the placenta of the elephant and those
of the carnivores probably represents
convergent rather than divergent evolu-
tion (7).
R. A. CooPER

R. S. CONNELL

S. R. WELLINGS
Departments of Pathology and
Anatomy, University of Oregon
Medical School, and Portland
Zoological Gardens, Portland

References and Notes

1. H. W. Mossman, Carnegie Inst. Wash. Publ.
No. 479, 129 (1937).

. H. C. Chapman, J. Acad. Nat. Sci. Philad.
8, 413 (1880); Compt. Rend. Soc. Biol. 51,
525 (1899).

3, R. Owen, Phil. Trans. Roy. Soc. London Ser.
B 147, 347 (1857).

[

4, R, Asheton and T. G. Stevens, Quart. J.
Microscop, Sci. 49, 1 (1905).
5. E. Boecker, Arch. Mikroscop. Anat. Ent-

wicklungsmech, 11, 297 (1908).

6. G. B. Wislocki and E. W. Dempsey, Am. J.
Anat. 18, 1 (1946).

7. M. Watson, Proc. Roy. Soc. London Ser. B
32, 272 (1881).

8. We thank J. Marks, M. B. Maberry, J. Met-
calfe, and H. J. Tatum for their invaluable
help. This work was supported in part by
grant HD 00104-04 from the USPHS.

Thyrocalcitonin: Hypocalcemic
Hypophosphatemic Principle
of the Thyroid Gland

Abstract. A factor that lowers serum
calcium and inorganic phosphate in
rats has been purified 500-fold from
0.IN HC!l extracts of hog thyroid
clands. It is distinct from thyroxine
and triiodothyronine and appears to be
a polypeptide.

Thyrocalcitonin (/) is the name giv-
en to a hypocalcemic principle readily
extracted from thyroid tissue of numer-
ous mammalian species. It was dis-
covered (2) as an outgrowth of an in-
vestigation of the difference in the
acute effect on serum calcium in the
rat between parathyroidectomy by cau-
tery and parathyroidectomy by surgical
excision (3). Apparently, cautery of
the thyroid gland during the operation
of parathyroidectomy stimulates release
of thyrocalcitonin, provoking a greater
fall in serum calcium than that which
occurs after simple removal of the
parathyroid glands.

Since extracts of numerous other tis-
sues, liver, kidney, and salivary gland
of the rat, and thymus, pituitary gland,
and parathyroid gland of the ox were
found not to be hypocalcemic in the
rat, thyrocalcitonin-like activity appears
to be present in high concentration only
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in the thyroid gland. Furthermore, the
effects of thyrocalcitonin are not dupli-
cated by thyroxine or triiodothyronine.

We have demonstrated thyrocalciton-
in activity in extracts of thyroid tissue
of the rat, rabbit, dog, hog, ox, and
monkey. In addition, Foster et al. have
prepared an extract of goat thyroid
gland that is hypocalcemic in the goat
(4), and Foster and Hirsch have re-
ported hypocalcemic effects of thyroid
extracts in the dog (5). Marked hypo-
calcemic activity in the rat was found
in the extract of one sample of human
thyroid tissue obtained at surgery, but
six other human samples were inac-
tive.

Subcutaneous injection of the extract
of as little as one-third of a single
rat thyroid gland into an intact rat
results in a fall of 20 to 30 percent in
serum calcium below the normal level
within 1 hour. Hog thyroid extract,
selected for purification because of easy
availability in quantity, is also very
active; the extract of one hog thyroid
gland is sufficient to produce a signifi-
cant fall in serum calcium in more
than 1000 rats. Contamination with
parathyroid tissue was not a problem
since the parathyroid glands of the hog
are embedded in the thymus gland at
sites remote from the thyroid gland
6).

Chemical and physical properties, in-
cluding behavior during purification, in-
dicate that thyrocalcitonin is a polypep-
tide. Ashing destroys the activity, an
ether extract is inactive, and the ac-
tivity is lost during treatment with pep-
sin or trypsin.

A three-step procedure consisting of
ultracentrifugation, fractionation on Se-
phadex G-50, and fractionation on
carboxymethyl-Sephadex G-25 has re-
sulted in a 500-fold purification of
thyrocalcitonin from the starting ex-
tract, which is prepared by homogeniz-
ing fresh hog thyroid tissue with 10
ml of 0.1N HCI per gram of tissue
for 30 seconds in a Waring blender in
the cold. The supernatant obtained by
centrifuging the homogenate at 600g
for 30 minutes in an International re-
frigerated centrifuge can be stored froz-
en for at least 6 months without loss
of activity. A nine- to tenfold purifica-
tion of this starting extract is achieved
by centrifuging it at 100,000g for 24
hours in the No. 40 rotor of the Spinco
preparative ultracentrifuge. Presumably,
the inactive sedimented material is
largely denatured thyroglobulin.

A biological assay method was de-

Table 1. Effect of thyrocalcitonin on serum
calcium and inorganic phosphate in rats.
There were five test rats in each group,
treated as described for thyrocalcitonin as-
say. Thyrocalcitonin or vehicle was injected
subcutaneously 3 hours after parathyroidec-
tomy by surgical excision. Blood was drawn
for analysis 1 hour after the injection. The
standard errors were: for calcium, 0.2 mg/
100 ml; for phosphate, 0.4 mg/100 ml.

Thyrocal- Serum values (mg/100 ml)
citonin
(units/rat) Ca Inorganic P
Intact
0 9.3 111
10 1.2 8.5
Parathyroidectomized
0 1 12.4
10 6.0 10.8

veloped to guide purification. The test
animals are intact male rats (150 to
180 g) (Holtzman Co.) maintained on a
purified diet low in calcium for 4 days
before the assay. (Rats on a stock diet
react in a similar manner, but their
responses are somewhat more variable.)
Standard and unknown solutions are in-
jected subcutaneously into parallel
groups of test rats. One hour later,
blood samples are drawn by cardiac
puncture under ether anesthesia, and
the serum calcium is analyzed (7). A
dose-response curve for thyrocalcitonin
is shown in Fig. 1. The relative poten-
cies of the unknowns in arbitrary units
per milligram of nitrogen are calculated
from the results of the bioassay by
standard statistical procedures (8) and
from analysis of nitrogen content by

iha

MG/100 ML

SERUM CALGIUM,
(-]

(.

5 7 o5 1 2 4 8 13

THYROCALCITONIN, UNITS/RAT
(LOG SCALE)

Fig. 1. Log dose-response curve for hog
thyrocalcitonin in young male rats. Blood
was drawn for calcium analysis 1 hour
after subcutaneous injection of the ex-
tract. Each point represents the mean
value for seven rats, and the vertical lines
represent the standard errors.
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the method of Lowry et al. (9). The
mean index of precision (A) of ten
consecutive recent assays is 0.230.025.

The arbitrary unit is 10 pg of nitro-
gen of a standard preparation (THV-
44-D) of supernatant from ultracentri-
fuged hog thyroid extract. One unit
produces a statistically significant fall
in serum calcium (about 1 mg/100 ml)
in test rats.

Additional purification of thyrocal-
citonin was achieved by gel filtration.
In a typical preparation, 5 g of lyophi-
lized ultracentrifuged supernatant fluid
containing 300 mg of nitrogen (ob-
tained from 170 g of thyroid tissue)
was applied to a column of Sephadex
G-50 (3.8 by 90 cm), equilibrated
with 0.05M sodium acetate buffer (pH
3.8). On elution with the same buffer,
a large inactive protein peak first
emerged, then a smaller protein peak,
and then a nucleotide fraction (70).
The hypocalcemic activity was associat-
ed with the descending limb of the
smaller protein peak and the ascend-
ing limb of the nucleotide fraction.
When the most active fractions (contain-
ing 15 mg of nitrogen) were pooled,
they represented a tenfold increase in
specific activity with a yield of 40 to
60 percent. This product was applied
to a column of carboxymethyl-Se-
phadex G-25 (1.9 by 14 cm), equili-
brated with the same buffer as before.
On elution with the same buffer, in-
creased stepwise from 0.05M to 0.2M,
only nucleotides were eluted. Protein
was eluted on changing to a gradient
of sodium chloride increasing to 2.0M,
in 0.2M sodium acetate (pH 3.8). The
hypocalcemic activity was associated
with the descending portion of the pro-
tein peak. The pooled active fractions
showed an additional fivefold improve-
ment in specific activity with a yield
of 70 percent in this step.

Although the site of action of thy-
rocalcitonin is not yet known, that
there may be a direct effect on bone,
important physiologically, is an intri-
guing possibility. The kidney is not es-
sential for the hypocalcemic effect, since
thyrocalcitonin is active in nephrecto-
mized rats. The activity of thyrocal-
citonin in rats fed a low calcium diet
suggests that decreased absorption
of calcium from the gut is not re-
sponsible for the hypocalcemic effect.
Since thyrocalcitonin is active in para-
thyroidectomized rats (2), it does not
produce its effect by an action on the
parathyroid gland or on parathyroid
hormone. The parallel decreases in
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serum inorganic phosphate (/1) and
serum calcium (Table 1), also noted
by Kenny (/2), are consistent with an
effect on the deposition of bone salt.
Elegant experiments on the perfusion
of the thyroid and parathyroid glands
of dogs (13), later extended to sheep
(14), led Copp et al. to introduce the
concept of a hypocalcemic hormone,
named calcitonin, working antagonistic-
ally and in concert with the parathyroid
hormone in the normal regulation of the
calcium concentration in plasma. This
work was confirmed independently by
Kumar et al. (15). Although many of
the experiments by Copp et al. did not
discriminate between the thyroid gland
and the parathyroid gland as the site
of origin of calcitonin, some experi-
ments pointed to the parathyroid gland
as the source of calcitonin. On the
other hand, studies in the goat (4)
and in the rat (/6) support the con-
clusion that the newly recognized hypo-
calcemic principle originates in the thy-
roid rather than the parathyroid gland.
Whether or not thyrocalcitonin is the
same as calcitonin, its marked activity
and easy availability encourage further
investigation of its chemistry, pharma-
cology, and therapeutic potentialities.
Note added in proof: Since this re-
port was submitted, Baghdiantz et al.
(17) have published an alternative
method of partial purification of thyro-
calcitonin.
PuaiLip F. Hirscu*
EpwarD F. VOELKEL
Paur L. MuUNSON
Biological Research Laboratories,
Harvard School of Dental Medicine,
and Department of Pharmacology,
Harvard Medical School,
Boston, Massachusetts, 02115

References and Notes

1. Adapted from ‘‘calcitonin,” the name coined
by Copp et al. [Proc. Can. Federation
Biol. Soc. 4, 17 (1961)] for a hypocalcemic
factor attributed to the parathyroid gland.

2. P. F. Hirsch, G. F. Gauthier, P. L. Mun-
son, Endocrinology 73, 244 (1963).

3. P. L. Munson, in The Parathyroids, R. O.
Greep and R. V. Talmage, Eds. (Thomas,
Springfield, 1., 1961), p. 94.

4. G. V. Foster, A. Baghdiantz, M. A. Kumar,
E. Slack, H. A. Soliman, I. Maclntyre,
Nature 202, 1303 (1964).

5. G. V. Foster and P. F. Hirsch, Recent Progr.
Hormone Res. 20, 79, 85 (1964).

6. C. F. Schlotthauer and G. M. Higgins, Proc.
Staff Meetings Mayo Clinic 9, 374 (1934).

7. D. H. Copp, J. Lab. Clin. Med. 61, 1029
(1963).

8. C. 1. Bliss, The Statistics of Bioassay (Aca-
demic Press, New York, 1952).

9. O. H. Lowry, N. J. Rosebrough, A. L.
Farr, R. J. Randall, J. Biol. Chem. 193, 265
(1951).

10. Indicated by the ratio of optical density at
260 and 277 mu.

11. G. B. Greenberg,
Graham, J. Clin.
364 (1960).

12. A. D. Kenny, Recent Progr. Hormone Res.
20, 84 (1964).

13. D. H. Copp, E. C. Cameron, B. A. Cheney,
A. G. F. Davidson, K. G. Henze, Endo-
crinology 70, 638 (1962).

14. D. H. Copp and K. G. Henze, ibid. 75, 49
(1964).

15. M. A. Kumar, G. V. Foster, I. Maclntyre,
Lancet 1963-11, 480 (1963).

16. R. V. Talmage, J. Neuenschwander, L.
Kraintz, Endocrinology, in press.

17. A. Baghdiantz, Nature 203, 1027 (1964).

18. Supported in part by NIH grants A-1787 and

A-8261, We thank Ann Savery for technical

assistance, Elizabeth A. Moore for statistical

work, and Joan C. Carlow for drawing the
chart.

Present address is Lawrence Radiation Labo-

ratory, University of California, Livermore.

25 August 1964

R. W. Winters, J. B.
Endocrinol. Metab. 20,

*

Chromatography of Ribonuclease-
Treated Myosin Extracts from
Early Embryonic Chick Muscle

Abstract. Chromatography, on di-
ethylaminoethyl cellulose, of leg mus-
cle extracts from older chick embryos
yields three myosin-containing frac-
tions, whereas material from muscle
extracts of 11-day embryos cannot be
eluted under the same conditions. A
major fraction having the adenosine
triphosphotase activity characteristic of
myosin can be eluted when 11-day-old
embryo muscle extracts are given prior
treatment with ribonuclease.

The preparation of myosin from
chick embryos in the form of a single
homogeneous fraction has not yet been
achieved. The preparation of such ma-
terial is essential for immunological
studies and measurements of tracer in-
corporation into myosin during em-
bryonic development. Column chro-
matography, on  diethylaminoethyl
(DEAE)-cellulose, of muscle extracts
from chick embryos 14 days old and
older yielded a chromatographically
heterogeneous myosin fraction. Under
the same conditions of fractionation,
extracts from muscle of embryos 11
days old or less gave no protein in
the eluate with properties of myosin.
Because of the high RNA content of
embryonic muscle tissue and the pres-
ence of RNA-like material (extractable
with hot trichloroacetic acid, and show-
ing a positive orcinol reaction) in myo-
sin fractions from older embryos,
ribonuclease treatment of the 11-day
embryo muscle extracts was carried
out prior to chromatography. Extracts
from 11-day chick embryos, from which
no myosin fraction could be recovered
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