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Histological changes indicative of hyperactivity
have been found in the parathyroid glands of
pregnant women by several investigators (1, 2).
It has further been shown (3, 4) that it is possible
to extract from large amounts of blood of preg-
nant women a substance that behaves pharma-
cologically like parathyroid hormone; this sub-
stance was not found in the blood of non-pregnant
women.

Some years ago we described a method, since
somewhat modified, for the demonstration of
small amounts of parathyroid hormone (5, 6),
and it was found that the hyperparathyroidism of
rickets could be demonstrated by the use of only
30 cc., or less, of the blood from rachitic rabbits
(7). The method is, briefly, as follows. If cal-
cium chloride is administered at regular intervals
to rabbits by stomach tube, one finds, generally,
that the rise in serum calcium becomes less and
less after each administration. If, however, para-
thyroid hormone, or any substance containing it
in sufficient amounts, is given to the animals intra-
muscularly before the experiments, the rise in
blood calcium is quite marked also after the later
administrations of calcium chloride by mouth.
The figure by which the results are judged is the
difference between the rabbit's blood calcium be-
fore the experiment and the highest value ob-
tained three or five hours later. This method has
been successfully used not only by us but also by
Shelling and Remsen (8) and by Dyer (9). The
latter author points out that the rise obtained is
not proportional, in the individual case, to the
amounts of parathyroid hormone injected. We
agree with Dyer on this point; just as in the dog,
the amount of reaction varies in different rabbits,
and we do not think that accurate quantitative in-
formation can be obtained from single experi-
ments. Quantitative differences can, we believe,

1 Read before the Fiftieth Session of the Association
of American Physicians at Atlantic City, May 1935.

be studied only by using sufficiently large groups.
Our results are summarized in Table I. The

first column gives the rise of the rabbit's serum

TABLE I

Rise in the serum calcium of rabbits after the injection
of blood from 30 normal, non-pregnant, 74

pregnant and 11 lactating women

Pregnant ~ Lac-Preenant ~tating

Rie Nor-~ ~ -___-__ __Rise Nmal Less 15 25 More 6
than to to than to

15 24 34 34 8
weeks weeks weeks weeks weeks

mM. per liter
O.OOto O.09*.... 27 8 6 1 7 10
0.lOtoO.19 ... 1 7 2 3 3
0.20toO.29 .. 2 1 3 2
0.30 to 0.39 6 1 2
0.40 to 0.49 2 1 1 1
0.50 to 0.59 4 6
0.60 to .69. . 5 3

* Cases with a decrease instead of a rise are included
in this group.

calcium after the injection of woman's blood; the
following columns give the number of cases show-
ing the rise of calcium indicated by the first col-
umn. It may be seen that of the 30 non-pregnant
cases 27 gave either a decrease, no rise or a very
small rise in the rabbit's serum calcium. Quite
similar results were obtained with the blood from
women pregnant less than 15 weeks; the figures
fall within the limits obtained in non-pregnant
women. In the next two groups, however, (15
to 24 weeks and 25 to 34 weeks) we find a con-
siderable number of cases where abnormally great
rises were obtained, indicating that during this
period of pregnancy an increase in the amount of
parathyroid hormone present in the blood is rather
common. Towards the end of pregnancy, how-
ever (sixth column), these cases are much less
common, only 3 out of 13 cases showing an ab-
normal rise, and still more rare does such a re-
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sponse seem to be during the period of lactation
included in our study.

Wehave also calculated the mean rise for each
of the four periods of pregnancy listed in Table I.

were the direct cause of the effect observed on the
blood calcium of the rabbit, some of these hor.-
mones were injected into rabbits, following the
same technique as in the tests for parathyroid

as~ a, na + cc.
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FIG. 1. AVERAGERISE IN THE SERUMCALCIUM OF RABBTS AFTER THE INJECTON OF BLWD
FROMPREGNANTWOMEN(74 CASES).

A curve based on these means is shown in Figure
1, and as we have convinced ourselves that the dif-
ference between each two succeeding points on
this curve is statistically significant, we think that
we are justified in concluding that this curve gives
an approximate idea of the degree of hyperpara-
thyroidism during different periods of pregnancy.
It must be pointed out, however, that according
to Hoffmann (3, 4) the most potent extract can
be prepared from the blood of women in the tenth
month of pregnancy. Our findings indicate
(Table I, Figure 1) that the blood is richer in
parathyroid hormone during the seventh month
than at any other time, and that in the tenth
month the hormone content has usually returned
to normal amounts. In order to study this mat-
ter further, we have made some observations on
a pregnant dog (Figure 2); in this dog, just as
in the women, we found the hormone content of
the blood returning to normal just before de-
livery.

In order to exclude the possibility that other
hormones which may be present in the blood of
pregnant women in more than normal amounts

hormone. The results are tabulated in Table II,
and it may be seen that none of the substances
tested effected a rise in blood calcium at all com-
parable with that obtained by the injection of

FIG. 2. RISE IN THE SERUMCALCIUM OF RABBITS AFTER
THE INJEON OF BLOODFROMA PREGNANTDoG.
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TABLE II

Rise in the serum calcium of rabbits after injection of
various hormones

Rise in rabbit's
Hormone Amount injected blood calcium *

mM. pfr liter
Theelin

(Parke and Davis) 0.5 cc. 0.03
Water solution 1.0 cc. 0.04

1.5 cc. 0.00
2.0 cc. 0.06

Theelin, in oil 1.0 cc. 0.08

Prolan Extract from 83 cc.
of urine 0.20

Extract from 83 cc.
of urine 0.05

Extract from 83 cc.
of urine 0.04

Thyroxin 2 mgm. 0.00
0.10

Adrenalin 0.04 mgm. per kgm. -0.02
0.03 mgm. per kgm. 0.27
0.04 mgm. per kgm. -0.08

* When blood from women, pregnant 25 to 34 weeks
was injected, the average rise was 0.46 mM. per liter
(Figure 1); individual cases caused a rise to 0.60 to 0.69
mM. per liter (Table I).
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FIG. 3. COMPARIsoN BETWEEN CALcIuM REQuiRE-
MENTSOF FEETuS ANDTHE PARATHYROIDHORMONECON-
TENT IN THE BLOODOF PREGNANTWOMEN.

The calcium requirements of the fetus are calculated
from the figures given by Iob and Swanson (20), those
of the nursing infant from average figures given in cur-

rent handbooks. The average hormone content in the
blood has here been calculated for periods half as short
as those used in Table I and Figure 1.

blood from pregnant women. However, we do
not know whether any of these substances might,
indirectly, by stimulating the parathyroid glands,
have been responsible for the increased amounts
of parathyroid hormone found in the blood.

DISCUSSION

In Figure 3 a comparison has been made be-
tween the calcium requirements of the fetus and
the nursing infant, and the parathyroid hormone
content of the blood of pregnant and lactating
women. At first these curves show a rough par-
allelism, on the whole they are both rising until
the 34th week of pregnancy. At that time, how-
ever, they diverge sharply, the hormone content
returning to normal while the calcium require-
ments show a marked increase.

It is possible that the parallelism of these two
curves during the greater part of pregnancy indi-
cates a causal relationship; that the increasing
demands of the growing fetus with respect to cal-
cium furnish a stimulus to the parathyroid glands.
If that is true, we would have to assume that dur-
ing the last weeks of pregnancy and during lacta-
tion, this stimulus, for some unknown reason,
ceases to be effective, and it is interesting to note
that during this period there seems to be some
tendency towards true tetany with lowering of the
serum calcium (10 to 19). It is customary to
ascribe such a tendency to less than normal ac-
tivity of the parathyroid glands. Our studies
do not give any information as to whether the
parathyroid hormone content in the blood is nor-
mal or less than normal. It is probable, however,
that in the presence of an abnormal calcium me-
tabolism (as in rickets) or unusual demands on
the calcium metabolism (as in pregnancy) an
insufficient amount of hyperactivity might also
result in tetany.

In conditions such as pregnancy or rickets the
hyperactivity of the parathyroid glands is accom-
panied by a serum calcium that, generally, is nor-
mal but occasionally shows a tendency towards
low values. We believe that the hyperparathy-
roidism in these cases is of a different significance
than in osteitis fibrosa cystica, where the serum
calcium is high. Perhaps it would be a useful
concept if we divided the various conditions in
which hyperparathyroidism is found into two
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groups: primary, with high serum calcium, and
secondary, where the serum calcium is normal or
low.

SUMMARY

The content of parathyroid hormone in the
blood was frequently found to be higher than
normal from the fifteenth to the thirty-fifth week
of pregnancy.

BIBLIOGRAPHY

1. Ritter, C., tYber Epithelkorperchenbefunde bei Rachi-
tis und anderen Knochenerkrankungen. Frank-
furt. Ztschr. f. Path., 1920, 24, 137.

2. Seitz, L., Eklampsie und parathyreoidea. Arch. f.
Gynak., 1909, 89, 53.

3. Hoffmann, F., Uber die Darstellung und den Nach-
weis des Nebenschilddriusenhormons im Schwang-
erenblut. Arch. f. Gynak., 1933, 153, 181.

4. Hoffmann, F., and Rhoden, E., Untersuchungen uber
die Wirkung des Nebenschilddriisenhormons aus
Schwangerenblut. Arch. f. Gynak., 1934, 156, 459.

5. Hamilton, B., and Schwartz, C., A method for the
determination of small amounts of parathyroid
hormone. J. Pharmacol. and Exper. Therap.,
1932, 46, 285.

6. Hamilton, B., and Highman, W. J., Jr., A test for
abnormally large amounts of parathyroid hormone
in the blood. J. Clin. Invest., 1936, 15, 99.

7. Hamilton, B., and Schwartz, C., Rickets and hyper-
parathyroidism. Am. J. Dis. Child., 1933, 46, 775.

8. Shelling, D., and Remsen, D., Renal rickets. Report
of a case showing four enlarged parathyroids and

evidence of parathyroid hypersecretion. Bull.
Johns Hopkins Hosp., 1935, 57, 158.

9. Dyer, F. J., The use of rabbits in the standardisation
of parathyroid hormone. Quart. J. Pharm. and
Pharmacol., 1935, 8, 197.

10. King, G., A case of tetany complicating pregnancy
toxaemia. J. Obst. and Gynaec. Brit. Emp., 1930,
37, 76.

11. Brindeau, A., Un cas de tetanie gravidique. Bull.
Soc. d'obst. et de gynecol., 1933, 22, 599.

12. Vermelin, H., Tetanie et accouchement. Bull. Soc.
d'obst. et de gynec., 1933, 22, 305.

13. McGill, J. W., Maternal tetany. Wisconsin M. J.,
1930, 29, 370.

14. Seitz, L., Eklampsie und Parathyreoidea. Verhandl.
d. deutsch Gesellsch. f. Gynak., 1909, 13, 357.

15. McCarrison, R., Endemic tetany in the Gilgit valley.
Lancet, 1911, 1, 1575.

16. Lisser, H., Smith, R. K., and Shepardson, H. C., A
case of maternal tetany relieved by parathyroid
extract-Collip. J. A. M. A., 1927, 88, 461.

17. Vassale, G., Sur les effets de l'extirpation des glandes
parathyreoidiennes. Arch. ital. de biol., 1896, 26,
61.

18. Adler, L., and Thaler, H., Experimentelle und klin-
ische Studien uiber die Graviditatstetanie. Ztschr.
f. Geburtsh. u. Gynak., 1908, 62, 194.

19. Spiegler, R., and Schol, W., Die galvanische Nerven-
Muskelerregbarkeit in der Schwangerschaft und
bei Toxikosen. Arch. f. Gynak., 1930, 141, 651.

20. Iob, V., and Swanson, W. W., Mineral growth of
the human fetus. Am. J. Dis. Child., 1934, 47,
302.

326


