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The symptoms and the pathological picture
in arthritis and certain other of the so-called
“collagen diseases” appear to be closely re-
lated to an abnormal increase in the amount
of extracellular connective tissue substance
in the lesions. Responses to cortisone therapy
are usually marked by a decrease in the
amount of ground substance in the lesions.
Ragan and co-workers(1l) have shown that
cortisone inhibits the formation of granula-
tion tissue in wounds. We have shown(2,3)
that wound granulation tissue iz vitro and
in vivo exhibits high capacity for the incor-
poration of inorganic sulfate into the chon-
droitin sulfate of the tissue. Considering
these facts, it appeared to us that cortisone
might exert its action through the inhibition
of the synthesis of certain mucopolysacchar-
ides by connective tissue cells. If this should
be the case, one might expect cortisone to
cause a decrease in the synthesis of chondroitin
sulfate from inorganic sulfate. We have
found(4) that the labeled inorganic sulfate
fixed by tissues maintained én vitro(2,3) or
in vivo(35) 1is bound in the chondroitin sulfate
of the connective tissue. Using a method
similar to that of Meyer and Rapport(6), it
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was found that the action of hyaluronidase
upon the labeled sulfate containing material
was very similar to its action upon the chon-
droitin sulfate from bovine connective tissue.
It appeared to us that the labeled sulfate was
bound in the chondroitin sulfate of the con-
nective tissue ground substance.

Since the in vitro method of studying ana-
bolic sulfate metabolism lends itself to quanti-
tative determinations, it was considered de-
sirable to use the method to study the influ-
ence of cortisone upon synthesis of chondroitin
sulfate by tissues.

Experimental. Preliminary experiments with
chickens had indicated that dosages of corti-
sone acetate approximating 25 mg per day per
kilo of body weight had no effect upon wound
healing. This was in marked contrast to the
effect in rats where we found that 8 mg per
day per kilo almost completely suppressed
the formation of granulation tissue. Since
most of our quantitative data were for chicken
tissues, it was considered desirable to con-
tinue with this species. The experimental
procedure used in this investigation has been
described in detail in previous papers(2,5,7).
Briefly, it is as follows: Replicate samples of
tissue weighing approximately 3.0 mg each
were prepared from the heart, skeletal muscle,
and liver of chick embryos on the sixteenth
day of incubation. Samples were also pre-
pared from the regenerating tissue of healing
muscle wounds of young adult chickens. The
granulation tissue was removed from sterile
wounds on the fifth day following partial sec-
tion of M. pectoralis major. Each sample was
placed in 2 ml of sterile medium! containing
sodium sulfate and graded concentrations of
recrystallized cortisone alcohol.

t Tyrode’s solution modified to contain 4.8 mg of
sulfate ion per liter of solution. The sulfate was
labeled with radioactive sulfur, S35, to give a specific
activity of 6.5 x 107 counts per mg of sulfate ion as
determined by a method described earlier(5).



CORTISONE AND CHONDROITIN SULFATE SYNTHESIS

Esterification by Embryonic Chick Tissues in Fitro.

TABLE 1. Effect of Cortisone Aleohol Upon Chondroitin Sulfate Synthesis and Sulfate

Sulfate fixed by tissues
(ug/100 mg tissue)
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Cone. of Calculated as
cortisone chondroitin Wt of SOy ion
in medium, Calculated sulfate esterified
Tissue mg/1 as SOy ion synthesized (ug/100 mg tissue)
Skeletal muscle 0 1.3 5.85 45
i i 35 .32 1.4 .28
” 7 70 15 0.68 .20
Heart ventricle 0 1.41 6.3 .53
” » 35 45 2.0 .33
” i 70 22 1.0 .23
» »” 120 10 0.45 10

TABLE II. Effect of Cortisone Acetate and Cortisone Alecohol Upon Chondroitin Sulfate Sym-
thesis and Sulfate Esterification by Tissue from Healing Wounds in Chickens.

Sulfate fixed by tissues

(g/100 mg tissue)
r— Al
Calculated as
chondroitin Wt of SO, ion
Cone. of cortisone Calculated sulfate esterified
in medium mg/1 as 8Oy ion synthesized (ug/100 mg tissue)

Controls, none 0 14 6.3 .70
Susp. of cortisone acetate 200 1.2 54 .60
Cortisone aleohol 25 1.2 5.4 .60
” »? 50 .50 2.3 40
i i 75 .30 14 .20
” ' 120 .08 0.36 07

Tissuf;s\ were removed on the fifth day after wounding.

In order that we might observe the effect
of cortisone upon growth and survival of tis-
sues in vitro, control cultures of embryonic
heart tissues were prepared in Carrel flasks.
The tissue fragments were placed in plasma
clots and covered with bovine serum ultra-
filtrate containing embryo extract and con-
centrations of cortisone alcohol equivalent to
those used for the chemical studies. Heart,
skeletal muscle, and wound tissues were in-
cubated at 37°C for 45 hours. Liver tissue
samples were incubated at 21°C for 70 hours
in order to obtain maximum conjugation of
the sulfate in the medium(7). At the end of
the incubation period the tissues were re-
moved from the medium and soaked for 20
minutes in cold tap water. The washings were
combined with the culture medium, and the
soluble labeled organic sulfate in the medium
was determined by the method of Layton and

7. Layton, L. L, and Frankel, D. R, Arck. Bio-
chem., in press.

Frankel(7). The labeled sulfate fixed in the
tissue was determined by the author’s method
(5).

Results. By observing the tissues in Carrel
flasks it was found that high concentrations
of cortisone did not affect the migration of
fibroblasts during the first 72 hours. Rapid
degeneration of fibroblasts occurred after the
third day. Pulsation of heart tissues con-
tinued for more than 2 weeks in the presence
of cortisone. It would appear that the tissues
were capable of carrying on essential meta-
bolic activities while maintained in concentra-
tions of cortisone which suppressed chondroi-
tin synthesis.

It was found that cortisone caused a graded
inhibitory response in the fixation of labeled
sulfate by embryonic tissues. The sulfate fixa-
tion was almost completely suppressed by
cortisone concentrations in excess of 100 mg
per liter. The esterification of sulfate by
heart and skeletal muscle was inhibited to
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TABLE IIL. Effect of Cortisone Aleohol TUpon
Sulfate Conjugation by Embryonic Chick Liver
Tissue in T itro.*

Cone. of
cortisone Wt of sulfate ion
in medium, No. of esterified
gl samplus (ug/100 mg tissue)
n 12 4.4
S0 12 3.2
100 12 4.5

# No phenol wus added to the medium (7).

approximately the same degree as was the
fixation. Data from a representative experi-
ment are shown in Table 1.

From the data of Table II it will be seen
that tissue from healing wounds was similar
to embryonic tissue in its response to corti-
sone. Conjugation of sulfate by liver tissue
was not affected by concentrations of corti-
sone which completely suppressed sulfate fixa-
tion and synthesis of soluble organic sulfate
by heart and skeletal muscle (Table III).

Sulfate conjugation by the liver tissue is
probably a detoxication mechanism(7-9) and
hence a phase of the catabolic metabolism.
The fact that cortisone did not affect the
synthesis of ester sulfate by liver tissue, while
it did inhibit esterification of sulfate by heart
and skeletal muscle tissues may indicate that
different mechanisms are involved. It is pos-
sible that the soluble organic sulfates svn-
thesized by heart and muscle are related to the
connective tissue and plasma mucoids and to

8. Hele. T. S.. Biochem. J., 1931, v25, 1736.
9. DeMeio, R. H., drch. Biochem., 1945, v7, 323.
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heparin. The decrease in the sedimentation
rate of the blood of patients receiving corti-
sone therapy may be due to a decreased syn-
thesis of soluble plasma mucoids by the
connective tissue cells.

It is possible that the system affected by
cortisone therapy is the one which synthesizes
the chondroitin sulfate moiety of the mucoids.
These investigations have been extended to
a preliminary study of tissues in vivo. Similar
results were obtained. These will be reported
in a subsequent paper.

Summary. 1. The experiments described
indicated that cortisone inhibits the synthesis
of chondroitin sulfate by embryonic and
wound tissues maintained iz vitro. Graded
responses were obtained with graded concen-
trations of cortisone in the medium. Corti-
sone was shown to inhibit the synthesis of
soluble organic sulfate by heart and skeletal
muscle: it had no such effect upon the syn-
thesis of soluble ester sulfate by liver tissue.
2. Concentrations of cortisone which sup-
pressed sulfate fixation, had no apparent effect
upon the initial migration of fibroblasts. Corti-
sone had no effect upon the pulsations of
heart tissue. 3. It was suggested that the
palliative action of cortisone in the connective
tissue diseases may be due to its inhibitory
effect upon the synthesis of the chondroitin
sulfate moiety of the connective tissue ground
substance.
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In a study of a thermophilic bacteriumt

(1-3) we showed that most of the enzymes
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t Thermophile No. 2184 obtained from the Na-
tional Canners Association. This organism has
tentatively been identified by us as Bacillus stearo-
thermophilus (Donk).
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