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Following the work of V. 1. Chagovets (1896, 1963}, the concept of blocurrents originating fn a peculiar
cencentration element formed beiween injured or exclied and Intact or "resting” areas of tissue has persisied
{n modern eleciphysiclogy,

Such a generator, like any generator in genersl, can be characterized either by current srength or by
elecrometive force (e.m.f)~ voltage in the extemal circult of the generator — 4nd their changes under various
conditions. In order that certaln current swength and voltage be maintained in the external circuit of the genera-
tor the generator must transforrn some form of energy into electric energy: in other words, energy transformation
and f1s expenditure occur only when the generator Is working: current flows in the external circuit and the differ-
ence of potential at the generator terminals tends to zero. It fs for the malntenance of this difference that the
expenditure of wansformed energy s, in the final analysls, required. The quantity of generated electricity Q
characterizes the work of che generator. This work can be caiculated according to the formula: A = ItE, where
A — work; 1 current strength; t ~ time; £ - e m £ It = Q where Q - quantity of electricity.

In chemical sources of current it is the heat of the chemical reaction or osmotic work involved in equal-
izing jonic concentrations that is wansformed. The question naturally arises as to the nature of energy which Is
transformed into biocurrent on excitation and injury of tis.ue. It may be supposed that such energy in any tissue
of a llving organism must bz chemical, L e., energy of metabolism, since it has been shown in a number of
investigations that a connection exists between the state of metabelism in the tissue and bioelectric phenomena.

The maln method used In modem elecrophysiclogy is the measurement of e m f of tizwie as 3 more
precise index than current strength and independent of changas in the Internal resistance of the generator {tissue)
when the compensatory method of e m { meanrement is employed.

Using ordinary nonpolarizing electrodes (Zu-ZnSOy) with ager cicks with considerable resistance (many
thousand ohms) and completing the circult for very brief periods with batanced measurement of e m f conditions
are created under which no appreciable current flows in the generator circuit and, therefore, the generator per-
forms no work. In order to maintain these conditions modification of the methods used in studying biocurrents
12 required,

In an attempt to study the relation of Injury currents ( e-m f) to tissue metabolism (energy belng transformed),
and taking the hypotheses cited above as a basls, the following points were investigated in the present work: 1)
relation of fall in ¢ m. f and In strength of injury current to electrode resistance; 2) relation between some as-
pects of tissue metabolism and the quantty of electric energy generated by the tissue,
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METHODS

The experiments were performed on the sartorius muscle of autumn and winter frogs. The pelvic end of
the muscle was injured b & spectal clamp. The muscle was placed in a paraffir bath so that the injured end
was In one chamber of the bath and the intact end In the other. Each chamber was fil'ed with Ringer solution
or solution of the substance whose effect was being studled. The chambers were divided by a partition consist-
ing of a4 mixture of paraifin with paraffin oil. Injury current was led off by nonpolarizing electodes (Zn-ZnSOg)
with resistance of 800, 1,530, 2,200, 11,000, 50,000 ohms. Low resistance elecrodes (800 ohm) were prepared
according w0 the scheme Jdescribed by A, V. Lebedinsky and A. S. Mozzhukhin [3). In order to obtaln electrodes
with resistance of 1,500, 2,200, 11,000 and 50,000 ochms the original 800 chm electrodes were connected with
appropriaie resistances. To measure the cumrent swength (quantlty of electricity generated), ths muscle was
included by means of aprropriate etectrodes {n the clrcult of a mirror galvanometer with resistance of 2,000
ohms, gxaduatcd with respect to current swength, for 6 hours. To measure the e.m. f, the muscle was included
in the clrcuit of a balanced fnstallation In which the tame mircor galvanometer served as the *zero® inszument.

The energy generated by the muscle was calculated [3] according to the formula:
B0 24(QUep+ Q.__..‘;‘P .2)

where Q =1 cpt
where E — energy in small calories; Q — quantity of elecuicity; U~ em f; I- surrent swength; t— tme;
Ucp and I cp were calcalazed 25 2 mean of a number (7) of measurements during the 6 hours of experlment. The
value of liberated energy was expressed in microcalories for the sake of more convenient comparison with the
majority of Hieratre daza,

The influence of irmpairment of carbohydrate- phosphorus metabolism was studied in experiments in which
the intact end of the muscliz was poisoned by substances listed in the table. The concentrations indicated in the
table are, according to dacs available In the literature(Belitser[1), Pamas, 1940 and others) the most effective
in disturbing carbohydraiz -phosphorus metabolism in skeletal muscle,

In mest of the experiments the intact portion of the muscle was subjected 1o the action of the various sub-
stances throughout the whole experiment (6 hours). In some experiments the intact portion of the muscle was
exposed to the acticn of monolodoacetate solution for only 30 minutes; the substance was thea replaced by
Ringer selution or solutiow of vitamin By, which is designated in Fig. 2 as "washing®.

RESULTS

Figure 1 shows chazpes in swength of current generated by the muscle with various resistance of the ex-
temal circuit. The greama current strength s observed when thils tesistance equals 3500- 4200 ohms (electrode
tesistance 1500-2200 ohms) Measwrement of resistance in the area of the muscle lying between the electrodes
according to A. V. Lebedumsky's scheme [2] ylelds a value equal to 3000-4000 ohms. These data show good
correspondence with the well-known fact that the generator performs most work (and hence the greatest trans-
formation of epergy) whex the internal and extemnal resistances of a circult are equal. This fact was utilized
in experiments in whick 2 quantity of electric energy generated by the muscle under condltions of {mpalred
casbohydrate- phosphorus mmetabolism was being studied. The results of these experiments are presented in the
table and in Fig. 2. The <zt show that impairment of carbohydrate~phosphorus metabolism by one or other
enzyme poison lowers the electric energy generated by the injuered muscle.

Ir follows from the zadle and Figs. 1 and 2 that, on the one hand, under certzin conditions the maximal
electric energy liberated Ty the infured muscle can be measured, and, on the other hand, the value of energy
thus liberated can underge 2 change when carbohydrate- phosphorus metabolism is disturbed. Changes in genera-
tion of electric energy are most marked when the muscle s poisoned by monofodoacetate, fluoride and hydrazine
{which interfere with the reactions connected with rransfer of phosphate to the ATP-phosphocreatine system),
2.4-diniwophenol (whick inierferes with conjugated oxidative phosphorylation) and veratrine (which accelerates
breakdown of phosphorus compounds).
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Current strength in joule/sec

t in hours

Fig. 1. Suength of current generated
by the muscle with varlous resistapce
in the external circuit,

A) 4200 ohrm: B) 3500 ohm; C) 2800
ohm; D) 1300 ohm; E) 52000 ohm
{electrode resistance; A) 2200 ohmy;
B) 1500 ohm; C) 800 ohm; D) 1100
ohm; E) §0000 chm).

1t can thus be assumed that during generation of
injury blocurrent energy liberated in the process of carbo-
hydrate- phosphorus metabolism is used up.

There {3 a concept at present which proposes that
Iiberation of energy in muscle tissue takes place by way
of the ATP-phosphocreatli.e system. It i3 possible that
this system {s the direct energy source in the generation
of bjocurrent, It may be supposed that both glycogen
breakdown and respiration area energy sources in the
resyntresis of (s system. The energy potenttal of the
ATP- phosphocreatine system exceeds several times the
quantity of energy required for the generation of injury
current. However, formalin- fixed muscle which s,
apparently, free of even wraces of metabolic processes,
still gives some difference of potential. But this differ-
ence of potential is not great (one half to one third of
the e m f of conuwol muscle) and the formalin- treated
muscle cannot produce any significant quantities of elec-
iric energy (the total amount of electric energy genera-
ted by control muscle is 8-10 times greater); the formalin-
treated muscle behaves as a discharged accumulator
(element): when it I switched in by way of low resistance
electredes {t shows, 1 the flrst few moments, some dif-
ference of potentfal and current strength but these values
decrease markedly In the course of a few seconds.- A1l

these conslderations not only do not refute the dependence of Injury current onn metabolic processes but would '
even appear to support this hypothesis (A. §. Mozzhukhin [4]).

Quantity of Electric Energy Liberated by Injured Muscle During @ Hours
Under Various Conditions of Impalirment of Carbohydrate-Phosphorus
Metabolism (all figures ars average of 10 experiments).

Prergy tiberated | Concentratlon
No. of Enzyme pofson in 10-% micro- | of polson in which
experf- or metabolfte calories per 100 | the intact portion
ment mg muscle '} of muscle was
immersed
1 Control Lo -
2 Sodium monojodoacetata 6.4 0.001 M
3 Sodium fluoride 0.5 0.02M
4 Hydrazine sylfate 0.35 0.02 M
5 2.4-dinitrophenol 0,358 1:10 000
8 Sodfum arsenate 1.0 0.02 M
7 Veratrine 0.4 1:10 000
8 Sodium cyanide 0.8 0,02 M
9 Phlorizin 6.8 0.01 M
10 Glyceraldehyde 0.65 6.02M
11 Sodfum pyruvate 11 0.02 M
12 Sodium lactate 0,95 0.02M
13 Sodfum sulffte 0.8 0.02 M
14 Formalin 0.1 20%
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Fig. 2. The effect of polsoning {solated muscle by agents which impair
carbohydrate-phosphorus metabolism on the quautity of energy genera-
ted (sepafate experiments with initfal current strength of 1.5 A and
em fof 50 mv)

Curves: A) 1) control, 2) monoiodoacetate poisoning with Ringer solu-
tion "washing®, 3) phlorizin poisoning, 4) monofsdoacetate pofsoning
with vitamin By solution "wadiing®, 5) 2, 4-dinitrophenol polsoning.

B) 6)cyanide polsoning, 7} verawrine poisoning, 8)hydrazine sulfate
poisoning, 9)lactate wsaunent, 10 arsenate poisoning.

It is possible that those small e m f apd current values which are observed in formalln weated muscle are
determined by liberation of structural energy or represent an accumulation of metabolic energy, or formalin
may * fix* the differences of fonfc concenuations in the muscle and the preparation represents a concentration
element without continuously inaintained difference of concentrations which are quickly equalized. Whatever
the sitvation, metabolism evidently accourts for 0.9 of all the energy used In the generatlon of electric energy.

Simultaneous measurement of the quantity of electricity generated by muscle and of the e m f thus pro-
vides the opportunity for calculating the energy used In maintaining the potentfal difference between the injured
and intact areas of tissue. Decrease In electric energy oenerated by the injured mmuscle when lts carbohydrate-
phosphorus metabolism fs mpaired proves that {njury cuzrent and e m f are related to metabolism,

SUMMARY

Simultaneous measwerment of the quantty of electricity generated by the muscle and of e m f gives the
opportunity to estimate the energy which s used for maintenance of the difference of potentials between the
infured and Intact areas of tissue. Reduction of the value of elecuic energy, generated by the injured muscle,
when the processes of carbohydrate-phosphorus m tabolism are disnubed proves the relationship of generation of
biocurrent of the Injured area to the condition of metabolism.
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