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Periodontal mechanoreceptive system. Keishiro KariTa and Takayoshi
TABATA (Department of Physiology, Tohoku University School of Dentistry, Seiryo-machi,

Aoba-ku, Sendai 980, Japan)
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Contrast in neostigmine-induced changes of spontaneous
activities and evoked muscle potentials in rat
medial gastrocnemius and soleus muscles

Isao UraMoTO, Kimi WATANABE and Tsuyoshi ToTsuxka

Department of Physiology, Institute for Developmental Research, Aichi Prefec-
tural Colony, Kasugai, Aichi 480-03, Japan

In our previous studies''~'¥, muscle potentials were evoked by the repetitive stimulation
of sciatic nerves in medial gastrocnemius (MG) and soleus (SOL) muscles of Wistar rats and
dystrophic mice. A remarkable contrast in the time course of changes in the amplitude of
evoked muscle potentials was found between MG and SOL muscles of rats. Interesting was
that the changing pattern of muscle potentials in MG muscles of dystrophic mice shifted
toward that in SOL muscles of dystrophic and normal mice. Our data would suggest some
differences in pre- and/or postjunctional properties of MG and SOL muscles. The present
study was then attempted to obtain further information on these properties using Wistar rats,
in which spontaneous myoelectrical activities and evoked muscle potentials of MG and SOL
muscles were recorded before and after the intramuscular injection of neostigmine methylsul-
fate. It was found that spontaneous activities such as motor unit discharges were very often
produced in a burst in MG muscles when this drug was injected, whereas SOL muscles
usually showed only single spikes. In addition, MG and SOL potentials evoked by the stimula-
tion of sciatic nerves were of a biphasic or triphasic wave before the application of this drug
and the main wave of the MG potentials followed some oscillations after it, in contrast to
little or obscure slight oscillations in the SOL potentials.

Wistar male rats about two months old were used. MG and lateral gastrocnemius (LG)
muscles were exposed under Nembutal anesthesia (60~70mg/kg, i. p.), and spontaneous
electrical activities and muscle potentials evoked by sciatic stimulation were obtained from
the exposed MG muscles. SOL muscles were also exposed by partial dissection of MG and LG
muscles when myoelectrical activities of SOL muscles were obtained.

Recordings were made using concentric electrodes (MT Giken, B-9008). For stimulation,
square pulses of 0.05 ms in duration and of supramaximal intensity were delivered through
bipolar electrodes (MT Giken, K 2-1001). The stimulation was made at a sciatic nerve near
the entrance of MG and LG muscles when MG potentials were evoked. In order to obtain SOL
potentials, a branch of the sciatic nerve was stimulated at its exit segment from the LG to
SOL muscles. These spontaneous activities and evoked potentials of MG and SOL muscles
were amplified, and displayed on a memory oscilloscope for photographing and a slave monitor
(VC-10 and VC-MA-10, respectively, Nihon Kohden).

A B, BIEE FFE R BAROEEEE=r = —, REEEWEITEEEEM
[Received for publication Nov. 6, 1989]
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Neostigmine methylsulfate (VAGOSTIGMIN, Shionogi & Co. Ltd.) was injected into LG
muscles ipsi- or/and contralaterally as to the recording site. When the injection was repeated,
the interval between two injections was about two or more hours. This drug is used clinically
(0.25~1.0mg, one to three times per day)and the present dose was 0.1~0.2mg/kg.

At first, observation was performed on spontaneous activities and evoked potentials of MG
muscles, and examples were shown in Fig. 1 (upper half, MG). A few minutes later after the
injection of neostigmine methylsulfate, spontaneous twitchings of various muscles (so called
muscle fasciculation) began to be recongnized and they reached to the maximum in 10~15
min after it. These muscles nearly stopped twitching visibly within one hour. During the

B

MG

Control g

SOL

Control

| G

S | HE L

Fig, 1.  Mpyoelectrical activities of medial gastrocnemius (upper half, MG) and soleus
muscles (lower half, SOL). Spontaneous activities were presented in the column of A
while muscle potentials evoked by sciatic stimulation were shown in B and C. Data
obtained immediately before the intramuscular injection of neostigmine methylsulfate
were indicated as Control. Spontaneous activities of MG muscle (lower, 1, 2 and 3) were
recorded during 8~9 min after it, and data for SOL were obtained during 8~9 min (1 and
2) and 12 min after it (3). Recordings of MG potentials were made 10 min after it for both
B and C. SOL potentials in Band C ; 15 and 10 min after it, respectively. A low cut filter
was set at 50 Hz for A, and 0.5Hz for B and C. A high cut filter ; off. Calibrations were
presented at the lower and right side of each column : 20 #V and 100 ms for A, and 4mV
and 4ms for B and C.
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period of muscle fasciculation, vigorous fluctuations were observed on myoelectrical activities
of MG muscles. The fluctuations were mainly composed of slow components and a low cut
filter was set at 50Hz (—3 dB point) so as to eliminate these slow components. An example
was presented in Fig. 1 A. In contrast to no sign before the injection of this drug (upper,
Control), spontaneous activities such as motor unit discharges were very often produced after
it and, in addition, they occurred in a burst (lower, 1, 2 and 3). From this observation, a
question arose whether changes in the waveform of‘MG potentials were induced by the intra-
muscular injection of the drug. The MG potential shown in Fig. 1 B was obtained from the
same rat as in Fig. 1 A. As reported previously'™'%, a waveform of the MG potential was
almost of a biphasic pattern before it (Fig. 1B, Control). In conjunction with these burst
discharges described above, 2 new component appeared following the biphasic wave of the
MG potential when the drug was injected intramuscularly (Fig. 1 B, lower). Another example
was also shown in Fig. 1C, in which one can see clearly that the main wave of this MG
potential was accompanied with a few oscillations after it. Thus, when the intramuscular
injection of the drug was made, spontaneous activities of MG muscles were characterized by
burst discharges and one or more oscillations appeared following the main wave of MG
potentials evoked by the the stimulation of sciatic nerves.

Secondly, spontaneous activities and evoked potentials of SOL muscles, whose specimen
records were presented also in Fig. 1 (lower half, SOL), were compared with those of MG
muscles. When this drug was injected intramuscularly, myoelectrical activities of SOL mus-
cles also showed vigorous fluctuations. However, only single spikes were usually observed in
spontaneous activities of SOL muscles (Fig. 1 A), in contrast to burst discharges in those of
MG muscles. Moreover, such oscillations as seen in MG potentials were not induced by this
drug in SOL potentials although slight deflections could be detected (Fig. 1B and 1 C).

In some experiments, myoelectrical activities of MG muscles were obtained from one leg
of a rat and another side of the same rat was used for recording those of SOL muscles. A
similar result was noted as described above when comparison was made between two muscles.
Moreover, there was no striking difference in properties of MG and SOL muscles even if this
drug was injected ipsi- or contralaterally as to the recording site.

A transmitter substance of acetylcholine (ACh) is released in neuromuscular junctions,
spontaneously or in response to the arrival of nerve volleys. The liberated ACh is rapidly
hydrolyzed into acetic acid and choline by the enzyme cholinesterase (ChE). It is also well
known that neostigmine methylsulfate exerts an inactivation on ChE, resulting in strengthen-
ing and prolonging the action of ACh!®. This is phenomenally characterized by clinical
symptoms such as muscle fasciculations and excessive salivations. The vigorous fluctuations
observed would be also an indication of this notion.

It was noted about 50 years ago that repetitive muscle potentials to single stimuli were
induced by antiChE drugs™®?, and studies using microelectrodes have been recently at-
tempted®*?. It was found in the present study clearly that burst discharges of MG muscles
were produced when neostigmine methylsulfate was injected intramuscularly, in contrast to
only single spikes of SOL muscles. This finding has not reported elsewhere. Moreover, in
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parallel with this difference in the spontaneous activities of MG and SOL muscles, neostigmine-
induced oscillations of evoked muscle potentials such as seen in MG muscles were rarely
detected in SOL muscles. Taking account of such a phenomenon that tibialis anterior and
peroneous tertius muscles gave a longer train of repetitive responses than SOL muscle®, it is
probable that repetitive muscle potentials to sciatic stimulation are more difficult to occur in
SOL muscles than in MG ones when antiChE drugs are administered.

It has been established that repetitive antidromic firings are also produced in the vicinity
of motor nerve terminals when antiChE drugs are applied, and this is partly responsible for
muscle fasciculations and repetitive muscle responses®*?. In the analysis of ACh noise and
end-plate currents®®, repeated binding of ACh molecules to receptors has been revealed to
occur in the presence of antiChE drugs, which would be an important factor for repetitive
muscle responses. However, the receptor-transmitter interaction could be assumed similarly in
both MG and SOL muscles. Then, a different extent of this interaction between MG and SOL
muscles or other factors seems to be taken into account for the explanation of the present
result.
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Guiding Principles for the Care and Use of Animals
in the Field of Physiological Sciences

The Physiological Society of Japan

Animal research requires detailed planning and must be executed incorporating not only
scientific principles, but also ethical considerations and a regard for animal welfare, Important
regulations and guidelines to meet these requirements are contained in the following publica-
tions : —

‘Standards Relating to the Care and Management, etc. of Experimental Animals,
Notification of Japanese Prime Minister’s Office, 1980’ ;

‘International Guiding Principles for Biomedical Research Involving Animals, CIOMS,
1984’ ;

‘Guide for the Care and Use of Laboratory Animals, DHEW Publication No, (NIH)
85-23, 1985’ ;

‘Guide for Animal Experimentation, .  Japanese Association for Laboratory Animal
Science, 1987’ ; and

‘Guiding Principles for Animal Experiments using Non-human Primates, Primate
Society of Japan, 1986 ;

In furtherance of these objectives and in response to enquiries from members, The Physio-
logical Society of Japan (hereafter called “The Society”) recommends compliance with ‘Guid-
ing Principles for the Care and Use of Animals in the Field of Physiological Sciences’.

Animal experiments are an unavoidable necessity in pursuing teaching and research activ-
ities in the field of physiological sciences. Results obtained from such programmes have
contributed much to understanding the scientific function of the living body. Their applica-
tion to medical and veterinary science and therapeutics have played an important role in the
development of human and animal health and welfare, So that even greater developments in
education and research in this field may take place, The Society urges all Japanese Physiolo-
gists to adopt these guiding principles. It is The Society’s intention that all animal experi-
ments should be designed and conducted on a valid scientific and ethical basis and that

sufficient consideration must be given to animal welfare.

[. General Principles

(1) Animal experiments are to be undertaken only for the purpose of advancing physiological
knowledge, and enhancing the well-being of humans and animals.

(2) Consideration should be given on a scientific basis to the most suitable species of animals
to be used and the numbers required.

(3) Investigators should employ anesthesia, sedation and correct handling. techniques appro-
priate to the procedures to be performed in order to avoid unnecessary pain and stress in
the animals. In particular, before investigators proceed to conduct an experiment using only
a light level of anesthesia, or employing a neuromuscular blocking agent, an application
should be made to the Animal Research Committee in their institutes. This procedure is
especially recommended and where permission is given it will be on an assurance that the

intensity and duration of the pain are estimated to be minimal, consistent with achieving



the objective of the experiment,

(4) When animals are to be disposed of after experiments have been completed, they should,
in accordance with notification issued from Prime Minister’s Office (1980), be killed hu-
manely by administering a lethal dose of anesthetic or by some other recognised means
taking into account their species and size.

‘(5) Experimental animals must be accomodated in proper housing, and provided with suf-
ficient food and water, thus protecting their welfare and maintaining them in a hygienic

environment,

I. Specific Recommendations

(1) Animal éxperiments must be performed in specially designated areas where adequate
facilities are available in order to ensure the welfare of the animals. The organization and
management of the experimental animal facilities must be well planned and the animal
caretakers concerned with husbandry and routine care must be competent to perform their
tasks in a satisfactory manner.

(2) In conformity with a well-defined experimental protocol, each experimenter must have
assessed the suitability of the species of animal to be used and of the experimental method- '
ology selected. Animals maintained in satisfactory conditions should be used. Consultations
with, and advice from, experienced laboratory animal scientists are recommended.

(3) The experimenter must select with care the species and strain of animals most suitable
for the experimental purpose in terms of genetic and microbiological quality. The person in
charge of the facility is responsible for seeing that the relevant regulations and internal
rules are followed.

(4) The experimenter should inspect the animals and provide for quarantine conditions in a
proper manner. Records of the animals both during the breeding stage and when issued for
use must be maintained. This work may be delegated to the Manager of the animal facil-
ities. ' ‘

(5) Full consideration must be paid to the avoidance of compromising results by protecting
the animals from environmental contamination in thé animal facilities, The safety of humans
handling physically and chemically hazardous substances or pathogens must also be as-
sured. In addition, special attention should be given to the maintenance of good hygienic
practices throughout the animal facilities, with due regard to the fabric of the building and
its equipment.

(6) All experimenters must comply with regulations and decisions made by the Animal
Research Committee in that institute.

(7) All experimenters are urged by The Society to conform with these guiding principles and
recommendations, That they have done so should be stated by investigators when they

report their experimental work for publication purposes,
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