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THE IN YITRO EFFECT OF OESTRADIOL ON COLLAGEN 
METABOLISM IN METAPHYSEAL RAT BONE 
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Snrviving bone pieces from the femoral and tibia1 metaphyses of young 
castrated female rats have been incubated for 6 hours with concentra- 
tions of oestradiol-17-p ranging from 10-9 M to 3 X 1 0 5  AT, and the 
in vitro collagen metabolism studied. The addition of oestradiol did not 
produce any change in the resorption patterns of bone collagen, ex- 
pressed as release of hydroxyproline to the medium. Parathyroid hor- 
mone in the incubation medium increased the resorption and decreased 
the incorporation rate insignificantly. Addition of both parathyroid 
hormone and oestradiol to the incubation medium produced a signif- 
icant increase in resorption and a decrease in incorporation rate as 
compared with the control incubations. The bone pieces incubated with 
oestradiol-17-p 3 x 10-5 synthesized and incorporated significantly less 
hydroxyprolinc than the control bone pieces. This is, however, a very 
high concentration of the hormone and the physiological significance 
of the observation is doubtful. 
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The in uitro effects of oestrogens upon 
bone have been studied in a few works 
during the last decade (Stern 1969, At- 
kins et al. 1972, Nordin et al. 1970). All 
these studies have been based on some 
kind of tissue culture technique. They 
have been mostly concerned with the re- 
sorption of bone minerals, and very high 
concentrations of oestrogens have as a 
rule produced a reduced resorption rate 
or  a n  inhibition of the parathyroid-in- 
duced bone resorption. 

The  tissue culture techniques are, how- 
ever, limited to studies of foetal or 
neonatal bone. Great progress would 

therefore be made if any similar effects 
were demonstrable in mature bone in- 
cubated in uifro.  

In  target tissues oestrogens have bccn 
found to  induce the synthesis of a spe- 
cific protein in uitro (Katzenellenbogen 
& Gorski 1972, Means & O'Malley 1971, 
1972).  In  contrast to the reduced resorp- 
tion rate of the tissue culture of bone, 
this specific protein was synthesized at  
what is believed to be physiologic doses 
of oestrogens (Exley 1969, Brown-Grant 
et al. 1970). Administered in uiuo oestra- 
diol has  been shown to be effective in 
reducing bone collagen resorption in uifro 
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over a wide dose range (Langeland 
1975 b ) .  The lowest doses being found 
effective were probably just above the 
physiologic. This makes it reasonable to 
study more thoroughly the in uifro effect 
of oestradiol in concentrations near to 
the physiologic. 

MA4TERIAL AND METHODS 

Young mature female rats of the Wistar/Miille- 
gaard strain were used in experiments 1 and 3. 
In experiment 2, a Sprague Dawley strain of 
the same weight range was used. The animals 
were given the usual laboratory rat diet and 
water ad libitum. All rats were oophorectomized 
1 week before being killed by a blow to the neck 
and decapitation. At oophorectomy the body 
weights ranged from 183 g to 210 g and at  
sacrifice from 206 g to 235 g. The experiments 
were designed for paired comparisons and ac- 
cordingly all handling, treatment, incubations 
and analyses were run simultaneously for all 
samples to be compared as pairs. For one in- 
cubation series, two animals were killed. The 
metaphyseal bones from the upper tibiae and 
the lower femurs of both sides were removed 
and handled as described previously (Langeland 
1975 a, b). All  the bone pieces were pooled and 
thereafter divided into four portions of approx- 
imately equal weight. 

Incubations and analyses were as described 
in detail elsewhere (Borle & Nichols 1960, Flan- 
agan & Nichols 1969, Langeland 1975 a, b) .  Also 
the incubation medium was as described previ- 
ously (Langeland 1975 b) except for the addition 
of diffcrcnt doses of oestradiol-17-p (SIGMA) 
solubilized in alcohol and parathyroid hormone 
(Para-Thor-Mone, Lilly) as follows : 

Exp. l/Medium 1 (control) : 
Exp. l/Medium 2 : 

Exp. l/Medium 3 : 

Exp. l/l\ledium 4 : 

5 O/oo  C,H,OII 

oestradiol lo-9 M, 5 O / o o  C,H,OH 

oestradiol lo-8 M, 5 O/oo C,H,OH 

oestradiol lo-7 M, 5 O/oo C,H,O€I 

5 O / o o  C,H,OH 

5 O/oo  C,H,OH 

5 O/oo  C,H,OH 

Exp. 2/Medium 1 (control) : 
Exp. 2/Medium 2 : 

oestradiol3 X 10% M, 

Exp. 3/Medium 1 (control) : 
Exp. 3/Medium 2 : 

parathyroid hormone (PTH) 
(Para-Thor-Mone, Lilly) 
1 USP unit per ml. + 5 O/oo C,H,OH 

Exp. 3/Medium 3 : 
PTH 1 USP unit/ml + 
oestradiol-17-p 10-9 M 

PTIl1 USP unit/ml + 
oestradiol-17-p 3 X 10-5 + 5 O / o o  C,H,OH 

Statistics. Wilcoxon’s test for  paired samples 
was applied to test for statistically significant dif- 
ferences (Wileoxon 1945, 1947). The differences 
were Considered significant when 201 < 0.05. 

+ 5 O/oo  C,H,OH 
Exp. 3/Medium 4: 

RESULTS 

Most of the results from experiment 1 
are summarized in Table 1 and Figure 1. 
The means and standard deviations are 
given. However, because these experi- 
ments were designed for paired com- 
parison, the standard deviations cannot 
be used for estimating significant dif- 
ferences. Among other things, weight and 
age of animals differed somewhat from 
one paired group to another. This may 
influence the standard deviations, but 
not the evaluation of the results when 
studied as paired samples. 

Studying Table 1, it will be observed 
that the incorporation rates of the bone 
pieces treated with oestradiol-17-/3 
10-8 or 10-7 M were not significantly dif- 
ferent from controls. 

In Table 2 are presented the synthesis 
and incorporation patterns of the bone 
pieces incubated with oestradiol-17-/3 
3 X 10-5 M. The synthesis rate was signif- 
icantly reduced with this high oestradiol 
concentration in the medium while the 
percentage of synthesized collagen incor- 
porated into the bone was unchanged, as 
was the percentage of total collagen in 
incubated bone that was passively solu- 
bilized in the incubation medium. 

As can be seen from Table 1 and 
Figure 2 there was a greater variance in 
the results when studying the resorption 
than when looking at the incorporation. 
However, the differences between means 
are also negligible in most instances. 

Likewise, it can be seen from Figure 
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Table 1. Collagen metabolism in rat metaphyseal bone treated in vitro wi th  different doses of  
oestradiol-17-p (experiment I ) .  Incorporation and resorption are given in nanomols p e r  mg incubated 
collagen per  hour incubation. In this table the net resorption and iiicorporatiort are given (r f .  text 
und Figure 1). “Solubilitg per  cent” is the percentage of the collagen in  incubated bone passiut.1~ 

solubilized in the medium. S.D. = Standard deviation. 

Incorporation Resorption Solubility 
Mean f S.D. Mean f S.D. Mean f S.D. Treatment n 

~ ~ 

Control 7 0.49 f 0.05 0.41 f 0.17 0.152 f 0.056 
OestradiollO-9 111 7 0.57 f 0.05 0.29+- 0.11 0.150 i 0.061 

0.182 f 0.060 Oestradiol 10-8 M 7 0.46 f 0.05 0.40 k 0.19 
Oestradiol lO-7 M 7 0.54 +. 0.14 0.39 f 0.25 0.159 f 0.068 

1 a-d, that there was no significant dif- 
ference in the total release of hydroxy- 
proline to the medium during the total 
incubation period, and accordingly no 
difference in the amount of collagen pas- 
sively solubilized in the medium (Tables 
1 and 2 - “Solubility”). The total 
hydroxyproline found in the medium 
derives from threc different sources: 1. 
Active cell mediated collagen resorption. 
2. Passive collagen/hydroxyproline solu- 
bilization in the medium. 3. Newly syn- 
thesized hydroxyproline not incorporated 
into the bone pieces (Flanagan & Nichols 
1969). 

The resuIts of the present study con- 
cerning the possible “interaction” be- 
tween oestradiol and PTH are summa- 
rized in Table 3 and Figure 3. As will be 
seen, there was an insignificant differ- 
ence between control and parathyroid 
hormone treated bone in collagen syn- 
thesis rates. Adding oestradiol-17-j3 to 
the medium in addition to PTH reduced 

incorporation rates to values significant- 
ly below the results of the controls. How- 
ever, none of the oestradiol PTH-treated 
groups present synthesis or incorpora- 
tion rates significantly different from 
those treated with PTH alone. 

There was no difference in the per- 
centage of synthesized hydroxyproline in- 
corporated into the bone pieces (Table 3 ) .  

The addition of PTH to the incubation 
medium (Figure 3)  increased the resorp- 
tion rate insignificantly (0.05<2a<0.10). 
When ocstradiol-17-P R/I or 3 x lo-‘ hl  
was added as well, the resorption rates 
significantly increased compared with 
untreated controI incubations, while 
there was no significant difference com- 
pared with the bone pieces treated with 
parathyroid hormone alone (Figure 3 ) .  

The percentage of collagen passively 
solubilized in the medium during the 
first 2-3 hours of incubation remained 
unaffected by the treatment given. 

The different metabolic pattern of the 

Table 2. Collagen metabolism in rat metaphyseal bone treated in vitro wi th  oes t rad io l - i7 -~  3x10-5 M .  
Values o f  sgnthesis are given in nanomol hydroxyproline per hour per mg incubated collagen. 

Treatment Synthesis Per cent incorporated Solubility percentage 
Mean +. S.D. Mean 2 S.D. Mean +- S.D. n 

Control 6 1.26 f 0.10 78.4 t 5.5 0.224 f 0.048 
Oestradiol3 x 10-5 ICI 6 1.09* f 0.16 78.5 f 8.1 0.250 t- 0.075 

Significantly different from control (P < 0.05). 
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Figure 1. Total cumulative 
release of hgdroxgproline to f h e  
medium during the  6 hours o f  
incubation w i th  d i f ferent  doses 
of oestradiol in the medium. 
Each point represents the mean 
o f  3 to 7 samples. The standard 
drviations haue been omitted 
since theg overlapped each other. 
In each part o f  the figure the 
mean of one treated series and 
the corresponding untreated 
coniroi series (experiments I 
and 2 )  are giuen. None of the 
differences between treated and 
corresponding control 

9 .  

0 -  

7 .  

CONTROL 

. TREATED 

6 - nmoi  mg collagen 

5 ’  

4 .  

’ hours 6 ’ 5 hour$ incubations were significant. 

two strains of rats used in the present 
study should be noted. 

I)ISCUSSION 

Stimulating effects on protein synthesis 
of oestrogens added in vifro have been 
reported only in studies of target tissues 
( Katzenellcnbogen & Gorski 1972, Means 
d;: O’Rfallcy 1971, 1972). Studies on bone 
from mammals other than mice (Vaes st 
Nichols 1962, Atkins et al. 1972, Stern 
1969, Nordin et  al. 1970) have never 
revealed any stimulating effect of oestro- 
gens on bone collagen synthesis in vitro. 
However, as  pointed out in the introduc- 
tion, most of these studies have been 
underlaken with hormone concentrations 
far  from what is believed to  be “physi- 

ologic”. According to  Exley (1969) the 
physiologic non-oestrus level of oestra- 
diol-17-P in  peripheral rat plasma is 1-2 
ng per 100 ml plasma (= 1-2 X 10-lo M ) .  
I t  is not obvious that a similar concentra- 
tion added in vitro is comparable. How- 
ever, the doses most effective in  stimulat- 
ing protein synthesis in  uterine tissue in 
the work of Katzenellenbogen & Gorski 
(1972) were 10-9 to 10-8 M, in other words 
concentrations near to  the physiologic. 

Based on these facts the present study 
was first planned with concentrations of 
10-9 to  10-7 M of oestradiol-17-P. Although 
a slightly higher mean incorporation rate 
of the oestradiol M group (Figure 1) 
can be seen, the treated bone did not 
behave significantly differently from con- 
trol bone in any of the examined param- 
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Table 3. Collagen metabol i sm in  rat metaphyseal bone treated in vitro with parathyroid hormone 
and oestradiol-17-p. T h e  total  collagen synthesis,  percentage of synthesized collagen incorporated 
in to  incubated bone pieces and percentage of incubated bone collagen passiuelg solubilized in the  

m e d i u m  are given. Values in  n m o l  per mg collagen per hour  of incubation, or in percenfages. 

- 

C control 

T treated ( ~ x I O - ~ )  

0 incorporation 

I resorption 
1 
1 standard deviation 

- 

- 

- 

Treatment 
Per cent Solubility 

incorporated percentage 
Mean -C S.D. 

Synthesis 
Mean -C S.D. Mean t S.D. 

n 

~~~ 

Control 6 1.05 f 0.17 70.4 f 3.8 0.20 f 0.08 
Parath. hormone 7 0.99 f 0.14 71.6 f 4.2 0.22 t 0.04 
Parath. + oestradiollo-9 6 0.93' t 0.13 71.1 f 4.3 0.31 f 0.09 
Parath. + oestradiol3 x 10-5 7 0.89' f 0.18 69.0 f 2.4 0.25 * 0.08 

Significantly different from control ( P  = 0.02). 

eters. Raising the oestradiol concentra- 
tion to  3 x lO-5M reduced the collagen 
synthesis rate significantly, and produced 
an  insignificant reduction in  the resorp- 
tion rate. This is a concentration of 
oestradiol-17-/3 comparable with the con- 
centrations Kuchler & Grauer (1962) 
found to inhibit growth of L-strain fibro- 

1,2yoL 1 

Figure 2, In vitro t rea tment  o f  metaphyseal bone 
f r o m  castrated female  Sprague Dawley rats. T h e  
mean incorporation and resorption rates of bone 
pieces treated w i th  oestradiol-17-p 3 X 10-5 M 
and their paired untreated controls are given. 
Euch co lumn represents the  mean  and standard 
deviation of 6 incubations. The  treated group 
(l') synthesized significantly less hydroxyproline 
than  the  control incubations (20: = 0.05). 

blasts, Atkins e t  al. (1972) found oeslra- 
diol to  inhibit the resorptive action of 
parathyroid hormone at  a concentration 
near to M, and at  Stern (1969) 
found a similar effect. These experiments 
were performed in tissue culture. 

The results obtained in the present 
study do not reveal any effect of oeslra- 
di01-17-p~ added in vitro, upon bone re- 
sorption. The works of Stern (1969) and 
Atkins e t  al. (1972) revealed a clear-cut 
reduction in PTH-induced bone resorp- 
tion at  high concentrations of oestradiol. 

nmol 

0.4 

0.2 1 A 

A 
B 
C 
D 
0 
I 

control 

parath. hormone 

+ oestr. 10-9 
- I - - 3~10-5 

incorporation 

resorption 

Figure 3. In vitro metabol i sm of metuph!lseul 
rat bone treated w i th  parathnroid hormone alone 
and in  combination with oestradiol-17-p 10-9 M 
or 3 x l0-5M. Values are in nanomol  per mg 
incubated bone collagen per hour of incubation. 
The  incorporation rates o f  group C and D are 
significantlg reduced compared w i th  group A ,  
and the  resorption rates of the  same groups are 
significantly increased as compnred to group A 
(2a 1 0.05). 
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This difference may possibly be caused 
by the longer incubation time possible 
with tissue culture techniques and by the 
addition of serum to the incubation 
medium in the cited studies (Stern & 
Kaisz 1966,1967).  Moreover, based on the 
theory that oestrogens inhibit the bone 
resorptive activity of parathyroid hor- 
mone (Bnrkhardt & Jowsey 1967, Jowsey 
& Raisz 1968, Nordin et al. 1970),  the 
studics of Stern (1969))  Atkins et al. 
(1970) have been concerned with the 
effect of oestrogens on parathyroid-in- 
duced hone resorptions. This  “oestrogen/ 
parathyroid hormone counteraction the- 
ory” has been considered in experiment 
3 of the present study. However, oestra- 
diol-17-j3 in  the tested concentrations had 
virtually no antiresorptive effect upon 
the bone treated with PTH. Since the 
techniques applied in the present study 
are  vcry different from the cited tissue 
culture studies (Stern 1969, Atkins 1972) 
they are  not directly comparable. 

However, the concentrations found ef- 
fective in reducing bone resorption in 
vitro are  very high-10,000 to  100,000 
times higher than what is believed to be 
physiologic. This does not correspond 
well to the results obtained with the hor- 
mone administered in vifro as  reported 
previously (Langeland 1975 b ) ,  where 
doses, probably near to the physiologic, 
mere found effective in inhibiting resorp- 
tion of bone collagen. 

As pointed out by Stern (1969) several 
steroids inhibit bone resorption (and 
hone synthesis?) when added in uifro at  
these high concentrations. She doubts 
that the effects of steroids at these con- 
centrations are related to their hormonal 
activity. At least it seems questionable 
whether the effects found at these high 
concentrations are  comparable with the 
effects found after in vivo administra- 
tion of the hormone. 

In  conclusion, i t  may be pointed out 
that  in the present study oestradiol added 
in vitro in “physiologic” amounts had no 

effect on bone metabolism, and it had no 
antiresorptive effect on PTH-treated 
bone. In  a previous study (Langeland & 
Teig 1975) it was found that oestradiol 
administered in vivo had the same anti- 
resorptive effect on bone in thyropara- 
thyroidectomized rats as i t  had in ani- 
mals with intact thyroparathyroid glands. 
All these findings suggest that  the effect 
of oestradiol on bone is independent of 
PTH. However, since these effects are  not 
demonstrable when the hormone is ad- 
ministered in vifro, the possibility that it 
may act indirectly, e.g., via the hypoph- 
ysis or some other mediator, should be 
investigated further. 

REFERENCES 

Atkins, D., Zanelli, J. M., Peacock, hf. & Nordin, 
B. E. C. (1972) The effect of oestrogens on 
the response of bone to parathyroid hormone 
in vitro. J .  Endocr. 54, 107-117. 

Borle, 9. B. & Nichols, G. (1960) Metabolic 
studies of bone in vitro. 1. Normal bone. J .  
biol. C h e m .  235, 1206-1210. 

Brown-Grant, K., Exley, D. & Naftolin, F. (1970) 
Peripheral plasma oestradiol and luteinizing 
hormone concentrations during the oestrous 
cyclc of rat. J .  Endocr. 48, 295-296. 

Burkhardt, J. hl. & Jowsey, J. (1967)  Parathyroid 
and thyroid hormones in  the development of 
immobilization osteoporosis. EndocrinoZogg 

Exley, D. (1969) The ultramicrodetermination of 
oestrogens in  rat peripheral plasma. Acta 
endocr. ( K b h . ) ,  Suppl. 138, 18. 

Flanagan, B. & Nichols, G. (1969) Bone matrix 
turnover and balance in vitro. 1. The effects 
of parathyroid hormone and thyrocalcitonin. 
J. elin. Inuest. 48, 595-606. 

Jowsey, J. & Raisz, L. G. (1968)  Experimental 
osteoporosis and parathyroid activity. En- 
docrinologij 82, 384-396. 

Katzenellenbogen, B. S. & Gorski, J. (1972) 
Estrogen action in vitro. Induction of the 
synthesis of a specific uterine protein. J .  bioZ. 
C h e m .  247, 1299-1305. 

Kuchler, R. J. & Grauer, R. C. (1962) Effects of 
natural estrogens on L Strain fibroblasts in 
tissue culture. Proc. Sac. exp .  Biol. Med. 110, 

Langeland, N. (1975 a )  Effects of oestradiol on 
bone collagen metabolism. An experimental 
study in female rats. Thesis, Oslo. 

81, 1053-1062. 

287-292. 



272 NORVALD LANGE,LAND 

Langcland, N. (1975 b)  In vitro studies on col- 
lagen metabolism in metaphyseal rat bone, A. 
The effect of pre-treatment with oestradiol- 
17-p. Acta endocr. (Kbh. )  80, 775-783. 

Langeland, N. & Teig, V. (1975) In vitro studies 
on collagen metabolism in metaphyseal ra t  
bone. C. The effect of oestradiol-17-p in 
hypophysectomized and in  thyro-parathyroid- 
ectomized animals. Acta endocr. (Kbh. )  80, 

Means, A. R. & O’Malley, B. W. (1971) Assess- 
ment of sex steroid action i n  vitro. Acto 
endocr. (Kbh. )  153, 318-336. 

Means, A. R. & O’Malley, B. W. (1972) Mechan- 
ism of estrogen action : early transcriptional 
and translational events. Metabolism 21, 357- 
370. 

Nordin, B. E. C., Young, M. M., Bulusu, L. & 
Horsman, A. (1970) Osteoporosis reexamined. 
In: Osteoporosis. Ed. Barzcl, U. S., pp. 47-67. 
Grime & Stratton, New York/London. 

795-800. 

Stern, P. H. (1969) Inhibition by steroids of 
parathyroid hormone-induced Ca45 relcasc 
from embryonic rat bone in vitro. J .  Pharm. 
e s p .  Ther.  168, 211-217. 

Stern, P. H. & Raisz, L. G. (1966) The effects of 
serum proteins on the parathyroid hormone- 
induced release of Ca45 from embryonic bone 
in  vitro. Fed. Proc. 25, 243. 

Stern, P. H. & Raisz, L. G. (1967) An analysis of 
the role of serum in parathyroid hormone- 
induced bone resorption in  tissue culture. 
Exp.  Cell, Res. 46, 106-120. 

Vaes, G .  M. & Nichols, G. (19G2) Metabolism of 
glycine-l-Ci4 by bone in  vitro: Effects of 
hormones and other factors. Endocrinologtl 

Wilcoxon, F. (1945) Individual comparisons by 
ranking methods. Biornetrics 1, 80-83. 

Wilcoxon, F. (1947) Probability tables for in- 
dividual comparisons by ranking methods. 
Biomefrics 3. 119-122. 

70, 890-901. 

Correspondence to : Norvald Langeland, Sophies Minde Orthopaedic Hospital, Oslo 5, Norway. 




