
PART ONE. PHOSPHATASE AND INORGANIC PHOSPHORUS IN THE 
PLASMA ANL WHOLE BLOOL OF THE FOWL 

PART TWO. FLUCTUATIONS OF THE PHOSPHATASE AND INORGANIC 
PHOSPHORUS IN THE BLOOD OF THE LAYING Ha DURING 

TIT PERIOD OF EGG FORMATION 

by 

DONALD BAKER PARRISH 

B. S. Kansas State College of 
Agriculture and Applied Science, 195$ 

wrioraosorsolorrowl01100 

A THESIS 

submitted in partial fulfillment of the 

requirements for the degree of 

MASTER OF SCIENCE 

Department of Chemistry 

KANSAS STATE COLLEGE 
OF AGRICULTURE AND APPLIED SCIENCE 

1938 



DOCCP- 
(AV 
L_D 

-11-438 

P31 
C. 2 

ii 

TABLE OF CONTENTS 

PART ONE. PHOfTHATAFE ANE INORGANIC PHOSPHORUS IN THE 
PLASMA AN:: WHOLE'; nocT OF TEE FOWL 

INTRODUCTION ANL REVIEW OF LITERATURE 0 3 

PROCEDURE 5 

DISCUSSION OF RESULTS 8 

CONCLUSIONS 32 

LITERATURE CITED 14 

PART TWO. FLUCTUATIONS OF THE PHOFPEATASE ANL INORGANIC 
PHOSPHORUS IN THE BLOOD OF THE LAYING HEN DURING 

THE PERIOD OF EGG FORMATION 

INTROLUCTI ON AND Rhif/EW OP LITERATURE 28 
METHODS USED 18 

RESULTS . . . 20 

DI SCUSS I ON . 27 

COT CLUSI ONS . $0 

LITERATURE CITED . . M. 

ACKNOWLEDGMENTS . . * a 33 



1 

PART ONE. PHOSPHATASP AND INORGANIC PUCEPHORTSS 
PLAYA AN!) MOLE BLOOD or THE FOWL 

INTROOTION ANL REVIEW OF LITERATURE- 

Recognition of the fact that the estimation of the 

serum (or plasma) phosphatase gives a somewhat earlier in- 

dication of the severity of rickets and the course of heal- 

ing than is shown by the concentrations of calcium and 

phosphorus in the serum has resulted in considerable work 

on this enzyme. 

Though relatively few reports are available which 

deal with the blood phosphatase of the fowl, our knowledge 

of the enzyme has been consideraTAy broadened by numerous 

studies on mammals. The possible function of phosphatase 

in the growth and disease of bone has been reviewed by Kay 

(1C)32) and has received attention in a symposium on asst.. 

fication 1 , More recently our knowledge of the significance 

of the enzyme has been reviewed by Cristol and Cayla 

(1936), an) Morris and Peden (1937). As pointed out in 

1 
Rept., 1933, Liecester Meeting British Association 

Advancement Science, Secretary's Transcription, p. 531. 



these reviews, clinical use is now being made of such 

studies. It has been shown by Hall and King (1931), and 

King and Hall (1931) that tissue phosphatase extracts of 

the fowl react in a manner similrr to those of mammals. 

Recently Common (1934, 1936) has studied the serum 

phosphatase activity in (a) normal birds from hatching 

to maturity, (b) laying birds receiving vitamin P supple- 

ment in the ration, (c) laying, birds receiving high and 

low calcium rations* and (d) rachitic chicks. He also 

studied a group of normal birds of various stages of de. 

velopment. Since so little is known concerning phos- 

phatase in the fowl, it might be well to summarize his 

findings. 

In his preliminary work, he found that (a) the values 

for laying hens were higher than those for cocks, (b) the 

values for pullets that had never laid were of the same 

order as for cocks, (c) there was no direct connection 

observed. between serum phosphatase and intensity of egg 

production, (d) adult layers and non-layers gave values 

not very different, (e) individual birds had serum phos- 

phatase values of the same order three months after the 

first determination, and (f) there was considerable varia- 

tion from bird to bird of the same group. In later exper- 
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iments, he found that there was no ainificant difference 

in the values between the sexes from the twenty-sixth. day 

till the onset of laying. Then as the birds matured the 

values for cocks decreased and. were of approximately the 

same order as found in an earlier experiment* The average 

for pullets was much hither; however, this value was 

arrived. at by averaing widely varying results, some of 

which. were as low as found in the preliminary work. 

ThIie Radiostol exercised no appreciable effect on the 

serum phosphatase of normal birds, severe rickets caused. 

greatly raised phosphatase values. Birds on a low calcium 

diet showed rapid increase of serum phosphatase on start- 

ing to lay. 

In their studies of the phosphatase of the adult 

fowl, Auchinachie an Emslie (1934) found that young ani- 

mals have higher values than adults. They likewise found 

Increased. phosphates° values in cases of rickets and other 

bone disorders, and there seemed to be no relation between 

record ,71 and phosphatase values. 

The same workers (op. cit.) have raised the question 

as to whether estimations of plasma (or serum) phosphatase 

activity will give any indication. of faulty calcium and 

phosphorus metabolism in fowls, or whether there is nor- 



mally such variation that phosphatase estimations have 

lirLited simificance. Then pullets were fed different 

amounts of vitemn P there was no Significant change in 

inorganic phosphorus; the serum values also showed the 

normal range for mature hens* The plasma phosphatase, 

however, shoed a wide and unexplainable variation. It 

was concluded by them, as well as by Common (1936), that 

there was no relation between the vitamin content of the 

diet and the activity of the plasma phosphatase. These 

workers feel, nevertheless, that there is more than a mere 

suggestion that an abnormally high plasma phosphatase 

aetivity does indicate tat conditions are not optimum for 

calcium and phosphorus metabolism. 

In view of the wide normal ranpe of plasma phosphatase 

reported by Common (1934, 193), and Auchinachie and 

Emslie (1934), it would appear that further studies de,. 

sinned to determine the factors responsible for these 

variations would be e. valuable and necessary preliminary 

to subsequent vitamin and mineral studies. In this study, 

data on phosphorus and phosphatase levels of the plasma 

and whole blood. of the male anti female birds at five and 

sixteen months of ai7.,e will be considered. 
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PROCEDURE 

All of the birds were bled from the wing vein. After 

removing the feathers covering the vein, a small v.-shaped 

cut was made in the skin directly over it. A small 

slightly curved needle was inserted into the vein with the 

point towards the distal end of the wing.. The blood was 

drawn at such a rate that the vein would not collapse. 

The syringe that was used was washed each time with a small 

amount of two per cent oxalate solution, and the blood was 

immediately transferred to tubes containing a small amount 

of oxalate which had been crystallized in the tube. The 

tubes were tilted several times to srlx the blood and the 

anti...coagulant; then they were placed in ice water until 

analysis could be made. The amount of blood necessary de. 

pended upon the particular type of analysis that was to be 

made - usually three to six cubic centimeters were drawn. 

The analyses were made as soon as possible after col. 

looting the samples. Phosphatese was determined by the 

method of Bodaneky (1931, 1933) with a slightly different 

procedure in that in the determination of the inorganic 

phosphate (an integral part of the phosphatase determine.. 
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tion) a modification. of the Fiske and Subbarow method was 

used. (Loch 1934, p. 150). In the ;;reparation of the 

plasma, a well mixed simple of -t:m oxalated blood was 

transferred to a small tube and centrifuged for ten min- 

utes. 

Early in this work, it was discovered that frequent- 

ly there was a significant difference between the phos- 

phorus and phosphatase values obtained on plasma and oxa- 

lated blood at the same bleeding* A detailed study of 

these differences and their variations with the age and 

sex of the bird gave interesting results. Plasma and 

whole blood values shown in. Series 1, Table 1 were ob- 

tained from, single bleedings. The results shown in Series 

2$ Table 1 are similar except that in some cases plasma 

and whole blood samples were obtained from bleedings of 

different birds; these have been averaged with the values 

from Series 1 where the birds were from the same flock and 

thus comparable. The birds used were strictly normal 

birds on normal feed with access to green range and sun- 

shine, except in one case as shall be noted. 

This work was carried out in the months of June, 

July, and August. 



Table 1. The range of phosphorus and phosphatase of whole blood and plasma. 

Series:Variety 

:Age :No. Phosphorus m- 100 cc. Phos hatase (Bodansk 
:in :in Whole blood : Plasma : Whole blood : P asma 

: Sex :months:group: Range :Average: Range :Average: Range :Average: Range :Average: 

I 

:R,I.R. 
:R.I.R. 
:R.I.R. 
:R.I.R. 
:W.L. 

:Male : 5 : 8 :3.9-5.1 
:Male : 16 : 2 :2.9-3.4 
:Female: 5 ; 6 :3.3-5.1 
:Female: 16 : 7 :3.1-3.9 
:Female: 5 : 3 :4.2-5.0 
:Female: 16 : 7 :2.9-6.1 
:Male : 5 : 10 :1.8-4.9 

: 

: 

: 

: 

: 

4.6 
3.2 
4.3 
3.6 
4.7 
4.0 
3.4 

:4.2-6.0 
:2.7-4.5 
:3.5-5.2 
:2.9-4.2 
:4.7-5.7 
:2.9-7.3 
:1.7-3.9 

: 

: 

: 

: 

: 

: 

5.3 
3.6 
4.5 
3.9 
5.3 
4.8 
2.9 

: 6.2-21.8: 
: 7.9- 9.1: 
: 9.0-31.5: 
: 7,2-25.1: 
:11.7-14.2: 
: 6.9-11.4: 
7.9-21.0: 

15.3 
8.5 

19.5 
12.2 
12.7 
8.0 

13.2 

: 4.5 -35.6: 
: 6.9- 8.6: 
:10.4-41.7: 
: 5.5-32.4: 
:10.4-22.0: 
t 5.3-13.1: 
5.9-28.3: 

21.9 : 

7.8 : 

26.5 : 

14.4 : 

15.9 : 

7.7 : 

15.9 : 

II 

:R.I.R. 
:R.I.R. 
:R.I.R. 
:R.I.R. 

:W,L. 

ON,L. 
:M.C.B. 
:M.C.B. 

:Male : 5 : 23 :3.9-6.5 
:Male : 5 : 10 t 

:Female: 16 : 15 :3.1-5.8 
:Female: 16 : 9 : 

:Male : 16 : 4 :1.8-3.6 
:Male : 16 : 2 : 

:Female: 16 : 13 :2.9-6.1 
:Female: 16 : 40 : 

:Male : 16 : 7 :2.3-5.3 
:Male 16 : 3 : 

: 

: 

: 

: 

: 

5.0 

4.1 

2.7 

4.2 

3.5 

: 

:4.2-6.0 
: 

:2.9-5.0 
: 

:1.7-2.5 

:2.9-7.5 

:2.7-3.8 

: 

: 

: 

: 

: 

5.2 

3.8 

2.1 

4.4 

3.3 

t: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

6.2-24.4: 

7.2-25.1: 

7.2-10.8: 

6.1-11.4: 

7.3-16.3: 

17.6 

12.4 

8.8 

7.2 

10.1 

: 4.5-35.6: 
: 

: 5.5-32.4: 
: 

:11.5-17.6: 
t 

: 2.2-20.6: 
: 

: 4.7- 6.7: 

19.7: 

14.0: 

14.6: 

6.8: 

5.8: 

Average values for 5 and 16 month old males and females 

Male 5 :33/20***:1.8-6.5 
Female: 5 : 9/9 :3.3-5.1 
Male : 16 :13/7 :1.8-5.3 
Female: 16 :28/49 :3.1-6.1 

: 

: 

: 

: 

4.5 
4.4 
3.2 
4.2 

:1.7-6.0 
:3.5-5.7 
:1.7-4.5 
:2.9-7.5 

: 

It 

: 

: 

4.0 
4.7 
3.0 
4.3 

: 

t 

6.2-24.4: 
9.0-31.5: 
7.2-16.3: 
6.1-25.1: 

16.2 
17.2 
9.4 
9.9 

t 4.5-35.6: 
:10.4-41.7: 
: 4.7-17.6: 
2.2-32.4: 

17.8: 
22.94 
8.9: 
8.1* 

*Normal laying hens. 
**tart layers and part out of production at this time. 
"'First figure refers to number in the whole blood group; the second to the number in the plasma 

group. 
R.I.R. - Rhode Island Red. W.L. - White Leghorn. W.W. - White Wyandotte. M.C.B. - Mixed Cross 

Breeds. 
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LISCUSSION OF RESULTS. 

The average plasma phosphatase value for five-month. 

old cockerels was 10 per cent higher than the average for 

whole blood. For pullets of the same age, the plasma 

phosphatase was 33 per cent higher* Similar comparisons 

for birds of sixteen months of age, however, showed a dif- 

ferent trend. In fact, plasma phosphatase values were 

lower than those for whole blood of both males and females. 

This tendency in the younger birds for the plasma to 

have a higher phosphatase value than whole blood is inter- 

esting in view of the work of AuChinadhie and. Emslie (1934) 

who found no significant difference when comparisons were 

made of the phosphatase activity of oxalated blood plasma, 

°native plasma°, and serum. These workers, however, did 

not include whole blood in their studies. 

Very striking differences were also found (Table 1) 

between the phosphatase values for birds of different ages, 

irrespective of whether the determinations were carried out 

on plasma or on whole blood Average phosphatase values 

were from 58 to 150 per cent (average 116 per cent) higher 

for birds at five months than for birds of corresponding 
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breed and sex at sixteen months. These results are in 

agreement with those of Auchinachie and slie (1934) who 

found that Rhode Island Red cocks at seven months had an 

average plasma phosphatase value of 9.6 units2, but thir- 

teen.4onth.eold birds had a value 50 per cent lower* or 4.8 

units. These workers did not find a wide individual variay. 

tion in the values obtained for cockerels, especially after 

they had reaced maturity, while pullets showed a somewhat 

wider range. In the present study, however, both cock.., 

erels and pullets showed a wide individual variation; while 

normal laying hens had only a slightly lower but much 

more variable phosphatase value than cocks of the same age. 

In regard to the variations of phosphatase with age, 

Common (1936) reports that for day-old ehicks a high ini- 

tial value 80-90 units increased to a maximum of about 110 

units at 10-12 days, followed by a sharp decline to 41050 

units at three weeks, after Which the values for male birds 

fell regularly until maturity. At five months of age, he 

r = ports values for White Wyandotte males and females of 

23.9 any. 23.6 respectively* The values are somewhat of the 

same order as those found in the present study on Rhode 

2 
Kay units have been converted to Bodansky unite 

(Auchinachie and Emslie, 1934). 
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Island Reds. 

A comprison of phosphatase values found in various 

studies is interesting. Auchinachie and Emslie (1934) 

report a value of 4.2 for White Leghorns at fifteen months, 

6.6 for Rhode Island Reds at fifteen months, and 9.3 for 

White Iyandottes at seventeen months. For 32 normal White 

Wyandotte laying hens, Common reports a value of 17.1. In 

the present work, a value of 6.8 was found for White 

Leghorns, and 14.0. for Rhode Island Reds at sixteen months 

of-ate« In view of these facts, there is an indication 

that the values for the heavier breed hens (i.e., Whit* 

Wyandotte and Rhode Island Red) are somewhat higher than 

those for the White Leghorn hens. 

Average plasma inorganic phosphorus values, unlike 

phosphatase, were not significantly different from the 

values obtained on whole blood. However, the plasma phos- 

phorus value for sixteen-month-old males was 25 per cent 

lower, and for females only 9 per cent lower than at five 

months of age. 

Roche and Filippi (1937) found. that in young rats, the 

phosphatase system of. the leg bones is fully activated and 

th' addition of Mg ions has no effect; whereas in the adult 
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the enzyme is present but only partly activated, so that 

in the latter case the addition of Mg ions produced a 

large increase of activity. They conclude that the enzyme 

is present in the latter case but the catalyst is neees. 

nary to obtain full activity. They further show that the 

variations in response of the tissue phosphatases are 

mainly due to the presence of inhibitors and impurities. 

It may be that the lowered enzyme of the older birds is 

due to the lack of an activator or the presence of an.in. 

hibitor. On the other hand, the physiological system may 

be such that the enayme is not maintained in the body in 

large amounts as maturity is reached* It has been pointed 

out by Kay (1932) that the phosphatese may be involved in 

both the calcification and the demineralization of bone. 

Mature birds, wheale skeletal tissues have passed the period 

of active growth,.may not have the need for phosphatese as 

required by growing birds. 

in the course of this work, advantage was taken of an 

opportunity to study the whole blood phosphatase of a 

group of ten.week.o/d White Leghorn Chicks which had been 

kept indoors sinee hatching on a ration deficient in vita - 

min A but adequate in other respects. The values proved 

to be practically identical with those obtained on controls 
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reeeivin an adequate ration (14.9 and 15.0). When the 

birds which had received the vitamin-A-deficient ration 

were placed an range, the average blood phosphatase value 

decreased from 14*9 to 12.6 units within a week, and the 

phosphorus decreased from 6.5 mg./100ce. to 5.3 mg./100cc. 

Auchinachie and. Email° (19341 report a similar ease in 

which a group of White Leghorn pullets which were receiving 

a cereal meat -meal mash" ration with access to oyster 

shell ad lib* consistently exhibited a much lower plasma 

phosphatase when they had access to sunshine than control 

groups which were kept inside even though the ration in 

the latter ease was supplemented with from 250 to 20,000 

units of vitamin D daily. Also of interest is the finding 

of these workers that the highest phosphatase values for the 

"sunshine" group did not occur at the time of minimum sun- 

shine (anuary and February) but in the early summer. 

CONCLUSIONS 

1. The average plasma phosphatase values for fiv - 

monthm.old cockerels and pullets were 17.08 and 22.9 units 

respectively. These values were respectively 10 and 33 

per cent higher than the average values obtained on whole 



13 

blood* Similar comparisons of sixteen-month-old birds 

showed the values for plasma to be lower than for whole 

blood, though the difference was not great. 

2. Average plasma and whole blood phosphates* values 

for birds at five months were from 58 to 150 per cent high-. 

or than for birds of corresponding breed and sex of six- 

teen months. 

3. There is an indication that the heavy breed hens 

(Rhode Island Red and White Wyandotte) may have higher 

phosphatese values than the lighter breed, White Leghorn. 
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PART TWO. FLUCT:;ATION c Off' THE PHOEPEATASE AND INORGANIC 
PHOS HORUE' IN THE BLOOD Or THE LAYING HEN DURING 

TEE PERIOD OP EGG FOCNATION 

INTRODUCTION AND REVIEW OF LITERATURE 

Feinberg, Hughes, and Scott (1937) have recently re- 

ported that the blood serum of laying hens showed a marked 

rise in inorganic phosphorus airing the period of shell 

formation* This increase is ascribed to the liberation of 

inorganic phosphate when calcium is drawn from the calcium 

phosphate of the bones to be laid down as calcium carbon*, 

ate in the shell. 

This view is substantiated by the findings of Deobold 

Lease, Hart, and Halpin (1936) that atout 10 per cent of 

the bone of hens on a liberal calcium ration is available 

for shell formation; and, further, by the work of ayes and 

Potter (1934) in which it was demonstrated that pigeons in 

a laying condition showed ossification of the bone marrow 

while ales and non*.laying females did not. 

Common (1932, 1933), as a result of his work with the 

excreta of hens, offered a similar explanation. He found 

a rise in the phosphorus content of the excreta correspond.. 
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lug to the period of shell formation and attributed the 

excess phosphorus to phosphate set free when the calcium 

was removed from the bones for shell formation. 

In view of the con idreble body of evidence which 

has accumulated pointing to the specific biological role of 

phosphatase in the deposition and maintenanee of the .mins- 

eral salts present in bones, it would seem that a study of 

the fluctuations of plasma phosphorus and phosphatase at 

definite periods between ovulation and oviposition of the 

egg might possibly answer the question as to whether phos- 

phatase is an active agent in shell formation. This ques- 

tion has been considered by Auchinachie and Email:. (1934) 

who have shown that in normal hens the serum phosphatase is 

not greatly affected by egg.laying but in hens suffering 

from vitemlno.D deficiency the value is increased during 

laying, and is perhaps due to the withdrawal of calcium 

from the bones. Common (1934, 1950 obtained results that 

were similar. He could not find a direct Connection be- 

tween serum phosphatase and intensity of egg production; 

but birds on a low calcium diet showed increased serum 

phosphatese on starting to lay, and the values remained 

higher than for the control during the course of the expels* 

iment. 
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Since previous reports indicate that the plasma phos- 

phatase of laying hens varies widely, it was decided that 

a study designed to determine whether these variations 

might be associated with the stages of the cycle of egg 

formation might contribute to the solution of this problem. 

In this study, data on the phosphatase and phosphorus con- 

tent of the plasma of laying and non-laying hens, at the 

different stages are presented. 

METHODS USED 

Laying hens were bled oat intervals during the cycle 

of egg formation, one hen being used for each complete set 

of bleedings* The intervals chosen were identical with 

those of Feinberg, Hughes, and Scott (107)* Three bleed- 

ings corresponding to various shell and non-shell deposit- 

ing periods were made, and about five cubic centimeters of 

blood were collected at each bleeding* The method of 

drawing and handling the samples has been described pre. 

viously 
1 

Since throe samples were taken from each bird, 

as great care as possible had to be taken to stop the flow 

Part 7)-r of this thesis. 
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of blood. immediately after withdrawing the needle from the 

vein. The method described by Feinberg (1937) was found 

to work in most cases. Bleedings one and two were made 

from the same wing vein in eases where the flow of blood 

stopped without intraveinous clotting; if that happened, 

it was necessary to make the second and third bleedings 

from the other wing vein. 

Period one (usually at 8:00.10:00 a. m,) represents 

the interval immediately following oviposition of the 

previous egg and the ovulation of the one under consider. 

ation. Period two, eleven and one-half to thirteen hours 

after oviposition, has been demonstrated by Warren and 

Scott (1935) to represent a time of rapid shell deposition. 

Period three was about twenty-six hours after oviposition 

of the previous egg, or about time for oviposition of the 

egg being studied. 

In this work, period two was not determined, as was 

the case in the work of Feinberg, Hughes* and Scott (1937), 

by the detection of a soft shell egg in the uterus by dig- 

ital cloaca' manipulation. Instead, the birds were bled 

at the three intervals described and the time of second 

oviposition was verified. To determine the influence of 

any diurnal factor, control non .laying hens were bled at 
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epproximately the same time as were the laying hens. Phoa- 

phatase and inorganic phosphorus were determined as has 

been &:seribed previously 2 White Leghorn hens were used 

throughout. All birds were on normal laying rations with 

access to sunshine and green range, except the young Bev-, 

en -month -old pullets were kept inside for the course of 

experiment (about one week). 

RESULTS 

The data presented in Table I were obtained on six., 

teen*month.old hens that had been laying moderately well 

for nine months. The average plasma phosphatase value of 

the nine non-laying hens increased during the successive 

periods - the value for period two being 16 per cent higher 

than for the first period, and the value for period three 

being 8 per cent higher than for period two. The average 

phosphatese value for 12 laying hens was 30 per cent high 

era at the period of active shell deposition than at period 

one, falling off only *lightly (6 per cent) just before the 

time for a second ovlposition. The fact that Phosphates* 

2 
Part One of this thesis. 
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Table 1. Averae level of plasma phosphorus and phosphs- 
tase.. of 12 layin and 9 non-laying: hens (age 16 months) at 
different stages of the cycle of egg formation. 

: Inorganic phosphorus Phosphatase 
mr. 100 cc.) 

: (B°41111t211111-1A1__: 
Bleeding: Non-laying : eying : Non. eYing-itaYing-t 
period"' : hens : hens : hens : hens : 

1 

2 

3 t 

4.7 : 4.0 : 8.4 : 5.9 

4.3 : 4.6 : 9.7 7.7 

4.5 4.4 : 0 . s 7.3 

* 
Period 1 - interval immediately following oviposition 

of the previous egg. 
Period P. eleVenwld one-half to thirteen hours after 

oviposition of the previous egg. 
Period 3 - about- twenty-six hours after oviposition 

of the previous egg. 

aW*RIMO* 

values were in all cases higher for period three than for 

period one is difficult to explain, especially in the case 

of the non- laying hens. There is the possibility that the 

frequent bleeding and handling were responsible. 

The inorganic phosphorus levels were not significantly 

different for any of tie three periods in the case of non 

laying hens, but a slight increase was observed for the 

laying hens during the period of active shell formation* 

Thus, for periods two and three respectively the inorganic 

phosphorus level was found to be 15 and 10 per cent higher 
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than that found in the first period, 

The investigator was unable to duplicate the findings 

of Feinberg, Hughes, and Scott (1937) who have reported 

that for layine hens the phosphorus level increased to 

177 5 per cent during the period of active shell deposis, 

tion0 As a matter of fwet the variations in inorganic 

phosphorus during the cycle of egg formation as found in 

the present study for laying hens corresponds almost iden« 

tically with that reported by Feinberg et alt for non-lay- 

ing hens (113.5 and 111 per cent respectively for periods 

two and three). Since the present observations were made 

during the very warm summer months (july August), it is 

possible that this discrepancy may have been due to teme 

perature or seasonal factors. 

A similar study of sevememontheold pullets in their 

first week of lay gave some interesting differences (Table 

2). Also included are values for ten.monthold cockerels 

bled at the same time. The average plasma phosphates° ve1.14. 

ue of 10 non*laying pullets, previous to coming into produe-* 

tion, was seven per cent higher for period two than for the 

first period as compared with a 15 per cent increase for 

the older birds. The average value for laying hens, how- 

ever was 35 per cent higher at the period of active shell dope 
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Table 2. Average level of plasma phosphorus and phosphatase 
of 11 laying, 10 non...laying pullets and 3 cockerels at dif- 
ferent stages of the cycle of egg formation. 

: Inorganic phosphorus : Phosphatase : 

Bleedo. : (mg/100 cc.) : (Bodansky units) 
ing :tayin,:Non-lay.: :Laying:Aon-lay.: 
period' :hens :ing hens:Cockerels:hens :ing hens:Cockerels: 

1 5.6 : 4.8 : 3.7 : 12.6 : 15.6 : 7.6 

2 : 7.8 4.1 3.7 17.0 16.6 8.1 : 

3 6.1 : 4.7 3.4 : 13.9 14.1 : 6.9 

*f....ame as Table 1. 

.1.1....... 

osition the at period one. This was only a small increase 

over that observed in the case of the sixteen-month-old 

birds. Although the values for cocks are lower, the per. 

centage differences are almost the same as those for non- 

laying hens. 

The most significant difference observed between the 

two age groups was in the case of the plasma phosphorus of 

the laying hens. Thus, for periods two and three respect- 

ively, the inorganic phosphorus level of the pullets was 

39 per cent and 9 per cent greater than that found in the 

first period, as compared with 15 per cent and 10 per cent 

for the older hens* 



The plasma phosphatase activity of pullets which had 

just begun to lay was considerably higher than that of 

birds which had been laying for sometime* The further 

observation that the plasma phosphatase of non.laying hens 

was in most cases slightly higher than that of laying hens 

suggested a special study of thea3.gropps. 

As shown in Table 3, the average plasma phosphatase 

of seven -month. -old pullets which had not yet begun to lay 

was 14.0 as compared with 12.7 for birds of the same age 

which were laying* In view of the wide individual varia- 

tion in both cases it is probable that the difference is 

not of great significance* However, somewhat greater imp 

portance might be attached to the values obtained on six*. 

teen*.menthrnold birds since the value for laying hens is 

50 per cent lower than for non- laying hens. Auchinachie 

and Emslie (1934), in a similar study, observed no signif- 

icant difference between the values for strictly normal 

laying and non laying hens. While Common (1934, 1936) 

found that non-layers showed en average phosphatase value 

tat was lower than for layers, he did not attach any sig- 

nificance to the results in the case of adult birds. It 

is interesting to note that for 32 adult White Wyandotte 

laying hens he found a greater range of values and a ten- 



Table 3. Range of phosphorus and pho*hatasc in the blood 
plasma of laying and non-/aying hens. 

:Inorg. phosphorus: Phosphatase 
:No. in: (m g/100 cc.) : (Bodansky units) : 

Group :group : Range :Average: Range :Average: 

Non-laying 
hens 
(7 months) t 14 t 3,7-6.4 : 4.6 : t 14.0 : 

Laying hens 
(7 months) : 16 : 3.0-7.8 t 5.2 : : 12,7 t 

Non -- laying 
hens 
(16 months) t 9 t 2.9.06.2 1 4.7 t 80.4 t 

Laying hens 
(16 months) t 27 t 3.1-5.9 $ 4.5 : 2.9-14.0 t 5.9 t 

dency for the values to be higher than in the case of the 

present study on White Leghorn: (Table 4). 
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Table 4. Distribution of phosphatase values (Bodanksy units). 

Twenty-seven White Leghorn hens 
(16 months old) 

Ranges 0-4 4-8 8-12 12-16 16-20 20.24 24-28 28-32 32-36 56-40 40-44 t 

No. t 4 19 3 1 0 0 0 0 0 0 0 t 

Thirty-two White Wyandotte hens* 

Range: 0-4 4..8 8-12 12-16 16-20 20-24 24-28 28-32 32-36 36-40 40-44 t 

No. t 1 3 10 4 4 2 2 4 0 1 1 2 

2 

*co mmon (1934, 1936). 
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DISCUEION 

It is interesting that the variations in the phos.- 

photose during the different stages of the egg cycle par- 

allel the variations in the values for inorganic phosphor- 

us. How such significance can be attached to the increase 

in phosphatese during the period of active shell deposition 

in the Case of the older birds might be questioned on the 

basis that the values for the control non- laying hens 

also increased during this period though not as markedly. 

If the norm laying hens are reliable measures of the un- 

controlled causes of variation to which the laying hens, 

were also exposed, then the validity of the values is more 

clearly brought out by expressing the plasma phosphates. 

activity of laying hens in terms of its percentage of the 

plasma phosphates(' value of non flaying hens. Thus for 

periods one, two, and three respectively the values of 70, 

80, and 70 per cent are obtained. A similar comparison on 

the percentage basis in the ease of inorganic phosphorus 

does not impair the relationship of the real values for in- 

organic phosphorus already pointed out. The values of 

85.1 107.0, and 98 per cent are obtained. The difference 
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in the phosphatase levels for periods cue and three are 

difficult to explain, especially since these periods are 

practically identical in the cycle of egg formation. It is 

of interest that a study of tie three periods in the ease 

of cockerels shows the phosphorus does not vary signifi.. 

cantly, but on a percentage basis the phosphates. Tarte.- 

tions are about the same as found for non- laying hens. 

As has previously been pointed out (Feinberg, Hughes, 

and. Scott (1937); (Deobeld, Lease, Kart, and Halpin 

(1936); (Nye. and Potter (1954), the hen has available a 

ready reserve from which she can draw calcium as rapidly 

as it is being deposited in the shell. As the calcium is 

drawn from the calcium phosphate of the bones inorganic 

phosphate is liberated and manifests itself in the in 

creased inorganic phosphorus level of the blood. 

No doubt the amount of calcium being absorbed from 

the digestive tract at the time of shell deposition would 

have an effect on the amount of calcium withdrawn from the 

bone for shell formation. This would influence the amount 

of phosphorus liberated at that times At no time during 

the present study was the calcium earbonste content of the 

digestive tract known. 

The significance of increased phosphatase is not so 
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easily explained. It may be that the enzyme plays an 

active part in the demineralization of bone. Common 

(1936), in studying this question, found that pullets on 

a low calcium diet showed greatly increased phosphatase 

levels in the blood and phosphorus excretion immediately 

on starting to lay. It has been suggested by Kay (1932) 

that phosphatase may synthesize: soluble phosphoric esters 

of calcium from some of the insoluble calcium phosphate of 

the bone. Again he suvests that the enzyme may be con. 

corned with the depositing of the phosphate in the bone. 

If this is the case, we would not expect the phosphatase 

level during shell deposition to be greatly higher than at 

other times of the day since the calcium phosphate re- 

moved froM the bone would need to be restored, at least in 

part if the hen is to remain normal. 

The possibility of phosphatase being an active agent 

In shell formation has been considered by Auchinachie and 

Ensile (1934) from a different viewpoint. From studies 

on the distribution of phosphatase in the .oviduct and 

ovary these workers have concluded that inasmuch as the 

phosphates. activity of the shell gland proved to be very 

low the enzyme must play, at the most, only a minor part 

in shell formation. Their studies of this phase of the 



problm, howsve., d16 not tnrivi6e a study. of the ehanros 

that oettl.rx 4Yurin g. tbe cycle of it-gr formation* 

CCNCLJI1A7U- 

1* The avcrege pia i':pci!,,rhatese valas for 12 

itv bent siniell had been layin moderstely uoll far nine 

months was 30 per cent hi4,7,hor att, Lks time of active shell 

deposition than at t-e start oi the twentywaix.ohour period 

of t4-.e ogc cycle* Analysis or the Isloot: plasma tor In** 

organl m'th e similtr period revealed 4 15 

per cent rise In t rue level. 

V* The aveiraF;e phosphates* value for U esvmumnontthi . 

old pullets in their ftrtt we or lay vets 35 per cent 

hic=or et the period of aetiv sAal deposition than at 

t ,o start of the twentpoetx.whour period of the egg cycle* 

Zurinr the same period, plasma inorganic pos orus rose 

Q per sent* 

* Ceolt rale 1c' eonstont phospherus 

values, val0 i atter; values loser an.:1 variations GI the 

swig or r as non-loyin;7 hens ior t s three poriods* 
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