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Abstract—The biosynthesis of collagen was studied with ¥4C-proline in organ cultures
of embryonic ulnae. The rate of conversion of the incorporated 14C-proline to 14C-hyd-
roxyproline in cultured ulnae was optimal up to 6 days, provided that the medium
contained ascorbate and was replaced daily. When the medium was not replaced daily,
the rate of 14C-proline incorporation was reduced to about 60 per cent, and only a small
part of the incorporated ¥C-proline was converted to 14C-hydroxyproline. In these con-
ditions, a considerable part of the MC-proline was found to be in the form of proto-
collagen, the proline-rich and hydroxyproline-deficient polypeptide precursor of
collagen.

The addition of 10, 30 or 100 ug/ml tetracycline to the culture medium reduced the
rate of incorporation of “C-proline into protein. The rate of “C-hydroxyproline
synthesis was reduced even more, and thus a decrease was observed in the conversion of
the incorporated ¥C-proline to 19C-hydroxyproline. Similar changes were observed when
embryonic ulnae from pregnant mice receiving tetracycline were cultured in a medium
not containing tetracycline. In experiments with purified protocollagen hydroxylase,
tetracycline was found to inhibit the hydroxylation of “C-proline-labelled protocollagen,
the degree of inhibition being dependent on the concentration of ferrous iron in the
reaction mixture. Cultivation of the ulnae with tetracycline had no effect on the total
amount of protocollagen hydroxylase activity in the bones when the determination was
made in the presence of excess of ferrous iron.

The results suggest that tetracycline inhibits collagen synthesis by inhibiting both the
incorporation of proline into protocollagen and the conversion of protocollagen to
collagen. The latter inhibition is probably due to an interaction of tetracycline with
ferrous iron, which is required in the hydroxylation of proline by protocollagen
hydroxylase.

TETRACYCLINES have an inhibitory effect on osteogenesis and mineralization in the
developing organism (for review, see ref. 1), but the nature of this inhibition is still not
fully understood.} Several studies have shown that tetracyclines have an unusual
affinity for the skeletal system, especially for the areas of bone growth.2. 3 Interaction
occurs between tetracycline and calcium,2: 4 but it is not clear whether this is an
absorption of the antibiotic on the calcium orthophosphate precipitate or a more
complex reaction involving collagen fibres as well.> The incorporation of 45Ca into
foetal bone rudiments in vitro has been shown to be inhibited at concentrations
comparable to those produced irn vive by therapeutic doses,l-® and it has been
suggested that the inhibitory effect of tetracyclines on osteogenesis is at least partly due
to a direct action on the formation of bone salts.?
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A close correlation exists between calcium and collagen metabolism in bones,?: 8
and changes in calcium and collagen metabolism are often parallel.8 It has been
demonstrated that tetracyclines in high concentrations inhibit the uptake of labelled
thymidine and proline into cultured bones,® and quite recently administration of
tetracyclines to pregnant rats in therapeutic doses was shown to inhibit the biosynthesis
of collagen and calcification in foetal bones in vivo.10

Collagen is the major protein of connective tissue, and its composition is unique in
that up to 14 per cent of its amino acid content is hydroxyproline, an amino acid
found exclusively in collagen. Recent studies on the biosynthesis of collagen have
indicated that the hydroxyproline in this protein is synthesized by hydroxylation of the
proline in a large polypeptide precursor of collagen, called protocollagen. This
hydroxylation reaction is brought about by the enzyme protocollagen hydroxylase, in
the presence of ascorbic acid, ferrous iron, a-ketoglutarate and atmospheric oxygen
(for review, see refs. 11, 12). In the present study, the mode of action of tetracycline on
collagen biosynthesis was investigated in greater detail by using organ cultures of
embryonic mouse bones.

MATERIAL AND METHODS

Embryos of random-bred Swiss mice were used throughout the work. The 0-day
of pregnancy was determined by the presence of a vaginal plug. The ulnae of 16-day
old embryos with an average length of 11-5 mm and an average dry weight of 0-08 mg
were carefully dissected free of muscle and other soft tissues under sterile conditions
in a small volume of phosphate-buffered saline.l According to previously employed
techniques,! 13: 14 the ulnae were cultivated on lens paper on a Trowell-type metal
screen in petri dishes containing 10 ml of chemically defined protein-free synthetic
medium BGIb15 (for further details, see ref, 1). In most experiments 0-3 mM ascorbic
acid, 0-01 mM a-ketoglutarate, and 0-01 mM ferrous iron were added to the medium
immediately before use, and the mixture was sterilized by filtration through a Millipore
filter. The culture dishes, containing from 5 to 10 ulnae, were kept in § per cent COg in
air in humified incubators at 37°. Uniformly labelled L-14C-proline, 180 pc/umole
(New England Nuclear Corp.), and Tetracycline-HCI (Pfizer Corp.) were added in
0-1 ml of the medium as indicated in the tables.

After harvesting, the ulnae were immediately washed and homogenized in 4 ml of
cold distilled water with a homogenizer of Teflon and glass. In most experiments the
homogenates were dialysed against cold running tap-water for 24 hr and, after
hydrolysis, assayed for total 14C content!® and for 14C-hydroxyproline.l?

In experiments involving the assay of protocollagen hydroxylase activity, the ulnae
were homogenized in 1-5 ml of 0-05 M KCl, 0-01 M Tris-HCI buffer, pH 7-8, and the
homogenates centrifuged at 15,000 g for 30 min at +4°. The activity of protocollagen
hydroxylase was assayed as described earlier,!8:19 in a final volume of 4-0 ml con-
taining 1-0 ml of the 15,000 g supernatant of the homogenate as a source for the
enzyme; 50,000 dpm of C-proline-labelled protocollagen as substrate; 50 mM
Tris-HCI buffer, pH 7-8; 2 mM ascorbic acid; 0-5 mM a-ketoglutaric acid; 0-1 mM
FeSOy4; and 0-05 mg/ml catalase. After incubation for 60 min at 37°, 4 ml of con-
centrated HCI was added, and the samples were hydrolyzed overnight at 120°. Total
14C content!® and 14C-hydroxyprolinel? were then assayed in the hydrolysates.
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In the experiment in which the synthesis of protocollagen was studied, the ulnae
were homogenized in 6 ml of cold distilled water, and solid urea was added to make
7 M.20 The homogenates were boiled at 100° for 10 min,2° and centrifuged at 100,000 g
for 60 min at +4°. The supernatants were dialysed against several changes of 0-1 M
KCl, 0:05 M Tris-HCI buffer at pH 7-6. Aliquots of the dialysed supernatants were
then used as substrates in incubation with 2 mg of purified protocollagen hydroxylase
in a final volume of 4-0 ml as described in preceding paragraph. The protocollagen
hydroxylase preparation had been purified through the calcium phosphate gel step.2, 22

RESULTS
Effect of culture conditions on collagen biosynthesis in organ culture

Organ cultures of embryonic ulnae have been reported to provide a suitable system
for studying the effects of drugs on bone development.! In this system, calcification
proceeds linearly for several days, and experiments on calcification can be carried out
with chemically defined protein-free synthetic media. In experiments on calcification,
the daily replacement of this medium seems to be unnecessary in this system.!

In the present study, organ cultures of embryonic ulnae were used to investigate the
biosynthesis of collagen. In these experiments, ulnae were cultivated for several days,
and MC-proline was added to the medium for the last 24 hr of culture. The amounts of
non-dialysable 14C and 14C-hydroxyproline were then assayed in the homogenates
of the ulnae. When an ascorbate-containing medium was used for the culture without
changing the medium daily, the amount of 14C-hydroxyproline synthesized was found
to be very small (Table 1). Additions of e-ketoglutarate and ferrous iron to the medium

TABLE 1. EFFECT OF DAILY CHANGING OF THE INCUBATION MEDIUM ON COLLAGEN
BIOSYNTHESIS IN ORGAN CULTURE

14

Incubation Total ¥C  Hypro-4C 511'10-14—(3 % 100
conditions No. (dpm) (dpm)  Total#C
Medium + asc., 1. 38,200 880 23

no change 2. 47,000 910 1-9
Medium + asc. + oKG + Fe*t, 3, 42,700 1220 29

no change 4. 40,500 1200 3-0
Medium + asc. + aKG + Fe*+, 5. 79,200 16,350 20-6
changed daily 6. 71,700 14,400 20-1

Cultures containing 7 ulnae each were incubated for 6 days as described in the text. During the last
24 hr incubation medium contained 2 uc 1C-proline. Ascorbic acid, o-ketoglutarate and ferrous iron
were added to the medium in concentrations indicated in the text.

only slightly increased the synthesis of 4C-hydroxyproline in these conditions. How-
ever, when the medium was replaced daily!4 by fresh medium containing ascorbate,
a-ketoglutarate and ferrous iron, about 20 per cent of the total 14C incorporated was
converted to 14C-hydroxyproline (Table 1), suggesting that about half20 of the incor-
porated 14C is in the collagen. This value is in agreement with those observed in short
experiments with chick embryo tibiae,23 suggesting that the organ cultures used here
retained the ability for maximal hydroxylation of the incorporated proline for up to
6 days.
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Because changing the medium seemed to increase the rate of ¥C-hydroxyproline
synthesis more than that of 14C incorporation, it seemed probable that part of the
incorporated 14C-proline was in the protocollagen,20, 24 the large proline-rich and
hydroxyproline-deficient polypeptide precursor of collagen. The presence of proto-
collagen was verified by an experiment in which ulnae were cultivated for 6 days with-
out changing the medium, and #C-proline was added for the last 6 hr. After culti-
vation, the homogenates of the ulnae were boiled in 7 M urea, and the dialysed
100,000 g supernatants were incubated with purified protocollagen hydroxylase. A
marked increase in }C-hydroxyproline was observed after incubation with the
enzyme, indicating that part of the 14C had been in the protocollagen (Table 2).

TABLE 2. HYDROXYLATION BY PURIFIED PROTOCOLLAGEN HYDROXYLASE OF THE PROTEIN
IN THE UREA EXTRACTS OF HOMOGENATES OF EMBRYONIC ULNAE CULTIVATED FOR 6 DAYS
WITHOUT CHANGING THE MEDIUM

Total 14C Hypro-14C Hypro-14C

Sample (dpm) (dpm) Total ic ° 100
A
Control, not incubated 34,000 2320 68
with enzyme
Incubated with enzyme 34,000 3850 11-3

A culture containing 10 ulnae was incubated for 6 days as described in the text. The cultivation
medium contained ascorbate, a-ketoglutarate and ferrous iron, and during the last 6 hr the medium
contained 20 uc of 14C-proline. After incubation, the ulnae were homogenized, and the homogenates
extracted with 7 M urea at 100° for 10 min.2° The dialysed 100,000 g supernatant was divided in two
CC[lil\?/l[l aliq&mts, and one aliquot was incubated with purified protocollagen hydroxylase as described
in Methods.

When the ulnae were cultivated with daily replaced medium containing ascorbate
but no additional ferrous iron and e-ketoglutarate, and 14C-proline was added for the
last 24 hr, the rate of ¥C-hydroxyproline synthesis in most experiments did not notably
differ from that observed when all three of the above-mentioned substances were
added (Table 3). However, in some experiments slightly reduced ratios of 14C-
hydroxyproline to total 14C were observed when a-ketoglutarate and ferrous iron
were not added (not shown in the table). When a medium containing 0-01 mM instead

TaABLE 3. EFFECT OF ASCORBATE, a-KETOGLUTARATE, AND FERROUS IRON ON COLLAGEN
BIOSYNTHESIS IN ORGAN CULTURE. THE MEDIUM WAS CHANGED DAILY

.14
Incubation No. Total *C  Hypro-14C ﬂwr_orc 100
conditions (dpm) (dpm) ~ Total¥C

Medium + 0-3 mM asc. 1. 72,800 16,000 22-0
-+ oKG + Fet+ 2. 91,500 19,600 214
Medium + 0-3 mM ase. 3. 73,700 15,900 216
4, 87,000 18,300 210
Medium -+ 0-01 mM asc. s. 75,000 6940 9-3
6. 59,600 4320 7-3

Cultures containing 7 uliae each were incubated for 6 days as described in the text. During the last
24 hr the cultivation medium contained 2 uc #C-proline.
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of 0-3 mM ascorbate was used, less than 10 per cent of the incorporated M4C was
converted to 1#C-hydroxyproline, even though the medium was replaced daily (Table
3). This suggests that added ascorbate was an essential requirement for optimal
collagen synthesis in the organ culture system used.

Effect of tetracycline on collugen biosynthesis in organ culture

The effect of tetracycline on collagen biosynthesis was studied by experiments in
which tetracycline was added to the medium, and ulnae were cultivated for 6 days,
with daily replacement of the medium. This stage of cultivation was chosen because
bones were found to synthesize collagen still actively, and studies on the effects of
tetracycline on calcification had indicated that definite effects are observed after this
period. Ascorbate, a-ketoglutarate and ferrous iron (experiments I and I1, Table 4) or
ascorbate only (experiment III, Table 4) were added to the medium in these experi-
ments. Incorporation of 1¥C-proline into non-dialysable protein during the last 24 hr
of culture was found to be retarded by 10, 30 and 100 ug/ml tetracycline (Table 4).

TaBLE 4. EFFECT OF TETRACYCLINE ON COLLAGEN BIOSYNTHESIS IN ORGAN CULTURE

=14
Sample No. Total UC  Hypro-14C Hypro-C X 100
(dpm) (dpm) ~ Total C
(%)
Experiment 1
Control 1. 72,800 16,000 220
' 2. 91,500 19,600 214
Tetracycline, 10 ug/mi 3, 52,000 10,100 194
v 4, 66,000 13,800 20-7
Experiment If
Control i 80,300 15,700 19-6
" 2 78,800 16,000 20:4
Tetracycline, 30 pg/mi 3 68,700 11,700 170
v 4 63,100 11,900 189
Experiment 111
Control 1 35,800 6800 190
»s 2 42,000 8100 193
Tetracycline, 100 pg/ml 3 26,900 3600 13-4
' 4 27,900 3900 140

Cultures containing 7 ulnae each in experiments I and II, and 5 ulnae each in experiment Il were
incubated for 6 days as described in the text, and the medium was replaced daily. In experiments
1 and 11, ascorbate, ferrous iron and a-ketoglutarate were added to the medium; in experiment I1I
only ascorbate was added. During the last 24 hr the media contained 2 uc ¥C-proline.

Synthesis of 14C-hydroxyproline was retarded even more than total ¥C incorporation,
and a decrease was observed in the ratio of 14C-hydroxyproline to total 14C (Table 4).
In the experiment with 100 ug/ml tetracycline, the absolute amount of 14C-hydroxy-
proline synthesized was only about half of that in the control culture.

Because the ratio of 14C-hydroxyproline to total 34C was found to be decreased in
ulnae incubated with tetracycline, experiments were carried out to study whether
tetracycline had a direct inhibitory effect on the protocollagen hydroxylase reaction.
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Ferrous iron has been shown to be an essential requirement for the protocollagen
hydroxylase reaction,?® and because tetracycline binds bivalent cations? it seemed
possible that tetracycline might inhibit this reaction by chelating ferrous iron. There-
fore, experiments were carried out in which 4C-proline-labelled protocollagen was
incubated with purified protocollagen hydroxylase in the presence of three different
concentrations of ferrous iron. Inhibition of hydroxylation of the 14C-proline-labelled
protocollagen was observed in the presence of tetracycline, and the degree of inhibition
was dependent on the concentrations of tetracycline and of ferrous iron in the reaction
mixture (Table 5). The results suggest that tetracycline can inhibit coliagen biosynthesis
by binding the ferrous iron required.

TABLE 5. EFEECT OF TETRACYCLINE ON THE HYDROXYLATION OF 14C-PROLINE-LABELLED
PROTOCOLLAGEN BY PURIFIED PROTOCOLLAGEN HYDROXYLASE

Sample Fe ** concn. HC-hypro formed (%) of Control
(mM) (dpm)

Control 0-01 3400 100
Tetracycline 10 pg/ml 0-01 3050 90

. 100 ug/ml 0-01 250 7
Control 0-005 3370 100
Tetracycline 10 pg/ml 0:005 2900 86
Control 0-00t 3250 100
Tetracycline 10 pg/ml 0-001 2140 66

e 100 pg/mi 0-001 60 2

14C.proline-labelled protocollagen was incubated with purified protocollagen
hydroxylase as described earlier.18s19 Incubation was carried out with three different
concentrations of ferrous iron in the incubation mixture, and tetracycline was added
to the incubation mixture in the concentrations indicated. The results are expressed as
dpm MC-hydroxyproline synthesized in an aliquot of 50,000 dpm of 1C-proline-labelled
substrate.

The mechanism by which tetracycline inhibits collagen biosynthesis was further
studied by determining the amount of protocollagen hydroxylase activity in ulnae
cultivated for 3 and 6 days in the presence of 100 ug/ml tetracycline. No decrease was
observed in the enzyme activity compared to the controls when the hydroxylation
reaction was carried out in the presence of excessi® of ferrous iron, ascorbate and
a-ketoglutarate (Table 6). This suggests that tetracycline did not reduce the amount
of the enzyme protocollagen hydroxylase in the ulnae.

To study whether the effect of tetracycline on collagen biosynthesis can be
demonstrated in cultured bones of embryos from mothers receiving tetracycline,
pregnant mice were injected with 40 and 100 mg/kg tetracycline during days 9--15 of
pregnancy. On the 16th day of pregnancy, embryonic ulnae were prepared, and culti-
vated for 9 hr in medium without added tetracycline. 14C-Proline was added to the
medium for the last 6 hr of culture. The administration of 40 mg/kg tetracycline to
pregnant mice for 7 days had no effect on the biosynthesis of collagen in subsequent
cultures of embryonic ulnae, but with doses of 100 mg/kg a decrease was observed
both in total 14C-proline incorporation and in C-hydroxyproline synthesis (Table 7).
A slight decrease was also observed in the ratio of 14C-hydroxyproline to total 14C in
these cultures.
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TABLE 6. ACTIVITY OF PROTOCOLLAGEN HYDROXYLASE IN ULNAE CULTURED WITH
TETRACYCLINE WHEN ASSAYED WITH EXCESS OF FERROUS IRON

Culture period Group No. “C-hydroxyproline formed

(dpm)

3 days
(Experiment I) Control 1. 5140
. 2. 6000
Tetracycline, 100 ug/mi 3. 5320
vs 4. 6070

6 days
(Experiment II)* Control 1. 2820
Tetracycline, 100 pg/ml 2. 4710
1y 3. 3240

Cultures containing five ulnae each were incubated for 3 or 6 days, as described in the text, with
added ascorbate, a-ketoglutarate and ferrous iron. After incubation, the ulnae were homogenized,
and the 15,000 ¢ supernatants of the homogenates were incubated with %C-proline-labelled proto-
collagen as described in the text. The results are expressed as dpm ¥C-hydroxyproline synthesized
in an aliquot of 50,000 dpm of C-proline-labelled protocollagen substrate.

* Because of variations in the substrate activity of the various *4C-proline-labelled protocollagen
preparations, the values for “C-hydroxyproline synthesis are comparable only within the same
experiment.

TABLE 7. EFFECT OF ADMINISTRATION OF TETRACYCLINE TO PREGNANT MICE ON
SUBSEQUENT COLLAGEN BIOSYNTHESIS IN EMBRYONIC ULNAE IN CULTURE

14
Group No.  Total“C  Hypro-14C Hypro-C 100
(dpm) (dpm) Total 14C
Experiment I
Control 1. 83,700 15,500 185
ys 2. 87,300 16,100 185
vs kR 87,2060 17,400 20-0
' 4. 108,000 24,800 23-0
Tetracycline, 40 mg/kg 5. 79,100 15,200 193
' 6. 89,000 17,100 192
vy 7. 93,800 18,700 199
ve 8. 97,000 19,400 200
Experiment 11
Control 1. 81,700 16,600 203
' 2. 86,500 18,100 20-9
Tetracycline, 100 mg/kg 3. 64,600 11,600 180
v 4, 67,600 11,900 17-6

Pregnant mice were injected with tetracycline during days 9-15 of pregnancy. On the 16th day
organ cultures of embryonic ulnae were prepared and cultivated for 9 hr without added tetracycline.
4C.nroline, 6 pc in experiment I, and 8 uc in experiment II, was added for the last 6 hr of culture.
Each culture contained seven ulnae in experiment I, and five ulnae in experiment I1.

DISCUSSION
Organ cultures of embryonic mouse ulnae seemed to provide a suitable system for
studying the effects of drugs on collagen biosynthesis. The cultures retained a maximal
rate of conversion of the incorporated 4C-proline to 4C-hydroxyproline for up to
6 days, and about half of the label incorporated was present in the collagen. A
chemically defined synthetic medium could be used for the culture, but daily replace-
ment!4 of the medium was found to be essential for the optimal rate of hydroxylation
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of the incorporated 4C-proline to 14C-hydroxyproline. When the same medium was
used throughout the 6 days of cultivation, 1C-proline incorporation proceeded at
about 60 per cent of the rate observed with daily changes of fresh medium. The rate of
1C-hydroxyproline synthesis was very low, however, and a considerable part of the
14C.proline incorporated was found to be in the protocollagen,®’- 24 the large proline-
rich and hydroxyproline-deficient polypeptide precursor of collagen. The hydroxy-
lation of proline in protocollagen to hydroxyproline in collagen requires ferrous iron,
a-ketoglutarate, ascorbate and atmospheric oxygen (for review, see refs. 11, 12). The
factor limiting the hydroxylation of ¥C-proline was found to be ascorbate in the
present experiments, whereas the bones seemed to contain sufficient or close to
sufficient amounts of ferrous iron and of a-ketoglutarate for maximal rate of 14C-
hydroxyproline synthesis. The dependence of collagen synthesis on added ascorbate
has been demonstrated earlier by several workers in various experimental con-
ditions (e.g. refs. 27-31).

Tetracycline was found to have an inhibitory effect on collagen biosynthesis in the
organ cultures studied. A decrease was observed in the incorporation of }4C-proline
into protein in the ulnae in the presence of tetracycline, and as a consequence the rate
of 14C-hydroxyproline synthesis was reduced. It is possible that this effect of tetra-
cycline represents a more general effect of the antibiotic on the incorporation of amino
acids into protein, not limited to collagen synthesis. However, tetracycline was found
to have an additional inhibitory effect on the later stages in the biosynthesis of
collagen, and it seems probable that this effect is more specifically limited to collagen
synthesis. The antibiotic was found to inhibit the synthesis of 1#C-hydroxyproline to a
greater extent than the incorporation of 4C-proline into protein, suggesting an
inhibition of the conversion of protocollagen to collagen. Because ferrous iron is
required in this reaction and because tetracycline binds bivalent cations,? it seemed
possible that tetracycline might inhibit protocollagen hydroxylase reaction by binding
ferrous iron. Even though the control bones seemed to contain enough intracellular
ferrous iron for optimal hydroxyproline synthesis, it can be expected that binding of
this iron will inhibit hydroxyproline formation. Such inhibition of collagen biosyn-
thesis in bones in organ culture has been demonstrated in an earlier study,'® when a
specific iron chelator, a,a’-dipyridyl, was added to the medium. Our present experi-
ments with purified protocollagen hydroxylase demonstrated that tetracycline can
inhibit protocollagen hydroxylase reaction through this mechanism, and it seems
possible that the same mechanism was involved in intact ulnae. On the other hand,
when the protocollagen hydroxylase activity of ulnae cultured with tetracyline was
assayed in the presence of excess ferrous iron, no decrease in activity was observed,
indicating that the decrease in the synthesis of 1*C-hydroxyproline was not due to
decreased amounts of the enzyme in the bones.

In addition to retarding both incorporation of proline into protocollagen and
conversion of protocollagen to collagen, tetracycline may have some further effects
on collagen metabolism which were not studied here. Calcium and other metal
cations have been shown to affect the rate of conversion of newly-synthesized soluble
collagen into insoluble form,?2 and if tetracycline binds these cations, a change in the
rate of this reaction might be observed. In addition, tetracycline has been shown to
interact with collagen fibrils,®® and this interaction may affect the metabolism of the
fibrils.
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Changes similar to those observed in the present study on organ cultures in the
presence of tetracycline have been recently reported in rat embryos in vivo,1? suggesting
that the inhibitory effects of tetracycline reported here may also be exerted in em-
bryonic bones in vivo. In addition, changes similar to those occurring in ulnae cultured
with tetracycline were observed in the present study in embryonic ulnae from pregnant
mice receiving tetracycline, when the ulnae were cultivated for 9 hr without added
tetracycline. However, a very high dose of tetracycline was required in this experiment
to demonstrate the inhibitory effect. This may be due to partial reversal of the effect
of tetracycline during the culture period without the antibiotic, but other explanations
are not excluded.

The results of the present study clearly indicate that the inhibitory effects of tetra-
cycline on bone development are not limited to calcium metabolism but the antibiotic
has direct effects on collagen metabolism as well. It seems possible, therefore, that at
least part of the inhibition in calcification is secondary to the decreased rate of
synthesis of the organic matrix of the bone. However, as a clear inhibition of the
calcification can be obtained with 5 ug/ml tetracycline,! but 30 pg/ml was required in
the present study for a definite inhibition of 14C-hydroxyproline synthesis, it seems
that the drug exerts direct effects both on collagen biosynthesis and on mineralization.
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