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— Rumen motility was recorded on an experimental cow by means of telemetric signal
transfer from strain gauge force transducers fixed surgically on the peritoneal surface of
the rumen wall in the left flank. The normocalcaemic cow was given a standard milk
fever treatment with calcium borogluconate (400 ml with 14 mg Ca/ml) intravenously.
Transient clinical signs were: decreased rumination, muscle ticks, salivation and a heart
rate reduction of 20%. Rectal temperature remained unaltered. Frequency of rumen con-
tractions was reduced up to 40% whereas amplitude of contractions did not deviate from
baseline values. Hypocalcaemia was induced in a second experiment by iv infusion of
Na2EDTA. At 0.60 mmol/l ionized blood calcium periods of no motility were recorded
whereas inactivity of rumen activity was persistent at 0.55 mmol/l ionized blood cal-
cium. The cow went down at 0.45-0.48 mmol/l ionized blood calcium at which point the
heart rate was increased by 40%. The high sensitivity of the method employed allowed
the conclusion that already at a concentration of ionized blood calcium at 1.0 mmol/l
both frequency and amplitude of rumen contractions decreased rapidly although eating
behaviour and rumination appeared unaffected during the short term observation peri-
ods. Implications of this finding towards health and production in transition cows are

discussed.

ionized blood calcium; EDTA-infusion; telemetric measurement.

Introduction

Calcium is a mineral of great importance in
dairy herds, where 5%-10% of dairy cows de-
velop clinical signs of periparturient hypocal-
caemia, known as milk fever. The hypocal-
caemic state develops as an imbalance between
inflow and outflow from the extracellular cal-
cium pool (Rosol et al. 1995). An additional,
but unknown, number of cows develops peri-
parturient subclinical hypocalcaemia. Hyper-
calcaemia, on the other hand, occurs only as an
iatrogenic phenomenon following the intra-
venous treatment of hypocalcaemic cows with
calcium salts (Radostitis et al. 1994).

Gastrointestinal motility is altered during vari-
ous infections and metabolic diseases (Navarre
& Roussel 1996). In the transition period, gas-
trointestinal function in cows is of particular in-
terest for the maintenance of optimal appetite
and the prevention of common diseases (Ra-
dostitis et al. 1994). The neuro-muscular trans-
mission in hypocalcaemic dairy cows is
severely decreased as in other mammals
(Bowen et al. 1970). Huber et al. (1981), Daniel
(1983) and more recently Desmecht et al.
(1996) showed that ruminal and abomasal ac-
tivity were severely altered during hypocal-
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caemia induced by Na,-EDTA infusion by mea-
suring changes in intraruminal pressure.
Traditionally, measurement of rumen activity is
obtained by placement of an intraruminally po-
sitioned pressure transducer for short term
recordings of intraruminal pressure, as an indi-
rect expression of rumen contractions (Bueno
& Fioramonti 1983). In this paper, we applied
continous telemetric signal transfer of measure-
ments of the rumen motility during altered con-
centration of blood calcium detected by strain
gauge force transducers sutured on the rumen
wall.

Materials and methods

A non-lactating, non-pregnant Jersey cow (350
kg) was used. During the trials, the cow was fed
on hay ad libitum. The strain gauge force trans-
ducer system for measurement of rumen motil-
ity was applied according to previous descrip-
tions (Hara et al. 1996). Briefly, after local
analgesia and under aseptic conditions a verti-
cal 15 cm incision on the left paralumbal fossa
was made, 4 strain gauge force transducers
were sutured to the serosa of the dorsal rumen
sac with 10 cm between each. Wires connecting
the strain gauge force transducers were passed
through a small incision and connected to a
telemetric transmitter (DAS-800T, Star Medi-
cal Ltd., Tokyo, Japan) fixed dorsally on the
lumbal area of the cow. The incision was closed
with normal suturation technique. Recording
was started 14 days after surgery. Signals were
transmitted as radio signals, converted to ana-
logue signals and plotted on a 4 channel plotter.
All experiments were started with 30 min of
measuring, to record the baseline level of motil-
ity of the rumen that particular day. No differ-
ences were found in baseline values with or
without infusion of isotonic NaCl (data not
shown). All experiments were started 2 h after
morning feeding. Signals from the most dor-
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sally placed strain gauge force transducer
showed superior signals of rumen motility com-
pared to the 3 other strain gauge force trans-
ducers, and was therefore chosen to be the ref-
erence signal during the whole trial (Figs. 1 &
2). Relative frequency of rumen contractions
was measured at defined periods by counting
the number of individual deviations from the
baseline per min relative to the baseline value
before the infusion started. Relative amplitude
(strength) of the contractions was estimated by
measuring average height of signals developed
per min relative to baseline value.

Blood samples were taken from the coccygeal
vessels with the Vacutainer® system in hep-
arinized glasses. Free ionised calcium (Cal) and
potassium was measured cow-side by IRMA®
transportable Blood Analysis System (Diame-
trics Medical, Minnesota, USA).

Experiment 1: Hypercalcaemia was induced in
the normocalcaemic cow by the infusion of 400
ml calcium borogluconat containing 14 mg cal-
cium / ml through an i.v. catheter into v. jugu-
laris in approx 15 min similar to standard treat-
ment of milk fever cows. The experiment was
repeated after 24 h.

Experiment 2: Hypocalcaemia was induced in
the normocalcaemic cow by the infusion of a
sterile 4.7% Na,-EDTA (disodium ethylenete-
traacetic acid) solution through an intravenous
catheter into v. jugularis with an infusion speed
of 10 ml/min. Standard clinical observations
were performed on the cow during infusion. In-
fusion was terminated when the cow was un-
able to stand. Shortly afterwards, the cow was
infused with a standard dose of 400 ml calcium
borogluconate (14 mg calcium/ml). The exper-
iment was repeated after 3 days.

Results
Experiment 1: Before calcium borogluconate
infusion the cow was eating and ruminating
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Figure 1. Induced hypercalcaemia and rumen motility. A: baseline level for rumen motility before induction
of hypercalcaemia, Cal = 1.23 mM/L. B: Rumen contractions under calcium borogluconate infusion, muscle
ticks and salivation developed. C: Rumen contractions after infusion. D: Rumen contractions when the cow

started to ruminate and eat again, Cal = 1.69 mM/L.

normally. Rectal temperature and heart rate
were within normal range. At the end of infu-
sion eating and rumination ceased. Increased
salivation and mild ticks were observed on the
large muscle groups of the hind legs. Salivation
and ticks disappeared after 30-40 min, and the
cow started to ruminate and eat approx. 1 h af-
ter infusion. Rectal temperature remained unal-
tered, whereas the heart rate was lowered ap-

prox. 20% (from 60 to 50/min) up to 4 h after
the infusion.

Hypercalcaemia developed after infusion of
calcium borogluconate. Data from one experi-
ment are shown in Fig. 1. At the end of infusion
(Cal 2.7 mmol/l), the frequency of rumen con-
tractions was depressed 40% (Fig. 1B). A vari-
ation in amplitude of rumen contractions was
seen after infusion although average amplitude
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Figure 2. Rumen motility under induction of hypocalcaemia with the infusion of Na,-EDTA. A: Start of
Na,-EDTA infusion at time 0 min, Cal = 1.29 mM/L; B: Rumen motility at 40 to 55 min after start of infusion,
cow still ruminating, Cal = 0.78 mM/L at 50 min; C: Rumen motility at 65 to 80 min after start of infusion, mild
tympanitis developed, no other clinical signs of hypocalcaemia, Cal = 0.56 mM/L at 75 min; D: Cow develop-
ing paresis at 99 min after start of infusion, Cal = 0.48 mM/L at paresis. Rumen motility dramatically increased
under calcium borogluconate infusion. The cow was standing up and eating again within 10 min after infusion
of calcium borogluconate had been terminated.

remained similar to the baseline value (Fig. calcium concentrations (Fig. 2). At an infusion
1C). After approx 1 h the frequency of rumen speed of 10 ml/min the cow went down after 98-
contractions was again similar to the baseline 100 min, corresponding to the infusion of 132
value (Fig. 1D). mg Na,-EDTA/kg BW. Initially, blood calcium
Experiment 2: During the infusion of Na,- decreased in a linear fashion and later a more
EDTA, the cow became more and more slow decrease in Cal developed (data not
hypocalcaemic as indicated by blood ionized shown).
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During the induced hypocalcaemia the cow
gradually stopped eating and ruminating. After
the cow stopped ruminating it looked depressed
and later became atactic on the hind legs. Pare-
sis developed at the interval 0.45-0.48 mmol/l
Cal. Shortly after, the cow was infused with cal-
cium borogluconate and responded by standing
up and eating in less than 5 min. The heart rate
increased from base level as hypocalcaemia de-
veloped, and peaked around 80/min at paresis,
corresponding to an increase of 40%, but re-
turned to baseline values shortly after calcium
borogluconate infusion.

Rumen motility was severely altered during the
induced hypocalcaemia (Fig. 2). At a Cal con-
centration of approx 0.8 mmol/l, there was a
clear depression in the frequency and amplitude
of rumen contractions (Fig. 2B). At this time
the cow showed no signs of milk fever. Later a
mild tympanitis developed at Cal = 0.56
mmol/l (Fig. 2C), although clinical signs of de-
veloping milk fever were still absent. Around
99 min, i.e., when the cow was unable to stand,
rumen motility had ceased all together (Fig.
2D). The fluctuations of the baseline at this
point indicate the falling cow. The effect of the
therapeutic calcium borogluconate infusion on
the hypocalcaemic cow was prompt: rumen
contractions reappeared after few minutes of
infusion, and were back to normal within 10
min after termination of calcium borogluconate
infusion.

Rumen contractions in response to altered Cal
concentration. In Fig. 3, the relative frequency
and relative amplitude of rumen contractions
are plotted as a function of Cal concentration
during induced hyper- and hypocalcaemia.
Clearly, hypocalcaemia influenced both fre-
quency and amplitude of rumen contractions.
From a Cal below 1.0 mmol/] a decrease in fre-
quency and amplitude of rumen contractions
developed. Between 0.7—0.9 mmol/l Cal rumen
motility was severely disturbed. At this calcium

level, the cow showed no clinical signs of de-
veloping milk fever, and during this period the
cow even ruminated now and then. At hypocal-
caemia below 0.6 mmol/l Cal periods of total
stasis occurred and below 0.55 mmol/l Cal to-
tal stasis was permanent.

During hypercalcaemia, a decline in the fre-
quency of rumen contractions was recorded, but
no significant changes appeared in the ampli-
tude. The decline in frequency during hypercal-
caemia was up to 40% just after calcium
borogluconate infusion (Fig. 1C). During the
altered Cal concentration the level of potassium
in blood was found to be within normal range.

Discussion

Recording of frequency and amplitude of ru-
men contractions during altered Cal concentra-
tions by strain gauge force transducer implants
and telemetric signal transfer (Itoh et al. 1977,
Hara et al. 1996) appeared to be simple and al-
lowed continuous precise and detailed record-
ings.

With the induction of hypocalcaemia by Na,-
EDTA infusion, the cow showed clinical signs
similar to spontaneous milk fever but without
additional clinical symptoms such as excessive
salivation, tail lifting, increased movements of
chewing muscles as reported by others (Fen-
wick & Daniel 1990). Paresis developed at
0.45-0.48 mmol/l Cal, which is similar to the
048 + 0.11 mmol/l Cal found in bulls by
Desmecht et al. (1996). Paresis developed
80100 min after infusion of 106-135 mg Na,-
EDTA/kg BW, which is close to results ob-
tained by Smith & Brown (1963) and Muir et al.
(1972).

Daniel (1983) demonstrated a linear relation-
ship between plasma calcium and rumen con-
traction rates and amplitudes during induced
hypocalcaemia in cows. Similarly Huber et al.
(1981) found a linear relationship between am-
plitude of rumen contractions and decreasing
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Figure 3. A: relative frequency and B: relative amplitude as a function of free ionized calcium (Cal) in blood.
The relative frequency and amplitude is calculated as an 6 min average at blood sampling time for Cal measur-
ing. Regression lines are computed by the Prism Program Packed (2.01) as a two composition model.

Cal in sheep. Different from our results, Daniel
(1983) did not find complete stasis just before
and under paresis, but a reduction in frequency
and amplitude of rumen contractions of 33%
and 43% respectively, at a concentration of to-
tal plasma calcium of 1.0 mmol/l, which equals
approximately the 0.55 mmol/l Cal found by
Ballantine & Herbein (1991). Recently Des-
mecht et al. (1996) working with bull calves
showed a similar reduction in rumen contrac-
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tion rates and an average of 70% decrease in
amplitude during hypocalcaemia at Cal of 0.64
+ 0.15 mmol/l compared to baseline level. Our
continous recordings clearly show that fre-
quency and amplitude of rumen contractions
both decreased as hypocalcaemia developed,
and that total stasis occurred below 0.53 + 0.06
mmol/l Cal. With a strain gauge force trans-
ducer method similar to ours, Madison & Trout
(1988) recorded continuously abomasal con-
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tractions with results much similar to our ru-
men recordings. They found an “all-or-none”
value for abomasal contractions at a Cal con-
centration of 0.58 + 0.08 mmol/l (plasma cal-
cium = 1.2 + 0.2 mmol/l). Below this value no
abomasal contractions occurred.

Similar to our results, Daniel (1981) and
Desmecht et al. (1996) found that rumen motil-
ity could be severely altered although no clini-
cal signs of developing milk fever were appar-
ent. Having in mind that reduced gastro-
intestinal motility is a very significant factor for
calcium absorption and thereby for the patho-
genesis of milk fever (Hove & Hilde 1984), the
hypocalcaemic state may be self-aggrevating
through reduced feed intake.

Hypercalcaemia is induced as a side effect to
treatment or prevention of milk fever (Kvart et
al. 1982, Goff et al. 1994). Dairy practitioneres
are well aware that calcium infusions influence
cardiac function and can cause cardiac arrest
(Radostitis et al. 1994). In our experiments we
observed bradycardia during hypercalcaemia,
consonant to the studies of Littledike et al.
(1976) who showed that bradycadia and ectopic
ventricular beats were generated during in-
duced hypercalcaemia in cows.
Hypercalcaemia depressed the frequency of ru-
men contractions in our study. A reduction in
gastrointestinal smooth muscle excitability has
also been recorded in dogs suffering from
chronic hypercalcaemia due to Hyper-PTH re-
lease (Moreau & Squires 1992). The present
studies also showed that hypercalcaemia can al-
ter rumen contraction rates. This finding is of
therapeutic interest in normocalcaemic dairy
cows since infusion of calcium salts is common
practice in the treatment of downer cows or
cows with non-specific indigestion. Contrary to
the belief of many dairy practitioners, our re-
sults showed that calcium infusion therapy on a
normocalcaemic cow had a negative influence
on rumen motility.

In conclusion, the major finding of the present
study, derived from the high sensitivity of the
monitoring system, was the depression in fre-
quency and amplitude of rumen contractions
observed as early as 1.0 mmol/l Cal. Thus, ru-
men motility was affected far before any clini-
cal signs of hypocalcaemia were observed, and
while feeding behaviour and rumination still
appeared unaltered. It strongly indicates that an
unknown proportion of ruminating transition
cows is likely to have severely depressed rumen
motility due to hypocalcaemia. Health and pro-
duction concequences are likely to be equally
severe in these very stress vulnerable transition
dairy cows.
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Sammendrag
Vommotilitet under induceret hyper- og hypocal-
ceemi.

Vommotilitet er under eksperimentelle forhold malt
pé en ko vha. telemetrisk signaloverfersel fra straek-
kereceptorer kirurgisk anbragt pd vommens bug-
hinde i venstre flanke. Hypercalceemi blev induceret
pa den normocalc@miske ko ved infusion af calcium
borogluconate (400 ml 14 mg Ca/ml) intravengst.
Kliniske tegn umiddelbart efter infusionen var nedsat
drevtygning, muskelsitren, gget salivation og en re-
duktion i hjertefrekvensen pa 20%. Rektaltempera-
turen forblev uendret. Vomkontraktionernes fre-
kvens blev reduceret med op til 40% efter infusionen,
hvorimod vomkontraktionernes amplitude ikke afveg
fra udgangsniveauet. Hypocalcami blev induceret i
et efterfolgende eksperiment via iv infusion af
Na,EDTA. Ved 0,60 mmol/l ioniseret blodcalcium
kunne perioder med manglende vommotilitet fore-
komme, mens vommotiliteten var totalt ophert ved
en koncentration af blodets fri ioniseret calcium pa
0,55 mmol/l. Ved en koncentration af fri ioniseret
blodcalcium pa 0,45-0,48 mmol/l blev koen paretisk
og hjertefrekvensen steg med 40%. Den hgje sen-
sivitet af den anvendte metode tillod konklusionen, at
allerede ved en koncentration af blodets fri ionise-
rede calcium pa 1,0 mmol/l blev bidde vomkontrak-
tionernes frekvens og amplitude nedsat betydeligt i
forhold til udgangsvardien, selvom adeadferd og
drevtygning virkede upavirket pé kort sigt. Betyd-
ningen heraf for kelvekgers sundhed og produktion
diskuteredes.
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