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Abstract-—A fibroblast clone SM-Cl was established by cloning cultured fibroblasts derived from a
rat carrageenin granuloma. The cloned fibroblasts were found to produce and scerete large amounts
of acidic glycosaminoglycans (AGAG) and collagen into the medium, and the AGAG were identified
with chondroitin 4-sulfate and hyaluronic acid by 2-dimensional clectrophoresis and enzymatic diges-
tion. The cells were exposed to 107 °M cortisol or 10”*M tetrahydrocortisol for 2 days during their
stationary phase. The amounts of AGAG and collagen secreted into the medium, the protein and
RNA contents of the cells, the amounts of free amino acids per 107 cells. the intracellular concentration
of each free amino acid, and the distribution ratio (ratio of intraccllular concentration to that in
the medium) of cach free amino acid of the cells were compared with those of control cells. The
production of intercellular substances was markedly inhibited by cortisol. i.c.. by 75 per cent for AGAG
and by 50 per cent for collagen. Both the amount of each amino acid per 10” cells and the distribution
ratios were markedly depressed by cortisol treatment for all the determined amino acids except serine.
The cloned fibroblasts were then studied with regard to the rate of uptake of 2-amino[1-'*Clisobutyric
acid (AIB) from the medium by control and steroid-treated cells. Cortisol treatment decreased ['*C]AIB
uptake of the cell markedly from the beginning up to 90 min of incubation. Tetrahydrocortisol. onc
of the main metabolites of cortisol, exerted no effect even at a concentration as high as 10°* M.

Incorporation of [*H]thymidine into DNA of the cells in the growing phase was affected very

slightly by the drugs.

Among many experimental models of inflammation,
the carrageenin granuloma method has often been
used for evaluating anti-inflammatory activity of
drugs [1]. Using the rat carrageenin granuloma, the
authors have reported a series of in vivo experi-
ments [2-8] with respect to the mode of anti-inflam-
matory action of glucocorticoids. Betamethasone has
been demonstrated to have very strong anti-inflam-
matory activity not only by inhibiting granuloma for-
mation but also in reducing the pre-existing carra-
geenin granuloma [2]. In these processes, fibroblasts
in the inflamed tissue are considered to play an im-
portant role. However, in vivo experiments involve
many unknown factors, hence there are difficulties in
analyzing the phenomena. For this reason, an in vitro
experimental model was desired. An attempt was
made by the authors to isolate and culture the cells
derived from the carrageenin granuloma which
resulted in establishing a fibroblast line SM-15[9].

This report demonstrates some characteristics of
the fibroblast clone SM-CI, which was obtained from
the line SM-135 by cloning. as well as the direct effect
of cortisol on the cloned fibroblast in culture with
special reference to the production of intercellular
substances, the amino acid pool. and amino acid
transport.

MATERIALS AND METHODS

Cloning and culture

A fibroblast line SM-15, which was established by
the authors[9] from 15-day-old rat carrageenin
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granuloma, was used for cloning. Cloning was in-
itiated in the 15th month of cultivation. About 50
dispersed cells were placed on a 90mm Petri dish
with 20 ml of Ham's F-12 medium supplemented with
20%, fetal bovine serum and antibiotics, and incubated
at 37" ina 5%, CO, atmosphere. After 16 days, several
colonies were separated by local trypsinization in a
small stainless steel cylinder. and from them the clone
Cl was used for the following experiments. Plating
efficiency at the time was about 20 per cent. The
cloned fibroblasts were cultured in monolayers on a
Petri dish. As a rule. medium transfer and subculture
were performed cvery 2-4 days and every 7-10 days,
respectively. The medium used was Ham’s F-12 (pur-
chased from Nissui Seiyaku Co. Ltd.. Tokyo, Japan)
supplemented with 10", fetal bovine serum (pur-
chased from Microbiological Associates Inc.. Beth-
esda, Md.. U.S.A\) and antibiotics. Cortisol or tetra-
hydrocortisol (purchased from Sigma Chemical Co..
Ltd.. St. Louis, U.S.A.) was added to the cultures in
the stationary phase at a concentration of 10°°M
for cortisol and 107*M for tetrahydrocortisol. 48 hr
before harvesting unless otherwise stated.

Before doing this series of experiments. the effective
concentrations and duration of activity of cortisol
were determined.  The preliminary  experiments
showed that the cells remained viable after exposure
to 1078 107* M cortisol for 48 hr, i.e., all the treated
cells were not stained with 0.25°, trypan blue or
0.06%, erythrosin in an isotonic phosphate-buffered
saline. Moreover, the treated cells (107*M cortisol
for 48 hr) recovered lost activity within 10 days. if
the cells were cultured again in a cortisol-free
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medium. There was no difference between 107°M
and 10"*M in the effect of cortisol on various in-
dices, such as on production rate of AGAG and col-
lagen, on DNA synthesis, on AIB uptake, on amino
acid pools, and so on.

Analytical procedure

(A) Determination of intercellular substances and
cellular components. AGAG from the cultures were
extracted by the methods of Di Ferrante [10] and
Aoki and Koshihara [11]. The extracted AGAG were
analyzed by 2-dimensional electrophoresis on cellu-
lose acetate strips with 0.1 M pyridine-0.47M formic
acid buffer (pH 3) for the first dimension and 0.1 M
barium acetate (pH 8) for the second dimension as
reported by Hata and Nagai[12]. As for authentic
samples, chondroitin 4-sulfate (C4S), chondroitin
6-sulfate (C6S), and hyaluronic acid (HA) were
obtained from Seikagaku Kogyo Co., Ltd. (Tokyo,
Japan), heparin (HP) from Novo (Copenhagen, Den-
mark), heparan sulfate (HS) and keratan sulfate (KS)
were gifts from Dr. R. Hata of Tokyo Medical and
Dental University (Tokyo, Japan).

As an aid to identification of individual AGAG
produced by the cells, the cells were cultured in a
medium containing b-[U-'*Cglucosamine hydro-
chloride (sp. act. 200 mCi/m-mole} or [*3S]sodium sul-
fate (sp. act. 100 mCi/m-mole). They were purchased
from The Radiochemical Centre, Amersham. Eng-
land. The extracted radioactive AGAG samples were
mixed with authentic standard samples and subjected
to the 2-dimensional electrophoresis on cellulose ace-
tate strips. The radioactivity of individual AGAG on
the clectrophorogram was detected by autoradiogra-
phy or was measured by a liquid scintillation spectr-
ometer tn the conventional toluene-PPO-POPOP
system by cutting off the individual spot stained with
alcian blue.

Prior to electrophoresis, a part of the AGAG
extract to be examined was digested with hyaluroni-
dase from Streptomyces hyalurolyticus in 0.05M
sodium acetate buffer, pH 5.0. for 48 hr at 50" [13]
or digested with testicular hyaluronidase in 0.05M
Tris-HCI buffer containing 2.5mM CaCl,, pH 70.
for 48 hr at 407 [14]. The other part of the extract
was digested with chondroitinase AC or ABC in
0.05M Tris- HC! buffer containing 60 mM sodium
acetate and 100 ug/ml of bovine serum albumin, pH
8.0. for 16 hr at 40" [15]. All these enzymes were pur-
chased from Seikagaku Kogyo Co.. Ltd. Tokyo.

The amount of AGAG produced by the cultures
was measured by the method of Emura and Muk-
uda [16]. The details of the analytical procedure were
described in a previous paper [9].

Total hydroxyproline in harvested medium was
estimated according to the method of Kivirikko et
al. 7). DNA and RNA in the cultured cells were
extracted by the method of STS[18,19] and
measured by the diphenylamine reaction [20] and the
orcinol reaction [21], respectively. The protein frac-
tion was determined by the method of Lowry [22].
Activity of the cultured cells in incorporating
[*H]thymidine (sp. act. 12 Ci/m-mole, purchased from
Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan) into
DNA was assayed by the ‘coverslip technique’ of Bal-
timore and Franklin [23] and Ohtsubo et al. [24].
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(B) Amino acid amount per cellular DN 4 and amino
acid concentration in medium. The cells were cultured
in monolayers on 90-mm Petri dishes until a con-
fluent cell layer was obtained with repeated renewal
of the medium. Cells of 10 dishes (about 7 x 107 cells)
were used for one determination of the intracellular
amino acid pool. The cells were harvested with a
piece of Teflon sheet 48 hr after the last renewal of
the medium. At the time of harvesting the cells. con-
tamination of the medium was successfully prevented
by rinsing the cell layer twice, as quickly as possible.
each time with S5ml of chilled isotonic phosphate
buffer. Then the cells were transferred to a tight fitting
Teflon homogenizer by a siliconized Pasteur pipette,
with 5°, TCA. Intracellular amino acid was extracted
by homogenizing the TCA suspension of the cells fol-
lowed by centrifugation at 10,000¢ for 30 min. The
extract (the 10,000 ¢ supernatant) was evaporated un-
der reduced pressure below 407 after having removed
the TCA with ether. DNA was extracted from the
10,000 g precipitate as mentioned in (A) above. Frec
amino acids remaining in the medium after harvesting
the cells were obtained from 0.5ml of the medium
with much the same procedure described above.
Amino acid analyses of these dried samples contain-
ing 0.1-1 ymole of each amino acid were performed
by an automatic amino acid analyzer, type JLC-6AH
(Japan Electron Optics Laboratory Co. Ltd., Tokyo,
Japan). From these results, the content of each amino
acid per unit DNA was calculated. which was con-
verted to the value for a unit cell number by the
next procedure.

(C) Cell volume and intracellular amino ucid concen-
tration. A part of the culture was harvested as a cell
suspension, and was centrifuged in a graduated
(0-30 pl), siliconized, and modified Van Allen
tube [25] at 800 ¢ for 20 min to determine the packed
cell volume. Aliquots of the cell suspension were used
for counting cell numbers and for determining DNA.
From these estimations, together with these obtained
in (B) above. each free amino acid amount per 10"
cells and the intracellular free amino acid concen-
tration could be calculated. No correction was made
for the intercellular space of the packed cells in esti-
mating the cell volume. However, the culture cells
are as flexible as red blood cells, so that the intercellu-
lar space is small enough to be negligible after such
centrifugation.
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Fig. 1. Growth of the fibroblast clone SM-C1 at the I8th
month in cultivation. Medium transfer was performed
every day.
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Fig. 2. Electron microscopic appearance of the fibroblast clone SM-CI, at the 18th month in cultivation,

derived from 15-day-old carrageenin granuloma of rat. The cells in the stationary phase were fixed

with 2.5% glutaraldehyde for 3 hr and post-fixed with 1°] osmic acid for 2 hr. Notice well-developed

rough endoplasmic reticulum. dilated cisternae with amorphous and lightly osmophilic material and
free ribosomes. ( x 9.600).

(D) Labeled AIB uptake by the cloned fibroblasts
in culture. ['*CJAIB (sp. act. 60 mCi/m-mole, pur-
chased from the Radiochemical Centre. Amersham.
England) was added to an incubation medium at
0.05 uCi/mi. The labeling of the cells in monolayers
was accomplished within 90 min at 37 . Two 35-mm
Petri dishes with confluent cell layers in each point
were quickly chilled at the end of each time with 2 ml
of isotonic phosphate buffer containing carrier AIB
(5 mM), to remove medium contamination. The cells
were peeled off by a piece of Teflon sheet in 1.5ml
of distilled water, pooled in a centrifuge tube, soni-
cated twice for [0sec each using a setting of 3 on
a Branson’s Sonifier. and centrifuged at 1000¢ for
10min. A 1-ml aliquot of the supernatant solution
was transferred to a counting vial containing a scintil-
lator (toluene containing 0.6°, PPO-Triton X-100.
2:1, v/v). and the radioactivity was counted by a
liquid scintillation spectrometer (Beckman. LS-100C).

RESULTS

Characteristics of the cultured fibroblast  clone
SM-CI. Figure 1 shows the growth curve of the cloned
fibroblasts, whence generation time was cstimated to
be about 20.4 hr. DNA and RNA contents in the
stationary phase were about 1.0 x 107° ug and
1.1 x 107 % ug per cell respectively. Since biosynthesis
of collagen and AGAG is onc of thec main character-
istics of fibroblasts. the production of both intercellu-
lar substances was detcrmined at the same time. The

daily production rate in the stationary phase per 10°
cells was about 6-8 ug uronic acid for AGAG and
2 ug hydroxyproline for collagen. The AGAG pro-
duced by the cells were identified with C4S and HA
as mentioned below.

Electron microscopic examination of the cloned
fibroblasts was carried out. Cells in the stationary
phase were fixed with an ice-cold 2.5%, glutaraldehyde
in phosphate buffer. pH 74, for 3 hr and post-fixed
in a 1% OsO, for 2hr at 4. As shown in Fig. 2,
there were well developed rough endoplasmic reticu-
lum, dilated cisternae with amorphous and lightly
osmophilic material and free ribosomes. Fine fila-
ments could be seen in all portions of the cytoplasm.
They were mostly haphazardly oriented in tightly
woven masses.

Identification of the AGAG produced by the cloned

fibroblasts with chondroitin 4-sulfate and hyaluronic

acid. The cloned fibroblasts in confluence on a 90-mm
Petri dish were treated with 10ml of ['*C]Jglucosa-
mine-containing medium (1 uCi/ml). After 20 hr, the
medium was collected and from this AGAG were
extracted in the manner described above. The extract
was subjected to 2-dimensional electrophoresis with
7 authentic standard samples. The method used
enables one to separate and identify seven kinds of
AGAG. namely C4S, C6S, DS, HS. KS, HP and HA
owing to its high resolving power and sensitivity [ 12].
The radioactivities detected by autoradiography were
exclusively located on the authentic C4S and HA
stained by alcian blue. Moreover. the radioactivity
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Effects of cortisol and tetrahydrocortisol on the production of intercellular substances and on RNA und

total protein contents of cloned fibroblasts in culture

AGAG
pg uronic acid

Treatment 10" cells-day

g Hyvp 10" cells day

Proter

el s

RNA
ne 10" cells

Collagen

Control
Cortisol (10 M)
Tetrahydrocortisod (100 * M)

6,10 + 0.43*
130 + 0.7
609 + 038

1.69 + 0.23 P14 k0o 143 R
0.x4 10077 031+ 0.36T [N
192 + 058 144 4 023 ISR

*Mean + SEM. (n
TP < 0.0l vs control

5)

The cloned fibroblasts were exposed to each steroid for 48 hr during stationary phase. The daily production rate
of intercellular substances sccreted into the medium by the cells, and the total amount of RNA and protein in the
cells. were compared with those of control cells. AGAG and collagen were determined by analyzing the collected
medium. For the harvested cells. RNA and protein contents were measured.

corresponding to C4S was not detectable if the extract
wus pretreated with chondroitinase AC. chondroi-
tinase ABC. and testicular hyaluronidase. The radio-
activity corresponding to HA did not appear il the
extract was pretreated with hyaluronidase from Strep-
tomyces hyalurolyvticus, which is generally considered
to have such high substrate specificity that it digests
HA but not the other AGAG. Moreover, when
[**STsodium sulfate-containing medium (0.5 uCi/ml)
wits used instead of a ['*C]glucosamine containing
once. only one radioactive spot corresponding to C4S
wus detected. From these facts. the AGAG produced
by the cloned fibroblasts were identificd with €4S and
HA.

Effects of cortisol and tetrahyvdrocortisol on the pro-
duction of intercellular substances and on RN A and
total protein contents in the cloned fibroblasts in cul-
ture. The experiment was performed by inoculating
4 x 10% cells into a scrics of 90-mm Petri dishes con-
taining 20 ml of medium. The medium was transferred
every 2 days. After 6 days when the cultures reached
a stationary phase (about 7 x 10° cells). a part of
cach culture was treated with cortisol (10 ®M) for
48 hr. The amounts of AGAG and collagen produced
by the cells in the last 2 days were measured by ana-
lyzing the collected medium. The cells were harvested
and the RNA and protein contents werce analyzed.
The results are given in Table 1. Intercellular sub-
stances produced and secreted by the cells into the
medium were markedly inhibited by cortisol. 1.c.. col-
lagen by 50 per cent and AGAG by 75 per cent. RNA
and total protein contents in cortisol-treated cells
were decreased to 50 and 70 per cent of control. re-
spectively. Tetrahydrocortisol. one of the main meta-
bolites of cortisol. exerted almost no cffect on these
components even at a concentration as high as
10+ M.

Table 2. Effect of cortisol and tetrahydrocortisol on the
[*H]thymidine incorporation into DNA of cloned fibro-
hlasts in culture

I reatment s mme plate Per cont ol contral
Control SI3Y b INSF 100
Cortisol (10 ¥ M) S50 4 240 1038
Cortisol (10 M) 4395 + 1687 NS 2
Tetrahyvdrocortisol (10 * M) 4398 4 {13 8502

Effects of cortisol and tetraliydrocortisol on | 111 Jihy-
midine incorporation into the DN A of cloned fibroblasts
in culture. Cells were treated with cortisol (10 %M
or 10°°M) or tetrahydrocortisol (10 *M) for 24 hr
during their logarithmic growth phase. and [*H Jthy-
midine incorporation into DNA was compared with
that of control cells. As shown in Table 2. a slight
decrease was observed in the treated groups. There
was no significant difference in the effect between cor-
tisol and tetrahydrocortisol.

Effects of cortisol and tetrahyvdrocortisol on cell
rolume and on fiee amino acid pools of the cloned fibro-
hlasts in culture. Table 3 shows the cell volumes of
the cloned fibroblast controls as well as of corti-
sol<10" " M1 and tetrahydrocortisol-(10 * My treated.
When treated with cortisol. the packed cell volume
decreased markedly. while  tetrahvdrocortisol  in-
creased the packed cell volume slightly.

Table 4 shows the amounts and concentrations of
the intracellular free amino acids in the control. corti-
sol. and tetrahyvdrocortisol-treated cells. as well as the
ratios of the intracellular concentrations to those of
the extracellular phases. Le. concentrations in the
medium at harvest. This ratio is designated as u distr-
bution ratio (D.R.} in the table. Tryptophan. cvstine.
and methionine are not shown in the table. because
they could not be quantitatively determined i satis-
factory fashion. The experiments were repeated at
least once. Less than 10 per cent variation was found
in the amount per 107 cells for cach amino acid
between the replicate experiments. As indicuted in
Table 2. all the amino acids detected were concen-
trated in the cells. In control cells. the most highly
concentrated amino acid was glutamic acid. tollowed
by glycine, threonine. proline. whanine, and serine.
When treated with cortisol. cach amino acid content
wits reduced atmost o 30 per cent or fess exeept for

Table 3. Effects of cortisol and tetrahydrocortisol on the
cell volume of the cloned fibrohlasts m culture

Collvel mb o7 eelis Noon

Ireatment

TRy aut
183

46

Control
Cortisol (1o " M
Ietrabydrocortsal {104 A

(R !
2

*Mean + SEM. (n = 8)

TP < 0.01 vs control

The cloned fibroblasts were exposed to each steroid for
23 hr during the logarithmic growth phase. then the cells
were incubated with [*H]thymidine for | hr.

The cloned fibroblasts were exposed o cach steroid oy
4% hr during the stationary phase. Cells were collected
a modificd Van Allen Haematoerit tube so us to have
15 20 ut of packed cell volume after centrifugation at 300 g
for 200min.
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Table 4. The effects of cortisol and tetrahydrocortisol on the amino acid pools of cloned fibroblasts in culture

Cortisol (10

[NER!

"My Tetrabydrocorusol (10 * M)

Conen in

Conen in Conen in

Conen m medium Conen in medium Conen in medivm

amoles cell at harvest pmoles cell at harvest pmoles; cell at harvest
107 cells mM mM DR, 107 cells mM mM DR, 10" cells mM mM D.R.
Eas 29 077 1Y 408 0.37 0.21 016 1.31 1.37 0.43 013 ORI
His 1.56 032 0.09 58 0.29 0.106 046 267 0.47 0.06 XY
Arg T80 252 070 300 162 092 043 214 1.02 047 207
Asp 203 (LON 0.0 9.80 [0S 0.60 .10 6.00 0.98 0.09 PR
I'hr 370 192 0.06 2200 146 (.83 0.09 9.22 113 .00 In83
Ser (IS ol .01 17.00 Q.98 .56 0.03 18.67 0.23 .01 2300
Awn l.66 056 0.04 F400 RS 048 0.05 9.60 0.63 0.04 1878
Gilu SRR 1170 022 3348 N.05 457 022 2077 10.21 023 4439
Pra Q045 (.80 030 2287 ROM 223 012 0697 6.03 032 1891
Gl 16,02 sS4 a0 RARN| KON s 0.260 19.62 55K 0% 3100
Al 12738 428 0,23 1702 479 202 0.3 877 2.94 0.2l 1400
Val 102 0.4 0.03 ax0 D6l .35 Q.07 S.00 0.34 06 367
Ile 1043 014 0.01 1400 017 (10 0,03 i .10 001 10.00
Leu .28 009 0.03 300 o7 O.10 0.04 250 012 004 300
Ty 0.04 0.21 002 10,30 .20 Ol 0.03 67 0.1t 002 550
Phe (.52 017 o2 K30 002 0.01 0.03 033 RN} 0.02 S50

D.R. = distribution ratio. i.e. the ratio of the concentration in the cells to that in

medium at the time of harvest.

The cloned fibroblasts were exposed to cach steroid for 48 hr during the stationary phase. Intracellular amino acids
were extracted with 57, TCA in the manner described in the text.

serine; the most marked reductions occurred in the
cases of phenylalanine, lysine, histidine. and proline.
These reductions of amino acid content in the corti-
sol-treated cell could not be the result only of the
decrease in cell volume. because even considering the
reduction of cell volume. the distribution ratios of
cach amino acid were also decreased markedly in cor-
tisol-treated cells, especially in the cases of phenyl-
alanine. isoleucine. threonine and lysine.
Tetrahydrocortisol was found to have slight effect
on the distribution ratios of each amino acid. except
for some increase in histiding and scrine and de-
creases in tyrosine, threonine. and arginine. Fig.
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Fig. 3. Distribution ratio of each amino acid in 107°M
cortisol (solid bar) or 10~ * M tetrahydrocortisol {open bar)
treated fibroblast was compared with that of control cells.
The steroids were exposed for 48 hr. The values are
expressed as per cent of control. F: Cortisol, THF:
Tetrahydrocortisol.

illustrates the distribution ratio of each amino acid
in the steroid-treated cells as a per cent of control.

Effects of cortisol on uptake of labeled AIB by the
cloned fibroblasts in culture. The short-term uptake
of labeled AIB by the cells was determined. Fig. 4
shows the time-course of the AIB uptake by control
and steroid-treated cells. It was found that the uptake
of the labeled AIB was much depressed in cortisol-
treated cells but not in tetrahydrocortisol-treated
cells.

DISCUSSION
Carrageenin granuloma has provided us with an
experimental model of inflammation useful in evaluat-
ing anti-inflammatory activity of drugs[1,2]. By
studying the mechanism of anti-inflammatory activity
of glucocorticoid, it has been demonstrated that the
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Fig. 4. Time course of the uptake of ['*CJAIB by the

cloned fibroblasts in culture. The cultures were exposed

to each steroid at the indicated concentrations for the pre-

vious 48 hr. Then the cultures were transferred to

[**CJAIB-containing medium (0.05 £Ci/ml) and incubated

at 37 for several min. F: Cortisol. THF: Tetra-
hydrocortisol.
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glucocorticoid-induced involution of the granuloma
is mainly due to antianabolic rather than catabolic
action [4]. During the late phase of inflammation,
rapid proliferation of granulation tissue takes place,
at which time fibroblasts in the tissue are considered
to play an important role in the multiplication. An
attempt was made to isolate and culture the fibro-
blasts from the granulation tissuc. and to analyze the
direct effect of glucocorticoid on the fibroblasts in
vitro. The fibroblasts were isolated from 135-dav-old
rat carrageenin granuloma and the clone SM-C1 was
established. which was found to maintain the charac-
teristics of connective tissue cells in producing large
amounts of intercellular substances such as AGAG
and collagen. The question whether individual fibro-
blasts existing as distinct fixed cell types are special-
ized to form one AGAG or if the same fibroblast
type can produce more than two products is answered
by these experiments, since the cells used were a
cloned population. In addition. it has been demon-
strated that a cloned population can produce collagen
and AGAG at the same time.

Using cell culture systems, specific glucocorticoid
receptor proteins have been reported in mouse fibro-
blasts [26.27]. in rat thymus cells[28.29]. in hepa-
toma cells[30-32] and lymphoma cells [33]. As
shown in Table 1. cortisol exhibits very strong anti-
anabolic effects in vitro. as well as in vivo as demon-
strated previously by the authors [4]. Especially. the
inhibition of biosynthesis of intercellular substances
such as AGAG and collagen accords with the in rivo
regression of granulation tissue as a result of cortisol
treatment. The involution of granulation tissue with
cortisol treatment may be due to a decrease of inter-
cellular substances rather than of cell number. since
inhibition of DNA synthesis by cortisol is not
remarkable (Table 2). An electron microscopic obser-
vation of cortisol-treated fibroblast revealed the tend-
ency to marked decrease of rough endoplasmic reticu-
lum, cisternal dilation and free ribosomes (the data
will be published clsewhere). These morphological
alterations by cortisol treatment may correlate with
the remarkable decreasc of RNA and protein contents
m cortisol-treated cells (Table 1). which then would
suggest a direct effect of cortisol on both plasma und
intracellular membranes.

Accordingly the effect of cortisol on the transport
of amino acids into the cloned cells was investigated.
All living cells contain greater concentrations of free
amino acids than do environmental fluids. such as
blood. They are designated as the “frec amino acid
pool’ in cells [34]. In growing cells in cluture. it has
been shown that the free amino acid pool 1s not an
intrinsic part of the cell but instead is in dynamic
equilibrium with components of the medium [35 37].
It has been found that the degree of intracellular con-
centration is specific for each amino acid, in spite
of variations in concentration in the medium [37].

The exact mode of such intracellular retention of

amino acids is not known, but it is evident that trans-
port of amino acid across the cell membrane could
be 4 very important factor in the regulation ol the
composition of the intracelfular amino acid pool.
To our knowledge. there has been no other study
of the free intracellular amino acid pools in cloned
cells in culture. Free amino acid pools of cultured
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cells have been studied in HeLa cells by Eagle and
Piez [35] and Mohri [38], in L cells by Kuchler and
Grauer [36] and Mohri[38]. and in human skin
fibroblasts by Melancon er «l. [37]. Published differ-
ences in the intracellular concentrations and the dis-
tribution ratios of amino acids could be due to differ-
ences in the cell types and in the composition of the
media used. since varying concentrations of amino
acids. peptides. and serum proteins in the medium
influence the intracellular concentrations and there-
fore the distribution ratios of free amino acids. How-
ever. it has been consistently observed that non-essen-
tial amino acids have. in general. larger distribution
ratios than essential ones: the distribution ratio for
glutamic acid 1s the largest. followed by that for gly-
cine (sce control values in Table 4). In the present
report. cortisol has been shown 1o have a specific and
direct effect on cloned fibroblasts of decreasing the
distribution ratios of free amino acids. Phenylalanine,
isoleucine. threonine, and lysine had greatly reduced
distribution ratios. The growth of cultured cells and
the rate of protein syvnthesis of rthosomes have been
reported to be dependent largely upon the concen-
tration of the mtracellular free amino acids avail-
able [35, 39]. Therefore. the cortisol effect reported
above of decreasing intracellular amino acid concen-
tration scems to explain the “antianabolic™ effect of
cortisol on cultured cells. which has previously been
demonstrated in vivo experiments by the authors [4].
Fig. 4 would suggest that the depression of intracellu-
lar free amino acid pools caused by cortisol treatment
results ininhibition of influx of amino acids across
the cell membrane.

In contrast. tetrahvdrocortisol. one of the main
metabolites of cortisol. had no effect even at 1 concen-
tration of 10 * M. which suggests the importance of
the functional group. A*-3-keto. in the cortisol mol-
ccule m exerting biological influecnce on the cultured
cells.
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