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Summary. Plasma sodium, potassium and aldosterone levels, daily milk production and
milk sodium and potassium were measured in 10 Holstein x Friesian cows during a whole
lactation period beginning in November and ending in November the following year.
The milk production (4 p. 100 fat content) of these animals was 6 170 - 66 kg (mean-{- SEM).
During the whole experimental period, the cows had free access to salt blocks and were
thus always sodium-repiete.

Plasma sodium and potassium levels showed no significant variations during lactation.
The daily excretion of sodium and potassium through milk paralleled that of daily milk pro-
duction. Plasma aldosterone levels decreased sharply from 77.4 | 4.0 pg.ml—! at calving
to 13.2 + 3.6 pg.mi=1 (P < 0.01) on day 7 of lactation, then remained stable until
day 50 (16.4 1 4 pg.ml~1). They increased slightly on day 155 (60 days after mating :
36 -5 pg.ml-1; P < 0.05 and abruptly after spring grazing (54.9-+- 11 pg.ml1;
P << 0.01), then remained high until the end of lactation (48.5 -+ 12 pg.ml-1). Plasma
aldosterone levels were 11.9 - 2.4 pg.mi~1in seven 24-month old, non-pregnant heifers fed
the same winter ration as the cows. No relationship could be demonstrated between sodium
and potassium concentrations in blood and milk or between those parameters and plasma
aldosterone levels.

Thus, in high-yield dairy cows, aldosterone does not seem to play a major role in the
regulation of sodium and potassium excretion through milk.

Introduction.

Mean sodium and potassivm concentrations in cows’s milk are 22.5 mmoles.|-1
and 38.5 mmoles.l-1, respectively (Guéguen, 1971). Thus, for a cow producing
6 000 kg of milk per lactation, the simultaneous mammary output of sodium and potas-
sium are 135 and 231 moles, respectively. The regulation of milk electrolyte concentra-
tion may be of importance in high-yield dairy cows.

The ionic composition of milk is more closely related fo intracellular than to extra-
cellular fluid. Mammary secretory cells have active, monovalent-cation pumps which
increase potassium and decrease sodium only on the cell plasma membrane adjacent
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to the vascular supply (Johnson and Wooding, 1978). In contrast, the apical cell sur-
face adjacent to the milk seems to be a simple, unselective permeability barrier to
monovalent cations, thereby allowing the ratio of intracellular potassium/sodium to
largely regulate that of milk (Falconer, 1980). Aldosterone is an important factor in
sodium storage. However, results from studies on the possible influence of aldosterone
on milk sodium concentration are conflicting. Using lactating quinea-pig mammary
cells incubated in vitro, Linzell and Peaker (1971) could not demonstrate any effect of
aldosterone on intraceliular sodium and potassium concentrations, while Yagil, Eizion
and Berlyne (1973) reported that the intraperitoneal injection of aldosterone (15 pg/kg
body weight) in lactating rats caused a significant reduction in milk sodium concentra-
tion, and that that effect was inhibited by spironolactone. To our knowledge, nobody
has studied the influence of aldosterone on the mineral composition of bovine milk. The
purpose of the present work was to study the putative relationships between plasma
aldosterone levels and sodium and potassium concentrations in the blood and milk
of high-yield dairy cows.

Material and methods.

Animals. — Ten 6 to 8-year old Holstein X Friesian cows at their 4th to 6th calving
were used during a lactation period. They were housed inside for 7 months after calv-
ing at the beginning of November, and fed maize silage and grain concentrate with
vitamin and mineral complement so that, during the winter period, the daily ration of
each contained approximately 25 g of sodium and 90 g of potassium. Since water and
salt blocks (Oligobloc, Salins du Midi) were always available throughout the experi-
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FIG. 1. — Pattern of cow body weight during lactation (mean 4 SEM).
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ment, the daily sodium and potassium intakes of each animal could not be measured,
but all the cows were sodium-replete. They were moved fo fescue pasture 7 months
after calving and then ate grass until the drying-off period 49 weeks after calving. Each
animal was weighed once a week during the experimental period (fig. 1), and they
were artificially mated (after cestrus synchronization) 96 4 18 days after calving.

The cows were mechanically milked twice a day at 6 a.m. and 4 p.m. throughout
lactation, and the daily total milk production (2 milkings ; 4 p. 100 fat content) of each
animal was measured (fig. 2). Milk samples were collected after the morning milking
on each day of blood sampling and frozen until analysis.
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FIG. 2. — Patiern of daily milk production (4 p. 100 fat content) during lactation (mean 4- SEM).

Serial blood samples (except those collected in the minutes following calving) were
obtained at 8 a.m. by puncture of the jugular vein after milking. After measurement of
the hematocrit (fig. 3) and centrifugation, the plasma was frozen until analysis.

Analyses. — Sodium and potassium concentrations were measured in thawed
plasma samples and milk by flame emission (Perkin Elmer 420).

Plasma aldosterone levels were determined by radioimmunoassay (Bayard et al.,
1970 ; Giry and Delost, 1977). Thawed plasma samples were extracted with dichloro-
methane defatted at — 30 °C with 70 p. 100 methanol and centrifuged. Aldosterone was
separated from cortisol and cortisone by paper chromatography (Bush Bj). Recovery,
determined by radioactive (1,2-*H)-aldosterone, was 80 p. 100. Method sensitivity was
20 pg and precision was 9 p. 100 for 100 to 400 pg.

Statistics. — Results are expressed as the mean + SEM. Student’s t-test was used
for statistical comparison.
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FIG. 3. — Changes in hemalocrit value during lactation (mean -- SEM).
Results

The plasma sodium and potassium levels of the 10 cows showed no significant
variation during the whole experimental period (fig. 4).
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FIG. 4. — Plasma sodium (Na) and potassium (K) levels in cows during lactation (mean + SEM).
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Colostrum (or milk) sodium concentration decreased from 22.4 4~ 1.1 mmoles.|?
on day 1 after calving o 13.9 + 1.4 mmoles.|-! (P < 0.01) on day 30 after calving,
then increased to 23.7 4+ 3 mmoles.|-! on day 50 and remained stable until the end of
lactation. Milk potassium concentration remained stable from day 1 (42 - 1.1 mmo-
les.1-1) until day 70 (42.7 4+ 1 mmoles.}-1), then decreased unti! the end of lactation
(34 4+ 2 mmoles.!-1; P < 0.05) (fig. 5).
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FIG. 5. — Milk sodium (Na) and potassium (K) concentrations in cows during lactation (mean } SEM).

The daily excretion of sodium through milk decreased from 556 -+ 35 mmoles
on day 1to 447 4 33 mmoles (P < 0.01) during week 5, increased to 599 4 35 mmoles
(P < 0.01) during week 7, then decreased to 313 4- 41 mmoles (P << 0.01) during the
last week of lactation. Dcily excretion of potassium through milk increased from
942 1 73 mmoles on day 1 to 1300 4 66 mmoles (P < 0.01) during week 7, then
decreased to 471 4- 68 mmoles (P << 0.01) during the last week of lactation (fig. é).

During the first week after parturition, plasma aldosterone levels decreased from
77.4 4- 4 pg.ml-* immediately after calving to 13.2 + 3.6 pg.ml* (P < 0.01) 168 hrs
later, then did not significantly vary then until day 50 (16.4 4 4 pg.mi~2). They slighily
increased on day 155 (60 days after artificial mating : 36 +- 5 pg.mi=! ; P < 0.05)
(fig. 7).

On the day before the cows were moved to spring pasture, plasma aldosterone
levels were 34 4+ 6 pg.mi-.. They increased 24 hrs after grazing (53 4+ 9 pg.mi-?)
(P < 0.05) and reached 71.5 -+ 8 pg. ml~* (P < 0.01) 58 days later, then remained high
until the end of lactation (48.5 4 12 pg.ml-1) (fig. 7). In seven 24-month old, non-
pregnant heifers, fed the same winter ration as the cows, plasma aldosterone levels
were 11.9 4+ 2.4 pg.ml-L.

No relationship was found (i) between blood and milk sodium levels, (ii) between
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40+

] T GRAZING

1 MATING

35
— L
0 |1
= |
: Wl
s 3 l\L\T / L .
£ N

] |

Y .

N P . . L n . N . —
0 2 4 710 18 30 40 S0 70 90 25 155 185 215 245 275 305 345
' DAYS AFTER PARTURITION

FIG. 7. — Plasma aldosterone levels in cows during laciation (mean -— SEM).

blood and milk potassium levels, (iii) between these electrolyte concentrations in blood
or milk and plasma aldosterone levels, (iv) between plasma aldosterone levels and the
hemocrit.
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Discussion

The 10 animals used in this study produced 6 170 + 66 kg of milk (4 p. 100 fat
content) in one lactation lasting 346 - 14 days. To our knowledge, such high-yield
dairy cows have never been used to study the endocrine regulation of sodium and
potassium metabolism.

During the first week after parturition, colostrum sodium concentration decreased,
while that of potassium did not change (fig. 5) ; similar findings have been reported by
Guéguen (1971). Our results concerning variations in milk sodium and potassium
contents throughout lactation are similar to those reported by Guéguen and Journet
(1961) in 10 cows of different breeds between weeks 3 and 40 of lactation. In the course
of lactation, milk potassium content diminished regularly, whereas its sodium content
increased (fig. 5). However, daily milk production seems more effective than milk
mineral content in determining the daily sodium and potassium excretion through the
mammary gland, which parallels that of daily milk production (figs. 2, 6). As reported
by Guéguen and Journet (1961), moving the cows from winter feeding to spring pasture
did not change milk mineral composition.

Plasma sodium and potassium levels remained constant during the whole lactation
period (fig. 4). No relationship between plasma sodium and aldosterone levels was
evident in our animals. Plasma sodium and potassium concenirations were similar to
those already reported in lactating and pregnant cows (Lumsden, Mullen and Rowe,
1980 ; Wilson et al., 1980). In the Holstein X Friesian cows in the present study, plasma
aldosterone levels varied between 20 and 100 pg. ml~1 (fig. 7). The mean plasma aldo-
sterone level in 144 Holstein cows, measured by double-antibody radioimmunoassay,
was 67.4 -+ 41.5 pg.ml-1 (Bardwell et al., 1978). In 11 young Holstein x Friesian cal-
ves, plasma aldosterone levels varied between 119 47 pg.ml~! at birth and
13 4+ 5 pg.ml-t at 7 days (Safwate ef al., 1981). Plasma aldosterone levels measured in
adult guinea-pigs (Giry and Delost, 1977), mice (Dalle ef al., 1978) and mares (Giry
et al., 1979) were about 400 pg.ml-1, 350 pg.mi—! and 100 pg.ml-1, respectively. Thus,
the bovine species seems to be characterized by low plasma aldosterone levels.

in our experimental conditions, it was not possible to separate the possible
influence of lactation from that of pregnancy since the cows were artificially mated
around week 13 of lactation. Plasma aldosterone levels decreased sharply during the
week after parturition (fig. 7). Similarly, plasma aldosterone levels decreased after
delivery in ewes (Boulfekhar and Brudieux, 1980 ; Moncaup ef al., 1980), mares (Giry
et al., 1979), guinea-pigs (Giry and Delost, 1977), mice (Dalle ef al., 1978) and women
(Lammintausta and Erkkola, 1977). Although the metabolic clearance rate of aldoste-
rone in ewes increased after parturition, the changes observed in the plasma levels of
this hormone during the perinatal period in those animals could not be directly related
to modifications in its catabolism (Moncaup et al., 1980). According to Boulfekhar and
Brudieux (1980), the increase in plasma aldosterone observed at the end of pregnancy
is largely due to the stimulation of renin substrate production by oestrogens whose
values are high during that period (Thorburn et al., 1972). Thus, it is conceivable that
the abrupt decrease in plasma oestrogen levels, occurring immediately after parturi-
tion in cows (Comline et al., 1974), could induce a decrease in aldosterone secretion.

Reproduction, nutrition, développement 43
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High aldosterone levels during pregnancy might prevent excessive salf loss.
However, in pregnant women, plasma aldosterone concentration is positively correlat-
ed with plasma sodium level, indicating that sodium is probably not of major impor-
tance in the control of aldosterone secretion in pregnancy (Weir et al., 1975). Similarly,
normal aldosterone secretion rate has been measured in pregnant bitches which
escape the sodium retention induced by deoxycorticosterone acetate, suggesting the
existence of sodium-retaining mechanisms other than that provided by high plasma
aldosterone levels (Robb ef al., 1970). Similar conclusions have been reached recently
in pregnant rats (Churchill, Bengele and Alexander, 1980). In lactating pregnant cows,
no relationship could be demonstrated between plasma aldosterone levels (fig. 7) and
sodium and potassium concentrations in milk (fig. 5) or the excretion of these electro-
lytes through milk (fig. 6). Thus, in salt-replete cows, aldosterone does not seem to play
a major role in the regulation of mammary sodium and potassium excretion. Milk
sodium and potassium concentrations are probably mainly regulated by prolactin
(Falconer, 1980). In mammary tissue incubated in vitro, prolactin prevents intracellular
ion leakage by tightening the cell junctions (Linzell, Peaker and Taylor, 1975). Prolac-
tin also activates the reciprocal transport of Na/K in mammary tissue in vivo (Falconer
and Rowe, 1977).

When our cows ate young graminaceous grass (Festuca pratensis), their plasma
aldosterone levels rose (fig. 7). This grass is very poor in sodium (0.25 g per kg dry
maiter) and rich in potassium (30 g per kg dry matter) ; its potassium content decreases
regularly from the first vegetative cycle in May to the fourth one in October (Guéguen
and Fauconneau, 1961). The circulating renin increases in sheep with a progressive
sodium defect, leading to an increase in angiotensin |l proportional to aldosterone
secretion and to peripheral aldosterone concentration (Blair-West et al., 1970). In pre-
gnant ewes in which KCI infusion increased plasma potassium of 0.4-1.0 mmoles.|-1,
aldosterone increment was 10 + 5 ng.dI-! (Wintour et al., 1979). In 18-month old
dairy heifers, the ingestion of a potassium-rich diet (30 g K per kg of fresh matter)
induced asignificant rise in plasma aldosterone levels (Safwate and Barlet, 1981). Thus,
the rise in plasma aldosterone levels after grazing on spring pasture probably resulted
from both an increased intake of potassium and a decreased intake of sodium.

No relationship could be established between the fluctuations in the hemocrit
values (fig. 3) and those of aldosterone (fig. 7).

There was no evident relationship between milk sodium or potassium concentra-
tion and plasma aldosterone levels in high-yield, sodium-replete dairy cows, indicating
that aldosterone did not play a major role in regulating the excretion of these electro-
lytes through milk. However, grazing lush spring grass was associated with a signifi-
cant increase in plasma aldosterone levels, possibly mediated by an increase in dietary
potassium.

Regu en décembre 1980.
Accepté en mars 1981,
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Résumé. La concentration du sang et du lait en sodium et en potassium, et I’aldostéro-
némie, ont été mesurées durant une lactation chez 10 vaches Holstein x Frisonnes, dont
chacune a produit au cours de celle-ci 6 170 -|- 66 kg de lait & 4 p. 100 de matiére grasse. Au
cours de la période expérimentale (commencée début novembre et terminée fin novembre
suivant) les animaux ont foujours eu libre accés & des pierres a sel.

La natrémie et la kaliémie des animaux ne varient pas pendant la lactation et la gesta-
tion. L’excrétion journaliére de sodium et de potassium dans le lait suit les évolutions de la
production laitiére journaliére. L’aldostéronémie est caractérisée par une décroissance trés
rapide entre le moment de la parturition (77,44 4 pg.ml-1) et le 7¢ jour de lactation
(13,24 3,6 pg.ml~1 ; P < 0,01). Elle reste ensuite stable jusqu’au 508 jour (16,44 4 pg.ml1)
augmente légérement au 155¢ jour (60 jours aprés insémination : 364 5 pg.ml1;
P < 0,05), et fortement au moment de la mise a I’herbe des animaux (54,9 4+ 11 pg.ml~!;
P << 0,01) pour rester élevée jusqu’a la fin de la lactation (48,5 12 pg.ml-1). Chez
7 génisses témoins de 24 mois non gestantes, recevant la méme ration alimentaire hivernale
que les vaches, I'aldostéronémie est de 11,9 - 2,4 pg.ml-L.

Aucune corrélation n’a pu &re mise en évidence entre les concentrations de sodium et
de potassium dans le sang et dans le lait, ni entre ces paramétres et I'aldostéronémie. Ainsi,
chez la Vache, 'aldostérone ne semble pas jouer un réle majeur dans la régulation de
'excrétion mammaire du sodium et du potassium.

References

BARDWELL R. D., ROUSSEL J. D., SHAFFER L. M., GOMILA L.F., ADKINSON R.W., 1978. Factors
affecting serum aldosterone levels in Holsteins. J. Dairy Sci., 61, suppl. 1, 220.

BAYARD F., BEITINS J. Z., KOWARSKI A., MIGEON C. J,, 1970. Measurement of plasma aldoste-
rone by radioimmunoassay. J. clin. Endocrinol. Metab., 31, 1-6.

BLAIR-WEST J. R., COGHLAN J. P,, DENTON D. A,, WRIGHT R. D., 1970. Factors in sedium and
potassium metabolism, 350-361. In PHILLIPSON A. T. Physiology of digestion and metabolism
in the ruminant. Oriel Press, Newcastle upon Tyne.

BOULFEKHAR L., BRUDIEUX R., 1980. Peripheral concentrations of progesterone, cortisol, aldos-
terone, sodium and potassium in the plasma of the Tadmit ewe during pregnancy and partu-
rition. J. Endocr., 84, 25-33.

CHURCHILL S. E., BENGELE H. H., ALEXANDER E. A,, 1980. Sodium balance during pregnancy
in the rat. Amer. J. Physiol., 239, R143-R148.

COMLINE R. S., HALL L. W., LAVELLE R. B., NATHANIELSZ P. W., SILVER M., 1974. Parturition
in the cow : endocrine changes in animals with chronically implanted catheters with the
foetal and maternal circulation. J. Endocr., 63, 451-472.

DALLE M., GIRY J., GAY M., DELOST P., 1978. Perinatal changes in plasma and adrenal corticoste-
rone and aldosterone concentrations in the mouse. J. Endocr., 76, 303-309.

FALCONER [. R., 1980. Aspects of the biochemistry, physiology and endocrinology of lactation. Aust.
. biol. Sci., 33, 71-84.

FALCONER I. R., ROWE J. M., 1977. Effect of prolactin on sodium and potassium concentrations
in mammary alveolar tissue. Endocrinology, 101, 181-186.

GIRY J., DELOST P., 1977. Changes in the concentrations of aldosterone in plasma and adrenals
of the feetus, the newborn and the pregnant guinea-pig during the perinatal period. Acta
endocrinol., 84, 133-141.

GIRY J.,, KHALDOUN M., TOURNAIRE C., BARLET J. P., MARTIN-ROSSET W., DELOST P., 1979.
L’aldostéronémie chez la jument en fin de gestation et chez le poulain au cours de la période
néonatale. J. Physiol. Paris, 75, 28A.

GUEGUEN L., 1971. La composition minérale du lait et son adaptation aux besoins minéraux du
jeune. Ann. Nutr. Alim., 25, A335-A381.

GUEGUEN L., FAUCONNEAU G., 1961. Etude sur les variations des teneurs en matiéres azotées et
en éléments minéraux de la fétuque des prés. Ann. Zootech., 10, 69-87.

GUEGUEN L., JOURNET M., 1961. Les variations de la composition minérale du lait de vache. Ann.
Biol. anim. Bioch. Biophys., 1, 305-310.



610 A. SAFWATE et al.

JOHNSON M. P., WOODING F. B. P., 1978. Adenosine triphosphate distribution in mammary tissue.
Histochem. /., 10, 171-183.

LAMMINTAUSTA R., ERRKOLA R., 1975. Renin-angiotensin aldosterone system and sodium in
normal pregnancy : a longitudinal study. Acta obstet. gynecol. scand., 56, 221-225.

LINZELL J. L., PEAKER M., 1971. Intracellular concentrations of sodium, potassium and chloride
in the lactating mammary gland and their relation to the secretory mechanism. J. Physiol.
London, 216, 683-700. '

LINZELL J. L., PEAKER M., TAYLOR J. C., 1975. The effects of prolactin and oxytocin on milk
secretion and the permeability of the mammary epithelium in the rabbit. J. Physiol. London,
253, 547-563.

LUMSDEN J. H., MULLEN K., ROWE R., 1980. Hematology and biochemistry reference values for
female Holstein cattle. Can. J. comp. Med., 44, 24-31. :
MONCAUP M., GIRY J., BARLET J.-P., LEFAIVRE )., DELOST P., 1980. Aldosterone metabolism in

pregnant ewes and fetal and newborn lambs. Reprod. Nutr. Dévelop., 20, 277-286.

ROBB C. A., DAVIS J. O., JOHSON J. A., BLAINE E. H., SCHNEIDER E. G., BAUMBER J. S., 1970.
Mechanisms regulating the renal excretion of sodium during pregnancy. J. clin. Invest., 49,
871-880.

SAFWATE A., BARLET J.-P., 1981. Influence d’un apport important de potassium a des génisses
d’élevage. Bull. Techn. C.R.Z.V. Theix, I.N.R.A., 43, 31-32. )

SAFWATE A, DAVICCO M. )., BARLET J.-P., DELOST P.,1981. Plasma sodium, potassium and aldos-
terone levels in newborn calves. J. Physiol. Paris, 7T (sous presse).

THORNBURN G. D., NICOL D. H., BASSETT J. M, SHUTT D. A,, COX R. |, 1972. Parturition in
the goat and sheep : change in corticosteroids, progesterone, cestrogens and prostaglandin
F. J. Reprod. Fertil., supplt 16, 61-84.

WEIR R. J., BROWN . J., FRASER R., LEVER A.F., LOGAN R. W., Mc ILWAINE G.M., MORTON
J. J., ROBERTSON 1l. I. S., TREE M., 1975. Relationships between plasma renin, renin-
substrate, angiotensin I, aldosterone and electrolytes in normal pregnancy. J. clin. Endo-
crinol. Metab., 40, 108-115.

WILSON G. D. A,, HUNTER J. T., DERRICK G. H., AITKEN W. M., KRONFELD D. S., 1980. Fetal
and maternal plasma electrolytes, blood gases and pH in dairy cows during late gestation.
J. Dairy Sci., 60, 1110-1116.

WINTOUR E. M., MARELYN E. M., BARNES A., CAHILL F., HARDY K. J.,, HORACEK 1., SCOG-
GINS B. A.,1979. Potassium : aldosterone relationships in pregnant ewes and chronically-
cannulated ovine feetuses. Pediat. Res., 13, 265-267.

YAGIL R., ETZION Z., BERLYNE G. M., 1973. The effect of d-aldosterone and spironolactone on the
concentration of sodium and potassium in the milk of rats. J. Endocr., 59, 633-636.




