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Introduction

Since Little and Wright® apparently were the
first investigators to publish data revealing hypoc-
alcemia in cows showing clinical milk fever, num-
erous papers as to the etiology incluaing the endoc-
rinical, metabolic, and calcium kinetics studies of
hypocalcemia have been done. !»%6:7:9,11,14,16-21,25,26,29)

Many papers have been published to report elec-
tromyographic studies on the disease of nervous
system and muscles. »%%2? However, no electromy-
ographical studies have been done on hypocalcemia
in spite of the frequent occurrence of the disease
in some animals.

It is the purpose of this experiment to describe
the changes in electromyographic patterns and to
serve as the first step to evaluate the mechanism
of clinical disturbance accompanied with hypocalc-
emia considering the electromyographic point of
view.

Methods for electromyogram (EMG) recording
are commonly conducted in two ways: one is action
potential of neuromuscular unit (NMU) and the ot-
her is action patential of simultaneous multipe NMU
activity. The former is adequate for the analysis
in individual motor neuron and muscular function,
and the latter is adequate for analysis of intra-mu-
scle activity among the extensors and flexors.
Thus, the latter was used in this experiment.

Dairy cattle is desirable as experimental animal,
but it is not readily controlled and accurate EMG
cannot be recorded accurately from the one tested,
thus the goat was used.

Preliminary experiment employing various conc-
entration of EDTA showed that 4% EDTA group

goats belonging to the signs of typical hypocalce-
mia which occurred in 240 minutes of an intravenous
infusion and also to evaluate the body response to
the more rapid falling of plasma calci-um, 8%
EDTA infusion was performed.

Materials and methods

Animals: Five adult healthy Japanese goats we-
ighing 14 to 20kg which were housed in the pasture
of university of Tokyo were used. The goats were
divided into the three groups. Each 2 of which
were used 4% EDTA and 8% EDTA groups. The
other one was used for an epidural anesthesia.
They were fed conventionally on hay and concentr-
ates in the morning and in the evening. Their pla-
sma calcium concentration were 9.1 to 9.8mg per
100ml.

Infusion of Na, EDTA Solution: Disodium ED
TA was prepared by dissolving in 5% glucose sol-
ution as to 4% EDTA and 8% EDTA solution. The
infusion rate was intravenously at one ml per min-
ute and was continued to the occurrence of a car-
diac arrest. At any time, about 3ml of blood was
withdrawn principally at 15-minute on 4% EDTA
and 5-minute intervals on 8% EDTA groups throu-
ghtout the experiment.

Blood sample was collected into the heparanized
test tube and centrifuged. Packed cell volume PCV
was done using standard microcapillary tube test.
The plasma was used for determination of total
calcium (chelate Ca + nonchelate Ca) by an atomic
absorption spectrophotometry (AAS) using Trudeau
and Freier method®*® with Hitachi 208 type atomic
spectrophotometer and nonchelate Ca (plasma Ca)

was done by chelometric reaction using OCPC me-
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thod®!® with Hitachi 139 type spéctrophotometer.

Epidural Anesthesia: Five per cent hydrochlo-
ride-procaine solution was inserted between the lu-
mber and sacric epidural area to make hind limbs
paresis.

EMG Recording: EMG was recorded from each
left and right M. gastrocnemius, M. tibialis crani-
alis, M. rectus femoris and M. semitendinosus in
hind limbs of each goat. It was simultaneously re-
corded by a nine channel electroencephalograph of
instrument Co. model EG-900 type which
was equipped with an ink-writing recording system.

San-ei

Electrodes made of a enamel-coated copper wire
120um in diameter were put into the middle of each
muscle. The distance bewteen the electrodes was
lcm. The time constant in recording was 0.001
second.

During the experiment the reflexes (light, corn-
pulse,

ez}, eyelid and anal), body tempearature,

respiration, and the other clinical findings were

checked in detail.

Results

Physical Signs: Results from the continuous inf-
usion of EDTA solution were as follows: restless
and unsteady behaviors were first observed, and
then progressive depression of reflexes and body
temperature, a marked unstable standing posture
were developed. Furthermore, proceeding to the
EDTA infusion ataxia by staggering, reeling, and
falling were observed. Attempts to rise became
progressively more awkwardly, then failure and
finally in some cases systemic convulsion-like signs
were observed until to died. These were commonly
observed on 4% EDTA and 8% EDTA groups. Ho-
wever, these phenomena were not so evident in 8
% EDTA groups compared with 4% EDTA groups.

On 4% EDTA solution infusion, generally, when
plasma calcium concentration decreased to about
6mg per 100ml, signs of hypocalcemia began to
appear. During induced hypocalcemia, reflexes and
bedy temperature were progressively depressed.
The goat was evidently unsteady and slightlly stiff

and occasionally showed some muscle tremors and

respiration became frequent and heavy.

When plasma calcium concentration was about
5mg or less, the goat repeated sit up and down
awkwardly. At about 3mg per 100ml, they failed to
rise in spite of the attempts to do so. Reflexes
were almost absent in this stage eXcept for anal.
And then finally reached to cardiac arrest when pla-
sma calcium concentration of about 1mg per 100ml.
The pupils were dilated and unresponsive to light,
body temperature fell down from about 39°C of
before infusion of EDTA solution to about 37.1°C
or 37.2°C.

On the other hand, on 8% EDTA solution infus-
jon signs of hypocalcemia were observed much ear-
lier in time and calcium concentration was a little
higher than 4% EDTA infusion groups. For instans,
restless and unsteady began to appear when plasma
calcium concentration was about 7mg per 100ml,
within 10 minutes after the infusion. However, the
depression of reflexes and body temperature were
not evident. Failure to rise was observed at about
4mg per 100ml, within 20 minutes after infusion and
then cardiac arrest was observed within 40 minutes.

Changes in Flectromyogram: On the normal
standing posture tonic discharge was observed in
extensor muscles before infusion of EDTA solution,
but flexors were absent the muscle activity (Fig.
1,2). However, the muscle activity changed the pa-
tterns according to the decrease of plasma calcium
concentration.

When plasma calcium decreased to 6mg per 100ml or
below the tonic discharge of some muscles increased
with simultaneous phasic discharge, and finally
changed to convulsion. In the state of paresis plasma
calcium of about 3mg per 100ml or below, the phasic
discharge was intermittently observed on both sides
of M. tibialis creanialis and M. semitendinosus and
right M. gastrocnemius except for M. rectus femoris
which showed the tonic discharge until to died. It
means that the clonic convulsion was transferred
from the tonic convulsion.

This pattern was simultaneously observed and
disappeared while it is repeated (Fig. 1.). The same
phenomenon in goat No. 1 was admitted to goat

No.2, although it was different plasma calcium
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Time in minutes after infusion
Paresis
before infusion 30 180 208 210

tmm =1/10sec

M.gastrocnemius (Left)

M.tibialis cranialis (Left)

M.semitendinosus {Left)

M.rectus femoris (Left)

M.aastrocnemius (Right)

M.tibialis cranialis(Right)

M.semitendinosus  “(Right)

M.rectus femoris (Right)

Plasma Ca (mg/100m1) 9.8 6.0 4.0 1.4
Fig. 1 Electromyograms during continuous infusion of 4% EDTA solution (Goat No.1).

Time in minutes after injection
before injection 5 10
Tom=1/10sec o

M.gastrocnemius (Left)

M.tibialis cranialis (Left)

M.semitendinosus (Left)

M.rectus femoris {Left)

v .gastrocnemivs (Right)

M.tibjalis cranialis{Right)

M.semitendinosus (Right)

M.rectus femoris (Right)

Plasma Ca (mg/100m}) 9.8 9.8 9.8
Fig. 2-1 Electromyograms in epidural anesthesia (Goat No.5).
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jme .in minutes after injectio
20 Fime in mind 32 Hestion Recovery

Trm=1/10sec
M.gastrocnemius (Left)
M.tibialis cranialis (Left)

‘M.semitendinosus’ (Left)
M.rectus femoris (Left)

M.gastrocnemius (Right)
i

M.tibialis cranialis(Right)

M.semitendinosus (Right)

M.rectus femoris  (Right)
Plasma Ca (mg/100m3) 9.8 9.8 9.8
Fig. 2-2 Electromyograms in epidural anesthesia (Goat No.5).

concentration. In goat No.2 tonic discharge accom- EDTA groups, but the disorder of reciprocal mech-
panied with phasic discharge and clonic convulsion anism was not evident.

were 4.8 and 2. 1mg per 100ml, respectively. Tonic EMG by an epidural anesthesia was shown Fig. 2,
convulsion was evidently observed when plasma ca- the muscle activity before the application of anest-
Icium concentration is approximately 2.8mg per 100 hesia consisted of normal condition before infusion
ml, groups. A trend to anesthesia phasic discharge was

On the 8% EDTA solution infusion, such changes observed, but its pattern was evidently different
of EMG pattern were observed in a little higher from the EMG pattern in experimental hypocalce-
plasma calcium concentration compared with 4% mia. It was always reciprocalled between the ext-

Table 1 Physical Signs and Electromyographical Patterns in Induced Hypocalcemia

Before Stage

Infusion i 1 I
Posture Condition  Normal Standing Restless, Unsteady More Awkward Fail to Rise
Skeletal Muscle Tonic Discharge Phasic Discharge Tonic Convulsion Clonic Convulsion
Activity in Extensors
Reflexes Normal Depress Loss of Cerebral Loss of Spinal

Nerve Reflexes Reflex

Plasma Ca 10—9 6—5 4—3 3—0

(mg/100ml)
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ensors and flexors at any time. When falling down
by hind limbs paresis, its pattern was also recipro-
called.
lying position, and after recovering from anesthesia

No any muscle activity was observed in

the muscle activity was restored to normal one.
Physical signs and electromyographical patterns du-
ring the experiment are summarized in table 1.

Discussion

As previously described, the typical signs of hy-
pocalcemia were observed both 4% and 8% EDTA
solution infusion groups. Especially, the signs began
to appear when plasma calcium about 6mg per 100
ml and 3mg per 100ml or less, failure to rise (par-
esis) was observed in all of 4% EDTA groups.

These results agreed with the plasma calcium con-
centration of hypocalcemia or experimental hypoca-
Icemia and milk fever in cattle, %!41523%24,28)

Normal standing posture in the quadrupedal ani-
mal mas fixed with knee and tarsal joint, and EMG
pattern between the M. extensors and M. flexors
in normal standing or movement is reciprocalled so
as to make up coordinate regulation of normal pos-
ture. 1132 From the EMG pattern this phenomenon
was evidently observed. However, the muscle act-
ivity changed the patterns according to the decrease
of plasma calcium concentration in all of EDTA in-
fusion groups.

Phasic discharge which accompanied tonic discha-
rge was almost simultaneously observed among the
M. extensors and M. flexors when plasma calcium
about 6mg per 100ml. This pattern is suggested as
to abnormal EMG pattern which is suspected the
dysfunction in the central nervous system. ®2»?"

At falling down condition the muscle activity ch-
anged to the intermittent phasic discharge which is
consist of clonic convulsion. It was almost simult-
aneously observed and disappeared being of repeat-
ing. From this fact, it is not considered a spontan-
eous muscle activity itself.

On contrast, EMG by an epidural anesthesia pr-
oceeding to the anesthesia phasic discharge itself
was admitted to the EDTA solution infusion groups.
but it was always reciprocalled at any time. In

lying position of the hind limbs paresis by epidural
anesthesia there was not any muscle activity and
there never been observed disorder of reciprocal
mechanism and convulsion.

From the mentioned above, EMG patterns dur-
ing the hypocalcemia were evidently differentiated
to an epidural anesthesia. From the physical signs
in the EDTA infusion groups, Depression or abse-
nce of light, eyelid and corneal reflexes were obse-
rved prior to anal reflex. Anal reflex was respons-
ive until to died. From these facts, the appearan-
ce of abnormal EMG patterns during the hypocalc-
emia was considered to be concerned with the dys-
function of central nervous system rather than that
of the peripheral nervous system and muscle itself.

On EMG, disorder of reciprocal mechanism was
not evident in 8% these groups. It means to inve-
stigate the detailed clinical disturbance of hypoca-
lcemia, 8% EDTA solution infusion are not proper
for the purpose of it.

Bowen et al.® described in parturient paresis of
cows resulting from the examination of muscle
contractions induced by electrical stimulation of per-
oneal nerve, indicated that the primary cause of
hypocalcemic paresis was depression of peuromusc-
ular transmission.

As described above, from hypocalcemia to failure
to rise and cardiac arrest may be possible due
to the dysfunction of central nervous system rather
than that of peripheral nervous system or neurom-
uscular transmission and muscle itself. Furthermore,
to study the mechanism of clinical disturbance (pa-
resis) of hypocalcemia much more information are
required to fully understand it.

Conclusion

Experimental hypocalcemia in healthy Japanese
goats was induced by the intravenous infusion of
Na,-EDTA solution of 4% and 8%,
The signs of hypocalcemia were changed according

respectively.

to the decrease of plasma calcium in a study of all
of 4 goats.
On electromyogram (EMG) tonic discharge in

extensor muscles was observed the normal standing
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posture before infusion of EDTA solution. However,
when plasma calcium of about 6mg per 100ml. em-
ployed the tonic discharge of some muscles increa-
sed simultaneously with phasic discharge, and fin-
ally changed to the clonic convulsion.

EMG by an epidural anesthesia was always reci-
procalled during the experiment at any time. In
lying postion by hind limbs paresis, the muscle
activity was absent. Therefere, EMG patterns dur-
ing the hypocalcemia were evidently differentiated

to an epidural anesthesia.
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