CHARACTERISTICS OF ACTION POTENTIALS
OF SKELETAL MUSCLE FIBERS DURING
POSTNATAL ONTOGENESIS OF DOGS
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The action potential (AP) of fibers of the dog's gastrocnemius muscle increases from the first day of
life to the adult state from 21.8 to 116.9 mV, and falls in old animals to 72.5 mV. Reversion of the mem-
brane potential is absent in puppies one day old and appears by the 5th day of life, and in adult dogs it
amounts to 34,29 mV, falling in old animals to 14 mV. The duration of the AP and synaptic delay falls un-
til the adult state is reached and increases in old animals.

* > *

Characteristic features distinguishing the neuromuscular apparatus of mammals in the early stages
of ontogenesis have been described by Soviet and Western workers and established by systematic investi-
gations in our laboratory [1-6, 10-22]. In the present investigation, a continuation of previous work in this
laboratory to study the formation of the neuromuscular apparatus of mammals in ontogenesis, the object
was to assess the parameters of the action potentials (AP) of gastrocnemius muscle fibers in dogs at dif-
ferent age periods.

EXPERIMENTAL METHOD

Experiments were carried out on dogs whose ages ranged from 1 day to the adult state and on old
animals (age 12-15 years). The test object was the gastrocnemius muscle withits hlood supply and inner-
vation intact. The muscle fibers were stimulated indirectly with single square pulses of maximal strength
and 0.5 msec in duration. The AP were detected by capillary microelectrodes filled with 2.8 M KC1 solu-
tion, with an impedance of 12-75 M, except that for recording AP in animals during the first days of life
microelectrodes with an impedance of 45 M§ or above were used. In each experiment the amplitude and
duration of the AP (from the base to the beginning of after-potentials), reversion of the membrane poiential
(RMP), and synaptic delay were measured. Technical details were described previously [13].

EXPERIMENTAL RESULTS

Experiments were carried out on 60 animals. Results of the measurements are given in Table 1. Re-
cordings of the AP of the muscle fibers in dogs of different age groups are shown in Fig. 1. On the first
day of life AP below the initial level of the membrane potential (MP) were recorded (Fig. 1, Ia) or AP
reaching the original MP level (Fig. 1, Ib). In our experiments on puppies during the first day of life no
AP with RMP were observed. RMP appeared toward the 5th day of life, and in animals of this group (2-5
days) and in the group aged 7-9 days, AP were recorded both with RMP (Fig. 1, Ile, Illc) and without it
(Fig. 1, Ila, IIla, b). In animals aged 17-22 days, AP without RMP were still recorded (Fig. 1, IVa), al-
though approximately 76% of recorded AP were generated with RMP (Fig. 1, IVb). In animals aged 1.1-5
months, 2.3% of the fibers gave AP without RMP, the rest with RMP (Fig. 1, Va, b}, even in the case of a
comparatively low initial MP (Fig. 1, Va}. In dogs aged two months and over, all fibers regardless of the
initial MP generated AP with RMP only (Fig. 1, VIa, b). In dogs aged up to 6 months {Fig. 1, VIIa, b) and
in adult dogs (Fig. 1, VIIIa, b) the AP were increased both because of growth of the initial MP and because
of an increase in RMP, although in the adult dogs a certain number of fibers generated AP with an RMP not
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TABLE 1. Characteristics of Bioelectrical Phenomena in Gastro-
cnemius Muscle Fibers of Dogs of Different Ages (M = m)

Amplitude of | Reversion of |Duration of | Duration of

AP (inmV) | MP(inmV) |AP(inmsec) Synapticde-
lay (in msec)

Age of animals

No. of fibers
investigated

I day 37 21,811,044 — 3,68+0,087 | 4,170,201
25 days 46 28,92-+- 1,882 2,41+0,527 [ 3,10+0,094 | 3,380,128
7—9 dag' 45 31,692,444 4,560,814 | 2,69+0,089 { 3,18%0,121
17—22 days 42 53,09+ 3,237 9,79+0,905 | 2,11+0,065 | 2,460,086
1—1% months 43 64,53+3,176 15,001,106 | 1,710,057 | 1,80+0,054
2—3 months 45 81,77+ 3,446 21,44+1,788 | 1,100,036 | 1,37+ 0,038
upto 6 months 48 94,68+ 2,362 26,041,784 | 0,98+ 0,028 | 1,25+ 0,027
adult animals 48 | 116,90+ 1,869 34,29+1,893 | 0,830,024 | 1,08+ 0,024
old " 46 72,50+ 3,204 14,02+1,094 | 1,64+0,084 | 2,12+ 0,101
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Fig. 1. Action potentials of gastrocnemius muscle
fibers of dogs in different age periods. I) 1st day of
life; ) 2nd-5th day; II) 7th-9th day; IV) 17th-
22nd day; V) 1-1.5 months; VI) 2~3 months; VII) up
to 6 months; VIII) adult dogs; IX) old dogs. Horizon-
tal lines show initial level of membrane potential of
muscle fibers.

exceeding 18 mV (Fig. 1, VIIla), In old dogs fibers were found with a fairly high initial MP (of the order of
90 mV; Fig. 1, IXa) and with normal AP and RMP (Fig. 1, IXb), and also with lowered AP and RMP (Fig. 1
Xd). :

The duration of the AP and the synaptic delay diminished from the first day of life until the adult state

(Table 1). In old animals fibers were found with the AP duration and synaptic delay characteristic of adult
dogs, but also fibers the duration of whose AP was greatly increased (Fig. 1, IXd). A few fibers gave AP
of normal duration, but with a greatly increased synaptic delay (Fig. 1, IXc).

In early age periods parallel development of the MP and AP was not observed. For example, in

puppies aged 5 days AP of equal amplitude were recorded for different values of the initial MP (Fig. 2, Ia,

b).

The opposite picture could also be observed; in one puppy aged 9 days, with equal initial MP values of

the fibers, AP of different amplitudes were recorded (Fig. 2, IIa, b).

age

In early aged periods the muscle fiber is characterized by generalized chemoreception [8, 20]. With
the chemoreceptive zone becomes smaller in size to correspond to the size of the end-plate [8], so that

it can be postulated that in the early age periods the absence of clear boundaries between the myoneural
synapse and the tonic character of the muscle fibers do not allow generation of an AP of high amplitude
together with RMP. High-amplitude AP, and especially RMP, evidently appear only after the muscle fibers

and

synapses have acquired the corresponding structure. Changes in the amplitude of the AP and RMP and

in the duration of the AP and synaptic delay in old animals are probably associated with destruction of the
myoneural synapses, for which there is morphological evidence [7, 9, 13, 23, 24].
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