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Comparison of the Effect of Hydrocortisone, Hydrocortisone-
17-butyrate and Betamethasone on Collagen Synthesis in

Human Skin In vivo
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It has been shown previously that topical corticosteroid treat-
ment decreases collagen synthesis in human skin in vivo and
that the adverse effects are due to reduced collagen synthesis.
The aim of the present study was to evaluate the effect of
hydrocortisone, hydrocortisone-17-butyrate and betametha-
sone on collagen synthesis in human skin in vivo.

Fourteen healthy male volunteers applied hydrocortisone, hy-
drocortisone-17-butyrate, betamethasone and vehicle twice a
day for one week to four separate areas marked on their ab-
dominal skin. The collagen synthesis rate in the skin was mea-
sured by assaying collagen propeptides from the suction blisters
induced on the treated areas. Aminoterminal propeptide of type
I procollagen (PINP) and aminoterminal propeptide of type III
procollagen (PLIINP) were measured from skin blister fluid
using radioimmunoassays. Skin thickness was measured with
ultrasound.

Hydrocortisone decreased the two propeptides studied in the
suction blister fluids less than did hydrocortisone-17-butyrate
and betamethasone, but the interindividual variation was great.
Hydrocortisone-17-butyrate and betamethasone had almost
similar decreasing effects on the propeptides in the suction
blister fluid. Hydrocortisone decreased the concentrations of
PINP and PIIINP by about 35%. In some subjects (4/14) the
decline of the collagen propeptide levels was over 50%. The
decline in the concentration of PINP was 63% by hydrocorti-
sone-17-butyrate and 69% by betamethasone, while the de-
crease in PIIINP was 55% by hydrocortisone-17-butyrate and
62% by betamethasone. None of the treatments had any effect
on skin thickness within one week.

In conclusion, it seems that hydrocortisone is less atrophogenic
than hydrocortisone-17-butyrate and betamethasone, as shown
by radioimmunoassays for collagen propeptides. The order of
inhibitory potency of the three glucocorticoids on collagen syn-
thesis was hydrocortisone < hydrocortisone-17-butyrate < be-
tamethasone. Thus, assay of collagen propeptides from suction
blisters can be used to screen various steroids with respect to
their action on collagen synthesis. Key words: collagen propep-
tides; glucocorticoids.
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Collagen comprises 70-80% of the dry weight of the dermis and
is the most abundant protein in the skin. The two main collagen
types in the skin are type 1 and type III collagen. The former is
especially important, constituting 80-85% of all skin collagen,
while the latter is a minor component making up 10-15% (1., 2).
Collagens are synthesized as precursors. Aminoterminal and
carboxyterminal propeptides are cleaved off from procollagen in
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the extracellular space, which enables the collagen molecules to
assemble into functional fibers (3).

Previous methods for estimating collagen synthesis entail
various problems, and most of these methods are unsuitable for
clinical use (4). For this reason, a new method based on the
radioimmunological assay of collagen propeptides has been
developed. The availability of this assay has made it possible to
measure the propeptides of type I and III collagen (5-7).

It has been demonstrated in previous studies that topical
corticosteroid treatment reduces the levels of collagen I and III
propeptides in skin blister fluid in human skin in vivo. The
suction blister method has been shown to be highly sensitive for
detecting changes in de novo collagen synthesis, even changes
due to low potential steroids (8). To evaluate the atrophogenity
of topical corticosteroids with different anti-inflammatory po-
tencies, hydrocortisone (HC), hydrocortisone-17-butyrate (HB)
and betamethasone (BM) were studied using the suction blister
method, and aminoterminal propeptides of type I and III procol-
lagen (PINP: PIIINP) were measured with radioimmunological
assay.

MATERIAL AND METHODS

Fourteen healthy male volunteers (mean age 26, range 21-44) participa-
ted in the trial. On their abdominal skin, four areas were marked (size 10
cm x 10 cm). The areas were treated for one week twice a day with four
different ointments: HC (10 mg/g), HB (1 mg/g), BM (1 mg/g) and
vehicle, which served as a control. Neither the investigator nor the
subjects were aware of the quality of the ointments applied to these four
areas. After one week of treatment, skin thickness was measured with
ultrasound and suction blisters were induced on these four areas as
described previously (9). The blister fluids were collected and kept
frozen until the radioimmunological assays. in which PINP and PILINP
were measured (6, 7). The person analysing the propeptide levels did
not know which of the four areas the samples were from.

The proportion of the synthesis of type I and III procollagens was
calculated on the basis of molecular masses of procollagen propeptides.
The molecular mass of PINP is 35,000 and that of PIIINP is 42 000. For
the statistical analysis, a logarithmic transform of the original values
(procollagen propeptide concentrations) was taken to obtain a more
symmetric and Gaussian-like distribution. The analysis was performed
using paired-samples r-test.

The protocol had been approved by the ethical committee of the
Medical Faculty of the University of Oulu, Finland.

RESULTS

Effects of different glucocorticoids on PINP and PIIINP in
suction blister fluid '

The concentrations of PINP and PIIINP were affected by gluco-
corticoid treatment. For the statistical analysis, a logarithmic
transformation of the original values was taken because of the
skewness of the distribution of the propeptide concentrations.
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Fig. IAB. The concentrations of PINP and PIIINP in suction blister
fluids treated by hydrocortisone (HC), hydrocortisone-17-butyrate
(HB), betamethasone (BM) and vehicle (C). The bottom of the box
marks the 25" percentile and the top of the box the 75% percentile (the
limits within which 50% of the values fall). The square symbol in the
box marks the mean and the vertical line median. The vertical lines
represent the ranges.

PINP values. The geometric mean of the ratios of the concen-
trations between HC and vehicle (C) treatments was 0.65 (95%
confidence interval 047, 0.89; p<0.01), between HB and C
0.37 (95% CI1 0.27, 0.50; p<0.001), between BM and C 0.31
(95% C10.24,042; p<0.001) and between BM and HB 0.85
(95% CI1 0.70, 1.01; p<0.07) (Fig. 1A).

PIINP values. The geometric mean of the ratios of the
concentrations between HC and C treatments was 0.66 (95% CI
0.47,0091; p<0.01), between HB and C 045 (95% CI 031,
0.65; p<0.001), between BM and C 0.38 (95% CI 0.27, 0.55;
p<0.001) and between BM and HB 0.85 (95% CI 0.70, 1.04;
p<0.11) (Fig. 1B).

HC decreased the concentrations of PINP and PIIINP by
about 35%. In some subjects (4/14) the decline of the collagen
propeptide levels was over 50%. The decline in the concentra-
tion of PINP was 63% by HB and 69% by BM, while the
decrease in PIIINP was 55% by HB and 62% by BM.

The decrease of PIIINP correlated significantly with the de-
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Fig. 2. The correlation between the decreases in PIIINP and PINP when
the skin was treated with betamethasone (r=0.728., p=0.003).

crease of PINP with the tested glucocorticoids (see Fig. 2 as an
example).

The decrease of the propeptides by one glucocorticoid corre-
lated significantly with the decrease induced by another gluco-
corticoid (see Fig. 3).

The proportion of the type III procollagen to the total type 1
and III procollagens was calculated on the basis of the molecular
masses of the procollagen propeptides. The mean proportion of
type III collagen was 20% on the area treated by vehicle (stan-
dard deviation 0.063). 20% by HC (SD 0.053), 23% by HB (SD
0.059) and 23% by BM (SD 0.056).

The mean of skin thickness was 1.72 mm (SD 0.19) in the HC
area, 1.77 mm (SD 0.23) in the HB area, 1.65 mm (SD 0.22) in
the BM area, and 1.75 mm (SD 0.23) in the vehicle-treated area.

DISCUSSION

All the tested topical glucocorticoids decreased collagen pro-
peptide concentrations in the suction blister fluids. Even HC,
which is generally considered to be relatively harmless in re-
spect to skin atrophy. caused significant decrease in propeptides.
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Fig. 3. The correlation between the decrease of PIIINP by hydrocorti-
sone and by betamethasone (r=0.752, p=0.0019).



suggesting that it may also cause skin atrophy in suspectible
subjects. This finding is also in line with numerous animal and
cell culture studies, in which HC in clinically relevant doses has
been shown to decrease collagen synthesis and the correspond-
ing messenger RNA levels (10-12). In addition, in humans HC
and HB have been demonstrated to cause skin atrophy when
skin thickness was estimated by radiological methods (13) and
to decrease activity of prolyl hydroxylase, a key enzyme in
collagen synthesis (14).

Even though BM and HB cause a 60-70% decrease in the
concentration of PINP and PIIINP, neither of these caused any
significant reduction in skin thickness within one week, or
clinically visible atrophy. The reason for this is the long half-life
of collagen in the skin (15), which means that only a relatively
long (several months) continuous treatment period would induce
clinical atrophy.

In conclusion, we have shown that a newly developed in vivo
assay can be used to screen various steroids with respect to their
action on collagen synthesis. This method seems to be especially
useful for screening different pharmacological compounds af-
fecting the skin and for minimizing the adverse effects of topical
steroids. By combining clinical evaluation of skin atrophy and
the measurement of the actual collagen synthesis rate in vivo,
our method can give useful information about the real atrophy
risk of old and new corticosteroids.
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