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Abstract — Dexamethasone was injected in dairy cows in order to get a better insight into the
effects of corticosteroids on milk secretion and composition. A single intramuscular dose of 40 mg
dexamethasone caused a 45% reduction in milk yield after 24 h; full recovery took 5 d. The secretion
of fat, casein and magnesium was not affected by the treatment. Consequently, the concentration of
fat, total protein, total casein, magnesium and phosphorus increased then decreased in direct proportion
to the changes in milk yield. The secretion of total protein, calcium and phosphorus decreased as a
result of the treatment. The concentration of lactose and the monovalent ions (sodium, potassium, and
chlorine) was unaffected, and as a result their secretion decreased and returned to pretreatment level
in direct inverse proportion to the changes in milk yield. Whey protein secretion decreased for 48 h
and was responsible for the decrease in total protein secretion for 48 h. The most profound effect of
dexamethasone is the reduction in the secretion of the osmotic components.
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Résumé— Effet de la dexaméthasone sur la production et la composition du lait chez les vaches
laitieres. La dexaméthasone a été injectée a des vaches laitieres afin de mieux comprendre les effets
des corticostéroides sur la sécrétion et la composition du lait. Une dose unique intramusculaire de
40 mg de dexaméthasone a réduit de 45 % la production de lait apres 24 h ; le retour total a la production
antérieure a pris 5 jours. La sécrétion des lipides, des caséines et du magnésium n’a pas été affectée
par le traitement. En conséquence, la concentration des lipides, des protéines totales, des caséines totales,
du magnésium et du phosphore a augmenté puis a diminué proportionnellement aux changements de
production laitiére. La sécrétion des protéines totales, du calcium et du phosphore a diminué a la
suite du traitement. La concentration du lactose et des ions monovalents (sodium, potassium et
chlore) est restée inchangée ; leur sécrétion a diminué et est revenue au niveau initial dans une pro-
portion inverse aux modifications de la production laitiére. La sécrétion des protéines du lactoserum

a diminué pendant 48 h et a été responsable de la diminution de la sécrétion des protéines totales

* Correspondence and reprints
Tel.: 972 8 9484419; fax: 972 8 9475075; e-mail: nsil@slgri.huji.ac.il



344 A. Shamay et al.

pendant 4 h. L'effet le plus important de la dexaméthasone est la réduction de la sécrétion des com-
posés a pouvoir osmotique.

production de lait / vaches laitieres / stress / corticostéroides

1. INTRODUCTION were multiparous and at mid or late lacta-

Various stressful situations, whether envi{ion- Four control cows were selected to
ronmental (heat stress, water deprivatiomatch the experimental cows in respect to
[12, 16], psychological (movement in truck Milk yield, parity and stage in Iactatlon. _The
and reallocation; [2]), or the outcome of theCOWS were fed a typical Israeli total mixed
trauma of surgery [2] and diseases such gation that was composed of 65% concen-
mastitis [15] negatively affect the milk yield trates and 35% forage and contained 17%
in dairy cows. The common denominatorProtein throughout the @rlal. The cows were
in most of these situations is activation ofmMilked three times daily at 05.00, 13.00,
the hypothalamic-pituitary-adrenal axis [20].&nd 20.00 h. Basal milk yield and composi-
An adrenocorticotropin hormone (ACTH)- tion were recorded for 3 d before the treat-
induced elevation in corticosteroids has beeMent. The experimental cows were injected

reported to negatively affect milk secretion®Nc€ intramuscularly into the neck with
in dairy cows [2—4, 20]. The decrease ir40 mg dexamethasone (dexamethsone-HCl,

milk secretion is most likely related to the Vitamed, Haifa, Israel) dissolved in 40 ml of
elevation of blood corticosteroids [1, 5].  Saline between 13.00 and 13.30 h after the
noon milking. The control cows were

ing the influence of corticosteroids on the'srg;?ﬁéed at the same time with 40 ml of
composition of organic and inorganic con- ' o

stituents in the milk of dairy cows. In par- _Electronic milk meters (S.A.E AFIKIM,
ticular, there is no information whether cor-Kibbutz Afikim, Israel) automatically
ticosteroids affect differentially the secretionfécorded the milk yield at each milking.
of proteins (whey and casein) and mineraMilk composition was monitored for an
fractions. There is also no information onadditional 4 d. Approximately 200 ml of
how the large increase in milk yield during™Milk was sampled from each cow during
the last decade affected the response to ccth® noon milking. Part of each of the milk
ticosteroids. Our objective was to find out ifS@mples were analysed within 24 to 48 h for
treatment with synthetic corticosteroid (dex-Protein, fat and lactose contents, and somatic
amethasone) would affect the yield anccell count in the Central Lab_or_atory of the
composition of the milk of dairy cows. This Israeli Dairy Breeders Association. The rest
information may contribute to better insightOf the milk samples were defatted by cen-
into the physiological basis for the decreastrifugation at 6 006« g for 10 min at room

in milk secretion under stress and diseastemperature. Protein concentration in milk
states. fraction was determined colorimetrically by

the Bradford method with a commercial
(Sigma) reagent. Part of the milk samples
2. MATERIALS AND METHODS were acidified with HCI to pH 4.6, and then
centrifuged at 22 008 g for 3.5 min at room
Four non-pregnant cows were located itemperature. Protein concentration in the
the experimental herd of the ARO and weresupernatant was defined as whey protein.
used as the experimental group. The cowThe difference between the protein content

Only limited data are available regard-
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of the whole defatted milk and whey pro-values) after three milking (24 h) (Fig. 1).
tein was defined as casein. The concentradilk yield then started to rise, but it took
tions of sodium, potassium, calcium, mag-an additional 5 d to return to the initial level.
nesium and phosphorus were determineth the control group no reduction in milk
by Inductively Coupled Plasma — Atomicyield was observed.

Emission Spectrometer (Spectro, Germany).
The samples were pretreated as foIIow;1r

0.5 ml of milk were mixed with 1 ml of con- -, : o .
centrated nitric acid, and the tube containingg {‘3’02/2 V&\:Egyor;rgtheolgé)g o?u/(;’ g;g?%g?ﬁ'?&
the mixture were placed in boiling water foggexamethasone—treated cows, reaching a

30 min, and then the mixture was dilute -
; ' o eak after 24 h (Figs. 2, 3, 4). The concen-
with 15 ml of distilled water. The concen- . -+ion of these metabolites remained

tration of chlorine was determined by aUtO'unchanged in the control group. In both
matic titration and the osmolality by freez- g s “caicium concentration did not differ
ing point depression as previously describe etween the post-treatment and pre-treat-
514]'b‘3l;9“|ar blood Samplekf ¥vere taken ent samplings, although it tend€t(0.1)

ay before treatments, just before treatme . - . ]
and for 4 days post-treatments. The plas b be higher during the first post-treatment

; mpling in the experimental group
was separated and glucpse concentration t'ffig. 4). The concentrations of fat, total pro-
the plasma was determined by enzymati .

colorinetic me(hod (Sigma i 315100, cysard e meenseatiment teveh o3
Sigma, Rehohot Israel). remained higher than in the control, or pre-
The variation was analysed according tqreatment values for an additional 3 days.
the General Linear Model of SAS [13] for The concentrations of whey protein (Fig. 2)
repeated measurements. First, we tested &hd phosphorus (Fig. 4) were higher than
see if the post-treatment results differed sigin the control, or the pre-treatment values,
nificantly from the pre-treatment ones, usingafter 24 h, and the concentration of magne-
the pre-treatment results of each cow at eagfium (Fig. 4) was elevated for 2 d after the
sampling as co-variates. When the postdexamethasone treatment.
treatments results differed from the pre- h : £ f . .
treatment values only in the experimentak The secretion of fat (F'g' 3), casein
group, the statistical significande € 0.05) '.:'g: .2)’ and magnesium (Fig. 4) was not
was assessed using PROC GLM of SAS iosignificantly affected by the dexamethasone
repeated measurements [13] to compartéeatments' After 24 h following the treat-

between treatments. The interrelationshiﬁnems’ the secretion of total protein and

between the secretion of osmotic compo\-’vhey protein was reduced by 35% in the

; dexamethasone group, while remaining
nents pressure (the product of milk Secreunchanged in the control group (Fig. 2).

tion x osmolality determined by freezingT tal protein retion recovered within th
point depression) and milk secretion was, o PrOein Secretion recovere ne
ext day, while whey protein secretion

analysed by linear regression analysis usind, -, ' enressed for an additional 24 h in
the entire data set. .
the dexamethasone treated cows (Fig. 2).

The concentrations of fat increased by
5%, of total protein by 45%, of casein by

The concentrations of the monovalent
3. RESULTS ions (sodium, potassium, and chlorine), lac-
tose and total osmolality were unaffected
In the dexamethasone treated cows, milkresults not shown). The secretion of lac-
yield started to decrease after two milkingdose and these ions decreased and recovered
(16 h, not shown), reaching its lowest valuen direct inverse proportion to the changes in
(on average, 45% below the pretreatmemnnilk yield (Fig. 1). No changes in the
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Figure 1. Effect of dexamethasone on milk yield and the secretion of
the main (lactose, ¥ Na", and Ct) osmotic components. Values
are mean + SEM, those marked by asterisks diffé?ed(.05) from

the pretreatment values and the controls.

m = control; ® = experiment.
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Figure 2. Effect of dexamethasone on milk concentration and milk yield of total protein, casein, and whey protein. Values are medhos&SEM,
marked by asterisks differe® € 0.05) from the pretreatment values and the controls. w

m = control; ® = experiment. 5
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Figure 3. Effect of dexamethasone on milk concentration and milk yield of total fat. Values are mean
+ SEM, those marked by asterisks differBd(0.05) from the pretreatment values and the controls.
m = control; ® = experiment.

concentration and the secretion of these iorthose observed in ACTH- and dexametha-
were found in the control cows. Using thesone-treated cows [5, 20]. The latency period
entire data set, a remarkable linear relatiorand the rather slow recovery in milk yield
ship between the secretion of osmotic comfollowing injection of material with a short
ponents (composed mostly of lactosebiological half-live such as dexamethasone
sodium, potassium and chlorine) and milksuggest that its effect was inductive and not
yield was found (Fig. 5). Glucose concen-direct. The differential negative effect of
tration in the blood was measured to finddexamethasone treatment on the secretion
whether dexamethasone treatment affecteaf aqueous-osmotic components (lactose,
glucose concentration, which in turn mightsodium, potassium and chlorine) and whey
affect lactose secretion. As shown in Figproteins in terms of the extent and kinetics
ure 6, glucose concentration in the bloodf the response suggest that at least two
elevated in the treated cows to 105 mg panechanisms are induced by dexamethasone.
100 ml one day after dexamethasone injec- .

The lack of negative effect of dexam-

tion and was back in the normal range . .
ethasone on casein and fat output in com-

after 2.d. bination with its marked effect on fluid
secretion explains the increase in the con-
centrations of fat, casein and protein in the
4. DISCUSSION treated cows. In contrast to casein, the out-
put of total whey proteins was depressed,
The proportional decrease in milk yield, which was the main reason for the decrease
and the latency period before milk yieldin total protein output. The increase in fat
decreased in the present study was similar tond protein concentration in milk and
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reduction in total milk protein output is con- magnesium and phosphorus are to the best
sistent with those observed in ACTH-treatedf our knowledge novel observations.

cows [20]. It was suggested that stress (ACTH-
Roughly, 2/3 of the calcium, magnesiuminduced corticoid secretion) may exert an
and phosphorus that are secreted in the milkdverse influence on milk yield by decreas-
of bovine are secreted in close associatioimg glucose availability [5]. The amount of
with the casein micelles [7-9]. In the aque-glucose taken by the mammary gland has
ous phase, calcium, and most likely magbeen found to closely correlate with milk
nesium, appears in association with phosyield in cows [7]. Mammary uptake of glu-
phorus and citrate, and in free ionized forntose was lowered by dexamethasone treat-
[9]. The elevations in the concentration ofment [5], which may explain the increase
magnesium and phosphorus in the dexamn blood glucose concentration following
ethasone treated cows are therefore consi8&CTH and dexamethasone treatments
tent with the parallel elevation in the con-(Fig. 6, [5, 19]). Maximal blood glucose
centration of casein. Divalent ions andconcentration coincided with minimum milk
phosphorus were less affected by the treagdeld, in agreement with the above sugges-
ment than the output of the monovalent ionsion (Fig. 6, [5, 20]). However, milk yield
in consistence with the maintenance ofemained lower 4 days after the recovery in
casein output. The output of calcium andblood glucose (Fig. 6, and [20]). Our results
to a lesser extent of phosphorus, in the aguegree with the suggestion of Varner and
ous phase was most likely decreasedlohnson [20] that factors other than mam-
explaining the overall reduction in the out-mary uptake of glucose may be involved
put of these ions. Our results regarding thavith stress related decreased milk produc-
differential effects of dexamethasone on théion. It is possible that the relatively short
output of the whey and casein fractions, anduration in reduction of the output of whey
the elevations in the concentration ofprotein found in the present experiment
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relates to the reduced glucose uptake by thaveoli into the gland lumen through pro-

mammary gland.

duction of active biological substance from

[-casein by the plasmin system in milk [17].

Disruption of the integrity of mammary
epithelial cell tight junction depressed milk

yield in goats [18]. Opening of mammary ReFERENCES

tight junctions was associated with increase
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