
MOLECULAR PHARMACOLOGY, 15, 99-107

Glucocorticoids Decrease Prolyl Hydroxylase Activity without the Cellular

Accumulation of Undehydroxylated Collagen

DAVID F. COUNTS,’ FRANCISCO J. ROJAS2 AND KENNETH R. CUTRONEO3

Department of Biochemistry, School of Medicine, University of Vermont, Burlington, Vermont 05401

(Received July 14, 1978)

(Accepted August 7, 1978)

SUMMARY

COUNTS, DAVID F., ROJAS, FRANCISCO J. & CUTRONEO, KENNETH R. (1979) Gluco-
corticoids decrease prolyl hydroxylase activity without the cellular accumulation of
underhydroxylated collagen. Mol. Pharmacol. 15, 99-107.

Cells were isolated from the dermis of control and triamcinolone-treated rats. The
triamcinolone-treated cells were 86% viable as determined by trypan blue exclusion.
Radioactive proline was added to the cell cultures and total proline incorporation and
proteinaceous hydroxyproline synthesis were quantified. The cells isolated from tri-
amcinolone-treated rats incorporated less proline into cellular protein than did control
cultures. The amount of proteinaceous hydroxyproline synthesized by cells isolated from
steroid-treated rats was decreased to a greater extent than total proline incorporation.
The percent of cellular collagen was decreased in steroid-treated cells. Although prolyl
hydroxylase activity (EC 1.14.11.2) in the cells isolated from glucocorticoid-treated rats
was decreased, the extent of prolyl hydroxylation of total cellular collagen was not
decreased. The data indicate that glucocorticoid treatment does not result in the synthesis
and subsequent cellular accumulation of underhydroxylated collagen.

INTRODUCTION

The administration of glucocorticoids

has potent antianabolic effects on protein
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and nucleic acid metabolism. These ste-
roids decrease the synthesis of deoxyribo-
nucleic acid and protein in liver as well as
in peripheral tissues (1-10). Glucocorticoids
inhibit collagen synthesis. Urinary hydrox-
yproline excretion is decreased following
glucocorticoid administration (3, 11-14).
The incorporation of radioactive proline
into hydroxyproline, an amino acid found

mainly in collagen, is markedly decreased
in connective tissues following glucocorti-
coid administration (2, 5, 7, 15, 16). After
multiple daily doses of glucocorticoid, the
synthesis of collagen is selectively de-
creased since hydroxyproline formation is
decreased to a greater extent than total
proline incorporation (7).

Repeated daily injections of glucocorti-
coids in rats results in a decrease of prolyl
hydroxylase in various tissues (7, 10, 16-
18). Glucocorticoid administration also re-
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4The abbreviations used are: EMEM, Eagle’s Min-

imum Essential Medium; TCA, trichloroacetic acid.

suits in a decrease of lysyl hydroxylase ac-
tivity (10, 18) as well as collagen glucosyl
and galactosyl transferases (18). Although
prolyl hydroxylase activity is decreased in

a dose- and time-dependent manner follow-
ing glucocorticoid administration, there is
no concomitant decrease in the extent of
hydroxylation of nascent collagen peptides
(10).

Prolyl hydroxylase is located within the
cisternae of the rough endoplasmic reticu-
lum (19-21). Hydroxylation of proline resi-
dues in collagen takes place while the nas-
cent collagen peptide is being synthesized,
as well as after the release of the poly-
peptide (22-24). Although Lazarides et al.
(22) demonstrated in 3T6 cells that prolyl

hydroxylase acts mainly on the nascent col-
lagen peptides, Miller and Udenfriend (23)
indicated that in guinea pig granuloma only
40% of the prolyl residues capable of being
hydroxylated in nascent collagen peptides

were hydroxylated. Recently Uitto and
Prockop (24) demonstrated in tendon cells
that the synthesis of hydroxyproline and
hydroxylysine continues until some time
after the assembly of collagen polypeptide
chains is completed. Since some hydroxyl-
ation of proline residues in collagen occurs
after collagen polypeptide synthesis on ri-
bosomes, glucocorticoid treatment could

have resulted in the synthesis of underhy-

droxylated collagen after the release of col-
lagen peptides from ribosomes. In the pres-
ent study, cells isolated from the dermis of
glucocorticoid-treated and control rats
were incubated in vitro with radioactive

proline and the hydroxyproline to proline
ratio of cellular collagen was determined.
The data indicate that collagen synthesis is

selectively decreased in glucocorticoid-
treated rat dermal cells. The data, further-
more, indicate that although prolyl hydrox-
ylase activity is decreased, underhydroxyl-
ated collagen is not synthesized intracellu-
larly.

MATERIALS AND METHODS

Materials. Eagle’s Minimum Essential
Medium (F12) penicfflin, streptomycin,
trypsin (2.5 g/100 ml), and the trypan blue
solution (0.4 g/100 ml) were obtained from
Grand Island Biochemical Co. Clostridium

Histolyticum collangenase Type I and tryp-
sin inhibitor Type Il-S were obtained from
Sigma Chemicals. Protease-free collagen-
ase, ABC form III (2500 units/mI) was
obtained from Advanced Biofactures. [2,3-

3H]Proline (20 Ci/mmole) and [4-3H]pro-
line (15 Ci/mmole) were obtained from

New England Nuclear. Powered triamcin-
olone diacetate was generously supplied by
Dr. Edward Cantrall of Lederle Laborato-
ries, Pearl River, N.Y.

Preparation of dermal cell suspension

cultures. Sprague-Dawley rats (1-3 days
old) were administered three daily injec-
tions of either 0.9% (w/v) NaC1 or triamcin-
olone diacetate (15 mg/kg, i.p.). The skins
from 15 control or triamcinolone-treated
rats were rinsed in 0.9% NaCl (w/v) at 4#{176}C
and incubated for 30 mm at 37#{176}Cin 90 ml

of EMEM4 containing 100,000 units of pen-
idillin, 0. 1 g of streptomycin and 5 g trypsin

per liter. All incubations were done in
EMEM. The dermis was then separated
from the subcutaneous and epidermis lay-
ers at 4#{176}C.The dermis tissue was minced
in 65 ml of EMEM containing 0.2 g of

trypsin and 77 mg of collagenase from Cbs-
tridium Histobyticum. The sample was in-
cubated at 37#{176}Cfor 40 mm under 95% 02
5% CO2. Following incubation the cells were
filtered through two layers of cheesecloth.
The cell suspension was centrifuged at 900
x g for 10 mm at 4#{176}C.The cell pellet was
resuspended in 20 ml of EMEM containing
6.6 mg of trypsin inhibitor and centrifuged
at 900 x g for 10 mm. The cells were washed
twice with trypsin inhibitor solution and
recentrifuged. To equilibrate the cells at
37#{176}C,3-4 X 108 cells were suspended in 120
ml EMEM and incubated for 2 hr. The
number of cells in the suspension was
counted after making a 1:10 dilution with
EMEM in a hemocytometer with a phase
contrast microscope. An equal number of
cells isolated from control and steroid-
treated skins were used in each experiment.

The total cellular protein content per 108

was 3.77 ± 0.20 mg (mean ± SE) and 3.96
± 0.14 mg for control and treated samples,
respectively. Cellular protein was deter-
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mined by the method of Lowry et al. (25)

in 25 separate experiments.
Determination of cell viability. Five

parts of the cell suspension were mixed with

one part of 0.4% (w/v) trypan blue solution.
The cells were allowed to stand at room
temperature for 3 mm and then examined

by phase contrast microscopy. The cells
which did not take up the trypan blue stain
were counted as viable cells. At least 100
cells were counted in triplicate.

Prolyb hydroxylase activity. Dermal cells
(1.5 x 108) were suspended in 3 ml of a

buffer containing 0.25 M sucrose, 5 X 10_2

M Tris HC1 (pH 7.5), i05 M dithiothreitol
and i05 M ethylenediamine tetracetic acid.
The sample was homogenized for 30 sec at
full speed with the Polytron ST system,
made 0.1% (w/v) Triton X-100 and homog-
enized for an additional 15 sec. The homog-
enate was centrifuged at 20,000 x g for 20

mm and the resulting supernatant was used
for enzyme assay. Enzyme activity was as-
sayed by a modification of the method of
Hutton et al. (26). Chick embryo substrate
was prepared with [4-3H]proline as de-
scribed (26). The amount of tritiated water

formed was linearly related to the time of
incubation and the amount of supernatant

protein assayed. Final radioactivity in the
experimental samples was at least six times
the amount of radioactivity of the blank (40
CPM). An aliquot of the 20,000 x g super-
natant fraction was incubated at 30#{176}Cfor
30 mm in a mixture containing 220 �tM Tris
HC1 (pH 7.5), 4.9 � ascorbic acid, 0.30 /LM

ferrous ammonium sulfate, 0.6 �LM a-keto-
glutarate, 0.2 mg of catalase, 10 mg bovine
serum albumin and [4-3H]prolyl substrate
(130,000 CPM) made up to a volume 1 ml
with deionized H20. After incubation at
30#{176}Cfor 30 mm the reaction was termi-
nated by adding one-tenth the volume of
50% TCA. The reaction mixture was vac-
uum distilled and the resulting tritiated
water was counted in a 30% Triton X-100

cocktail. Prolyl hydroxylase is expressed as
dpm of tritiated water formed per 30 mm
per mg supernatant protein.

Total proline incorporation into cellular

protein. In order to determine linearity of
proline incorporation, 1.4-1.8 x 108 dermal
cells were suspended in 60 ml of EMEM

and incubated for 2 hr. [2,3-3H]Proline (120
�zCi) was added to each incubation flask

and the flasks were incubated for 0.5, 2 or
3 hr. At the end of the incubation period
the cells were collected by centrifugation at

900 x g for 10 mm. The cell pellet was
suspended in 20 ml of EMEM and the cells
were pelleted by centrifugation at 900 x g
for 10 mm. This wash procedure was re-
peated. The cells were then suspended in 3
ml of 0.1 M NaCl, 0.05 M Tris HC1 (pH
7.4). The sample was homogenized for 45
sec with the Polytron ST system. The sam-
ple was placed in a boiling water bath for
10 mm, and was then homogenized for an
additional 30 sec. An aliquot of the homog-
enate was assayed for protein content. Two
milliliters of 10% (w/v) TCA were added to
a 20 �tl aliquot of the homogenate. The

sample was then filtered through a Miii-
pore filter (type HA). The filter was washed
twice with 5% (w/v) TCA, dried under a
heat lamp for 10 mm and counted in tolu-
ene, 2,5-diphenyloxazole, 1 ,4-bis-2-(4-
methyl-5-phenyloxazolyl) benzene. Cells
were also incubated with radioactive pro-
line and i0� and i0� M cycloheximide.

Protein synthesis was inhibited by 93%.
This procedure of determining total proline
incorporation was used since a large num-
ber of samples were assayed in certain ex-
periments.

Totalproline incorporation and hydrox-

yproline formed. Cells (3 x 10�) isolated

from control and triamcinolone-treated rats
were incubated in 120 ml of EMEM for 2

hr. [2,3-3H]Proline (240 �tCi) was added and
the cells were incubated for 30 mm. After

the cells were collected and washed as de-
scribed above, the cell pellet was homoge-
nized in 5 ml of H20 with the Polytron ST
homogenizer for 30 sec. An aliquot was used
to determine protein content. An equal vol-
ume of 10% (w/v) TCA was added to ho-
mogenate at 4#{176}.The sample was centri-
fuged at 10,000 x g for 10 mm. The resulting
pellet was resuspended in 10 ml of 5% (w�
v) TCA and centrifuged. This washing pro-

cedure of the cell pellet was repeated. The
cellular pellet was suspended in 10 ml of
6 N HC1 and the sample was hydrolyzed

for 18 hr. The hydrolyzed sample was evap-
orated, redissolved in 2 ml of water, neu-
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tralized and chromatographed on Dowex
50W - X8 (200-400) mesh as previously
described (7). The amount of radioactive
proline incorporated into cellular protein
and the amount of hydroxyproline formed
were based on the amount of cellular pro-

tein. The proline incorporation and hydrox-

yproline formation data were calculated
based on the specific activity of the TCA
soluble proline pool. The TCA soluble ma-

terial of the cellular homogenate and the
two subsequent washes were filtered
through Whatman #1 filter paper. The acid
soluble fraction was then evaporated, redis-
solved in 10 ml of 6 N HC1 and hydrolyzed
for 18 hr in an autoclave. After the addition
of 100 mg Norit A and filtration through
Whatman #1 filter paper, the sample was

evaporated, redissolved in 4 ml of water,
neutralized and the proline was isolated by
Dowex chromatography as previously de-

scribed (7). The amount of proline was de-
termined colorimetrically by the method of
Troll and Lindsley (27).

Coblagenase assay. The amount of la-
beled proline incorporated into collagen
was determined by collagenase digestion of
cellular protein. Dermal cells (1.5-2.0 x 108)

were incubated for 2 hr in 60 ml of EMEM.

[2,3-3H]Proline (120 �iCi) was added to each
flask and the cultures were allowed to in-

cubate for the times indicated. The cells
were harvested by centrifugation and
washed twice as described above. The cells
were suspended in 3 ml of 0.05 M Tris-HC1
(pH 7.0), 0.1 M NaC1 followed by homoge-
nization with the Polytron ST homogenizer
for 45 sec. The sample was then placed into

a boiling H20 bath for 10 mm and then
homogenized for 30 sec. A 50 �zl aliquot was

digested with 105 units of bacterial colla-
genase form III. An aliquot of the samp1.�
was added to an incubation mixture co�i-

taming 80 m� sodium chloride, 0.7 m�i
magnesium chloride, 10 mr�i Tris-HC1 (pH

7.5), 7.5 mi� calcium chloride, 2.5 mM N-
ethylmaleimide and bacterial collagenase
form III. The total volume of the assay was
0.5 ml. The reaction mixture was incubated
for 2 hr at 37#{176}.The reaction was stopped
by adding 2 ml of 10% (w/v) TCA on ice.
The sample was filtered through a Milhipore
filter and the filter was counted as prey-

ously described. The amount of collagen-
ase-digestible material was quantified by
substracting the amount of radioactivity
retained on the filter when the sample was
digested with collagenase from the amount
of radioactivity retained on a filter after

incubation of the sample without collagen-

ase. Maximum collagenase digestion was
obtained at 1 hr. The amount of collagenase
digestible product was not increased by
doubling the amount of collagenase. Ninety
per cent digestion was obtained as esti-

mated by the amount of labelled hydroxy-
proline remaining in the tissue pellet after
digestion.

Determination of the hydroxyproline to
probine ratio of intracellular collagen pep-

tides. Dermal cells (3-3.5 x 108) were in-

cubated for 2 hr in 60 ml of EMEM prior to
the addition of [2,3-3H]proline (360 �tCi).
The samples were incubated for an addi-
tional 5 hr. The cells were collected and
washed twice with EMEM as described
above; they were then suspended in 10 ml

of H20 containing iO� M phenylmethane-

sulfonyl fluoride and homogenized with a
Polytron ST homogenizer for 45 sec at 4#{176}C.
TCA (10% w/v) was immediately added to
the homogenate. The homogenate was cen-
trifuged at 20,000 x g for 15 mm. The
resulting pellet was resuspended in 2 ml of

0.05 M Tris HC1 (pH 7.5), 0.1 M NaCl,
homogenized for 15 sec and dialyzed against

three changes of this buffer. The cellular
protein was digested with bacterial colla-
genase form III. Aliquots of the sample
were added to the collagenase incubation
mixture described above. The total volume

of the collagenase assay was 1.2 ml. Two
hundred units of collagenase (one unit of

collagenase equals the amount of enzyme
which is required to solubiize 1 �imole of
leucine equivalents) were used to digest 1

mg of cellular protein. Following incubation
for 2 hr at 37#{176}C,twice the reaction volume
of 10% TCA was added to the sample at

4#{176}Cfor 15 mm. The sample was then cen-
trifuged at 20,000 x g for 15 mm and the
resulting supernatant was collected. The
pellet was resuspended in 5 ml of 5% (w/v)
TCA and centrifuged at 20,000 x g for 15
mm. This wash procedure was repeated.
The TCA soluble fractions were combined
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FIG. 1. Phase contrast micrograph of cells isolated from control animals

Cells were allowed to equilibrate with 50% acetic acid for 30 mm before being photographed at 400 x.

and extracted with 15 ml of n-butylacetate.
The acid soluble fraction was evaporated.
The sample was then suspended in 10 ml of
6 N HC1 and hydrolyzed in vacuuo for 18
hr at 110#{176}.The sample was evaporated and
chromatographed by Dowex cationic ex-

change chromatography as previously de-
scribed (7). The hydroxyproline and proline

peaks were collected, evaporated and
counted to determine the hydroxyproline
to proline ratio. The amount of prolime and
hydroxyproline were corrected for recover-
ies of [3H]proline and [3H]hydroxyprolmne
added after collagenase digestion of non-
radioactive intracellular protein.

RESULTS

Cells were isolated from dermis of control
and glucocorticoid-treated rats. The mor-
phology of dermal cells isolated from con-
trol animals is presented in Fig. 1. The cells
were equilibrated in acetic acid to prevent
clumping. The morphology of the cells was
the same in the absence of acetic acid. In
order to determine whether the cells were
viable during the time in which these ex-
periments were done, the viability was de-

termined by trypan blue exclusion. The
cells were allowed to incubate for up to 6#{189}

hr at 37#{176}.During this time, aliquots of the
cell suspension were taken and assayed for
trypan blue exclusion. Eighty-five per cent

of the cells did not take up trypan blue
during the course of 6#{189}hr of incubation at
37#{176}C(Table 1).

Prolyl hydroxylase activity was deter-
mined in preincubated cells isolated from
control and steroid-treated animals at three

and six hours of incubation (Table 2). En-
zyme activity in the steroid-treated cells
was markedly decreased at both times of
incubation. This experiment was duplicated
and agrees with in vivo data (7, 10, 17).

In order to quantify the amount of hy-

droxyproline formation and the percent of
cellular collagen synthesis, the time course
of proline incorporation into total intracel-

lular protein was determined (Fig. 2). The
amount of proline incorporation in gluco-
corticoid-treated cells was decreased at all

time points.
Previous in vivo studies demonstrated

that collagen synthesis was selectively de-
creased after multiple injections of triam-
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cinolone diacetate (7). In these studies hy-

droxyproline formation was decreased to a
greater extent than total proline incorpo-
ration. This selective decrease of collagen

synthesis was also demonstrated in dermal
cells incubated with radioactive proline in

vitro (Table 3). Hydroxyproline formation
was decreased by 90% while total proline

incorporation was decreased by 60%.

Cellular protein was isolated from control
and glucocorticoid-treated cells after label-
ling with radioactive proline for either

TABLE 1

Viability and cell number of dermal cells isolated

from control and triamcinolone-treated rats as a

function of time of incubation

Dermal cells were isolated as described in the text,

preincubated for 2 hr and divided into four aliquots

which were incubated for the times indicated. Five

parts of the cell suspension were mixed with one part

0.4% trypan blue solution and allowed to stand at room

temperature for 3 mm. The percent viable cells was

calculated by dividing the cells which excluded trypan

blue by the total number of cells counted.

Time of Control Triamcinolone
incuba-

tion Cell
number

Percent
viability

Cell
number

Percent
viability

(hr) (x 10’) (x 10�)

0 3.12 85 2.84 86

1.0 3.40 85 2.80 86

3.0 3.36 85 2.80 86

6.5 3.40 85 2.84 85

TABLE 2

Prolyl hydroxylase activity in dermal cells isolated

fr om control and triamcinolone-treated rats

Dermal cells were isolated as described in the text

from control and tnamcinolone-treated rats. The cells

(1.5 x 10�) were preincubated for 2 hr and incubated

for an additional 3 or 6 hr. Preparation of the super-

natant fraction of cellular homogenates for enzyme

assay was done as described in the text. Each sample

was assayed in duplicate. All incubations were done in

EMEM. Values in parentheses represent the percent

decrease of enzyme activity from control values.

Time of incuba- Prolyl hydroxylase activity
tion

Control Triamcinolone

hr DPM of THO x 104/mg supernatant
protein

3 15.0 5.8 (61%)

6 13.4 6.4 (52%)

Time (hr)

FIG. 2. Time course ofproline incorporation into
protein of rat dermal cells

Preincubated cells (1.4-1.8 x l0�) were incubated

for the indicated times with radioactive proline. The

cells were harvested and proline incorporation per

milligram of cellular protein was determined as de-

scribed in the text. Control -*---; steroid treated

-0-.

thirty minutes or one hour. The percent of
collagenase-digestible radioactive proline
was quantified in control and glucocorti-

coid-treated cell cultures (Table 4). The
percent of the total cellular protein which
was collagen was significantly less in glu-

cocorticoid-treated cells. These data mdi-
cate that glucocorticoid treatment results
in a selective decrease in collagen poly-

peptide synthesis.
Since hydroxyproline formation was se-

lectively decreased in glucocorticoid-
treated cell cultures at a time when prolyl
hydroxylase was decreased, the hydroxy-
proline to proline ratio of total cellular col-
lagen was determined (Table 5). Although
prolyl hydroxylase activity was markedly
decreased in glucocorticoid-treated cells,
only a slight 5% decrease in the hydroxy-
proline to proline ratio was observed. When
cells were incubated with 2,2’ dipyridyl, a

70% decrease of the hydroxyproline to pro-
line ratio of intracellular collagen was ob-
served. These data indicate that underhy-
droxylated collagen does not accumulate in

dermal cells isolated from glucocorticoid-
treated rats.



TABLE 4

Percent of intracellular collagen synthesized by

dermal cells isolated from control and

triamcinolone-treated rats

TABLE 5

Hydroxyproline to proline ratio of cellular

collagenase�digestible protein of dermal cells

isolated from control and triamcinolone-treated rats
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(. Significantly different from control at p < 0.05.

DISCUSSION

Administration of glucocorticoid results
in a decrease of collagen synthesis in con-
nective tissues. Proteinaceous hydroxypro-
line synthesis is decreased in skin (2, 7),
bone (5) and granuloma tissue (15, 16, 28)
following glucocorticoid administration.

The decrease ofcollagen synthesis in con-
nective tissues after a single injection of
glucocorticoid was initially thought to re-
sult from a non-selective inhibition of pro-
tein synthesis since hydroxyproline forma-
tion was decreased to approximately the
same extent as total proteinaceous proline
incorporation (5). However, following mu!-
tiple injections of triamcinolone diacetate

to newborn rats, hydroxyproline formation
was decreased in whole skin to a much

greater extent than total proline incorpo-
ration (7). Since prolyl hydroxylase activity
was concomitantly reduced in various tis-

TABLE 3

Incorporation of [�H]proline into total intracellular

protein and hydroxyproline formation in dermal

cells isolated from control and triamcinolone-

treated rats

Dermal cells (3-4 x 10�) from control and triamci-

nolone-treated animals were incubated for 2 hr and

incubated an additional 30 mm after the addition of

[2,3-3H] proline. The cellular protein was hydrolyzed

and [3H]hydroxyproline was separated from [‘Hipro-

line by Dowex cationic exchange chromatography as

described in the text. All values are calculated based

on the specific activity of radioactive proline in the

acid soluble fraction of the cellular homogenates which

was determined as described in the text. The values

represent the mean ± SE of four cultures. The values

in parentheses represent the percent decrease of in-

corporation from control values.

Measurement control Triamcino-
lone

Intracellular proline incor-

porated

DPM/mg cellular protein 90.8 ± 9.2 28.6 ± 2.7”

DPM/nmol proline (68%)

Intracellular hydroxypro-

line formed

DPM/mg cellular protein 9.2 ± 0.8 0.9 ± 0.2”

DPM/nmol proline (90%)

Dermal cells were isolated from control and steroid-

treated animals as described in the text. Preincubated

cells (1.5-2.0 x 10w) were incubated with [2,3-H]pro-

line for the times indicated. The data from each time

period represent a different experiment. Intracellular

protein was prepared and aliquots of the cellular ho-

mogenates were digested with bacterial collagenase as

described in the text. The per cent proline-labelled

protein which was digested by collagenase was calcu-

lated by dividing the sample incubated with collagen-

ase by the sample incubated in the absence of colla-

genase and multiplying by 100. The triamcinolone-

treated samples were derived from more cells than the

control samples.

Pulsing Treatment -Collagenase Protein
time #{247}collagen� digestion

hr DPMxJtI’

0.5 Control 1.6 1.1 28%

Triamcinolone 1.8 1.5 17%

1.0 Control 2.7 1.9 27%

Triamcinolone 3.8 3.1 19%

Dermal cells were isolated from the skin of control

and triamcinolone-treated rats as described in the text.

Preincubated cells (3 x 10’) were divided in half and

incubated with or without 2,2’dipyridyl plus [2,3-

3H]proline for 5 hr and harvested. Cells (3.5 x 1O�)

isolated from triamcinolone-treated tissue were incu-

bated with radioactive proline for 5 hr and harvested.

The amounts of radioactive hydroxyproline and pro-

line released by collagenase digestion of cellular pro-

tein were determined as described in the text.

[3HjHydroxy. [3HlProline Hyp/Pro
proline

DPM x io-�

Control 4.2 6.9 0.61

Triamcinolone 7.1 12.2 0.58

2,2’ Dipyridyl 1.0 5.6 0.18

treated cells

sues (7, 10, 16-18) this finding suggested
that glucocorticoids selectively decreased
the rate of collagen polypeptide synthesis
and/or the rate of prolyl hydroxylation.

Recent studies quantified the rate of col-
lagen synthesis relative to non-collagen
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protein synthesis in dermis in vivo at both
the tissue and ribosomal nascent chain 1ev-

els (10). The activity of prolyl hydroxylase

as well as the degree of prolyl hydroxylation
of collagen nascent chains were determined.

The results indicated that glucocorticoids
selectively decreased collagen polypeptide

synthesis in rat dermis sufficiently to ac-
count for the selective decrease in the newly
synthesized acid-soluble collagen previ-
ously reported in skin (2, 3). Although pro-
lyl hydroxylase activity was decreased in a
dose- and time-dependent manner after ad-

ministration of triamcinolone diacetate,
there was no concomitant decrease in the
extent of hydroxylation of nascent collagen
polypeptides.

During the biosynthesis of collagen, hy-
droxylation of prolyl residues occurs before
helix formation (29-33). The hydroxylation

of prolyl residues is required for helix for-
mation and resistance of the collagen mol-
ecule to proteolytic digestion. Underhy-
droxylated collagen exists in a random coil
which is susceptible to proteolytic digestion

(29). Prolyl hydroxylation is, therefore, a
necessary step for the synthesis of collagen
which is not susceptible to proteolytic

digestion. Since some hydroxylation of pro-
lyl residues occurs after release of collagen
polypeptides from ribosomes (23, 24), we

determined if underhydroxylated collagen
was synthesized intracellularly after steroid
treatment. Cells were isolated from rat der-
mis of animals treated with multiple injec-
tions of triamcinolone diacetate, and incu-
bated with radioactive proline. The hydrox-
yproline to proline ratio of total cellular

collagen was determined. Although prolyl

hydroxylase activity is decreased in dermal
cells isolated from glucocorticoid-treated
rats, the extent of hydroxylation of total
cellular collagen is not decreased. There-
fore, underhydroxylated collagen is not syn-
thesized and accumulated intracellularly
for 5 hr of incubation following glucocorti-

coid treatment. The accumulation of un-
derhydroxylated collagen was also not ob-
served at 30 mm of incubation.

As observed in in vivo studies, collagen
polypeptide synthesis is also selectively de-
creased in the cells isolated from glucocor-
ticoid-treated rats. The amount of protein-

aceous hydroxyproline synthesis is de-
creased to a greater extent than total pro-

line incorporation into cellular protein. A
selective decrease of collagen synthesis is

also indicated by the lower percent of col-

lagen synthesized by glucocorticoid-treated
cells.
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