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Abstract-The effect of some anti-inflammatory steroids (prednisolone, and different derivatives of hyd- 
rocortisone, dexamethasone and betamethasone) on the synthesis and extra- and intracellular distribu- 
tion of collagen was studied using chick embryo tendon cells. The concentrations of steroids varied 
between 1 x 10m3 M and 1 x 1F7 M. All steroids having an effect decreased the synthesis of collagen 
and the amount of labeled collagen decreased more in the medium than in the cells. Great variations 
in the inhibitory activity between different derivatives of steroids were noticed. Hydrocortisone was 
as inhibitory as hydrocortisone butyrate but both decreased collagen synthesis more than succinate 
or phosphate derivatives of hydrocortisone. Betamethasone-17-valerate was the most potent inhibitor 
among the steroids tested, whereas its alcohol and phosphate forms were inetkctive. Dexamethasone 
and its phosphate derivative did not affect collagen synthesis in this system. The inhibitory potency 
of prednisolone on collagen synthesis was about the same as that of hydrocortisone. No steroid caused 
an accumulation of labeled collagen into cells and the decrease in the amount of collagen followed 
the decrease in total amount of labeled proteins. The results suggest that the inhibition of collagen 
synthesis by anti-inflammatory steroids is a consequence of a general inhibition of protein synthesis, 

Synthetic corticosteroids have gained a widespread 
use in clinical medicine despite their many side effects 
e.g. the suppression of adrenal glands [ 11. When these 
drugs are applied topically for extended periods 
various local symptoms appear in dermis as conse- 
quence of atrophy i.e. skin thinnjng, striae, bruising 
and delayed wound healing [Z, 31. 

Many theories have been presented in order to 
explain the genesis of skin atrophy. Steroids have 
been claimed to inhibit collagen synthesis [4-63 and 
to promote its degradation [7,8]. Fibroblast prolifer- 
ation is also inhibited [9] and this property has been 
used in screening of new compounds [lo, 111. Inhibi- 
tion of glycosaminoglycan synthesis is also caused by 
anti-infl~matory steroids (12,131. 

The effect of anti-infl~matory steroids on collagen 
synthesis has been generally studied using complex 
and pooriy characterized experimental systems 
(reviewed by Nacht and Garzon [14]). In the present 
work freshly isolated chick embryo tendon cells are 
used. This is a relatively simple system and has been 
extensively characterized by other authors [ 15-213. 
These cells are well suited for this purpose because 
about 70 per cent of their protein synthesis is collagen 
[l.YJ. The time between the addition of radioactive 
proline and the secretion of collagen chain with 
labeled hydroxyproline from these cells into the 
medium is about 20-21 min [16]. Thus the short incu- 
bation time (2 hr) used in this system is long enough 
to detect changes in collagen synthesis. A longer incu- 
bation time in dtru makes the cells ascorbate-deficient 
and as a result prolyl hydroxylation becomes the rate- 
controlling step [22]. Some of the most common 
steroids used topically (prednisolone and derivatives 
of hydrocortisone, dexamethasone and betametha- 
sone) were selected and their effects on collagen syn- 
thesis were tested. 

MATERIAL3 AND METHODS 

White Leghorn chick embryos were obtained from 
a local hatchery (Munkkila, Paimio, Turku). Tendon 
cells from 17-day-old embryos were isolated accord- 
ing to the method of Dehm and Prockop [lS] as 
slightly modified by Ronnemaa et al. [23]. Ceils were 
then suspended in modified Krebs-Ringer medium 
(141 mM NaCI, 5.6mM KCl, 3.0mM CaC& 1.4 mM 
KH2POI, 1.4mM MgSO,, 22mM glucose) buffered 
with 20 mM N-2-hydroxy-ethyl-piperazine-N-2-eth- 
ansulphonic acid (HEPES, Sigma, St. Louis, U.S.A.), 
pH 7.4 and containing 0.015% bovine serum albumin 
(A4503, Sigma) and 0.1 mM ascorbic acid. Nonra- 
dioactive L-proline (14.5 FM) was added to incubation 
medium to prevent the effects of changes in proline 
pool size to collagen synthesis. 

About 2 x 106-3 x lo6 cells in 3.0ml of the 
medium were incubated in 25 ml polypropylene tubes 
with air as the gaseous phase. After a I5 min preincu- 
bation at 37”, 5 $i of r.[G-3HJproline (635 mCi/m- 
mole, Radiochemical Centre, Amersham, England) 
were added to the medium and the incubation was 
continued for 120min. The incubation was stopped 
by cooling the tubes to 0” in an ice bath and by 
adding 0.27 mg of cycloheximide (Sigma) and 0.4 mg 
of alfa-aIfa-bipyridyi (Merck, Darmstadt, Germany) in 
0.2ml of medium. At the end of the incubation an 
ahquot of 200~1 was taken from each tube for the 
measurement of cell viabiIity by Trypan Blue exclu- 
sion test. The remaining cells were separated from 
the medium by centrifugation at 350 9 for 12 min. The 
cell pellet was washed once with the medium contain- 
ing 0.01% cycloheximide and 0.015% alfa-alfa-bipyri- 
dyl. This second supernatant was discarded. The cells 
were then suspended in distilled water and sonicated 
for 3Osec. The cell homogenates and media were dia- 
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lyzed against running tap water overnight and the 
amount of radioactive hydroxyproline was measured 
by the method of Juva and Prockop 1241. 

The steroids used included : hydrocortisone 
(Merck), hydrocortisone monosodium phosphate 
(Lllke Oy, Turku, Finland), hydrocortisone sodium 
succinate (Orion, Mankkaa, Finland), hydrocorti- 
sone-17-butyrate (Gist-Brocades. Delft, Holland), 
prednisolone (Merck), dexamethasone (Orion), dexa- 
methasone monosodium phosphate (Orion), beta- 
methasone (Glaxo. Greenford, Middx.. England), 
betamethasone disodium phosphate (Glaxo) and beta- 
methasone-17-valerate (Glaxo). The phosphates and 
the succinate derivative were dissolved directly into 
the incubation media. The others were first dissolved 
in ethanol and amounts of steroids required per tube 
were added into tubes. Ethanol was then removed 
by evaporation in air stream before adding the 
medium and the cells. The steroids were added at 
the beginning of the preincubation. The controls were 
incubated without drug and their number was the 
same as the number of samples at each drug concen- 
tration [4-S], The statistical significance of the results 
was calculated using analysis of variance and the 
Scheffe’s S-test. 

RESULTS 

The viability of the cells was good and no increase 
in cell membrane permeability to Trypan blue was 
detected in any concentration of steroids used after 
a 2-hr incubation. 

100 

Efect of steroids on total co/lagen synthesis. The 
two water-soluble derivatives of hydrocortisone, hyd- 
rocortisone sodium succinate and hydrocortisone 
monophosphate, differed in their inhibitory potency 
on collagen synthesis measured as proline incorpor- 
ation into hydroxyproline (Fig. 1). Hydrocortisone 
succinate inhibited the synthesis of collagen in this 
system by 90 per cent at the concentration of 
I x 10e3 M while the inhibition by hydrocortisone 
phosphate was 56 per cent. At concentrations lower 
than this, both steroids had no effect. The other 
watersoluble steroids studied, dexamethasone and 
betamethasone phosphate, did not affect collagen syn- 
thesis at the tested concentrations. 

Hydrocortisone inhibited collagen synthesis by 46 
per cent at 1 x 10m4 M and 20 per cent at 
1 x lo-’ M concentrations (Fig. 2). Hydrocortisone 
butyrate and prednisolone at 1 x 10m4 M concen- 
tration inhibited the synthesis of collagen by 24 and 
35 per cent, respectively. At concentrations lower than 
this they had no effect. Dexamethasone and beta- 
methasone had no effect on collagen synthesis while 
betamethasone-17-valerate decreased it by 90 per cent 
at 1 x 1O-4 M and by 20 per cent at 1 x lo-’ M 
concentrations. Doses lower than these were without 
any inhibitory effect. 

Effect ofsteroids on the amounts of collagen in cells 
and media. The amount of radioactive collagen in the 
medium was 2 and 33 per cent of the control amounts 
at 1 x 10e3 M concentrations of hydrocortisone 
sodium succinate and hydrocortisone monophosphate 
(Fig. 3). Radioactive collagen in the cells was 29 per 

HYDROCORTISONE 
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HYDROCORTISONE 
PHOSPHATE 

Fig. 1. Effect of some anti-inflammatory steroids on the incorporation of [3H]proline into collagen 
at steroid concentrations 1 x 10m3 M to 1 x lo-’ M. The data are given as per cent of the controls 

+S.E., n = 46. *P < 0.05. **P < 0.01, ***P < 0.001. 
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Fig. 2. Effect of some anti-inflammatory steroids on the incorporation of C3H]proline into collagen 
at steroid concentrations 1 x lo-“ M to 1 x kO_’ M. The data are given as per cent of the controls 

fS.E., n = 46. *P < 0.05, **P < 0.01, ***P < 0.001. 

cent and 83 per cent, respectively. At lower concen- 
trations these steroids did not alter the intra- or extra- 
cellular amounts of labeled collagen. Hydrocortisone 
in concentrations of 1 x tom4 M and 1 x 10e5 M in- 
hibited the labeling of media collagen by 49 per cent 
and 20 per cent and the intracellular collagen by 46 
per cent and 15 per cent, respectively (Fig. 4). Hydro- 
cortisone butyrate at 1 x 10m4M concentration de- 
creased the labeling of media collagen by about 33 

““C,;‘T*“, , \+,.j 

0 lo6 lo5 lo4 lo3 

per cent but had no effect on the amounts of intracel- 
lular collagen. Prednisolone at its only effective con- 
centration (1 x lo-* M) decreased the amount of 
extracellular collagen by 43 per cent and that of intra- 
cellular by 17 per cent. Betamethasone-17-valerate 
was the most potent steroid and suppressed the 
radioactivities of media and cellular collagens by 97 
per cent and 70 per cent, respectively, at a concen- 
tration of 1 x 10m4. 
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Fig. 3. Effect of some steroids on the amount of radioactive collagen in media and cells at concen- 
trations 1 x 10m3 M to 1 x 10e6 M. The values are given in per cent of controls +_S.E., n = 4-6. 

*P c 0.05. **P < 0.01, ***P < 0.001. ~ = medium, ----- = cells. 
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Fig. 4. Effect of some steroids on the amount of radioactive collagen in media and cells at concen- 
trations 1 x 10V4 M to 1 x IO-‘M. The values are given in per cent of controls *SE., n = 46. 

l P < 0.05, **P < 0.01, ***P < 0.001, __ = medium, ----- = cells. 

The ratio of labeled collagen in the medium vs cells 
in the different concentrations of steroids is shown 
in Table 1. This ratio was changed only at the highest 
or the two highest steroid concentrations. The ratio 
diminished from 1, calculated to controls to 0.05 by 
hydrocortisone succinate and to 0.41 by hydrocorti- 
sone phosphate at a concentration of 1 x 10m3 M. 
Betamethasone-17-valerate and hydrocortisone 
caused a change in this ratio from 1 to 0.10 and 0.49 
at a concentration of 1 x lo-“ M. With other con- 
centrations and other steroids the ratio diminished 
to 0.34 or less. 

The total incorporated radioactivity versus radioac- 
tivity in hydroxyproline in the cells. There was no in- 
crease in the incorporated radioactivity in the cells 

as compared with controls. The ratio between the 
total incorporated radioactivity and that in hydroxy- 
proline was calculated in order to detect whether un- 
hydroxylated collagen accumulated in the cells. The 
ratio remained the same in the presence of all the 
tested steroids. 

DISCUSSION 

The results indicate that derivatives of hydrocorti- 
sone have a different potency in decreasing the rate 
of collagen synthesis. Hydrocortisone as free alcohol 
was as potent an inhibitor as prednisolone and these 
both were more potent than hydrocortisone monoso- 
dium phosphate or sodium succinate. The active form 

Table I. Effect of steroids on the ratio of labeled collagen in the medium vs cells. The ratio in controls was calculated 
as 1.0 

Drug 
Hydrocortwne Hydrccortsone 

succinate phosphate 
Hydrocortwme 

butyrate Predntsolone 
Betamethasone 

valerate 

Control I .m 100 1.00 1.00 loo 1.00 
Concn (M) 

10-7 NT* NT 094 0.97 0.92 096 
10.” 1.12 0.95 0.97 1 IO 0.93 099 
10-s I .02 0.94 085 0.94 0.89 0.98 
10-4 0.89 0.88 0.49 066 0.68 0 IO 
10-3 0.05 0.41 NT NT NT NT 

* NT = not tested. 
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of both of these water soluble steroids is believed to 
be hydrocortisone and the variation in potency may 
reflect the rate at which they are converted to this 
form. Hydrocortisone butyrate inhibited collagen syn- 
thesis slightly less than hydro~~isone. ~t~etha- 
sone-17-valerate was the most potent inhibitor of col- 
lagen synthesis among the steroids studied. 

The lack of inhibition of collagen synthesis by 
dexamethasone and betamethasone as well by their 
phosphate derivatives was unexpected. These steroids 
are soluble in water in the concentrations 
used [X,26]. This suggests that they may have to be 
changed to some other form before being inhibitory. 
Problems of plasma membrane penetration, nuclear 
binding etc. may be involved. 

Many authors claim, that anti-inflammatory 
steroids decrease accumulation of collagen in the test 
systems used. Cutroneo et al. [27] reported that hyd- 
rocortisone, methylprednisolone and triamcinolone 
decreased the activity of prolyl hydroxylase in rat 
liver and granulation tissue in z&o. On the other hand 
prolyl hydroxylation is postulated to be one of the 
rate-limiting steps in collagen synthesis [28]. Triam- 
cinolone in rat skin in uiuo decreased, however, prolyl 
hydroxylase only 35-40 per cent after three days 
treatment and this was not enough to account for 
the 77 per cent decrease in hydroxyproline formation 
[29]. In the present ex~rimental system pr~ollagen 
chains will accumulate in the cells if prolyl hydroxy- 
lase is inhibited by alfa-alfa-bipyridyl [15, 19,211. In 
the present study no accumulation of unhydroxylated 
C3H]proline labeled protein in the cells was found 
due to exposure to steroids. Another possible reason 
for the decreased amount of extraceilular collagen 
would be the inhibition of collagen secretion from 
cells. This has also been suggested to be one of the 
possible effects of anti-inflammatory drugs [6,30]. 
The ratio of labeled hydroxyproline in medium vs 
cells was found to be decreased in the presence of 
anti-inflammatory steroids. It correlated to the de- 
crease in total collagen synthesis and was probably 
due to the slowered synthesis of cellular proteins. 
Thus, the present results do not suggest rate limiting 
inhibition of collagen hydroxylation or secretion by 
anti-inflammatory steroids. It is interesting to note 
that others have found inhibition of collagen secretion 
with colchicine and vinblastine which leads to an in- 
tracellular accumulation of collagen [ 15,191. 

The effect of steroids on catabolism of collagen has 
been studied by Houck et al. [7,8]. They showed, 
that hydrocortisone and prednisolone induce a detect- 
able collagenolytic enzyme activity in rat skin and 
human fibroblast culture after a 3-hr exposure which 
was suppressed by inhibitors of protein synthesis, 
namely actinomycin-r, and cycloheximide. However, 
no increase in collagen degradation was reported by 
other authors in rat skin after hydrocortisone treat- 
ment c4.313. In the present 2-hour incubation, induc- 
tion of collagenolytic activity seems improbable. 

Chick embryo tendon cells synthesize only type I 
collagen while skin fibroblasts synthesize both type 
I and III collagen [32]. However, collagen synthesis 
by chick tendon cells responded to steroids in a simi- 
lar way to collagen synthesis by human skin fibro- 
blasts in culture in that inhibition was only seen at 
very high concentrations [33]. 

The inhibitory action of steroids on collagen and 
other protein synthesis may reflect their potency to 
produce skin atrophy in topical use. Betametha- 
sone-17-valerate is known to produce more skin atro- 
phy than hydr~ortisone or prednisolone. The skin 
atrophy obtained by hydrocortisone and hydrocorti- 
sone butyrate is reported to be of the same magnitude 
[34]. The relative anti-inflammatory potencies of hyd- 
rocortisone butyrate and betamethasone-l7-valerate 
are claimed to be the same in clinical applications 
[3S]. In this study the inhibition of collagen synthesis, 
however, had quite a different magnitude. This sug- 
gests that the relations of the anti-in~~matory effect 
and the inhibition of collagen and other protein syn- 
thesis are to be studied further. 

The concentrations of steroids which are required 
to inhibit collagen synthesis in this system are very 
high and can hardly be reached with systemic admin- 
istration. On the other hand, concentrations in skin 
during topical therapy have never been measured ac- 
curately and it is possible that concentrations high 
enough to inhibit collagen synthesis might occur. Fur- 
thermore, as shown by Uitto and Mustakallio [36] 
higher concentrations of corticosteroids are needed 
to inhibit collagen synthesis in uirro than in uiuo. 
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