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The physical as well as the chemical prop- 
erties of collagen have been shown to change 
with age. The content of soluble collagen of 
skin decreases rapidly with age whereas its 
tensile strength becomes progressively greater. 
The literature in this connection has been 
reviewed by Harkness( 1 ) . 

Following injection of labeled glycine, the 
specific activity of skin collagen was greater 
in young animals than in older ones (2,3,4) ? 

reflecting the increased synthesis during the 
period of rapid growth. Growth retardation 
induced by dietary as well as hormonal im- 
balance were significant factors in reducing 
the rate of skin collagen synthesis as judged 
by a decreased radioactive uptake( 3 3 ) .  

Experiments following administration of 
C14-proline indicate a turnover time of more 
than 150 days for the insoluble fraction 
of skin collagen and 25 days for the citrate 
soluble fraction (6 ) .  Values reported by 
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Harkness( 1 )  reflect a turnover of the order 
of hundreds of days. This relative inertness 
of collagen is further supported by the find- 
ings of Popenoe and Van Slyke using C14- 
lysine as a tracer(7). On the other hand 
experiments also using C14-lysine rendered 
half life values of 28 days for the insoluble 
collagen and 17 days for the soluble fraction 
(8) - 

In most of these experiments only a few 
animals were used, and observations were 
made over relatively short periods of time, 
thus making extrapolation of values corres- 
ponding to long half lives inaccurate. Be- 
cause of this lack of quantitative informa- 
tion, the effects of added variables? such as 
age, hormones, diet and others become hard 
to interpret. The following experiments were 
attempted to try to overcome some of these 
problems. The incidental variation was mini- 
mized by performing small skin biopsies from 
the same animals a t  the different time inter- 
vals considered. 

Experimental procedure. At initiation of 
the experiment 21 male rats of the Holtz- 
man strain weighing in the range of 142 to 
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150 g were injected intraperitoneally with 
a solution of g1y~ine- l -C~~ in normal saline 
( 10 pc/ml) ; (Spec. Act. 3.06 mc/mM) . Each 
animal received 0.2 ml of solution ( 2  pc) 
per 1001 g of body weight. On the third day 
following the injection, all animals were im- 
planted subcutaneously with a polyvinyl 
plastic sponge weighing 100 mg ( I+ 2 mg) 
and a skin biopsy was performed. The skin 
sample was weighed immediately (300-400 
mg) and kept frozen until time of analysis. 
At this point in the experiment the rats were 
divided into 3 groups; 'one served as control 
and continued consuming the standard lab- 
oratory diet (ground Wayne) ; the other 2 
groups were fed the same diet supplemented 
with 5 mg and 20 mg per kg respectively 
of Methyl prednisolone. At subsequent inter- 
vals (20, 43, 70 and 115 days) similar 
biopsies of dorsal skin were performed in 
different areas and after weighing they were 
saved for final analysis. At the end of ex- 
periment rats were sacrificed and the sub- 
cutaneously implanted plastic sponges 
removed. 

Collagen fractionation. Both skin and 
sponge samples were fractionated by a micro- 
modification of the technique suggested by 
Houck and Jacob(9) followed by an extrac- 
tion with 0.3 M TCA(10). Each fraction 
was then dialyzed 48 hours against water. 
The first fraction was obtained by homo- 
genizing with 10 ml of 01.15 M NaCl during 
15 minutes using a Virtis 45 homogenizer, 
and maintaining the temperature at 4OC. 
After allowing to stand overnight in the cold 
the samples were centrifuged also in the cold 
at  25,000 X g for 1 hour. The residue was 
reextracted with 0.5 M NaCl and 0.5 M 
citrate pH = 3.6. The remaining portion 
was extracted twice with 0.3 M trichloro- 
acetic acid in a 90OC water bath during 30 
minutes. All fractions were dialyzed; aliquots 
were removed and analyzed for radioactivity 
and collagen content. Collagen was calcu- 
lated based on the amount of hydmxyproline 
present in the acid hydrolysate, determined 
by a modification of the Neuman and Logan 
met hod ( 10). Radioactivity was measured 
using a gas-flow thin window Geiger-Muller 

tube, after plating the extracts on aluminum 
planchets. 

In calculating the turnover data, correc- 
tions for isotopic dilution due to growth were 
made taking into account changes in surface 
area of the animal, in skin thickness as well 
as variations in content. Values plotted in 
the abscissa are average specific activity 
values for each group calculated in the fol- 
lowing manner : Corrected specific activity 
= cpmJmg collagen x surface area (cm2) 
X skin gJcm2 x % collagen in wet skin. 
I t  is felt that this method of correcting spe- 
cific activity takes into account all the vari- 
ables which can be quantified in such a 
system, and is more valid than using total 
body weight for the purpose. Isotope re- 
utilization through exchange between tissues 
has to occur via its transport by the blood 
stream, and i t  is known that the specific 
activity of circulating glycine decreases rap- 
idly compared to that of the collagen frac- 
tion with more rapid turnover. Smith(4) has 
shown that in young growing rats injected 
with radioglycine, the specific activity of 
this amino acid was greater by the 4th day 
of experiment in the soluble collagen frac- 
tion than in the plasma. Therefore it would 
be reasonable to expect that all collagen 
molecules formed after this time would pos- 
sess lower specific activity and would not 
appreciably alter the subsequent curves of 
radioactive collagen decay corrected for iso- 
topic dilution. 

ResuZts. Table I summarizes changes in 
body weight and food consumption of the 
different groups in response to oral adminis- 
tration of 2 different levels of methyl pred- 
nisolone. Growth was considerably retarded 
by the corticoid, especially a t  the higher 
dosage, in spite of a satisfactory food intake, 
thus reflecting the catabolic nature of this 
steroid. The average daily dose was calcu- 
lated based on those for food intake. The 
specific activity of the soluble collagen frac- 
tions (0.15 M NaCl, 0.5 M NaCl and 0.5 M 
citrate) and of the insoluble fraction (0.3 M 
TCA extractable) a t  different intervals fol- 
lowing isotope administration is shown in 
Table 11. Shortly after the injection of 
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TABLE I. Changes in Body Weight, Food Consumption, and Average Methyl Prednisolone 
Dosage of the Different Experimental Groups Observed During a 115 Day Period." 

Avg methyl 
Body wt increment, Food intake, prednisolone 

Treatment g/115 days g/day dose, mg/day 

Control + 323 22.9 ( 2  .7) - 
5 mg M.P./kg diet +238 21.2 (k .6) .ll 

20 mg M.P./kg diet +lo2 18.2 (k .7) .36 

* 7 Rats per group. 

TABLE 11. Specific Activity of Skin Collagen Fractions Isolated at Different Time Intervals 
Following Injection of l-Cl'-glycine. 

Skin specific activity* 
Treatment Fraction Day3  Day20 Day43 Day70 Day115 

Control .15M NaCl 
.50M NaCl 
.5 M citrate 
.3 MTCA 

.11 mg/M.P./day .15M NaCl 
.50M NaCl 
.5 Meitrate 
.3 MTCA 

.36 mg/M.P./day .15M NaCl 
.50M NaCl 
.5 M citrate 
.3 MTCA 

561 
350 
250 
261 
691 
433 
240 
245 
678 
40 1 
220 
2 14 

257 
154 
140 
146 
318 
161 
180 
164 
501 
281 
200 
175 

83 41 
59 25 
92 38 
68 45 

110 56 
61 39 

103 78 
100 66 
174 70 
106 60 
141 91 
124 69 

9 
12 
27 
32 
30 
34 
65 
60 
64 
39 
95 
71 

* Each value represents an average af 7 animals. 

TABLE 111. Collagen Content of Different Skin Fractions Isolated from Rats Receiving 
Methyl Prednisolone in Their Diets.* 

Collagen, g/lOO g wet skin 
Treatment .15M NaCl .5M NaCl .5M citrate .3M TCA 

Control .28 (k.01) .72 (2.04)  .47 (k.07)  14.1 ( 2 . 5 )  
.ll mg M.P./day .22 (2.02) .42 (2.03) .87 (2.13) 16.0 (2 .7 )  
.36 m g  M.P./day .20 (2.03) .34 (2.01) 1.10 (k.09) 17.2 (2 .7 )  

Values obtained at end of experiment (7 aaimala per group). 

glycine- l-C1* the soluble collagens showed a 
greater degree of labelling than the insoluble 
fraction, but these differences gradually de- 
creased. These relative changes in specific 
activity reflect the more rapid turnover of 
the soluble collagen compared to the insoluble 
collagen. 

Table I11 shows the distribution of the 
different collagen fractions in the skin at 
the end of experiment. Per unit weight of 
skin, the insoluble collagen was greater in 
the methyl prednisolone treated rats. Among 
those animals receiving cor ticoids, the soluble 
fractions seem to show a change in distribu- 

tion leading to an accumulation of citrate 
soluble collagen with a decrease in the saline 
soluble fractions. The radioactive decay 
curves of the different skin collagen frac- 
tions corrected for the isotopic dilution 
caused by growth are shown in Fig. 1, 2 and 
3. These values were corrected to take into 
account changes in pool size of each one of 
the fractions, surface area of the animal and 
skin thickness. 

In none of the groups did the decay curves 
for the insoluble collagen indicate the pres- 
ence of a single component, but rather seemed 
to reflect a progressive insolubilization of the 



COLLAGEN TURNOVER IN THE RAT 62 1 

C O N T R O L  

I 
I 

I 

i I I I \ 
\ 

20 40 60 80 100 12 

0 DAYS 

> 

> 
I- 
0 

k 

Q IC 

0 
LL 

0 
W 
a 
CD 

- 
- 

n 

I- I '  

w 

0 
W 
K 
K 
0 
0 

I( 

2 0 M G .  M E T H Y L  PREDNISOLONE 
PER K G .  D IET  

f- 

20 40 60 00 lo? 12 

Q D A Y S  

5MG.  M E T H Y L  PREDNISOLONE 
PER K G .  D I E T  

20 40 60 80 100 I: 

0 D A Y S  

FIG. 1. Specific activity of different skin col- 
lagen fractions isolated from normal growing rats 
at  different time intervals following injection of 
glycine- 1-C14. These radioactivity values have 
been corrected for changes in surface area, skin 
thickness and collagen content of skin. 

FIG. 2. Specific activity of different skin col- 
lagen fractions isolated from rats receiving the 
lower level of methyl prednisolone (0.11 mg/day) . 

FIG. 3 .  Specific activity of different skin col- 
lagen fractions isolated from rats receiving the 
higher level of methyl prednisolone (0.36 mg/day) . 

collagen conducive practically to inertness. 
In the normal growing rat (Fig. 1 )  the ex- 
trapolated turnover time (T5) was 28 days 
if measured before the 43rd day of the test, 
88 days if measured between the 43rd day 
and the 70th day, and 300 days if measured 
after the 70th day. 

For afiimals receiving 5 mg of methyl 
prednisolone per kg of diet the turnover cal- 
culated at similar time intervals was 35 days, 
100 days and > 300 days (Fig. 2) .  Those 
animals receiving higher doses of methyl 



62 2 'COLLAGEN TURNOVER IN THE RAT 

T A B L E  IV. Collagen Fractions Present in Sponges Removed from Experimental Animals 112 
Days Followiiig 1inplaiitat.ion. The only fract.ion wliicli exhibited significant amounts of radio- 

activity was the illsoluble collagen. 

nig Collageii/spo~ige 
Treatment .15M NaCl .5M NaCl .5M citrate .3M TCA .3M TCA fraction' 

Specific activity 

Cont r ol .83 .61 .95 31.3 1.9 
.11 m g  M.P./day .75 3 7  1.03 28.3 3.5 
.36 m g  M.P./day .65 .51 1.03 32.5 6.6 

* cpm/mg collagen. 

prednisolone (20 mg/kg of diet) revealed 
turnover times of the order of 40, 80 and > 
> 300 days respectively (Fig. 3 ) .  The 0.3 M 
citrate soluble fraction seemed to be in equi- 
librium with the insoluble collagen judging 
by the shape of the curves. 

The salt soluble fractions showed a rapid 
turnover time with values ranging between 
15 and 26 days from the 0.15 M NaCl frac- 
tion and between 18 and 24 days for the 
0.5 M NaCl fractions. In the corticoid treated 
animals these soluble fractions began to slow 
down their decay rate after approximately 
2 half lives. 

The values for the different fractions of 
collagen synthesized around the polyvinyl 
sponges removed 112 days following their 
subcutaneous implantation are shown in 
Table IV. The total amount of collagen 
synthesized at  this site did not differ sig- 
nificantly among groups. As in the case of 
the skin, the more soluble fractions tended 
to decrease in size following corticoid ad- 
ministration. The radioactivity of the sol- 
uble fractions was undetectable, whereas the 
insoluble collagens showed significant differ- 
ences in specific activity, becoming progres- 
sively more radioactive as the dose of methyl 
prednisolone increased. 

Discussion. The turnover of collagen in 
the skin of the rat was found to be an age 
dependent process. As growth of the animal 
became slower, the turnover rate decreased, 
and this occurred most markedly with the 
insoluble fraction. The TS for this fraction 
in the young, rapidly growing animal was 
28 days. This value increased progressively 
with time. until an extrapolated value of 300 
days could be approximated during the latter 
part of thq3 test. The span of intermediate 

values covers a range which encompasses 
most of those reported in the literature for 
this particular fraction of collagen, Corticoid 
treatment, known to inhibit the synthesis of 
collagen, was apparently able to retard the 
process of collagen breakdown. In general, 
administration of methyl prednisolone slowed 
down the turnover of collagen. The collagen 
content of the skin, as well as its distribu- 
tion among the different fractions isolated, 
was also affected. The salt soluble fractions 
showed a relative decrease following hormone 
therapy, whereas the citrate and insoluble 
collagen fractions increased. This resembles 
the phenomenon which was observed in aging 
guinea pigs, where the reduction of collagen 
synthesis brought about a diminution of all 
components extractable by neutral salt solu- 
tions( 11). 

Subcutaneously implanted plastic sponges 
which were maintained in place throughout 
the experiment were removed and the col- 
lagen analyzed. The corticoid did not affect 
the net amount of collagen synthesized at 
that site, but here again, it seemed to induce 
a redistribution of the collagen, causing an 
increased accumulation of the less readily 
soluble fractions. Radioactivity was detect- 
able only in the insoluble fractions, in which 
instance the specific activity was significantly 
greater in those animals receiving corticoid. 
This finding can also be interpreted as an 
indication of a decrease in turnover, since 
the net amount of collagen present in the 
sponges did not differ between groups. A 
decrease in synthesis, coupled with a de- 
crease in breakdown could cause the sponges 
to retain a larger amount of radioactive mole- 
cules, and still reach similar levels of total 
collagen. 
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Our findings allow us to conclude that 
corticoids do not only inhibit the synthesis 
of collagen, but also retard its breakdown. 
The decrease in turnover time would seem to 
indicate that the inhibition of collagen catab- 
olism is greater than the inhibition of the 
synthetic process. This would also be in 
agreement with the relative increase in skin 
collagen which accompanies treatment with 
a high dosage of corticoid. This same pat- 
tern of events may occur during aging( 12) 
and during the feeding of amino acid de- 
ficient or imbalance diets(3), where the 
amount of collagen per unit of body weight 
or of fat-free dry skin increased significantly 
in spite of a decrease in rate of synthesis. 

Summary. At different time intervals, over 
a 115 day period skin biopsies were per- 
formed in growing rats which had received an 
initial tracer dose of CI4-glycine. Specific 
activity values for the different fractions of 
skin collagen isolated (0.15 M NaCI, 0.5 M 
NaCI, 0.5 M citrate pH = 3.6 and insoluble) 
were corrected for growth taking into account 
changes in surface area, skin thickness and 
pool size of the particular fraction. The 
0.15 M and 0.5 M NaCl fractions in the 
normally growing rats decayed almost ex- 
ponentially with T~ of 17 and 20 days. 
The curve for the insoluble collagen did not 
reflect the presence of a single component 
but seemed to indicate a progressive insd- 

ubilization. A T% of 28 days was evident 
during the period of rapid growth whereas 
a value close to 300 days could be extrapo- 
lated towards the end of the experiment. 
Corticoid treatment (0.1 1 and 0.36 mg/day) 
decreased the turnover rate of all fractions, 
and caused a decrease on the amount of 
collagen extractable by neutral salt. 
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