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Thilsing-Hansen T, Jergensen RJ: Serum calcium response following oral zinc ox-
ide administrations in dairy cows. Acta vet. scand. 2001, 42, 271-278. — Six non-
pregnant cows were allocated into 3 groups. Group 1 comprised a pair of lactating cows,
whereas groups 2 and 3 each comprised a pair of non-lactating cows. The cows in
groups 1 and 2 were dosed intraruminally by stomach tube with zinc oxide at 120 mg
Zn per kg of bodyweight at weekly intervals for a period of 33 days. Each cow received
atotal of 4 doses of zinc oxide. Group 3 served as non-treated control group. Blood sam-
ples were collected from all 6 cows daily. Serum was analysed for concentration of cal-
cium. Within 12-24 h of each zinc oxide administration the serum calcium of the lac-
tating cows dropped dramatically indicating the existence of an antagonistic effect
between Zn and Ca. The first Zn induced hypocalcaemic episode in the lactating cows
was followed by a rise in serum calcium to a level above the pre-dosing level and above
the mean value of the control group. The depth of the hypocalcaemic response de-
creased with the number of zinc oxide dosings. This effect was explained as a response
from the stimulation of the calcium homeostatic mechanisms. In the Zn dosed non-lac-
tating cows responses were similar but less clear. The perspective of these findings is

discussed in relation to resistance towards parturient hypocalcaemia.

hypocalcaemia.

Introduction

There are several published reports document-
ing interaction between zinc and calcium in
pigs, chickens and rats. Newland et al. (1958)
found a higher rate of zinc metabolism in pigs
receiving high-calcium diets unsupplemented
with zinc. Hoekstra et al. (1956) cured paraker-
atosis in swine by adding 50 ppm zinc to the
diet, and Stewart & Magee (1964) alleviated the
effects of zinc toxicity in rats by supplementing
calcium and phosphorus. Also Hsu et al. (1975)
claimed that high dietary calcium had a protec-
tive effect against the adverse effects of diet Zn.
All these experiments point in the direction of
the existence of an antagonistic effect between
calcium and zinc in the above mentioned ani-
mal species.

Relatively few studies are concerned with the
interaction between Ca and Zn in ruminants.
Thompson and co-workers found that supply-
ing lambs on a slightly Ca deficient diet with
0,5% or 1,0% zinc sulphate markedly reduced
the net retention of calcium, as compared with
control animals receiving no supplemental zinc
(Thompson et al. 1959). A decreased intestinal
absorption as well as an increased endogenous
excretion mediated the loss of calcium. Thomp-
son and co-workers suggested that calcium and
zinc to some extent are antagonistic in rumi-
nants. This hypothesis was supported by the
findings of Suttle & Field (1969). In their study
a change in dietary calcium from 1% to 2% in-
creased faecal excretion of zinc in sheep. Pond
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& Wallace (1986) obtained matching results,
and suggested that the feeding of high dietary
calcium (0,8%) to ewes decreased the absorp-
tion of dietary Zn.

During the years the prophylactic effect of di-
etary zinc on facial eczema in cattle has been
well-documented (Smith et al. 1978). The oc-
currence of clinical cases of hypocalcaemia in
conjunction with such prophylactic treatments
led Smith and co-workers to investigate this
area more closely.

By using zinc oxide in doses corresponding to
120 mg Zn/kg body weight Smith et al. (1984)
produced a significant drop in serum-Ca from
109 mg Ca/l (2,72 mmol/l) prior to the zinc ad-
ministration to 92 mg Ca/l (2,30 mmol/l) 24 h
after the zinc dose in lactating dairy cows. The
suggestion was made that the gut lumen was the
site of the mineral interference. They based this
assumption on the fact that a sudden increase in
the daily zinc dose dramatically changes the
relative concentrations of zinc and calcium in
the gut lumen as the normal molar calcium con-
centration in the gut lumen is approximately
200 times those for zinc. Allen & Masters
(1980) further claimed that the absorption of
Zn under normal circumstances is relatively
low, but when dietary Zn is high the homeo-
static control mechanisms function less effec-
tively and the absorption of Zn increases dra-
matically.

While the majority of the experiments per-
formed pointed in the direction of the existence
of an antagonistic effect between calcium and
zinc in ruminants, like in other animal species,
a few studies did not support this.

Bedi & Sawhney (1980) performed an experi-
ment on growing Hariana calves showing that
in the presence of a dietary Ca:P ratio of 1:1,53
the retention of Ca increased significantly when
the diet was supplemented with 40-100 ppm
Zn, and Leontowicz et al. (1995) found that
loading sheep with Ca (45.28 g Ca/kg DM) did
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not affect the absorption of Zn in the small in-
testine or in the segment between the mouth and
ileum. Pond (1983) further stated that in con-
trast to swine a clinical Zn deficiency could not
be induced in lambs by elevating the level of di-
etary calcium to 0,8% of DM. In support of this
Kincaid (1979) found, that elevated amounts of
dietary calcium had no effect on absorption of
zinc in the lactating cow.

The aim of the present experiment was to ex-
amine further the antagonism between calcium
and zinc in dairy cows by following the re-
sponse in blood calcium after oral administra-
tion of zinc oxide. It was further the intention to
investigate whether the expected hypocal-
caemia would provoke a response from the
mechanisms responsible for calcium homeosta-
sis.

Materials and methods

Experimental animals

Six non-pregnant dairy cows were allocated
into 3 treatment groups as shown in Table 1.
Group 1 comprised 2 lactating cows, which
were milked twice daily. Groups 2 and 3 each
comprised a pair of non-lactating cows. From
Table 1 it can be seen that the cows in group 3
had a lower parity than the cows in the other 2
groups. This is, however, considered to be with-
out importance, as the cows in group 3 acted as
untreated control cows.

Diets

All cows received a basic ration consisting of
wrap grass silage. In addition to this the lactat-
ing cows received a lactation concentrate (NAG
Kvaegfoder SL 12, DK 3200 Helsinge). Table 2
shows the mean daily intake of dry matter (DM)
and calcium for the 6 cows during the experi-
mental period. The composition of the diets
was determined by atomic absorption spec-
trophotometry (Centrallaboratoriet, DJF, Forsk-
ningscenter Foulum, Tjele, Denmark).
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Table 1. Characteristics of the experimental animals.
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Cow Age, Parity Weight, Mean milk yield Zinc oxide dosing

number (Years) (kg) (litre/day) (120 mg Zn/kg bw)
Group 1 0423 7 5 612 20 +
0262 5 3 598 20 +
Group 2 0817 6 3 812 0 +
0686 6 3 704 0 +
Group 3 0185 2 1 419 0 -
0239 4 2 488 0 —

In addition to wrap grass silage and lactation
concentrate the cows had free access to barley
straw. The estimated daily intake of barley
straw was 2 kg per cow per day, which con-
tributed with 10 g of calcium/day.

Treatments

The cows in group 1 and 2 were given zinc ox-
ide (ZINKOXID, Superfos Kemi A/S, DK-
2950 Vedbaek) in doses of 120 mg Zn/kg body
weight. Group 3 acted as a non-dosed control
group.

Group 1 and 2 were dosed once a week at 11.00
a.m. The ZnO was mixed with tap water and
given by intraruminal intubation.

Samples and analyses
Blood samples (Vacutainer®, SST® Gel and
Clot Activator) were collected each day at

10.00 a.m. (one hour after morning feeding)
from the coccygeal vessels or from V. jugularis.
On the day of zinc dosing and the day after ad-
ditionally one daily blood sample was taken at
10.00 p.m.

The blood samples were centrifuged the follow-
ing morning at 3400 rpm for 10 min. The serum
was separated and stored at —37 °C until analy-
sis for serum calcium by atomic absorption
spectrophotometry (Perkin-Elmer 5000, Ana-
lytical Instruments, Perkin-Elmer Corp., Nor-
walk, CT 06856 U.S.A.). Serum calcium was
monitored twice on each blood sample.

The cows were observed every day for clinical
signs of hypocalcaemia (cold extremities, sub-
normal rectal temperature, decreased feed in-
take).

The experiment was conducted over 33 days.

Table 2. Mean daily intake of DM and Ca in the 3 experimental groups. The contribution from barley straw is

not included.

DM intake, kg/day . NRC
Calcium .
intake recommendations
Wrap grass Concentrate (¢/da 3 (Anon. 1989)
silage glday (Calcium, g/day)
Group 1 4.1 6.8 51 84
Group 2 6.0 35 30
Group 3 5.5 32 18
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Results

Clinical signs

Slightly cold extremities, decreased feed intake
and lowered milk yield was recorded in the Zn-
dosed lactating cows following the first Zn
dose. Both cows recovered spontaneously with-
out treatment. The Zn dosed non-lactating cows
as well as the control group showed no clinical
changes during the experimental period.

Serum calcium

The mean serum calcium concentration of the
control cows during the entire experimental pe-
riod was 2.26 mmol/l with minor day-to-day
fluctuations as shown in Fig. 1.

From Fig. 1 it also appears that each zinc oxide
treatment of the lactating cows was followed by
an episode of hypocalcaemia. The drop in
serum calcium among these lactating cows was
more severe following the first ZnO treatment
than following the succeeding ones (Fig. 2). In
terms of numerical changes the mean serum

calcium concentration fell from 2.28 mmol/l to
a minimum of 1.29 mmol/l 12-24 h after the
first Zn-dose, from 2.39 mmol/l to 1.45 after the
second dose, from 2.16 mmol/l to 1.50 mmol/l
after the third dose and from 2.15 mmol/l to
1.58 mmol/l after the fourth dose.

Following the first hypocalcaemic episode
serum calcium of the lactating cows rose to a
level higher than the pre-dosing level and
higher than the control group mean (Fig. 1). A
similar trend, although less pronounced, was
seen after the succeeding hypocalcaemic
episodes.

The ZnO treated non-lactating cows also
dropped in serum calcium following the zinc
oxide dosings. The drops were however less ex-
tensive, and the difference in magnitude be-
tween the 4 hypocalcaemic episodes was appar-
ently minor (Fig. 1 and 3).

Discussion
Our experiment clearly demonstrates the exis-
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Figure 1. Mean serum calcium concentration (= SEM) of the ZnO (120 mg Zn pr. kg. bodyweight) treated lac-
tating and non lactating cows as compared to the undosed non lactating control cows. The arrows indicate the 4

dosings.
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Figure 2. Detailed mean serum calcium course (= SEM) of the ZnO (120 mg Zn pr. kg. bodyweight) treated
lactating cows during the interval 0-47 hours after each of the 4 ZnO-dosings. The starting points are reset/syn-
chronized.
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Figure 3. Detailed mean serum calcium course (= SEM) of the ZnO (120 mg Zn pr. kg. bodyweight) treated non-

lactating cows during the interval 0-47 hours after each of the 4 dosings. The starting points are reset/synchro-
nized.
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tence of an antagonistic effect between calcium
and zinc in dairy cows as evidenced by the drop
in serum calcium following zinc oxide adminis-
tration together with the clinical signs of
hypocalcaemia displayed by the lactating cows
after the first ZnO treatment. As such it con-
firms the observations made by Smith et al.
(1984).

The exact mechanism of calcium/zinc-antago-
nism at the epithelial level is unknown. Thomp-
son et al. (1959) did, however, find that the an-
tagonistic effect between Ca and Zn included
not only intestinal absorption but also endoge-
nous faecal excretion indicating that more than
one system is involved.

The results of the present experiment show that
the response to oral zinc oxide administration
differs much between the lactating and the non-
lactating cows although the dose was the same
in terms of mg zinc/kg body weight. The serum
calcium drop was not as extensive, and the
overcompensation tendency seen among the
lactating cows following a hypocalcaemic
episode was not as convincing in the non-lac-
tating cows.

This difference in response may be explained
by the continuous and comprehensive demand
for dietary calcium to fulfil the needs for milk
production in lactating cows (Hove & Hilde
1984), whereas the calcium requirement of
non-lactating cows is limited. Therefore, com-
promising the dietary calcium supply more eas-
ily leaves lactating cows in extensive calcium
deficiency as compared to dry cows. Earlier
studies support this interpretation. When Hove
& Hilde (1984) decreased the daily calcium in-
take of a lactating cow from 120 to 20 g/day
serum calcium fell from 2.35 to 1.90 mmol/l
within 5 h, whereas in pregnant dry cows Go-
ings et al. (1974) recorded a less severe drop
(2.35 to 2.07 mmol/l) following a shift in di-
etary calcium intake from 41-52 g/day to 8.2
g/day. This drop in serum calcium also oc-
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curred more slowly reaching a minimum after
36 h. Interestingly, in both studies the lowered
level of dietary calcium intake equals approxi-
mately 25% of NRC recommendations (Anon.
1989), and yet the responses in serum calcium
in the lactating cows and in the non-lactating
pregnant cows are different.

Besides lactation itself, another factor may have
influenced the difference in response in the pre-
sent study. According to Table 2 the daily cal-
cium intake (from wrap grass silage and con-
centrate) was calculated to be below NRC
recommendations (Anon. 1989) for the lactat-
ing cows and above NRC recommendations for
the non-lactating animals. This may represent a
common situation in dairy herds, but the extend
to which it influenced the observed difference
in response can not be extracted.

The observation of the occurrence of overcom-
pensation in serum calcium following an
episode of hypocalcaemia is in accordance with
the results obtained by Smith et al. (1984). Hove
(1987) described it as a reparative action, which
overshoot and produce a period of hypercal-
caemia. One might argue that a drop in milk
production following ZnO dosing could con-
tribute to this serum Ca overshooting. In this
experiment the ZnO administration decreased
the milk yield (2.25-3.5kg) for one or 2 days
following administration, but on the day of
maximum serum Ca overshooting the milk pro-
duction was increasing although not fully re-es-
tablished.

The mean drop in serum calcium concentration
for the Zn-dosed lactating cows was more pro-
found after the first ZnO dose than after the fol-
lowing doses, and the time required to reach the
pre-dosing serum calcium level was longer fol-
lowing the first dose than following the suc-
ceeding ones (Figs. 1 and 2). These results in-
dicate that such a single Zn-induced hypo-
calcaemic episode is sufficient to elicit a re-
sponse from the cow’s calcium homeostatic
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mechanisms to succeeding similar challenges.
Although the serum calcium response of the
dry cows was less pronounced, the serum cal-
cium level dropped following ZnO administra-
tion below the threshold level for subnormal
plasma calcium of 2.18 mmol/l suggested by
Hove (1986). The differences in serum calcium
response following the succeeding ZnO dos-
ings were however minor (Fig. 3), and appar-
ently the Zn induced hypocalcaemia in terms of
depth and duration was too small to trigger a
post-hypocalcaemic response from the calcium
homeostasis mechanisms.

The finding in this experiment, that a short-
term induced hypocalcaemia in lactating cows
apparently induced an increased resistance to
similar succeeding challenges, is new. It may be
seen in relation to the principle of feeding ra-
tions low in calcium before parturition for the
prevention of milk fever (Boda & Cole 1953),
because the supplementation of zinc oxide, as
in this study, probably decreases the actual
availability of the dietary calcium.

The perspective of reducing dietary calcium
availability in late pregnancy cows by zinc ad-
ministration is however questionable, as the
zinc dose used in this experiment is around 6
times the dose recommended for facial eczema
prevention (Smith et al. 1984), and therefore
also seriously conflicts with feeding recom-
mendations for zinc (4non. 1989). Further
more zinc toxicity has been recorded after long-
term exposure of zinc in doses between 45 and
240 mg Zn/ kg bodyweight (Allen & Masters
1980, Smith 1980, Smith & Embling 1984).
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Sammendrag
Serum calcium respons efter orale zinkoxid doserin-
ger hos malkekoer:

Seks ikke dregtige keer inddeltes i 3 grupper.
Gruppe 1 bestod af to lakterende keer, mens gruppe
2 og 3 hver bestod af to ikke lakterende koer. Koerne
i gruppe 1 og 2 blev en gang om ugen over en periode
pa 33 dage tildelt 120 mg Zn pr. kg legemsvaegt. Til-
delingen skete intraruminalt via vomsonde. Hver ko
modtog i alt 4 doser zinkoxid. Gruppe 3 fungerede
som ubehandlet kontrolgruppe. Daglige blodprever
blev taget fra alle keer. Serum calcium blev malt. Et
voldsomt fald i serum calcium indenfor 12-24 timer
efter zinkoxid tildeling pegede i retning af en antago-
nistisk effekt mellem Zn og Ca. Blandt de lakterende
koer efterfulgtes forste Zn inducerede hypocalcaemi-
ske episode af en stigning i serum calcium til et ni-
veau over udgangsniveauet og over middelvardien
for kontrolgruppen, mens dybden af det hypocal-
cemiske respons mindskedes med antallet af zin-
koxid doseringer. Dette forklaredes som et respons
via en aktivering af calcium homeostase mekanis-
merne. Lignende, men mindre udtalt respons, sds
blandt de zink doserede goldkeer. Ovenstaende fund
diskuteres i relation til resistens mod parturient hy-
pocalcemi (melkefeber).
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