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Summary

The relative changes imposed by a 4-day starvation on the arteriovenous
difference across the mammary gland, for triglyceride, free fatty acids, glucose,
B-hydroxybutyrate, and acetate have been studied in three lactating cows.

The arterial concentration of free fatty acids increased up to tenfold during
starvation, but this was not associated with a corresponding increase in its arterio-
venous difference across the mammary gland. There was a marked decrease in both
the arterial concentration and the arteriovenous difference for acetate. These results
indicated that the uptake of free fatty acids by the mammary gland of the cow is
not a function of its arterial concentration while that of acetate is. There was little
change in the uptake of triglyceride and B-hydroxybutyrate during starvation.
The arterial concentration of glucose was maintained at close to non-fasting levels
during the 4-day fast and glucose was not readily utilized by the mammary gland.

I. INTRODUCTION

The fatty acids of the milk fat of cows are synthesized within the mammary
gland from acetate and B-hydroxybutyrate or derived directly from the plasma
triglycerides (Barry 1964) and possibly from the plasma free fatty acids (Hartmann
and Lascelles 1964). In addition, the glycerol moiety of the triglycerides of milk
fat appears to come partly from the plasma triglycerides (Barry 1964) and is partly
synthesized from blood glucose (Luick and Kleiber 1961).

Starvation of the dairy cow causes marked changes in the yield and composition
of milk fat. Since a marked reduction in blood flow through the mammary gland
occurs during starvation (McClymont, personal communication), it is clear that this
alone could be responsible, to a large extent, for the decrease in milk fat production.
However, the production of fat is suppressed to rather less than that of the other milk
components (Overman and Wright 1927) and its fatty acid content is changed
markedly (Smith and Dastur 1938). It is therefore of interest to determine the relative
changes imposed by starvation on the arteriovenous differences of the important
precursors of milk fat.

II. METHODS
(@) Animals
Three cows were starved for a period of 4 days. During this period they were
completely deprived of food but allowed free access to water. Cow 1 (a 6-yr-old
Australian Tllawarra Shorthorn Cross) was in the ninth month of her third lactation,
cow 2 (a 3}-yr-old Guernsey) was in the fourth month of her second lactation, and
cow 3 (a 7i-yr-old Guernsey) was in the third month of her fifth lactation.
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(b) Management

The cows grazed a mixed pasture containing subterranean clover, white clover,
and rye grass and were supplemented with strip grazing (3 hr/day) on good quality
green winter oats. Apart from the starvation period the cows were managed according
to normal dairy farm practice.

(¢) Collection of Samples

The surgical techniques and the methods used for sampling arterial and venous
blood have been described previously (Hartmann and Lascelles 1965). Samples of
blood were taken 20 days before, at the commencement, after 2 days, and at the end
of the 4-day period of starvation. Samples were again taken 3, 7, 19, 29, and 39 days
after starvation. Samples from cows 1 and 3 were collected at 11 a.m. while those
from cow 2 were collected at 2.30 p.m.

(d) Analytical Technique

The following analyses were carried out: glucose by the glucose oxidase method
of Huggett and Nixon (1957) in which Boehringer blood sugar kits were used; free
fatty acids by the method of Dole (1956); B-hydroxybutyrate by the method of
Peden (1964); acetate, propionate, and butyrate were separated by liquid-liquid
partition chromatography on a silicic acid column by the method of Brown as
described by Mackenzie (1964); total protein by the method of Gornall, Bardawill,
and David (1949); phospholipids by the method of Zilversmit and Davis (1950).
The extraction of plasma lipids with chloroform-methanol (2 : 1 v/v) and analysis
for cholesterol, triglycerides, and cholesterol esters by thin-layer chromatography
was carried out as previously described by Hartmann and Lascelles (1965). Milk fat
was determined by the Babcock method as described by Davis and MacDonald
(1953). Haematocrits were determined on all blood samples using the Hawksley
microhaematocrit method.

The volatile fatty acids and B-hydroxybutyrate analyses were carried out on
whole blood while the other analyses were carried out on blood plasma.

Free fatty acids were determined in triplicate while all other determinations were
carried out in duplicate.

II1. REsuLTs

(@) Milk and Milk Fat Production
The production of milk and milk fat for each of the cows on the days when blood
samples were collected is presented in Table 1. It can be seen that, during starvation,
the decrease in the production of milk was much more marked than that of milk fat.
Milk production in cow 1 did not return to more than a third of her pre-fast level.
This may have been related to the fact that at the time of starvation this cow was in

the ninth month of lactation and was 6 months pregnant.

(b) B-Hydroxybutyrate and Acetate
The arterial concentrations and the arteriovenous differences of S-hydroxy-
butyrate and acetate are presented in Table 2. The average concentration of
B-hydroxybutyrate in the arterial blood of grazing cows was 10-442-5 (S.D.) mg/
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100 ml. Although an increase in the concentration of f-hydroxybutyrate was observed
in one of the cows (cow 3) on the fourth day of starvation, clinical symptoms of ketosis
were not apparent. The mean arteriovenous difference for g-hydroxybutyrate across
the mammary gland was 2-840-6 (S.D.) mg/100 ml which was approximately
1 mg/100 ml higher than observed by Shaw (1941) but similar to the finding of
McClymont (1949). It can be seen from Table 2 that there was no appreciable increase
in the uptake of B-hydroxybutyrate by the mammary gland during starvation.

The large uptake of acetate by the lactating mammary gland of grazing cows
(Table 2) was similar to that found previously (Hartmann and Lascelles 1964) for
volatile fatty acids. In all cows the arterial concentration of acetate fell to approx-
imately 509, of its pre-fast value during starvation and then returned to the pre-fast

TaBLE 1
PRODUCTION OF MILK AND MILK FAT FOR EACH OF THE COWS ON THE DAYS WHEN BLOOD SAMPLES
WERE COLLECTED

Before Starvation | During Starvation After Starvation
Cow
20 Days | 0 Days | 2 Days | 4 Days | 3 Days | 7 Days | 19-39 Days*
Milk production| 1 9-0 9-0 2-5 1-3 1-5 2-3 2-7
(kg/24 hr) 12-0 12-3 6-4 3-6 7-5 8-3 9-7
3 12-0 11-9 50 4-4 10-8 12-9 13-9
Milk fat 1 423 457 173 164 99 105 132
production 2 509 523 425 339 291 328 426
(g/24 hr) 3 520 447 303 306 496 552 - 641

* Average of the 19-, 29-, and 39-day samples.

concentration during the following 7 days. After 2 days of starvation, the arterio-
venous differences for acetate had decreased to less than 159, of its previous level
and remained at this low level until the end of starvation. These findings are similar
to those described by McClymont (1951).

The concentration of propionate and butyrate in the arterial blood was
0:940-3 (S.D.) and 1:04-0-4 (S.D.) mg/100 ml respectively. Although separation
of these compounds at this low concentration was not very precise, both appeared
to have a lower concentration in the venous blood. The arterial concentration of both
propionate and butyrate in cows 2 and 3 was lowered by at least 509, during
starvation.

(¢) Triglycerides, Free Fatty Acids, and Glucose

The arterial concentrations and arteriovenous differences for triglycerides, free
fatty acids and glucose (F.F.A.), are shown in Table 3.

The arterial concentration of triglyceride increased two- to threefold on the
fourth day of starvation in cow 1, but was not noticeably altered in the other two
cows. In all cows the concentration was lowest 3 days after starvation and returned
to pre-fasting levels in 7-19 days. Arteriovenous differences for triglyceride were
not consistently altered by starvation.
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During starvation the concentration of F.F.A. in plasma increased four to
tenfold but returned to normal by 3 days after feeding; their uptake by the mammary
gland was slightly greater than in the fed state (Table 3). Some of the arteriovenous
differences for F.F.A. were small or slightly negative. The mammary glands of
high-producing cows appear to take up F.F.A. more consistently than lower-producing
cows (Hartmann and Lascelles 1964) and since the cows in this experiment were not
in high production, the variable uptakes of F.F.A. were understandable.

Although the arterial concentration was only slightly lowered, the uptake of
glucose by the mammary gland was substantially decreased by the fourth day of
starvation (Table 3). The glucose uptake had recovered in cows 2 and 3 by the third
day after starvation.

(d) Cholesterol Esters, Cholesterol, Phospholipids, and Haematocrit

The concentration of these lipids did not alter to any marked extent during
starvation but declined rapidly thereafter in two of the cows, reaching a minimum
of approximately 509, of the pre-fast level 7 days later (Table 4). It is interesting to
compare these results with those of Riis (1961) who found a consistent decrease in the
concentration of these lipids in the plasma of cows during a more prolonged fast.

The haematocrit increased by 6-10%, during starvation although the animals
were allowed free access to water. This was associated with the rise in plasma protein
concentration.

(e) Diurnal Variation in Arteriovenous Differences

Blood samples were collected from cow 3, 30 min after the morning milking and
30 min before the afternoon milking. The arterial concentration and arteriovenous
differences for triglycerides, B-hydroxybutyrate, glucose, acetate, and F.F.A. from
these collections were determined. The respective arteriovenous differences for
triglyceride, B-hydroxybutyrate, and glucose did not indicate that there was any
change in their uptake between morning and afternoon collections. These uptakes
were of a similar order to those found for this cow, 4-5 hr after milking (Tables 2 and 3).
There was a greater uptake of acetate in the afternoon.

IV. Discussion

The limitations of the arteriovenous difference technique for studies on the
net uptake of various substances by the mammary gland of the cow has been discussed
in an earlier publication (Hartmann and Lascelles 1964). Folley (1949) considered
that diurnal variation in the uptake of the various precursors may result in misleading
conclusions. This was supported by the finding of Shaw and Petersen (1940) that
the arteriovenous difference for blood fat increased from almost zero just after milking
to a maximum some hours later. This finding was not borne out in the present
experiment in which the arteriovenous difference for triglyceride was 6-6 mg/100 ml
for a cow sampled just after milking compared with 5-3 mg/100 ml some hours later.
The results for this cow indicated that, with the exception of acetate, the uptake of
which appears to be governed to a large extent by its concentration in arterial blood
(and possibly F.F.A.), diurnal variation does not appear to be important. This
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conclusion is supported by the consistency of the arteriovenous differences obtained
from a large number of determinations on a number of dairy cows from each of which
samples were collected at various times throughout the day.

The finding that the arterial concentration of acetate fell to a low level during
fasting agrees with the results of McClymont (1951) and Riis (1961). This fall was
closely related to a marked decrease in its arteriovenous difference across the mammary
gland (Table 2). It has been found that there is an increased uptake of acetate by
the mammary gland of the starved cow when the arterial concentration is increased
by intravenous infusion of sodium acetate (McClymont 1951). Thus, it would appear
that the uptake of acetate by the mammary gland is related to its concentration in
arterial blood.

Shaw (1941) has shown that there is an increase in the uptake of 8-hydroxy-
butyrate by the mammary glands of ketotic cows. However, in the cows used in
the present experiment, fasting did not produce clinical symptoms of ketosis and the
arteriovenous difference for p-hydroxybutyrate was of the same order in the fasted
and fed states (Table 2).

It has been suggested by Lauryssens, Verbeke, and Peeters (1961) and Barry
et al. (1963) that F.F.A. may assume greater importance in the synthetic activities
of the mammary gland of the ruminant during fasting. The utilization of F.F.A. by
muscle and liver tissue has been found to be a function of their concentration in the
medium (Steinberg 1964). However, this does not appear to apply to the mammary
gland during starvation, since our results show that a large increase in the arterial
concentration of F.F.A. was associated with only a doubtful increase in its uptake
(Table 3).

The uptake of plasma triglyceride throughout starvation was similar to that in
the fed state and on the average would appear to be quantitatively, more than twice as
important as plasma F.F.A. in the contribution of long-chain fatty acids to the
mammary gland (Table 3). However, the recent demonstration that there is a marked
decrease in specific radioactivity of F.F.A. across the mammary gland of the lactating
goat following the continuous intravenous infusion of 14C-labelled long-chain fatty
acids indicate that unlabelled fatty acids are continuously being added to the blood
during its passage through the mammary gland. This unlabelled fatty acid may
have been derived from plasma triglyceride taken up by the mammary gland. Thus,
the net uptake of triglyceride fatty acid and F.F.A. reported in our experiments
should more properly be considered together rather than individually. It isinteresting
to note that a two- to threefold increase in the arterial concentration of triglyceride
in one of the cows was not associated with an increased uptake (cow 1, Table 3).

The finding that the concentration of plasma glucose decreased only slightly
during the 4-day fast (Table 3) is in conformity with the finding of Riis (1961) for the
dairy cow but is in marked contrast to that observed in the monogastric animal
(Yensen 1964). It has been shown that a lactating goat utilizes 60-859, of its daily
turnover of glucose for milk production (Annison and Linzell 1964). The substantial
decrease in milk production which occurs during starvation would be expected to
significantly diminish total body glucose utilization. This, together with the more
efficient mechanisms for the control of glucose production in the ruminant than in

'
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the monogastric animal, as suggested by Annison and White (1961), are undoubtedly
important factors responsible for the maintenance of plasma glucose concentration
during starvation at essentially pre-fasting levels.

Annison and White have also measured glucose utilization in fed and fasted
sheep by isotope dilution and their results indicate that the tissues of intact non-
lactating ewes have the ability to utilize glucose at low plasma concentrations. They
suggest that under these conditions mechanisms to “spare” glucose utilization are
absent in the sheep. However, this does not appear to apply to the mammary gland
of the lactating cow, since there was a progressive decrease in the uptake of glucose
by the mammary gland during the fasting period (Table 3). As this occurred in the
absence of a marked decrease in the arterial concentration, it would appear that glucose
is not utilized readily by the mammary tissue of fasting cows. Some support for this
idea is provided by the finding that there is a marked fall in the concentration of
lactose in the milk of cows during starvation (Smith, Howat, and Ray 1938).

It has been suggested (Evans 1964) that the function of plasma phospholipids,
cholesterol esters, and cholesterol (components of the lipoprotein complexes) is to
stabilize triglyceride for plasma transport. However, the large reductions in the
arterial concentration of these lipids observed in the present experiment (Table 4)
did not appear to be associated with changes in the concentration of triglyceride or
its utilization by the mammary gland (Table 3).
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