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I n introrluct ion , it is inper ti VI"? i-o ,_Gf irn"' · numbnr o f t erris 

nrl out lini::> in n. v0ry br ,P, ~ f wo.y just '·h t w.ri s r1 onn in r1n axpor -

o time to s y som8 _inc; 'lbout tho ap1,o.r ... tus 1.•rhich was used and 

~ lso to Ps cribe ex ct1 e v ery oot'li l of th8 necessar l n aroto:wy 

vrorV- . 

I vor~0 ~ith ri ~i stinct tyJe of oni m'11 tisruo kno~n histolog-

i ·a1 l y ' s Y1 1 CCUl rir ti~ sun ut populf'rily k11.01'1l1. uS flnsh . I t is 

t Uf' n~cesrnr to doscri o histolo[_;iC'll fen ures . 

contr>'lction r:inr. is thus in ~ iG- er nnlirl:J. s t e tissue> l• r i.rhic the ir 

movements ::i.re execut80 . T= i stoJ osico.l ly o. .-. 1.-1011 ,, s _ - sio l ogicnl?!Y , 

t 13 muscles are divid8 into two gre t clasres - volunta.ry "nd -

volunt'l.ry . rr _e histoloc;ic'11 if "'P.r~nce i s tho. thn voluntrr 

"'lUSC es ar"" stria.t , nn J.n i nvolunt'.J.ry rn:i.cclos . re non- str>iated . 

The former rirP. un .r th0 control ot; the vrill ·inrl. th"' invo l untary 

r1us c i::>'"' nre , f's t P. n F' i.111 liPs , no- un.er t'1e contro l of th. -ri 1 . 

T_1 .y re ho 11r13vPr contro l led by tt:in nnrvous s ctn1,., but f1 if f erent 

inc, ny -,,rork h'ls 1Jq011 confinnrJ to t 1n ctu y of vo untary 

11us l~ l et it ci:i.f "ice to sim ly notP histo logi ~ ril if erenc0c of 

A1l rrmscu "r tiscue is rn n u~• of 111uscul r fibers i·rhic nrA 

smnl l nlong.t0d thrP~d-li~e struc ures bound ogother y connec t ive 

tissue . I n 3 r'lition t e muscular fibr->rs of vol unto.r' mu:::::c l 0s are 

Y ' 1 tern::>te i ,)1t r>nr'l _2_r < E.'.triat ions-t ~ involuntar 
w.r,, -r~~ G~• 6f'nn11 

muscles present no such stri'ltion..,r o.i thP. nusculG.r tissue in tlm 



:_")art . Th i s nbri ated invo unt 'lry r1uscle i s Psigin.?te c a rdi a c 

r.cuscle :::mdi s foun onl ' i n t ~'-' _go.r t . It p1'e sent s oth<=lr i stolo g ic a l 

fe atures which are ch3.ro.ct 9ristic of car iac nuscle . It i s un• Ars tood 

tut 
r these histologicAl fea ures .re app'lrent on y ~~en th0 t . e tisrue 

is sub j e ct er'l to microscop ic exarrrin 'l tion . Thi s c oul d bP c ·re lt upon 

Rt e;re" t l en~th but I rhf-lll not oo i t in t _ci: s '"rorkbe c 3uso I mn co n -__, 

cerne wit only the p ysioloc;ic::il aspect of vo l untriry musc l e - the 

phr=mo:memen o f v o lur1t riry rmPcu . r contr actili ty 811.d irri t Db ili ty . 

(Research ~orkers i n th0 fie l d of ph~s iolo hnve been devoting 

t __ e i r tt nt ion to rmscul P.. r contr a ction in evr:~ry aspect . Th e results 

of the i r work _pve been publi shed i n book form .s well as in 

per io . ic :::i ls . I h o.ve conrulte fr ee ly the nork of the outstan ing 

sc i 0nti 2t s i n h e f i ~ l d , n v ill re f e r to their find ins d from time 

to ti:r1.e . I consulted the mos t rec"'nt work that h . s b e1=m d one b y 

rs fering t o 11 Bi o l oc;ic '1 1 Abstr ac t s 11 an. "The J ourn r,. l of Physio l o gy •1 ) 

Now we defin8 i rrfu t ~ b ility os t he power 'rhich c n, rt ain ti ssue s 

p O"' Pess of respon .ing by 8ome ch. n P'.., ( tr"nsforn ntion o f '? n e r gy ) t o 

t h"l .ct ion of sn ext e rn :::i l agrmt "Jhich i r- c a l lerl the st i mu l u s . Con-

tr nctility i s t h"' povrer t ::it certain tissues po8ses 0 of respon, ine; 

t o stimul us by "" c hf'-nge of form . It i s ·well to note that c ontr act-

ilit r rnd ir at ilibili ty do no t necessarily go togethe~ for it wi ll 

be found that both muscl e o.n. nerve re irr ~t abl e but of the two , 

only ~ur cl e i s contractile . 



To e l nborat e on '-he con trac ti l e pro c ess , a c cording t o Mi tche ili l , 

t 0 noture of t"l-10 process , as it ,.ppenrs i n th0 l i g __ t of our present 

knov'lPnc;e , i s that the exci to.ti on c, uces t __ G sudnen liberation of 

1 :::ict ic nci rl and probably phos __ or i c ,., cid fr om s1Irn1.e ver uns t '-'ble 

c_1ernic0l cor1~'01md in muscular snbst"'nce . 'i'his compounr'l is probo. ly 

hexose d i phosphot0 . Ch0nges of ~ drogPn ion concentrntion Pt some 

dc,finiteb l oc'J.l i7.erl p, rts of thA c0llor0 C"'HS ,rl_ b this renction . 

Accor• ing to tl-ii"' theory , thi r· ch"'IlS"' C::!.us0s tn"" ,o,vnl oprPn of ten-

r ±on in~'"' 111uscJe f i brallrie . I t i s not r'l"'fini t'-l l y lrno'rn just why 

th i s tons ion develops ut it i :::' prob" l ;,r ,11,e t:J• • c ~'1nt;0 in th0 loca-

t ion Of 1,~Tflter ' bGC8,US8 Of tli.P. inCr8C\88 rl 8t tr r Ct ion by rlUSC l e CO loid S • 

I t mar ql so b0 thn ~esult of ~ud Pn change in osmotic pres"ure . 
\\ 

ccorrling to Bayli ss , the hyr r·ogen i ons from tJ:1, iE""Ocirition of 

l rictic ncir'i po l ar i ze the ce l l m0mbrone and t n t 1e SGP· ration of 

i norgflni c sal ts from absorption by collo i cs , these elc, c trolytes set 

free , i ncrease osmotic 1-:::ressur , of contonts 2nr cause s _ortening .. 

111:) t __ n r0sult of c su 0n c:1'lng~ in su1·face toncion . Al so , perhaps 

ench of th0se forcns is in p.rt responcible for th~ evelop~"'nt 

of tAnsion . As soon "'s ·cid is produc 0 r'l in th0 m1J.sc l 0 , t ' process 
'p4't•"$ 

restora.ion . Thi s inc l u_es oxi dation in 
e o)'o) 

"'n restor tion of t_19 r8l11'1i n(1ert to i t:::' 

(1 0 ,. ) 

p'1rt
1

of t1A l;ictir; ac i rl 

originol st..,t~ . SoM0 of 

thn g l ycogen stor8 in thG mu:::'c n i s u~e~ up in this r0s t orotion 

ance of ti~C) acirl. . 

of 



T_ e norn"l r-tinril:.lus t __ ::it lP a cf' to nuscu r contrriction i2 n 

n("\rvour impul se · n tl-J.is in turn is convC\rte into · PTUSC'll",r iJT ) ils 0 

•_1icl1 is vi2i)le 3.s f' con raction only at t_rn "nd-pl~tes . In the 

livins "nim l , t>-iis nerv0 i211puls- st,.,rts r:.t the nerve center , either 

r. in or s~;in,.,l co:rd , c.nd travc=>lr n.o 11. th' nervo to t v:i muscle . I n 

,., ~0f ox action , t1P n0rvou 0 inpul se in th0 nerve center i C"' st'lrted 

1~-y n SAnsory impul se from t"hn pPr i ph0ry . I nst , '1c'l of f' tu yingt e 

ret'1i l 2 of rriuscu ar contr,.,ction in t n li vin,s rinimnl , I have sturlied 

, _e gastrocnmniuC"' rnuscl'3 of th" frog , 1·rhi ch in ol m 11ork , ''''"'2 re ­

r1ov0d from t ''1 body '111.d mc_de to contr'lc t b~v- nrtifici'll stimul i . The 

rirtifici'Jl sti:riul'ltion may be nee. ,.,nic l , 0 l ectrical , or c _A:r1ical. I 

u 0 ed e l ectr i cal 2tinul::ition in " l] m~f 'ork , usine; inruc ~ current . 

rf1h i 2 met._or_ of contro l i r of course r1or<=> uno_8r control rnrl tin 

rt 'ength 811 rlurat ion of he stil"lul u2 can be ree;ulnt0 Pasi l y . 

It is not nPcesr-art to d 0 scribe in _et'1i l thR olPctrical apparat•s 

us i:; _ , -vlt 1 r:it it ruf"'ice to s a th. t a r.r eel 1 hooked up with on i n -

r 1tCtion criil 1'!as ur. , _ o pron1J_c .c the stinulus . i l atinum e l e c trodes 

from t__0 seconnary coi of th"' innuctor i um ·-rere 1u'eo to con uct 

t 1° rt imul i to ti- ' nerv8 . From t i me to t i me as I' - fl PG np o '~d ' drG"I-

ings of l1e apparatus ,. il l be m,.,de in a "'im1Jl 0 m11nner in or 0r to 

:ho· 1 tha n Bturr.> r; f t 1~e npparL1tus tint "'3-8 use '° 

I t i:" 11.8CA8, rry t) des c r i be? the mu s-;l-> - n' -.,l' j_J. I j_'t1tion -,rhi ch 

I userl . "'irst of '11 ] , tf:i0 nAJ'V<? conn0ctions bnt "P"n t_ e br,.,in : n 

~ r_, inRl cord vrnre sevqred by p i thine; tll.e fros . Thn rcirtic nr:rve '·.b ich 

com0s from the sci2tic plgxus P. vreAn t _ e mu s cles of t'v'l t _i e;h o 

sup ' lY ti'e rriusc1 ci E of t'ri~ fore - 1,, c; , is th .em car full rlisE ected out 



"i1•1 t"hn gnstrocn ;r1 i us i'"' rernovG o one; · ·i th t _ sci :1t ic n "rve , p r 0 -

~nrving . r rnuch of ti1 .., t .n m of Ac _illAs 'IS pO"'"' i h l e . A sm.., l 

0111ur i'"' preserv<:Hl to be usn .. a meons of cl'l.mpine; 

A. 

A. Ky o g raph cir~ 
B. f "t"ng l e v e r 
C. Si~nal ma~ne t 
D. Mu s cle 
E . Ne rve 
F' . .t<, le c t r od e s 
i- . r. uscl e claWJp 

H . S t a n d . 

No'"' to p·1s r on to th-. results . BG or" _r~o inr; <>lPnd vrith t_ .... gen-

t ""' 0 }''.l['U] t Of '1 ['iD.'.':;l~ inst...,nt "neOUS 2t i mul u2 UJ) On nn exi sod g . S -

t ocn"'Mius nus cle of o me dium s iznd rog . Thi s cnuses 'l. si111 P rnus ­
.fS.1v•l'H 

I('<,.. 

c11 l '.lr c on tr ct i on or twi tc 1 . T 1"' gr...,phicf rncor of "uch n con-

tr'l.ct ion is shoi'rn b ..,, 1 0 17 . I t i " c J n r tJ-i -.... rir1p l C? l'l'lU[' Cl c urv0 . 

I rh" l 'l.nn l yze thi s recor enr i s cusr i n d e t i l th8 s i gni ficance 

of sue 



K'<M 0 (, R Ill' ff 3.i recor r-howing '"'l,__t is Jrno'rn "f' incompl8te tRtn.nus . This is 

I t confists of six in ivi ncl muscle contractions c use by the 

SDJ"J.8 numb0r of frir3.di c stirrnL tions . ''Bro - dly sp0ulring ho··rever , 

physiologic~l ,bstr'lction , for sing n rnsponsos 

~'Tov0rt1-iel s: , tl-} singlP. muscul'lr contr<>ctions snch s "res o·rn 

cul1r contr<>ction . 

Th0 r1usclq -·rhich Wf'S usorl i n mf'Y.:in[.'; this r0cor '"" s rm exciserl 

r;.,strocn°T'1ius rrn1scl0 of t1..,~ froe; 0n it r'lif Pers f or' t .., t·witch 

of 'lll. i ntri ct g'lstrocn"' i11s musclq of h·"' fros in +-hf't th11 s
1

1 r 

n _J 1,., is obscure • 

\"r.,s connnc r>r in "eri s '"ith n inonctorium , nd t " stimu tion 



in t1!0 primary circui, in 1icat0. on t-ic, lO""'r lin8 nt ,, ,.,t im0 th e 

c-ti •11J.l!>tion i-rus ap,·l i 84 "TIO · l:::o it::' .uro.tion . This recor V'OS m!'.1 e 

T 0 'lbrupt on. convn x 0 scAnt , th0 p l.,,to u , ·nn t1A fU "1-;n t"'rnin-:-tio n 
1 

o-r t...,"' plr t,.., .,,1 J'r1, y be: t 1.rc:in ns f·1nd'1J·1nntal chnract 0 ristics of r 

sin;jlA isoJ'11"'tr ic cont 'l.ction curve . I c <>n P se"'n t_1r t t .0 1 oncr.>r 

cl0rirly rlefin"'-'- ·-nr lons"' is tly> r rite::i.•J . Th11 rurrition of A 0ctricr_i 1 

r esponf"' i::: tl:.11c-> SP'""n o bq r!irr,ctl;r •roportionf' 1 to th 0 11_ •:ition 

.. :.ri.c __ c1lrv0 iP sr>·"'n to rP.V,.,,.,l tr-i,, rnration oft rec pAriods - th,., 

con rf'ction poriorl (p rl"'A Of t1U8C 0 shortAnin[;) , th"' 1 . tont 1)"rio "nd 

t'10 relnxo.t ion p 0 riod or ph:i::: e of r111ccl0 rP. stor"t ion . Ac corn ine; to 

T"itc_ ell , in th"' frog , t "' firrt of these thr Ag pqrio s or th l "tent 

period l as s a)out . 01 :::econd , thr: secon n10.se lnsts ~hout . 04 sec . 



- ~e lrtent ~8riod of s~ l P t ~ m11e cln hns be c on0 prosr.ssively crnnl l .r 

until it ··01 11 

··+10 ;iubli2 1P., i s invo?.s tig11t i ons i n t ~ fi0 lri i n 1 92:-J :xprnscGS th0 

b0 l n ifl'n th ..., t 11 norrv'nt of sr i rrnl ri ti on r•Ilrl t.., b'"'gi nninc:i; of th(") 

I'1"'Cl1''_nic nl rPspons0 of h0Grt musc l n 11rR s i mul f' n 8ous . :;'11 lt on 

rl i v i " S t'h_e l "t""nt pnrio o sk0l8t nl 11m 0 cln i nto -rour ph s0s - tho 

coniiuc t ion t r'l" of th0 mot or nerve , t 1Y' d 1 

P musc l " 0ct i on cur rint rlurin _, 

icl--i n c '1" 1ic n ro-Y'rti-:.s of t11C""> Y'll1-''Cl.., J'.'f'J'l<> i n Lppn"nnt l:~ un-

nf"1=>ctnr l>y t ' r" ctim_uli , ( tl--i i :- hRE' b n '11 tr:>l'r'Jn, tly• truG l.,t 0nt prir iod ) 

,,n~ " r."r i orl of r i r:_i; i ity ur in:i; ··"b i c11 t '"'musc l -- , nl~ho -'l.f-".ctnd b y 

ti.-,,.., exc i t...,tion r1oGc not f'h':n~-'--0n n,•-i: r0ci.,t 0 ly\ The latent period marks 

the s p r ead of the Vi a ver oct exc i t a t i on ov~r t he muscle ce ll s . ,. he 

process of exc j_ta ti on,in my 1ror k J t he a pp lication of e lectrical stim ­

ulation,resul t s in t he d evelo pment of tension in the norma l mu s cle. 

This t e n sion ,once it has been developed in mus cle is bound to b e 

follo wed by contrac t ion unl ess i t i s attached to a weigh t gr ea te r 

than it c an move. 

Accord ing to Mitche ll~when t h e ten s ion developed be comes suff ic ient 

to ove rc ome t he >-,iner tia of the muscle and t he at ta.ched we i gh ts, the 

latent pe riod s e nds a nd the contra ction or shorte ning period begins. 

It is g eneral ly conced t hat in this process t h e dark b a nds of the 

fibr i llae are increa s ed in volume whi l e t h e mus cle contra c ts . The 

minut e det a ils of this proces s of shortening are exce ed ing ~y d i f f icult 

t o ma~e out bu t it is a l most a certainity t hat mo vement of wa te r is 

involved~ 

Tn t h is kwroo p;raph re cord s h ov-·n ab ove t he l e ver is r a ised by the 

shorte ning; of the mus cle . The r e l at ionsh i p c a n be clea rly e stab lished 



by re ferin~ to the d iagram of t he a pparatus . The lever,o f cours e wri tes 

~pon t he smoked paper and t hus t he moveme nt is reco r d ed , more or l ess 

magnifi e d ac c ord in~ to t he l eve r ag;e v hi ch is us ed . The re co r d ing . 

surface was in movement b y virtve o f the movem n t of the kymop;ra ph 

d r um, and t ha s t he recor d abov e i s in the f orm o f a curve . The recordin g 

surface moved with uni fo rm veloci t y at a comparatively lo w speed of 

d rum. 

The proces s o f relaxation as p ic ture d by the desce nding curve is 

not a pul l inp; out o f t he muse l e to it s r e sting shape b ~· extern 11 1 f orc e s 

but it is a reve rsa l of the pro ce s s of contraction and it thus depe nds 

u on def inite chemical o r physio -nhemical changes within the nruscle 

eel s . It is noted that the t ime for the contraction pe riod in this 

r e cord i s sligh tly s hor te r t han t he time ~req~ired for the re1 axation 

per iod . The relative variations of t ime b e t we e n t hes e t wo proces se s 

diffe r s u nder certain cond itions . For 8 xample , c old pro long s t he neM­

la:xation of frog mu s cle much more than i t. d o e s t h e c on t r ac tion pe riod . 

Also , dur ing t he onse t o f fatigue in a frog musc1ethe r e l axat ion pha se 

is so pro l onged in proportion t o t~P contraction phase that t he rmscle 

does not completely relax between t he s eparate when they are g ivEm a t 

t 1J e rate o f o n l y one per second . 'l'his failure t o r e lax comp lete l y is 

called contracture and it may b e caus ed e ith er by cold or f.s tigue . 

I stated above that , according to Mi tchel l (and Ho vell holds the same 

t-f! gory ) some of t he mat e rj_al in t .~e l i~ht b ands i s i mb ibed in t o t he 

darker bands . The proce s s is e vide ntly a re ve r sible one beoause -~ during 

t he proces s or phase of relaxat i on th0 i mb i bed materia l pas s es ba c k to ~ 

t he light bend . Referin g t o c e rt" j_n external cond itions causing ch anges 



in t he time of t he phases of contraction a nd r e laxation , it is note -

orthy t hat thP phase o f r e 1axa tion is mor e ea s ily prolonge d or shorte 

e ned by v a rying c ond it i ons than t he ph ase o f c ont r act ion . 

Th e kymogr a r) h smo:jj:ed - pape r r e c ord b elow s h ov s th "" ef f e ct of fati gue 

on t h e ph a s e o f re laxa tion . 

r1. co mpa ratively s low d rum was us ed in making t hi s re cord . The 

temper at1Jr e o f t h ::i rrius cl e as a o u t ?3 d 0 a r ee s Ce n t i gra de . I t is 

se e n t ha t as the muscle b e comp, s fati gue • t he pha se of re la x ation . .I 

is no t iceably p r o l on g ed while the phase of contra ct i on rema ins 

about Lh s ame . 

Now I sha ll d i s cuss t e tanll s and pre sent t he experime ntRl '.' Or k 

~hich I h ave d one on the ge nes is of tetanus . s stated above mu s -

cula r contra ctions a s used f o r mo tion a nd locomo t ion a re not mere 

t wi tche s as were s h own a nd d e sc r i bed ab ove but are muscular con -

tractions sas tained fo r a n inde finite pe riod . 



'l'his s ustain ed contraction is called tetanus . I t i s t h e r esult 

o f a nus cle re ceiv ing a s eries of rap i d ly re pe a ted stimul i whic h 

r e sults in i t s c on trac t ion as 1 'L©ng-, as t h e s t i muli a r e s e nt in or 

until its i rritab ility from t i s e ffe c t of fa tigue . Bayl i ss s tate s 

a very comprehensiu e definit ion in h is "Princi p l e s of Physiolo p; y 11
-

' 1 :-hA n a s e cond stimulus i s applied to a s k eletal muscle befor e t he 

f irst c ontrac_tion h a s d isappe are d , t h e cont r action due t o t h e s e cond 

stimu l ation ,, tarts at t he leve l at which t he f irst contrac t ion i s a t 

t he time , aID.d · s 6 r·on for consequ e nt s timuli. A summation is thus p ro ­

duued b y whi.ch t ho s t e n _g;th o f 0ontr a ction i s much g r ea ter t h an 

brou~ht abou t by a s ing l e s t i mulus . Aft e r a c e rtain numb er h av e 

be e n a pplied n o farth er incrwase i n he i~h t o f c ontracti on r esu lts 

and t he c ons tant leve l t hu s maintain(;id i s t etanic contraction ~ 

Be f ore tak ing up t he ge n e sis of' t e t a nus , it is n ec e ssar y to the 

n ote t he facts of summation , b e c ause comp oun d or tetanic contractions 

are pos s i ble b e c a us e o f t he t e ndency o f t he contr a ctions of ind iv ­

i dual muscle fib ers t o fu s e , that is , --:. he ir effe c t s ar e added to ge t he r 

and t h i s add ition may be de monstrated b y the p roc e s s called summat ion 

o f muscu lar contraction . Th is p ro c ess occurs - he n b vo st i muli are 

gi ven in ra i d s uc cession to a mus cle ner v e p r epar a t i on . The second 

stimulus fal l int o t l-1e muscle at t r·1e apex of t}-_]_e contra ction c aused 

by the f irst stimulus and e ven if t he f irs t contraction is maxima l, 

the muscle will shor t en still fa r t her . Th i s is b ec aus e t h e ef fe cts 

of a se cond s timulus are added on t o t h os e o f t h •- first one , s o tht'lt 

a s ummat i n g e ffect oc curs . Ac c ord ing to Mitch el l 11 Sone of the f ibe rs 

t h a t are not t h r o n into c ont r ac t i on by t h e fir st stirn1 l u s are e ffect-



ive ly excited by t he seco nd one . 'rl'1 i s mus t be t he effe ct to be in a ccord 

v11 i. t t he "a ll or no t h ing"princip l e to the c ontraction of use l e f i b - rs~ 

To explain bre ifly then a l l or n n thin g 11 p r · n c i .tl l e in muscul ar con ­

t r acti on , Ful ton s t a t es t hat notch made t he i mpor tant ob se rvation ear l y 

in the present c e ntury , t ha t whe n one of t he lumb a r r oots supp l ing 

1:he gas trocnem i us muscle o f t _e f rog , a certain portion of the muscle 

f ibers r ema j_ned uns i mu l a t ed and c ould b e c a l1e d into a ction b y the 

s timula ti_ on of the oth er r··ro dl t . In view of t h j_R and o the r e vide nce , 

Gotch sug~es ted t ha t muscular r e s p onse wa s b rought about byvariation 

in the numbe r of contra cti.le imit s in ac tivity a t any on e t i me rather 

t han thr u varia t ion i n s ize of thP- n e r ve i mpu l se . 

'l'he e xte nt of the summations in case s s uch as are des crib e d abov e 

va rie s ·ith a numbe r o f cond i t ions - t he interval be t ween t he st i mu li , 

the re l a tive stren gths o f th e st i muli , the l o ad car r i ed by t h (" musc l 

etc . If we ta ke t h e si11mlest cond it ion of t iVO maximal s t imu l i and 

a moderate l y loaded muscle , it i s found that the gre at st s ummat ion 

occurs~hen the stimuli are so p laced t h a t t he s e c on d contract ion 

begins at the apex of th~ fi r s t . I f t he st i mul i ar e closer together , 

so t h at t he se c ond con t raction fall s shortly afte r t he fi rst has 

begun , the t o tal shortenin g t s l ess and t hP same i~ true 0 a s t he se c ond 

contra ct i on fal l s later and late r in the pe riod o f re laxation a ft e r 

t he f ir s t contrac t · on . I f inste a d o f t wo sue ess ive stimul1 , we use 

three st i muli , falJing into tho muscle at prope r i nte r vals ,a s till 

farthe r sumrnat ion occn rs . If a number o f s timuli a r e given to a mus cle 

in ra p i d suc cess ion a partial f usion of a ll t he resul t i ng contractions 



occurs . The more rapid l y the st i mul i of such a series a r e repeatec1 , 

the more n early do t h e resul t ing c ontrac t ions te nd to f uBe unt i l 

at a c e rtain definite r ate wh). ch v a r). es wi t h d if fer e n t musc l e s,c on­

trac ti on ). s s te ad ily ma inta ined ¥ ith n o s • gn o f r e l axat ion be t we e n t he 

separ a t e s t i m .l li. Al so t he numb r ot st ).m1Jl i r equired to p r oduc e 

tetanus varie s with t he cond j_ ti on o f the musc le . 'rhe numbe r o f 

s timuli re qu ir e d to produc e t e t a nu s in the ga stroc n emius mus cle o f 

t he f rog o r i n othe r words t h e gen es i s o f tetanus , was careful l y 

1 orked out im my exper i me n t a l or k . But b efore pre sen t ing t h a t part 

of th i s r epor t, there i s s h own be l ow a kymog r a ph record of vo l unta r y 

f rog musc l e h i ch wi l l a i d i n ).l lus tratin g summat ion . 

Th ). s i q a kymogr aph r e c ord o f a t e t a ni c con t r a ct i on o f an excised 

gastro c nem i us muscle o f a med ).11m s ized f ro g . The t empe r a tur e of the 

mu scle was about 2 3 degrP. P.S Cent i g r ade and a slow s peed o f drum WRS 



use c1 in r e cordin g t he con t r acti on . The summa tion e f fe ct can be seen. 

It wi_ll be noted that t hA f irst four s timuli are summa t ed and thus 

a g r e ater shortenin P.: of the musc l e i s obta i ned t h an that of t he f ir s t 

st i mulation . The s h ortenin g reaches a max i mum and after t ha t a flat 

t etanic contraction curve r e sults . 

The wor~ that ha s be e n d one on the gen es is of t etanus by phys io ­

l og ists v.rh o work e d in t h i s pa rticular f i.eld of physiology , was cond uc t ed 

"Ii ith intact muscle . Al l t h e experimental work that I d i d , was d one 

with t he excised gastrocnemius muscle o f the fro g . The fro g s which~~ 

T use d were me d i 1Jm sized winter frogs . Before presenting t he ~~eord s 

~ hi~h ~t oTutatne d , I shall summeri ze t he r e sults o f t he wo r k d on e i n 

t h is f ield as described in Fulton , Mitche ll , Howe ll , a nd Roaf . 

~ lton ' s ~ork is perhaps the mo s t re c ent . ~ e s t ates th t r a t e o f 

. tirnn l a t ion of ? 5 per second r.: i ves rise to a te t nic cont r ·-ct· on . 

He no t es t ha t by increas tn~ t he rate o f s t imulation t h o rate of t he 

t eta nus ascent i s increa sed but t he total tension d e ve loped i no t grea t ­

l y increased . His work , i n a l arge nµmber of observ a tions sho 1ed. t ha t 

as be t e e n a r te of ?,5 pe r seco nd which ·ou l d cmJSe fusio n o f in ­

d ivtrtual r esp on ses nd one o f 100 per se c o nd t he i ncrease of to t al 

t ension devel oped is usually not more t han t o 10 pe r c ent . l'he 

duration of t he a gcent , howe e r , mi ght b e t wo or t hree times as r e i d a t 

the hi ~h e r r ate of st i mu l atlon . 

Mitchell sta t es t rnt t the rate of a 0ou t t we nty st i mu li pe r second 

for t he gestrocnemi us mus c l e of t he fr og , c ontraction i s ste di y ain ­

t ained ~ ith n o .i _n of re le x a t ion bet µeen the seperate timuli ~ I 



stated bove t '1, t mo t o f t he " or t h t ha s b een done refe r to i n ­

t ct 1l cle , h1Jt i.t Re Pms that ·- itche 1 r efer t o excised mu s l e . In 

other \ Ords , t he same muscle - nerve prP.para t ion t hat I 1Jsed . l'hese 

result s ~hould t he r efo re comp . r e wi. t h the r esu lt s vh i h I obteine d . 

He a lso s t a tes t hat t h e rate of sti@1lation re cu ired t o produc e 

te tanu"' varies witf-1 dif f e rr t rnu s c1 e s ·1-:ld ;, i t h its c onrl it:Lon . 

1owe ll and Roaf bo t h state t~at t he fro g' s uscle goes into 

complete t e tanus wi t h a rate of st i~ila tion of fr om 20 t o 30 pe r 

se cond . Hallib1 _rton s t t es thR.t tf-le rate o s t i lJ l tion neces P r y 

t n oroc'l uce e n""' lete tetanus fin t he ga s trocneY11 j_1J s mu s cle of t he 

fr og average l.'5 to 20 -per second . It is not ta ted '· he ther the 

musc le i s excised or intac t , but probably Halliburton is re fe ring 

to excised muscle . 

'I'ha t wns u p , j_n brffiffif , a l a r p;e amo1m t of wo rk tha t has be e n do ne 

and more or les s compiled b y emine nt phy sioJogists in t he field 

and it is a 9pro p iate at this time to pre sent my kymograph recor ds 

to gether wi t h a brief analysis and comparison of each record . 

The first of t hese is one ~ich records the tet n ic contraction 

produced by f:i.ve electrical stim1Jlati.ons per second . 



The te111pe r atll re of the musc l e wa s abou t ~; degree s Ce ntii:i;rade . A 

mediurn spe ed of drum wa s used . It c an be seen t ha t t he phase of 

relaxat5on of each c ontr ction is a ~ narent , so t ha t there is not 

c omp lete tetanic contract i. on . F'or stimulations o f say , t hree per 

s econd , t wo per se c ond or one per second , t he s t ate of c ontract j on 

w1 ll not be as comp lete , t h t is , the c ontractions wilJ not t e nd 

to fuse to t he s ame ex t ent as shown here . The t h ree records b elow 

illu strate t h is y e r y well . 

Th i s record i s l abeled comp lete tetanus but thi s is a n erro r be ­

c a use it is in c om )l ete t e tan11 s . h e t empera t u re is t e same as ab o v e 

b•i t t he speed of the rl rum is rela tive l y fas t er t han t hat ! o f t he 

firs t record invo lving the g;enes is o f t e tanus . Ab out one s timul a t ion 

per second was sent into t he mus cle i n rriaking t h i s contract ·_on . ·rhe 

lo we r l i ne is t he signal magnet . 



Thi s kymog r a pp r ecord o f mus cu l a r con t ract ion i s a l so erron e ously 

l abele d comp lte t eta nus . It is c omp l e t e te t a nu s . About t V' 'O s timul a t i on s 

p e r second were sen t i nto t he mus cle and it can be s e e n t h at t h e 

ind ividua l co n trac ti on s a r e more f u sed t h at of the record ~ i mmed i ate l y 

p re c e d ing . Th e tempera t u r e a nd spe ed o f t he d r um a r e t he s me as t h Pt 

of t h e reco r d above . 

Th i s kymop;r a ph r e c o r d was made u nde r the same cono itions a s t he 

r eco r ds abo ve ""' i. t h t he e xce p tion t ha t thre e s t i mulation s per ~rn c ond 

we re used i n p roducing t he j_nc omp l ete t e tanus . I t is al so e r r on e ous l y 

l ab e e d c omµl ete t e t a nus . It i s not i ced t hat the co n t ra c t i ons t e nd to 

be mor e f used . 



The nurnber of sti u l aitons used i n this contrac tion as five 

per second . Ho wever the strength of the electri~al stimulation 

as not as stron g as t '1 at used fun t he contractions recorded above . 

~h is is shown by the decreasert heirrth of contr ction . Othe r 

cond itions wer e t he sa~e as above . 

The rate of stimul at ion was f ive per second . OtherV> ise , s me 

conditions as i n record immediately pre c e ding . It is se e n th8t 

the muscle becomes fatigued as t his hap pens the muscle shows les s 

externa l sign of r e l axation betwe e n sue e ss i ve stim11li . Fatigue i s 

a factor which definitely af e cts the rate of stimul tions pe r 

second necessary to produce comp l e te tetanus . The g astrocnemius 

muscle of a frog , j_f it is fatigued. may go into a state of comp l ete 

tet nu s ·i t h a rate o f stimulation of t e n per se cond . 



Th e rate of s timu l at i on u sed in 

t he mus cu l a r contrac t ion record ed 

in this kyrno gr aph r ecord was f ive pe r 

se c ond . Other cond i t ions v•ere t 11.e same 

as above wi t h t he exce pt ion t hat a 

very fa s t s peed o f d rum as l ed . 

I t · s s een t he tas t he musc l e f2 tigues 

s lightly , the contrac t ion s tend to fus e 

to a g reater e x t en t . The line below i s 

t~ a t of t he signal magnet . ote t he 

duration of stimul tion . 



Tempe ratu re t he same as above , a moderately fast d r um was usea 

b1J t t rw nate o f stimu l ation wa s increased from five per se c ond 

t o t e n per second . -o te t 0a t a ltho t h e r e i s a bout t h e same heigt h 

o f contr a ction t he contractions tend t o b e more fuse d and t he 

mus cle is j_n a more co mp lete cond itio n o f t e t a nu s . 

This reco r d wa s made under e x actly t he s ame condi tions as t he 

one i mmediately p r eced "ng with t h e excepti on t ha t t he st re ng t h of 

e lectric l st i mulus us e d i s not as grea t . The same featu r es noted 

in the pre c ed ' n is mus c n l a r c ontrac t ion s a r e pre sent in th:is record . 



The rate of s timulation in this mus cula r cont a r act ion was ten 

pe r s econd . The teMpe rture of the musc l e was about 23 d e gre e s 

Centigr ade a nd a medium speed of d rum as used in recordin g hhe 

contract ion . Before stimulating the muscle I fa ti~IBd it in 

orde r to find out the difference in the number of s timuli pe r 

s econd re quired to produce co-rnp lete tetanus as compared wi t h the 

rate of s timul ation re qu i red to produce tetanus in t he n owma l 

musc l e . 1t i s seen t hat the contractions t e nd to f use as soon 

as the m ximum he i g t h i s a ttain ed and a s t h e p l ateau slopes to ­

ward t he base line t he contrac t ions are ent ire l y fus ed . In 

c on ne ction 'Ni t h this , Howe ll s t a t es "tha t ten s timul ations pe r 

second ap·olied t o a fr0 w ··muscle will afte r a time cause complete 

tetanus a ltho at f irst the c ontract i ons ar e no t f u sed to a ny 

mar~es degree . The re a son for t h is i s t hat the pha se of relaxation 

is slowe r • as the musc l e becomes fatigyed~ 11 



The muscle u sed in preparing this kymograph was stimul a t ed u nde r 

exac tly the s ame con d itions as in the record i mmed i ate l y preceding , 

with t he exception that the mus cle was not in a fa tigued condition . 

I t is noted that the ind ividua l contractions are d istinctly not 

fus e rl al t h o the rate of stimulat ion i s ten per second . 

All the kymograph records sho1J1 n a b ove with the except ion_'A of XIII 

show inc omplete tetanus - there is not a complete f u s ion of individ ual 

contractions . 

The rate of stimulation was sixteen per second . The t emperature 

was about 23 degrees Centigr ade and a fast d rum wa s used in recordin 

t he contraction . I t i s senn t ha t t he ind ivid u a l contractions are 

complete l y f used - tetanus is comp lete . Compar e t h i s r ecord with 

VIII a n d XI and note t hat only in XV i s t e tanus complete . As s tated 



ab ove t h e rates of stimulation in VIII , and XI were five and ten 

per ·second r e s pectj_ve ly . I found t he n t hst a rate o f stimulation 

of s i x te en per s econd will g ive rise to a comple t e tetanic con ­

traction , or in othe r ords ill cause fusion of individual re­

s p onse s . 

CONCLUSIONS 

The d a ta a bove were re sults of my own experimental work a nd 

t he conclus ions and resu lt s of work d one by pr omin en t phy sio ­

log ists as t hey are r ecorded in t he text - b ooks I r efered t o . ~hey 

are listed in the bibliog r aphy . 

From the r esult s ob t a ined in my own expe rimental wor k , i t seems 

that a rate of stimul ation of 15 per second g ives rise to a c om­

p l e t e te t anus , under normal,i cond itions . Th is i s true only of 

f resh muscle and a t a t emperature of a b ou t 2 3 degrees Ce ntig r de . 

My results a l s o ind icate that a ra t e of stimula tion of t e n pe r 

second in a 111usc l e ~:h i ch has been fatigue~ resu lt s in the same 

fu s · on o f i ndividual r es p onses as a rate o f st i mul ation of s ix t e e n 

pe r second provokes in a fresh muscle . I t was a lso evident t h t 

t he st r e n g t h of t he s ti®1li had no effec t on t he rat e o f stim­

u l at ion n e ces sa ry to c ause comp lete t e tanus . Thi s can be seen 

by c omparing k ymograph records XI a nd XII . 

As s t a t ed befor e all my wo~k was d on e with an excised mu sc l e 

and it was no t ed ab ove t hat t he rate of s timu l a tion necessa r y 

to prod uce complete te t a nus is d ifferent with an i n tact mu scle . 

'rhe r a te of st i_mnl Rtion necRssa r> r to proc 1JC f: con-j,; l e t e te tanvs a s 

determ ined by my exper i monta work compares f avorab l y with t hat 

sta t ed by Howe ll i n t ha t he s t a tes a rate of f i f t een - t we n ty is 

neces sary . Al so Mi che ll, Hoaf , and Hall i bur ton s t a te t ha t a ra t e 

o f h 1e n ty s timul at.i ons per se c o nd i s ne c ess a ry, anc'l in add ition 



all of them s t B t e t ha t i t is d epend ent v• i_ t h in a certain range . 

upon t he size and age of the f rog so a rate o f sthnul " t cb on of 

s ixtGe n per second clo se l y a pprox~iates the resu l ts st:ted 

by the sources of 4nfo r ma tion to v~ ich I refered . 

Thi s e x ;Jcr i m nta l wor "k was done under the di ec t ion of 

Professor Brownbach, >-le lso r eferecl me t o a l l the r ference " 

sources a Yailable on th. subj e ct . This included the 1 t es e 

v10 r k d one as r e corded i n ''B iol OP: i c 1 Ab strac t s' nd "The Journal 

of Ph:v s · o l o n.:v ~' 
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