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EFFECTS OF SALMON CALCITONIN ON SYNTHESIS AND
MINERALIZATION OF COLLAGEN IN RATS

ARNE EKELAND & TRINE UNDERDAL

Institute for Surgical Research, Rikshospitalet, University of Oslo, Norway

The effects of salmon calcitonin (CT) on collagen metabolism and mineral deposi-
tion in fractures and intact femora, and on collagen metabolism in healing skin
wounds and intact skin have been studied in young male rats. Serum calcium and
serum phosphorus were reduced 3 h after the daily subcutaneous CT injection (3
MRC-U/kg body weight), whereas a rebound increase in the serum levels of both
minerals was observed at 24 hours after the injection.

CT had an early transient inhibitory influence on the collagen synthesis, and this
resuited in a reduced total content of collagen in bones and skin specimens from
treated rats compared to controls. The concentration of collagen in bone and skin
was, however, increased in treated animals compared to controls after prolonged
CT administration.

Following an early transient increase, the incorporation of strontium-85 into the
fractured bones was impaired after 30 days of CT treatment. This resulted in a
reduced mineral concentration in the fractures of treated rats compared to controls
in the last part of the experiment.

The recorded effects of CT treatment, which were most pronounced in healing
fractures and intact skin specimens, may be interpreted as an inhibitory influence of
CT both on synthesis, mineralization and degradation of collagen.
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The thyroidal hormone calcitonin (CT) is claimed
to stimulate both fracture repair and bone for-
mation (Duriez 1979). It has also been used in
the treatment of human fractures (Kaplan et al.
1976, Rasskazov 1977). Several studies have,
however, failed to show any significant influence
of CT on fracture repair (Bright & Estep 1968,
Harris et al. 1975, Schatzker et al. 1979,
Lindgren et al. 1981). This discrepancy may be
due to differences in the methods used to
evaluate the hormonal effects. In order to eluci-
date this problem, we have studied the effects of
CT on fracture repair and bone growth by several
methods applied simultaneously in the same ani-

mal. Since collagen is the main organic compo-
nent both of bone and skin, the influence of CT
on healing wounds and intact skin was also inves-
tigated.

In a recent paper (Ekeland et al. 1983), we
reported that salmon CT administration to rats
did not influence mechanical properties of heal-
ing femoral fractures, intact femora or skin
wounds, whereas mechanical properties of intact
skin were impaired by the hormone. In the pres-
ent paper, the bones and the skin specimens used
for the mechanical tests have been further inves-
tigated to determine the influence of salmon CT
on collagen metabolism and on mineralization.
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MATERIALS AND METHODS

Experimental animals

A total of 118 male Wistar/Af/Han/Mol SPF rats were
used. They were initially about 25 days old, and had a
median body weight of 61 g. The rats were divided into
two weight-matched groups of 59 animals each. One
group was treated with salmon CT (Miacalcic®, Sandoz,
Basel, Switzerland), 3 Medical Research Council Units
(MRC-U) per kg body weight. The hormone was dis-
solved in 3 per cent gelatine, and injected subcutane-
ously once daily (at 10—11 a.m.) from the first post-
operative day. The control group received correspond-
ing injections of the vehicle. The rats were fed standard
animal pellets containing 0.9 per cent calcium and 0.7
per cent phosphorus (Bl. nr. 3155, Mollesentralen i/s,
Oslo, Norway) and water ad libitum.

Experimental fracture and wound

A standardized, mid-femoral fracture was produced in
all the rats, and in 74 of them (37 to be CT treated and
37 controls) a skin incision was made in the midline
along the spine, as previously described (Ekeland et al.
1983). Twenty-four hours before the rats with skin
wounds were killed, 15 uCi (0.56 MBg) L(U-**C) pro-
line (285 mCi (10.5 GBq)/mmol) and 8 uCi (0.30
MBg) carrier-free strontium (Sr)-85 chloride (115 Ci
(0.43 TBq)/mmol) (The Radiochemical Centre,
Amersham, Buckinghamshire, England) per 100 g
body weight were injected intraperitoneally. The final
CT injection was given simultaneously, whereas the fi-
nal CT injection to rats without skin wounds was ad-
ministered 3 h prior to sacrifice.
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At 10, 20, 30 and 40 days after the fracture and the
wound had been induced, groups of rats were killed by
aortic exsanguination in ether anaesthesia. The col-
lected blood was centrifuged, and the serum stored at
—20°C until analyzed for calcium, phosphorus and al-
bumin. Following the mechanical tests (Ekeland et al.
1983) the bones and the skin samples were stored at
—20°C until subjected to collagen and mineral analyses.

Preparation of samples for analyses

Specimens of fractured and intact femora from rats with
skin wounds were prepared by removing epiphyses,
cartilage and soft tissues from the bones (Figure 1A).
Meticulous care was taken not to remove any parts of
the callus.

Samples from wounded skin were prepared from the
three specimens used for tensile tests (Ekeland et al.
1983) by excising the scar 3 mm from the incisional site
on both sides (Figure 1A). Only the most cranial of the
three specimens used for tensile tests of intact skin was
employed for collagen analyses (Figure 1B). These
specimens were derived from rats which had not re-
ceived injections of radioactive proline. The collagen
synthesis of intact skin was therefore measured in the
most cranial of the three skin specimens from the rats
with wound, after the skin close to the wound had been
excised as described above. The distance from the
analyzed specimen to the wound ranged from 3 mm to
15 mm (Figure 1A).

Blood from rats with wounds were collected during
the first part of the day, whereas blood from the rats
without wounds were collected in the afternoon (Figure

1).
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Figure 1. Schematic drawings of rats with (A) and without (B) skin wounds. The bone, skin and blood samples

analyzed are indicated by heavy lines. CT, calcitonin.
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Collagen analyses

Bone and skin specimens were defatted in acetone for 7
days with two changes of acetone, and dried in air at
35°C until constant weight (dry weight). The specimens
were then hydrolyzed in 4 ml 6 M HCI for 18 h. The
collagen content of bone and skin was determined by
measuring the amount of hydroxyproline in the hyd-
rolysates colorimetrically (Firschein 1969).

Mineral analyses

Calcium and phosphorus concentrations in bone hyd-
rolysates and sera, and serum levels of albumin were
measured by a Bichromatic Analyzer (Abbott Labora-
tories, Diagnostic Division, Pasadena, USA). A-Gent
Calcium (Abbott Laboratories), Phosphorus Auto/Stat
(Pierce Chemical Corporation, Rockford, Illinois,
USA) and A-Gent Albumin (Abbott Laboratories) kits
were used for the analytical procedures.

Radioactive nuclide analyses

The collagen synthesis of bone and skin and the
mineralization of bone were determined by measuring
the amount of **C-hydroxyproline and of ®Sr in the
previously described bone and skin samples (Firschein
1969).

The bone hydrolysates were first counted in a well
counter (Auto-Gamma Scintillation Spectrometer,
Packard Instrument Company, Downers Grove, II-
linois, USA) to determine selectively the activity of 8Sr
(Firschein 1969). The counting efficiency was 26 per
cent.

Chromatography of the hydrolysates on Dowex 50W
columns was used subsequently to isolate '%C-hydroxy-
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proline. Both **C-proline, and ®*Sr were retained by the
columns, and completely removed from the collected
fractions (Firschein 1969, Engesater et al. 1980). The
isolated '*C-hydroxyproline was counted in a liquid
scintillation counter (Mark I, Nuclear — Chicago, Bes
Plaines, Illinois, USA). Dilusolve® (Packard Instru-
ment Company) was used as a scintillation solution, and
counting efficiency, determined by the two channel
ratio method, was 70 per cent.

As the amount of radioactive tracers administered to
the rats referred to the specific activity of the tracers at
the start of the experiment, all tissue samples were
counted simultaneously.

Statistical analyses

Median with 0.25- and 0.75-fractiles were used to ex-
press the average and the dispersion of the measured
values. The statistical significance probability was cal-
culated by Wilcoxon's two-tailed test for two samples
(Diem & Lentner 1975). Differences were considered
significant when 2P < 0.05.

RESULTS
Growth of the animals

Compared to controls, the dry weight of fractured
femur specimens was transiently reduced after 20
days of CT treatment, whereas the dry weight of
standardized, intact skin specimens was reduced
both after 20 and 30 days of treatment (Table 1).
CT did not significantly influence the dry weight
of intact femur and skin wound specimens. Nor

Table 1. Dry weight of standardized specimens from fractured and intact femora and from wounded and intact skin during 40
days of calcitonin (CT) treatment

Fractured femur Intact femur Skin wound Intact skin
(mg) (mg) (mg) (mg)
Days after
fracture/ n CT treated Controls CT treated Controls CT treated Controls CT treated Controls
wound rats rats rats rats
10 6-10 169 171 116 119 52 53 98 102
(157-175) (161-190) (113-118) (116-119) (50-54) (50-57)  (91-103) (93-107)
20 6-10 292 * 323 179 184 66 68 95 *** 114
(258-328) (300-390) (176-197) (183-198) (63-71) (61-74)  (85-101) (113-128)
30 6-10 369 368 267 269 63 66 113 *** 152
(352-394) (354-379) (264-288) (254-279) (60—69) (58-69) (112-130) (146-161)
40 5-7 445 384 340 328 77 87
(405-477) (350-444) (327-363) (325-337) (66-85) (75-90)

Significant differences between CT treated and control rats are indicated by asterisks. *** 2P = 0.01, * 2P < 0.05. n =

Number of animals. Median with 0.25- and 0.75-fractiles.
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Figure 2. Serum calcium and serum phosphorus in cal-
citonin (CT) treated and control rats at 3 h (A and B)
and at 24 h (C and D) after injection of the hormone (3
MRC-U/kg body weight). The sera for A and B were
sampled from rats without, and those for C and D from
rats with skin wounds. There were 4—10 animals in each
group. Significant differences between CT treated and
control rats are indicated by P-values. (Median with
0.25- and 0-75-fractiles).
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Figure 3. Total content (A), concentration (B) and
synthesis (C) of hydroxyproline (HYP) in standardized
specimens of fractured femora during 40 days of calcito-
nin (CT) treatment. There were 5—10 animals in each
group. Significant differences between CT treated and
control rats are indicated by P-values. (Median with
0.25- and 0.75-fractiles).

did it change the body weight (Ekeland et al.
1983).

Serum analyses

The serum concentrations of calcium were sig-
nificantly reduced 3 h after the daily CT injection
throughout the study, whereas the serum con-
centrations of phosphorus were significantly re-
duced only during the last part of the study (Fig-
ure 2A and B). In contrast, the serum levels of
both minerals were increased compared to con-
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trols 24 h following the CT injection. This
occurred, however, only after 20-30 days of
treatment (Figure 2C and D).

There were no significant differences in serum
albumin between treated rats and controls at
either 3 or 24 h after the CT injection. In both
groups the serum levels increased from about 45
g/l to about 53 g/l from the 10th to the 40th day
of the experimental period.

Bone analyses

Fractured femora. The total content and the
synthesis of hydroxyproline were reduced by
about 13 per cent in specimens from CT treated
rats compared to controls after 20 days of treat-
ment. Later on, however, the total content and
the concentration of hydroxyproline were in-
creased in the fractures of treated rats compared
to controls (Figure 3). Following an early trans-
ient increase, the incorporation of #%Sr into the
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Figure 4. Concentration (A) of calcium (Ca) and
phsophorus (P), as well as incorporation of strontium
(Sr) — 85 (B) in standardized specimens of fractured
femora during 40 days of calcitonin (CT) treatment.
There were 5-10 animals in each group. Significant dif-
ferences between CT treated and control rats are indi-
cated by P-values. (Median with 0.25- and 0.75-frac-
tiles).
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Figure 5. Ratios of total content of hydroxyproline (Hyp)
(A), calcium (B) and phosphorus (C) in fractured to
intact femur specimens during 40 days of caicitonin (CT)
treatment. There were 5-10 animals in each group. Sig-
nificant differences between CT treated and control rats
are indicated by P-values. (Median with 0.25- and 0.75-
fractiles).

fractures was significantly impaired by CT treat-
ment, and the concentrations of calcium and
phosphorus in the fractured bones were reduced
by about 8 per cent compared to controls at the
end of the study (Figure 4).

Since the experiment was performed in grow-
ing animals, the effect of CT on the fracture callus
may be more clearly observed from the ratios of
hydroxyproline and minerals in fractured/intact
femora (Figure 5).

Intact femora. Similar but less consistent effects
of CT treatment were observed in specimens
from intact femora (Table 2).
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Compared to controls, the collagen
Intact skin. The collagen synthesis in CT
treated rats was reduced by about 12 per cent

synthesis was transiently reduced after 10 days of
compared to controls in the beginning of the ex-

CT treatment, whereas the collagen concentra-
tion was increased after 40 days of treatment

Skin analyses
(Table 3).

Wounds.
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periment, and the total collagen content of the

skin specimens was significantly reduced after

both 20 and 30 days of treatment. In contrast, the
collagen concentration of the skin was signific-

antly increased after 30 days of CT treatment

(Figure 6).
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Figure 6. Total content (A), concentration (B) and

synthesis (C) of hydroxyproline (Hyp) in standardized
specimens of intact skin during 30 days of calcitonin
(CT) treatment. There were 6—10 animals in each group.

Significant differences between CT treated and control
rats are indicated by P-values. (Median with 0.25- and

0.75-fractiles).
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Table 3. Concentration and synthesis of hydroxyproline (HYP) in standardized specimens from skin wounds during
40 days of calcitonin (CT) treatment

Concentration of Hyp

(nmol/mg skin)

Specific activity of *C-Hyp
(DPM/nmol Hyp)

Days
after n CT treated Controls CT treated Controls
wound rats rats
10 8-10 319 314 0.90 e 1.04
(308-327) (307-326) (0.79-0.94) (0.95-1.06)
20 7-10 438 434 0.81 0.76
(413-451) (427-458) (0.76-0.88) (0.75-0.90)
30 8-10 574 591 0.58 0.59
(560—589) (555-609) (0.50-0.59) (0.49-0.69)
40 6 498 * 466 0.45 0.42
(473-539) (462—470) (0.40-0.48) (0.37-0.47)

Significant differences between CT treated and control rats are indicated by asterisks. ** 2P < 0.02, ® 2P < 0.05.
n = Number of animals. Median with 0.25- and 0.75-fractiles.

DISCUSSION

The present study seems to indicate a negative
influence of salmon CT both on collagen synthe-
sis and on collagen mineralization in rats.

The amount of saimon CT administered to the
rats (3 MRC-U/kg body weight/day) is compara-
ble to doses of the drug recommended in human
medicine (Hamdy 1977, Pezeshki & Brooker
1977). The reduced serum calcium observed 3 h
after each CT injection (Figure 2A), suggests ef-
fective CT treatment throughout the experimen-
tal period. The increased serum levels of calcium
and phosphorus 24 h after the CT injection,
observed in the last part of the experiment (Fig-
ure 2C and D), appears to be a rebound effect.
Similar findings have been reported previously
for plasma calcium (Doyle et al. 1968). The
hyperphosphatemia observed in the present study
makes it less likely that a chronic hypersecretion
of parathyroid hormone alone occurs in this
situation. Since both hypocalcemia and
hypophosphatemia (DeLuca & Holick 1979) and
possibly CT (Suda et al. 1981) may stimulate the
biosynthesis of 1.25-(OH),D,, an increase of this
active vitamin D metabolite may explain our
findings. The small differences in serum calcium
and serum phosphorus of control rats (Figure 2)
are probably related to the timing of the blood

sampling, and are in accordance with the normal
daily fluctuations of circulating calcium and
phosphorus in rats (Talmage et al. 1975).

The radioactive nuclides '%C-proline and #Sr
have proved to be reliable tools to study and
compare the accretion rates of collagen and min-
eral in bone (Firschein 1969) and of collagen in
skin (Laitinen 1967). The amounts of 'C-
hydroxyproline and of 8Sr in the tissue samples
of the present study indicate the net synthesis of
collagen and the mineralization (net mineral
accretion plus mineral exchange) during a 24-h
period (Firschein 1969).

Salmon CT transiently reduced the collagen
synthesis by 5-13 per cent both in bone and skin.
In two previous experiments in rats where the
collagen synthesis was measured in a similar way,
either an inhibitory effect (Kalu & Foster 1971)
or no effect (Marks 1972) of porcine CT on the
formation of collagen was reported. In contrast,
an increased collagen synthesis has been reported
in morphological and autoradiographic studies
both after porcine CT in rats (Zichner 1974) and
salmon CT in rabbits (Lupulescu 1974,
Lupulescu & Habowsky 1978). Thus, the results
seem to be related to the methods used to
evaluate the hormonal effects. Healing wounds
may increase the collagen metabolism some dis-
tance away from the wound (Peacock 1963, Lyall
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1974). Our values for collagen synthesis of intact
skin may therefore be higher than the real values,
since the analyzed specimens were located near
skin wounds.

While also other authors have observed an
early increased incorporation of mineral tracers
into bone after CT treatment (Babicky et al.
1976, Bessonova & Petrovich 1976), the specific
activity of ®8r and the mineral concentration
were reduced in fractured femora of treated rats
during the last part of the experiment (Figure 4).
This agrees with the study of Doyle et al. (1968),
but contrasts with that of Delling & Glueckselig
(1971).

We interpret our data as follows: The negative
influence of CT on the collagen synthesis in the
first part of the study led to less total collagen
content both in bone and skin of treated rats.
During the last part of the study, however, the
inhibitory effect of CT on collagen degradation
(Talmage & Cooper 1979) increased both the
total content and the concentration of collagen in
the fractures, and the concentration of collagen in
the bones and skin of treated animals compared
to controls (Figures 3 and 6, Tables 2 and 3).
Thus, the normal remodeling of the immature,
low mineralized callus was probably inhibited by
CT. This may explain the lower mineral con-
centration in the fractures from hormone treated
rats compared to controls after 40 days of treat-
ment (Figure 4). The collagen types found in
callus and bone, wounds and intact skin are not
identical (Prockop 1979), and the degradation of
collagen is slower in skin than in bone (Laitinen
1967, Lindner 1973). Therefore, the inhibition of
CT on collagen degradation did not prevail to the
same extent in intact skin specimans (Figure 6A),
even though the collagen concentration increased
in specimens from treated rats (Figure 6B). This
may explain why the strength of intact skin was
reduced by CT treatment, unlike the strength of
fractured and intact bones and of wounded skin
(Ekeland et al. 1983).

In conclusion, salmon CT (3 MRC-U/kg body
weight/day) had a negative influence on fracture
repair in rats by a transient reduction of collagen
synthesis and an inhibition of collagen degrada-
tion. Similar observations were made in intact
bones, wounded and intact skin. The effects of

31
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CT, were, however, less consistent in intact bones
and wounds.
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