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ecirotonus,
Electrotonus.

inhibition of voluntary muscular contractions, hul failed is irritated by the development of catelectrotonus and the Fect of Length of Nerve.—That excitation fails when opening excitations, developing at the th\'%ic'rln”‘iwl
to do so even with very strong currents. Eulenberg disappearance of anelectrotonus, but not through the dis- 2 the clectrodes are applied to the opposite sides of the anodes, when the nerve passes out of the state of anelec-
(Deutsch. Archiv f. klin. Med.. iii., 1867) obtained, on ke appearance of catelectrotonus or the development of an- nerve is due not to the resistance, although this is in- trotonus. Of the two closing and two opening excita-
nerves of men, changes in irritability closely resembling electrotonu creased, but to the fact that the antag stic anelectro- | [1-)11-. rimr whic h occurs where the density of the current
those obtained by Pfi :r on the nerves of frogs. 1 The cathode closing effect is the stronger and is the tonic and catelectrotonic effects neutralize each other.
(Deutseh. Arvchiv f. klin Med., iii., 1867) at first found a only one seen when the current is weak; as the current On the other hand, we find that the effect of irritation is -t of closing aml opening excitations be tested
decrease of i:'!‘il;dﬁﬂi'\_\' near the cathode and an increase is \{1: ngthened the anode opening excitation als s the greater the longer the stretch of nerve between the at the positive ¢ egative elec s with gradually
near the anode Later, however, his attention having ve -xlw so that by medium currents both closing electrodes, because the further they are apart the more increasing strengths of “current, under normal conditions
b n c ‘1111.1 by Helmholtz to the w ay in which the cur- opening effects are seen. By strong currents, these complete the anelectrotonic and cs telectrotonic changes. the followin whh! will be observed, viz.:
rent spreads, he repeated his experiments and decided citation effects are rendered still stronger; but a ne The Opening and Closing Tetanus.—Ritter observed 1. Cathode sing contraction (KCC), ¢.e., the con-
‘h 1[ the nerves of men behave like those of animals (,'t-[-<ll'liu!| b g‘in:—!uslm\\' itself, viz., the effect of the cur- that if a strong asce nding current flows through a nerve
iemssen’s “Patholog. u Therapie,” iii., 8. 90, 1 rent on the conductivity. The conductivity of the nerve for a considerable time, on the opening of the circuit the
mt, Bruecker, Runge, and Ziemssen also studied this suddenly lessens at the region of the anode at the instant muscle enters into vigorous continued contraction, which
question but failed to obtain uniform results. the current is closed, and at the cathode at the instant only dually passes off. This phenomenon has received
De Watteville (Thése inaug., 1883) reached the con- the current is broken, and if the current be strong the the name of Ritter’s opening tetanus. The excitation
clusion that human nerves react like those of frogs to the | decrease of conductivity acts as a block for excitation develops at the anode, as is shown by the f
battery cuirent; and Waller and de Watteville (Philos. processes developed higher up. rsists after the nerve is cut above the anode
Trans. Royal Soc., London, 18 obtained definite proof | The 1 1ts ¢ J ation of the nerve of the fi apolar region. The cause of the excitation is to
that the irritability of the human nerve is decreased in | by making and aking battery currents of different nd in the anelectrotonic chemical changes which hs
anelectrotonus and increased in catelectrotonus. Waller | strengths lifferent nim ctions, have been formulated eer oduced during the flow of the current, and whi
“Tect. on Physiol..” first series, on Animal Electricity, | by Pilii (* Electrotonus,” 8. 454) as fol because widespread, require c« erable time for their
81. London. 1897) describes the following experiment: ; : disappearance. The tetanus c s at once if the current
large flat electrode is placed on the back of the neck EL e T A e is again closed, and the decreas f irri i
and the knob of a small electrode over the ulnar nerveat | —— = e ists at the anode > e current -losed
the back of the elbow. The electrode is pressed carefully DESCENDING. tablishe On the I
upon the nerve, and then tapped at r ar intervals with £
llet, just hard enough to give distinct tw inlu 'S SThie &F AT R
.rs.  If while these light blowsare being given | — | sy o pg OpeinE
nt is sent into the nerve, the electrode beir .-| C % )
ade a cathode, the effect of the taps is seen to be more & : s = : g BELIL
pronounced ; if the current is then reversed, and the elec- 2 y c B
trode is made an anode, the taps are seen to be without -h for the state of 1 :
| yd for affe t nerves. »r into a condition of excitatio sure
eeitation Effects of the Voltaic Curre nt.—Not only does I reflex T nse beir he index, only in this urrent, by still further i g
xml iic current produce alters ns within the nerve se the organ 3 € -‘. bei at the central end of cat will cause a clc
greatly modify i!% irritability and conduectivity 1 ding cur- These effects can be s
the flow and : s the w l\h=ll(l\ 1 of the current, re are reversed. ; ility of a nerve be hei A
but it causes excitation e sTr :cts at the instant that the cur- e closi »xcitation is developed at the cathode produce a condition of latent e>
rent begins and at the instant that it ceases to flow | and the opening anode may be proved by sub- 1ani s itself by a continuous €
rouch the nerve. These excitation effects are inti- jecting " on f the nerve to g ts which wi thode on the closure, and :'.t t on the nlr('“in:
tely related to the electrotonic 1ges produced by £ e irritabi yotch and Macdonald (Journ. of of the curre There ¢ es, especially
the current, and, to be ur ]|“.'~'w»(|l! must be considered | ] I, xx., p. 257, 1896) found that if the irritability 1on-medulle \
in this connection. it one pole by du cooling of that ns show prolonged l‘l“"hl'*
The amount of excitation depends on two sets of con- | part of the nerve lowered at the other by warming manr and Biedermann (* EI S ;
ditions: those conditions of nutrition, etc., which deter e part, one obtains with suitable strengths of current ""3‘ € 1es TillT lated nerves of voluntary
mine the excitability, the molecular stability, of the an excitation only from the pole that is on the cooled ¥ by the make and
nerve as a whole: and those conditions which determine -egion, a closing iis is the cathode, an opening if k ut 13 cu y ‘1 ered conditions re-
the extent and character of the el l-rrnrnnit; changes is is the anode. milarz are got if the irritability spond as w LH to the I nges resulting from a pro-
which occur at the two poles. This latter set of condi- of the nerve is locally raised by the appli on of NaCl lon <<1 flow ut the current. 2
tions are, viz., the strength and density—i.e., the inte and loeally lowered 1t by the .\]\‘mt ation of ammonia. Law of f.mf,,nfm 0 rw Human Nerves.—The law
sity of the current; the Tate of change of intensity; ; i Rate of Change.—DuBois-Reymond formu- of contr n nerves under 1G. ).—Unipolar Excitation of Human Nerve. A, The positive
duration of the current; and the length of nerve sub- is *law of excitation” as fol rs: “It is not the normal conditions \lnm 2 il e > law of 1 de ; G phvs jﬁﬁs;“;h}
jected to its influence. 3 absolute val : to which the contraction established by l’l'lu { i :
It has been frequently pointed out imt a rise of irrita- | motor ner ¥ es by a raction of muscle, but of frogs. The differences are, however, more apparent
bility is closely associated with I sed molecular in- the alte mr.nn of this \'\:Llllw' Ilnm one moment to uu)thrl 5 than 1 , and are readily reconciled if one takes into ac-
stability. If the cha 1 .UIT! ntly sudden there may and, ind . the excitation to movement wl 7 3 count. the conditions under which the w ne. Thw_
ecular disinte tions whic i in the liberation from Thl-¢ 1ze is the greater the more rapidly i urs SO-C .d unipolar method is used for the excitation of o 5
and the development of an excitation process. by equal amounts. or the greater it is in a given time.” human nerves (see page 769). By this method both open- | : k ode ¢ i contraction (ACC), ¢.e., the contrac-
At the instant the c rent is sent inte nerve, there is Al rhm.‘_ this 1 is not without exceptions, the gen- ing and closing effects are to be obtained beneath the | 2 from the de Hi“l ment of catelectro-
a sudden rise of irritability at t thode, from the eral statement hol zood that excitation effects fail in ‘ positive and benecath the n tive electrode, because | tonus at the ‘h“l"‘“'”l'ull cathode beneath the physical
normal to something above the normal, and a fall at the cat -‘.= ctrotonic chan develop and anelectrotonie under each of these there are physiological anodes and anode.
anode, X normal to something below the normal. T the suddenness with which cathodes where the current enters an 1ves the nerve. | 3. Anode opening contrac tion (AOC), 7.e., the contrac-
‘When the ¢ I i e e reverse rue: a sudden 1ilibriu f the nervous molecules is altered ap- Y ; condition is illustrated in the following figure. | tion which res m the cesss 1 f ctrotonus at
rise of irritability at » anode, from below the normal to pears to play an 11\1‘111 int part Sl what we The current enters the nerve beneath the 10ode, and | the 1‘|]J‘_\',-;\_n1=‘w > beneath the ]:11_\\_1(;1 anode.
a level above the normal. and a fall of irritability at the | call the nerve i 2, Fort eas e at w huh aves it beneath the cathode as a comparatively dense 4. Cathode ¢ ] itraction (KOC), ¢.¢., the con-
cathode, from a point abov > NOT to a level below he chs » of in itv of the existing 1t oceurs ream ; but where leaves e nerve beneath the anode traction whichr rom the cessation of anelectrotonus
the normal. The sudden rise of irrital y and sudden e on the result, and within certai 1d enters beneath the (duuuh he stream is diffused. at the physiol al anode beneath the p]\\' cal thode

ec f"ll( S

is now
a conditi
the irritability of :rve be increased by some
a salt or a mechanical lue : mple, bat

increase of molecular instability occurring at the cathode 1 » with the special type of nerve) the more 3 ifferences in density play an important part in | It is conve to describe the results in Lin

when the current is closed, and at the anode when it is ces the greater the exciting efTect. : 1ini the reactions. U—”Tj'-“l"’n‘hn.—“ to weak, medium, and strong current
opened, cause an excitation process to develop at the | ect of Duration of Current.—The cate léctrotonic and 1 > current spreads widely as it passes l’l"hl or to the E.'!T t stage, only 1\"\‘(Y el HE: )
thode on the closing and at the anode on the opening ectrotonic states do not develop with equal rapidity, | electrodes through the nerve, so that to er side of the | Second ge shows KCC (strong ACC. and per-
f the current. - { developing very rapidly and the latter some- i anode a cathode the current is flowing lirec- | haps _\(l( 1e ]1;111.. 1_,--,‘1-;'_ feeble, or more rarely AOC
Pl stated his “law of 11(-1 T excitation ” as follows -. For this reason, weak currents of tions along the nerve: for this reason we cannot g - 2 "ol - than AC these variations depending on
(* Untersuchungen,” S. 456): * ven streteh of a nerve short du n excite only on the closure, at the cathode. effects of direction of current such as show themse lves | the de nsity of the current due to relation
ST This is true of brief voltaic currents, breaking induction on the isolated nerve 3 1 3 ;
currents and condenser discharges. Anodic excitations Closing <\;1ml|un- developing at the physiological | ves all four contractions, the KCC being
with induced ¢ ts are to be obtained only when ve cathodes, when the nerve passes from the normal state vigorous and prolonged, tending to take on the character
i to one of catelectrotonus, always tend to be stronger than I of a continuous contraction (the L].O'-I)_lf" tetanus), and the
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KOC being very feeble. By this third stage the coming | with the tibial end of a curarized sartorius muscle, and
of the AOC may be delayved. Waller (Arehives de Physiol. then recorded the latent period of the muscle when the
normal et Pathol., p. 333, 1882) finds this delay may be | upper part was held firmly by two electrodes placed at
as much as 0.3 second, and attributes it to the loss of | unequal distances from the t 1l end. The latent period
conductivity which oeccurs in the region of the physio- | was lon by closing excitations when the cathode was
logical cathode for a short time after the opening of the | farther away from, and shorter when it was nearer to,
current. the recording part of th
Effect of the Voltaic Current on the Irritability and Corn- Engelmann (Pfliger’s ehiv, iil., S. 247, 1870) re-
duetivity of Muscle.—If a constant battery current is al- ported that the ureter of the ra t exhibits in an admir-
lowed to flow through a muscle, it acts upon it asit does | able manner the polar effects of the current, a peristaltic
upon the nerve, and puts it into the peculiar condition | contraction wave starting from the cathode on the closing
called by DuBois-Re \'mnml “electrotonus,” in which its and from the anode on the opening of the current. 3 s e SE e s 2 :
irritability and conductivity are markedly altered. mann (“ Handbuch der P 'li-»l.. Bd. ii., Abth. 1, S. 93, iz -‘.;“"I\‘jﬂl‘1’\-\|1“l{lnllrt:i\--J;:”l;:f: 1‘51‘ o5 d t ‘.t{!:\l--h‘::)i“;l‘lfli:{%}'
If a battery current is sent for a short time through a | 1879) states that if loops of wet thread be used as elec e ‘lI] -“l Tl “-1\[ indicate the . .\(11‘-.‘: of an
curarized sartorius muscle, from end to end, and the | trodes and placed on the curarized muscle. a welt-like i —-<—‘w1I|‘-1-<-lnllmlx-1\\.'i1(‘ un\‘:lt -‘ ‘-‘1l “the battery
muscle is then irritated by an induction current having | contraction develops at cathode on the closing, and £ The BaEtars ShE DY i o whichithese
the same direction, applie od to it through the same elec- at the anode on the ope nd draws the whole muscle 5 X is fre HIL;-UII\I A‘.l]'mkvn OF _‘L: the
trod it will be found that the 1111(4!;1111\ is increased toward the elec > in ‘L iestion. [ Imann (Pfli current, and the ele e et > the
by the flow of the current. Von Bezold (* Untersuchun- | Arehio, xxvi., S. 97) and Biedermann (* Sitzu n-dn d. k. et ol the e AGihe “nolariziie clectrodey”
gen tiber die electrische Erregung der Nerven und N Akad. d. Wiss. z ien,” Bd. 1 : h. . 367) as- -[il ,1,(T‘.,.1‘ »s which conne :-rhrlu! ner ith the galva-
keln.” S. 211, Leipzig, 1861), who was the first to observ certained that if a part of : ¢ be injured by being nometer. or electrometer, when the electrotonic currents
this, supposed that the irritability of the whole muscle lipped into a hot salt solu and ele ydes be applied, r’_'{wm,, ~'Tl1<11r-l s aclandlon TN
increased. Biedermann (“ Electro-Physiology,” | the one to the injured t 3 t ormal part, the Bedes > plasiee S s -
nslation by Frances Welby, i., p. 201, London, 1598) closing contraction is very feeble if the cathode be applied : 'I'M-' fact that the flow of a constant battery cu
shown that this is not, the case. The flow of the cur- to the injure art, bu orous if it be applied to the 1’“--.,1‘1 wili ap of a Rervoiean s the electromo
rent first increases the irritability at the cathode if > | normal part. i > and many other similar observations state of the whole nerve S
current is weak, but de ses it if the current is strong have fully established von Bezold’'s conclusions. ¥;‘l\'1-w-~1111 “ Untersuchu
and long-continued. The changes in irritability are not Not onljy the scle contract when the current is e B Abth. 1 \“
to he found in the intrapolar or extrapolar regions. | made or broken, 1 durine the flow of the current a ..;.,."”.; \A\.]l::.li ]-; 2 from the chan “ electrotonic
Biedermann (loc. ¢ p. 286) gives the following ex- | continuous ( racti ) 1“ observed at the ata \I-]l”_.l.xtu h(-nhI:HmAl f]t"'nlrLl;L »of the anode
planation of the s irritability seen at the cathode | cathode. If be le rough a mus from end being termed “anelec rotonic,” and t]rn&n llw side of the
when the muscle is subjected to a strong current fora c - o end, one can see w E NS a S 1 2 > muscle Lu]\,ult e ——-1'1-%;-11'(;}} .u{u » rents (sce B 1
siderable time: An elect current during its flow raises | at the poi v her 1ITT leaves it. The difference ] oH T;u- 'i{t\l‘h"("lr:‘Tl-l.‘i(‘ current strengthens the (—‘va(-r of
the irritability of the muscle at the cathode, and produces | between the two l S ) :tion is we I | had ,n.lf“‘.‘,,l,;m'l et the .11\.“]'(,““,“1 i e
latent excitation efl which, though insuflicien » | in the following 1 =y .(ﬂ\“-..(:]A“'lm_.*;-l)I,'”{i(‘ :':1‘ ‘T weakens the effect of
cause the discharge of an excitation wave, result in fatigue Areheo, 111., S. )z 2 C d sartorius . demare Lfi;;n (-l‘ll'r{-p[ i.x‘l 11;(- lvs ; 1-1(--17(-1' :
and d ed irritability at the points where the current muscle in the 1 2, applyll 7 enough This can be taken as a proof 1t electrotonic currents
leaves the muscle fibres. The afte : f the curr to prevent the -le Ol IOV ) ch to ;I;_{ll.{\',.n‘:‘('.“:— of the current of rest. Another proof is
is decreased irrit: y at the n.nhmh _ine t interfere with its ductivity; he ther 1"' -ed the elee- that they . observed when, on account of the sym-
the anode, these c ges, too, being localized at > |t es near the two ends, and co » > al end il cement of the leading-ofl electrodes, de-
poles. On account o > loss of ability produced ¢ i leve i ) 1 the nts ‘(_ annot be jetected. With this ar-
the cathode, a current .~u;linitnr‘\' -Uun g to produce vTiti as » twitch was seen on the opening of ment a change in the electr 1l condition of the
marked closing excitation, i[' w .lmh awn after le\\'i]' 1 .'Em 1t ; en the hode w: I s nd. the Siss (f,“;_;(,'l bv the polarizinge rent, of such a type
short time and then sent i in, f: ve a c'lc- witch caused by t -losing of the current wt llowed Shieass L‘f\ih(‘ e e on the ide of the withodo s
excitation. f the curren > it thr n "‘ a prolonged co 2 ndency of the mus- re uv} rative and all points the side of the ar
cle in the reverse direct 0 that the former anode i e to give a prol 1lo ' ti e cathode > positive s normally, the chan y
made a cathode, a 1 cl : m is obtained. ring the flow of the cur is increased by cold or any to the i iod and shading off from tl
This phenomenon i alog is known as the | influence which slows muscular re: i i i hoth dircctions alon r the nerve. is true ¢
“voltaic alternative he case of nerves. In conclusio nay 1 vid t e battery current - = PR

T G = 1 i1 = o - Y - < :xtrapolar ons at least, and probs: r is true of the
I'he conductivity is “1“‘1"—1 1 @ ay as 1 an arouse two differe i f contrac in the mus- i though considerable mtuuunn

nerves. Contrary to the view of v Jezold, it is t ; a st Er'ir '1(11 > in the intensity of > current at the this part. To state
i Il\rhb!.l]m gion. 1gelmann (Pfliiger’s ins r 'l;n‘li('- -ausing a simple twiteh, --:i.n: of the polarizing
the ureter of the rabbit, £ I uous W uf' *Iu urrent cat a p?'u}f’sn\“cd
» cond it sened at the anode by me t : 1 nt is sed the ex-
currents and is lost tl by strong currents. Fur : tation d I at the >, Al 1 it is opened
by strong, continued currents, the conductivity dec at the anode, and is ] 1 at in { ase of the
at the cathode. Biedermann (loe. eit ( te 1 uscle as -xi' : % h 1
with the lessened irritability and x E t 1 1 1 -
caused by the latent excits n. He did i: ey : te : rotonus.
find it less at the anode the case of striated muscle In a like 1 ner we C: k the continud 1trac-
but as it is lessened at the anode in the case of the nerves i ic leveloy e : : cathode when
and m‘uu-ctr' u_-nl muscle, he thinks there must have been » flow of the curren olonged, 1e continued
some tal error. ate of ight >d irritabili hich exists i 1e nerve
owrw tati * Muscle by the Battery Current. while it is jected to the 3 C t. As Gotch
the case of muscles f nerves, the excitation process -haefer 2xthook Pl z p. 436) says:
develops at the cathode on the closing and at the 1wode | “ IH the muscle, cor is the the cathodic
on the opening of the current | state; in the ne 1 exc ity.”
Both V u]} I raz. méd. d. Paris, p. 618, 1857; Comp I The re is ther interesti ffe *h may be men- nerve. and oice versa. o electrodes, although not lessenin
rend vrn. de Physi . 569, 1858 ioned in - tion, viz.: the inhibit : on of .ctrotonic currents are not to be identified with 1 power of the nerve to conduct electric currents, often
Schifl \\[ lesch. I nters.,” v., 5. 1§ 3 itriige z. 1 > durin flow, : f the cathode on the . nts of action, because v are to be seen when the wholly does away with the phenomenon. The same is
Physiol.,” ii., S. 13) ol ““1“'] that when a muscle ying | ope Z the nt. Bi X ‘E ro-Physiol- ery current is flowing constantly through a motor | true of ring which will lessen the physiolo
and can no longer transmit the excitation wave, i Stk 7 : . 1896) st umr if the electrodes ‘e, and is too weak to cause a state of '(lllltf\h‘] activities- of e nerve. DuBois-Reymond failed to 1'111'1
show a localized con tion. an *idiomuscular welt,” are i > ventricle of : hes the muscle re- 1 least to produce a current of ac i electro ic cur s on dead nerves, moist threads, and
the point of applicat [ the cathode. ey failed s systole s > point of J;mll: ation of the of the muscle. Further, as anr 1 3 ich offer favorable conditions for the spread
° ‘TII/*‘““ significance of the phenom and we an the curr is closed, and at the point of Hang -h d. Physiol.,” Bd. ii.,, Abth. 1, B. 158 f electric ITTer Schiff (* Lehrbuch d. Muskel u.
»d to von Bezold for the proof that the “law « a { I thode when it isopened. A stronger says, the fact that elec ic currents increase | Nerve ».?7 8. 69, Larr, 1858-59) and Valentine
ion ” found by Pfliger and Chauves Or Ne urrent is require n} for the cathodic than for the anc increase of strength of the polarizing current, and (Zeitschri ' rat. Med. (3), xi., S. 1, 1861) failed to
od for muscles. He connected a myograph lever do not reach a maximum, is against the view that they | find them on degenerated nerves, while Gruenh:

The inhibitory influence of the anode can be well seen | are the result of a condition of excitation. Finally, the
if a battery current is allowed to flow through a piece of | elec trotonic effects are the stronger the nearer an' part
smooth muscle when in tonic contraction (Biedermann, | of the nerve examined to the region through which the
loc. cit., p. 256). It is also observed on striated muscles, battery current is flowing, which would not be true of
when put into a state of tonus by veratrine. The phe- | currents of action ;
nomenon is undoubtedly associated with the decrease of | To any one familiar with the tendency « “1‘1"'“"_(""1
irritation which takes place at the anode on the closure | currents to spread through moist conductors, the fir
and at the cathode on the opening of the current (Bie- | thought is, that electrotonic currents are due to the ordi-
dermann, loe. ¢it.. p. 265).

rotonie Currents.—If a constant current be sent

|
|
thr h a special part of a nerve, and ¢ anometer be
Her- ‘ I !
|
|

v through a portion o
rve alters the ¢ i ¢ ion of the whole nerve
ali points of which become ctrically active in the
direction of the cu , eac 11 m:im h(
rically ne i

on the nemvcau on Cur-
+ C -

3 - this subject,
st always lm ar in 0 1t C hat a current is
considered as flowing a circuit. from the
]'u:u’ﬂ to the e . , and consequently the |
in the part of Iln reuit 3 _=‘ '.in nerve must have | nary spread of the battery current ‘n'\'lmd the electrode
the opposite « tion 1e flow containing | bringing it to . That this is not the immediate
the salvanometer. yint whic h is p¢ sitive with refe | cause is prove d by the ct that whatever interrupts the
ence to the direction of flow throu ;uw- galvanometeris | p 1 al conducti rity of the nerve, 3
itive with reference to the dir ion of flow through - : applied between the polarizing




