
THYROCALCITONIN SUPPRESSION OF HYDROXYPROLINE 95 

9. Dicks, M. W., "Vitamin E content of Foods Received July 10, 1967. P!S.E.B.M., 1968, Vol. 127. 

Thyrocalcitonin Suppression of Hydroxyproline Release from Bone*+ 
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It is now generally accepted that the hy- 
pocalcemic effect of thyrocalcitonin is me- 
diated primarily by a reduction in the rate of 
calcium removal from bone (1-5). However, 
as is still true with parathymid hormone, the 
actual mechanism by which this recently 
discovered hormone accomplishes its effect is 
still to be elucidated. In most aspects studied, 
thyrocalcitolnin has been shown to be antago- 
nistic to parathyraid hormone, but ilts ac- 
tion is independent as it is fully effective in 
parathyroidectomized animals (6). A re- 
levant current controversy concerning para- 
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thyroid hormone action on bone is related to 
its ability to increase the resorption of all 
components of bone: apatite crystal, collagen 
and the mucqlysaccharide ground sub- 
stance. One can nat say with certainty whether 
the hormone affects all interdlular bone com- 
ponents concurrently, m whether the action 
on one colmponent is primary and those an 
the other colmpnenlts are produced indirecbly. 

At the present time, thyrocdcitonin action 
on bone has been studied briefly in regard to 
its ability to decrease the transfer of calcium 
and phosphate from bone to extracellular 
fluid. It is the purpose of this report to ex- 
amine its effect on collagen b r e a k d m  and to 
determine whether thyrocaleitonin is antag- 
onistic to the action of parathyroid hormone 
on this process. Friedman and Raisz (7) ,  
Gaillard (8) and Aliapoulios et a2. (9) have 
reported that, in in vitro systems, t h y r d -  
citonin can block effects normally produced by 
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parathyroid hormone on total bone resorption. 
I t  was therefore of interest to determine 
whether the effects of the new hormone were 
antagonistic to those of parathyroid hormone 
on the breakdown of organic matrix of bone 
in an in vivo system, as measured by extracel- 
lular hydroxyproline levels. Extrmllular hy- 
droxyproline has been shown to be a reliable 
index of colllagen brreakdown ( 1.0-12). The 
studies to be presented examine the effect of 
thyrocalcitonin on bone matrix catabolism 
under the following experimental conditions 
which have been shown to alter parathyroid 
hormone stimulated bone resorption: para- 
thyroidectomy, calcium restricted diet, ne- 
phrectomy, and peritoneal lavage (13-1 7) .  

Materials and Methods. Animals and diets. 
Male Holtzman rats (200-220 gm) were used 
in dl experiments. Animals were maintained 
on stock diet and transferred to a calcium 
free diet (CFD) (13) at times indimted. 

Experimental procedures. All surgery was 
carried out under light ether anesthesia. Para- 
thyroidectomy (PrX) was performed 9 hours 
before the start of the lavage procedure. 
Bilateral nephrectomy (NEPHX) was ac- 
complished through a single midventral in- 
cision. 

The technique of peritoneal lavage, with a 
calcium and phosphate free, isotonic and buf- 
fered rinse was employed as has been de- 
scribed in previous publications from the lab- 
oratory (15). 

Analyses. Calcium values were determined 
by an autolmated fluorometric procedure de- 
signed for the Auto Analyzer (18). Inorganic 
phosphate was measured by the method of 
Allport and Keyser ( 19). Hydroxyproline was 
quantitatively measured by the method of 
Prockop and Udenfriend ( 2 0 )  as modified by 
Bates et at. (13). 

Thyrocalcitonin preparation. Partially pu- 
rified extracts of hog thyroid were prepared 
according to the methods of Hirsch et al. (6). 
The resulting powder dissolved in a 0.05 M 
acetate buffer at pH 3.8 was used experi- 
mentally. Bbactivity of this extract was 
determined by bioassay (6). The prepamtion 
used in these studies had activity of 1400 
Hirsch units/mq N (2 1)- 

Experimental designs. Two series of ex- 
periments were carried out, 

Series I .  Animals were placed on CFD 18 
hours before the start of an 8-hour peritoneal 
lavage. Half of bhe animals were parathy- 
roidectomized. Thyrocalcitonin (TC) (8-1 6 
Hirsch units) was injected suibcutaneously 
three times: 15 min befare the start of the 
lavage, and after the second and fifth hours. 
Only free hydroxyproline values for nonhy- 
drolyzed lavage fluid were determined, since a 
previous report (14) had shown that lavage 
fluid contained little or no peptide bound 
hydroxypmline. 

Series II. Normal and nephrectomized 
(NEPHX) experimental animals were used. 
These animals were maintained on CFD and 
deionized water for 3 days prior to sacrifice. 
Thyrocalcitonin (8-16 Hirsch units) was ad- 
ministered every 2 hours for a 24-hour period 
to half of each group. In addition, a single 
control group maintained on stock diet was 
also sacrificed. Blood was obtained by cardiac 
puncture and serum obtained from the blood 
was analyzed for hydroxyproline after hy- 
drolysis in 6 N HCI for 18 hours according 
to the procedure of Bates et al. (13). 

Results. Series I :  Eflects on hydroxyproline 
removed by peritoneal lavage. As is shown by 
the data summarized in Fig. 1, repeated ad- 
ministration of thyrocalcitonin to animals 
undergoing peri tonal lavage dramatically re- 
duced the removal of calcium and phosphate, 
in agreement with past studies from this la- 
boratory (2) .  Of special importance to tixis 
study however, is the observation that in b t h  
intact and parathpidectmized animals, 
thyrocalcitonin eventually also reduced the 
amount of free hydroxyproline removed by 
the lavage procedure. Although d c i u m  and 
phosphate removal rates were statistically re- 
duced within 2 hours, only after the fourth 
or fifth hour of lavage did a statistically sig- 
nificant reduction occur in the hydroxypmline 
levels in lavage fluid or thyrocalcitonin treated 
animals. 

The cumulative effect of thyrocalcitonin ad- 
ministration was determined from the sum of 
hourly values (Table I ) .  In both control and 
parathyroidectotmized rats, thyrdci l tonh 
caused a 20% reduction in the total amount 
of hydroxyproline removed during the %hour 
lavage. In addition, a similar drop in remod 
rate of hydroxyproline caused by parathy- 
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FIG. 1. Effeots of repeated thq?.ooalcitonin administration during perhneal lavage. 0 without 
thyrocalcitonin ; with thyrocalcitonin. 

Notes: (a) All paints represent average of 10 or more values. (b) Cdaum and phosphate 
values for TC treated a n i d s  are significantly different from oonrtrol values with a P < .W1; 
a d  (c) Hyduloxypdine values are presented as percentage change from their respective con- 
trols. For starred hours, the drop was statistically significan,t with a p < .01. 

roidectomy alone was observed, confirming 
previous findings ( 14). 

Series 11: Comparison of thyrocalcitonin 
eflects in control and nephrectomized rats. In 
agreement with past studies (13), calcium 
deprivation and/or nephmctmy produced an 
increase in hydrolyzed serum hydroxyproline 
(Table 11) when compared to animals on 
stock diet. Administration of thyrocalcitonin 
not only prevented this increase, but reduced 
the hydroxyproline values to lower levels than 
observed in the control group. 

Discussion. These experiments demonstrate 
that thyrocalcitonin administration is capable 
of suppressing the levels of extracellular 
hydroxyproline, even in situations where this 
parameter is usually elevated. Since this imino 
acid has been shown to be a good indicator of 
collagen degradation, i t  can be concluded that 
thyrocalcitonin inhibits this process. It can 
be inferred also that this inhibition of collagen 

catabolism occurs in the organic matrix of 
bone, since 50% of collagen is in bone, and 
because of the concurrent striking effects ob- 
served on bone mineral removal. 

Semiquantitative approximations of the 
amount of bone, the ca!tdmlism of which is 
being prevented by thyrocalutmin, provide 
an interesting approach to the question of 
whether there itre equal effects m bane 
mineral and organic matrix. Lavage data in- 
dicate that thyrdc i ton in  prevented the 
removal of 2.6 mg of calcium and of 0.1 nag 
of free hydroxyproline during the 8-hm 
lavage period in intact animals. Assuming 
25% of dry bone is calcium (22)  this in- 
dicates that 10 mg of b n e  were not d@& 
as the result of thymcalcitonin t!rwtmmt. 
Because free hydroxypmlhe represents d y  
30% of the total hydroxyproline arising from 
collagen degradation (13) the value of 0.1 mg 
for free hydroxyproline is corrected to 0.3 mg. 
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TABLE I. Effect of Thyrocalcitonin on Total 
Hydroxyproline Removed by 8-Hour Peritoneal 

Lavage. 

pmoles of HO Pro/8 
Group Hours k SE 

Intact animals 
Intact controls (12) 
Intact thyrocalcitopin (12) 

5.56 2 .16 
4.70 k .22 

Difference 0.86 2 .27 
p .005 

Parathyroidectomized animals 
Parathyroidectomized 

Parathyroidectomized 
controls (11) 4.51 .16 

thyrocalcitonin (10) 3.51 .21 

Diff erencc 1.00 & .28 
p 5 .oa5 

TABLE 11. Effect of Thyrocalcitonin on Hydroxy- 
proline Values of Hydrolyzed Serum. 

~ ~~~~ 

HO Pro % of 
Group (pmoles/ml+ SE) control 

Control (6) .27 2 .01 100 

CFD + TC (6) .24 & .005 90 
CFD (6) .28 k .01 146 

Difference .04 k .008 
p 4 . 0 0 1  

NEPHX + CFD (6) .31 k .01 118 
NEPHX + CFD + TC .24 .01 91 

Difference .07 2 .01 
p L .005 

Assuming hydmxyproline constitutes 4% of 
dry bone,2 it can be estimated that thyro- 
calcitonin administration prevented the re- 
moval of 8 mg of bone. These two approxi- 
mations of the suppression of total bone r e  
moval are in surprisingly good agreement, and 
support the hypothesis that thyrocalcitonin 
reduced equally the process of bone mineral 
ranoval and organic matrix degradation. 

However, in the lavage studies, it was noted 
that the appearance of a reduction in hy- 

2This approximation is based on hydroxyproline 
constituting 14% of collagen (23), collagen con- 
stituting W-96% of organic matrix and organic 
matrix constituting 30-35% of bone (24). 

droxyproline removal rates occurred consider- 
ably later than that for the removal of calcium 
and phosphate. In fact, the effect on the imino 
acid can be shown only if repeated doses of 
t h y d c i t o n i n  are It might be con- 
cluded from this that the effect on collagen 
was secondary to a primary effect on bone salt 
removal. An alternative explanation could be 
that the delay was observed due to the in- 
creased time necessary for the complete hy- 
drolysis of collagen and the transport of the 
hydroxyproline to the body fluids. 

From ithe findings just discussed and the 
demonstration that thyrocalcitonin can sub- 
stantially reduce serum hydroxyproline levels 
in nephrectomized animals, it seems probable 
that thyrocalcitoniin is antagonisltic to pa- 
rathyroid hormone in regard to the latter’s 
ability to stimulate the removal of inorganic 
salts and organic matrix from bone. This in 
vivo study supports the findings of Friedmm 
et al. ( 7 ) ,  Gaillard (8) and Aliapoulis et al. 
(9) as to thyrocalcitonin’s ability to abolish 
these effects of parathyroid hormone. Also, the 
findings of MacIntyre et d. ( 2 5 )  and Pechet 
et al. (26) who reported that thyrocalcitonin 
reduced the levels of urinary hydroxyproline 
are in agreement with these studiq. 

It seem evident from these studies that 
exogenous thyrocalcitonin does inhibit total 
bone resorption when given over an extended 
period of (time. 

Su?nmary. The effects of thyrocalcitonin on 
extracellular levels of hydroxyproline were ex- 
amined in the following situations wh.ich nor- 
mally alter this parameter through effects on 
bone resorption: peritoneal lavage, pamthy- 
roidectomy, nephrecbmy, and calcium re- 
stricted diet. I t  was found that thyrocdcitonin 
reduced extracellular hydroxyproline levels in 
all situations studied. Effects on removal of 
hydroxyproline and calcium by peritoneal 
lavage were of such magnitude to suggest that 
the entire process of whole bone catabolism is 
inhibited by thyrocalcitonin. Marked effects 
of thyrocalcitonin in the presence of increased 
levels of endogenous parathyroid hormone in- 
dicate that thyrocalcitonin can block the 
effects of parathyroid hormone. It is concluded 

3 Klein, D. C. and Talhmage, R. V., unpublished 
results, 1967. 
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that repeated administration of thyrocalcitonin 
results in an inhibition of all phases of bone 
resorption. 

We are greatly indebted to Mrs. Dorothy B. 
Ramri, Miss Fay %I Cruz and M k  ViMnia Buthea 
for their invaluable techaical assistance in these 
studies. 
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The Effect of Bile on Vitamin A Absorption in the Rat* (32630) 

M. GAGNON AND A. M. DAWSON (Introduced by S. S h e r l d )  
Department of Medicine, Royal Free. Hospital, London 

It is generally accepted that after ab- 
sorption long chain fatty acids are mainly 
converted to briglyceride in the intestinal 
m u m a  and bhen leave the intestine by the 
lymphatic route ( 1, 2 ) .  Recent evidence sug- 
gests that in the absence orf bile the partition 
of long chain fatty acids between the polrtal 
vein and l p p h  is altered to favor the portal 
route (3, 4) and this route may be used to a 
variable degree normally ( 5 ) .  We have now 
extended these observations using vitaanin A 

* Suppolrted by a grant from the M e d i d  Research 
Council. 

as another m d d  compound, for i t  is usually 
considered that absorbed vitamin A is es- 
terified and also tm.nsported by the lymphatic 
route (6).  

Material and Methods. Crystalline unb 
labeled vitamin A acetate, palmitate, and 
alcohol were a gift from Roche Products 
Limited, Bale.  Standard solutions were pre- 
pared in n-hexane. Vitamin A acetate (Car- 
bind 14C) (Radiochemical Centre, A m e ~ s b ,  
England) had a specific activity of 2.92 mC/ 
mole. The radiochemical purity by thin-layer 
chromatography (TLC) on silica gel G (cy- 


