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INTRODUGT ION.

Since the appearance of the works of WEISKE
(1871-1874), VOIT (1901), FORSTER (1873-1876) and
others of later years, numerous atltempis have been
made to determine the various factors involved in
calcium metabolism. PATTERSON (1907), who carried
out feeding experimentis both on himself and on
rabbits, found that a distary deficient in caleciunm
induced no loss of calcium in the blood, and that
with a fixed diet, the urinary calcium varied but
slightly, the variations being parallel with total
amounts of urine excreted. One of his conclusions
was that the greater the volume of urine excreted
the greater was the mass of salts eliminated.

About the same time BLAIR BELL (1907), dis-
covered a method of ascertaining the amount of calci-
um in the blood. He precipitated the calcium in very
gmall amounts of blood as calcium oxalate and made a
microscopic count of the erystals. He thus obtained
an'index' of the amount of calcium present. This
method is certainly not as accurate or as trustworthy
ag determining gquantitatively the amount of calecium
in a given volume of blood or blood serum. The work,,
however, was one of relative accuracy for in obtain -

ing 'indices' at various periods, he was able to
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mske a comparison of the amount of calcium present
in the blood at these times. TFollowing upon this,then
BELL & HICK, (1909), in their observations on the
physiology of the female genital organs came to the
conclusion that calcium played a very important part
in the caus  tion of parturition. BELL'S previous
findings suggested that just before birth the calcium
of the mother's blood increased, but fell immediately
after confinanent; BELL & HICK gccordingly promul-
gated the hypothesis that the iacrease in blood cal-
cium in the later months of pregnancy is the normal
stimulus for the induction of labour.

The findings of KASTLE & HEALY (1912) seemed
to confirm this hypothesis. They introduced calcium
peritoneally into pregnant guinea-pigs, and as a re -
sult almost invariably they got the animals to abort.
According to these workers the theory of BELL & HICK
was fully confirmed. Wore recently WIDDOWS (1923,
1924) also working on the calcium content of the blood
during pregnancy, obtained results which fully sup-
ported BELL'S hypothesis, the calcium of the mother's
blood rising just before birth and falling immediate-
ly after confinement.

UNDERHILL & DIMICK (1923) on the other hand
failed to find evidence in support of the theory of
BELL & HICK, gince their figures either fell within
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normal limits or else blood calcium was lower rather
than higher during the later months of pregnancy.
They worked with whole blood believing that the cor-
puscles held an appreciable amount of calcium. Their
findings led them to conclude that estimated upon
whole blood average figures for calcium content of
the blood of pregnant women are somewhat higher than
non-pregnant ones. With the course of pregnancy they
observed little change and therefore they could not

support BELL & HICK'S contention that an increase
in calcium of the blood at term was of direct signi ;
ficance in the induction of labour. They maintain
that in general the inorganic constituents of the
blood show little change during pregnancy. Moreover,
according to HARDING (1925) in his réview of the sub-
ject of metabolism in pregnancy, as far as blood cal-
cium is concerned, only BELL & HICK gnd LAMARS
had found an increase in calci;m of whole blood, but
some had found a slight decrease in serum in the
later months of pregnancy.

Looking through the literature it was found
that relatively little work had bheen done on calcium
metabolism during pregnancy. Comparatively little
had been done with regard to serum-calcium of the
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rabbit to verify or contradict the theory of BELL &
HICK. Various workers had preferred to work on whole
blood, accepting the view that the corpuscles held
an appreciable amount of calcium. Others, again,
perhaps more recent workers, had found that the cor-
puscles held a negligible amount of calcium, and,
therefore, worked with serum. The theory of BELL
& HICK sgeemed so.interesting that the writer decided
to follow up the study of calcium metabolism in the
rabbit.

Since calcium metabollism plays such an impor-
tant part in pregnancy, one is led to ask if calcium
plays an equally important part in the reproductive
life of the male as it does in that of the female and
whether there is sex-dimorphism in calcium metabolism.
Several yearsasgo REACH (1912) made a comparison of
the amount of calcium that could be recovered from
ashing the entire bodies of male and female white mice.
He worked with normal and gonadectomised males and
females and obtained higher percentages of Ca0 from
both groups of females (1-283 normal; 1-275 castrated)
and lower percentages from both groups of males (1-180
and 1-005). REACH accordingly arrived at the conclu-
gsion that - "here we have a secondary sexual charac-
ter - the females of these animals are richer in Ca

then/



than the males™. In later years HAMUETT (1923)
working on the femur and humerus of rats earlier
thyropartathyroidectomised at 100 days, found the
amount of celcium in the meles unchanged but slight-
1y less than normal in the females, sgein suggesting
some difference in the calcium metabolism of the
sexess

That there is sex-dimorphism in calcium meta- .

bolism has been shown by RIDDLE & HONEYWELL (1925)

e

in their study of calecium metebolism in the pigeon.
They worked on blood serum employing the method of
KRAMER & TISDALL, &nd obtained two determinstions

from each bird at intervals of ten days. They obtain-
ed sex-dimorphism, the males as & group showing a
lower and the femsasles a higher calcium~content. They

-

state, however, that only on g basis of sex had they
found & consistent grouping of values.

KLISIECKI (1926) taking up the study of the
difference in composition of male and femgle blood,
"fovrnd thet in normal women the value for urea-nitro-
gen runs from 624 to 10.05 mge per 100 cc. and in

normel men from 10.8 to 17.9 mge. per 100 cc. thus

showing that there is sex~dimorphism as far as the
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blood is concerned, for he obtained similar results

in animals as he did in man. Ancther instance of
gex-dimorphism was showm by CHAUDHURI (1926) who,
working in these laboratories on the erythrocyte
count in sexually normal fowls, found definite sex-
dimorphism, the number of erythrocytes in a unit vo-
lume of blood being significantly higher in the
adult male than in the adult female. His work is in
general agreement with the findiangs of BLACHER, whom
he quotes. CHAUDHURI points out in his paper that
for sex-dimorphism the birds nust be sexually mature
and normal, because he found no difference in the
erythrocyte count in sexually immature male and fe-
male fowls. Now,1if there is such definite sex di-
morphism in the erythrgcyte count, and if the erythro-
cyte holds an appreciable amount of calcium, then
working with blood one should obtain sex-dimorphism
in calcium-metabolism. If one obtains a difference
in whole blood, it would be very interesting to find
sex~-dimorphism in the calcium of blood serum.

It is not so long ago since NANOILOV (1922 -

1923)originated what is now known as the EA:NOILOV'S
reaction. He was able to distinguish the sexes by

applying certain chemical reagents. Since his work
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on plants, his reaction has been applied to tissues
and blood of mammals to distinguish the sexes. Some
workers are confident of the MANOILOV reaction but
others are not. - ALSTERBERG & HAKANSSON (1926)
gtate that only oxidising and reducing substances play
any part in MANOILOV'S reaction, and that they could
trace no relation between sex and this reaction. CREW
(1927) in his paragraph on sex-dimorphism refers to
GREEENBERG (1922), MANOILOV (1922-23), SATINA &
DEMEREC (1925) and EDLBACHER & ROTHLER (1925) who
have recently described certain pieces of experimenta-
tion that bear directly upon this question of sex di-
morphism, for they confirm the impression that the
sexes are biochemically distinct.

On examining the literature one is somewhat con-
vinced that the sexes are biochemically distinect.
CHAUDHURI'S work on the erythrocyte count has shown
that sex-dimorphism in a physiological sense is very
evident. At the same time the distinction between the
se%es may be so0 insignificant that it is noticeable

only at certain periods. RIDDLE & REINHART (1926)
in their work on calcium metabolism in the pigeon and
ring dove,found a fairly constant value for the males.
'This value was the same for the females except at ovu-
lation, when there was a great increase in calciun.
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These workers esccordingly state that there is no sex-
difference in the resting periods, but there is very
evident sex-dimorphism at the ovulation periods. If
such is the case in the pigeon, it wounld be very in-
teresting to find sex-dimorphism in the celecium meta-
bolism in rabbits. With this object in view the
‘writer decided to continue his experiments on rabbits’
of both sexes, esnd, having collected dsta, to make a
comparison of the velues for the gexes.

A continuvation of the study of calcium
metabolism in rabbits leads one to consider what rela-
tionship there may be between the serum-calcium con-
tent of the mother and her offsprin*.' An examinstion
of the literature shows that FENGER (1912) mede com-
‘parison of the iodine conftent of desiccated, fat-free
glands of the ewe and foetus snd of the sow and foetuss
In every case the glands of the‘mother showed & higher
'percentage of iodine. Since then comparatively
little work has been done on the calcium content of
gmaterﬂal end foetal hlood or serum, and thst which
'hes been done is more or less recent. This line of
Eresearch, moreover, has béen followeu up mostly in |
lcattle and in the humen. ROBINSON & HUFFMAN (1926)
!found that the blood of the mother at cslving had a

lower celcium content than that of the calf, and that
the tendency in the case of the calf was to

decrease during the first week. In



the case of the mother there was a drop in calcium
at the close of pregnancy, but after calving there
wes an immediate rise, which frequently was not com=-
pleted for several days. HELLMUTH (1925)sworking on
the human, found that the calcium in the foetal blood
was always 20-30% higher than in the maternal blood.
H. A. & H.I. MATTIL (1922), also working on the
human, found on the other hand that at birth infant's
and mother's blood were the same in calcium content ,
and during several months after birth, the calcium
in the infant's blood increased, reaching a variable
meximun, often double that at birth. Thereafter
there was a gradual decrease in the infant's blood.
HARDING (1925), in his review of metabolism during
pregnancy, shows that Ca, P, Na, and K appear to be
higher in foetal than in materral blood. These
various findings in hlood calcium indicate that foe -
tal blood has more calcium than maternal. ROBINSON
& HUFFMAN have shown that at the close of pregnancy
there was a drop in calcium in the maternal blood,
foilowed by a rise immediately after calving. Now
if the calcium level is maintained in the foetal
blood, at calving, it is reasonable to presume, there
would be more calcium in foetal than in maternal

blood as was found by HELLMUTH. But H.A. & H.I.
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MATTII ®Dund that the calcium in the foetal blood
equalled that in the maternal blood. These findings
are somewhat conflicting, so it was thought advisable
to group together the data for the mother rabbits,
obtained so far, and compare them with data obtained
from their 1i£ters. In this way it seems possible

to make a comparison in the calcium of maternal and

foetal blood.
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MATERIAL.

Rabbits were found to be the most convenient
animals to work with, for it was necessary to obtain
samples of blood frequently and for a period of time
from the same animal. Choosing a rabbit with fairly
large ears, it was fbund possible to obtain the ne-
cessary samples of blood from the ear veins as fre-
quently as the experiments required them. The drawing
of the bIpd was done usually every third day, but this

4

in no way weakened the animal or upset its metabolism.
Provided the animal was adequately fed and looked
after, there was no difficulty in obtaining the requir-
ed amount of blood from it. The bleeding was done very
conveniently by placing the animal in a wooden bhox,
which was lbng and broad enough to hold the+larger gize
of rabbits. (See FIGS. 1 & 2.) The space for the
rabbit could be adjusted to suit the length of fhe ani-
mal by moving the bhack end B., i.e. by lifting it up
and placing it into the vertical slots or grooves b.,
on the sides of the box. The front end A., of the box
was fashioned out at its bottom to accommodate the neck
of the rabbit, and this like the back end also fitted
into two vertical grooves. The 1lid of the box C., was

80/



sc fashioned that it slid into two horizontal grooves
c. on the gides of the box, and on being moved into
position it closed in both the front and back ends of
the box, ss well as the body of the rabbit, leaving
only the head of the rabbit projecting out at the
fronte.

With the rabbit held in this position bleeding
was easily done by meking a small incision with the
end of & rezor ovei one of the ear-veing, and collect-
ing the blood into a small tube. Shaving, washing or
disinfecting the seat of operation was unnecesgsary,
provided the ear was clean and not too sbundantly
.covered with hair. If the vein did bhappen to be hid-
den by a too thick growth of hair, it was best to
shear off the hair with a pair of sciscors. The
blood was collected into a small flat-bottomed tube
mezsuring 5-5 cm. z 1-8 cm. with the walls 0-5 mm, in
thickness. It was found less cdnvenient to catch the
blood if the walls were much thicker than 0-5 mm. The
tuve was graduatéd on the outside in 2 cc. so that
there was no difficulty in knowing when one had col=-
lected 4 cc., the required amount to give the volume
of serum necessary for znalysis. ZFor the ssgke of
convenience, it was best to have a tube for each rab-
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rabbit, numbering it the same as the number of the
ravbite

Having collected 4 cc. blood, the haemorrhage
wes stopped by digital pressure, wiping away the
blood from around the incigion and applying a drop
of ccllodiu#, When this collodium set, it formed a
skin over the incision and prevented haemorrhasge, if
the rabbit scratched its ears. For the next sample
of blood from the same animal, the incision was made
e few mm. below the last one, end in this way it was
possible to work down the length of the vein from its
wider.end to its finer branches. After collecting
4 cc. the tube was corked up and put aside for the
blood to coagulate over night. Normally the blood
coagulated quite gatisfactorily over night, but tem-
perature had a marked effect on the degree of coagu-
lation, in so much that during summer 4 cc, bhlood
gave at least 2 cc. serum, but during winter, unless
the room had been kept warm during the whole day, the
seme volume of blood gave legss than 2 cc. serum. The
right amount of serum was obtained, however, by heat-
ing the tubes for a2 few minutes over a radiator, a
few hours before the serum would be required,-and
then cooling them to room temperature by placing in
cold water.

During the warmer weather it was an

easy matter collecting 4 cc. blood from each rabbit,
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but in ceolder weather the blood did not flow so free-
ly, and often it was a difficult matter obtaining the
4 cc. Friction with the fingers over the vein some-
times enabled the blood to continueis flow, but it
was found best to transfer the rebbit in a basket to
the top of 2 radistor. After a few minutes the ears
became warmed up and bleeding could be done as easily
ags on & warm day. By this means it was found possible
to bleed the rabbitsg even on the coldest days.

It was an easy matter bleeding the adult or
almost zdult rabbits, as described above, but it was
practically impossible to bleed the young litters in
the some way. Until the young rabbits were about a
month old, it was out of the question placing the
gucklings into the bleeding box, for the purpose of
obtaining blood from them. With the larger breed of
rabbits, when the young rabbit éas a month old, it
was possible to place it in the bleeding box, and the
blood was obtained as described. With the rabbits
younger than a month, it was found best to obtain san-
Ples of bloed by decapitation. Until the rabbits
were two to three weeks o0ld, it was not possible to
obtain 4 cc. blood by decapitation, but usually

enough/



enough blood could be collected to give 1 cec. serum.
The blood of the litters tsken out by laparotomy
was also obtained by decapitation. In this latter
case each foetus did not yield even 2 cc. btlood,
but enocugh blood was collected from ali the foetus-
es removed, to give at least 2 cc. serum, the re-
sult serving as an average for the whole litter,
From the results of previous investigators
it would seem thaet the ordinary food of the rabbits
would not make differences in their calcium metabo-
lism. The rabbits used in the experiments were fed
and attended to by the writer. The foods given were
the ordinary rabbit foods -~ cats, bran, flaked maize,
wheat, hay, cabbage leaves and other green stuff in
the form of clover hay. When the rabbits were given
green feeding in the form of cabbage leaves, and
fresh green grass they did not.need water, but fzail-
ing green stuff, they were watered twice a dasy. It
seems justifiable to assume that the food and dedly
care and attention to the rabvbits would meke no vari-
ations in the calcium findings. Experience showed
that the animals were not to be handled harshly or

excited unnecessarily, as this assuredly led_to a
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fall in the serum calcium which was not expected.
Although the ordinary food of the rabbits would not
tend to alter the calcium findings in the serum %o
any great extent, in the case of the urine, however,
there seems to be a loss of caleium in proportion

to the volume excreted. For this reason it was con-
gidered best to work with venous blood, which could

be obtained quite easily from the ear veins.
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TECHNIQUE,

The method azdopted for the whole series of
anglyses was that of KRAMER & TISDALL (1921) with
slight modifications. As a rule the serum of four
rabbits was worked with each morning, since the cen=-

rifuge held no more than four tubes. Four 2 cc,
ripvettes were used for delivering the serum, and
these being marked I-IV., there was g seperate pi-
pette for each tube. The same four snimals were
bled in the same ordér every third day, so that the
serum of the same animal was always delivered with
the same pipette, thus eliminating any inaccuracies
there might be due to slight differences in volume
of the 2 cc. pipettes. In the analysis the end
Point was obtained after titration with a 2 cc.
microburgtte. On testing,this microburette was
found to be accurate. Before using the 2 cc.‘pip-
ettes, the volume of each was comparsd with the
volume of the microburette, and those proving inac=
curate were rejected. So it may be assumed at this
point, that the 2 cec. ripettes used for analysis
were accurate as compared with the microburette.

The centrifuge tubes used were small and conical and

were/
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were graduated to hold 10 cc.
The routine and technicue used for the analy-
ses were:-

2 cc. sat.ammonium oxalate was poured in-
t6 each of four centrifuge tubes. Using the neces-
gsary pipette for the serum of the rabvbit of the
game number, 2 cc. serum was dropped into the oxa-
late, and the pipette left in a slanting position
for the serum clinging to the sides to drein to the
tip. In the meantime the centrifuge tube was shak-
en in & circular motion, great care being teken not
to splash the slightest drop of liquid out of the
tuve. The pipette was then completely drained into
the tube which was again shaken up till a2ll the par-
ticles of precipitate were seen to be disturbed.
After the four centrifuge tubes were so treated, the
inside of each tube was washed down with 2 cc. dig-
tillec water, delivered with a 2 cec. pipette kept
for that purpose only, The four tubes were then
allowed to stend for 30 minutes, allowing time for
all the calcium to be precipitated.

The tubes were then centrifugeg in an elec-

tric centrifuge 2t full speed (about 3,000 revs.per
minute) for B to 10 minutes. If the centrifuge is

in proper functioning order, this time is sufficient
for all the precipitate to be separated. The super-
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supernatant fluid was removed by decantation. by
gently sloping each tube, and then leaving the tube
in & slenting position to drein off 211 the licuid.
The test tube holder was modified to hold thesge
tubes both upright 2nd in a slanting position. Aftex:
five minutes, the mouth of the tube was dried with
a clean duster, and 2 cc. 2% ammonium hydroxide was
poured in, after which the precipitate at the bottom
of the tube was thoroughly shaken up in the liguid.
The inside of the tube was then washed down with 2ce
2% NH,0H. Having treated the four centrifuge tubes
thus, they were centrifuged at maximpum speed for §5
minutes, the supernatant liquid decanted off, and
the tube left in a sianﬁing position for as long as
possible, to drain off the liquid. The mouth of the
tube wess then dried, and the precipitate was ready to
be dissolved and titrateé. The method of KRAMER &
TISDALL demands that the precipitate should be,
washed three times to free it from megnesium, but =
bPublication that year of CLARK & COLLIP (1925) and
Personal experience showed that one washing of the
brecipitate with 2% NH40H was sufficient to free it
from magnesium,

Having dried the mouth of the tube 2 cc.approx.

N.H350, was poured in and the precipitate dissolved
by/
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by heating the tube in a boiling water bath for a few
minutes. While still hot the licuid was titrated as
guickly as possible with 2 wezk soclution of potassium

permanganate delivered from a 2 cc. microburette
graduated in 0<01 cc. The titration was done drop-
wigse to lessen the chances of going over the mark,
the end point being taken when the pink colour last-
ed for at least 1 minute. The calculation was done
from the formula:-

Xce KHnO%ﬁzh;g_x Yy = mgn.Ca per 100 cc.gerum
-01

where X = volume of Klino4 used
and y = normazlity of KMnO,
y was found by titrating the KMnO, against N/100

Na C 04, using the formula:

e
10cc 01N Naa? 0 x =Gl

e e e e e el
x ce KlnQ
4

10 cc N/100 Na,C,04 being titrated against the
KMnO4.
The permanganate solution was made up according to
HALVERSON & BERGEIM (1917) but the 0-0133N KMnOg
was diluted still furtha:fa make the solution in the
neighbourhood of 0+0117N. The strength of this KinQgh
sclution was determined every day by titrating againg
H/lOO_Na20é£4(86fensen), made up as described by
KBAMER and TISDALL (1921).
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I. CALCIUM METABOLISM in the PREGHANT

and LACTATIIIG RABBIT.

The experiment was started on three Hima-
layan virginal rabbits, which were about six months
old. Blood was taken from esch at three-day inter-
vals for about a month before they were mated. In
this period the celcium in their blood serum varied &
much as 13 to 15 mgm. per 100 cc. sérum, the drop or
rise sometimes being as much as 2 mgm. at the end of
three deys. This showed that there was variation,but
the variation was not taken as being abnormal, because

preliminsry work thaet had been done showed as much

| variation. Miscellaneous rebltits had been bled pre-

| vicusly for a period of a few weeks, snd their veria-

| tions appeared ass grest as those exhibited by the

| later the velue had fal

| later there was & rise to 1

Himeleysn rabbits. Consegquently the variations shown
by these latter rabbits were not accepted as being

abnormel. The veriations, moreover, in these Himala-
yan rabbits esppeared to be more or less reguler, i.e.

one day the finding was 15.05 mgm.Ca; three days

|._..l
[
b}
]
o
o

13.76 mgm; six days

-

37; nine days later there

H
-
¢

was a fall to 13.07 mgmj; while twelve days later there

Was & rise to 15.14 mgm. There was somewhat of a

regular/
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regular rise and fall.
At the end of practically a month these three

Himhlayan does were mated, and the bleeding was
continued at 3-day intervals, assuming that they
were all pregnant. Rather than submit columns of
figures, it ’was thought best to submit the results
in the form of graphs. The results obtained from
these three Himalayan does are shown in Graph I.,
which shows a graph of the periods of pre~-pregnancy,
Pregnancy and lactation. Here it will be secen that
in early pregnancy there is not very much difference
between one pregnant rabbit and another, and there
are variations as there were before pregnancy. The
amount of calcium in the serum again varied roughly
between 15 and 13 mgu., and till about the middle of
the period of pregnancy, it is difficult to distine-
guish between one doe and another. It will be seen
that on the 18th day of pregnancy, the values for ?A
EB and 20 were 14-43 mgm., 14-19 mgnm., and 15-17 mgm.
respectively. Three days later the value for %A had
fallen slightly below those of ¥B and #¢, the values
being 13-52,14-59 & 14-76 mgn. respectively. 8Six
days after this, i.2. on the 27th day of pregnancy,
the values of %B and 3C were 13-76 mgm. and 14-66 mgm.
while that of $A had fallen suddenly to 11-26 mgn.

Three/
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Three days la ter the value for 2A rose but was still
lower than those of B and +C, the values being 12-°
64 mgm, 14-56 mgm. and 15-38 mgu. respectively. Two
days after this 2 littered, i.e. the minimum for
the period of pregnancy was resched five days prior
to parturition. It will be noticed from the graphs
that only EA showed this sudden drop in the serum
calcium, and moreover, she was the only rabbit that
littered, and entered into a period of lactation.
During the early period of lactation there is not
much difference between the three rabbits, but at

[0}
the end of the second week of lactation +A showed a

sudden drop in her serum-calcium to 11.9 mgm. Three
days later there was a still further drop to 10-5 mgm
i.ecs the lactation minimum. Three days after this
minimum was reached, the serum-calcium soared to
18-18 mgm., three days after which the figure dropp-
ed to normal. During this veriod SB and 20 showed
no remarkable variations, the values still varying
between 13 and 15 mgm. Throughout the remaining
Period of lactation the serum-calcium of fﬁ remained
normal, also varying between 13 and 15 mgm.
In the Himalayan rabbit the ear-length is

rather small and, therefore, the same ear was cap-

able/
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capabie of a limited number of bleedings. It was
found more convenient to have a larger length of ear,
so that the same ear did for more numerous bleedings.
The Department was fortunate in obtaining young rab-
bits that were crosses between the Belgian Hare and
the big lop-cared Flemish Giant. These . © rabbits
proved to be excellently suited for bleeding purposes
and could be bled conveniently for at least a year
at tﬁree—day intervals.

Work was started on five does of the Belgian
Hare crosses ?QD, E, P, G & H. They were all of the
same rage, about five months, but QH appeared the
smellest and was accordingly kept unmated for a while
and, therefore, served as a control. These five does
were nol necessarily bled on the same day, but all
were bled at intervals of three days.

Graph IXI. shows a graph of the figures for
each of the does o and QH, and as 853 was Kept unmat-
ed, the graphs show whatever differences there may bhe
between a pregnant and a virgin doe. Till just be-
fore parturitionitwill be again noticedthere is
bractically no difference between the figures for
one doe and anothér. Two days before parturition,

however, the graph of ?D shows a sudden fall to the
Pregnancy minimum. Bight days before parturition the

Tigure/



figure for D was high, 15-58 mgn., but three days
after this there was a fall to 14-27 mgn, three days
sffer which was- “hesudden fall to the pregnancy mini-
raum of 11-55 mgm. At this point we may say there is
a distinct difference between the pregnant and the
non-pregnant rabbits. This difference, however, is
very transitory, because a week after parturition,
the figure for the once pregnant rabbit rises sud-
denly to normal, 13-78 mgm., 14-3 mgm. etc.
The litter of D was still born, so that no
lactation period followed. #D was, therefore, mated
up again soon after;, but unfortunately she was allow-
ed to remain ummated for too short a time to make a

true comparison between the two does. Even after 55}

was remated and made pregnant for the second time,
there appeared to be little or no difference between
the figures for the two does, till towards the close
of pregnancy. Again, 8 days before parturition the
serum-calcium of ¥D showed signs of declining. Two
days before parturition the fall was again sudden,
though not so great to the pregnancy minimum of 12-34
mgm. but three days after parturition the figure
soared to normal, 14-28 mgm. Barly in the lactation

period/
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period, there seemg to be no difference beltween the
two does, but at the end of the first and second
weeks of lactation, respectively, there is a fall in
the serum-calecium of %D, and a minimum is reached
which is much lower. than the pregnancy minimum, two
minima 10-75 mgm. and 10-27 mgm. being recorded.
During this period the figures for IH, it will be
noticed, are between 13 and 15 mgm.

Graph III shows graphs for the figures of

PP, P, and G. In early pregnancy there is some

8light variation in the figures for the same animal,
but there is not much difference between one animsl
and another. Soon after the mid-pregnant period
is reached, there seems to be a rapid rise in the
serum-calcium, shown by all three does. The maximum
seems to be reached by the 10th day before parturi-
tion, after which there is a rapid, and in the case
of %F a sudden fall to the lowest pregnancy minimum
of the three does. About the tenth day before partu=
rition, the figures for the three does were 15-91 mgnm
15-25 mgm. and 14-92 mgm. respectively. Two days-beé
fore parturition G had fallen to 10-67 mgn., 37 to

8-74 mgm. and a day before parturition PE to 11-08mgm

1t/
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It is interesting to note that the graphs of all the

animzls that were truly pregnant show often a mark-
ed increase in the serum-calcium towards the close

of pregnancy, but always there is a sudden fall
(1, 2, or 3 days) before parturition.

Graph IV, shows a graph of the serum-calcium
of £H, but this time in a pregnant condition, There
are slight variations in early pregnancy, but as
the mid-pregnant period passes, there seems to bé a
fall with soon a rapid rise to over 15 mgm. Follow=
ing this there are slight variations but a day be=-
fore parturition there is the usual sudden fall to
the pregnancy minimum of 11-17 mgm. To complete the
similarity with the figures for the other rabbits,
two days after parturition the serum-calcium soared
to 14-65 mgm.and six days affer this to 16-15 mgnm.,
the lactation maximun.

An examination of the graphs shows that in
every case of true pregnancy, followed by a period
of lactation, there is a sudden rise after parturi=-
tion to normal and sometimes above normal in serum-~
calcium. In the case of gA, during the first two
weeks of lactation, the serum-calcium remained fair-
ly high, i.s. in the neighbourhood of 14 mgm. Soon

after/




after this there seemed 1o be again a sudden fall, the
minimun reached heing much lower than that before par-
turition, e.g, the pre-parturition minimum was 11-26
mgm. whereas the lactation minimum was 10-5 mgn. Three
days after this minimum was reached, there was a very
sudden rize to the lactation maximum of 18-18 mgm.

This maximum was indeed very peculiar, for three days
later the serum-calcium had fallen to normal. PA was
the only rabbit that exhibited such an immense lacta-
tion maximumn.

The graph of D shows that there was a sudden
rise after parturition, the figure rising to 14-28 mgnm
but six days after this there was a sudden fall to
10-75 mgm., 8ix days later the serum-calcium rose to
12-31 mgm., but at the end of nine days there was a
8t1ill larger drop to the lactation minimum of 10-27mgm
Thereafter, and till the end of the lactation period
the serum-calcium showed a tendency to rise rather
igradually, arriving at the normal of 14-17 mgm. when
the young were separated from their mother.

The graph of iﬁ showg that soon after parturi-
tion the serum-calcium had soared to a bove normal,
reaching the high figure of 15-55mgm. in the middle of
the second week of lactation. Thereafter there was a

rise/



rise and fall, but the fall was never in the neigh-
bourhood of the pre-parturition minimum. The grayph
of ¥F shows a fall during lactation, greater than

xperienced by PE and 6. Two days before par-

ot

D
(D

hose
turition her pre-parturition minimum of 8-74 mgm. was
found, but a day a fter parturition the serum=-calcium
goared to 13-13 mgn., and three days after this to
14+5 mgm. As lactation progressed the serum=-calcium
seemed to fall, a minimum of 12-09 mgm. being reached
at the beginning of the third week of lactation.
Thereafter the serum-calcium seemed to rise to the
neighbourhood of 14 mgm., and remain there with slight
-variation till the litter was weaned. The graph of

gG ghows that similar to EF her pre-parturition mini-
mum  of 10-67 mgm. was reached two days before partu-
rition. On the day after parturition, her serum=cal-

cium also soared to 13-38 mgm. Thereafter the figure

(&R

gcemed to remain normal though there were slight varia-
' tions during lactation.
The graph of fn seems to be the most remarkable

of these Belgian Hare crosses during tﬁe lactation

period. The pre-parturition minimum, reached a day
before parturition, was low, 11-17 mgm. but two days
after parturition, the figure rose suddenly to 14-65
mgu, Then there wasg a slight fall, but eight days

aftex/



after parturition, the abnormal maximum of 16-15 mgnm
was found, =. (c.f. graph EA). Six days after this
maximum was r ecorded, the serum=-calcium fell very
suddenly to the lactation minimum of 9-71 mgn. The
rise to normal was as sidden for three days later
the serum=calcium was a2t 14-74 mgn. The serun-cal=-
cium thereafter seemed to remain normal in the neigh-
bourhood of 14 mgm. It must be noted that none of
the Belgian Hare cross does showed the most abnormal
mgximum that the Himlayan $A showed at the close of

the third week of lactation.

CONCLUSIONS/



CONCLUSIOXNS.

2 e

The graphs of the rabbits 04 - $E Show
that under normegl conditions, there is 1little or no
difference between the early pregnent and non-preg-
nant snimels, the serum~-calciun being in the region
of 14 mgm. per 100 cc. serum. There are slight
variastions at the 3-dey intervals, but it is in the
last week or so of pregnancy that it is possibvle to
differentiate between a pregnant snd & non-pregnant
rabbit. ZPFrom about & week before parturition, the
serum~calcium, which is then normal or slightly above
normal, commenced to fall and although four days be~-
fore psrturition, the figure may be above normal, &
day or two before parturition it declines suddenly
to the minimum of the pregnant period. The figuresl
for the non-pregnsnt on the other hand remesin more or
less normal. This sudden fell in the serum-calcium
before parturition is remserkable and appeers to be
true in all cases of true pregnancy in the rabbit.

According to DIXON & MARSHALL (1924)
there is en Qvario-FPituitary Endocrine Mechanism
which comes into operation at the close of pregnancy,
"when the corvora lutea are in an advanced stage of

involution/
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involution the normal secretory activity is once more

produced and the pituitary is excited to secrete im
greater quantity", so resulting in parturition.
According to these authors, then, parturition is caus-

ed by a greater secretion from the pituitary. If such

- =

The excitement of the pituitary not only causes that
endocrine to secrete, but also brings about a wvery
sudden depression in the serum-calcium, perhaps
through the pituitary secretion. Whatever it is that
causes this sudden depression does its work very sud-
denly, but the calcium metabolism of the mother re-
gains its normality, in most cases, as suddenly.

This sudden fall in the serum=-calcium prior to
parturition, is very comparable to the fall experienced
in rabbits that have undergone an operation, e.g. 2
male rabbit had a fairly high normal serum-calciun, 14
to 15 mgm., but blood collected soon after the rabbit
%as castrated, gave a reading of 12 mgm. calcium, a
figure very much lower thon was expected. This pheno-
memonjust before parturition makes the matter appear

as if the whole system were "shocked" as happens after

én/



an operation. The results obtalned from the preg-

nent rabbits fail to support the theory of BELL and

L)

HICK +that an increase in bhlood calecium a2t the close

of pregnancy is the normal stimulus for the induction
labour. The results show rather that at the close

of pregnancy there is a sudden fall in blood ecalcium

jedu

and it is ve

Hy

¥y probable that a state of acidosis im

(53

thie blood is the normal stimulus for the induction

of labour, and not an increase in b

I

6Ga calcium.

1/
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II. CALCIUM METABOLISM in RELATION to SEX.

The sense of biochemical distinction between
the sexeg, aroused one's interest while doing work
in cgzlecium metabelism in rabbits during pregnancy
and lactation. Previcus to this, preliminary work
hed DLeen done on various rabbits to become familiax
with the technique for the estimation of calcium in
blood-gerum. This preliminary work gave an indiéa-
tion that there was little or no sex-dimorphism in
calcium=-metabolism in rabbits, but a5 time went on
and a falr amount of data had been collected, there

seenmed a vague indication thet there was sex-dimor=-

This part of the work was done 0® 30 rabbits

of both sexes. Some of them viere sexually mature,
but the others immature when bleeding was started
on them. The blood was ocbtained as described pre-
viously, and the calcium was estimated by the modi-
fied method of KRAMER & TISDALL.
The animals used first were twe male and

three female Himelaysn rabbits, members of the seme
litter and sbout six months old when bleeding was

started./
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tarted. The deta collected do not inclucde periods

wm

f pregnanecy and lactation i.e. from the time of

o

mating till the weaning of the litter. The accom~
penying graph (Graph V.) gives an i
a2l figures cobtained for a period of two months.

2s noted on the graph, the Temales were mated, but
only one, QA, became pregnant and littered. An ex=-

4

amination of the graph shows that only in the cease
of $A dovwe see any signs of sex-dimorphism, e.g.
when after 20 Qays of pregnancy there is a sharp and
sudden decline to s minimum found 9 days before par-
turition. When, however, we do not consider the

graph of $4 =nd exsmine the graphs of her brothers

stionzble if we cen digtine

[
(4]

and gisters, it is cu

fermales. There seems Lo

@

guish the meles from th

calcium in bvoth sexes.

-
[

be a similar rise and fal
¥B and 2C were mated but they did not become preg-
nant, and this is perhaps the reason why their
graphs resemble more those of the males than that of
i&. The only conélusion we can come to from the
graphg is, that except during pregnancy, there are

no grounds for saying that there is sex-dimorphism.

Ly

Now, however, if the date for these Himalayan

rabbits, excluding those for the periods of pregnancy

["\

and lactation, are subjected to treatment and the
true mesn with probable error found as suggested in

FISHER'S boolr on statistical methods we have:-



RABBIT | OBSERVA- | HIGHEST | LOWEST | TRUE MEAN with
TIONS PROUBABLE ERROR

A 35 | 15458 12487 |  14.71 2 .089
d3 35 15.92 13 .36 14.69 & .085
(0]
+A 28 | 15.56 11477 13.89 & ,109
%3 18 15.14 12 .09 14.11 # .105
¥a 18 15.48 12.41 14.33 £ .13

dda,B 70 15,93 12.87 14.7 + <061

#24,8,4 64 15.55 11.77 { 14.17 % ,068 °

According/



According to the data there are slight
differences between the msles and between the femalesd
It was, however, thought best to consider 81l the
observations of each sex together end so find the
true mean with probable error for each sex. The esti-
metions then for the sexes areﬁ—

+

88 14.7 = <061

+
99 14.17 ~ .068

S, Difference = +53 ,/.061°+.068° = .53 & .091

o'« the difference is 5.82 times its probable
error (.Q91).

The data for the other adult rabbits when

computed are:-



RABBIT | OBSERVA- | HIGHEST | LOWEST | TRUE MEAN with

TIONS PROBABLE ERROR
£D 31 15.97 13.37 | 14.42 L 107
¢® 36 15.85 11,91 g 1P 0 e
or 36 15.51 12.08 13.97 ¥ .101
T6 36 16.08 12.3 ig.ont 1ol
421 35 15.83 12.31 14,22 £ ,099
da 36 15.94 12.96 14,36 & .088
) 36 15475 12.56 14,47 £ .08
g0 36 16.42 12.83 14.53 * 077
3dc4D,E 108 16.42 12456 14.45 I .048
S T 16408 11.91 | 14.11 £ .047

The estimations for the sexes then are:-
4 14.45 £ ,048
98- 92,3175 o4t

+ 2] 2
. e D]fference = Il 2 “f +40 ?.
r +
- 94 = 0
L] o L 2
es the difference between the sex values is 5.07

times its probable error (.067).

Graph/
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Graph VI shows & graph of the actual
figures for each of these rabbits with the exception
of D and EG. As stated ?H was kept virgin as & con-
trol, while 2E amd 2F were mated upe As in Graph V
these figures show that only during the pregnsnt and
early lactation periods do we find great differences
between the sexes. It will be seen how at these
times the graph of $1 keeps more to the level of the
males than the cther two femeles. 1In the case of the
males it will be seen that the entire absence or even
restriction of the sex glands fails to have any
effect on the calcium level. The graph of JE shows &
sudden fall as in the case of females on the 28th
November, but this is duve to the vasectomy operation
which was done on the 26th. Castration brought about

he same fall, blood being taken a few hours after the

operation. The graph shows the next velue three days
after the operation when the serum.calcium weas coning
up to normal.

The resvlts of the experiments on the

younger 17 rabbits give deta that are in line with

those/
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those recorded so far. The
. — . ~ OO ~ -
progeny of ++D -~ G, were at
bleeding:
Rabbite I, I1; IIl
" IV -VI, XII
" VII - LI

" XV = XVII

m

ges of these rabbits,

the commencement of

6 - 7 weeks
7 - 8 weeks
8 weeks

12 -14 weeks.

Their data computed as before are:-



RABBIT | OBSERVA- | HIGHEST | LOWEST | TRUE MEAN with
TIONS PROBABLE ERRCR

g II 23 16455 12.93 14.78 I ,154
d VII 28 15.48 11.45 | 13.79 £ ,145
deiey 27 16 .85 11.98 14.59 % ,155
& X 26 6479 1261 | Q4 T 157
d x11 26 17.08 12.3 14.54 & ,1561
dxi1I 26 15.5 1255 14.89 & ,134
d XIv 26 16 .97 12.99 15.08 & .127
d zv 13 16428 14.61 | 15.39 £ 091
dXVII 14 16.72 13,22 1540 & w225
C 20 16 .33 Y272 | 14.6 % 139
$ 111 15 16,51 12,08 | 14.47 I .195
9 1Iv 19 15,74 12.6 14.26 < 157
R 19 16.17 12.7 14486 = +181
o VI 19 1L 17,98 | 14.05 = .17
VIII 19 15.86 7 | 32.05 & »dn
g T 18 14 .64 11.41 13.06 & .154
? xvI 18 16 .53 11,85 i 14.61 = .82
§dII-XVIT 209 17.72 11.45 | 14.69 % .055
08 ToxvIl 147 17.1 11.33 14.12 £ .064

These/
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These data are from the entire records
of these animals, but &gein the periods of pregunency
and lactation have been omitted. On the aversge

there appears to be sex-dimorphism. This is perhsps

i -

best seen if the difference with its probeble error
is computed.

§dI1 - XVII 14.69 * .035

$¥ I - EVI 14.12 1 .064

.. Difference = .57 £/.0552 +.064%
= «57 T .084

os the difference is 6.78 times its probable
error ( 0084] .

The three groups of results then show
that if the records are computed showing the values
for each sex, the difference between the sexes is at
least five times its probable error. If we take
twice the error as the limit of significance (as
suggested in PISHER'S book) then it is quite
reasonable to suggest that there is sex—dimorphism in
celcium-metabolism in rabbits.

The consideration of the limit of sig-

nificsnce is arbitrary, but in the records submitted

there/
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.

there is indeed a slight difference between the sexes.
RIDDLE AND HONEYWELuL(1925)ia their work on the
pigeon found higher calcium-magnesium values in the
female, but only on a basis of sex could they find &
consistent grouping of velues. The work of RIDDLE
AND REINHART(1926)also on the pigeon, findsdifference
in the sexes at the ovulation periods. The results

teted above, however, show that with the exception of
the periods of pregnancy and lactation there is still
8 difference in the values for the sexes. These
values show that in the males there is more serum-ceal-
gium then in the females.

ow, although the graphs show little or

no difference in the sexes &t normasl times, during
pregnancy and lactation the value for the females
fells considerably below that of the meles. This is
perhaps natural for at these periods there is a con-
siderable drain of calcium from the maternal organisme.
In conclusion it may be stated that contrary to the
findings of RIDDLE AID HONEYWELL who found lower
celeium velues in the mele then in the female pigeon

end to RIDDLE AND REINHART who found greatly in-

creesed/



increased calcium values at ovulation periods in the
pigeon, in the rabbit the celcium velues are slightly
higher in the mele, slweys excepting the periods of
pregnancy and lactation but if these periods sre in-
cluded in the records the calcium velues for the mele

are considerably sbove that of the female.

TITsf
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ITI. COMPARISON in OCALCIULI METABOLISH

of DOE e&and LITTER.

The materiel employed for this experi-
ment were the mother rabbits so far worked with and
their litters. As far as the aduvlt rabbits were con-
cerned the reguired amount of blood for an estimation
was quite conveniently obtained from the ear-veins,
but in the case of the litters it was much more diffi-
cults The litters could be bled from the e&r when
they were 4-6 weeks old. This would have meant a

break in the series of records so it wes decided to

s

obtain the blocd from the young litters by decapita-
tion. This performed at intervals of days gave &
series of results corresponding to the age of the
litter.

Heving carried out some decapitations and
‘obtained results, it became evident that the series
would be more complete if analyses of the blood of un-
‘born foetvses were made. A worker in these labora-

tories, Dr. Tamura,carried out some unilateral laparo-

| tomies/



laperotomies for the writer on some of the pregnsant
rabbits. Three rabbits were at first operated on,
each on the left side end the foetuses from the left
horn of the uterus obtained, decepitated and the
foetal blocd collected. The result obtained from
each such collection does not represent an individual
result since each foetus would yield less than 1 c.c.
blood. The result serves rather as en average for
the whole litter obtained from that horn of the
uterus. When the same rabbits were operated on the-
right side to obtein the remaining foetuses, it weas
found that these foetuses had died and were at the
time of the second operation in a state of becoming
absorbed. Acdordingly only three results were ob-
teined for unborn foetusés, corresponding to 23, 24
and 26 days of pregnancye. To complete this series a
foetus from esch litter was decapitated soon after

birth and the serum-celcium determined.
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PERIOD of GES- CALCIUM in m.gr. per F, as per-
TATION, 130 C«.C. SEerunm centage of:
+ M
23 days 14.52 12.08 837
H54 .0 12.66 13.44 106
26. " 844 14.7 1745%
doon after (=) gys. 11.31%7 10447 944
blrif Leoags "L Yoz 12.95 97%
?3 E xsao o e 18.2 1425 8’&
I ¥ <_.~ i & 74T " E| 95 e | 7 4T
gestation. iy e I el
Age of Fl
3 as;b 19 By 01 s £ 91ﬁ
5 14486 10.53 71%
5 " 1556 10453 66%
s 13.81 11.58 845
g " 16.15 11458 2%
g " 14.74 11.28 765
16 ¢ 14.74 11.23 76%
35 15.26 92 597
gg " 13.8 13.89 104%
gy 15.56 15.01 97%
40 M 14.35 13.57 9502
43 " 15.38 1355 1027
46 " 4.47 14.58 101%
48 " 14.42 13.5 9@$
49 " 15.?6 1343 97%
50 " 13. 14.84 1087
b2 *# U.1u 14,36 95%
58 " 14 .04 14 .04 lOOﬁ
65 " 13 .36 481 107,
2 " 14 .6 15 +0b 95""3
7o n 14.79 13.42 91
g5 13.54 13.74 1o$3
07 " 14,43 14.05 9?F
103 " g I g4 15 AT ¢ lJ);’U
109 5485 16.31 10Z%
115 O 13.65 1460 lUJ‘(D
181 13432 15.51 116/
17 © 14.75 14.76 Lol
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The entire results, given in & table, show

that at the beginning of the fourth week of gestation

maternal blood has very much more serum—calcium then
the foetel, the foetel blood being 83% of the maternals.
serum-calcium than the foetel, while at 26days the
foetal value is 174% that of the maternal.

tated soon sfter

=

Four rabbits were deceap
7 show varying amounts of calecium which

o=

their respective mothers, the

[
w
-
by
e
o
4
L4
H
= 4
(4]
(4]
a
‘.—’-
5%
W
i

highest velue being 3% less than the mother. The re-
maining figures in the table show the values for the

litters from 3 deys of age till they are 127 days old.

[¢7]

Here it will be seen that calcium in the foetal blood
is less than that of the mother until the age of 34
days is reached when the foetal serum-celcium is 4%
higher than the maternal. The figures thereafter show
that foetal blood has as much sSerum~calcium as the
meternal. There are slight differences between foetal
and maternal blood but these differences are compara-

ble to those between one mother rabbit and another.

From/
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From the figures it msy be concluded that
even in the gestation period foetsl blood has less
serum-calcium than maternel, until the last week of

pregnancy when the foetgl serum-celcium equals the

3
1]

»

terngl and surpasses it. This surpassing, however,
is not due to a sudden increase in the foetal blood
but rather to a sudden decrease in the maternal. It
was shown previcusly that towards the close of pre-
neney there is & svdden drop in the maternal serun-
calcium, this pregnency minimum being reached a few
deys, or at the most 7 to 10 days before parturition,
but after parturition there is as sudden & rise to
nofmal. It will be noticed that at 26 days of ges-
tation the foetal serum-calcium is 174% of the
meternal. low, in this case the figure for the
mother 8.44 m.gm. was the minimum reached for the
period of pregnency, i.e. the serum-caleium had
suddenly declined to the preparturition minimum. 1T
the mother had not been onersted on she would most
probably have littered in 2,3, cor 4 days. In spite
of the operation, however, the rabbit littered, al-
tﬁough s second operation hed been performed £ days

after the first when it was seen that the foetuses in

the/
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the right uterine horn were dead. It is suggested
that only at the close of pregnancy when the serum-
calcium level of the mother is abnormal that the
foetal serum-celcium is very mecuh higher than the
maternal.

The table also shows that after parturition
when the maternal value has become normal the
maternal serum~calcium is higher than the foetal.
This relstion seems to persist till the foetus or
young rabbit is &bout & month old when its serum-cal-
cium level approasches that of its mother. Thereafter
there is as much difference between foetal snd mater-
nal serum~calcium as between one full grown rabbit
and snother. The data are not numerous and therefore
not as convincing as they might be but they lead one
to conclude generally that even during gestation
foetal serum—-calcium is lower than the maternal.
There is a steady iucrease with gestation but the
value would still continue to be below that of the
mother, but the meternal serum-calcium drops sudden-
1y prior to parturition when the foetel serum~celcium

appears to be very much in excess of the maternal.

When/
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When the maternal value attains normality the foetsal
value is smaller but increases with age till at the

age of about a month there is parity.

SULIMARY/
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(1) ZPrior to pregnency the calcium content in
the Dblood of full-grown rabbits was found to vary be-
tween 13 and 15 m.gme per 100 c.c. serum, with
suggestions of a significantly regular rise and fall.
During the early period of pregnancy no difference
between the serum-calcium content of the pregnant and
the non-pregnent does was found.

(2) 7 to 10 days before parturition the serum-
calcium, then high, commences to fall and one, two
or three days before parturition there is a further
end more sudden fall to a minimum.

(3) After parturition the calcium content is
restored to normal by & rise as sudden as was the
previous fall, but about the 19th dsy of the lacta-
tion period, or thereabout, there is & second sudden
fall to often a still lower minimum then was noted
before perturition. Following this fall there 1is &
sudden return to normal, but in some cases the return
ends in a2 remerkable masximum of calcium in the serun,

higher/



eon,
@ -

higher than sny previously exhibited. Soon after-
werds there is & return to normsl, the celcium level
then remaining steady till the end of the lactation
period.

(4) Data collected from severesl rabbits of both
sexes, excluding those relating to the periods of

pregunency end lsctation, show little indication of

(o

any sex-dimorphism in calcium-metabolism. If, how-
even, these data are computed and the true mean with

probeble error found for each sex it is seen that in-

P

deed there is & significant sex difference. The
difference between the sexes was found to be more
then five times its probable error, and if five
times is teken as the limit of significance there is
sex-dimorphism, the males having & higher serum-
calcium content than the females.

(5) During the period of gestation foetal
blood contains less serum-calciuﬁ than maternegl until
the last week of pregnsncy when the foetal serum-
calcium equaels the maternal and in some c&ses Sur-

passes it. This is to be explained by the sudden

decrease in serum~csleium in the maternal blood.

After/
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After parturition when the maternsl value is &gain
calstant the maternsl serum-cslcium level is higher
then the foetsl. This relation persists till the
young rabbit is about a month old when its serum-

celcium level arproaches that of its mother.

Ly grateful thanks are due to Dr. Crew for
suggesting this line of research and for help and

advice gladly given throughout its progress.



REFEREDNGCE S.

ALSTERBERG, G., & HAKANSSON, A., (1925). Uber
lanoiloff's Reaktionem und die
loglichkeit, mit Hilfe dieser das
Geschlecht zu bestimmen. Biochem.
Zeite, Ve 176, ppe 251-285,

pui
-

pUi
f

art Played by the Calcium
he Blood &nd Tissues.
Jour., %, 1, pp. 920-222.

BELL, W.B., (1907). On the P

Salts in ¢

Brit. lled.

o " (1908) lenstruation and its Relationship
to the Calcium lMetabolisme ZIroc.

Roy. Soce leds, Pte. II, pp. 291-312.

" & HICK, P., (1909). Observations on the Physiology
of the Female Genital Organs, Brit.
Med. Jour., ve. i, pp. 517, 582, 655,
716, TV

CHAUDHURI, A.C., (1926-1927). The Erythrocyte Couut in
Sexually Normal snd Abnormal Fowls.
rroce. RO;‘]. Ehys. SOC-, Ve 21, PP
109-112.

CLARK, E.P., & COLLIP, J«.B., (1925)« A Study of the
Tisdall Method for the Determinatim
of Blood Serum Calcium with a
Suggested lodification, Jour. Biol.
Cheme, V.03, ppe 461-464.

CREW, F.A.B., (1927). The Genetics of Sexuality in
Animals, ppe viii 188, Cambridge
University Press.

FENGER, F., (1912). On the Presence of Active Zrin-
ciples in the Thyroid and Supra-
rensel Glands before and after Birth.
Jour. Biol. Chem., V.12, pp. 55-09.

FISHER, R.A., (1925). Statistical llethods for Research

' orkers. Cambridge University
Iregse. }_J‘_p- Vlll 2390

FORSTER/



56

FORSTER. (1873). 2Zeit. £. Biol., V. 9, Ds 297,

LN

1 ll&?ﬁ). Ibid-, Ve 12, Da 46&0

HAMITETT , #+8., (1923). Studies of the Thyroid
Apparatuse XVII. the Effect of Thyro~-
parathyroidectomy and Parathyroidectomy
&t 100 days of Age in the Ca. lig. and P
Gontent of the Ash of the Humerus and
Femur of llele and Female White lice.
Jour. Biole. Chems., V. 57, pp. 285-5Q03.

HARDING, V.Je, (1925). Metabolism in Pregnancy.
Physicls ReVe, Ve 3, Dps 279-302.

HELLMUTH, K., (1925). Untersuchungen uber den
Calciumgehalt des Lutterlichen und
fotalen Blutserums. Kline. Woche., v. 4
BPe 454-455.

KASTLE, J.H., &% HBALY, D.J., (1912). dJdour. Infect.
DiS¢, Ve 10, Pe 378,

KLISIECKI, A., (1926). Uber einen regelinessigen
Untersthied inder Zusammensetzung des
menmlichen und weiblichen llenschenblutes.
Biochem. Zeite, Ve 1?6, PDe 490-50C.

KRAMER, B., & TISDALL, F.F., (1921). A Simple Tech-
nigue for the Determination of Calecium
and Megnesium in Small Amounts of Serum.
Joure. BiOIo, Ve 46, EPe 475~480.

" (1921). A Clinical lethod for the
Quantitative Determination of Potassium
in Smsll Amounts of Serum. Jour. Biol.

Cheme, Ve 46, ppe 339-349,

MANOILOV, E.C., (1922-1923). Identification of Sex in
Plants by Chemicel Reaction. Sull. £ppe
Bote (Russian), ve 13, pp. 503-505.

MATTIL, H.A., & MATTIL, H.I., £1922). lineral lleta-
bolisme Endocrine & lietab., Ve 3, pPpe

316-323.

REACH/



&1
-5

REACH, F., (1912). Biochem Zeit. v. 17, pe 59.

RIDDLE, O., & REINHART, W.H., (1926), Blood Calcium
changes in the Reproductive Cycle.
Amer. Jour. Physiol., v; 76+ Dpe
660-676 .

ROBINSON, CsS., & HUFFMAN, CG.F., (1926). Chemical
Composgition of Beef Blocde II.
Compogition of the Blood of Dams
and Calves after Calving.

UNDERHILL, E.P., & DIMICK, A., (1925). The content
of Inorgenic Selts in the Blood in
Iregnancy with LEspecial Reference
to Calcium,.

VOIT, B., (1901). Die Bedeutung des Korperfettes fur
die Eiweifszersetzung des hungeru-
den Tieres. Zeit. fo Bi01o, Ve 41,
Ppe 502-549.

2 (1901). Uber die Urasche der Sunahme der
Biweifszersetzung wehrend des
Hungerus. Ibid., ppe 550-571.

WEISKE, Hl, [1871}0 gette T Bi01c, Ve 7, Poe 179.

k (1872)« Ibid., Ve 8, pe 239
2t (1873). Ibid., V. 9. pe 541,
& (1874)+ Ibid., Ve 10, D. 410,

WIDDOWS, S.T., (1923). Celcium Content of the Blood
during Pregnsncye 3iochem. Jours, V. 17

pPpe 34-40.,

w (1924). Ibide, V. 18, Dp. 555-561.



