dye was 
excreted in 4% hours. The remaindler was 
recovered from the synovial cavity. On this 
basis, the dose of adrenal cortical extract and 
estrone listed in Table I has cortisone activi- 
ty  of less than 2076, and the normal mem- 
brane balance of DOfC-4: cortisorie an  activity 
of 4.576. 

~ - -  ~ ~ _ _ _ ~  

Receil-rd Srpt. 29, 1949. P.R.E.R.111., 1919, 72. 

Development of Adrenal Cortical Adenonias in Ovariectomized Mice In- 
jected with “Physiologic” Doses of Sex Hormone.* (17407) 

NARTHELT~A J. FRANTZ t AND ARTHUR KIRSCHBAUM 
F r o m  tlw Department of A natoii iy,  t‘niversit y o j Minnesota Medical School, Minneapolis. 

Since the development of adrenal cortical 
adenomas in gonadectomized mice has been 
inhibited by the implantation of pellets of 
estrogenic hormone,l it might be inferred that 
withdrawal of gonadal secretion is of primary 
importance in precipitating the development 
of the castration-induced adenoma of the 
mouse adrenal cortex. The objective of the 
experiments being reported was to determine 
the effect of the administration of regulated, 
“physiologic” amounts of estrogenimc or andro- 
genic hormone on the induction of adrenal 

* This investigation has bceii aided by grants 
from the National (’aiicer Institute, The J:me 
Coffin Childs Memorial Fund f o r  Sledical Reseaycli, 
and the Caneer Fund of tlie Graduate School of 
tlic Criiversity of Jliaiiesota. 

t Present address : Departineat of -ha tomy,  
Uiiiversity of Texas 11ledic:tl School, Galwston,  
Texas. 

1 TVoolley, G., and Little, C. C., Crincer Rescorch, 

cortical tumors in susceptible ovariectomized 
mice. 

Mice of the XH strain were used in these 
experiments. 3-H females develop adtrenal cor- 
tical tumors spontaneously following ovarian 
regression, and precociously if gonadecto- 
rnizede2 Adrenal cortical adenomas are pres- 
ent in most XH mice of both sexes 5 months 
after rem,oval of the gonads. 

Four NH males and one female which had 
been gonadectomized at  23 days of age re- 
ceived (by subcutanelous injection beginning 
2 weeks after operation) 0.05 microgram of 
estradiol dipropionatet in sesame oil a t  inter- 
vals of from 5 to 9 days. This treatment with 
estrogenic hormone provided for constant es- 
trus, as determined by vaginal sm,ear. Thsese 

2 Kirschbauiii, A.,  Frantz, M. F., aiid Williams, 
IT. L., Cancer Rescarclb, 1946, 6, 707. 

$ The synthetic sex hormones were supplied by 
Ciba Yharinaceutical Prodiiets through the cour- 

- - - - ~ _ _ _  

1946, 8, 491. tesy of F. E. Houghton. 


