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'!'he ca.u.se or tla~•s ot the s)mptQma present dµe '.tO

det:io~en,: ~<J~lvlt1 ot the ~at~o:ld · g+ands have . been. tb.e. 9.u\l.-. 

ject- :ot ,~nv~iatigati~ns ,ot xn.eny _.wcrke~s tro~ a .1.$;-ge _nt=b~ ot .. 

oJ,.tfe~.ent ~lee. :Without. going ~to; a . complete review Qf the j

lit~atur~,. -one oouid br1eflf surrmari,z~the tbeorlet as :to the 

ca.uses .ot the .s11D-Ptoms as toUows: 

1-,~._La.ck ot cal()iUJn _:lons .• 

~.• Abno1'n'ial phoapho;rus me;tabolisxn .. .. 

. 3,. Inorganic ion theory,. 

4;. Al.kalqsta theor1:-.~ 
{ ' ... 

5~- 1he aocumula~ion ot the compounds ot gu,anidi~• 

~• An t, interterenQe ot the. ammonium metabo~l~• 

In 1918, Bl:irns an<i Watson ·(5) <>b~E)r,ved s modi~:led :~r--

ri tability ot the vagus ·in an-1mal s with the parath;vroids removed,•

In these experiments the object .has been ·to comp~;e the rela~on.~ 

ship baiiween ·thyroparatb.1roidectomized dogs to those 1nje~ted 

with methyl gUanidin aulphe.te, and to dogs with altered calcium 

metabol1,srn by observing the 1rr1 ta.blli ty ot the vague nel9Ve to 

the heart by means .ot the condenser discharge method· ot :tap:tcque. 



~• paratb1",ro1d gland.a were first described by sand•

str8m 1n 1880_ {8). It was not until 1891 that G1J (8} and 1895 

that Kohn (54) • working in. separate laboratories showed quite
. ; ·' 

conclusively- that a tunct1onal independence existed between the 
' ! ' ' 

thrroS.ds and the parath~oids. · Theyd:>served tho tetany and the 
. • I 

acute death resulting trom thy:rop~ath~oideotom,-_ \\'et:'f not due to 

thEt removal of the thyrotd gland, but were ca.used by the remowl 

ot the parathyroid glands. 

Ob~ervations upcm. the physiology ot the parathyroids 

have supplied en .extensive knowledge ot the type of symptoms 
' . 

which appear tn an_imals with deficient parathyroid act~v~ty. 
. .

Descri~ed by Paton, Findley, Watson in. 1916 f36) and _ observed 

many titn&s since than as well as previously, the antm.els shQwed 

~scular tremors. 1.ncreased aalivation,1dyspnea, and ~anet:lmes .

vomited; the symptoms increased bt severity until co-ordinati_~n 
:\· . 

was difficult and muscular collV'Ulsions and tetany occurredJ . . . ' ' . 

the animal~ usualiy, di.ed as ··a ;eault ot one of the tetany sp~am.s•.

Many thec>rlea have· been advanced as to the cause ot 

the appearance ot these symptana in p_aratb.yroideotomized dogs.

Two of the more accepted theories ere tm s~ptoms reeul t:;

fran: 1st, __ the decrease :111 the''blood calcium content; and• 2nd, 

the aQ01ltnulation or toxins in tha. body. 



The parathyroids do have an· important efteot up~ri 'the 

blood· ca.lc1um. level. In l909t llacOollum· am ·voegtlin (3$) found 

the.blood· calcium. decre·ased markedl7 tolloWing tbe· removal :of the 

parathyroids. Many- v,orkera have, sin.be sµbstant1ated . this ob~e:rva--

tlon. l?arhon arid 'Oreoh,e ln 190'7.]35) followed by.·MacOoUum and 
•. . ·· , ., · · .. · . : · , , ; rt'='•'., .,. · ·

voegtlin 'in 1909 (32), LucldiardJ <~d· oolllberg 1ll 1923 (®) ·and 

salvesan . ln .1923 (59) · showed tha·t. p m:-ath,roi.dectom.tzea: dQgs c()uld 

.be_ kept_ free from aymptoms·by trequen.t admin:lstrtitiotJS ot soluble 

· oaloi~ salts either b.travenously-· or ~. larger quanllt1es 6rally. 

Irr~die.~d Erg0ster01 and· other. substances ~1ch in nt8ll11n D,

have been used successtull7:· 1n the prevention ot· the appearance 

or· the .symptolJlS in parath:,:roidectomized dogs by Brqugher, 1928 (6), 
< , '

;Gr&enwal.d-Qrosa• ~~29 (20)., a~ JJem.ol.e, and Obrist,. l929 (10) • 

Extracts ot too pa~tbyrotd glands prepared according 

to the methods outlin~d b,-·o~llip·1n 1024 (9) aX1d Hansen 'in 1926(1) 

are ver, effective 1n r~lievtng .. the symptans i:esul ting .fr<:m: 'def• 

1oient .aotl'dty. ot the)>ar_~thrro':tas· and raise ·the blood calcium. 
_ l.erel. very ao~ ve1y. Th~ disappearance ot the srmpt0lll$ ooc~d 

. as ·the blood oal·o~um increased, 

The uive1,ig~tlomt ·ot. tha . etfeot o·-r aet1o1ent. parath7roid .
aoti.vi.:tJ","UpO~ the blood' calci:un{resulted from t~e observations ot 

J. toob in 1901 .(27) ~ml Ma~C~llU!n 1rJ 1905 (31) • that the in• 

j~ction .ot salts that pi,,olpit~~E;l? calcium -ceuse<t m.usculax- twitohes. 

Bouchaert and Colle (2) observed tl,iat tissues placed in tUm1nished 



cono~ntration ot cal.Clum' beQame m<>re 1'rritablth 'Mor• recently 

La:pioqUe and J:,ru,rla:t- (14) 11 ln their. obvervatlons' Uain,t the'. rh~O• 

base and tbe chronaxie as ind'icato:r.,. ·ot the u-:ri tabiiit).'.' of tis• 

·sues, report·that increasing the oalcitun decreases the irr:f.tability 
'

thsil ls lengthen:$ the ohrommd.e. 
Thea, obeervatlons abow that the parath,-ro:1.ds e:mr't an 

lmpo:tttant ettect upon o~cium: metabo~tsm, and that the sympt(XQS
, . .. ' '

which develop tollo1dng thyroparath,ro1dectomr·ma:v be solely or 
' ' ' •.,,

partly due 1n the altered •··cal.cJum meta.bc,1ism.'·1l'Much evidence ··has

been 'presented. in support -ot' the ~heorr the. t the parathyrolda 
e ' . ,, - '.: ' 

play an tmpoXtt8l3.t ro1.e. in the prevention of the accumule.tlon' of 

toxins in ·the body•

. The results ··ot Paton, Findley• 'flatsona. and others, 

published. in 1916 . (36 )' showed that there tas a close resemblance 

between tetanla paratb.yropriva and the tetany. catsed 'b~ guall:l.dln. 

·Previously Koch in ·1912•13 .{22,~~l, ·touna an increased amotuit ot 
guruitcis.n 111 · the urine ot dogs · :roµ.~w.t.ng the ramo'"11 of the ~era-

' '

thfro.idth Burns and Sharpe (SSe') $.n 1916• and Paton and Shar.pe(37) 

in l92Ef repOl't an increase 1n the. guanidin ill the blood of para• 

thp..otdectanlzed. dogs• . Greenwald ( ~9) was unable to· tind. · any in-

. crease using a di tterent test tor guan1a·1n. liuokhax-dt and Rosen-

blo~. 192i (30) were a?ie to redtloe ·or p~vent the. tetany s~p.i. 

toms in perathyro1<1ectom1zed dogs by intravenous injections ot · 
Ringer's or calcium tree Ringetffs solutions into dogs fed on a 



mixed a1·et·, r1oh :tn meat~ ibay conolttded . the diuresis,' · 1-esul:t• 
. '

ing ~tn,. the fnjectton or tl:ufRlnge1' 1$ solud,o~,- relfeved; the· 

animals due tq the 1nOr$asecl ellm.inatlon· o·:r · tonna through the· 

·k1clne¥:~

&.uman. 1926 (42) obeex-ved tht:i°ij small repeated inJ.ec• 

tlotur ot guall\o.in ca-ueed a 111Pe:r!tropby and a hyperpla~1a: tit . the 

parathyroid · glands, an.a a decrease of the a ize and numbe;r· ot 
· :rat" cirovlet, wlthin the glands. 

!

A ·a1et rich ·· in proteins ·ahor·tens ·the ·length: ot t!me 

· untt'l ·the · appearance of the symptaml3 tollo'Wlnir the rem.owl ot 
\ ' t ' i 

the pax-ath,rota.s, end the · symptoms ere more severe.- Dra.gstedt, 

1922 (11) repo:t'ted that parathyroidectomized dogs could. be ·kept

alive indefinitely by ·reeding ·them, a · lactose diet·. · · He CQncl.uded 

that para.thyroid tetan7 is due to the absorptlo11 ot tha tox'io 

aubstano~a. formed. in the lower part of . the 'digeati~e tregt by 

' the actj.on ot prr,teolytlc bacter'!a on the· proteins or t~tr· 
split products and the decreased ; ab1i1 ty·ot the animal ,o de• 

t¢lxlfy .them. Tsai and Hsu 1n 1929 (43-) report that the removal 

ot the lower part of' the disest1ve traot dee$· not delay the a;p-

pear·anc~ o·t the symptoms following the removal ot the para.thy• 

Secker ( ffO .~ ·reported . a tall. in" the runount ot glucose 

end ohloridea or the pla$lll8 as a r'osu.1~ o:t' go.anld:bf admlnistra• 



t1on. He concluded that· guanldin increasf)d, the permeab~l1 ty of 
r

. '

the tissues. The wo~k ot in 1918 (44) and t~a:t .. ~t: . 
. Frank,Notlmlan,anc.\ Wa.gne:,, ln· l\l~:'.. ($3) a>.bstanttated. the' hyPO• 

./. , . . ' · . \,• lfft.,' .; ,' ; ' . : . : i. •· . : .' . 
glycemla tollovdng the adlnin$stratlon of guanld1n can.pounds. 

Villa tever causes an .increased permeab1U. ty . tends ·to 
.· ' - . ,- '.- -_ ;· ' , :·,. - . t . r
t f I ' ' • • , • 

.· paue~ an in creasett. ll'rt ·ble.blli tr .vaa ·sh.own ~y Laplcque arut co~ 

workers (14). Pa.ton and co•wol'k~r:,, (30} have shown 'that an, 
{ ; - -- -~, j . : ' \ -- , t I ·, . ·, - • : -- . : • '. - : - : -. - • ;" - : _· : ·, ,., ;,

ma.~ked decrease in the amount ot parathyrotd tissue or the ad• 

m1~1atre.t;Ql1 of gU.anitU.n compounds caused a marked . inorease3 in 
; l,

th~ electrl cal exo1tab1ltt1 of peripheral motor nerves,· and 
' ,, .•- . ··, ... · . . ·;·- ,-,.

acme inoreane in th& 1rr1tability·ot the peripheral skeletal 

:rnuscles.# bu, oh1et1J ~e efferent .neurones. ·Thef conoluded 
' ' . '

the symptoms produced b7 th1,t"oparathyro1cleotomf and thOse pro-

duced by the admin1sti:ation ot the salts ot g,ianld,n are 1,den-

tioal, and they are n<>t due pr~11.ly to any decrease in the 

oonst:ltue~ts of the bodJ• i.e. oa1ctum. These workers maintain 

the parE1tleyl-01ds regulate the, metabolism ot guan1d!n in the bodf
; . \ . . ' ' '

. probably b7 a. hormone, emd by doins. so, prob a.bl,- exercise a con-

trc>ling aott.on on the tone ot the muscles. Their concl~stona 

of the increase in the aleotrlcal exc1tab111ty Qf' the nerves 

are based mainly upon the x:.o,.o. and the x.o,o:, using milli--

. amperes. as. an indicator of' the intens~t, ot the stimulus re• 

quired to el1c1 t a response. 

Burns and VJatson in 1918 ( 5) tound that a decreased 



,ot1vS. ty ot. t.ha v-asus n_,,. occur.red tollcndng tntraviu.1ot11. tn• 

jectlons ot suam4ln ad t• 021 nftor the retn.0val of tbo pr.tra•

thy.rotds, . l'lle. seat of the t.1cttc>n ~eetnad to be at the syn&pste

tl:ret ant thett. al the tetmtael entttngs. 'fhe ttlllmale e;lvon the

~nnttltn salta ahowel 'the mm-a pi-onounce<l etteote, · 1n l9E

ntolr-.ml end Potrt;e~ (41) Obnl'ftd th1, WM~ tbe rnee,1 gtlttnldln 

.wlpheta we.a given subc,mtaneouslr the i.rl.'"ltablllty of the vagus 

wa.e tn crettsea aa mauurea: bt an. lnduo tors.nm. Ae the efteot· Ot' 

the gUan.ltU.n beoee more P\'Ot'louncea. the trrltablll tv \'u'Jultt' 

\lien be 'aec:reased ae tc,und t,y· ntu-ne, tmll \l'atoon (5). 

Jn these experlmen ts upon tbe !rrlt.abllt.ty ot tlsSt1ea 

follovlng the lnjeOtlort of gt.tant.atn end 4ttel:t thE> removal ot 
. . \

the pnrath,rotaa, only tho tctettal tr requb ea. to oll.olt the ·.,a.

eponae wu aaeu.rel aria ts1t'eu aa tln 1'1d&X ot the ~i-ltabllllf .~
or the tlseue. Aet.toran,.g to lelth :tuo~ (aa), ttt etblulua must 

be·or a autt1elent tlme iluratlonas.!!ell es be ot euttJ;olent 
. '

lntetlsltr to cause a rospon •~ Ustriif el.eotr1 cal oti'ttents au~ 

~orktng on. tht.e hrpotheote• tu.ens (28) deve1cpe4 a m.etbott or

aem.onattetlns ant\ maaaurlnl b.,th of tm ae l"equl reen:ltb 

Waller (17) eq,10704 eonaense)!a tof! Iha measurement 
.or ·the tttne a tissue must be st1mulatst1··to x.-esu1t in a reepome. 

Yet lt we.a taplcque• quoting t'11ton (lal. who was 1tiatrumanta1 

in the ttevelo~nt ot a depenil.allle and accurate method ot meaeur• 
ll'.l8 tbe tlffll) ln.ter1"81 by the use.·.or the '11 sohare;e ot oaru:1enaera. 



Ia~icqut bas f~rmu.la.tad the ~ords rhe,obase ~nd

cp.r<>naxle. · to· dest'suate the strength and t~me durat,ton of. thtl ·
• . ' .· , , . . . . : ·. . . . . ... . ·. t .

lsthulus neces,arr· to' elic2:t a responSEh ·H1e' definition '(25) .
' • • , • · > ' . I ." • : , ;' .: / , ' ; I ,"' • : . . • : • '.' • , ' • ·; _. .· -~ " , • /,' • .~,; .t ' 

ot t~e~, . te:nne ~e: "the rlle~base is, that in tensity · of' a con~ 
'f :,... i "•, ! , , . ' • . , ·, •, -' ' ' ' ' .(. . ... : ' ' ; ' \ • ; : ' \ : . . . . ·, •· '. . : . ·. .. 

st~t ·a~rEu1t ~osed insttmtaneotia4' ,1hieh will just e:x:ci te 
. ·. .. ·- . : . , . . . ·. . . ;_ . , . ..• . . '· .. .. -~ '

if 1,· is · .continued indefinitely, the ,chronaxle la that time 
. . '· ·. . ' . \ ; .. · : . ' . ' . . . . . . . -. . ' . ·•

of current tlow required to result, in · an exal ta:Uon when the 
~--.. '·. . . . '. : \ . ' ; . ' . . ·,_ . . . ' ' ·:, '' ' ' ' ' ' . .. . .. . ,', _' -· ' '·. ' ' ' . . ·.. ·_ . '. ·' '. ·.. .. ·.·•

intensity- ot the current 1s juat twice that of the .rheobase/1 
; . ' . ' . . " ;· ' ·, . ; .,

trsing apparatus s1milar to· taplcque•s as described }>'J"
. • ; . . . . : .- ., ' ,;, ' t ·. · . ' ·· • ' •. 

. Mto~ ,( 17~18) •. Buehanan end Ga.rven 1n 1.9,m (4) report th~il' 

ol>aenations upon the rheobase nnd chronaxie ot the_ sctatlQ 
' .. ·., .. ' ; ' .. ' ) ' . ' ' .. • ·, ., ,, ." , ·, . .

'nerve · 1.n tetany resulting tran thyr()parathyi.-o14eotomy a~d in 
; ' 1 . : ' ' ·,' . -. : ' . , ••, ,·· ' ' '. ', , ' ,. ,,' ' ' ' ' ' • 

tetany caused by the administr~ti,on of guanid1n aalts. 'l'hey
•• _,- . - • • • '; • < • ; - , . -, - ,. ·, .-c- - • , • • ·. ' 

found that there werce varia.t.ions 1n the rheobase and the· ebronaxte 
! . ' . . "; . , . . ' ' ' -- . I 

fro~ one day to the next, though tlle rheobasa tlttctuate,d more 

markedlf. J'l1ethyl guanidin sulphate oaused no change in the 
t . ;. . ; - • • .. ·. . • . ' . . ' ' . • .. ·' 

rheobas$ end a $light tall ··in the 'chronaxie ot tbs sciatic nerve 
. . , · ' ·.. . . : ' . . . ._ 

<it oata, . . w¥,le toUo'!inS tb,ro:p8:I-a.thyro1deot,OD:11 the rb.e~base d1• 

mintahctd Eµ1d the ·chrona:d.e increased.. 'l'hese ?"em l t.s. dtf;~er from 

those . ot Paton, Findlt• and Watson (36 }, JilentS.oned aboye,: r,,nd : 

lead .them to conciude th~ two tn,eEJ ot tet~y we:re not ,cle).selr 
' ,· .. , 

related., 



fQll!ld that in parathyro!d detlc1ent· :ln_~i vlduala an~ in cases of 
' ' -

' '

artit:l~ial tetany oaua:;d by hypernea, the onset ot tetany was 
,. '' ._- . ,. ' . . ·._ . ·: ··: . ; ; ; ·, ; · : • '

preCeLded by a · lengthening· or· the c~_naxies of the · skeletal 
. -,_, ) 

muaeles and their motor nerves• the incr~~se being f'ar more pro•• 
' ' '

nounc•cl in the nel'V8lh In one case at tetany rran hypemea the 
" ' . . .

incr$ase ot tle chl'ona:rle .. was · p'reo,sedad by a deor~aae. This 
.- . ..- .- . ·- ·' ·-. 

· indiytdual VK'lttld not bt_eathe deep and rapl.d enough t~ induce. an 

,a~tack o_~-tt3teny •. 

:In 1929 Oh~uchardi A; and B, • and Czarnecki ( 7) . round 

the lrr:t tabllitf ot th~ sympathetic nerves were lessened during 
• -.... · ; . , : . ,' . . . ! ,. , ,- · • 

the stage o:t tetany toll.owing . the removal ot the parat~oids. 
• :·- , ,. ' i , , ,_. • ' •. ,· : • , ' ' . ' .':· :; .' 

'l'hese results taking the chrona:xle as an index ot . ll'•
, . ·· : ,· . . '

rltabllit1, show a decrease(l _irritabJ~ity- ot tissues 'oocuri'ed 
,•. . -,,.,

following the remOval of the parathyroids• · 
l ;_ • . , r ' • ., , 

' ' 

ritabtlit, of: the vasu·s ne:r,:~_\ in _terms .ot rheQbase and chrottaxie ' 
. ..· . ·::~(~-~·.:,';:f~~-. ~. '

have been., ,the _aub.jeot or inve~ttgatton by · the author • 
.' . ., . . \ t..,~,., . . . . 

. In orde1:t to use the rhebb~se ·and ohronaxie as an ac..;. 

·curate index ot irri tablltty1 _ lllfmY factors must be kep,t constant . 

wh:lle making the determinations~ 

Adrian (l) and ~uoaa, according to· 1rulton · (18), toU.nd 
\ . ,· .· . 

the cbron~1e ·'Varied 'With the size of ~he stfJnulatlng electrode; 

increasing the size of the el~·ctro.de :r:.esulted ln an int:reasea 

chrona.xie value. Lucas, Adrian• and Lapicque as stated by. Eul ton 



(18) and. Adrl~ (.1) obs_erna _t~~ only -WhEt~ ·the e1ectr0dee ·were

separated t.rom each other by less than -20 -.,:-did 'the ·a1·ata.tice -. . . ·, . . ' . . 

separating .tlB el.ecrtrodes intlue~ce· the chrottaxie~{ Bushton . in 
- , 

l9a? f38) showed that the 'rneobase traried inversely with _ 'the· 

cost.tie ot the' angle formed by the $leotrodo· anl ~the path ·or··the 
ourrent tbr.ough the tissue, tbe 'greater this-angle we.a, the 

'- . - - ' . .
-s:-... '

larger _ the rheobase would bei _ '11he length . of t '.irtle involved for the 

establlshlns ot the fl.ow . ot current' ei'f$C't$ the intens1ty· nee• 
e'sS8111' tor· exel tatlon a~ stated by the DQBois Reymond Law• 

·. . . : ' '

Laptoque (26a) ! :,howect tha't 1ncretiaing tha length of 

th!e required to:r the eatablishing of' · the cur.rent' tl~w ' reau1Ja 

in· a larger rheobase• 1:t that length ot time was less than .ten 

t~es :tll~ chronaxie, . -

Buchanan ud · Oaneu.: (4) .: sta:ted-that ·ethe, : eilesthesie. 

had a ~kea.· t,ffebt upon . the J:heobase; arid ·. cbron~Ei of -~he

skeletal motor, -nerves. 'Ibey to'Ulld .that· the -effect was increase 
1, ,. _, • , I

in both' thfl ·rhaohase '11d ~naxf.e during ·the aneetheata: •. : AtteJ:-

the withdrawal of the ether, : the values : re;turned to normal ln 3 

to $ hours··and then tell. 'bel<m normal ·roi- .a· :tew hol1rs, but· theJ 
' .· ' ' ' · ', : 

. had returned to,'· normal ·al.ways '1n, less than 12 hours after the 

withdt'awal of the ether~-

Paton, Findler · ·~d -We:t;son ( t found ether oatised : . 

transie11t 1ltiorease in:_'t11:•.:-~iebtrlcal ·ex~i'tabll1t,r ot sk~~eta1' 



mo,tor • neryes followed -by a prqgressive deoreaae •. 

· ·; · ·. A._.revtew-of the ~! tern:tttre (14)_; showed the :relation~ · 

sb.lp ot the ohronane value to the · 1rr1 tab1l1 ty of the tl saue •. 
i· ' . ·, . . ' .. , . ' ' '· 

The ,quic, aoting alld quick , co11duoting ti_ssues ha-ve small cliron.; 

axles _ _.. wh:tle slow acting tissues such as sm.ooth muscle have

large values •. 

, · Skeletal musolet1 and thetr motor nel'ves have the same 
I •· • J • : ,- ,, .. . . ,-·: ', , ' • •.· ··, , • , .·· .... • ', ! • ' 

ohronaxi~ val:u.as shoa· bf Lapioque (25) 1n frogs and D~guignon

(3'b) l~ , The work · ot Lap1Oqtte {25) showed ,that. any eond~•-
•; '

.or_ drUS, which modif'Ji;),$ the :ratio c,f l. to l that exists .. be• 

tween the_ neurone and tb9 _mu.sole ·u innervate~, results in a 

blocking ot .L\11ngle st:tmult -a~ the, synapse, ·_when the effect :ls . ~f-

ttcte~t -~ change the. ratJo more. tha:n ~-to l or l 2.• 

With this ~eane Of measuring :ir:ri_tability. muoh 'inrcrma-

tion has been gained coneerning the autonomic 11ervous . sratem,a~ 

su.mmax-1z~d by Frederick h. 1928 (14). He quotes the rea1µts ot 

FrederJc;,q:. (16a _and b ), LEp toque. an4 V'.'ei1 ( 26 ), and . Field and .
. . .

Brtfcke (13b), who hav~ shown-the .cbronaxies of .tissues 1nnerva~ed

by the v_ague ware decreased when the. vag\\$ waa taradized. . ]:reder-

taq (15) has shown that stim:ulatlon .of the -s;llJl,pa1hetS.o :l~g,~ 

enecl . the_ obronaxles ot the tissues innervated. Drugs, excsep'.tbg 

quinine, that ha:ve. the samG a:otton ·as vagu.e or sympo.thet14 ·stlmu• 

~tto11 or blc:,oking, produc~ the- same ·type ot ·changes· 1n. th:&:

cbronarl~s of the tissues as f--a-a~batlon or blO.ok1ng of these. 



nerves ·cauaed1 as s~1:aed ·b7 itrederioq (14). 

Measuring the ohro11axies at the frtdodtlatar ~ncl :: t~ido-

constri ctor narvea 'tn doge~-; cats. ' and rabblts. Klei:lruan and Chau-

chaltd 1n·1925. (21) 'tound tha o~onaxS.e of the poatga.nglion:lc 

t1bere were shortei' than the chronaxtes of· tbe preganglionlc. 

The· resu.1t~ ot others as allmmar.tzed by :Brader:loq in 1928 (14)',.

show the' dhi'onades ot .tlie nenesof'the autonOiflt.c ·narvous ~y$tem 

are ~ary much shorter than ' tho at ot tha organ. A eondi tlon of 

heu_teroc~on1sm exists, whio)l explains why tha~a nerves ;e~i,onlL 

_· only· to repeated 1·stimull. 

DESORil?TlON OF Tn.~ .APPARATUS• 

..rhe appar~tus used 1n ihesG exper$.mettta, see· diagram 

i, 1~ essentially sbntlar· to that d~scribad by :· Fulton f18J ·as >
used:by iepicque and others• . For ;'th~ afll'lie:ir expe:r!ments : the 

rai'lge was l to 270· · vo1 ts in : th~ dhriaanse~ :circul t; la te:t• bt
I , ._ , ,.. ·• ... ,. . ; . ·; • ,'" ·,: . I

merme ot a v~labla ' tr~etormer w1th a :rectitrins ' tube 00l)Jl8C,~
' . ' 

ed to llO wl ts A,o.. current, this \'18.B increased obtaining" an in-

teiist ty from 1 to. 600 vcilts, . In ord~ to I provide a ete~<lJ' uni;. 
I ' 

form curr~nt. a condenser pa.ck of 6 mtds, capac:ttr was ' placed on 

the n.9,, 'afa.e . Of 'the : tub$. 

An ·eleotrlc tun!ns fork was 11sed 'to s~ply ~tSm'1lt,,af;,
; the rate' ot 82 pex-' second. : !J.'Q the tree ' e'nd of the prong. mid 1~

sulated from the balance ot too'· rork, a copper contso~ was· tasten~d, 

This was oonneoted by a flexible wire to the variable condensers. _ 



The' prong ct the fork 1n vlbrat1ns · through· 1 ts ere ot · 5. mm, would 

alternately charge and d:l.sc~s~ the cond~s~rs,bymaking,alld.then 
' ', > · • , I . I ' . ·,·, , • ,,,

breaking , the electrical. eon tact between them and th~ lead trom 
r • . '. . ' 

the !~.M.F,. source at. one end ,of its stroke, anc1 the lead, to. the 
• i ' ' 

antmal at tha other end ot lts stroke.· · These two leads were L 
i ' '-" 

sb.~p,fJ they would. then. bend san~wha'b at each contact al~owing: suf• 

f1c1.ent time for. the c,ha:rgtng or the :rlisoharging of the condensers. 

An electric interrupter. of similar construoti~._was 

used in a taw $xpe~1ments to supplf atlm.ul.1 at the X'e.te ·Of 11 p~ 

second. 

'l,'.b.e length ot time that the sHmuU. were sent to the 

animal was two.se<,onds, regulated by an adjustable apeed,.revolv• 

1ng electrical contact wheel, place4 in the. oircu1 t ·between the 

condensers. and the constant large external resistances. 

DESORIPT.tON OF METltOD. 

Eth@ an.estheida was used during these ox,erim.snts •. 
,!

The trachea was axpo,ed, Q ~annula inserted into 1 t 1: and con• 

neoted to an ether bottle whore. by meana of valves the amount 

ot ethett administered could.' be regulated and 'tlien left c·qns'tant. 

The left car9tid. art.e~ was oonnected to a blood pressure record• 

ing apparatuie3- The vagus was then. e:xposed and the electrodes

placed 'upon. it. These .were n·on.:.polarizf.ng · silver chloride co;ated 
. .

silver electrodes ot o.3 mm. diameter, placed 1n a bake~li te.



--1~ 
shield, wh1ch .kepi .their' contact. with the nerve constant nnd. 

' • J • • . • . , . . • • . ' • ••• . ' ' .. . . • • • • ' . • • - • . • . . • • ' . . ••

;always a.t .. E{ right •. ~gle~···•.• The <listanee>,sep~ating. th'eranode .and 
,· ·• . . . . - ' ·.. . ' ~- ' . . " ' .. . . ' . . . - , -. , : . . •· , . .. : 

the cathod~ waa always 22 nnn• .wt th .the latter ne~or ~o the 
' ·,' . . . ·,: ... . ·. ',, ,' 

' ' ' 

. _heart• As a preee.utton against polarlza:~~n . the c\U'rent w~s re•• 

verse,d __ afte,r .each serf.es o.t at'imula.tlons •. th~eby recoatipg the 

·electrodfs :with a il~e~ . 01t,lortde• 

1rritabilJ ·ty of the . vague was; de_tetmined, tald.ng as 
• .. '• , ••, • ' , , • I 

an index the fall ot .the blood pressure, The vague .was blocked 
. . ' ·, ·. , ' ' . . . ' ' . . _' ·. ·, ' ' / ·' 

oentrall1 )>y prasaua-e, onlJ du.ring the time :that dete:rmi~~tl,0111 

we!re being ;made~ In .the ·le.st few .animals it was found that a sµt• 
,- . , . ·• ' ,·. . '

ticient ,:~lock was· astabli_ehed at the~ anQde .by anod~l: e~~otro-tonus1 

so ,_the use ot, pressure . was cliscon t1nued., 

RESULTS•

~th~ an~esthesta, : acicordift g .,o · ~cha.nan ;and ~~en·(4) 

exerts a marlced etteot . on the . theobaae and .chi-onmde . ot skeletal 
• ' ' ' . . ' ' . . . ' ' ' 1 . . . ·• 

/ motor C nerves, ' The method ·Used . Itdn!.mized ;and kept constant 'the 
, . . . . ,;, ,, , . . ' :· . :· ' .- . ' ', .' : : . . 

1nfl:uane,e ot the an5estbesta: as .shown in the ~aultp ·gi:,r~~-bel:,ow.
,·-. " • ' ¥ ,· ,· • 

, ~e dOgs used may . ~be classed into· five · d :lvisio~at 

Group ,I,, cal~ea. control Dogs• ,whiqb we~e used to check .t~ ·· piethQd
, ., . . . ·;. . , ,.

and , the effect _or the e;th.er a~e~tb.ee1~J . Group ·11., par~th~O,ld .. -· ..- ., . ' . -- - . . '. _ ... ,. ·. .- -.. 

deficient d.ogs; G;uq_up ni,·: dogs dvett methyl .g1.1anid.in atll.pha~e .· 
, ,, : . . • :~ . I ' 
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sodium;' ~~~:tf3r :~a.. !}~'11'.Yl: P,088_ :~~. t~ur groups

that war~ g~ven ~aiciur,r ·laot.e:t~ or parathQ11Q.one • 

. · .0-l'C)U! , ;h., ·· .~ori~ro:I._ :nose•
·f __ _.- _ ': _ _ -. .;: -. . . . .~ ___ , ___ . . _r ._ _ __ , . . _ : :':. . _ • 

. Thill group ls composeil, Of. (orty~:rour dogs. ' From 

Table ?., it is '·appQ:rent . that ·· l.is~t: ,th8l' antstµ.es!.a. does not 
,., , . . ·:: . .

marked47 etf'eot 1~ -b~!tabiU.ty or the vagus ner~e to th' 

heart. , :tn the twenty~tive ·aault dogs• with light ·ether, ene's .. 
l . . 'J • '. - - ' •· -. - . ·- : ! ' , 

thes:ta, /the ..rheobaet r~adlngs· varf.tid ·+~om. "!30., ~, -~39, . vol.ts with. 

en ave;agE; ·ot,. 74', volt~, ' see· T~ble· 2*;• . . Tb.e ohronaxte val~ea ot . 
. ' ., ' . . --:: - .

23 ot the ... 25; ntinttal adult dogs 'were ibatwean 0,068 · and o., .09 si€fflaJ 
• ' . . ' ' '1 . ,.,.

under l.lght ether anestb.esla~ -the·ttormal chronaxievalue ot 
" ' . .., .• .· .( . ·, •· ·. i' ·,

the vagu~ .nt,,....-e to ;the :hoar\: ot :, th.Et :·d~gL haa bee~ .taken tc, U.• 

betweexi ,o.9es an4 0.,09 el~a . . .. ~en $2 _:ettmUli are sent w the 

.' ne~ve pe,r St,Q()nd t~ an intet-val ot ;t\\O; seconds.. 'xn a few 

anim.alea usins -~ ·•. attmu'l~ pGr second• the normai valut lles be• 
'' . ' ' . - , t ' • 

tween Q .:5 an4 . Q,14 'sigma.

' Xn two dCgS lee~ ~aesthes~a (nQrooain) ,,Table I, 
• . . ,. . . 4 . # • -~ . : ; .-! ~- . • . ;. • ,. . . . : . _.- . -_ : , .·, .

the rheQbase average· ?f3,· vo1ta .. rind tli.e '.C}Wonax1e 0.077 · slgmaJ

and in ,two _deoe~b~ated. !Jogs• T,ab~ :l~ the readings were go_. ·

and 0,074: sigma,: th~ty hours after tho withdrawal of ·the ether. 

The re~dtngs lltlder -'eth8" sn~at~a1, 'mt:lli;tioned ,-bove, do not dif~er 

markedly tr:.om. ·those un<1er l~cal, ane,:thesla .or ot ·those decerebre.te4 • . 
• •. ' •. I ' •, , .·· , .- · ' '



·•16-

'l'ha ·effect of · varlOU$ 'uegrees .&r eth~iw anestheaia 

·upon the\1rtltab1llty ot the vegi ot' :dogs·'is sh- by the .date 
' ~-: . ' . '. ' ' ' . , ' . ' . . .

in .table--3 • . lt is ·. very -apparent: that the, rheo'base ·values ·wtlra 

m~kedlJ"· increased and. the ·clironax1ea :ware not a.ppreciab1y_ chf!lnge(l.

whan. the· depth ct the ether ane'.~'~hetfia waa incroasep• Aliowing 

tl.u, · an!mai' to beoo.me less daeplj. anesthetized, the :rheobaee a~ain 

returnecl to th'e -to~e~ vaJ.~ers' ;,t light anesthesia. -

The etrec't: ot\lie .ethe:r- on _the irr:ltabil.1 ty of . the -- · . 

. V&gUB
1

!1811VQ _VJaS t'urthe1,' investigated P1 taki~g readi~gs at -var-
1.0U$ tnto:r-val.a on tou:r dogs ovel' a. period -at elu..)lt hours ot _con--

tinuous eth~ anesthesia. The results ere ta'.bulated in '!'able 4 · 

and avet-~ged and charted · in· (lroup ·4 ot Figura II • .. 'i'he chronaxies 

and rheobase deQreased in th~se enimals _:hr·· tho tirst tour hours 
' a.t · ' . ' _· . ' . . 
so thatrth1s time the cbronaxles-·were. ne~ __ :the ·valua ot tbe low""' 

' :- _ . .. .. . . . . ' . . . -__.-,) _),' ·\ .: -?'." . -~- . ' . . ' . '

as'b chronaxies · of the 25 normal dogs. --. ~~hl,,hours . atte,: _ th& sr~art• 
· • .. : •, . ",;

ing of the ether anesthesia the e}lronaxies of ~he vag,is nerves. ot 

these dogs were as high or higher than at any preceding time dur• _ 

ing the eight, hours,, yet tb.a7 were' not above the range ot the· 

normal contrbl dOS$• 

Comparing th~ data ot il3-ble 1 with th~ t ·.of 5, and Groups! qt. 

.•, . "\!(>'·:, ,I

2 111 Figure 2, ... pups are to~ :to have more irritable vagl -~hen 
o.dul t d_oga-,, Ot the · flve · pups under: l~gh t :_ eth~ 8,Jles~esia, ,fo':)r 

ot th«m, have . chronaxie reading~ below :.0 .. 07· s!gpi~,and thlte,e, of 

these are less than o . .-oea simna.,_ which was tm lowes, reading C>t



the .- tlvextt~ftve ~dult. ,dogs• :: . The four ;rat te:rrior~ which we~ 
llt~er : mates, had unusually :high ·.chrona.xie values. , The · ~mis 

• " ' ' · ; , 1 ' • ' - -· • l •. , • , . • 

nerves ot thes~ dogn may have ;'QeE.ln .1n a .stnte ot hyper•1rr1ta-+ 
. . • . . . . . ! •. . . . ., . ' . . . • . -; • 

b1li'ty e:ven though tb.e ohro:naxies. \Vere ls:r.-ge! d.ue· -;t,o t a pal'tial 

block ••• , ti ·.~ evidence is presented below. 

0-ro~ . tt., ... Pel."ath1£oia Deficient . Dogs_• 

'l'hls group ot animals are o.f two t:,pest Doss on ,which 

thyr.~paratbyroidE)o·tomy was pet"tor.med,e.nd dogs rece~ving· blood. t9rom 

. t~pare.thrroidactomi.~.ea d0gs•

The trr! tabS.li tr ~f the vagu.s was determined upon 
I 

thi?'ty.two dogs at var.toua tima intervals fol..lowing the :removal 

ot the llara.thyrotde until rti>Oove~w from an .attack . of tetany .had 

occurred. . Qf ~ese, .. seven wa~e .gi ~ll caleium therapy. . _Th.re~ 

. dogs :rece~v$d injectt.011£$ ot blood tram,parathyroideotomt~ed dogs 

in varlou·s stages ot parathl7I'oid dei1.c1eney. 

·The ,.early ctteots of; the removal or the pnl"athyroSds

upon the ir.ri tab:lli ~y ot the vo.gu.s was . obae?rf'ed in six .c10ss, 
'?he de.ta ta given in Tab~a G1 ro1d their ·ave~agee are oharted 1n

Group z, . Figure 2. Thirty .minutes rollowins the removal .~ ·• th~ 

pai-athyro1ds .under .ethei' , anes:t;t,.eata, th:rae of the 'Sb get,, 
#66, ·ana #GO• bad c.t:hr,ona:de reading$ less than tb.e loweEJt normal 

' I . - ! ' ,· ; ' 

control !n one hour all bu~ one ga~e ohrona:de. l."e~c:H.ngs

ot less than 0,058 st.,~, the. lowest nonna1 value. At this tiw.e 



·t11e rheobaile intenatttes fi>t small attd a b1g tall in the. blood 

preesure ~re \,ery close together. .. Nonnally they ditte~ ~an 30

to -~o or more '-vol.ts, ' Th.ts; ShO'Ws ' that' th~ neurones with the 
. . 

higher , rlieobaae,a were., evid~ntiy''. mtife'. ~t:rectedt . 

_·A,tta;r '9Q .:miuute~, three. of : four ot . tho dOgfl, . //60~ .#611 
. . 

and #~&. ehowed ei"thsr '' a .block, or .a decreased :trrS.tabtltty, 
j,oaslbly· a 'ptttid blo6k.· ln tho riom.~'.. co'~·trol dogs this ae-
ot-oasea trr:l.tabilltr manifested· ltsoif ·~nly- ·• after eight: hourtf • . 

. ·xn; ·two dogs, Table 7,: Dogs .#$.:S fuid t/74, the•: par~th~oids 

ware reme>ved under a looal ane~thesla, .. amt' attar six 'iiours ether 
'was".given. 'The clttonaxle were-o.he and 0~1 eigma. Bradic~dia 

dere,iopea· in tha one with thE3 · byper•irri table vague 'jusj aliortly 

before 'tlia· ether ndministrat1on 'was stortad • 

. Two pups1 :/)Ga and (IM~ .data gi v~n in Table e.· developed 

the $tng&·.ot hypex-irtitab~lity,iuid -the11' later., the stage o't/ de• 

creaoe4 i:r.r!t~bt.lity.,more rapidly. thatl adult doga. In pup #64, 
the hyper~l.rr1tab111t7 OCCUr.t'ed and gave \my : to 8. de<1reasea. ir-
r1 tabll1 ty in leas than i.O mfnutss~ ·1n pup 1/62, the .vague was . . . . ' 

_hn,e1t•lrritable thlx-ty minutes atter t~ 1 ram.oval ot the para-

th~o1de ruid l.ess ·'!rrltable than no:,miu. .one hour ~ta:r tlietr ·re• 
moval., ' . 

As '· shown by · five dogs ·ot Tab~ l.3, tb.e blood . calcium 

.did not change until ~t~r en 'tnter~al 0~ 1 t6 5 dqs' 'had el•· 

apst,d since the remov~ of the· parathyroids. Yet °in tbl'ee or° the 



six 'doga :reported ~n Table 'tl, the 1r.r1
1

tabllit7 of the v~ 

nerves 'wae markedly inora·ased. thil'ty n>:inutea followin·g t~e'

• . .. . . . . · ·. . : . · "t:lre. vo,gi{$ W4 S . ·.. . . . . . : . . . . . ·• • 
:moval of tho para:thV,rotds, _andfeither partially blocked or 

hypQ•1rrltab1e atte~ ·. ninety ltlintttes•.

The obaenntions upon the dOge reported in urable , 4, 
. . . . ' 

. showed that e·the:r et:teeted· norJnal. animals in the same :manner, 

though ··. the otfeo'lt was less uu:1rked,'tu1d. developed only· after a

longer PCl"iOd of ethertzatton. · The presence ot the parathyroids 
• • ' C 

must ret~d and .deoroasG this a,ctton ot·ether anesthesia upon 

the vagus nerve• 

• '. ,, ·- . ; : ,, ! 

5 end 7• thel'ie values ot th& parathyrotdectomized dogs,and ot 
' , . , I I ' , • •

·.the nox,nal .dogs., haitt, :been. cho.~d• Comparing the nbove groups

of a11itnals, shows var, datinfteiy_ the ·difference in the · time ot 
' . . 

appearance., and the degree ot . the changes in the 1rr1 tablli tr ,r:,, 
the vagf. of the two types ot dogs. • 

Observations wera made upon seventeen dogs :roUowing 
. .

the removal of the paratht,roids without the eanp11oat:tns aftion 
I '• ;

of long continued ethel' anesthesia (see Table 7) • 

The results ot doge #58 Glld ~4• where tbe paratht,ro1da 

were removed unde,.. a local anet3thes1a have' 'been 'B:tven above~ 

Here the period of eth~ anesthesia. 1s ocmpara.bl.e to the period 

ot .the twan'ty-nvo normal· adult doe;s. T'ne vague ne1"Ve .of one 



dog :was hypw•~rri tab~ six ·hours ~tt~r· th,e 'operation, wM.ie 

the' norve .ot the oth~ .dog v,aa .less 1-rritable than the 11ormal., 

~n the stage wher-e mus~lar,treniors ar~.presen.t,rl'~• 

aultins from the removal ot the· parathyro:ida1 the vague nerves 
' ; ' ·. . ' . ,· . .. 

of all aeven dogs were ,hyPe~irr:ttab).e·• As seen in Ta.ble 7, 

the obrona.xiea ot the vse;t · ot th8 rolimal.o in 'th:la .stage ware 

below o,oea si~• the lowest normal val~, and the e.vorago 

ct the rheobase readings was oo. par cent lo1vt'.r than the ave~• 

age of the _values ot the normal dogs. in Figure 1. comparing 
• ,'- . T '. • _· ,· , . ,·. •.

groups. A and o, the merked bt.ereesa in the 1rri tabili ty ot 
the vagu.s nerves is very evident. tn thie stage of perathy.t,.oid 

d&:ticieney, the bloocl calcium. content is· decreased qu:t te markedly• 

•.Usually to $ • o~ 7• mgttt, per cent, aooording to Esau and stolend 

(13a), and previous worke,:s. 

1'vo dogs,. #t:ll and #27, Table 7, in active eonyuistons 

at the time ot etharizatton, showed a leaeena4 trritabillty, the 

rheobaae and obronaxte values . botll being. higher than nomal •. 

whf.oh suggests a oligb'b bloc~• ln dog f/27, the appe:rent low 

rhe:9base :reading was due to the tact that dtrrins the anesthetlz--

ing of the animal., a convulsive spasm 1n~te1•tered with l'esp:1.:ra.tion 

su:rtietently long to cause the l.oae ot cerebral action, liut noi 
· .·. ot. . . .. · .. ; .. c,t the lower brain centers. so that it l?as%eoeasar:, to give 

et,her to. th1 a animal; thereby, eliminr1tUig tbs usual au~enting 

action ot ether upon the rheobaee~ ·· '!'he blood ca.laium. ot dos 1}6'1



was .s.,_ ntem.• ··.1>er cent. 

Six hours following· spasms ..~f : conwls!ona,·. the vegi 
: .. ,. . ,_ . . , . ; .' ;. : ' , i . ·: ,. . ·'. ' : ' . • . .· ~. . ' 

ot tV10 dogs. gave, r.h~onaxie :value~f very much simll~ to ,those · of'.
•. •• · ,- •'' \ ' , • · ' • I t .. . ·. -' • • • • 

-· .. . 

the dogs :l.n :aonvulslons. Th~ rheobe.se ·r.,eadittgs were ve17 ma.t.-kecl•
' •.' ,_,· • ' • .. • , { , •• I ,.,. _. • • ,• • 

ly, increased which might i11dlcata a pa-tia1 block of the vegus 
' ·• ' I .· ,, ' ', . . .. ! I 

ne1•vti~ du,e., poasih~Y• .to· nierked .·h~"te~ooh~onisms. ~e . fall in 

bldo~: Pftssur~ in tlle.se animala~~S ;delayea, ~nd persisted. e.ttex-

the .ce~eatlon ot atlmulation,•. ··The. blood calcium of <dog· ·175 :was! 
', ' ' ' . . .. ' . . ' . . .. . •. : ' '. . . ' ' '

6.4 · mp.pa;-: oen t, 

_ :Four· <togs recove:red tQllowing the ~emoy.al: o:r.-:th$ . 

paratbyroids , without, at any time, 'showin~ symptoms more saver$ 

._than mild .. trano:rs. :Atte~ en, elapae . of. ~ . daye in one dog, a. 

btll.l dog, . . t, months in two dop;g.,, .and ~00 cays in the. tou:rth dog,. 

the an~ale ~ere sacrificed to ·dot_&m,ine the irritab!li ty c,f the 

vagus., . The ehrona:da of one, dOg was rv.ery mueb lower that!' the 

lowest value or the normal dogs.-. . The Na.dings of the othe:t . thl'"ee 

dogs end tbe rheobase values Of all ·tour dogs .were in the n~riual 

range, as ·shown in Ts.bl~ 7, · · The blood calcium was not determined 
0 _ • • • • ' • I 

on thesE, d.ogs" In the .wQ,:-k. of Es~u. ·and Stolancl (13a), one .ot 

their dog$ recovered trCQ. the removal of the ,parathyrofds ·and its 
' . ' ·, \ ·_ . ' ' ' ' ' ' · ,' '

b1oo~ calcium had approx1mate1yretumed to normal in this 'ltmgth 

ot . time,: the value wa.s . 10.~ ms,n. per cant. 

;DOgs that SU!'vtved: the immedfo .· aymptome· of tl,y:t-opara-
• •• · 1 .\ . .. .. , , , ' . . . . , ' I ' · , . i · .-

''

thyroidectomy ,, usually,had norm.al. trri tab:ll1 ty ot the vague nerves 



-in a ~ew weeks .follow.tng tha removal ot tho glands.· ~ett' dogs.··.. ·••,
'· i • • . 

in which the normal trri tabili ty .of tlte vagu s .nenes had ·beeii 
·~ t ,'

meaau:red, were injected with blood drawn• frO!l'l parathp:-otdectcmized 
' . ,. : '

a..ogs ahowlng various stages o .. ·. f w. mp. tom... ·.· s,. The .. results an.· d oond1• 
' . ; . ' ' ' . < .

tions or the.expartments ~a givsn Tabla 8~ 

.The Clttonaxia of :~s #541,·· an animal in. mild tremors 

( see Table 7), was o.061. al@.Ila; when loo, c.c·• ot its blood "Was 

:l.n)ected . into D<,g I, · tba chr~na~te ot thl-rl animal was .decreassii 

tr.om o.o7 to 0,059 ei~. Th~ c~onax!.e of the ,mgus ot 1'0g 5'1L, 

an anilnal sacrifi,ed six hou~s .. aft~r a convulsive spasm (see, 

Te.ble. '1,), was o.ie si~a,end the rlieobase was 200i volts; when · 

100-. : e •. o •. of its blood \\-as. tnjacted into Dog L., tha ehronaxie 

ot the second ard.mal. vms .deci-eased. trom. 0.07 to 0.03 sit~• A . 
.. ' " . .. . '. ' . >. . . ''•

1u,co.nd injec"on of 150.o.c. tn~eased the rheobuse t.o 210 volts 

and. the chronaxie to o.o~ sie,:na. Thie would indicate t~a. blo9d 

contained.· or was lacking in something that ·caused the 'V!lgus nerve 

~o the heart to be increased irritable irrespective of whetha,;-

the dono~•s vagU.s was hyper· :Ot hfpo.1:rrital)le. 

The . vagus of . Dog wb~se parathyroids had. braen re--
• ' , I I • '

moved 00. days p~ececding, on l'ecovering haa. a ehronax:le ,value of 

o.oM,sie,na. When 860• o.c. ot its .blood was 1njecsted into DOgH• 

the chronax!e deerea.sed from. ·0.1 sigma to the .nev, value .ot .o.oe · 
sigma and the rbaobase ·also decreased. The irrl tabili ty ~t the 

vague nerve. ot Dog #4811. was normal, yet its blood when injected 

into a normal dog ca.used 1 ts vague to be byper•irr1table. Evi• 



dently 'the peratbiro:l.deetomized 'dog r}48lr was' ·able to maintain '. . . . . . ' . . . . . . . ' 

• I:

no:tmal irrit~bility ot the vagua;· :in_ spite at the ;change result--

ing h't>m the; removal of the pars:thyroidst due to •the length ot" 

, time of' the Changed environment or tha. r1oS's tissues, 

These exPetrimellts' Upon ~anstnsions ha'te not been. con-.. 

tr\;Jlled, and therefo:re,. c~n.ot ~el1 be used to f'orro.ulate any con• 

clustone,-

Vincent and Tho.m.psoll , l~<) ~eserlb'J(l a contli t ion wh:l'lh 

they Calf the first oris!er that ' oeeurs in ·2 to'3' hour.a 'toll.owing' 

· · thy.t<oparathyroideCtollly;; . This ,iS simiiai- ~o the tim~ ~heh°i · ·•tile 
vagtte beeente tncomplt)tely blocked: follcnving its initial hyper-

,. · '• ' ' · . ! 

lr~i tabtl.1t1. Thi$ occur:red·:' in:· the· ~ight dogs reported in Table 

6 h/ a ·time range 'of 10·mi11'Ute( :to 6 ho~~. The';agt Of ~ima.ls 

hu'f'ing th8 three shOrtest Ci1.~ '4, 01!.e at 10 minutes and twO a't 
f -, ' \ ... - " • -~ '·)>:.. :_.. -- • . < •• • 

60 Jnintttes~ had nomal chronaxl~s :~t· o·,oe3, o.6sa; and o.or sign.a 
. .

·respe·ctively; ~11· ot which are· unlisually low_. 'Two ot tba$e values 
' - . . 

are below noi'lnal ·ana. the dq,;a weret'·pupe~ · .• T'L\e··11w~r the. \no:dia1 

. chronaxie of .the -ij-agus na~ , · _the. ril¢rEJ sudden and 'the soona:r the.

stage of decreased 1rrite.bll.1ty d$veloped. tt is in auoh<aid:tnale 
. that .. crises:• we~'3 very apparent • 

. . Grout? III. Dogs· Givan: Methzl' :GUanidtn· 'fhl.lphate. 
• • I , • 

This grottp of animals consl~te . of dogs gt:vell me.thyl ' 

guanlcU.11 eulpha te in an acute mamier et therptlbcutan.eousl.y 01' .·ln• 



travenouslyt and of dogs injected ,·tor pel"iod~ of on,~ or more 
dt11'S and then etherized. 

Fourteen dogs,pls.oad under ether anesthesia., were. 

given methr1 gaanidin sulphate either 3Ubcutaneously or ·:t.ntra.--
v:enously ·attar first detararl.ning the ·trfitr1bili ty of tho vngus

~.~rvea. Th~ ~ata. is given in. table 9•

In rlo~ #~, a, 2At 811;• a.nit _lllJ in travenoue injections 

ot $ttall quantities (8 to l.5 per kilogram bodf we·itJltf ot 
methyl· iuanidtn m1lpnJte .oau. sea. a m~:rked increase in the trri ta• 

bil1ty ot the vagtts, The cllronaxie and rheobaae values. ot the 

·v~s ne:rvea ot these d.oga prece•ding the injections were normal. 

Five minutes attar the injections,· tour ot the fivo animals ·showect

a m.arlcedly ,J~igreased. trrita'bility of the nerve, tbeir ehronaxi.es 

were leaa than the lowest value ot the tweritt.-rivo control clogs. 

tarcer intvavenoua 1n3e..~,t1011S· {30 to 210 mgms, per Kilo) 

resulted in a dfcree.sad 1:rrltabl'lfty ~s alloWJi by dogs (171 12, .4, 

1, 14A and 23A, ht Table 9 J .the rheoba.ee and chronexle values 

both were inweasad. After a short ttm.a, the decreased lrrt_ta-

blltty ga:v-e way' to a condition of' b:yper-excitab111ty, as shown bJ' 

doga #7 and 12,, as the effect of the meth:,1 guan:f.din sulphate be• 

came less pronounced. 

Subcutaneous in-jections of 60• to 100 • m~ih,·· pe,.. Kilo., 

to• dogs tJ/JA, 13, l?• and 15A, prochlced l:tter 55, to 90 lllinu.tes ·a 

markedly increased trritabt.11tf of .the vagu.s nex-ves., the .chrcrtaxies 



deorsased to a wltte between 0,06 ·an;1 o.oe s:1g,na in the tour 
: o " • •: ' • ,l ; ' • : ,'.• ·. .. . :,

dogs. Attar ontl or two.·hou:rs :in •clogs til.3 and 17,. the "18.gUs be• 
' .. '1 ···• 

cruue leas lrr1 table, the chronaxies were o.,l.1$ and ·o,125 .aigmth 
' • I . •. • . ' . . : • • • • ,_ • • ' . .:, · < ; •: , •• ' ; ' ,:' • • . ;_ :,_ : • • ',

These changes .ot the 1r.r1tab1lity ot' the va.gus ;reeam.bie very 

.closely tb.t>ae observed in parathyroidectom!zea .. dogs as shown 1 n 
e ' • , / , , ; , • . '

Flaure . 2t G~upe 3 Q;rtd 5, and i .n Flgttre ~• 

'J;WO dogs ·(see :Table ;o, fl,65 and .#00) -were. :injectaa. 

with methyl gu.antdin .suboutaneouelJt after 2 and 5 hours in .the 
' ·'

two cases, the animal.$ developed bradycattaia. 'l'he blood caiotum ot 
- , : . l . - . - . - . :- , 

the two-animals were normal in value. The animals were anesthetiz• 
} ' .

. ed, ·the; vagua nerves· ·of bo_th detgs .wei1 e very markedly h~er•!~ 

ritable, The rh.eobase ,values , we:re 38, and 70.i vol ts, 8lld tbe

ohl•onax;ies ~ere 0~04 and 0.055 etc.ma• 
. In the ab a.Oge whose data 1 s gi van in Table 10, the 

injaotlons or methyl gunnid!n ·· sttl,hate \Vere continued. over 
. .

longer periods ot timth The con.di tlon was then less acute and 
' ' • • ' ! '. . ; . . ! : . ( "\ :'::'t' ' . . " . . 

served as a ~-.compar!s~n:.·. to .:the ·teyroparathyroideotamized dogs

re~orted t~ 'l'able 7• 

The vagus ot dog #11, who ·had ooen. injected eU.beutane-
< . '·t~"-' . ' ' ' . . , 

oual1 with ~oo. _mgmrh (per ·K!lAi~~ of DOdJ" waigb:t) o:.r methyl. -
' •. ;, i ~- . ' . . ' • ' ·, . • ·. ' ' ; • • ; • • . ' ' . ' • ; ; . . . . ' .. : ; :· 

guanidtn sulphate du.ring a period oi' two days, and who d.ispl.ayed 
, ' ' . . "' . " ' { .. , . -. l 

trem.ors• increased salivation, · and tachrc.ardia at tha.:t time• was . 
. ' ' . ' . 

"!ory:ex,o~table as shown by its rheobass andohronaxieof 40. volts 

nnd O.04 81grna. 



Three dogs, lf.78, 76, and 69.in Table 10 11 given guanidin 

tor two or three days until they rnanitested d1ff1cult co-ord.ina.tlon 

and were d~preased, showed slightly deoreaaed irritable vagus nerves. 

The :rheobase values were low, but the chronaxies were hi.sh. o.09 
to 0.135 s1gma. 

One dog, #70, was injected till sliShtly toxio symptoms 

of gua.nidin poisoning were apparent, end then the amount of the in-
so 

jeotions Wl\S decreased1'that the animal showed no symptoms. · The 

vagus displayed normal 1rr1tab1llty. 

Dog #9 was injected with 20.mgm. i~ Kilo. daily for 
' ·\ft 

fifty days.. Forty dare after the cessation ot injections, the 

rheobase was ~ow and the chronaxle was high, yet both values were 

within the range ot the normal animals. 

The blood calm.um of these dogs showed just a. elig.,ht 

increase if any change. This might be caused by the 1nox-eased 

activity ot the parathyroid glands, which results from the injec• 

tton of gue.ntdin, as shown bf Busman (42). DOg #86, which died in 

convulaiona,showed a higher bloOd. calcium at the time ot the co~-

vula1ons than the reinain1ng dogs 1n the other stages. 

Group IV.· P9ss Receiving Sodium 0Xalatt1. 

Seven dogs were given sod1tnn Oxalatei ot tm se, three 

died in convulsions before the irritability ot tm vagus nerves 

had been determined. The observations trom the remaining tour are 



et•en tn ·ftl>le 11,·· .. oronp »• .
, 00~111101 waa .tnJEJotoo ·dulns. tso d~; 'with a. ~•• 

ot •Odium oxalate per Kiltgrem ot. t,r.>dy welaht• · ~lb$ blootl oalctum 

wae not lowoi-ea. and tht rhtob~s• am <tbr0n$Qa of th~ vague nre 

nonntd, . Dos 1101 wl th a normal. blocil. calcium Qt 10.a ~•• .par 

cent 1Was sJve~ to. ~, ot sOditnrl o~to . Cper Yd.lo,] orally .~d 

120· (»e'1- rtU.o.) lntta•enwstJ durJng a period ot tbTeo ~78• 

Thme 12130-,tlons ·•n matte 4t.\Jlr • . the Mimal· ahowcd .fl.\"a.mtaUv ~n-
CJr$flJdn~ fl,ilP,tama . ot oxalate . i,olaoid.ngt restle, sanes, copious 

snltva secrotlon• t,tyspnea ·antl.~u1c1e .tremors.- ·· The entmal •$_ bl~od 

.oalolum wue Ga? msm po oent en4 the v•oJls were 1ra17 ••lcect •. . 

The. rhoob.-e ot th• •aaua ·we• ns. vo)tll, .and tho •ohronade 0-.05.~ 

•1-a•_ ;.Dos,··.1104 .wS.th: a normal '.bloocl .oalclum or l.o.a msa&•· per 

oent was ,1n3eotecl intravenous ·~~-~ l'lo •. • . or sodium ~n~te

(pe ltllo.) tn 16 tnjeotlon1 elm-ins a. pertod ct .tour 4a,s. ':. Tl~s

•n11nal vomtte4 ~qwntlJ, mllvatS.o~ waa tncreas:oa., a~~: 4)'Gpnoa

•andmuaole ·b~ora wore IAOl'ked• .· T:he vagua neneo'f tld.o ru1imal.

was hn••lrrltableJ the rheobsse 8ltUalad 40. volte, and tlie 
. ' ! . 

ot . the .'Y$8U8 •ae . detei,alned•

. . The :vogu ne~ <'4· a »~• :H~1, under. etha.aneathesta.:: 

lmd a '3hronade of 0 .. 074 •~l. ~• blood calolu.m ot this entma1 
' ' .,, , . ,. 



(per Kilo) reduced 1he blood oaloium to ~,3 mmn• ·per cent, and 
' . . • ' • '' .' . ' . ' . -. . -- ··. . . 't : ... . J' 

the chronule ot the vagus became o.l?-,56 s~gma, which evi,~ently 

corresponded to the stage or dep:reased vague ex~itabi.lJty fol• ~· ' ' ' . . ; . ' ' . ·, . .- . . .. 

lowing the lnttt.al hyper.~rri tability•. as an inJe9tton ot. l~O• 
,,-,r 

ot calcium lactate ln:travenou~ly raised the blood c,alc.1um 
. 1 ,, ·_ ' ',· ,. _,·'•_'- ' ' . ·, ··, ·, . ' ' ' ,' ·', .: 

so _that after 30.minute'-' lt. was 1e,5 l!lglll• p~ ceXlt, and re~ .the 

cllronaxte was. decreased ~o . o.oe a1{9lia. ; .A seoond injact,lon ot ~al•..

cium· lac1a.te increaeed the blood calcium to 21 •.... ~•···Pext cent 
' •' . . , • ' . '_ I . ' , ' '.·,· . • • ' ; . . . : • • , '. \ , . ' ' ' . : '' • •_, ) '.' \ 

and tb.e cbrone.xie to 0.074 S1(Pa. 

The, vagus ne~ve1 ot these dogs givm ,$0.d~um ~:xal~t,, 

wM.~h, ;;r,?1p1tates tle caloi.um1 ~nttested the va:dou, ou,.netes .in 

ite 1rx.-1tabili ty as wc,,..e obsei-wd ill thpoparathy:roidectomlzed 
: • • , . · ,.' : .· , , · . ' _· . ' i , , , -, , :• . '.' :•. •~ . : • : • I• · .. ' _ . ' i ; 

Group v. DOS!! Reoe1 "1Pfi Calcium Lactate or Para• 
thormone, · · · 

'. ·,• . ,,

Twenty•two of the va~ous types of' dogs were given cal• 

Cl\tm ia,tate: in various qµantitiefJ ·and two 'dogs, were given pa:ra•: 

thormone. '!'he effect upon the irritability ot the vagus nane· ot' 

increasing the blood cal.cd.um content ·e.bove normal•, either by the 

:lnjeotlon ot ca.loillDl · lactate or by par_,thormon• was· determined 1n
five dogs, seo Table li. 

Two pups, litter mates, we~e uae·d to observe the e~tect 
ot parathormone.- By the injection of JB:rathormone,, the blood cal• 

cium ot Dog 1)94 we.a increased from ll.5 to 16.5 msms• per cent dur• · 



:Ing ·an int~~al ot l2 hours, The rheobaae was 70. vol ts and the 

chronane wam, 0.07 $1gm.a, wh~. _the ir.ritab .. UJ t:, of the vague.

was ll'.leasurad. Tltt' .viagua ot the normal cqntrol litter mate gavai 1' ·;,, \-·: i .: .. , ·, _.,- ,; ' ;,,,· .. :, '·; _ ' -, - ·. ! -·, •/ --', • .,, i ;,_ .·. :; - ··,. '·1 

a rheobaaa ot 110 volts and a . ebronaxie ot the ean,.e value• 
' ' , ' ': .•- ·. . . . ' ·)" ~-;.. . . ' .· -· ' j. ..• . . . i • • ' 

The bloOd calQitun of the adult dog #91 wasi:increaeed., 
f. -· ·': .,,. . __ ·-,. . . : ,·. :: ·, ,. ' ' ·.·• .·_\' . ·• _· , .· '1 ·,'

,~o.m .~0.5 _to 14 •. :5. J?er. oe:nt .sb:te~n hours ._t.oU,owins ~1:e ad•_ 

· minist:rat1on ot paratbormone. Th~ valn''es · tound tor the vague ne:rta 
' . . . : . ' ,.' . . ~- . . . .. ' . . . ; '· . . ' ' ' . '

.. . , 

or th1,s attimal were; rheobst1e,. 115 'voltsJ ob.ronaxt~ •. o.,oa siSQla• 
• - ;. • . • - . . . I 

This chronaxle value corresponds with those of the normal: .contr~~ 

dogs•. ,

The elevation. ot the blood oalotum in normal dogs by the

e.ain1nistrat1on of parathormone does no;t 'modity appreciably the_ . 

ob.ronaxt.e values of the vagU.s nerves. 
ho 4ogs, 1180 and. #9~•-\'11ere given: calcium lactate ow.r 

a period ot two da.18 ts.l.1. the1Ji..· blo.Od caloium levels were ·:is.a 
mgms. per cent •. The' vague nerves ot the srd:mals displayed normal.

1rritabllity. 

One or these. ·minuui, Wa.$ then injected ititravanoutly 

w1.th 100. mgms. ot oalo:l:um laots:t, per lt!.lo •. After ·thirty m,inute.a 

the ~heobase'increased troa60 to 110. volts and the cht"onaxie de• 

creased tr .. 0,.09 to 0~074 sigma •. 
;. >, 

Dog 1/93, ·Whose valtt~e for $:ts vagqs were lio. vol tj, 

and 0.07 sigma,· was inje_cted in trave:nously wtth 200"• mg.ms •. ot cal• 



c1Um lactate (per Kilogram of body weight)• Attq thirty . . . . ._, ·, . : . . . · , . '

minutes e.n oppo.si.te etf'ect was preso~t that_ -- found 1~ dQg i-92-. 

'!he ··vagus showed a decrease in -_ the_rheobase and ·· an increase in

the-· chronaxte. 

These animals shotted that the increasing• o-f the blood 
' , 

oal.olum slowly dldnot appreciably,eftrect the t,lf1tab~lity ot :the 
.- . . . . ·' . . · . ,, , · . · .. .--; .· , _; ___ · _; · • :, . ' '

Jn a_ normal an~, 
ThQ :trrlte.billty of the VSSUs ·n~tes qt t1VEt .anbuals. -. 

; ', ,•· .• , ' .. , ' . . _· ' : ' ..

JltaJ ; dete~1ne4 when. the 'blood aaoiurn con tent was d.eoreaeed by 

thE!. administretton ot so ell um _ot these animal• two werca 

then given adctum lactate, , The ~esult$. are g:lve~ 1-n/kbla ;ia. - . ' ,' ,· . '_. . . .·' ' ' ·. ' -~ . . . ' ; . . .'J\ ; '. ' ' . ..

' . ' . . ': _.;.:_::-·- .·.' .: ':•__: ::- '.: '(' ; ._ ... . ' ,'' . . i . -, ,·. ' '' '.,. !

A decrease·.4 ,J:1 ..th$· ·blood calc1llm ot Doss· 1/104 · a.nil 102. 

pN>duced an.increased irtJtabJ11 ty-' ot>thc, vague ,nerves. In th3ae 
' - . ,, . '. ', . , . ., '

•. _•i .·.}\·n~: :- -'_. •i ·: ___ _ · .··. _ .. _ .. _ .. ·.· . . _·.-·.· . .:--. _. 
made intravenously __ in fo~ lnJec~i~,s &aly ot a ,o ~O •s• · ~i. 

' --. ' ' ' . .. . , ' , , ' . ··,

- -4 ,J 

Kilo • . 

' '
p~ kilogram ot body weiEr}lt during an interv,al ot. 2¼ days. · Thi.a 

I . 

wae too ~all ot a. quant1t:(to ette<1\ the b1ood (Uil0,'.1U!l1 to ~ror ex-
'! ' '. ' ·-' ' ' "•·. . __ · . -' . . f • •· • ;. • 

tent, so .consequmitly .the ~ttabll4ti ot . the vague ~a-s.·normal. 
,; . ' • . - • t' , _. ' . 

. Two dogs~ l/Sl arid ~9, :w~ire s1~en sodi~ omla tn- .. 
r • . . •



·•31• 

In both the ,ohronexte values 1ttdN'189dt The ·vague. "ne~ea ot ·both 

. animals · hed p8.Sf:!8d. through tht>byper-1rr1 tat,le 'stage and showed

the depr8S$8il irr:ltab1U. ty a, tage as 'shown by the values a sh~rt'
,! . • . ' ,\ •

time latei • 

. As the efte'ct of the s0d1mn · oxalate was buttered 'and

decreased in severt tr in ·d_Os /}99 , .. 1the vagus nerve . ~ecame :h11>er• 
' . .

irl"i~ble so that thn..~y minutes fbllQWing the adu:l.nis~atton 

of the .:oxalate the obro:n~te \velue'. was 0.001-~i(#lla-, This ai$n~ 
was then in.the e~it . stage :. or oxalat~ pqisoni~g as , ob~erved ·tii ,

dog Ul02 and · 104• . 

·xn. dog uei, tbe ettett ·of the· sodium oxalate was de-·

O;!ased by ''tlie :t.nJ~ctlotlj ot · 100 msms... ot oalc1um. · 1aotate ,. ·. whic)l 

atta~ : !~tend .. · ot thlrti minutes, , ~i~ta1nec1 · the bloo~ ·calcium 

l~vei e'.t '•-ie._thngmB. p-~ cent.~ :Th~ v~:~i. ot ·th1s animal ·t>&c;,ame

hil'>e~_-trrltabie, the· rheobaee l'la,, . so,· vol.ta and the chr~nax:le . 

o.oa $i0na. dUe to _'this ariintal r•aohing' 1th~·Ert~ge ot sitght qxa1ate 

poisqning following _the more e~'\tel.'e ef'tect that ·was ·fh's°' ·pro·ahoed-. 

:.Njjle';thyropar~thyroidectarid.zed . de>g$ ~ere gtven calot\Url 
' . .·.•· . .. " .· . . • ... • . ... . · . . • . • . . . . . • ·. \ lactate. 'l11e observntlona -upon• these animri~s :are given in ,~~le 15. 

ot these dogs•. seven we:i-e gt.ven. calotum therapy when thel~ blood ·. , 

calcium s·tarted to dec,rease· as a .:reau~t· ot· the ratnoval ot the para-

thyrolda • . The ·two otht,rS iii the .. sam table· were :given an'. itde;ot!on 

ot calcium lactate· atter the' trritability ot the ··vague -~Jd been_ 

measur.ed following the removal of the pi:rath~oi&;I.-



The ·blood oalcimn"of' dog ·: eas and ·eg(J were appro:dmately 

normal · due ·to calcium · therapy· five ·d~ys ~tter the removal o:r. the · 

parathyroids. '111a lrritab111tf of their vagi was normal. 

.b~oo.d calcl-um:of tour dogs~.#95., 84t. 10~• 83, 

were sl:lghtl.:,·below normal even 'though· ~alclwn thal'apy had been 
I . . .· ' .. .. ... 

gS.ten.· The · vogus nerves of· the· 'latter :;~ ee or · these· ailimals . ,;ere 
·xi:._ . . 

hn,er•lrt'i tablet •· and the : vagus ot one. dos waif normal. 1Ihe blood 

calcium oftha dogs, whose, Yagi were h¥,P~ir~itable, .had been~-
' ; I ' ' ' ' • 

lowed ·to ~each a low levei before. the calcium therapy. ·was· started. 

'l'hese results 'ar& ·in ·agteemsnt vd.th the conoluslon ot;Esau ·and· ..

Stoland (1;$al· that the. rapt'clltY · ot ··thEt decrease of the ·blood' cal• 

ct.um. ·ts factor in · the seve;it, ot the • aympt6ms •- Luckhardt· and 

Goldberg ·( 29) ·have··shown tha't ' it the, aj?np~oms. ere allowed to·ap• 

p., er. l t requires ~arger a.mounts crt cal.o1um tc? keep · the m1.ima.la 

symptom ·:rrea.. Joseph ·~ in 19~ '(l.2) .sho~ed that functtonal ao-
, ''' ·,. . • ' ' ·.· ', ' .· ·. ·. .· '', ,_' , :, ' ' ' :.··, '. '. thi ty and tetany spasms increased the se,-eri\7 of the nerve cell ' ... ' ' . . . . 

lesionfit th~\ ·occur,:ed following .the retitoval ot the parathyroids • . 
' . '

In :tc:nir· th,roparath,:roideQtomized dogs, the . irr1-t~bility 

ot the ve.gua ·nerves was :meaaui'ed less than th!.11ty mtnutea , -ib liow-

ing the injection of calcium lac-t,ate. 'lb.e effect ot th~ cal.Qt.Ulll ·a.d• 

m1niat:rat1on varied somewhat · ih . the: dtttererit animals. · · 

The ohronaxte 6f the: vague ·or dog G63, ·two houra · atte~ 

the removal 'or the parathyroicla had decreased " trom its former ot 

0,09 sigma to o.os s:l.~1111-; Vlhen 20. mgms•. ot calelum laotate b~t 



Kllo.) were injected the chi9ona.xie increased to. 0.09 s1gma1 

.its origin~ ·value, 

DQring the thii-te~n days following the removal ot . 

th& para,hy:roids• dog t}22 had sho?l.11 ·only the symptonui Qf e.lirtll:t 
tremors during the period between the fourth and eighth days. 

: · • .. , ·, , ' . ' . . . , . : .'· • . i ' ' . ' ' 

0~ _the t.hirteenth dfif,. the lffitability• of ,the. ?ague wasi rhe~ ... 
- . . . . : , .. l : 

. ' . 

base • . so. -volt~• · chro.nax~e .·~ 0.011 · sf.a. When ot .c~l.• 
' , , , • ' ,, ; • ' : ' • •~ I 

olum le.qta.te (pe:r Kilo.-.) we~e JnjeQtea,·theee values ~eoame 9.o. 
; • . •. ', ,' ', I .. ' . ~ . . j '· ( :,, , ' . , , . . I , , , I 

vol~s and 0.09 sJ@Jlla~ 
,· ' : .. ' .,· · .....

. ' 

cf.um. th~apJ be~nning when the s)1nptaris · caused by the removal.
., 'i ·_ • . ,· • . : . · _ ·:. t • I '

' ' ' 

of the .P~athyrotds were 'Ver:, marked• were injected with · caloi~ 
t . ' I . , : ' ; , -~ - t' ·• _., , , , : 

1 
• (' •,. ' ,, 

lactate utter tirst determining the blood calcium content · and the 
, _•-_.' : .. ·,.. '. ·- ; · , • - i:, .' , ; ,.·•· ; ·. I ,: . , ·:. '.- ·..I.• . •

; 

,i~i'ta.bili ty, ot the vague·,_ In dog fl84t .,~he blood oalc:l~ _,ms . in..-
J,

crea.aed trom 19.S to 12.5 mglUs,. per oant ~ter thirty minutt.fs, and 
_;· \, . •' : . , · ' '•, i , ·, '. , .: : . . ;' '. .. : '

the rheobase increased trom lts.tormer value ot 60. volts to '10• 
,; , • ·. , , l . ' 

volts• while _ the chraiaje decreased :from . 0~067 to 0~04 s1 ~a• . · 
' . . . ' ,· ·,. ·. . : . . . . . ' '. ' . '. ' .- . ; 

In dog #106,. e.fteit increasing the blood oal.ci\llll frQm 7.4 to 10.7 
. . ' . ' . . . : . ' . ' ·. . . ' . , 

~t p~ qent, the vague was _blocked; ff;hen ·the blood caJ.C-lum was 
. ' '

inoreued to 15.nigms~ per cant, the .. rngus_ was h7Per•!rri table in 
. .. ; . . ;. - ;· . . . '

thirty minutest e.n_d when it •as 1'!rther il'lcreased to 23• mgms., 
! : . , . ' " . . . • : 

p~ cent the chronaxie was incre,ased to Oell5 sie:,na~ dog #83, 
' ' ' 

the caloium lactate tueotion increased the blood calc1wn from.~ 
' ' .

9~5 to 15. mgms. per oen~, end oaused the :vague to beoane,6ven :



more, irritable.than lts for.mer value. ·The •chronax1e was c1, .. 

creased from_0.04 to o.oe sigma, 

The acu. tAl ·adtn1ntstra.ti;on or· ealciutt1 l.aQtate . rel1ave~ 

the hJp~!rr:ltabl.e condition ot the -mgu.s nervea in three ·ot 

the f1Te doge. 

Ca1otum lactate was gt ven ·to five dogs tollovdng ~$ 

administl'atton ot guanidtn (see, Te.b:l.e 14).. When. the. guanldln ad• 

~1nistra~ion -was acute, (dogs. #l5A and 66), the injection ot cal• 

<d:um lactate ·caused an 'immedi,a•te return to normal l:r_;ritablltty:. 

l~are ·the guanidin was_ a<tm~i_sterea CV91' a pet-1od ot several days, 

an ·tn.'jectton of .·• cal cd:un,.. tattate increased the em-onaxt•,: i yet · the 
• J . . . L,> .·~_1r-,,; 

lrr1tab111t:, ot the vagu.edlcl.not.appear to ba normal • 
. :•, : /~ ; ' . ' ' ' . ' '

DlS<tdSSION OF ~§:lttTS. 

As given in. Table 4 and Fl~. e•- 2. Group 4, 1ong 

cont:lnued. ether adminis~ratlon effected the tn1 tabill tr t>t th&

vagus. ne"~s · to 1he hGarii.. Filitst thei-e was a gl'adual deorea,e ot 

th~ ohronald,~ reaoblng a min~um at'lier the ave,,age interval ot:,· 

:eour hours t, then. after· rana:lning hyper•lrrttable to'I! an interval 
betweEJn two and_ three hours, there appeart,ll r.a.the,; qutckly a d.e.• 

' ' . . . ' • l <

creased ·1rrltabilltr until the c~onaxte _readhtgs were highei--

than normal. 

Ether anesthesia produ<sed changes ln the irritability· 

ot the vagU.S nerve slmtlat' to those caused by th1,J'opei-atbyrold• 



· ectomy and guantd:ln compound$• 'l'h8 perathyrolds :delayed the ap ... 
' ; \ 

pearance ot these changes and the removal of these glands allol\led 
. . . 

the changes ·-1x, · occur •sooner and :to be mpre pronounced., These

ohanges appeared. sooner and m.ore SU.ddenly in ·clogs that were given 

metbyl. gt\m.tldln sulphate duri11.g the pertod of ether .administr&.~ion . , ..

as .seen l_n Figure 1, Group 4· an~ in Flgur8 B• Group ~f. ~c1 1n

th,:r~parathyro1deQtom1zea. doga kept. under ether anr:tstheaia, .. Figure 

2,. Group s.. In :rs.sure s .• , a comparison of these shows the au• .. 
terences in the length of t1me very ·clearly~. 

· The 1r.r~tab1l1ty of the vagus nenes ot pupa was et• 
•· . . .

feote~ quicker. and more pronotUlced"'"\y defiolent parathyroid aot1•· 

vi ty, and ether enesthee:la. Young .lndf.viduals are rnora suaceptlble 
' . '

to toxins, to lack of "alo1Ull1• to pax-athyro•p~va, and to etbej 

anesthesia. ln Figure 3,. _the time requii-ed tor the removal of the 

parathyroid$ to ettect the irtl tab1l.1ty ot the vague la shown, 
t ! 

When the vague nel'Yea were changing from a hyper•1rrlt-
.. . ·' . : . '. .• : . ·h11-1e :_..· :_ · , · ;

able state to a condition ot a partial. block maytbee\he iarlo4 

called the ~r1sis by Vincent and Thonipaon in 1028 ( 43b). lt thls 
' ' ' • • • 1 

change was sudden the orleia was more apparent. In pt1pe, the 

crises were usually more apptU-ent and the ohangea in the lrri'ta• 

biltty were qutcke~. 
. . 

In the stage ot decreased lrritab1ltt7, obsena~l.ons·tn• 

dlcate thi a . was a. partial block caused ot a hetero~onlsni result~ 

lng from the h)rper•lrr1tab•l1 tr• In some anbnale the ta~ ot 



blood pressure lagged the vagu.s Qt!mulation at thi$ ttme. 
The 1n3eot1on ot calclmn el~inated this and caused the vag~a 

to be hyper•i.rr1tab1e, lfuen a lerge 'quant~ty ot me~hyl suanidin 

sulphate was glven intravanousl.r, Figure ·1, Group 51 the yagus ; ' .' ;. ' ' ' .. ' . ' '

nene waa blocked. As the ·effect ot the gua.nldt11··beOanie less
r- f • 

pronounced the · vagus nerves ot these dogs became hn,er•d~rrt ta'ltle 

and thm. gradually returned tow~cls normal.. AB seen in Dog Hal, 
.':'. . ·' • 

Table 121 oxalate· in an· acutfl adminlstratlon oe:uaad the ~e 
t . •. . . . . ·. . .. 

to be decreased 11.'Ti tabla t an.d then •at ~aused to be h~ei-• 

1rr1t~ble by th, a&niniatratio~ ot pal.oium. A second i!ljet'Jtion 

ot calcium resulted J:n the.: vagu.s .. being in a norma). state ot iex-

c1 tab1l~ ty. These-results indicate the stage ot·aepressed e;• 

· ol tablltt1 is a stage ot partial blook. 

· The bloo4 ~elci,um was not aeoreaaed by tho tnjeo-U.on ·, · 

ot metbyl su.anid:t.n sulplw.te. Uather tr®:t the resul.ts· in'Tab1e fO• 
· tt app.ears the level was_ e11ghtlt. in_ creased. · This may be the 

\ ,·'.,

reaul~ ot lncrea~edaotivitt ot the ,parathyroid glama. SUa• 

m~ (4S) as reported above o'bs•ved that, small. repeated injec,ttons 

ot·gUantd.tn compound.a oaused a hypertrophy and hn,erpl.asie. ot tb.e 

perathyrotd gl.muts•.
.... '

oeiving blo.:>d trom thyroparathrro1deotom1zed dogs, indicate the 
'.'. , ·. ' ;· _'.~ , ' ·. , , ,' . . \_ . t : . I . ·: ; • • ', '. .' 

removal. ot theae glands results. in the , app~arance ot soma materiel 



tn the· blood -to miqh a ·tQlerance csn 'be <1.e11eloped·• · !n.jecti.~ · 

of ·loo. to 200. -c.e. ot this blood caused ·the animals · to show 
-, 

as pronounced challges in the 1rrltabill.ty ot the 'vague ~erve~ : 
'.as w~re piesent 1n the sntmala with the parathyroids 1~s~ed. 

:P.!v!di,nilr, the latter animals hail · developed a resistance or a 

tolerance to thi.s subetenoe;. otherwise, the ·effect ···of the inje~ ... 

. tions of' jttst small :porttona ot tbs se animals' blood would not 

haw cattsea· jus-t; as large s._ change tn tho ·anlma.l.s receiving the 

blood as had occurred in the donors. · · " 

Dog #48 had reeovere4. from· the efte·ots ot the · removal 
Of 'the ,PerathtroidSt its vague poseessea. normal irritabilit11 

yet 'the injeotlon ot 250,· c,c. 'Of its blood into dog il JI resulted 

in tlie ·cbronaxte · ot tb'e vague nerve decranslng from 0.1 ;to o.oG · 

sis,:na. · ·' This would explain why the.animals of Esau and stoland.a

(l.3b) showed more pronounced. symptoms when the. blood ce.folum. de•. 

Or$aaed ' qui*ly, ·axn_ wt,.r I.ttckhardt ~d Goldb~g ( 29) were able to 

slowly, decrease the ·mnotint ~f · oelctum. salts administered :t,o· 
tlqroparath)r.roldeotomiaad dogs. 

· In the animals tn the'se· experhients the chronaite 

ch~ges of the vagus to the heart were ~ry simU.ar' to :•each othet' 

1n the thl'ee tnes or tetany investigated, . The apparent dlscreii-
. . . ' . : , . 

srictes o~ some ot tm pre14~e· wol:'k.ars mey ·be due: to the ·1aok o~
' ) · \ y'

the use of the ehrons.xte inethoa to measure the . irri tab{l!t, ' of 
, · '. . ' . . . .· ' ' : .· . . _·.. ,' -· .· . .._. . . ·, . ,·, . .



tht · tissues, to ,the ~tte:rent· et,:teots ·ot ,lltterent. sizes o;t tlo.se.s• 

to whether· the .. administration ·was acute or 'slow, and t? whetbet.-
.,; ,,;. f ' •.• j. ' 

,tho animal ·was anesthetized tQ~,.a period ot· time before the e°b'-

aervationa were taken, 

The :results of Buchanan and Oanen. published in 199& 
• . . . . .. ,· - .• ·t. ·. i.' '· .1,•· . l.· .. --- , •-·_-_·_, ' _;-: 

(4) lead them to the conol.u~~Olt that ·there 1$ no relationship 
' ' ' i ' . <., -i,, -~f~ ', .-_ ! . i, . . ! : . )

between gu.an1d1n compound.I and: puathJ-rOid tetany · .1:n their et• 
,, ,. ,' ; ! ' 

teot upon · the eleQtrioal ~xct·babiU.t7 ·· ot soma.tic., nerves. . .,

They conclude that gt.tantatn ~-as 210 ~ttfJot ~pcm qt th, 
the· .rheoba~.e or the chronaxiEh 

I 
IJJ t~6U- dlsouss1on ·they state . ; '. . . . ' - . . .'• . ' ' ' '

thay find a slight decrease 1n the -~~~axle following subcUt~rt .. 
! ,I ' : .. ·.. ,; , . '>· . •:. '

eoue ·ad~niatratlons, bU.t tbat large inJeottons .do not effect 
t ! ~- ,/ , ; ,I ·1 ;' .. - '. ; , . , ~-,. / . : ; :: ·_/ , ,_, -~-- ' _', ~-

the ohrona:de. A closex-· study· ot thell:- results -ln Tables Z and 
, • a• ., I,<· ', ,:t ' ' ·)

' ' 

41 and lflgures 7, alld 8 of th,el:r P,aper show that ane.11 aosea ()~ , 

g11antdin etfeot the irr1ta~U.1ty o:t the aom.atto nervett. in 

very muoll thet smne· mann~ as :S.t· efteots ·the .vague naryes, In , 
I , '· •; I• : ,· -,, .· •, ' 

small closes it diminished. the ch:con~•• and in largei:-do(f.ea ~le 
I •, , 

hyper•1~1ttib$.lf. ty glvea WQJ' to a state where the valuee are 

ta.1:r;ly normal. 
' ,-. ) 

Their tables 3 and 4a:re included 1n this papei- as 

'lfble 15, ~d the ev:tdent. co~dition ot their ~llnals has be.en stated 

·by the m tho:r.: In Figure 3 ot the 1r paper tbe no:rmai chronaxle 
_. ' ; . - - . - ,. ;· . ~- : - C . ,. . ? - . ·. . '. . ,: ; ' '. ,_ ,·. /

values ot the nerve to the semttendinosu.s muscle ranged .t.rom 0.01 



to 0.2? si~a. ln Figure ,, ;h~s. nerfe in tb.e, same e.riimal.tol• . 

lowing the adm.tntstratton of gUSllidln salts bad the -~hronaxie 

range of 0,05 to 0.14 sigma w~th .tl:n,. ot the .. taJi readings ~elow 

0,06 $1£!P!S• 
. . .

These obl-onaxie valu.es•following guanidtll admintstr~• 
·Hons were approximatelt one halt ot "thoea in the' .normal stato• 

According to X,apioqu.e a ~rther decrease would. establish ·suft!.cient 
' ' . .

heterqcb.ron.tSJt to cause a block ot i.ndividuai stimuli, PosslblJ 
' ' ) ' '

•, ,' ,· '· . ".; 1 i.· a t ., • ' , .;.,·' \ 

this may_ bG· a more aocttrate 1n~~pretatlon ot their ob13enatlona 

with g'Ual'l'i.a'ln compoWlds,. 

'.t'helr . results upon the somatlc henes ot parathyrold• 

ec~ize4 oats do not ag.r;ee ld.th the results :reported 1n t_hls 

pape~, yet th:1s may be: due to a ditterenoe in .the animals. a;-·.· in · 

the W:Peo ot ne~es ',t'helr first obeervat#,on• were made

24 hom-a toUow1ng t~e removal
1 

of the JBrath,ro1da,·and t~9:~e may

have bse~ an 1n1tlal h7Pe:r-ex'a'1 te:6ti1.t1 d~U1g this ·. intetvai. since 
' '. •. ' ; . . . . . . ' . ,· -.. ·. . . . ,·,

they usea e_ther as tin. eneathetto.:ii ~em<>vins the .parathp-oids•' 

'l'heir result$ or 'the parS:th~oideCtomized a~:lmals' agx''eed 

wi tb. the obse;-~at,1o~a ot ·13ours,itsnon (3a) up.on .the scmati.o ~yltem. 
'· . . . ,· .' • .·'' • • .· ... ' . • .· ., . ' ...'in tetan7 cond:itlonth. In Bourgu.J~ons obser-ratlom one ind.ividual, 

in Which the tetany was ... being indlloed by h1.Pernea, showed en ln• 

1 tlal. deQreaee ot the ohron~xte before· the 1ne rease. Thi• 1,ndl~d-
ual b.:esit~tea in producing mark:ed.h:vpernea and in this \'fay.the 



. ' . . . ' '

probable .~n1tta1 aotle>n ·ot' ·the bu.P~1~ea baoame apparent. ot 
course the scmat.io sNS,tem-and the al1ton~o s~ tern may l:e· et• 

teated · di:f'ferentlyi Yet t\l.tther .research ·may di solosa both · 

sa,atems are . effected aSmU.arly-. 
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COMOLUS:tOMS•

A. The Eftec't ot Ethett tr:pon the t.rritablU.ty Of the Vague N~e. i 
•. ; .. ··· i ·. ,' -. . _· _•. ' .:. ·_ -· ' .: ' ... ··:_·, ·_, : ., \ -, ' .. ·,·,·_· ·: 

1. t~sht ether anestheaia augment$ the rheobase to sane ~x• 

tent, and has ve'r'!J 11 ttle, lt alJJ', etf'ect upon the ohronsxle 

ot the vague nerve to the heart. To cause a marked tall 

1n the blood pressure, the ~tadinss ot normal anint~a 

· under lt.pt ether aneethesla. erEH rhtlobaae • 45 to ao.

vo1t$J.· chronaxte o.oea to o.oo . sigma, using a trequ,nci 

ot 82 stSnlult pet' secon.a fo:r: two seconds, and chronaxie =
o.55 to 0,.94 st.pa with a frequency .ot 11 stbnuU. per 
second.' tor-6·seoonaa. 

a. When the depth• ot etller1anti,on is greater• the rheobase is 

markedly·. h1€,t)l.e~ and .the chronoxte cha.nges very l.i ttle • 

. ~. Long continued. etherization causes the vngus ne~ to the 

heart to have an increased exo1tab1l1ty durins the period, 

uauallf beginning in' l~sa than an hour and oo nt:t~ul~ till 

atte~ the foutll hour. ta.te:i.- a period of approximately 

normal. t.rrf.tab111 developee. 'l1he values throughou, . 

both per10ds are wi tb.1n the normal range ot the ohronax!-, 

' ' ' .

Vegus Nerve~ 
l. The 1r.r1 tab111 t, ot the vagns is 1n1 tlally in.creased tol• 
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l ,owing thE, removal. (?f th~. p~~thyroids::1 the ;1r:•heobe.ee .·

and -the cbronaxle.are _.both· decreased,. Soon·.a:ttei- the ,... . •.. · : .. ' _, ·.. . - . -. -. · .· . . . , . . . ' ' .• ' . .,,: ·-·: . 

· chronax1& ·reaches a val.u~ in ·the d.cinitr. ot. o.Q4 to 
• ·._ · . . ' . ·., ._ ·. I , .. • · • . ' . . . : • '

.oe _sigma, fne vague_ gcetL1n.to a oond1tion ot deoreasea 

lrr1:tab111ty; tbe· rheope.ee rl_s~s., the :chronaxf.e .r~ai~s 

low tqr a ahOl't time,but rl.s~s to the highe, value• o.o9 
to 0 .. 123 d~a ve7t1 .suda,n:i~. Calcium lactate g~von tn• 

uavenousl.y causes the. vague '.l;o be . hyper.-l:rr1tab1e again, 

' and theit.· tn l.argcr ·amo_u.n:t~. reetorea the Ms to· nomal. 

;:rl'ltab:lli t, • 

2. 1hen the -d~tr:a~ kept ~thsrtaea. only during •the:· tlme re-

quired ~o remoye tho _-:p~ath,-roi;da, the vague ·nen-e ,_ bec:omes

. b.1Per•~J.te.b1e 1n ~pproxtmatelJ-'. 6 hour·e, and oont1nues to 

.be ~xoltabl.e during t~e st?se : ot:· trem.or.s until the 

an1mala ara J~-n-, teta.n~ oonvtil;tl<>tt_a. · At this time · tl:e vagus 

is. -deoreasod. 1rt1-table. 

•3• Wh~a the dogs are kept under ·ether anesthesi.&. toil.owing 

the removal of' ·the paratbyro:lds1 the i11crea~ea l:rr.1tab111ty 

ot the vagtls is marked 11)_ ·59 to eo minutes, th• chronax1e 
' -

1s less than o.o&:sigma. _ -~ - Qhronaxie ()f, the vague ne~1'8a

t>t all ·the an~8'.• t~ this ~up, excep~ on.ct, beoame larger 

·ve:_y,!°ijJ suddenly between i and li hQtll's. flle value or ,m 
' . . : ·. . ' . . ; ' . . '

chronax!.ee varied between o.oo end o_.123 st~. 



o. The Eftec~ ot In;teet.lone, of .r.tethyl, ?u~dln· ~ulphate Upon th~ 

lr»Jtab.111.ty ot the tagua N~ve, 

. l~. Por;s given oo •. mgms. C?t '.m~hJ; gttan:ld1n sulphate aubcutan-

eousl,- \vould display 'bradyoara:la in 2 to 5 hours. · Whea·

eth.-ized, the 'V'agd we.,.en hri}er-irrita.ble, the chronax$.es 

-Wel'e between 0.04 and o.oas sigma. As. the muscle tr~ors 

becom, _taiillr marked and·, tha_ .. animal.s somewhat depressed. . .

as tbo result ot repeated .sub®.ta.naous in;Jeotlou ot 
. ,,ii

t:"

~ethyl gU.anld:ln sulphate• the ohronax1es ot. the vagus: 

110.rtree wex-e ~i,tween. o .. 09 end o.135 sigma•.

2. ?.be vague ot an1m&1.s reoelvins 10 to 15 mgm.s. ot methyl 

guard.din. sulphate par lrtlo •. intravenoU31J beoana bne»-
irrl ~ble Slnmedi atelJ!.. · 11'helr . chronsxfes war$ between 

0;055 and 1.oee s1gma1 while before thtl 1njao1;l0ll8 1hef 

•ere between o.o'I and O:,U a1€$D.a. Y.lhen 50~ mgm$• -vre~e

lnjected pe,, Kl1o, sub~tan.eoualy to etherl~ed animal~,'the 

chronax1es of the nerves were below 0,06 idgma ln ' 

za to ~O minute,, ana. the stage ot decreased ir~tabllitr 

appeared 1n 80 minute.a to 2 hau:rs,: ii~o :chr~n~1ot we:re .be-

tween ~•l and Q .• 123 _si~• _ The, 1n3eo-tton ·of ealolum la*• 

tat• i-asulted tn the return of .the lr.dtabi~ltv of the 

vagtts to normal. 

• s. The 1njc,o·Uon ot so. to '150., me,ns. o~ methfl s~enidin 

sulphate per Kilo ot bQl1J wt., intravenously~ oauaea tbe 
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vagtls ner-.es to be bl~ckea· :tor a· filiort t~e. lli. 6 

to 20 minutes, dspendillg on the ·dosage injected, the 

vague would be hJper•itt1ttibiJi Tiu, ehrona::d.es were less 

than o.o& s1!$1a. 

D. The Ett&ct ot the Mm:lniatration ot SorHum Oxalate upon the
·. .. 

lrrltab1litv ot the Vogus Nerws • 

.1. The obrona:d.es of the Vagns -h~es ln clogs, receiving 
' • .

a:nal1, frequ&nt1u rapaa:te4, in travanoua :tn4ecttons o:t 

sodlum oxalate; ~are 0.,055 :s1@'.11Q,·when the ·animal.. di~ 

played mild trom~s. 
,' ,. .-,, '

a. The injection of 30. to 40, me;tte, of eodium. oxalate 
;•;, 

intravenously ie~ Kl:'.1.o• ·caused the ·chrona.J:lee of the 
' : 

l -, ' .,; 

sigma to values betvnian. o.09 Ai>.d o,115 sie,na. Atte:t 

30 minutes the oh:ro:nald.e ot the vagtts was tltO& s:lgm.a. 

The vasus becam, hY.Pet•irr1.table Wl.'11 qulokl.7 lf calcium · 

lactate wns injected, the chronaxi~ was o.oo sfsua• A 

saco11c1 injoctlon. or calcium. lactate i.-estored the vagus 

to normal irritability• 

E, The Xr.rl tablli ty ot the Vague lJer-res ot Pups. 

l• The chrona:d.es ot the vague nerves ot pups we:te low,r 
··~·

than adult dogs, The1 weX\'l between o.,063 and o.o? sigma. 

2• The vagus nerves of . pups were . more susceptible to the et"' 
teote or the removal of· the parathyroids• 
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r. The Relationship of Va.rlous Types ot Conditions That d~ueect 
• I 

1l'etan1 in Th~bEffect Upon the, Irrit~M.11-ey of the Vagus Nette. 

l~ The removal. ot · the p~athyroi~~• the :t.n3eotion of"methyl. 

g\lanld1n sulpha.tat ~d the admintstration ot sod.1um oxalate 

· caused an'. inl tial lncrea$e in the irri ta~111 'tJ ot the ~s 

~erve to the h~art, to1+owed by a_ dooreased. 1,~ri ta~lli v 
when ·the effect -was more pronounced or ~ry sudden• 

. , 

a, '.t'hts deoJ.1eased 1n'l.tabJ11·iV, appe-ara to be- a conditton of 

partial block resu1 ting from a marked heterocbronlsn 
~. .. .:

established. as the hyper•b.'rf.~bili v o~ a part ot , the 

vSgUo meohan!am becamer more ina.rked.

a. 'l'hs. vasus nel.'fls ot etha-tiact animals wete veJ.'7 nmoh 

more susoeptlbie to tJie ttemo.val of the xarathJroidst to 

guanidin, and to tJodj.Jmf oxalate. 

4. AS the oondi tions caused the vasus to beoane ino,reasingl.7 

111Par ... 1t-ri table• the antm.als we~ tn a state whe~e the 

cr!.sia ot Vincent and Thompson {43b) might ooour~ The . . . ,· ;·, 

more sudden the rate ot the development ot the lcypei--, 11'-
rl tablU. t1, the ni<>l'e apparent the Cd.sis. 

Ge. 'Rbe Effect of Inr.U."easing the Blood calcium Level. 

1. 'lh8 1ncreaa1ng of' the blood calcium le'ffels of normal dogs

· by injaotlons of calcium lactate or parath,tmone did not 

effect the irritab.llity of the vague nSl'Ve to the heart". 

2. The increasing ot the blood- calcium levels of thyropara-



thyrol~ectomiztd·4oS~. otdoe;a•glven.m.&thyi guanidil1 
, . su.iphnte, end of. dogs' 'given -aodlum oxe.l.ate· ceus-d the 

1n1 tabll1ty of the vague· to return tcw arda. itES normal 

ve.1ue. 

i, i : 

Xt ls with pleEieUte that · I acknowledge the .constant 

encouragement, hel.ptui stlgga~t!ons•" and critlcisma given ·to m~ . 

by nr •. •· o~. o•. stoland :in the purwlt. of this work .. 
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.· G:ttQUp D, ... Av-eing.o ~-~-----, .... ~• ...... .,.. 
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85~'
.so*· 

Jr: ·-· rt

T. P. ·~opit:v·ntl~o3.;d~ct.or.,w .·. ..... . 
-i~ 110 et110·:i; v1e.s asven thls a.osi 

o.oa 
0.1 
·o.oea 
0~06 
0.055 
0.05• o.os1. o.oa1 
:o.oas .

0~06 
O~l 
0.1 

0 .. 1 
o.os 
0.12 

o.1oe 
0.055 
0.084 
Oi.Or/ · 
0.004 . 

c),073 
_sri_- - f . •- . ~. .l , ·u

:ti1torp1'Jetatiot1 qt Grqupa ·.•tti ~1 C>t tlw ·ttte.b:t.ea and F!.gure~ • 
It. ·NoX'tttnl. Animals '; ' '' " .
B •· 1'08~. ~ltOW~ t.J:ti811-t .;l,ro1pto11s· ,t. · · ·..·..·.··. . ·· .:. .c. . Doe;s -~ tha ~:tase of sl:tgl1i;i ·t~emots ·• 

:Dt . Dogs, ~t;l19 stage, Of petm.w ~011(rU.ltJi~IU1 .+ . , . i . 
E.; Doe;a sno11t1;; .··. follO\ving . mi uttttck :of ·tettm:r oonvuia lons • 

.F~- Dogs,..rnttll. '3.0Ute tn~?md s;qni.ptona . ,:
o. Dogs th.au recovered ,filont tlw· symptons • 

•
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:OOG'S ' nnogrv:tttG Dt003) . FROl;i 
Wlll'H O?AllA~lDlltOJ:fJEOTOMIZED DOGS• 

M&1mnl VeJ.tte a.,. - Inj~cint~11a Aftev 100.- ft() t . · 
l'?her.fbp.se cnmo118lC'!e, ~ont .. < Rha9y>ase 91J."t1()~1etn ·volts _!rt !3l8fill1:-. . ~nt:>1\ ::ort>up ln. vo'lt.s :l.l.1: flignta,t . 

Li 100-, : :O.~Of/ 

n. 1.0$,., , . ·O~il 

0,0,5_9 . 
. ,. ·· 120., o.os ;. < ••

so. · o·.ooo · 

r,--., .. rr~.t··..·. n.·. :.. , ..,.tr.••~•.·""...·~.i.,J.· .:·.··•.·.·.··. · ... ·\·<"o·.·.f"'j_..'~.. '1"4.·. •..:<"M···.•.··.·'"· .·i'•·.·,.,.,i·.. •... , ... "-'"""~i.t;;..c:rw li/. ,u..... u.t..v 1 .. ,.1.1 
.: u!Bf 1~. :q.utJ:~l:PlN fl'ULPIIA1E .- · 

•.'· 210.~

l • ·"/0.
· · o,oe 

·0~06

l'rt>roal V'talues·· of 
· · !)og 's . . . the Vagus : lle~,r9~, 

Mo.•- · RbeobtU.?8 · .Ohl?(,)n~·if:te··

;r11a _1 feet; upo11. t. a agus, 
TS.me !n H.hoobasa Owonnxie 

· -?Kbmtes' 1n ~olta· 1n 13:lgma. 

3
. 5

SA
SA

·t1A

. . 'I 
ia-
4
1 

14A 
23A

...... 155•• 120., . 
a2I : 
h.·" ·. · . .. . 
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-,;..... .
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· Go. · tr ·
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·s...·.. •··.·o··. ·.•..·...·..' ·m'1"'-...:m!l'l.-..·.
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-a·
·~··-V 
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20,· 
5 '

16 
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80 

,20
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GO 
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T~\Bt.B ··~• 
. ' NOI:i?!.ltt. DOGS m~oBtv:tirti ' 
?Afu\.!l:1·IORM~lB OR G.Ato,;um .. LA~tt'A!i:E 

, Dog 1101.,m~l '.Ul.10 Condition of .tlio T:tfas ·•· a1noe 
·Ho •. m.oa.. A:nrtmals. · 1st inject, 

Blood mtoobase 01monax1e~a.. 1n ·volts 111.. s:tmne..

93 
94 11.a 

·:91 10.a 

·so 11.a oa 10,, 

S3 

!iO)?mal .. Pap# (l!tte~ mate. to .94t 95) 11,8 
6 \111.fl.t s ., ~tti,at:110?:Inone 19 • ln?a 16; 5
T\1onty . :f~VeJ · ..• ltC>~11<~l.a . " - . l.1.;2 
8 .·· m1ita.1 Po.ttathormo11.o 1th Ii%'s • 14 ~3 

O:tven .Oala!tmt· ta<d1ate
U 'tl n

l.00 •.. rngzna ., tntvaven. 
!Iorinal. . ooo •.. mg,L~t • :t.'tlti,ave11. ....... i. ·t --1 

,,,·,

·<::1t,O'Io.o, o.oa'a o.oe 
0.07 o.oo· 
0;074 
0 .. 07 
0;094 

...,._....,.....,._ _....~-................................~_.....,........,.....,.....,.............,..........,.....,.""'..........~~-,......................""""""..........J""""""'........,.-:-,......,,.....-.....
Dog no~al Tho. Oondtt:ton .·of· the .. _ Blood. Os.· ).teer R11et>bas$ pwot1axla 
·1·10. Bl •. Oa ,An:t.n10.ls•u!gn1e·,L~je_oted .l d,f 2 d., et/ter ftn volts tn sigma_, 

I ,, <

10.~ o. Ma,ax. dUro:1115 4.-0 b:f.s :to.a :to:,a 1;2,s as. cn.Laot·• .111traven;. · 1s.2 
· · 104 10 • 9 . lVO • lia tOx,dttt'!ng . 3 de:ya 9 ,5 

.. pog is a:tQk, ·~ vain~ted,. · · , ,

· .102 10,8 
CtUoiwn :taoti.1nt11 nv-en, 
l,2Q Ua. Ox,.:wlth 1118(}.lS ·•··. fh2

81 

. 90 

100 . .rin. . Qjt_, $nj .. in~iJavan. · s. 
Sa1::!:t;at:ton1. convulsion, · 

12.0 Pup •. ao.:··na.,·ox, 
100., Ga~ Lnatnto 
80 • Ori.~ tnotate 

. e.;:,
:JUliU 
.21; 

" .. : :· .. •.·.: .- ..:.:,_,_.··_. •'_ . : , ... _-,·_, . . ·:. _·, .. ·· .. _ ............. _, .. ,•--_-- ................. _ ............... , .·.. ::_'._,-,,. __ · ...........................__ _ .,..____...........__• ..,........!lllij\5,,,...... llllil!',_..., .

40, fTa. o.i. ..: .... ..., .. ,.;~~ .... -~ ..... · ... ..,_ 
thirt'Y' m:tnu.tes late%' .,.,,.._.;..,,.. ..... 

ss. 

O.•Olj'8
0.115 

,;0.07

t0.055. 
:0.074 

0.056 

' ii·:,··_-,-_·, 

t:. This oolunm of blood. oa:tei,:uns . v1$~a ._·. dotavm!ned. an tlle dogs, 
whon tho nn:tmnls v1ex-e e.nasthatized ., 
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~OPARAT!ttROIDECTOTuTlEO DOOS 
· REOEIV:tlTG 0/~LCitlli. L.A~l~E • . 

e.,. * ·,v,r;. .:9., n.v .1;.ri.-7 
.96 1i •. -
95 1.1.s --

- -, -·-~n. 11 ·:t4\.-f; ,

! - ~=:~::~11:~s ., r•P +111
11.4 10.8 11-.·G: 10'.:6 tt-.9 s,.~ ~-8* - ':9• ·· :(I, B'., 8~3 9i$ -. ., -.. · •. . . . -. -- .··· '• if.1~~5'· 

• 11.,.1 1.1:$ •. e:;tf~ r,;t; 1,.s ~,.:: a.a 
u.~ n; 12.. ""' ·n. tM; · s; • G•5 ···""" ,,Jt 
-u.s 10.a th4 :• ,v·.a ·s.flt ;<$;S 'f/iB ,r.-, , . .,. ·,v..'. lf1o;·v-·. 

1, .15;,; 106 11._ •. _ 

:22

,63

. 11·J13. :
•~-~~--,-~.~- 13-days·>nftex- ·tl~~(ltlit,l?otdecto~ ............. .- -

!t ·lll&VJl,• Oal.cf~um: ~ate:~o . !)e~: Jt•· . ~tl-'faVfj~~l.'U- -:·1/: 
•-~...........~--..,, I.iormfll•--------~-~~--•-•~""",..~...~-.-......---.,-----------~-.~
- - -2. -h<:>tU?s ·after, t~~pm.1ath;r1ioidectonw •· ~-.-.-~-~~-

20•..- mgms:• .Calcium Lac,tnte-pex,: K., !.ntrav.enously- #

* Oalc!unt Therapy-BtafU.teli -~ i i -
-:/I Gnle.iunt Lo.ctn.ta _. ~jeoted · 1s . :to- 30 · m:imttes P11eV!ous; to Readings, • 
-• ; Sodftun_ Oxnl.ate injected intravenou.$1:y , •. 

~, .:... • f 

I . CJ1 
en
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. ·. lti~o$'i1i bQciy' \~t>•~·. : · '.Bl:.·· Ga.· i,n·: volt·s in. slgmai 
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1. Seventeen thyroparathyroideotomized dogs. 
'2. Three adult dogs injected intravenously 

with sodium oxalate for 2 to 3 days. 
. 3. Eight adult dogs injected subcut. with 

sulphate for 1 to 4 days. methyl guanidin 
4. Five adult dogs injected intraven. with 

s M G s6 to 15 ~. o~ ••• 
5. Five adult dogs injected intravenously 

with 50 to 150 mgms. of M.G.s. 
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- 1. twenty :five_- . normal adult dogs. 
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4. four etherized adult dogs. 
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1. Dogs receiving 30. to 40. mgms. p~r K. of Na. Oxalate intravenously ; 

2. Five dogs given small guanities · of methyl gu.anidin sulphate intravenously.· 

3. Five dogs .given~: la~ge r:_gua.nities o.f methyl guanidin sulphate intravenously. 

dogs given 70. mgms. I\f.G.s. subcutaneously ; 

• Two thyroparathyr,oidectornized pups 

'7. Six. normal adult dog,sq • 

Time 2 A. 6 
in hours. 

Figul"e 3. The e:tfec-fj3 of sodium oxalate., .methyl guan.idin sulphate, and the removal 
o.f the parathyroids on the irritability of the vagus nerves in ·.etherized dogs. 
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ShJ:h~cd1f eolu.rnns • the time . in which hyper-irritability developed. · 
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