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INTRODUCTIOH.

The study of milk secretion is not only of
interest in the more restricted domain of mammalian
physiology but offers results capable of immediate
‘application in the wider field of industry. At
the present time it is generally agreed that one of
the great soclal necessities is an adequate supply
of milk of a certain standard quality and it will
be apﬁreciated that this requirement calls for the
fullest information on the series of transformations
which take place between the food of the dailry cow =~.
the raw material of the dairy industry - and the milk
which she produces. OQur knowledge of mammary sec=
retion is most highly developed on the functional
side and a survey of the literature reveals the need
for a more detailed and exact treatment of the sub-
Ject from the blochemical point of view than has yet
been attempted.

The problems involved are many and there is
no method of approach which is at once completely
satisfactory and easily applied. They may be sum-
marised under two headings:

(1) the study of the substances utilised by the



mammary glands in the performance of their
secretory function,

(2) the study of the reactions by which the milk
constituents are actually synthesised in the
cells of the mammary glands.

Investigations have so far been limited to the
first study, 1.e. to attempts to identify the consti-
tuents of the blood (the precursors) from which the
specific milk proteins, fat and sugar are derived. The
reactions whereby these precursors are utilised in
the synthesis of milk products are, as yet, entirely
unknovn, but since this latter study is in large mea-
sure dependent on the former 1t has seemed advisable
to make this survey of the methods used and of the
conclusions which have been drawn.

The various constituents of milk-caseinogen,
lactose and fat are specific to the mammary secretion,
i.e. they are not encountered as the products of the
aetivity of any tissue of the marmalian organism other
than the mammary gland. It must be remembered that
the mammary gland is not supplied with the food mater-
ials in the form in which they are ingested. These
are subjected to extensive breakdown in the intestinal

tract and appear as metabolic units in the blodd




stream - the common medium of metabolic exchange in
the mammalian body. There is thus forced on the
mammary gland the necessity of selecting from the cir-
culating blood those constituents which may serve as
the precursors of milk protein, fat and carbohydrate.
If the ideal of complete correlation between the fi-
nished product and the raw material is to be approached
in the fileld of milk production it is evident that two
distinet relationships must be investigated:
(1) The relationship between the diet and the com-
position of:the blood,
(2) The exchanges between the blood-s%ream and the
mammary gland.

Our knowledge of the first of these relationships
is to-day fairly extensive and may, without presumption,
be considered applicable to the problems of milk pro-
duction, provided our knowledge of the second field
were equally developed. Unfortunately this is by no
meéans the case and the present study is an attempt to
initiate the treatment of milk production problems from
the point of view of the relationship existing between
the mammary gland and the blood stream.

In such a study it is apparent that there are two
main questions upon which data a¥e urgently required.
Firstly, it must be determined which blood econstitussits




act as precursors of milk protein, fat and carbohydrate,
and secondly, exact quaﬁtitative data must be obtained
on the relationship of the amounts of precursors absorbed
from the blood-stream and the amounts of milk constitu-
ents secreted. Sporadic work has been carried out by
previous workers and before any description of the present
experiments can be considered a critical review of previous
findings must be made.

It will be convenlient first to give some account
of the study of the precursors of milk sugar, protein
and fat in turn by all the methods which have been em-
ployed, and secondly to discuss the technique of the

methods themselves.

The Precursor of Lactose.

Since the lactose of milk is pecullar to the
mammary secretlion and does not occur in the blood or
lymph, it must be formed in the mammary glands them-
selves from material brought thither by the blood-
stream. Lactose 1s a disaccharide composed of glu-
cose and galactose. It was at one time belleved
that all sugars were convertqd into glucose.in the
~course of their passage from the intestinal tract to
the portal circulation. The work of Cori and Cori

(1928) and Corley (1928) has shown that monosaccharides




of all kinds are absorbed as such into the blood stream
and that only on passing through the liver are they con-
verted into glucose,. The blood supply to the mammary
gland has then glucose as one of the necessary components
of milk sugar.

The first work on the utilisation of blood sugar
to be considered is that of Chauveau (1856) who found
that the concentration of sugar in venous blood was al-
ways lower than that in arterial blood, the difference
being accounted for by the uptake of sugar during the
passage of the blood through the tissue. Bert (1884)
removed the mammary glands of young goats, and had them
bred. Pregnancy was normal and they gave birth to
their young. Bert examined the urine immediately after
parturition and found that it contained sugar, whereas
the urine of intact goats examined after the birth of
young did not contaln sugar. From the results of
such experiments Bert formed the opinion that immediate-
ly following parturition the blood receives an additional
supply of sugar from some source.- presumably the liver -
and that this sugar 1s utilised for the synthesis of
milk sugar. When there are no mammary glands and con-
sequently no mammary secretion the excess sugar in the.
blood is excreted in the urine.

Porcher (1909) performed similar experiments whieh



confirmed and extended the work reported by Bert. He
found that post-partum glycosuria in goats from whom
the mammary glands had been removed was accompanied by
hyperglycaemia, and also that the sugar excreted in the
urine was glucose and not lactose. The post-partum
glycosuria was only af short duration.

Removing the mammary glands from lactating goats,
Porcher found hyperglycaemlia and glycosuria to exist for
a few hours after the operation. In both types of
experiment the effects mentioned were marked for less
than twenty-four hours and disappeared within three or
four days.

From this work the theory was again formulated
that during lactation dextrose is thrown into the blood
by some organ - probably the liver - and that this dex-
trose may be the precursor of milk sugar.

Contradictory evidence was put forward however.
Neither Bert nor Porcher were sble to confirm their
tesults using guinea-pigs as experimental subjects.
Marshall and Kirkhess (1907) working on guinea~pigs
also obtained results which negatived the theory.

Moore and Parker (1900 - 01) performed experi-
ments similar to those of Bert on two goats. The urine
of one of them after parturition showed a slight increase

in reducing power, The exact interval between parturi-




tion and urinary collection and examination was however
not stated by these workers.

Foa (1907 - '08) removed the mammary glands from
two 1ac£ating goats but found that each operation lasted
seven hours. He did not examine the urine until three
hours after operation. Anaesthesia and operation are
likely to have an effect on blood sugar values so that
this method is not so satisfactory as the one first used
by Bert and afterwards by Porcher,

Kaufmann and Magne (1906) wished to examine the
consumption of blood glucose in the mammary gland under
varying conditions of activity. Taking account of the
findings of Chauveau, these workers considered that
jugular blood might be taken to represent mammary arterial
blood minus the sugar actually oxidised in the secreting
cells of the mammary gland. Accordingly they took
samples simultaneously from the jugular and abdominal
subcutaneous veins of four cows, one of which was not
lactating. They found that the blood coming from the
mammary glands of lactating animals had a lower concen-
tration of sugar than the blood of the jugular vein.

The percentage difference in sugar content of the two
bloods varied in the several experiments from 7 to 30 per
cent. The sugar contents of the two bloods from the

one non-lactating cow examined were the same. Kaufmann



and NMagne drew the followipg conclusiona from these ex~-
periments.

1. In the mammary gland at rest the consumption of
glucose is the same as in the tissues of the head.

2. When the mammary gland is in active secretion, the
blood traversing it ioses more glucose than that drain-
ing head tissues.

3. TImmediately before parturition the glucose consump-
tion of the gland is increased and there 1s lactosuria
which persists until several days after parturition.

Taking the blood samples at various stages of
lactation, they found that the consumption of glucose
in the gland was variable.

These conclusions have been taken as strong sup-
port of the view that dextrose is the precursor of
lactose.

. Foa (1907, 1911) removed the mammary glands from
sheep and preserved them in Ringer's solution at body
temperature. Perfusing the glands with Ringer's solu-
tion, with mixfures of blood and Ringer's solution, and
with Ringer's solution to which various substances had
been added, he determined the quantity of dextrose in
the various pérfusion mixtures before and after circu-
lation through the gland and also the nature of the sec-

retion in each case. = Perfusing with Ringer's solution

P



alone the fluid secreted by the gland contained no
lactose, Perfusing with a mixture of blood and
Ringer's solution, milk contalning lactose was sec-
reted and the dextrose content of the perfusion liquicd
was found to have diminished. Fod found it possible
to increase the lactose concentration of the milk sec-
reted by adding dextrose to the perfision fluld. Using
Ringer's solutlion with added dextrose as perfusion mix-
ture, the gland secreted a watery fluld containing lac-
tose. When galactose took the place of dextrose, no
lactose was secreted. These resulté again furnished
strong evidence in favour of the view that the lactose
of milk might be formed from the dextrose of the blood.
Morgen and others (1904 - 1906) carried out an extensive
survey on the effect of diet on the coméosition and yileld
of milk, They found that the coneentration of lactose
did not vary appreciably with changes in the ration,

Eckles and Palmer (1916) found that feeding cows
on rati¢ns inadequate for maintenance and milk production
produced no changs in the lactose content of the milk
secreted. From the results of these  experiments there
i8 no doubt that the lactating animal can draw upon re-
serves of carbohydrate in the body for the maintenance
of the lactose content of the milk.

Cary, reported by Meigs (1922) repeating Kaufmann
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and Magne's experiments, found that the mammary venous
blood contained about 24% less sugar than the jugular
blood of lactating cows; the mammary plasma about 327
less than the jugular plasma,

Summarising the foregoing evidence, it appears
that the majority of the experiments performed support
the view that lactose 1is derived from the glucose of
the blood, the supply of which can be adequately main-

tained by the liver from its glycogen stores.

The Precursor of Milk Protein.

Using his perfusion method, Foa (1911 - 12) in-
vestigated the problem of the secretion of milk protein.
His results were mainly negative. Perfusing the ex-
cised mammary glands of sheep with Ringer's solution and
various forms of protein he was unable to demonstrate
the presence of protein in the fluld secreted, and con-
cluded that milk proteln was derived from some consti-
tuent of the blood other than protein.

The knowledge of protein metabolism formuilated by
Delaunay (1913), Folin and others (1912) and Van Slyke
and Meyer (1912~ 13) has shown that protein metabolism
is essentially the metabolism of the emino acids.

Delaunay, using the formol titration method, and

Van Slyke and Meyer, the nitrous acid method, were able

to demonstrate measureable amounts of amino acid nitrogen
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in protein-free blood filtrates, Several amino acids
were then isolated from protein free filtrates by Aber-
halden (1913) and by Abel, Rowntree and Turner (1914)

from filtrates obtained by vividiffusion of the circul-
ating blood. That these amino acids are the products
of protein digestion was shown finally by Delaunay (1913),
Van Slyke, Cullen and McLean (1915), Folin and Berglund
(1922) and by Witts (1929).

In 1920, Cary, investigating the possible role of
these amino acids in the synthetic activities of the
mammary gland, applied the technique of Kaufmann and
Magne to the study of the precursor of milk protein.

He found that the jugular blood and blood plasma of
lactating animals had a higher content of amino acid
nitrogen than the mammary venous blood and blood plasma,
the two samples being taken simultaneously. No such
differences were found in the blood of non-lactating
cows., Cary concluded that this apparent loss of amino
acid nitrogen 1n the lactating state could be accounted
for by the uptake of blood constituents by the mammary
gland, and that the differences observed were of suf-
ficlent magnitude to establish the amino acids of the
blood plasma as the precursors of milk protein.

The results of Van 8lyke (1917) suggest that the

liver, immediately it receives the amino acids of the
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blood coming from the intestinal tract, begins to
deaminise them. It may well be that this hepatic
action 1s gselective - if so, it may change the qual-
ity of the amino acid mixture of the blood to bring

it more closely in accord with the proportions of the
various amino acids composing milk protein. If, for
any reason, an animal is in negative nitrogen balance
it may maintain a constant level of amino acid nitrogen
by utilising the amino acids of the tissues. In this
case, instead of passing through the liver to enter

the systemic circulation, the amino aclids may clrculate
several times before undergoing the deaminising and
selective action of that organ.

Again, the liver may modify its deaminising ac-
tivity according to the balance of nutritive materials
other than proteiln. Carbohydrate shortage in the
animal body may be made up from pfotein sources 1in the
diet if the deaminising activity of the liver is stimu-
lated. It appears then that the quality of the amino
acid mixture circulating in the blood may change in ad-
dition to or without change in the quantity of amino
acid nitrogen. In this connection 1t is interesting
to note that Folin and Denis (1912) found that when
singlg amino acids were injected into the intestinal

tract, there followed a rise in amino acid nitrogen in
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the blood (estimated as non-protein nitrogen - urea
nitrogen).

Cary (1921 - 1922) carried out three experiments
designed to correlate changes in the quality and quan-
tity of the amino acid mixture of the blood of lactating
animals with dietary changes and milk yields., The
general conclusions of these experiments were:

1. that the changes in diet produced changes in the
quality of the blood amino acid mixture as well as in
the quantity of amino acid nitrogen per 100 cc. of
blood;

2. that milk secretion is markedly affected by these
changes;

3. that protein metabolism is intimately related with
the metabolism of carbohydrate and fat.

In later investigations Cary claims to have shown
experimentally that the specific amino acids, tyrosine
and tryptophane are utilised by the mammary gland for

the secretion of milk protein.

The Precursor of Milk Fat.

Investigations on the origin of milk fat were
made by Foa (1911 - 12) using his mammary gland per-
fusion method. He found that the watery fluid sec-

reted by an excised mammary gland perfused with Ringert's



14.

gsolution contained no fat, Foa added, firstly,

olive oil, and, secondly,.tri-olein to Ringer'!s solu-
tion and perfused the excised gland with the emulsions.
The fluid secreted by the gland contained fat in glo-
bules resembling microscopically the globules of milk
fat. The iodine number of these fat globules was
lower than that of the original fat of the perfusion
mixture. Thus he claimed to have shown that the gland
had utilised fat in the form of glycerides and suggested
that the triglycerides of the blood were the precursors
‘of milk fat.

Meigs, Blatherwick and Cary (1919) published re-
sults leading to conclusions at variance with those of
Fod, In a study of the phosphorgps metabolism of the
mammary gland using the experimental method of Kaufmann
and Magne, they analysed the plasma of jugular and mam-
mary venous blood of milking cows for phosphatid and
inorganic phosphate. They regarded the total phos-
phorus of the plasma as divided between these two classes
of compounds only. It should be noted however that
Feigl (1917) and Bloor (1918) had previously reported a
third kind of phosphorus in plasma. Méigs, Blatherwick
and Cary found that the mammary venous blood.invariably
contained less phosphatid than jugular blood, but that it

had a higher content of inorganic phosphate. These
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changes in the distribution of phosphorus between the
two types of compound on passage through the mammary
glands appeared to compensate one another, and on these
facts leigs, Blatherwick and Cary based the opinion

that milk phosphorus and milk fat are derived from the
phosphatid of the blood. They concluded that since
the proportion of phosphorus to fatty acids in the phos-
phatids of the blood is probably about 1 to 20 as com-~
pared with 1 part of phosphorus to 50 parts of fat in
milk, that the mammary gland receives more phosphorus
with a given amount of lipoid than it requires to main-
tain the normal phosphorus fat ratio of the milk, and
that the excess phosphorus is returned by the gland to
the efferent blood as inorganic phosphorus, thus accoun-
ting for the compensating effects observed. They stated
however, that this phosphorus work was greatly affected
by the degree of dlsturbance to the animal in the course
of blood sampling.

If the amount of fat fed to a milking cow is re-
duced to below 1 gm. per kgm. of body weight, the con-
centration of fat in the milk secreted 1s diminished
together with the total yield (Morgen, Beger, und”®
Fingerling, 1904 - 1906,. Morgen, Beger und Westhausser,
1907). This should be accompanied by changes in the
phosphatid content of the blood if Meigs, Blatherwick



and Cary's conclusions are justified, but, as yet, this

has not been shown.
Methods.

The work summarised in the foregoing section may
also be classified under the headings of three experi-
mental methods. These I now propose to outline with
some critical discussion of each, leading up tb the
choice of an experimental method to further the study
of the absorption of milk precursors by the mammary
gland.

1. The perfusion of the blood vessels of excised
mammary glands with solutions of known composition and
the examination of the resulting secretion.

This method, originated by Foa (1907) has yielded
some very interesting results, but it is not wholly re-
liable. The excised gland rapidly becomes oedematous
during the course of the perfusion experiments and in
this condition it is possible that the cells of the
gland may become permeable to substances which would
not normally galn access to the secretory tissue.

2. The énalysis of the blood and milk of animals on
varying rations, attempting to correlate any changes
which may take place in the composition of these two

fluids.
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The work done by this method is scanty and unco-
ordinated. It requires an adequate knowledge of the
correlation of blood chemistry with mammary secretion
and dietary history such as does not exist at the pre-
sent time. The work in this field is also retarded
by the lack of suitable methods of blood analysis but
when these initial difficulties are surmounted and the
relation of the blood stream to the mammary secretion
founded on a secure basis it may yleld results of prac-
tical importance. It has been employed to some ex-
tent by Cary (1921, 1922). .

3. Analysis of blood before entering and after leav-
ing the tissues of the mammary gland in the expectation
that absofptiqn of the precursors of milk constituents
from the blood can bevdemonstrated as apparent losses
in the efferent blood.

This method was adopted with modifications by
Kaufmann and Magne (1906) and employed by Meigs, Bla-
therwick and Cary (1919) with results summarised in
the section on the precursors of milk constituents. It
seemed probable that this method of experimentation
would be the only one capable of affording conclusive
evidence on the nature of the precursors of milk con-
stituents which could be used as a basis for future work

on the study of the synthetic activities of the mammary
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gland and on the correlation of many factors in the
animal economy.

Accordingly, I shall discuss the method in detail.
It is first necessary to consider the blood supply of
the mammary glands.

The mammary gland receives its blood supply from
the external pudic arteries. Arterial blood, leaving
the heart by way of the aorta, divides into the internal
and external iliacs under the fifth or sixth lumber ver-
tebra. The external iliac descending becomes the
femoral artery at the internal border of the pubis. Here
the prepubic artery arises which later divides into the
posterior abdominal and external pudic arteriles, The
latter continues downward and divides into the abdominal
subcutaneous and mammary arteries. These mammary ar-
teries enter the mammary gland. They are deeply em-
bedded in the tissues and are inaccessible without
serious disturbance to the animal.

Emerging from the mammary gland in a large number
of vessels the venous blood is united in the mammary or
milk veins at the base of the gland. Five veins carry
the blood away from the udder - two subcutaneous abdom-
inal, two external pudic and the perineal veins. The
subcutaneous abdominal veins are usually termed the milk

veins: they atart from the fore part of the udder, pass
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along the outside of the lower abdominal wall and through
the foramens (or milk wells) to the internal thoracic
vein, which empties into the anterior vena cava, The
blood of the other three veins, which are smaller than
the abdominal subcutaneous veins, unites in the external
iliac and finally joins the posterior vena cava. The
abdominal subcutaneous veins are readily accessible with-
out disturbance to the animal. The ideal method, there-
fore, of determining whether any given blood constifuent
takes part in the secretory process would be to compare
the concentration of that constituent in the blood before
entering and after leaving the gland. A diminished
concentration of any constituent in the efferent blood
~would indlicate utilisation of that substance by the
mammary gland.

Sincé the mammary artery is inaccessible the prob-
lem of securing samples of arterial blood with which the
compariéon of analytical figures for mammary venous blood
is justified, is therefore one of considerable practical
difficultj and was first encountered by Kaufmann and Magne
(1906) who wished to investigate the consumption of blood
glucose in the gland under varying conditions of activity.
Their results are considered under the section on the pre-
cursor of lactose, These workers chose the concentration

of sugar in the blood of the jugular vein as a standard
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with which to compare the concentration of sugar in the
mammary venous blood and justified their procedure on
the following grounds.

According to the findings of Chauveau (1856) the
concentration of sugar in venous blood 1s always lower
than that in arterial blood, the difference being accoun-
ted for by the uptake of sugar during the passage of the
blood through the tissues. Kaufmann and Magne therefore
considered that jugular blood might be taken to represent
mammary arterial blood minus the sugar actually oxidised
in the secreting cells of the'mammary gland. Any d4if-
ference in concentration between jugular and mammary
venous bloods would then be accounted for by the secretory
activities of the mammary gland.

Later work on the nature of the non-sugar reducing
substances of the blood, and the fact that the energy
consumption of the mammary gland is not necessarily equal
to that of the tissues drained by the jugular veins in-
troduce new considerations into the question of the appli-
cability of this technique to the study of the seecretion
of milk sugar. These will be considered in detail in
the experimental section on milk'sugar and I shall mean-
time pass to the consideration of the application of this
technique to other possible milk precursors.

The technique of Kaufmann and Magne was adopted by
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Meigs, Blatherwick and Cary (1919) and Cary (1920) the
former in a study of the phosphorus metabolism of the
mammary gland, snd the latter in support of a clalm that
blood amino acids are the precursors of milk protein.

(See sections on precursors of milk protein and fat.)
These workers justified their procedure by an argument
which differed from that employed by Kaufmann asnd Magne.
They held that since the tissues drained by the jugular
vein were mainly muscular, changes brought about in the
phosphorus or sugar content of blood passing through them
would be negligible in comparison with those brought abdut
by passage of the blood through the mammary gland. Fi-
nally they concluded that the blood of the jugular vein
might, for all practical purposes, be assumed to be iden-
tical with the arterial blood going to the tissues drained
by that vein and hence be identical with the blood supply
of the mammary artery.

In the absence of experimental evidence in support
of thelr contention it 1s difficult to accept the many
conclusions arrived at by these workers from thelr analy-
tical results: a final conclusion can, in fact, only be
reached 1f analytical values are available for arterial
blood samples - a procedure which I have adopted.

In addition to the intervention of tissue metabolism

between arterial blood and jugular (venous) blood and the
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consequent difficulty in the interpretation of analy-
tical values obtained for jugular blood, there are other
effects, unrecognised by previous workers, which may ef-
fect modifications in the venous blood draining from |
either mammary tissue or from the tissues of the head and
neck. Before proceeding to the comparison of the con-
centrations of any given constituent in two bloods drawn
from different sources, it must be ascertained that no
water has been lost from the blood either to the tissues
or without the body. The lactating animal on the aver-
age secretes dver a period of 12 hours about 10 litres of
water as milk. This may result in concentration of the
blood and the question must be considered whether or not
the haemo~concentration so produced is of sufficient mag-
nitude to be reflected in analytical figures.

A secretion of 10 litres per 12 hours is equal to
a secretion of about 14 cc. of water per minute and would
therefore require a veloclity of flow of blood through the
mammary gland of only abéut 1.5 litres per minute to glve
a 1% concentration of the blood. As the velocity of
flow of blood is probably very much higher than this it
follows that the haemo-concentration due to secretion of
water by the mammary gland is negligible so far as analy-
tical figures obtained for mammary venous blood are con-

cerned.
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The loss of water from the blood in its passage
through the tissues of the head and neck might, however,
be a quantity of greater magnitude. Schalk and Amadon
(1928) estimated the activity of the salivary glands of
the ox as constant at some 60 or more litres of saliva
per 24 hours. Such a secretion may make heavy demands
on the water of the blood supply, and when one considers
that part of the blood in the jugular vein is drained from
the salivary glands, it is apparent that this constant
flow of saliva may result in appreciable haemo-concentra—
tion in the jugular (venous) blood.

Although previous workers have failed to recognise
that analytical values for jugular and mammary bloods
may not be strictly comparable there are indications of
such a possibility to be found in their work. - For
example, Meigs, Blatherwick and Cary have noted that sam-
ples of jugular and mammary bloods taken simultaﬁeously
from the same animal do not always have the same percen-
tage corpuscular volumes. They do not discuss this
fact fully in their paper nor do they seem to have real=-
ised the possible effect of such a difference on thelir
analytical values for other blood constituents.

Loss of water from the blood will be reflected in
the concentration of the indiffusible constituents. Ac-

cordingly the first question I have investigated experi-
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mentally 1s the concentration of indiffusible constitu-
ents in samples of blood taken simultaneously from dif-
ferent regions of the bodies of lactating and non-lac-
tating animals, The constituents chosen - percentage
corpuscular volume and iron content - are those most
likely to be accurate indices of the amounts of water
contained in equal volumes of blood from different sour-
ces. The aﬁount of iron in milk is so small that it
may be taken as negligible for the quantitative aspects
of this investigation. | .



The Modifying Influence of Salivary
Secretion on Jugular Blood and 1its
Relation to the Technique of Kaufmann

and Magne.
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The Modifying Influence of Salivary
Secretion on Jugular Blood and its

Relation to the Technique of Kaufmann
and Magne.

o - D am v " - -

If arterial blood on passage through the tissues
of the head and neck loses water to the salivary glands
the efferent blood will be more concentrated than the
arterial blood with respect to those of its constituents
which are not utilised by the tissues in their metabolic
and secretory activities. This may be illustrated di-

agramatically as follows:

100x

100 = x | 100 =- x -3 3100 -(TBB—:—§)'

‘ x 100x
R . (100 - 3) .

Ju—

Fig. 1. Fig. 2. Fig. 3.

If Fig. 1 represents 100 cc. of arterial blood containing

x cc. of corpuscles, then the volume of the plasma associ-

ated with x cc. of corpuscles is (100 - x) cc. Let this

arterial blood be subjected to the influence of the sall-
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vary glands where %t will lose y ce. of water. 100
cc. of arterial blood has now become (100 - y) cc. of
venous blood (Fig. 2.). Associated with (100 = y) cc.
of venous blood there are still x cc. of corpuscles,

In 100 ce. of venous blood there are then _EQQEL. cc.

(100 - y)
of corpuscles, i.e. it is possible that jugular blood

may show a concentration effected by the salivary glands
in an increased corpuscular volume. (Fig. 3.)

Loss of water to the salivary glands will also
affect the haemoglobin content of the blood. This
point may be investigated by determining the iron con-
tent of the blood since the iron associated with haemo-
globin is indiffusible and hence independent of inter-
changes between the blood and tissues other than that

of water.

Experimental.

The arterial blood for the purposes of this in-
vestigation has been taken from the radial artery which
is accessible in the intact animal, although not always
without serious disturbance. Blood from the jugular
and mammary veins may usually be readily obtained. Blood
samples were taken simultaneously from the jugular and
mammary veins and from the radial artery of lactating

and non-lactating cows. The animals were not dlsturbed
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untll a few minutes before sampling, and usually no
anti-kicking device was necessary other than a rope
on the rear legs., A sterile needle was quickly in-
serted in one of the abdominal subcutaneous veins
close to its point of emergence from the tissues of
the udder. A steady flow of blood was readily ob=-
tained. Within two minutes (maximum interval) a
similar needle was inserted in one of the jugular
veins - from which a sample of blood was also quickly
obtalned.

Using a shorter needle of narrow bore a sample
of blood was then collected from the radial artery.
It was found that arterial puncture of non-aesthetised
cows was a procedure attended by considerable disturbd-
ance with most animals, Whenever 1t became apparent
that the disturbance‘was likely to be pronounced the
sample was abandoned, since, unless a rapid flow of
true arterial blood was obtained, the results were
likely to be vitiated. Only in eight cases were
full blood samples from all three sources obtained with-
out disturbance.

The samples, each about 60 cc. volume, were re-
ceived in sterile glass-stoppered bottles.containing 0.1

g. of potassium oxalate as anti-coagulant.

It may be noted here that this experimental tech-
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nique differs considerably from that of Meigs, Blather-
wick and Cary (1919) and Cary (1920) who reported that
the samples analysed by them were frequently obtained
after considerable disturbance. Their samples were
taken by means of a trochar and cannula inserted in the
jugular and mammary veins, the samples collected simul-
taneously from eaéh veln being as large as 400 - 500 cc. =
a volume equal to almost z%th of the total blood of the
average COW. By the use of 1ﬁproved micro-methods I
have found it possible to carry out a full series of
analyses in duplicate on a volume of blood which can be
much more readily obtained.

The samples were immediately analysed for:

1. Corpuscular Volume.

'Blood from sach source was centrifuged in duplicate
ﬂ%matocrit tubes at 3,500 revs. per minute until constant
volume was attained. It has been shown (Osgood 1926)
that the presence in blood of anti-coagulantsrsuch as
potassium oxalate may affect corpuscular volumes, but
since the amount of oxalate used was always minimal and
the same for each blood, the slight effect of its addi-

tion was negatived.

2. Iron Content.

The concentration of iron in 2 cc. samples of each
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blood was determined by a micro-method elaborated for the
purpose of this investigation and reported in the appendix.
The results of analyses of samples of blood from
seventeen different animals, ten of which were lactating
and seven non-lactating at the time of sampling, are given

in Table 1.

Table 1.

Cow Lactating Corpuscular volume (per Iron content (mgms Fe

No.

OCOTIOUIPd W

or Non- cent) per 100 cc. blood)

lactating jugular arterial mammary jugular arterial mammary
Lactating 33.5 = 30.5 30.5 37,04 35,26 35,06
" 36.5 34,0 33.5 42,32 39.34 38,94

" 41,0 39.0 "39.0 38.75 37.71 37.33

" 39.0 38,0 37.0 36.69 35,14 34.26

" 37.0 36.0 36.0 40,86 39.29 39.50

" 36.0 - 34.5 39.65 - 38.39

" 33,0 - 31.0 40.25 - 38.66

" 36,0 - 36.0 37.96 - 37.07

" 43.0 - 42,0 38.75 - 36,94

" 42.5 - 40.5 41.83 - 39.77
Non-lactating 41.0 38.5 38.5 39.31 36.28 36.81
" 36.5 35.5 35.5 34.74 - 32.94

" 32.5 29.0 30.0 34.23 32.56 33.46

" 38.3 34.3 34.8 37.28 34.60 34.89

" 30.0 - 28.0 38.12 - 37.27

" 34,0 - 31.5 43.56 - 41.88

" 36.0 - 33.5 37.70 - 35.77

Table II has been constructed from the data of Table
I and shows, in each case, the differences between juguler,
arterial and mammary bloods in corpuscular volume and iron

content expressed as percentages of jugular values.
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Discussion.

The differences in the contents of indiffusible
constituents are found'in lactating and non-lactating
animals alike, and cannot therefore be the result of the
state of activity of the mammary gland. This conclu-
slon receives support from the observation that mammary
venous and radial arterial bloods bear a close resem-
blance to one another and that jugular blood .differs from
each 1in approximately the same degree. Any differences
between arterial blood and mammary venous blood anslyses
are not consistent and are'not of a magnitude which may
be regarded as significant when the various analytical
procedures are considered. A scrutiny of the differ-
ences between jugular and arterial, and jugular and mam=-
mary bloods show that they are consistently in the same
direction and of a magnitude outwith the range of any ex-
perimental error.

The conclusion may then be drawn that the circum-
stance responsible for the differences obtained is con-
ditioned by interchange between blood and tissues in the
course of the circulation of the blood through the head
and neck. It has been shown that loss of water from the
arterial blood might be expected to cause an increase in
concentration of venous blood chstituents. This appears

to be the point which the data presented illustrate, and

»



32.

it is thence apparent that the withdrawal of water from
the arterial blood by the salivary glands is of sufficient
magnitude to bring about an appreciable concentration of
the blood resulting in a consistent increased value for
corpuscular volume and iron content of jugular samples.

The concentration of diffusible blood solutes, as
well as of those indiffusible, will be affected by loss
of water to the salivary glands and erroneous interpreta-
tions of analytical figures are likely to arise unless this
fact is realised.

The determination of the degree of haemoconcentration,
however, enables the effect of this factor on the concentra-
tion of a diffusible biood constituent to be allowed for.

Let x = mg. Iron per 100 cc. jugular blood.

¥y = mg. Iron per 100 cc. mammary blood
then the degree of concentration of jugular
blood is given by %

Let p - mg. sugar (or amino acid nitrogen etc.)
per 100 cc. jugular blood,
then p % = mg.sugar per 100 cc. jugular blood

if no loss of water to the salivary

glands had taken place.

The application of such a factor enables analytical
values for jugular blood to be compared directly with

values for arterial and memmary venous bloods since it
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negatives the effect of loss of water to the salivary
glands,

For the calculation of the correction factor I
have chosen the values given by iron determinations in
preference to those given by corpuscular volume measure-
ments because the estimation of iron is not attended by
those inaccuracies inherent in haematocrit technique.

In addition to these factors there is the possible
influence of the lymph drainage on the concentration of
venous blood solutes which might be considered. Sampling
the lymphsatic circulation would be a matter of great dif-
ficulty and could not be considered when drawing up this
experimental plan.' It is probable, however, that its
effect would be in the same direction as that of the -
salivary glands but it is unlikely that its magnitude

would be appreclable.

- wm om am ow ow cm gw s wo = o - -
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to Lactose Secretion.
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The Relation of Blood Sugar Absorption
to Lactose Secretion.

The amount of blood sugar absorbed by the mammary
gland is a quantity the accurate determination of which
is necessary, not only to decide the nature of the pre-
cursor of lactose, but also in problems concerning the

relationship of mammary secretion to the general meta-

bolism of the animal. There are certaln considerations
which suggest that the results of Kaufmann and Magne do
not give a true measure of this quantity.

In the first place, the assumption that the energy
requirements of the mammary gland are identical wlith those
of the.tissues of the head and neck remains as yet unjus-
tified. This point can indeed be declded only when sugar
values for arterial blood samples are available for com-
parison with those of jugular and mammary blood samples
taken simultaneously. Further, since the investigation
by Kaufmann and Magne was reported it has become evident,
principally from the work of Somogyi (1926 - 29), that a
considerable fraction of the material estimated as blood
sugar by the older methods of analyslis consists of non-
sugar reducing substances. It is apparent that absorp-

tion of such substances by the mammary gland would result

in a low "sugar" value for mammary venous blood and would
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lead to erroneous estimates of the amount of sugar
utilised by the gland.

In measuring the absorption of blood sugar by the
mammary gland, there appear then to be three requirements.
1l. The correction of jugular blood sugar values for the

influence of salivary secretion.

2. The use of a blood sugar technique which would afford
information on the values of both true sugar and non-sugar
reducing substances.

3. The consideration of the relative energy requirements
of the tissues of'the head and neck and the active and

inactive mammary glend.

Experimental.

Samples of blood were taken simultaneously from the
jugular and mammary veins and radial artery of lactating
and non-lactating animals as previously described, and

iron and blood sugar analyses carried out immediately.

Iron Content.

This was determined as described in the appendix.

Sugar Values.,

The method of blood sugar analysis employed was
that of Hagedorn and Jensen as applied to Foélin-Wu blood

filtrates by Hiller, Linder and Van Slyke (1925).
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Somogyi (1927) and Herbert, Bourne and Groen (1930) have
shown that the Folin-Wu blood filtrate contains practic-
ally all of the non-sugar reducing substances so that by
this method information on both "true sugar" and the so-
called "rest reduction" can be obtained.

The total reducing power of the Folin-Wu filtrate
from the freshly drawn blood was first determined. A
sample of the blood was then incubated at 37°C for 24
hours and the reducing power of the Folin-Wu filtrate from
the incubated sample determined. - The second figure gives
the amount of non-sugar reducing substances in terms of
glucose, and the difference between the two figures glves
‘the true sugar content of the blood as glucose. I have
satisfied myself that incubation at 37°C for 24 hours re-
moves added glucose quantitatively.

In Table III are given the iron contents and true
sugar values for all the blood samples obtained - in each
case the values for jugular blood sugar are corrected as

determined in the first investigation of this series.
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In Table IV are given the values for non-sugar re-
ducing substances for wach sample of blood - the jugular
value being in each case corrected for loss of water to

the salivary glands.

Table IV.

No, of TLactating Non-sugar Reducing Substances

Cow., or Non- (as mg. glucose per 100 cc. blood)
‘ lactating
arterial jugular jugular mammary
(corrected)
1 Lactating 23 26 25 27
2 " 30 36 33 28
3 " 30 31 30 32
4 " 35 38 36.5 36
) " 28 33 32 25
6 " - 27 26 25
7 " - 33 32 27
8 " - 44 42 41
9 Non-lactating 28 28 26 29.5
10 " 32 32 30 31
11 " 27 20 19 22
12 " 31.5 31 29 31.5
13 " - 40 38 37

In Table V the differences in blood sugar content
shown in Table III are expressed for comparative purposes
as percentages of the arterial blood sugar where arterial
samples were obtained and of the jugular blood where only

jugular and mammary samples were avallable for analysis.
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Discussion.

Blood sugar values for lactating cattle have been
recorded by previous workers. The values and methods
used are as follows:

Hayden and Fish (1928) 46 mg. glucose per 100 cc., of
blood (Benedict),

Widmark and Carlens (1925) 60 mg (Bang and Hagedorn-
Jensen),

Hayden and Scholl (1924) 52 mg (Folin-Wu),

Gq2g)
Little, Keith and Fawns 75 mgA(Hagedorn-Jensen),

Allardyce, Fleming, Fowier and Clark (1930) 50 - 65 mg
(Benedict 1928).

The results given in Table III would indicate that
about 30 per cent of the material estimated by many for-
mer workers is to be accounted for by non;sugar reducing
substances.

The values obtained for true sugar are very varlable,
ranging from 24 to 60 mg glucose per 100 cc. of blood.
This is not surprising when it is remembered that there
are four distinct phases in the life cycle of the dairy
cow, (1) non-lactating and non-pregnant, (2) non-lactating
and pregnant; (3) lactating and non-pregnant, and (4)
lactating and pregnant. At the present time no data

are available on the variation of blood sugar level through-
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out pregnancy and lactation, but it is hardly to be ex-
pected that the value would remain constant during
perlods physiologically so widely different. The vari-
ation in blood sugar level obtained may therefore be due
to the animals being in different stages of the 1ife cycle.

Turning now to differences in the true sugar content
of the bloods taken from different sources in the same
animal 1t is seen that they are greater than can be ac-
counted for by the modifying influence of salivary secre-
tion and independent of differences in the amounts of non-
sugar reducing substances present. In non-lactating
animals the sugar content of the jugular blood is lower
than that of the arterial blood, a circumstance which is
to be ascribed to the withdrawal from the blood of the
sugar which is ﬁtilised in the metabolic activitles of the
tissues of the head and neck. In such animals, however,
‘the sugar content of the mammary venous blood, while usu-
ally less than that of the arterial blood, is always
greater than that of the jugular blood. It is to be
concluded that the sugar required by the inactive mammary
gland for oxldative purposes is less than that required
by the tissues of the head and neck.

In lactating animals, however, it will be observed
that the sugar content of the mammary venous blood is lower

than thét of the jugular blood and very much lower than
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that of arterial blood. The question therefore arises
as to whether this great lowering of mammary venous blood
sugar in lactating animals represents absorption of glucose
by the mammary gland for the purpose of meetlng increased
energy requirements during secretion, or for the synthesis
of lactose. Nothing is known of the energy requirements
of the mammary gland, but interesting and relevant facts
have been discovered for other secretory organs., Barcroft
and Brodle (1905), for example, have shown that the res-
piratory quotient of the active kidney is unity, repre-
senting oxidation of carbohydrate only. Barcroft and
Piper (1912) have shown that the oxygen consumption of the
resting submaxillary gland of the cat is about 0.2 cc. of
oxygen per gram per minute, while in the active state it
is as much as 0.084 cc. of oxygen per gram per minute,
Anrep and Cannan (1922) report that the resting submaxillary
gland of the dog utilises about 2.1 mg. glucose per gram
of tissue per hour., In the actlve state much more sugar
is utilised, an additional quantity of about 1.5 mg.
glucose being required for each cubic centimetre of saliva
secreted.-

If these figures of Anrep and Cannan for the suﬁ-
maxillary gland are applied to the case of a cow with |
5,000 g. of mammary tissue, and a milk yileld of 10 litres

containing 500 g. of lactose per 12 hours, some indication




43,

is got of the relative proportions of glucose absorbed
by the gland for oxidative and synthetic purposes.

In the resting state the gland will utilise

(5,000 x 2.1 x 12) or 126 g. of glucose per 12 hours.

In the active state (1.5 x 10,000) or 15 g. of glu-
cose must be added to the foregoing quantity to meet the
energy requirements of the secretion of 10 litres of milk.

The amount of glucose used then in the active gland
" for oxidative purposes in 12 hours will be (126 + 15) or
141 g.

The total amount of glucose used in the active mammary
gland in 12 hours 1is therefore (500 + 141) or 641 g.

The sugar requirement of the active gland for oxida-
tive purposes 1s then about 1% of the sugar requirement
for synthetic activities on the basis of these calculations.
since milk is a much more concentrated product than saliva
it 1is probable that figures calculated from the data of
Anrep and Cannan are not strictly applicable to the mammary
gland. Indeed it is more than likely that the glucose
utilisation of the mammary gland in oxidative processes

must be put at a higher figure than 141 g. per 12 hours.
| From these observations there is reason to believe
that the energy requirements of the mammary gland will be
greater in the active state than in the inactive state.

Part of the increased sugar absorption must therefore be
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ascribed to an increased demand for energy producing
substanceswhile secretion 1s in progress. It is hardly
likely that this would account for all the sugar absorbed
if the foregoing calculation be even approximately correct,
although this is a point which can only be settled by an
investigation of the gaseous metabolism of the mammary glandi
resting and active. It seems justifiable therefore to |
conclude thét part of the sugar absorbed by the active
manmary gland is utilised in the synthesis of lactose.

It will be observed that the amounts of sugar ab-
sorbed by the mammary gland of the different animals are
widely different, This is important in certain aspects
of milk production, since it would clearly be of interest
to determine if high sugar absorption could be correlated
with high lactose secretion and high milk yield. For
this purpose an accurate method of determining the amount
of sugar actually absorbed for the purpose of lactose
synthesis is desirable. The results given indicate that
until knowledge of the energy requirements of the mammary
gland is available, comparative blood sugar anaglyses alone
are not an entirely reliable guide. |

Table IV shows that there are variations in the
content of non-sugar reducing substances between the three
bloods examined., This fact illustrates_the importance

of using only "true sugar" values as a basis for conclu-

sions.
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THE RELATION OF AMINO-ACID ABSORPTION
TO PROTEIN SYNTHESIS.

The work of Cary (1920) indicates the possibility of
blood amino acids being absorbed. by the mammary gland for
the synthesis of caseinogen. This work may be criticised
on the grounds of the assumptions it permits -~ these have
already been outlined and investigated in the section on
the Kaufmann-Magne technique.

In addition, the analytical method used by Cary for
the estimation of the amino-acid nitrogen content of the
blood is extremely laborious. It consists of incubating
the blood with urease to remove urea, deproteinising with
boiling dilute acetic acid, treatment with kaolin, concen-
trating and tri-chloracetic acid treatment. After three
hours boiling to destroy tri-chloracetic acid, the depro-
teinised filtrate is further concentrated, neutralised and
the amino-acid nitrogen determined in the volumetric appar-
atus of Van Slyke, Any differences in amino acid nitrogen
found appear to be significant but it is almost impossible
to assess the magnitude of the real error which such an an-
alytical procedure may involve. It has been used by Bock
(1917) and Okada (1918) whose results did not agree with
those given by Cary. In 1929, Van Slyke published a re-
port of the application of his manometric apparatus to the
direct estimation of amino acid nitrogen in blood filltrates

prepared by tungstic acid treatment.
I have tested this method at great length and found
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it to be both rapid and accurate when all the precautions
recommended by Van Slyke are scrupulously observed. By
estimating the amino-acid nitrogen in blood filtrate with-
out further treatment there is a great decrease in the
probable error due to manipulation. The use of this
manometric method permits estimations to be carried out

in a smaller quantity of blood than was previously
necessary.

Experimental.

Blood samples were taken simultaneously from the
Jugular and mammary veins and radial artery of lactating
and non-lactating animals as previously described. The
samples were immediately analysed for:

Iron Content- This was estimated as described in the

appendix.

Amino-Acid Nitrogen Content. The manometric method of

Van Slyke (1929) was used.

Urea Nitrogen Content. The manometric method of Van

Slyke (1927) was used.

Corpuscular Volume. Duplicate blood samples were centri-

fuged in haematocrit tubes until constant volume was at-

tained.

In Table VI are given the results of a preliminary
series of observations carried out to ascertain 1if the
differences between jugular and mammary bloods in amine-

acid nitrogen content reported by Cary could be detected
by these methods and established as normal findings.
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Table VII gives the results of a second series in
which complete analytical results (jugular, arterial and
mammary) for eight cows were available. The figures for
jJugular blood have been corrected as previously described
for the influence of salivary secretion.

In Table VIII the differences in amino-acid nitrogen
cdntents of the blood samples are expressed as percentages

of the arterial wvalue for each animal.

Table VIIT.

No. of Lactating Differences in Amino-acid N content)

Cow., or Non- (as percentages arterial amino-acid N)

lactating arterial- arterial- jugular-

jusular mammary mammary

1 Lactating 3.16 8.49 5.33
2 " 12.75 13.44 0.69
3 " -5.36 - 14.93 20.29
4 " -9.17 12,09 21.25
5 Non-lactating 1.68 -6.1 -7.78
6 " 7.51 2.49 -5.05
7 " 3404 -2.5 -5.54
8 " 1.61 -4.,70 -6.31

Table IX gives the results of a number of cases 1in
which corpuscular volumes were available for the calcul-

ation of the amino-acid nitrogen content of the corpuscles.
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Discussion.

Cary (1920) gives values for the amino-acid nitfo-
gen content of the jugular blood of cows which range
from 3.99 to 5.34 mg. N per 100 cc. These are 1ower
than the vaiues given by Bock (1917) and Okada (1918)
who give 7 mg. N per 100 cc. as an average. Allardyce
et al. (1930) give 5 -~ 8 mg. N per 100 cc. of blood, a
range which is in close agreement with the wvalues given
here (5.8 - 8.5 mg.).

Hayden and Fish (1928) give 5.30 - 18 mg. N per
100 cc. of blood as the range of urea nitrogen encoun-
tered by them in the analysis of the blood of dairy cows,
while Allardyce et al., (1930) give 12 - 20 mg. N. The
figures obtained here range from 5.4 - 12.6 mg. N per
100 cc. of blood and were used for the correction of amino-
acid nitrogen values as determined by Van Slyke.

The -results presented in Table VI show that the
differencésbetween the amino-acid nitrogen content of
Jugular and mammary blood are generally very consider-
able. This is in agreement with the results of Cary.

From Tables VII and VIIT it 1s seen that the values
for jugular blood are slightly lower than those of ar-
terial blood in the non-lactating animals, a result which
might be expected to arise from utilisation qf amino~

acids by the tissues of the head and neeck. The manmmary
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venous blood of the four non-lactating animals examined
is however slightly richer in amino-acid nitrogen than
arterial blood, a fact which can only be explained by

the tptake of amino-acids by the blood in its passage
through the inactive gland. There is evidence of
another kind to support this finding. There 1is usually
a period of three months between the end of one lactation
and the beginning of the next in dairy cows. At the
end of the lactation period the udder tissue which, in
high-milking breeds, may be very extensive 1s resorbed.
After a period of rest the animal again begins to pro-
liferate mammary tissue in preparation for the next lac-
tation. As tﬁe observations on non-milking animals
have been carried out soon after the end of a lactation
period, it may be that the difference between arterial
and mammary venous bloods in amino-acid nitrogen content
can be explained by the breakdown of tissue protein in
the udder and the gradual re-entry of amino-acids so
formed into the circulation.

With lactating animals however such a consideration
is absent and the content of radial arterial blood may be
taken as the true level of amino-acid nitrogen supplied
to the mammary gland. It will be seen from Table VIII
that in each of the four lactating animals examined, the

mammary amino-acid nitrogen content is markedly and con-
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sistently lower than that of arterial blood. Only a
small proportion of this absorbed nitrogen can be ac~
counted for by the renewal of glandular tissue so that
the theory that milk protein is synthesised from the
free amino-acids of the blood appears to be firmly es-
tablished.

It.is interesting to note however that the work of
Crowther and Ralstrick (1916) indicates that the globulin
of milk is identical with the globulin of blood. Léct-
albumin and caseinogen, however, appear to be specific
products of mammary glandular activity. As recently
as 1927 the suggestion that milk proteins may arise by
modification of blood proteins is to be found in the
literature. In this connection the observation of
Rimington (1927) may be quoted. "In considering the
problem of mammary secretion the possibility has always
to be kept in mind that one or other of the blood pro-
teins might conceivably furnish the starting point for
the synthesis of caseinoger. The work of Foa (1911 -
12) already detailed gave no evidence of such a possi-
bility.

The assumption that the amino-acid nitrogen con-
tent of jugular blood is the same as that of arterial
blood is not supported by the data glven. In all of
the non-lactating animels and in two of the lactating
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ones it is lower, while in two of the lactating subjects
it is higher. Whether this latter observation can be
regarded as normal or not cannot be decided, but it is
certain that the amino-acid nitrogen content of jugular
blood cannot be taken as an accurate representation of
arterial blood, From the qualitative standpoint this
is not important as the results show, but where data
are interpreted quantitatively the position is different.
Meigs (1922), for example, has attempted to estab-
l1ish a figure for the rate of flow of blood through the
mammary gland by correlating the amount of one milk con-
stituent secreted in a glven time with the difference in
the amounts of 1lts precursor found in equal quantities
of jugular and mammary blood. Cary (1920) has found
that differences in the amino-acid nitrogen contents of
the jugular and mammary blood of different‘cows bear no
relation to the amount of protein secreted in a given
time and concludes that the most important factor govern-
ing milk yileld is the rate of flow of blood through the
udder. Melgs has also stated that the mammary gland
absorbs milk precursors from the blood plasma in the pro-
portions in whiéh the respective constituents occur in
milk, citing as evidence in support of this contention
a comparison of the figures obtailned by Kaufmann and

Magne (1906) for the utilisation of sugar by the mammary
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gland with those for the absorption of blood phosphatide
obtained by Meigs et al (1919) using the jugular-mammary
technique. While these conclusions seem a priori
reagsonable, it cannot be sald that they are established
on the evidence alone of data which have been obtained
by the application of a technique which does not give a
true indication of the absorption of any precursor from
the blood stream.

To illustrate the difficulties which attend any
attempt to compare results of blood chemistry investi-
gations with analytical figures for milk yield, figures
calculated from the data given may be considered. There
are available the differences in sugar and amino-acid
nitrogen contents of the arterial and mammary venous blood
of four lactating cows. From these it is possible to
calculate the ratio of sugar absorbed by the mammary gland

to the amino-acid nitrogen absorbed.
Table X.

No. of Sugar absorbed from Amino-acid N absorbed Sugar

" awvertal’ CMammmcy  aeveriel | Nammany TitTosen
mg. Glucose mg. N

1 5 0,628 7.9

2 , 16 1.268 12.6

3 8 1.064 ' 7.5

4 10 0.662 15.0
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The diffefences in the sugar-nitrogen ratio in-
dicate thg great influence of individual varistions on
analytical data. These individual variations are, as
previously indicated, probably conditioned by the stage
in the 1life cycle attained by each animal,

It has been noted above that although the amino-
acid nitrogen content of jugular bldood cannot be taken
to represent that of arterial blood in a strictly quan-
titative fashion, significant differences between jugular
and mammary venous bloods may be accepted as indications
of absorption, The procedure adopted in Table IX, the
comparison of corpuscular amino-acid nitrogen figures
for jugular and mammary bloods, is therefore justified
in so far as information of a qualitative nature is de-
sired. The fact that salivary secretion does not ap-~
pear to affect the corpuscles in any way allows figures
for jugular and maemmary corpuscles to be compared direct-
1y without correction. It will be seen that the ratio
of amino-acid nitrogen in the corpuscles to amino-acid
nitrogen in the plasma is approximately 3 to 1. Data
on tﬁis point have not been published before although
Martens (1928) gives the figure of 3 or 4 to 1 for the
human subject. In general, although rather large
differences are shown by the whole bloods and by the

plasmas of lactating animals, only very small differences
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exist between the corpuscles. In most cases indeed
the amino-acid nitrogen content of mammary corpuscles
is even higher than that of jugular corpuscles. Uhen
one considers the ratio of amino-acid nitrogen in the
corpuscles to that in the plasma one is inclined to
explain the difference in content of corpuscles and
plasma by indiffusibility of the amino-acids across
the corpuscular cell membrane. If such be the case,
it is hardly to be expected that corpuscular amino=-
acids would take part in exchanges between the blood

and the mammary gland.
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THE PHOSPHORUS METABOLISM OF THE

MAMMARY GLAND.

The mammary gland appears to have the power of

effecting molecular transformations involving phosphorus.
Thus phosphoric acid must be linked up with the amino
acids, hydroxyglutamic acid. amino-hydroxybutyric acid and
serine in the phosphopeptone which Rimington (1927) has
shown to be the phosphorus containing group of caselnogen.
That pvhosphorus is concerned in the secretion of fat is
suggested by Meigs, Blatherwick and Cary (1919) who claim
that the mammary gland produces milk fat from lecithin
and allied substances. Kay (1925) has shown that from
15 - 25% of the total phosphorus of milk is in the form
of acid soluble compounds hydrolysed by phosphatases.
In view of the number of different phosphorus compounds
occurring in milk it seemed desirable to investigate the
nature of the phosphorus containing substances absorbed
by the mammary gland from the blood stream.

)The only attempt to solve this particular problem -
that of Meigs et al (1919) - was instigated before the
recognition of the important part played by organic acild
soluble phosphorus compounds in biochemistry. This work
has been so frequently quoted as a demonstration of the
synthesis of milk fat from liﬁoi&fgihﬁt some discussion of
the'data on which the findings are based 1is desirable.
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Estimating the amounts of organic and 1lipoid phos-
phorus in samples of blood and plasma from the jugular and
mammary veins of five lactating and three non-lactating
cows, Neigs et al reported their analytical figures for
blood in the case of 2 lactating and 2 non-lactating cows,
and for plasma in the case of 3 lactating and 2 non-lac-
tating cows.

The lipold phosphorus of mammary blood was lower
than that of jugular blood in fhe case of two lactating
and one non-lactating animals by 4.6, 6.8 and 1.8 per
cent respectively. In the case of the second non-lactat-
ing cow mammary lipoid phosphorus was higher than jugular
by 2.7 per cent. Mammary plasma lipoid phosphorus was
lower than that of jugular plasma in the case of two
lactating animals by 8.0 and 10.2 per cent, while in a
third‘there was no difference. For the two non-lactating
animals there was no differente. For inorganlic phosphorus
only plasma figures are given, mammary values being higher
than jugular values in lactating and non-lactating animals
alike, by 9.5, 10.0, 26.0, and 8.0 and 12.0 per cent res-
pectively. Meigs and his co-workers clalm that these
results indicate that the active mammary gland absorbs
lipoids from the blood stream, that fat is formed from the
lecithin so obtained and that the inorganic phosphorus

liberated in excess of that required for the other milk
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constituents is returned to the blood stream where it
serves to raise the inorganic phosphorus content of the
mammary blood. The fact that the inorganic phosphorus
content of the mammary plasma is higher than that of the
jugular plasma in lactating and non-lactating animals alike

was explained by Neigs by assuming that the gland in the

latter cases had not become inactive.
While the conclusions put forward by Meigs et al. (1919

seem a priori reasonable, the paucity of the experimental

work reported and the equivocal nature of the data available
should be borne in wmind. It cannot be said that a priori
reasonable theories are supported by such data as are gilven.
In addition, thls work is open to the criticisms al-
ready levelled against the jugular-mammary technique. The
~ assumption is made that the phosphorus content of Jugular
blood is identical in amount and in partition between the
various phosphorus containing compounds with that of
mammary arterial blood. The foregolng experimental sectionﬁ
have shown that jugular blood 1is not a true representation
of arterial blood, and that the utilisation of sugar by the
tissués drained by the jugular veln is considerable. Irving
and Bastedo (1928) analysed blood from arteries and veins of
exercising and asphyxiated muscles. Even when the inorganiqi
phosphate of the muscle had risen to an edtreme degree,as
the result of ester hydrolysis, no significant difference |

between the inorganic phosphorus of the arterial and venous
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bloods was observed. This has not yet been demonstrated
fof arterial and jugular bloods nor has the'relation of
organlc phosphorus in the two bloods been established.
Meilgs and his co-workers have further assumed that the

only organic phosprhorus compound: in plasma, and therefore
the only phosphorus coﬁpound‘ which can be abstracted by
the tissues from the blood, is in thg form of lipoid phos-
rhorus. The significance attached at the present time

to readily hydrolysable phosphoric esters in cellular ac-
tivities, and the presence of these in the blood 1s not in
harmony with the assumption made by Meigs and his collabora-
tors. In the light of this recent work on the significance
of the phosphorus containing compounds it seemed advisable
to concentrate attention on the rdle of the acid soluble
phosphorus compounds of the blood in relation to milk secre-
tion. - In this investligation, as in the others reported,
arterial samples have been taken when possible and the
modifying influence of salivary secretlion on jugular blood

determined.

Experlimental.

Samples of blood were taken simultaneously from the
radial artery and the jugular and mammary veins of lactating
and non-lsctating animals as already described.

The samples were analysed for.

Iron Content.

This was determined as described in the appendix.
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ggppuscular Volume.

o
The quatocrit technique was used.

Total acid soluble phosphorus and inorganic phosphorus.

The colorimetric method of Fiske and Subbarow (1925)
was used; organic acid soluble phosphorus'being estimated.
by difference.

Table XI summarises the results obtained for four
lactating and four non-lactating cows. In Table XII the
dif ferences implicit in Table XI are expressed as percent-
ages of the arterial.values.Table XIII shows the partition
of acid soluble phosphorus compounds between plasma and
corpuscles in the jugular blood of lactating and non-lactat-
ing cows. Table XIV gives similar data for the mammary

blood.



No. of
Cow.

1.
2.
3.
4.
5.
6.
7.

Lactating
or Non-
lactating

Lactating

n
fn
1t
NonQIaotating
"
1

1

Iron content mg. Fe

100 cc. blood
Jugular Arterial Mammary

42.32
38.75
40.86
36.69
39.31
34.74
34.25
37.28

39.34
37.71
39.29
35.14
36.28
32.56

34.60

38.95
37.33
39.50
34.26
36.81
32.94
33 .46

34.89

Table

Total acld sol. phosphorus .

Jugular

9f60
9.50
11.60
9.25
9.10
9.00
9.90

10.00

Jugular
(corrected)

8.93
9.24
11.15
8.86
8.40
8.53
9.41

9.28

mg. P 100 cc. blood
Arterial

10.60

Mammary

9.70

.9.00
11.44
9.50
9.60
9.20
10.60

Jugular

Inorganic phosphorus
mg. P 100 cc. blood
Arterial Mammary

Jugular
’(corrected)

5.12
5.50

5.20
5.48
5.86
4.72
6.42
4,76
5.48

5.86

4.92
S.354
5.76
4.70
5.58
4,90
5.64

9.62

Organic acid sol. phosphorus

Jugular

4.44
4.24
5.88
4.81
5.34
4.30
4.28
4.18

mg P 100 cc. blood

Jugular
(corrected)

4.13
4.13
5.65
4.64
3.08
4.09
4.07

3.88

Arterial

5.40
4.82
6.24
5.33
3.28
4.04
5.52
5.94

Mammary

4.78
3.66
5.68
4.80
4.02
4.30
4,94
4.78
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Lactating

Non-lactating

TABLE XITT.

Partition of Acid Soluble Phosshorus Compounds between Plasma and Corpusclec in Juguler Blood.
S ———— ‘ m—— ]"'"‘
Corpuscular } Blood. % ] Plasma. L o CO?EPSCleS' Organic Acid Sol. P. Corpuscles.
Volume.  Total %?id Sol. Ino;§anic Acid Sg%.Organio ;Totalpécid Sol. InggiZ;fczlAcid g?l-Or:- | ngi% %fid Inorgfnic Acid Sg%- Org. Orgag;c Acid Sol. P_mplasma.
29.5 é 10 .00 6.48 3.52 i 8.80 7.46 1.42 12.88 4.14 8.74 | 6.15
Q 38.0 % 11.20 6.60 4.60 | '9.60 7.58 2.01 13.81 5.00 . s.81 ! 4.38
| 36.5 | 9.60 5.16 4.44 i 8.70 10 2.60 11.10 3.53 7.64 | .94
41.0 9.50 5.26 4.24 ? £.90 3.1 . 10.36 4.51 5.85 | 1.87
37.0  11.60 5.72 5.88 9.90 280 1449 5.8 1114 | 5.97
39.0 9.25 4.44 4.81 6.80 . B8 15.08 4.46 8.61 f 5.81
Mean 10.19. 5.61 4.58 ; 8.75 LR L 12.62 4.17 8.46 | 3.82
34.0 11.60 6.54 5.26 | s.es 1-35 - 17.50 4.47 12.83 | 9.5
38.5 11.35 6.60 4.75  10.05 f 2.19 g 13.90 4.60 9.30 | 4.24
41.0 9.10 5.76 3.34 / 7.20 é’ 0.40 § 11.82 4.27 7.56 i 18.9
o . o 4.5 6.00 E s-fg I TR 5.12 11.09 : 2.1
\ , - - 0.82 : . | :
2.5 9.90 5.62 4.28 7.50 1.10 j i§:§f 2:3: - 1Z.ii | %§Q;> 4
386 | 10.00 5.82 4.18 f 8.00 St | ; 3.83 10.52 ; 14.06

Mean '. '  10.16 5.81 4.35 . 7.90




TABLE

Partition of Acid Soluble Phosphorus Compounds between

XIV.

Plasma and Corpuscles in Mammary Blood.

]

Corpuscular% Blood Plasma Corpuscles.
— Organic Acid Sol. P Corpuscles
Volume.  Total Acid Sol. Inorganic  Acid Sol. |Total Acid Sol. Inorgenic. Organic Acid - Total Acic Inorganic Organic Acid
| P. P. Organic P. P. __P. Sol. P Sol. P P Sol. P Organic Acid Sol. Plasma.
28.5 % 10.10 6.56 3.54 9.0 6.56 1.44 12.88 4.13 8.75 6.07
36.0 % 10.8 6.3 4.5 9.0 6.8 2.2 14.00 5.30 8.70 3.95
2 33.5 3 9.70 4.92 4.78 8.20 5.68 2.52 12069 5,40 9.26 3.67
% 39.0 9.00 5.34 3.66 9.00 2.62 | 9.00 3.72 5.28 2,01
-3 36.0 % 11.44 5.76 5.68 8.96 2.56 | 15.83 4.61 11.22 4.38
s 37.0 § 9.50 4.70 4.80 7 .00 1.66 13.76 3.54 10.22 6.15
Meen 10.09 5.59 4.49 8.52 6.19 2.17 13.03 4,11 8.90 4,37
o 33.0 11.60 6.40 5.20 8.0 17.50 4.45 13.05 9.7
‘E? 38.5 10.95 6.66 4.29 10.00 12.47 4.42 8.05 4.15
a 38.5 9.60 5.58 4.02 8.70 é 11.04 3.38 7.80 4.48
3 36.5 9.20 4.90 4.30 7.20 . 13.04 2.82 10.28 10.07
é 30.0 10.60 5.64 4.94 8.0 15.03 2.90 12.00 6.38
34.8 10.40 5.62 4.78 8.66 13.73 2.87 10.79 6.90
Mean 10.39 5.80 4.59 8.66 13.80 3.47 10.33 6.95 s

[ S ——
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Discussion.

Figures for the total acid soluble phosphorus and
inorganic phosphorus content of cow's blood have been
published by Hayden and Fish (1928) who give 5.70 mg. P
per 100 cc. of blood and 9.29 mg.P per 100 cc. of blood as
inorganic and total acid soluble phosphorus respectivel&.
The mean values obtained by me for samples of jugular
blood from twelve different cows are 5.71 mg. P per 100 cc.
of blood as inorganic phosphorus and 10.18 mg. P per 100 cc.
of blood as total acld soluble phosphorus.

Discussing first the hypothesis of Meigs and his co-
workers (1919) that the phosphorus contents of arterial
and jugular bloods are identical, reference to Tables I and
ITI shows that this assumption is unjustified so far as acid
soluble phosphorus is concerned. In every case which I
have examined I have found the acid soluble phosphorus con-.
tent of jugular biood to be lower than that of arterial
blood. Further, thls relationship appears to hold for
inorgahfc and organic acld soluble phosphofus contents slso.
It 1s then o be assumed that, at the time when these
blood. samples were taken, both of these clasées of phos-
phorus containing compounds were belng absorbed from the
blood stream by the tissues drained by the jugular vein.
The queliflication is necessary because there cannot be
continual absorption of phosphorus, no matter how small the

amount, by any tissue. Tre observations reported in



\

=~

68.

this investigation were carried out on samples of bloocd
taken 4 hours after milking and immediately after a meal.
It is feasible that. at such a period. the arterial blood
is losing material to the tissues, a process which might be
reversed at a later period in the day. In this connection
Palmer et al. (193C) have reported large diurnal variations
in the inorganic phosphorus content of the venous blood of
dairy cattle. Such an observation 1s in accordance with
a post-prandial period of absorption of phosvhorus by the
tissues followed by a period during which phosphorus is re-
turned to the blood. Whether this interpretation be accep-
ted or not, it is evident that the phosphorus content of
jugular blood cannot be taken to represent that of arterial
blood. If then any information on the phosphorus metabolis:
of the mammary gland is to be obtained from blood analysils
it 1s apparent that analytical values for;m:mmary blood
mast be compared with those fér arterial blood. 5
It will be seen that the four lactating cows of Table I
show smgller amounts of total scid soluble phosphorus in
mammary blood than in arterial blood. The difference
appears to be due entirely to absorption of organic acid
soluble phosphorus compounds since the amounts of inorganic
phosphorus in the two bloods appear to differ but slightly.
For the fourﬁgactating animals both bloods have practically
the séée amounts of total acid soluble phosphorus. With
the exception of animal No.5 for which an anomalous result

was obtained, the lnorganic phosphorus contents of both
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bloods are equal. With the exception of one animal I have
fouhd that the organic acid soluble phosphorus content of
mammary blood is higher than that of arterial blood - an
observation which was at first surprising. The work of

Kay and Robison (1624) Martland and Robison (1926) and
Lawaczék (1924) ras indicated however that trere is probably
a continual interchange of phosphorus between the inorganic
and organic phosphorus compounds in the blood. It may be
that éé the blood proceeds further from the heart the ratio,
organic acid soluble phosphorus to inorganic phosphorus,

i1s increased without change in the total amount of =acid
soluble phosphorus present. Such a process would explain
my finding that the organic acid soluble phosphorus content
of mammary blood is higher than that of arterial blood in

" non-lactating cows. If such be the case the figures shown
for the amounts of organic acld soluble phosphorus absorbed |
by the mammary gland are too low. Meigs et al.(1919) havsg
stated that the active mammary gland excretes excess inor-
ganic phosphorus back into the blood stream, basing thelr
conclusion on the finding that the inorganic phosphorus fon-
tent of mammary plasme is higher than that of jugular
plasma. Figures for whole blood are likely to give more
accurate information on this point. In every case

examined - lactating and non-lactating animals alike - T
have found thathammary blood contains more inorganic phos-
phorus than jugular blood. This fact cannot be related to

the state of activity of the mammary gland in any way.
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Moreover, if the mammary gland absorbs more phosphorus
from the blood stream than 1s required for the secretion of
milk - a point which has not yet been demonstrated - we
should expect to find more inorganic phosphorus in mammary
blood than in arterial blood. In no lactating animal

was this the case and I bellsve that the difference between

jugular and mammary bloods in this respect results from
the fact that the mammary gland does not absorb the inor-
ganic phosphorus compounds of the blood stream as does the
tissues drained by the jugular veins.

My results support the view that the mammary gland
utilises the organic acid soluble phosphorus compounds of
the blood stream and the questlon arises as to the function
which they perform in the secreting cells. Kay (1925)
has found that the active mammary gland of the goat contains
an enzyme capable of hydrolysing such phosphorus containing
substances. The secretion of milk must to a certain ex-
tent resemble bone formation for both processes ‘involve
the separation of insoluble calcium phosphate from soluble
phosphorus compounds. Robison and his co-workers |
(1924-1928) consider that the calcium phosphate of bone
arises by enzymlc hydrolysis of substances of the nature
of hexose phosphates and I suggest that there 1s strong
presumptive evidence for a siﬁilar process takling place in
the mammary gland. a) The gland can absorb acid soluble

phosphorus compounds from the blood stream, b) it contains
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an enzyme capable of splitting such compounds and

¢) it secretes insoluble calcium phosphate. The evidence
is of the same nature as that adduced for the intervention
of acld soluble organic phospharus compounds in bone
formation.

One of the difficulties of accepting Robison's theory
of bone formation is that most of the acid soluble organic
phosphorus of the blood is carried in the cells. It is
of interest therefore to consider some data on the dis-
tribution of acid soluble phosphorus compounds between
corpuscles and plasma of cow's blood. In the first
place it is to be noted that the total acid soluble phos-
phorus content of cow's blood is only about one-third
of that of human blood. Thié is accounted for almost en-
tirely by the extremely low &c¢id Soluble organic phosphorus
content of cow's blood. In human blood, the plasma is
almost devoid of organic acid soluble phosphorus. From
Tables III and IV it will be seen that thé plasma of
lactating cows contains appreciable quantities of organic
acid soluble phosphorus - amounts which, indeed,. con-
stitute a considerable fraction of that iIn whole blood.

I have found.the organic acid.soluble phosphorus contents .
the jugular blood of lactating and non-lactating animals
to be almost equal. The partition of this phosphorus
between cells and plaéma appears to differ in the two

states. In non-lactating animals there is about fourteen
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times as much organic acid soluble phosphorus in the
corpuscles as in the plasma. In lactating animals there
is only about four times as much. This would appear to
indicate that in the lactating animal there is a greater
demand for organic acid soluble phosphorus than in the
non-lactating animal. In the former state a large
proportion of the organic phosphorus is carried in the
plasma -a medium of transport which would facilitate ex-
changes with the mammary gland. The ratio is not so
high in the mammary blood of lactating animals (Table 1V)
although still higher than that in non?laétating animals.
This 1is as one would expect if the active mammary gland
absorbs organic acid soluble phosphorus. It would appear
therefore that the acid soluble phosphorus compounds of
blood play an important part in the secretion of milk.

In conclusion it should be stated that Meigs‘and
his co-workers found no organic acid soluble compounds in
the plasma, but their method of analysis involved sémples
of'plééma standing in contact with precipitating reagents
for twenty-four hours. Under such conditions any easily
hydrdlysable phosphorus present in the plasma would appear

in the analysis as lnorganic phosphate.
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CONCLUSION.

The investigations reported in this thesis may be
consldered to contribute to our knowledge of the phys-
iology of milk secretion in two ways.

Firstly, by establishing the fact that the technigue
employed by Xaufmann and Magne and later workers 1is untrust
worthy, and by substituting the comparison of analytical
values for mammary blood with those for arterial blood,
accurate information hés been obtained on the amoﬁnts of
blood constituents absorbed by the mammary gland. It has
been shown that there 1s strong evidence for the view
that the sugar of the blood is the precursor of lactose,
but it has been indicated that, owing to the demand for
energy producing substances by the mammary gland, there
cannot be equality between lactose secretion and the sugar
absorbed from the blood stream. The extent to»ﬁhich
amino-acids are utilised by the mammary gland has_been
investigated and it seems that there is little doubt
that such substances are the precursors of caseinogen
and lactalbumin. Only the amino-~acids of the plasma
appear to take part in the exchanges with the mamméry
gland. With regard to the phosphorus metabolism of the
mammary gland the position appears to be more complicated
than previous workers have realised. The mammary gland
does ﬁot, as Meigs and hils co-workers suggested, simply

absorb lipoid phosphorus and pass inorganic phosphorus
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back into the blood stream. It is probable indeed that
2ll the organic phosvthorus constituents of the blood stream
enter into the chemlcal transformations taking place in

the secreting cells. It seems a priori reasonable to
assume that phosphatides are concerned in the secretion 3
of milk fat but the treatment of milk secretion to be

found in the preceding pages indicates that this fact

has not yet been established with any certainty. It has
been shown that acid soluble organic phosphorus compounds
are absorbed by the mammary gland and it 1s suggested

that such compoﬁnds may enter into the chemical reactions
resulting in the appearance of insoluble calcium phosphate
in milk. When it is remembered that such reactions would
liberate hexoses in addition to inorganic phosphorus ons
finds some encouragement for the view that organic phos-

phorus compounds play a part in lactose secretion. Such |

a_suggestion might prove a fruitful source of future work
althougn at the present time it is purely speculative.
Thdre is no evidence for the statement that the mammary
gland returns inorganic phosphorus to the blood stream.
Secondly, the work here reported has a bearlng also
on the quantitative aspects of milk secretion. It is known
for example that different cows vary enormously in the
amounts of milk secreted in equal times. It is therefore
desirable to discover upon what factors this individuality
depends. In this investigation it has been shown that

different animals abstract different amounts of milk pre-
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cursors from the blood stream and it might be thought

that this is the factor which determines the amount of
milk secreted in a given time. On this basls the

all important factor in the secretion of milk would be the
permeability of the membranes separating the secreting
cells from the blood stream. There must however be

other factors concerned, namely the rate at which the
blood flows through the mammary gland and the area of the
surface exposed to the blood. In order to determine the
extent to which each of these factors condition milk yield
it would be necessary to know the amount of each precursor
absorbed by the gland in a given time. It has been shown
by this investigation that the only accurate measure of
the first of these can be obtained by comparison of arterid
and memmary bloods. Further, the evidence adduced indicate:
that one cannot always equate input and output so far as
the mammary gland is concerned. This certainly 1is the
case so far as sugar is concerned, and it may also hold
for phosphorus. It is probable however that the only
change undergone by smino-acids in the secreting cells is
synthesis to the proteins caseinogen and lactalbumin. It
may reasonably be expected therefore that data of a
satisfactory nature on the factors determining‘the yield
of milk could be obtained by consideration of the input

of ;mino-acid nitrogen to the mammary gland and the output

of protein nitrogen.
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So far capacity factors alone have been considered -
i.e. the amounts of milk precursors absorbed from the
blood. It may now be possible to study the effect of
intensity factors on the secretion of milk - namely
the influence of the concentration of the precursors of
milk constituents in the blood verfusing the mémmary
gland. By studies developed in loglcal fashion it
would be possible in time to build up a structure of bio-
chemical knowledge of milk secretion which could not fail
to be of service in the practical problems of milk pro-

duction.
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APPENDIX.

An Todometric Method for the

Estimation of Iron in Blood.

- > s 8 om ww w- wo - -

Preparatory to the investigation of the Kaufmann-
Magne technique 1t was necessary to employ a routine but
accurate method for the estimation of iron in small quan-
tities of blood.

The well-known reaction of ferric ions with thio-
cyanate 1s the basis of colorimetric prbcedures used by
Wong (1923), Walker (1925) and others, but the disad-
vantage attending the colorimetric comparison lead me
to reject these methods.

Jahn (1911) has described a procedure in which the
blood 18 submitted to dry ashing and the iron residue
titrated with titanium chloride in the presence of pot-
assium thiocyanate. I have found dry ashing of the
blood to be unsatisfactory on account of the difficulty
of obtaining the iron residue in a form in which it is
completely soluble in concentrated hydrochloric acid.
Moreover it is necessary to carry out titanium chloride
titrations in an atmosphere of carbon dioxide.

/VMurray (1924) has employed dry ashing of the blood,
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followed by reduction of the iron which is then titrated
with standard permanganate in an atmosphere of hydrogen.
Using dilutions commensurate with the small quantities of
iron present in blood the permanganate end-point is diffi-
cult to judge and is therefore unreliable.

Accordingly I have developed an iodometric method,
which, employing the sensitive starch-iodide indicator,

gives results accurate to about 2% on 2 cc., portions of

" blood.

The reaction between ferric and iodide ions proceeds

according to the reversible equation
Fe"¥& 5I7+= Fe" ™+ 2I + 3I,

I have been unable to find any information on the
state of equilibrium of this system at the dilutions which
must be employed in the analysis of small quantities of
blood. My first efforts were accordingly directed to
finding conditions suitable forthe employment of the above
reaction in the estimation of the amounts of iron in 2 cec.
of blood (about .7 mgm.).

It was found that 1In neutral solution the equilibrium
of the iron-iodide system lles only a short distance from
the left and is therefore useless for quantitative purposes.
With increasing H-ion concentration, hbwever, the equili-
brium moves towards the right, until in safficlently acid
solution quantitative reductlon takes place. The libera-

ted iodine may then be removed by titration with N/200
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thiosulphate éolution.

For the present purpose it will be sufficient ﬁo
refer to Table I which summarises the results of a series
of titrations carried out by me. The figures were ob-
tained by titrating with N/200 thiosulphate the iodine
liberated by the interaction of a known quantity of ferric

iron with potassium lodide.
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It will be seen that in solutions which are 5 molar
with respect to HCL and 50 millimolar with respect to
potassium iodide it is possible to estimate quantitatively
amounts of iron representing concentrations of from 1 - 5
millimols per litre. Under these conditions the end-
point is sharp and there is no return of colour within 10
minutes.

It remains therefore to develop a preliminary treat-
ment of 2 cc. of blood which will allow of the above con-
ditions in the final titration. In practice it was

found that the following method gave satisfactory results,
METHOD. -

The following reagents, which should be iron free,
are required.
Sulphuric acid.
Nitric acid.
Hydfochloric acid.
Potassium iodide (4% solution - free from
iodate: this is made up fresh each day).
Starch indicator (1% solution of starch in
sat. sodium chloride).
N/200 Sodium thiosulphate.
Merck'!s perhydrol.

Potassium dichromate.
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Preparation of Thiosulphate.

N/200 sodium thiosulphate is best prepared according
to the instructions given in Pregl's Quantitative Organic
Micro-Analysis (2nd English Edition, 1930). N/10 sodium
thiosulphate which has been ripened to constant strength,
is diluted exactly to N/200 strength by means of boiled
out distilled water. The diluted solution contains 5%
by volume of amyl alcohol as a preservative and I have
found that, when kept in amber coloured bottles attached
to automatic burettes protected by soda-lime tubes, the

reagent retains its strength over long periods.

Standardisation of Thiosulphate.

5 cc. of conc. hydrochloric acid are placed in a
8 x 11 inch Pyrex test-tube, and boiled gently for one
minute, a glass bead being added to prevent bumping.

The tube 1s then cooled under the tap and 3 cc. of
standard potassium dichromate solution (25 mg. X,Cr, 0,
in 100 cc.) and 2 cc. of 4% potassium iodide solution are
added. A tightly fitting rubber stopper 1is the‘inserted
and the tube 1s allowed to stand for exactly 10 minutes.
The thiosulphate solution is now added drop by drop with
shaking until the yellow colour of the solution almost
disappears. At this point 10 cc. of distilled water are

added followed by 5 drops of the starch indicator when the
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characteristic blueé colour of the starch iodide complex
develops. After shaking, thiosulphate is added until
the blue colour disappears. The last few drops should
be added very slowly, drop by drop, and with constant '
shéking.

A blank titration 1s carried out exactly as above
except that 3 cc, of distilled water take the place of
the dichromate solution. The value of the blank is

substracted from that of the first thiosulphate titraﬁion.

Normality of Thiosulphate = SX
4.9y.
where x = gms. X,0r, O, in 100 cc.
of solution.
and ¥y = c¢c, of thiosulphate re-

quired.

The Estimation &f Iron in Blood.

2 cc. of blood are drained under the surface of 2
cc. of distilled water contalned in a Pyrex test-tube,
the pipette (which is graduated to contain and not to de-~
liver) being rinsed twice with the supernatant water.

5 cc. of conc. HNOz are then added and the tube is
placed"in a bath of boiling water until only 2 cc. of
pale yellow solution are left. In this way the blood
proteins are digested smoothly and most of the organic
matter is oxidised.v

The latter part of the combustlion is best carried
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out by hand. 0.5 cc. of conc. H2804 is added to the
tube along with a glass bead to prevent bumping and the
liquid is boiled gently over the flame of a small burner
until charring 1s complete. The tube is allowed to
cool a little, 1 cc. of conc. HNOz is added and the 1li-
quid is again boiled. If any organic matter still
remains a few more drops of HNO3 are usually sufficient
to complete the destruction. 1l cc. of distilled water
‘and 5 drops of perhydrol are added to the cooled liquid
which is again boiled until white fumes appear. Two
successive quantities of 1 cc. of distilled water are now
added and after each addition the liquid is evaporated
down in order to remove any remaining HNO3 or perhydrol.

5 cc, of conc, HCl are introduced into the cooled
tube and the liquid 1s boiled gently until a cléér yellow
solution is obtained. The tube is cooléd under the tap,
3 cc., of distilled water and 2 cc. of 4% K.I. solution
are added immedlately and the tube is stoppered tightly.

The titration is then carried out, as before, at
the end of exactly ten minutes.

A blank estimation is carried out using 2 cc. of

water instead of blood. The blank value 1is substracted
from the titration figure. | In practice I have found

that the blank value remains constant and need only be re-

determiﬁed when any change is made in the reagents.
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Mgms. Iron per 100 cc. blood 2792 xy

where X = cc. of thiosulphate re-
quired.

and Yy Normality factor of

thiosulphate.

Results: The following table gives the results of es-
timations in which a solution of ferrous iron of known
strength was used instead of blood. The complete pro-

cedure outlined above was followed.

Table II.
mgm, Iron present mgm. .Iron found Percentage error.
.6055 .6149 1.4
.8074 .8088 0.17
1.2111 1.1920 -1.6

The following experiment, using cow's blood, illus-

trates the recovery of iron added to the blood before
ashing.
Table III.
Iron in 2 cc. Iron added Total iron Iron found Iron

of blood. - rec7vered
mgmnm. mgm . mgme mgm, % ,
0.6829 - 0.6829 0.6829 - ;
0.6829 0.2830 0.9659 0.9576 99.2 " ;
0.6829 0.4000 1.0829 1.067 98.5 ;
0.6829 0.4800 1.1629 1.143 98.2
0.6829 0.5600 1.2429 1.214 97.8

|

|

I have carried out analyses on over 50 samples of ﬁ
x
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cow's blood and have obtained excellent agreement between

duplicates.
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