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The Influenoe of the Piet on the Caloiuo 

and Phosphorus Content of Maternal and Fetal 

Bones 

by 

Evelyn Kuhn 

It is the general opinion of physicians and dentists 

that failure to inolude sufficient calcium and phos¬ 

phorus in the diet of pregnant women, particularly in 

the terminal stages of the gestation period, leads to 

a depletion of the calcium and phosphorus oontent in 

the bones and teeth of the mother, This condition of 

osteomalacia, while quite rare in this country, is 

rather common in oriental countries such as China and 

India. The influence of the diet on the disease has 

been demonstrated by ?!axwell and Milesand Miles 

(2) 
and Feng in China. These investigate-a show that 

there is a definite decrease in the calcium and phos¬ 

phorus content in the bon s taken from the foetuses 

of osteomalacic mothers, although the ratio of calcium 

to phosphorus in these bones is about th> same as in 

normal fetal bones. Their results along this line are 

not so very conclusive, since in a second series of 
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analyses this depletion was not as pronounced as it 

was in the first series they ran* However, in si other 

type of investigation, wherein they followed the "blood 

oalciura and phosphorus content and clinical improvement 

in nine pregnant ?/omen under definite diet therapy, 

the results are rather illuminating* All their subjects 

showed a "blood calcium content of from 5.0 to 7.4 mg., 

and likewise a low phosphorus content. These women showed 

a history of the disease ranging from eight months to 

twenty years. Four of the patients who had been put 

on a diet including cod liver oil, with or without 

added calcium laotate, showed a decided increase in 

the blood calcium and phosphorus content and a pronounced 

clinical improvement in twelve days. Two of these women 

in whom the disease had been present only one year, and 

who showed a calcium oontent of 7.0 mg. were put on a 

high calcium and phosphorus diet in the form of milk, 

eggs and fresh vegetables without the ood liver oil. 

At thh end of the twelve day period they were clinically 

much worse, and the blood calcium had dropped. In One 

of the other patients to whom had been given calcium 

phosphate with nOcdd liver oil, the blood oaloiura oontent 

remained about the same, but the patient was decidedly 

/ 
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worse# 

Finally,, they studied very carefully four pregnant 

women who had heen afflioted with osteomalacia for from 

six to fifteen years# She calcium and phosphorus balance 

was determined for the seven day period previous to the 

beginning of the diet therapy and for the seven day 

period under the treatment# At the beginning of the 

experiment three of the four women showed a negative 

caloium balance, with the other woman showing a slight 

positive balance probably due to the fact that the had 

had treatment about five months previous. All showed 

a positive phosphorus balance and a blood calcium and 

phosphorus of between 5#8 and 7#5, and 1*2 and 2#4 res¬ 

pectively* Shree of these women were given codliver oil 

with or without calcium salts, while the fourth was given 

calcium salts only. £he three women all showed a pro¬ 

nounced positive calcium and phosphorus balance with 

increased blood calcium and phosphorus, and were clinical¬ 

ly much improved# fhe fourth woman (without the oodliver 

oil) shwwed a decided increase in blood calcium (from 5#8 

to 8#6 also a slight increase in blood phosphorus 

(from 1#5 to 1«6) and likewise only a slight relative 
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increase in her oaloium balance (from minus 0.84 to minus 

0.60); that is, she was still actually in a negative 

balance condition. Clinically she was decidedly not 

improved, The inference to be gotten from the results 

on this woman is that the extra calcium which was ap¬ 

pearing in the blood, came from the calcium of the diet 

owing to the slight retention of that calcium as evi¬ 

denced by the relative increase in her calcium balance. 

On the other hand, her failure to improve clinically, 

shows that oven with a higher blood calcium content 

she was failing to assimilate the calciuai that she was 

retaining to a slight degree. That is, a high blood 

calcium or phosphorus does not necessarily mean that those 

t?/o elements are being utilised properly. Also from the 

standpoint of diet, the faot of the presence merely of 

plenty of calcium and phosphorus salts does not enhance 

their utilisation. 

These experiments show definitely that the ooQliyer 

oil containing the vitamins A and D are the required 

agents in the diet for proper utilisation of the calcium 

and phosphorus, for in several instances the v/omen showed 

decided improvement under codliver oil therapy alone even 

with the very low ash content that was present in their 
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{ 5 & 4) 
own native diet* In India, Hughes and others 

arrived at the same conclusions from experimental treat¬ 

ment on four osteomalacic women. 

Xoverud 1 ' obtained results which were somewhat 

comparable to that of Maxwell and Miles in his experi¬ 

mental work: on rats, although he did not attempt any 

treatment with oodliver oil* Due to difficulty encountered 

in breeding rats on a calcium and phosphorus deficient 

diet he did not obtain sufficient results to draw any 

definite conolusions on the effect of diet on the material 

and fetal bones* However he noted a slight decrease in 

the ash and calcium content of the new bom pups; but 

on the other hand the phosphorus and magnesium was in¬ 

creased* Xn- thc-.maternal bones there was a decided 

lowering of the calcium and phosphorus content and an 

increase in the magnesium content as’compared with that 

of a normal pregnant rat* She chemical picture presented 

is characteristic of osteomalaoia, particularly the high 

magnesium values. El states that in all probability 

some of the oaloium has been replaced to some extent by 

the magnesium, thus accounting for the high magnesium' 

and low calcium content* Non-pregnant ratB gave slight^ 
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higher results than pregnant rats on the same diet. This 

indieates that there was an additional drain of calcium 

and phosphorus on the maternal bones by the fetus. 

The possibility of the fetal hones receiving the 

proper amount of calcium and phosphorus for their struc¬ 

ture depends, of course, on the calcium and phosphorus 

content of the fetal blood supply, which in turn depends 

on the concentrations of these elements in the maternal 

(6) 
supply, Hess and Matzner-- show that the cord blood will 

average slightly higher in calcium and phosphorus con¬ 

tent than the maternal blood, their figures being: 

These figures inctio«tc> that in normal pregnancy the 

fetus is striving to get as much of these salts as pos¬ 

sible, thereby maintaining a higher content in its blood 

stream with a tendency to deplete the maternal supply 

of its calcium and phosphorus. The question then arises 

as to the calcium content of the maternal blood during the 

terminal stages of pregnancy. Practically all the evi¬ 

dence shows that the calcium and phosphorus content shows 

Maternal Blood 
Qa p 

Average: 9,7 2,9 
Ca P 
10*7 3.7 

Cord Blood 
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slight drop during the last three or four month!7/0 

It Is unfortunate that there have "been no analyses 

made on the oaloium and phosphorus content of maternal 

and oord blood in oases of osteomalacia* However, it 

is quite probable that even in oases of a low ash content 

in maternal blood in osteomalaoia, the fetil or oord blood 

will still show a slightly higher content. 

fhe picture that thenv present***itself in oonneotion 

with this investigation is one of a pure dynamic equili¬ 

brium existing between the calcium and phosphorus contents 

of (a) maternal and fetal bones, (b) maternal and fetal 

blood, (o) maternal diet and excretion* The mechanics 

of this equilibrium can bo shown as follows: 

Oa and P in 
maternal diet Ca and P in 

maternal bone 

0 

Oa and P 
maternal 
excreta 

It 
in 

«) 

Ca and P 
maternal 

in Ca and P in (y 
bloods fetal blood — 

Ca and P In 
fetal bone' 

She various arrows show the possible pathos flf Uti¬ 

lisation of the oaloium and phosphorus in the diet, as 

follows: 

(1) Will be normally eliminated in the feces de- 
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pending somewhat on the amount of fatty aoida present 

which will form insoluble calcium soaps and will there-* 

fore he eliminated without possible chance of absorption* 

(2) Will be normally absorbed into the maternal 

blood stream to maintain a constant level and then 

eliminated by the urine (3) when not needed or when not 

firmly held by the bone structure (4) in the absence of 

Vitamin 3)* 

(5) A constant equilibrium between the maternal and 

fetal concentrations which will probably always be a 

little greater in the fetal blood than in the maternal* 

(6) A constant drain by the fetal bones on the fetal 

blood, which in turn will be transmitted to the maternal 

blood, and then to the maternal hones* The net result 

will then be a depletion of the calcium and phosphorus 

in the maternal boa*, with a diminished concentration in 

both the maternal and fetal blood, and a more or loss 

noticeable diminution in the calcium and phosphorus con¬ 

tent of the fetal bone* 

The object of this investigation is to show that there 

is a oalcium and phosphorus depletion of the maternal 

bone, and likewise a diminution of ash in the chemioal 
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composition of the fetal hone* 

She white rat was chosen as the experimental animal 

in the work* All the rats used were between the ages of 

3 and 6 months and were selected from our own stock* 

which had been fed on the control diet (see below) up 

to the time of breeding* 

After breeding the young females were placed on one 

of the fire diets* 

I* Control Diet—basic diet plus fresh green vege¬ 

table as lettuce, carrots, potatoes; fruits as apples 

and citrus fruits; butter, peanuts. Yeast and oodliver 

oil v/ere added to this diet each week. 

II. Basic diet. 

Linseed oil meal ..................15$ 

ground barley.10$ 

Bed dog wheat flour**•«.*•••*«.««•. 

Dried butter milk*»»*««••••..••.*. • 19$ 

Boiled oatso*#*.#.*#*..************15$ 

Yellow corn meal**A**..****........20$ 

Steamed bone meal.•••«••*•••*«•.#•• 1$ 

Ground limestone.««*..*......o**.** 1$ 

Salt .eo.c.*•••«..« «•«.«....oee.e.o. 1$ 

On analysis this diet was found to oontain approximately 

969 rag Ca and 496 rag P per 100 gra* portion# 

III* Calcium and phosphorus deficient diet 
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Red dog wheat flour .• 22$ 

Yellow corn meal#.*.»•*••«»•«»77$ 

Salt# MHHHIIItlMIOtlltaill 1$ 

This diet contained approximately 128 mg of calcium 

and 198 mg phosphorus per 100 grams portion. 

IT. Basic plus 1/8 cc. Viosterol* (25603$ 

V. Deficiency plus 1/2 cc. Yiosterol (250D) 

To insure the rats" Intake of the Viosterol it was mixed 

in a very sm&ll portion of the evening feeding and the 

rat was allov/ed to eat this portion before receiving 

the remainder of her food. 

The females were kept separated from the maleB, 

up to the time of breeding, when they were placed in 

individual mating cages with the males. Successful 

mating was determined by the act of coitus and by 

the presence of tbi plug in the vagina of the females 

left there by the male after successful coitus. The 

results are shown in Table I. The (+ ) symbol represents 

the fact that the rats became pregnant on mating and 

carried her young through term. While the (**) symbol 

represents the failure of pregnancy either due 

m Viosterol furnished through courtesy of Head-*Johnson Co. 
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to sterile copulation which is not likely the oase, 

a failure of the embryos to be eraplanted or anraabsorption 

of the embryos before the rat has gone the full term# 

She percentages of rats going through term and 

delivering their young is rather interesting, in that 85$ 

of the rats on the basic and deficiency diet went through 

term while in the case of the deficiency plus Viosterol 

only 5;d^regnancios resulted, and 15$ pregnancies on the 

basic plus Viosterol diet# Mo pregnancies resulted 

from the five rats which were given Viosterol over the 

entire 22 days# $n the basic plus Viosterol group, 

while two ouf of ten pregnanoios resulted giving the 

Viosterol only the last 14 days* In the deficienoy plus 

Viosterol group, 1 out of 5 pregnancies resulted giving 

Viosterol the entire term; and 5 out of 7 when given the 

last 14 days only. In all probability the Viosterol 

directly or indirectly is causing a failure to emplant 

or a readsorption of the bmbryos before the full term has 

, elapsed. All rats mated on the control diet went through 

term. 

Immediately on delivery of the pups, they were weighed 

and ashed in an electric furnace at a temperature of dull 

•,/ 
/ 
/ 
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red heat for about five hours. She ash was then weighed, 

dissolved in. .1 normal HOI and made up to a convenient 

volume* from which portions were taken for analysis. 

She mothers were also killed immediately on de¬ 

livery of their young and the femurs and tibias dissected 
(9) 

out and ashed according to the method of Morgalus 

by heating them in a S$ KOH glycerine solution at 250°C« 

until the bones v/ere pure white. 20 mg of the dried ash 

was then taken and dissolved in 5 oo. of .1 H HC1 pre¬ 

paratory to analysis® 

All analyses of calcium and phosphorus were run 

colormetrically, the calcium by the method of Hoe^^ 

and Kahn, the phosphorus by Flake and Subbarow 

method. All oarbon dioxides on the maternal bones y/as 

(12) 
determined by ijhe method of Shear and Kramer using 

a 60 cc. volumetric Van Slyke apparatus and the oalou- 

lations made accordingly for the residual calcium/phos¬ 

phorus ratio. fhe results of the analysis of ash, oal- 

cium and phosphorus content of the individual pups in 

each litter are shown in Sables 2 to 6 inclusive. She 

average of the ealeium, ash, and phosphorus of each litter 

with the analysis of the maternal bones are given in fable 

7. A summary of the general results,aconsidering the 
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rats an<2 their litters on a particular diet as a group 

a*e.given in Table 8. From Table 8 these genera), de¬ 

ductions were made; 

1, Mothers fed, and pupa reared on the CONTROL 

and the BASIC diets showed no appreciable difference, 

indicating that the addition of fresh vegetables, ©to., 

to the basic diet gave very little additional nutritional 

substances essential to the proper feeding of the mother 

during the experimental period. 

2. From the standpoint of pup weight, ash content, 

calcium content and phosphorus content, the B plus V 

diet was best, followed in turn by the B diet, then 

the D plus V diet and finally the 3> diet. This was also 

in evidence on a relative basis in that the ash and calcium 

per gram weight of pup also decreased in the same order. 

In this connection, the per oent of calcium in the ash 

also showed a general decrease, although the 1? plus Y 

diet gives better results than the B diet in this one 

particular item# 

0. Examination of the phosphorus data reveals that, 

although there is an absolute decrease in the phosphorus 

content of the pup, the percentage of phosphorus in the 

ash and also the amount of phosphorus per gram of pup 
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seems to show an increase. That is, as the calcium 

percentage in the ash increases, the phosphorus percentage 

decreases; and as the calcium per gram pup increases the 

phosphorus per gsam pup decreases. Shis wouia indicate 

that Yiosterol is involved more in the assimilation of 

calcium than of phosphorus. 2he relative phosphorus 

values are less changeable, however, than the calcium 

values. 

4. Prom the examination of data on the mother*s 

hone, one notes that the CarbCa/^ot.Ca rationon the B; 

B plus V; and D diets are normal (9.2 *» 10.4$) and also 

the Besid.Ca/P ratios (1.87 ~ 2.02}* £he mothers on the 

D plus 7 diet, however, show a comparatively high per¬ 

centage of OaOOjj (11*8$), and a decidedly low Hesid.Ca/P 

value of 1.84. 2his condition might he eicplained as 

follows: Since both the phosphorus fo and the carbonate 

calcium $ values are larger in the Viosterol €ed rats than 

in the other rats, it would appear that Tiosterol has the 

property of producing GaC0g and a P04 substance in the 

maternal bone. Also the Ca $ of the bone is likewise 

greater than that in the non-vlosterol fed rat bone. 

She relationship, between the total calcium, phosphorus, 
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and Garbs calcium is such that in the B plus V fed animal 

a normal resld*Ca/P value and percentage of CaCOg is ob¬ 

tained, whereas in the 1) plus V fed rat, the percent of 

CaCOg is large and the Besid«Ca/J? value is small, all of 

which is due to the fact that although the percent of 

total calcium is large, it is not large enough, which 

indicates a drain on these mothers by the fetus of some 

calcium, this calcium coming from the part of 

the bone* In other words, the pups from the 35 plus V 

mothers (since they show an appreciable absorption of 

oaloium from the mother on a low calcium diet) have taSen 

some of their calcium from the mothers’ bones, since the 

calcium in the mother’s diet was not enough for her own 

needs and those of the growing fetuses, especially under 

the influence of the driving action of the viosterol# 

On the other hand, the mothers on a deficient diet without 

viosterol did not show any drain on their bones to satis¬ 

fy the calcium requirements of the fetus, the pups there¬ 

fore showing the smallest amount of calcium in their bodies, 

and with the driving action of the viosterol being absent 

there was loss drain on the mother’s bones*. 

6. jProra Sable VII, we note some interesting results 

on individual families# Consider Bat 6 and Bat 7 both 
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on a Basic diet# 2he former had 9 pups, the latter 6 

pups# 3?he pups of the larger litter wore smaller, and 

had less ash, calcium, and phosphorus than thOBe of the 

smaller litter, yet the percentage of calcium ana phos¬ 

phorus in the ash and the amount of a3h, calcium and 

phosphorus per unit weight of the pups were about the 

same# fhis indioates that no matter what the size of 

the litter, the pups share uniformly in the calcium and 

phosphorus distribution* As for the mothers, Bat 6 

with almost twice the drain of calcium and phosphorus 

from her as Bat 7, her bones were in better &ape 

than rat 7 sinoe her Resid.Ca/P ratio was 1#95 whereas 

that of Rat 7 was 1.87# 

6. A slightly different picture is obtained when 

making comparisons between different sized litters under 

the influence of viosterol# For instance in the D plus 

7 group, two rats produced 10 and 11 pup litters whereas 

another rat produced*5 pup littery# In these cases, the 

pups of the smaller litter were the largest and had the 

most ash in their bodies, yet the absolute amount of 

oaioium was greater in the pups of the larger litter, 

and so also was the percentage of oaioium in the ash and 

the amount of oaioium per gm body weight of the pup. 

Also the effect on the mother was about the same* 3?he 
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mother of the 5-pup litter had a 1.80 ratio and 12,5% 
CaQOg, whereas the ratio of the other 11-pup mothers was 

1.88 with a CaCOjj content of 12.1$, even though the drain 

on tho mothers of the larger litters was more than 

twice as great as that on the 5-pup mother. 3!he slight 

difference in actual weight of the mothers may account 

for some of these differences, since the two large pup- 

littery mothers were larger rats than the mother of the 

5-pup litter* 

7. ffhe two rats on the B plus V diet show remarkable 

uniformity in all their data and those of the pups. Both 

produced 6 pap litters, and were of about equalvaight, 

and almost identical in other values* 

Now considering !?able I, the percentages of rats 

going through normal pregnancy shows the effect of a 

relatively high calcium and phosphorus diet on pregnancy, 

under the influence of Viosterol. 2h© low percent of 

pregnancies delivered under B plus 7 as compared with 

feomewhat higher percents under 35 plus V diet indicates 

that it is the calcium which has the undesirable effect 

of preventing normal pregnancy and not the Tiosterol 

itself* 
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TABLES I 

Basic Basic 4 71os j 
i 

1 ! 

Rat 
No. 

Date of 
Breeding 

Days 
on 

Diet 

Result Rat ! 

No. 
Date of 
Breeding 

Days 
on 

Diet 

Result 

Nov. 8 22 - . Nov. 8 10 - 

3 Feb. 2 22 4 NOv. 10 12 - 

4 Feb. 9 22 4 9 Nov. 12 14 4 

5 Feb. 12 22 + Feb. 3 22 - 

6 Feb. 13 22 f Feb. 4 22 m 

7 Feb. 17 22 +■ Feb. 8 22 - 

8 Mar. 5 22 4- Feb* II 22 m 

Feb. 16 22 m 

ie Mar. 5 n 4 

Mar. 6 ! 14 - 

Mar. 16 : 14 

Mar. 17 ! 14 - 

Mar* 18 ; 14 mm 

Mar. 19 14 - 

♦ 
Mar. 19 1 14 

i 
- 
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TABLE I 
(continued) 

Bffflclency Sufficiency + Vlos. 

1 

Rat 
No. 

Bate of 
Breeding 

Bays 
on 

Diet 

Result Rat 
No. 

Bate of 
Breeding 

Bays 
on 

Diet 

Result 

*• Nov. 8 22 +• 14 Nov. II II + 

* Nov. II 22 + Feb. 2 10 - 

% Nov. II 22 + Feb. 10 22 - 

II Feb. 2 22 * Feb. 13 22 - 

Feb. 2 22 •»- 15 Feb. 18 22 4- 

12 Feb. 17 22 * Feb. 22 22 «• 

13 Feb. 18 22 + Mar. 4 22 m 

16 Mar. 9 14 4 

17 Mar. 10 14 + 

1 18 Mar. II 14 4 

19 Mar. 17 ! I* 4- 
i 
1 
i Mar. 17 14 mm 

« Bata on this rat not available, 
Due to change In method of experimental proceedure. 



TABLE 2 

Analysis of Individual Pups, Mother 
on 

Control Diet, 

Wt. Of 
Pup 

Ash 
of 

Pup 

Ca. of 
Pup 

P. of 
Pup 

Wt. of 
Hip 

Ash 
of 

Pup 

Ca. of 
Pup 

P. of 
Pup 

(gm) (mg) (mg) (mg) (gm) (mg) (mg) (mg) 

Mother Rat No, ► I Mother Rat No. 2 

4.357 87.9 13.6 14*3 5.172 92.0 13.9 14.0 

4.582 89.4 13.6 14.1 5.256 93.1 13.9 14.2 

5.476 93.8 14.4 14.0 5.310 94.9 14.3 14.2 

5.172 93.5 14.2 14.5 4.965 90.2 13.6 13.3 

4.830 91.7 12.8 13.7 4.782 89.9 13.4 14.0 

4.720 90.3 13.8 14.0 5.120 93.3 14.0 14.6 

5.021 91.9 13.9 13.8 4.878 91.9 14.1 14.5 

4.732 91.0 13.7 14.1 

4.852 92.3 14.2 14.5 

4.720 91.3* 13.8* 14. I* 

' Pup Lost, Values Given Are Averages 
For The Rest Of Its Litter* 



TABUS 3 

Analysis of Individual Pups, Mother on Basic Diet 

Wt. of 
Pup 

Ash 
of 

Pup 

l 
Ca. of 

1 Pup 
P. of j 

Pup ; 
Wt. of 

Pup 
Ash 

of 
Pup 

Ca. of 
Pup 

P. of 
Pup 

(gm) (mg) (mg) (mg) (gm) (mg) (mg) (mg) 

Mother Rat No. 4 Mother Rat No. 4> 
4.895 90.1 12.8 14.2 4.519 87.6 13.3 14.0 

5.086 92.0 13.5 13.3 \ 4.732 88.3 13.2 13.3 

5.496 93.1 12.9 14,0 4.178 82.1 12.7 I3.I 

5.188 93.5 14.3 13.3 4.362 83.7 12.8 I3.I 

4.606 i 87.0 12.3 I3.I 4.651 87.4 13.4 13.2 

5.954 104.7 12.3 I4.I 5.001 90.6 14.0 14.2 

4.964 87.0 12.6 13.6 4.427 84.2 12.7 12.6 

4.986 86.7 12.1 13.3 4.672 88.9 14.0 13.3 

Mother! Rat No, 
i 

. B 4.910 89.3 14.1 14.5 

4.734 86.4 12.3 13.3 Mother Rat No. 

4.905 85.3 12.9 13.1 4.798 89.5 13.2 14.2 

4.898 87.0 12.9 13.5 4.822 88.2 13.6 14.3 

5.086 87.2 12.8 13.4 4.975 90.1 14.0 14.0 

5.496 91.0 13.0 13.1 5.323 93.6 14.4 14.6 

5.251 89.3 12.9 13.3 5.038 92.9 14.2 14.5 



TABLE 3 
(continued) 

Analysis of Individual Pups, Mother on Basic Diet. 

Wt. of 
Pup 

Ash 
of 
Pup 

Ca. of 
Pup 

P. of 
Pup 

Wt. of | 
Pup 

Ash 
of j 
Pup 

Ca. of 
Pup 

P. of 
Pup 

(gm) (mg) (mg) (mg) (gm) (mg) (mg) (mg) 

Mother Rat No. 3 Mother Rat Nol 5 

4.429 83.1 12.9 14.2 4.678 91.7 12.8 13.4 

5.H3 92.8 12.8 13.3 5.100 j 92.0 12.^ 13.1 

5.361 99.5 13.2 13.2 4.921 92.6 13.7 12.6 

4.519 89.3 13.6 13.3 4.621 ! 89.8 13.7 13.6 

4.4IO 87.4 13.2 12.6 4.425 87.3 13.4 12.7 

5.156 90.9 14.2 12.7 5.342 j 99.8 13.2 13.2 

5.006 91.7 13.8 12.6 4.953 93.7 14.3 13.7 



TABLE 4 

Analysis of Individual Pups, Mother on Basic D-iet 

+ Vloaterol 

Wt. of 
Pup 

Ash 
of 
Pup 

Ca.oof 
Pup 

P. of 
Pup 

Wt. of 
Pup 

Ash 
of 
Pup 

Ca. of 
Pup 

P. of 
Pup 

(gm) (rag) (mg) (rag) (gm) (mg<3> (mg) (mg) 

Mother Rat No. H Mother Rat No. .16 

6.128 114.3 18.8 15.5 6.029 II3.2 18.6 15.0 

5.921 II4.0 18.8 14.5 6.027 II2.6 19.8 15.4 

5.967 III.7 19.3 15.3 5.889 II2.I 18.8 16.4 

6.312 120.4 19.5 14.3 6.326 II8.7 19.5 15.0 

5.847 II2.3 18.2 15.0 5.205 110.1 19.3 12.6 

6.005 II3.3 19.2 14.6 5.907 II2.8 18.3 15.6 



Table 5 

Analysis of Individual Hips, 
Mother on Dfcfflclency Diet. 

Wt.- of 
Pup 

(gm) 

Ash 
of 

Pup 

(mg) 

Ca. of 
Pup 

(mg) 

P. of 
Pup 

(mg) 

Wt. of 
Pup 

(gm) 

Ash 
! of 
! Pup 

(mg) 

Ca. of 
Pup 

(mg) 

P. of 
Pup 

(mg) 

Mother Rat No 12 Mother Rat No, . II 

5.288 89.9 II.8 I2.I 4.453 76.8 10.5 13.3 

4.920 83.4 II.7 13.3 4.658 77.2 10.5 15.0 

5.139 88.9 12.3 12.1 4.274 73-9 10.4 14.3 

4.876 84.1 II.7 13.3 5.153 83.9 10.7 13.7 

5.120 90.3 II .9 13.3 4.632 77.2 -10.7 12.8 

5.139 89.3 II.7 13.5 4.307 73.6 10.1 12.3 

4.509 73.9 10.5 12.6 
Mother Rat No, 
  5.049 85.8 II.2 13.3 
4.628 75.6* 10.5* II.O' 

4,538 75.6 10.2 10.5 

4.529 j 75.5 10.2 io.8 

4.354 : 71.2 10.5 10.4 

4.786 ; 79.5 II. 2 II.6 

4.514 76.5 10.5 II.8 

4.367 78.0 9.8 10.6 | 

4.436 73.2 10.9 II.6 

' Ash Blown Out Of Crucible, 
Values Are Averages For The Rest Of Its Litter, 



TABLE 6 

Analysis of Individual Pups, 
Mother on Dffflency Diet + Vlosterol. 

Wt. of 
Pup 

Ash 
of 

Pup 

Ca. of 
Pup 

P. of 
Pup 

i Wt. of 
Pup 

Ash 
of 

Pup 

Ca. of 
Pup 

P. of 1 
Pup 

(gm) (mg) (mg) (mg) (gm) (mg) (mg) (mg) 

Mother Rat No, 14 
: i 

Mother Rat No, r 15 

6.061 96.3 17.0 14.0 4.552 81.2 10.8 II.6 

5.977 95.0 15.2 13.8 4.310 85.8 13.2 13.3 

5.593 93.5 12.7 13.8 4.606 83.6 12.8 II.I 

5.788 94.5 14.7 14.5 4.596 69.9 II.8 9.5 

6.032 94.3 140 14.0 4.601 84.4 13.2 II.6 

6.206 IOIi-9 15.7 15.0 5.164 85.4 13.2 13.3 

6.024 99.6 13.7 14.8 3*987 75.0 12.3 12.1 

5.916 97.0 14.0 14.9 

Mother Rat No 717 • Mother Rat No .16   

5.372 93.6 12.3 14.6 4.563 82.1 II.6 13.5 

5.308 90.0 12.1 12.9 4.632 84.0 13.2 13.6 

5.105 96.0 12.6 13.2 5.102 85.3 13.2 13*6 

4.584 83.3 II.2 13.8 5.231 85.7 13.3 13.6 

4.685 91.2 10.9 I 13.3 4.424 78.3 12.9 13.5 

_5*865_ 96.2 14.1 14.5 



TABLE 6 
(continued) 

Analysis of Individual Pups, 
Mother on Dfcffleney Diet + Viosterol. 

Wt. of 
Pup 

Ash 
of 

Pup 

Ca. of 
Pup 

P. of 
Pup 

Wt. of 
Pup 

Ash 
of 

Pup 

Ca. of 
Pup 

P. of 
Pup 

(gm) (mg) (mg) (mg) (gm) (mg) (mg) (mg) 

Mother Rat No, . 18 Mother Rat No . 19 

4.775 79.0 15.7 12.5 4.373 77.0 12.9 II.6 

4.632 78.0 13.7 12.1 3.864 67.8 12.1 10.7 

4.794 77.4 12.8 ' I2.I 4.122 74.0 12.5 II. 2 

4.582 76.9 13.0 13.2 3.973 67.7 12.0 II.I 

4.219 67.2 12.9 II.4 4.025 73.2 12.8 II.2 

5.647 78.8 12.5 12.1 4.320 77.9 12.8 12.3 

4.432 72.6 12.4 II.6 4.570 77.0 12.3 13.1 

4.704 76.4 I3.I 11.9 3.824 68.0 II. 9 13.0 

4.698 77.0 12.5 12.5 3.898 68.7 II.8 II.I 

4.720* 75.9* 12.9* 12.2* 4.2II 76.2 12.8 12.2 

4.132 74.5 12.5 I2.I 

* Pup Lost, Values Given Are Averages 
For The Rest Of Its Litter. 



TABLE NO. 7 

J'-    
Mother Rat Drain on . ' Averages Per Pup - 

^ Mother Pups l 
• Weight C& . P. Carh. Resid. Ca. Per Litter in Weight : Ash Ca. P. Ca, OP, Ash | (j8*0 P. 

No. Diet of 1 Of of Ca. Ca. Total Litt of in Ash in Ash per gm. per gm. per gm. 
P. Ca. Ca. P. er 

(gm) 96 % % %■ % (ng) (mgO 

HI  

(gni) —(B®) (ns) (ngO 96 96 («<g) ! (ng) fas?) 

I Control 153.4; 34.2 16.2 3.0 1*92 8.8 138.0 I4r.I 10 ! 4,846 91.3 13.8 14.1 15.1 15.4 18.8 2.8 2.9 
2 Control 142.5j 35.0 17.1 3.3 1.85 9.4 97.2 98,8 7 5.069 92.2 13.9 14.1 15.1 15.3 18.2 2.7 2.8 

3 Basic 133.7 34.3 17.1 3.3 1.81 9.6 93.7 91.9 7 4.856 90.7 13.4 13.1 14.8 14.4 18.7 • 2,8, 2.7 
4 Basic 145.5 35.8 17.3 3.3 1.88 9.2 102.8 108.9 : 8 5.147 91.8 12.8 13.6 13.9 14.8 17.8 2.5 2.6 
5 Basic 139.5 33.8 16.8 3.1 1.83 9.2 ! 93.8 92.3 7 4.863 92.4 13.4 13.2 .14.5 14.3 19.0 2.8 2.7 
6 Basic 142.7 35.4 16.6 3.0 1.95 8.5 120.2 121,3 9 4.606 86,9 13.3 13.5 15.3 15.5 18.8 2.9 2,9 
7 Basic 148.1 35.4 17.1 3.3 1.87 9.3 ! 69.4 71.6 5 4.991 $0.9 13.9 14.3 15.3 15.7 18.2 2.8 2.9 
8 Basic 150.3 35.0 16.8 3.4 1.88 9.7 ! 76.8 79.7 6 5.061 87.7 12.8 13.3 14.6 15.2 17.3 2.5 2.6 

9 Basic + 172.4 40.3 17.8 4.0 2.04 9.9 113,8 89.2 6 6.030 II4.3 18.9 14.9 16.5 13.0 19.0 3.1 2.5 
10 Vios. 189.2 38.2 17.5 3.8 1.99 .9.8 114,3 90.0 6 5.897. II3.3 19.0 15.0 16.8 13.2 19.3 3.2 2.5 

II II7.5 31.9 14.4 3.3 1.98 10.2 84.5 107.2 8 4.630 77.8 10.6 13.4 13.6 17.2 16.8 2.3 2.9 
12 Dfff. 145.1 33.0 15.0 3.4 1.98 10.4 . 71.2 77.7 6 5.080 87.6 II.9 : 12.9 13.6 14.7 17.2 2.3 2.5 
13 133.0 32.6 14.5 3.4 2.01 10.5 84.0 88.3 8 4.519 75.6 10.5 II.O 13.9 14.5 16.7 2.3 ,2.4 

14 205.3 37.2 17.8 4.1 1.86 II.O 117,4 II4.8 8, 5.950 96.5 14.7 .14.4 15.2 14.9 16.2 i 2.6 2.4 
15 Dfff. 139.5 38.0 18.0 4.3 1.87 II.3 87.5 82.6 7 4.559 80.7 12.5 11,8 15.5 14.6 17.8 2.7 2.6 
16 4- 142.5 35.7 16.5 4.2 1.91 II.7 78.4 82.4 6 4.967 85.2 13.1 13.7 15.3 16.1 i 17.2 2.6 2.8 
17 Vios. 139.7 35.7 17.3 . 4.5 1.80 12.5 59.2 67.9 5 5.on 90.8 II.8 13.6 13.0 15.0 i 18.2 2.4 2.7 
18 I6I.3 36.3 17.6 4.4 1.82 12.1 129.5 122.3 10 4.720 75.9 12.9 12.2 17.0 16.0 i 16.I ' 2.7 2.6 
19 155.0 36.3 17.6 4.4 1.82 12.1 136.3 129.6 II 4.120 72.9 12.4 II. 8 1 17.0 16.2 ! 17.7 3.0 2.9 



TABLE 8 

) 
AVERAGE AVERAGE 

Total No. • 
We ight ; Ca. in P.. in Carh. of 

•V of Bone Bone Ca. in Resld. Carh. Weight Ash Ca. P. Ca. P. Ash Ca. P. 
Diet Mother of of Bone Cct« Ca. Moth- Pups of of of of in in per per per 

Rat at Mother Mother of p. Total era i 1 Pup Pup Pup Pup Ash Ash gram gm. gm. 
Term Mother Ca# i 

Pup Pup Pup 

(gm) $ % % % % 
\ 

(gm) (mg) (mg) (mg) * % (mg) mg mg 

Control 147.9 34.6 16.6 3.2 1.88 9.1 2 , 17 4.957 91.7 13.9 14.1 15.1 15.4 18.5 2.8 2.8 

Basic 
* 

Vios. 
180,8 39.5 17.7 3*9 2.02 9. 9 2 12 ; 1 5.963 113.8 19.0 15.0 16.7 13.1 19.2 3.2 2.5 

Basic 143*3 34.9 16.9 3.2 1.87 9.2 6 42 4.920 90.1 13.3 13.5 14.7 15.0 I8.3 2.7 2.7 

D£ff. 
- 157.2 36.5 17*4 4.3 1.84 II.8 6 47 ; 4.888 83.7 12.9 12.9 15*5 15.5 17.2 2.6 2.7 Vios* i 

« 

Biff. 131.8 32.5 14.6 3.4 1.99 10.4 3 22 4.763 80.3 II.0 12.4 13.7 15.5 16.9 2.3 2.6 

'  J l 



TABLE 9 

Analysis of the Bone of Non-Pregnant Rats 
on the Various Diets. 

Diet Rat 
No* 

Wt. of 
Rat 

% Ca. $ P. Oarb. 
Ca. 

Resld. 
Ca. 

P. 

Carb. 
Ca. 

Total 
Ca. 

20 153.I ! 34.2 16.7 3.5 1*84 10.1 
Control : 

21 143*2 35.4 17.3 3*8 1*82 10.8 

| 22 i 133.0 1 ; j 
34.2 17.2 3.0 1.82 8.8 

Basle j; 23 1.185.0 i 35*2 16*8 3.3 1.90 9.5 

|.- 24 ! 148,8 f 35.6 17.1 3.3 1.89 9.1 

l 
l 

• 25- 

j 

! 146.0 36.9 17.6 4.0 1.86 XI.O 
Basic [: 

+ !■. 
1 26 172.5 38.4 17.7 4.3 1.92 II.2 

Vlos. V. 

j; . 27 1 143*0 39.0 17.6 4.5 1.96 II.2 

:! 28 | 124.9 ! 32.8 16.6 3*4 1.77 10.4 
Dtff. ?! I i i 

29 

■ ! 

^ 148.I | 34.6 
i 

17.2 3.5 I.8I •10.0 

i 30 168.3 34.2 17.1 3.0 1.82 8.7 
Dfeff. ! i 

'+ i 51 i 153.5 | 35.0 ! 16.8 3*8 1.85 10.9 : 
Vlos. ! i 

;j 32 ; 197.6 34.6 16.8 3.5 1.85 10.0 ! 



Summary 

1, Pups from aether fec|4 on Basic diet with Ylos« 

terol showed an increase in actual size, ash, calcium 

and phosphorus contents, with also increase in relative 

amounts of calcium and ash per gra weight of pup* The 

phosphorus, although increased in absolute amount, 

showed a relative decrease per gra body weight* 

2» Pups from mother fed on deficient diet showed 

smallest actual size, ash* calcium, and phosphorus content* 

3, Pups from mother fed on B^and D plus V were 

in between the above two groups in this respect* 

4* The effect withe composition of the maternal 

bone was most noticeable in the oase of the 3) plus 7 

diet, wherein there seemed to be a great deal of drain 

on the bone* Considering the low (1*84) Hesid#Ca/P 
dr*?* 

ratio, also the percent of CaCOg in the bone^was greatest 

on this diet* 

In conclusion, the writer wishes to acknowledge 

her indebtedness to 3>r* H. 0* Nicholas, Chemistiy 

Department, The Rice Institute, for his aid and advice 

in the working out of this problem* 
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