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An Endocrine Apprmch to the Study of 
the Inherit&e of P&k Secretion- 

C. W. TURNER, Fulbright Researoh Fellow, Ruakura Animal Research 
Station, Hamilton, New Zealand, Professor of Dairy Husbandry, 

University of Missouri, U.S.A. 

THE classical approach to the study of the inheritance of milk 
secretion in dairy cattle has considered only the combination of 

genes brought together in the zygote and the end result of their inter- 
action as represented by the productive capacity of the lactating animal. 
No considersion has been given to the problem of the physiological and 
anatomical means by which the activity of genes or groups of genes 
makes possible the expression of the differences in The genetic make-up 
of the mature animal. The question of the physiological causes of dif- 
ferences in the productivity of dairy cattle began to receive satisfactory 
answers with the growth of our knonledge of the cause of growth of 
the udder and the stimulation of milk secretion. 

With the body of knowledge now ava.ilable concerning the role of 
the endocrine glands and their secretions, the hormones, in influencing 
mammary gland growt,h and the initiation and intensity of milk 
secretion, it is believed by the speaker that the dairy cattle geneticist 
may now begin to use this information to advantage as a basis for the 
further improvement of cattle. 

As indicated above instead o.f considering only the end result of 
geue interaction upon total lactational yield of milk and fat of dairy 
cattle, it is proposed to study the inheritance of and the role of each 
hormone concerned in making possible that total performance. In other 
words, the complex nature of the inheritance of the capacity for large 
yields of milk would be separated into the components of which it is 
composed, measured separately, and the mode of inheritance of each 
component determined. 

It will naturally be asked what will be the advantage of this ap- 
proach to the genetic improvement of dairy cattle over the classical 
app’roach? The answer lies in the observation that endocrine study has 
demonstrated that the secretion of optimum amounts of many hormones 
are required for cows to produce milk at high intensity. Cows may 
inherit the capacity for high lactation intensity except for low secretion 
rates from one or two hormones. Such cows would be culled as low 
producers and the genes for high secretion rates for many hormones 
would be lost to the breed. 

Mammogenic Hormones.-To be specific! it may be pointed out that 
the level of milk secretion is dependent primarily upon the inheritance 
of the genes which stimulate the secretion of the mammognic hormone 
in the pituitary. This hormone through the interaction of the sex 
hormones (estrogen and progesterone) controls the growth of the 
mammary glands in the cow’s udder. If the secretion rate of this 
hormone is low or the cells of the mammary gland are less responsive, 
the total growth of the epithelial cells constituting the milk secretion 
apparatus will beeome a limiting factor in the ability of the cow to 
secrete milk. On the other hand, the rate of secretion of the mam- 
mogenic hormone may be intermediate or very great with the conse- 
quent growth of udders of increasing epithelial cellular capacity. In 
the latter casle, these genes should be conserved in order to bring them 
together with other groups of genes favouring high intensity of 
secretion. 
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The size of the udder ca.n be measured primarily by the highest 
average yield of milk for a day, vveelc or month. If the yield of milk is 
limited by the secretion rate of hormones to be described later, then 
the methods of hormone supplementation will indicate that the yield of 
milk was not limited by udder size. Until more satisfactory methods 
become available the secretion rate of the mammogenic hormone could 
be estimated by the maximum milk secreting capacity of the udder. 

hacto.genic Hormone.--Not only must the manufacturing plant be 
of large capacity, but the cells must operate at a rapid rate. The 
lactogenic hormone of the anterior pituitary not only stimulates the 
epithelial cells to begin the secretion (synthesis) of milk but the 
hormone is constantly required for the cells to function. Evidence is 
available which indicates that the lsctogenic hormone is discharge into 
the blood by the stimulus of milking so that rvith the removal of the 
accumulated milk at milking time the hormone will be available in 
maximum concentration in the blood during the interval between 
milkings. It is believed that the gradual decline in the rate of milk 
secretion with the advance of the lactation period represents a decline 
in the rate of secretion of the lactogenic hormone by the pituitary. 

One may ask, horv can one determine whether a cow or the progeny 
of a bull are secreting optimum nmount:s of the lactogenic hormone. In 
this connection one may consider several possibilities. First, there is 
the possibility that the number of epithelial cells in the udder may be 
limited. Under such conditions a smail amount of lactogenic hormone 
would be reouired. and if a large amount of hormone nTere secreted it 
would be of’little’use-in early Taiactation but would be expected to aid 
in the maintenance of the lactation curve during the latter part of the 
lactation period. That this actually occurs hga been shown by the 
higher degree of persistency of lactation in the average COW with 10%~ 

maximum production in comparison with those of higher maximum 
yield. The opposite extreme would be the presence of a large udder 
(many secreting cells) but with a limited rate of secrtion of the lacto- 
genie hormone. By the injection of the lactogenic hormone at definite 
periods of the lactation period, the extent of response to exogenous 
hormone could be measured. 

_ 

If the udder is small and adequate amounts of the lactogenie 
hormone are being secreted the response n-ould be small or nil to 
additional hormone. If the udder is large and the amount of milk 
secreted is limited by the rate of secretion of the lactogenic hormone, 
then the injection of additional hormone n-ould increase the intensity 
of milk secretion up to the point where some other hormone became a 
limiting factor. By this technique one should be able to estimate the 
intensity of lactogenic hormone secretion, for if a cow with large milk 
secreting ability would not respond to the lactogenic hormone injections 
it would appear that no only was udder size adequate but the lactogenic 
hormone was adequate for the amount of milk secreted. It would be 
possible that even larger amounts of hormone were being secreted and 
this could be determined by the procedure which mill be described 
presently. 

It is believed that by the methods which have been suggested that 
the effectiveness of the genes controlling the intensity of secretion of 
the lactogenic hormone by the pituitary could be measured in individual 
animals and the average progeny performance of bulls in regard to 
the secretion of this hormone estimated. Dam and daughter comparisons 
could be made also. The results obtained by controlled matings in 
which sires with high progeny performance for the intensity of secretion 
of the lactogenic hormone would be mated 16th cons shelving low and 
high lactogenic secretion rates would then contribute to our knowledge 
of the mode of inheritance of the genoa concerned. 

Thyrotrophic Hormone.-The pituitary secretes a third hormone, 
thyrotrophin, which has an important indirect influence upon the in- 
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tensity of established lactation. This hormone stimulates the thyroid 
gland to the secretion of thyroxine. Thyroxine stimulates the metabolic 
rate of the cells of the body, including the mammary gland. It would 
take us too far afield to discuss all of the effect of thyroxine and 
how these effects might influence indirectly the intensity of milk 
secretion. Suffice it to indicate that thyroxine does hare an important 
role in the lactation process for upon the removal of the thyroid’gland, 
lactation intensity is seriously depressed and in many cows the injection 
of thyroxine or the feeding of thyroprotein will stimulate variable 
degrees of increased lactation. 

This knowledge is taken to indicate that the thyrotrophic hormone 
secretion rate and in turn the thyroxine secretion rate play important 
role8 in controlling the milk secretion rate. If the rate of thyroxine 
secretion is low it may thus become a limiting factor in the rate of 
milk secretion, even with udder Isize and lactogenic hormone secretion 
rate adequate. 

How may the thyroxine secretion rate in dairy cattle be measured? 
A number of methods are in process of development. By the use of 
radio-active iodine, the rate of activity of the thyroid gland may be 
measured. The Missouri Sgricultural Experiment Station (U.S.S.) is 
working on practical techniques fol measurement of the thyroxine 
secretion rate of lactating goats and sows under various environmental 
conditions. It is hoped by these methods to measure directly the amount 
of thyroxine secreted per day by cows in full lactation under standard 
conditions. 

Until these methods become availahle, the alternative method of 
administering thyroxine or of feedin g thgroprotein will contribute much 
valuable information. If this hormone increases the intensity of milk 
secretion it may be concluded that the thyroxine secretion rate of the 
cow is below the optimum level. The greater the increase in milk 
yield, the greater would be the deliciency in thyroid secretion in relation 
to the secretion of the other hormones. On the other hand, if addi- 
tional thyroxine stimulated little additional milk it could be concluded 
that the secretion of tltyrosine nas adequate for the cow in question. 
If the over all milk ~‘eld of such CONS was high, one would appear 
justified in assuming a high thyroid hormone secretion rate, but if the 
production was low it would be assumed that other factors such a8 
the secretion of mamogen or lactogen limited production. 

Further important information as to the hormones limiting pro- 
duction could come from the injection of lactogen and thyroxine into 
cows in different sequence, i.e., fir8,t lactogen followed by the two 
together or first thyroxine followed by the two together. Thus a cow 
given lactogen alone might show no response until thyroxine were 
administered due to the fact that thyroxine was a limiting factor in 
her production and vice versa. 

Cell Sensitivity.-While in this discussion the importance of the 
hormone secretion rate has been emphasised, it is true that the variation 
in the responsiveness of the cells of the udder may play an important 
role also. Thus one animal may require a larger amount of hormone 
to show a given response than another animal. Animals show this 
variation to all hormones. As a. matter of fact, most hormones are 
assayed on the basis of a 50% response. That is, a unit of hormone 
is frequently defined as one which will produce a given response in half 
the animals. This means that i.he secretion of a given amount of 
hormone will not have the same ef’fect on all animals. It may 1~: 
discovered that the highest producing cows depend not only upon 
high optimal rates of hormone secretion but upon epithelial cells which 
especially are sensitive to the various hormones discussed. In that case 
methods of selection of animals of high hormone sensitivity must be 
sought. It is possible, however, that the observed variation in sen- 
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sitivity of cells may actually be due to variation in other hormone 
secretion rates. Thus castrate rats used in the estrogenic hormone assay 
may vary in response to estrogen because they vary (for example) in 
thyroxine secretion rate and growth hormone rate. If these rates 
were made uniform by exogenouv hormone administration, it might 
then be found that the varittion between rats would be ,greatly reduced. 

Sta.ndardization of Environment.-In the research by which it is 
hoped to determine the hormone secretion rates of the various hormones 
concerned in lactation, it will be necessary to provide not only adequate 
nutritional conditions but frequency of milking and management will 
require attention. Environmental temperature will become an important 
factor requiring adjustment. 

In addition, the rates of secretion of the hormones vary during the 
lactation period. It will be important to measure hormone secretion 
intensity not only at the height of the lactation period but in some 
cases, such as lactogenic and thyrotrophic hormones, it will be important 
also to determine the persistency of the secretion rate with the advance 
of the period of lactation. Other conditions requiring standardisation 
mill be noted as the work progresses. 

Parathyroid Hormone.-The parathyroid gland and the hormone 
which it secretes-parathonnone-plays an important role in calcium and 
phosphorus metabolism. The rate of secretion of the hormone is not 
controlled by the anterior pituitary but by the level of Ca and P in 
the blood stream. When the Ca content, of the ,Llood is low, the gland 
is stimulated to increased hypertrophy and presumably increased hormone 
secretion. Thus at the initiation of lactation with an increased drain 
of Ca and P through the mammary glands, there may result low Ca 
and P blood levels resulting in so-called “milk fever” due to the inabil- 
ity of the parathyroid gland to secrete sufficient parathomnone to 
mobilize sufficient Ca and P from the nutrients and bones to take care 
of the increased drain of the milk. However, in most cows, the intense 
hypertrophy of the parathyroid gland soon takes care of the increased 
Ca and P requirements and blood levels are restored to normal. 

Some cows during intense lactation later in lactation seem to have 
borderline blood Ca deficiencies and may show slight to markedsymp- 
toms of milk fever. It is quite possible that in such cases the intensity 
of milk secretion may be limited bv the rate of secretion of the nara- 
thyroid hormone. Certainly the breeding of dairy cows with the ability 
to secrete large amounts of milk will require parathyroid glands which 
can quickly h:ypertrophy and be prepared to secrete large amounts of 
hormone if milk fever is to be prevented and full advantage taken of 
the optimum secretion of the other hormones. 

There is a current opinion that high production of milk tends to 
increase the problems of the health and well-being of dairy cattle. It 
is believed by the speaker that this only indicates the appearance of 
deficiencies in hormone secretion rate which could be corrected by the 
inclusion in the germ plasm of the necessary #genes for optimal hormone 
secretions. In other words, intense milk secretion as such is not detri- 
mental to the well-being of dairy cattle except as it tends to aceen- 
tuate the appearance of limiting hormones or ‘nutrients. If all the 
necessary hormones are being seereted in perfect balance then the high 
producing cow will be in a perfectly healthy physiologic state if the 
nutrient intake contains a balance of requirements. 

Sugar Metabolism.--In the mammary glands large quantities of 
glucose are converted into lactose. Since the lactose content of milk 
is quite constant it has been suggested that the ability to synthesize 
this compound by the mammary gland is a controlling factor in the 
rate of milk secretion. Thus Gaines suggested that for each gram of 
lactose secreted about 18-20 grams of water (as milk) will be secreted. 
If the precursors of lactose (glucose) are not available in the blood 
then the yield of milk will be reduced. 
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This relation is believed to be the reason for the extreme sensitivity 
of milk secretion intensity to the nutrient condition of the cow; under- 
feeding being quickly reflected in declining yield. It is clear that the 
ability to digest large quantities of carbohydrate feed by the cow is a 
prerequisite for intense milk secretion. However, the endocrine glands 
and their secretions play important roles in carbohydrate metabolism. 

As nlucose flows into the blood stream from the digestive tract, 
there w&ld be a tendency for the blood sugar to increase to high levels 
and to be discharged into the urine and thus wasted. Sugar loss by 
this process is prevented through the action of a hormone from the 
islet cells of the pancreas called insulin. Insulin causes blood glucose 
to be converted into animal starch or ,glyeogen, which is stored in the 
liver and muscles. If the amount of glycogen reaches saturation in the 
tissues, then the surplus glucose is converted into fat for storage. 

The rate of insulin secretion is regulated by the blood sugar level. 
When the blood sugar level is low insulin secretion slows down. As 
the sugar level rises, the rate of insulin secretion increases to take care 
of the conversion of ulucose into elvcoeen. If this mechanism does 
uot function properly, Then there w&id be loss of blood glucose in the 
urine and a lack of stored glycogen (during periods of diminished sugar 
intake from the digestive &act.- 

- - 

Of equal importance in the maintenance of a proper blood sugar 
level, is the pituitary hormone (ea.lled the carbohydrate metabolism 
hormone or blood sugar raising hormone). This hormone has the 
function of converting glycogen into blood glucose. When the blood 
sugar tends to fall this hormone is :secreted in increased amounts and 
causes a rise in blood sugar. Thus by the interaction of these two 
hormones blood sugar is maintained within the normal range. If the 
two hormones are both eliminated, the animal’s blood stream is sub- 
jected to the violent variations of sugar intake and all control of the 
blood sugar level is lost. 

Thus the intensity of milk secretion would be dependent upon the 
proper functioning of the islet cells in insulin secretion in taking care 
of sugar surplusses and of the proper fanctioning of the pituitary 
hormone in maintaining adequate sugar level in periods of deficiency. 

A group of hormones from the adrenal cortex, of which cortisone 
is a representative, also play a role in carbohydrate metabolism. When 
carbohydrates are deficient in the ration and protein and amino acids 
are available, cortisone has the function of deaminizing amino acids 
and of converting the residues into glucose. Thus during periods of 
underfeeding, milk secretion can continue for a time. In these cases 
the lactose arises, in the final analysis, from amino acids. 

Retosis.-When the supply of carbohydrates entering the blood is 
low, the glycogen reserves are quickly consumed. It has been estimated 
that there is normally an amount sufficient only for about 24 hours of 

fast. The animal then becomes dependent upon deaminized amino acids 
as a source of blood sugar. If cortisone is not secreted in adequate 
amounts or if insufficient protein is available, the fat reserves are called 
upon. Fats can be utilized completely in small amounts but when the 
utilization of fat is very great, the end products of fat breakdown, the 
ketone bodies, increase in amount and a condition known as ketosis 
results. The problem is not so much the presence of the ketone bodies 
in the blood as in the low level of blood sugar which occurs concurrently. 
The characteristic symptoms of ketosis, is a coma due to the fact that 
nervous cells can only utilize glucose as a source of energy-not ketone 
bodies. 

Treatment of ketosis consists in increasing the availability of ‘blood 
sugar. This can be done most effectively by the administration of 
cortisone which makes sugar available from amino acids. Since adrenal 
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hormone replacement therapy is effective, it would appear that some 
forms of ketosis are caused by an insufficient secretion of cortisone. 
The normal hormone secretion of the adrenal cortex is regulated by 
another pituitary hormone-the adrenal cortico-trophic hormone (ACTH). 

An insufficient secretion of ACTH would thus tend to cause dairy 
cows to become susceptible to ketosis under certain environmental con- 
ditions. On the other hand an over secretion of ACTH would tend to 
deaminize too many amino acids and would cause a deficiency of amino 
acids, one of the chief precursors of milk protein. 

Thus continued intense lactation would be dependent upon the 
optimal secretion of ACTH and of cortisone. This would be especially 
true of cows subject to stressful environmental conditions. 

Both the lactogenie and ACTH are secreted by the same cells, the 
acidolphilic cells of the pituitary. It has been suggested that during 
periods of intense, lactation when the lactogenic hormone is being 
secreted in large amounts, the acidophilic cells of the pituitary tend to 
slight the secretion of ACTH thus causing an increasing incidence of 
ketosis. It migh be pointed out that in intense lactation there is a 
great flow of ‘glucose to the udder for transformation into lactose. This 
outflow places a strain on the mechanism for maintaining a normal 
blood sugar level and if there is a breakdown the glucose content of 
the blood would be lowered and ketosis would result. 

Protein Metabolism.-The mammary gland utilizes the amino acids 
and proteins of the blood for the synthesis of milk protein. The growth 
hormone of the oituitarv is well known for its abilitv to conserve uro- 
tein and to stimulate protein deposition in the form of new tissues. 
Whether the pituitary growth hormone plays a role in milk protein 
synthesis or mobilizes the protein milk precursors for most effective use 
bv the udder has not been investigated as vet. It would be esnected 
in the light of the roles played “by the hormones upon other com- 
ponents of the blood that the endocrine glands would also influence 
the intensity of milk protein synthesis. 

The Milk “Let-Down” Hormone.-& far the discussion has centred 
upon the various endocrine glands which play roles in making it possible 
for the cow to secrete large amounts of milk. The removal of the milk 
from the udder at regular intervals as completely as possible is also 
very important. If the milk is not completely harvested, the potential 
possibilities of the cow will not be fully realized. 

Milk removal at milking time is made possible by a hormone 
secreted by the posterior lobe of the pituitary. In studies now under 
way at Ruakura in collaboration with W. G. Whittleston, it has been 
shown that the pituitaries of dairy cattle differ considerably in the 
content of the milk “let-clown ” hormone which they contain. It has 
not yet been demonstrated that more hormone would be required to 
cause complete milk “let-down” in cows with large udders than in cows 
with small udders. It seems reasonalble to believe that large cows with 
more circulating blood would require the secretion of more hormone than 
small cows to cause proper milk “let-down.” 

It has been shown that the discharge of hormone from the pituitary 
into the blood stream is effected by a nervous stimulation normally 
originating as a result of the manipulation of the teats at the onset of 
the milking process. The amount of hormone discharged by cows is 
probablp subject to considerable variation. The variation in the amount 
of “residual milk” in the udder at the end of the normal milking period 
may represent variations in the efficiency of the mechanism for dis- 
charging the hormone into the blood ,upon the nervous stimulation of 
the act of milking or deficiencies in the amount of hormone available 
for discharge into the blood. 
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The administration of the milk “let-down” hormone to cows follow- 
ing regular milking and the determination of the amount of residual 
m[ik should give a measure of the normal mechanism. Again freedom 
from excitement and a standard good milking procedure mould be 
necessary. 

General Considerations-It should “oe realised that the suenestions 
presented herewith in regard to .a hormonal approach to the %rdy of 
the inheritance of intense milk secretion will require additional basic 
research before the first steus of the uroaram can be realized. However. 
the speaker believes that ;t is import&t now to develop a research 
program with these objectives in mind. If, as the work advances, it is 
discovered. that it is difficult to combine the genes for high hormone 
secretion rates in strains of dairy cattle by thg approach suggested, it 
would appear probable that the basic knowledge indicating the role of 
each hormone contribnting to great milk and fat production would be 
of value to dairy cattle geneticists in other approaches to the objective 
of breeding ‘more productive dairy cattle. 

One of’ the important problems of breeders is to evaluate the 
importance of the inheritance as contrasted to the environment in the 
productive aualities of animals. Bv the determination of the hormone 
secretion raies of the factors influencing milk secretion intensity, it 
should be possible to determine for each hormone! the influence of 
variations in nutritive level and for various other environmental factors. 

Thus in the case of the pituitary-thyroid gland relation, the influence 
of environmental temperature upon the thyroid secretion rate and in 
turn upon milk and fat secretion may he determined. In the case of 
the maintenance of the blood sugar level, the importance of adequate 
food intake and the mechanisms which must act when either low or 
an imbalance of nutrients intake occurs may give clues to breeding 
strains of cattle free from ketosis. 

Similarly, in the case of the parathyroid glands, it may be deter- 
mined whether or not it is possible to breed cattle with such a normal 
“over-production” of parathyroid hormone that they will be able to 
meet the stress of the initiation of milk secretion with the great out- 
flow of Ca and P into the milk without seriously lowering the Ca 
content of the Iblood. 

Thus the concept of the determination of factors limiting milk 
secretion may be extended to the metabolic (‘diseases” of cattle which 
are indicative of the inability of some animals to meet environmental 
and nutritiona stress. 



D’ rxussion 

1rr. WARD: Dr. Turner has mentioned limiting factors. Are there 
any inhibiting factors? 

Dr. TURNER: I believe that limiting factors are more important. 
I know of no evidence of the existence of inhibiting factors. 

Dr. McMEEKAN: After a problem of this sort is broken down into 
its component parts,, will the statistical breeders synthesise the broken 
parts into a single Index? 

Prof. RAE: Hormones are probably not genetically independent. 
There will probably be genetic correlations between the production of 
different hormones so that selection will be difficult. If one hormone 
were a limiting factor, the selection would be much simpler. 

Mr. McFARLANE : Hormones have widespread metabolic effects. 
One cannot look at one hormone in terms of the mammary gland alone, 
as it may have detrimental effects elsewhere. In the dairy industry we 
have closely related animals, some of which are high producers and some 
are low producers. A search for the cause of such differences might 
be more profitable. Are assay methods sensitive enough to detect 
differences in the hormone status of high and low producing cows9 

Dr. TURNE,R: The hormone balance may be at fault. Large 
uddered cows may fail because of one or more factors. A deficiency in 
the let-down hormone may prevent the harvesting of the milk. An 
approach to the problem is that of replacement therapy. We know a 
great deal about factors affectin, m the rate of thyroid secretion in small 
animals but nnfortunately we have not been able to extend that work 
to large animals. Radio.active iodine has been used- to determine the 
amount of thyroxine secreted. Thyroxine when given to cows will 
result in the production of more milk. 

Prof. CAMPBELL: A number of hormones are involved in milk 
production. Can Dr. Turner give any forecast of how many more 
hormones will be found to influence milk production7 

Dr. TURNER: I have given you a very much simplified account. 
They are still being sorted out. We are still a long way from the time 
when the geneticist will be able to make ,use of the findings. 
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