
PARATHYROIDS ON COMPOSITION OF RAT MILK 297 

6 .  Konzett, H., Stormer, E., Brit. J .  Pkurmacol., 8. - , J.A.M.A., 1959, v170, 925. 
1960, v15, 544. 9. Martin, G.  J., Clinical Enzymology, Little, 

7.  Innerfield, I., Ann. N .  Y .  Acad. Sci., 1957, h ~ w n  81 CO., Boston, 1958- 
v68, 167. Received July 11, 1962. P.S.E.B.M., 1963, v112. 

Influence of the Parathyroids on Composition of Rat Milk." (28021) 

JUNE NEUENSCHWANDER AND ROY V. TALMAGE 
Biology Department, Rice University, Houston, Texas 

The demonstration of an effect of parathy- 
roid hormone on lactation has been, in the 
past, based on differences produced in the 
rate of weight gain of the litters(1-7). The 
first report concerning the effect of this hor- 
mone on the composition of milk was that of 
Manunta and Mureddu (8) who reported an 
increase in calcium concentration of milk fol- 
lowing parathyroid extract administration. 
Mosimann (9) ascribed the increased calcium 
in the milk of ewes in which lactation was in- 
duced by estrogens to an increase in parathy- 
roid activity. However, recently, Toverud 
and Munson( 10, l l )  noted a paradoxical in- 
crease in concentration of milk calcium of lac- 
tating parathyroidectomized rats in spite of 
a depressed serum calcium level. They 
ascribed most, but not all, of this increase to 
an increase in concentration of total milk 
solids. Administration of parathyroid ex- 
tract immediately after parathyroidectomy 
prevented the decreased water content of the 
milk as well as the reduction in level of serum 
calcium, but the increase in calcium concen- 
tration of the milk was not so clearly pre- 
vented. Munson suggested that parathyroid 
hormone influenced the calcium concentrating 
mechanism of the mammary gland directly. 

Studies were undertaken in this laboratory 
to determine whether the changes in com- 
position of milk which are known to occur 
following parathyroidectomy in the rat could 
be attributed directly to a loss of the influ- 
ence of parathyroid hormone on the mam- 
mary epithelium or are the result of changes 
in the serum calcium which occur following 
parathyroidectomy . 

*Supported in part by grant from U. S. Atomic 
Energy Commission, 

Methods. Holtzman albino rats 2 to 3 
months old were parathyroidectomized or 
sham-operated under light ether anesthesia 
on the 4th, l l th ,  12th, or 13th day of lacta- 
tion. In the days immediately preceding 
their milking, groups of rats were given diets 
which varied in calcium and protein content. 
Some groups were isolated from their litters 
immediately following parathyroidectomy, 
some were suckled for 24 hours, and some 
were returned to their litters for 9 to 10 days 
before isolation and milking. After 16 hours 
isolation from the litter, the unanesthetized 
rat was milked with a specially designed glass 
milking tube connected to a motor-driven suc- 
tion apparatus. In order to insure milk let- 
down, the rat was injected with 1 USP unit 
of oxytocin or syntocinon prior to milking. 
Blood was taken by heart puncture a t  the 
conclusion of milking. 

Calcium determinations were carried out 
on milk and serum by a method modified from 
that of Collip and Clark( 12). This proce- 
dure involves precipitating the calcium with 
ammonium oxalate, redissolving in perchloric 
acid and reading on a Beckman Flame Spec- 
trophotometer. Milk samples from groups 3 
and 5 were ashed, dissolved in .5N HCI, and 
filtered before precipitation with ammonium 
oxalate. Milk samples from groups 1, 2, 4, 6, 
and 7 were analyzed for calcium directly by 
precipitating samples of whole milk with am- 
monium oxalate. 

The percentage of total milk solids was de- 
termined by drying the samples to a constant 
weight in a 37°C oven. All calcium deter- 
minations on the milk were corrected for to- 
tal solids. 

The specific treatments of different groups 
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TABLE I. Effects of Parathyroidectomy on Composition of Rat Milk. 

No. of Plasma Ca, total 
solids Mg Ca/g solids 

EXP 
Group treatment animals mg/lOO ml 

1 Sham 

2 Sham 

3 Sham 

4 Sham 

5 Sham 

G Sham 

7 Sham 

Ptx 

Ptx 

P tx 

Ptx 

Ptx 

Ptx 

Ptx 

10 
8 

14 
12 
14 
11 
16 
24 

9 
5 
8 
4 
7 

11 

10.7 k .5 26.5 .8 
10.7 2 .3 25.3 .G 
Not taken 21.9 -c .6 

9.8 & .7 29.3 & 1.9 
12.4 k .3 23.0 & 1.9 
9.3 k .3 27.8 & 1.3 

11.4 2 .3 23.4 & .6 
9.1 2 .9 27.8 2 1.2 

10.2 2 .4 24.5 .6 
8.5 & .2 36.1 2 2.9 

11.2 & .6 21.3 & 1.7 
8.1 2 .6 31.6 2 1.9 

11.6 k .4 26.4 2 1.8 
8.2 & .3 34.6 & 1.3 

15.3 2 1.1 
13.9 & .5 
14.2 & .4 
14.2 k .5 
15.3 .3 
16.0 k .3 
18.7 2 .6 
18.1 * .5 
11.8 2 .8 
14.9 2 1.5 
18.3 2 .5 
14.3 & .9 
15.5 & .9 
12.7 2 .8 

NOTES : 
1. Ptx = parathyl.oideetoniized. 

2. Values given with S.E. = k 

3. Groups 2 and 3 are essentially duplicates run 6 months apart in which calcium analyses 

~ J n ( n - 1 )  2d2 * 

were determined in Group 2 on whole milk samples and in Group 3 from ashed milk samples. 

of rats are outlined below: sively increased the calcium deficiency of the 
Group I-Parathyroidectomized on 13 th lactating females. The following observations 

day of lactation, isolated for 16 hours on nor- can be made from these results: 
ma1 stock diet, and milked on 14th day. (1) Interruption of milk loss to the litter 

Groups 2 and 3-Parathyroidectomized on and provision of sufficient dietary calcium 
12th day, returned to litters for 24 hours on prevented any reduction in plasma calcium 
normal stock diet, isolated for 16 hours and following parathyroidectomy, and no signifi- 
milked on 14th day. cant differences in the milk could be demon- 

day, isolated for 16 hours on a calcium-free, (2) An increase in calcium deficiency pro- 
protein-free diet, and milked on 14th day. duced a decrease in plasma calcium values of 

Group 5-Parathyroidectomized on 12 th the parathyroidectomized rats and an increase 
day, returned to litters on a calcium-free, in the percent total milk solids. 
30% protein diet, isolated on 13th day and (3) The milk of the parathyroidectomized 
milked on 14th day. rats under extreme calcium deficiency was 

Group 6-Parathyroidectomized on 1 l th  markedly concentrated and often was released 
day, isolated on the 12th day on calcium-free, from the gland with difficulty if a t  all. Fifty 
protein-free diet, and milked on 13th day. percent of the parathyroidectomized rats in 

Group 7-Parathyroidectomized 9 days be- Groups 5 and 6 gave no milk. 
fore milk samples were obtained. The fe- (4) The effect of parathyroidectomy on 
males were suckled during this interval and calcium concentration of the milk solids was 
were maintained on a normal diet. much less clear-cut. There appeared to be 

A sham-operated control group given iden- a decrease in the calcium concentration of the 
tical treatment was run with each of the solids when the rats were maintained on a 
above groups. protein-free diet, and some tendency toward 

Results. The effects of the progressive a higher calcium concentration if the diet 
changes in plasma calcium on the composi- contained 30% protein. However, when the 
tion of rat milk are summarized in Table I. decrease in plasma calcium was less than 2 
A complete description of the various groups mg %, there was no significant effect on the 
is given in the preceding section. The groups calcium content of the milk solids. 
are tabulated by treatments which progres- ( 5 )  In rats parathyroidectomized 9 days 

Group 4-Parathyroidectomized on 13 th strated. 
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before milk samples were taken there was a 
2 2 "/o decrease in calcium concentration of the 
milk solids. 

Definition of the role of the 
parathyroid glands in milk secretion was ap- 
proached primarily by a study of the effects 
of parathyroidectomy on milk calcium and 
solids with and without concomitant plasma 
calcium changes. Experiments were carried 
out in which it was possible to maintain 
groups of animals, in the days immediately 
following parathyroidectomy, with plasma 
calcium levels ranging from normal to suf- 
ficiently low to produce tetanic symptoms. 
Maintenance was accomplished by varying 
the calcium and protein content of the diet 
and by varying the extent to which the lac- 
tating female was suckled to alter the cal- 
cium deficiency of the animal. 

"he most consistent effect of parathyroid- 
ectomy on rat milk was an increase in the to- 
tal milk solids which was noted whenever the 

Discussion. 

attributed to the consequences of a reduced 
level of serum calcium on the mammary 
gland. 

Summary. 1. The effect of parathyroidec- 
tomy on the composition of rat milk was 
studied in animals maintained on diets vary- 
ing in calcium and protein content. 2. The 
main effect of parathyroidectomy on milk 
composition was an increase in the total milk" 
solids. However, maintenance of the plasma 
calcium a t  the control level by removal of 
litters and provision of dietary calcium aboy- 
ished this effect. 3. The effect of parathy- 
roidectomy on the calcium content of thi  
milk solids depended on the magnitude of 
the decrease in plasma calcium and on the 
availability of dietary calcium and protein. 
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