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INTRODUCTION.

; The cause or causes of the symptoms present dué to
7 deficient aét&ﬂty of the parathyroid glands have been the. gu*qé,
Ject of investigations of meny workers from a 1arg§ number of .
difféz:_ent angless .Wifhoﬁt going into a complete review of the
literaturs, one could briefly surmerize the theories as to the .
’cause‘s of the symptoms as follow.a:
l. Lack of calclum ions.
gD Abmrmal phosphorus matabolism.w
3. Inorganic ion theory.
4;. Alkelosis theorye
5. The accumulation of the compounds of guenidine
6. An interference of the smmonium ﬁétabo};im} |
~ In 1918, Burns ’and Watson (5) observed a modiﬁéd dr-
ritability of the vagus in animals with the parathyroids removeds
In these experiments the ob;ject,hae been to compare the relation-
_ ship between thyroparathyroidectomized dogs to those «1n3eated
with methyl guanidin sulphate, and to dogs with altered ,oalcium'
mefa‘oolism by observing the irritability of the vagué nerve 1o

the heart by means -of the condenser discharge method of Lapicque.

ole
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HISTCLOGICAL REVIEW.

‘I'ha parathyx-oid glanﬂs were first deacri‘nad by Sand=
strﬁm 1n 1880 (8). It was nat until .1891 that Gly (8) and 1895
that Kohn (34), working 1:1 separate 1aboratar.tes ahowed quite 5
'conclusively that a functional indapendenca exiatad between tha
*ahyroids anﬁ the parathymida. Theydaservad the tetany and the
acuta death resulting from thyroparathyroideetomy were not due to
th_e removal of the thyrold gland, but were caused by the removal
of the parathyroid glamls.

Obfsermtwns upon the phys 1ology of the parathyroids
have supplied an sxtenaive knowledge of the type of symptoma
which appaar in an:lmala With deficient parathyroid activity.
Described by Paton, Findley, Wataon in 1916 (36) and obsemd
many times since then as wel:!. as previoualy, -hhe enimals ahoweﬁ
muscﬁ,zlar tx-emora, 1noraaseﬁ salivation,cf ayspnea, and smatimes
vomited; the symptams 1ncreased 1n aeverit‘y until oe-ordination
was aifficult and muscular convuls:lons and tatany accurrad;
the animals usually died as a rasult or one of ﬁbe tetany Spasmse

| Many theories have baen advanced as to tha cause or
the appearance o‘f these symptoms in pmathyraideetomize& dogs.
Tw; of the more accepted tﬁeoriés ére the }smptoma result’
from: 1st, the deeﬁre&se in the'blood caleium content; and, 2nd,

the acoumulation of toxins in the body.
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The parathyroids do have an importent efféat ﬁpbd'the
blood ealcium mel‘, In 1909, MacCollui aﬁd“%agmn (32) fowna
tha blood ca&eium decraaaed markadly following the removal of the
pg:athyroida. Many aorkera have sinca substantiatea this obzervas
ticn. Parhon and Erache in 1907 (35) follcwaa by*MﬁcCollum and
‘Vhegtlin in 1909 (52), Luckhardt and~solaberg in 1023 (29) an&
 Salvesan in 1923 (59) showeﬂ that parathyr&idectamizea d@gs cauld
aba‘kqpt‘free f:om.symptoms~by ::aqnant}aamingstrationa of seluble
‘bélciu$'sgita elther intravenously or in larger quantities orally.
Irrgéiatad_ﬁrgvstérol end other substances rich infvitdmin D,
have beeﬁ'usaa auccessfully*in‘t@e»ﬁrevantiqn of the appearance
of the symptoms in parathyroidsctomized dogs by Brougher, 1928 (6),
Greenwald-Gross, 1929 (20), and Demole and Christ, 1929 (10)s
Extracts of fhe Qé;aﬁhyraih glands brépagea according
‘o the methods outlined by“c9i11p”in 1924 (9) an&fﬁansanfin 1926(8)
are very effedtive 1n”r§iiév;pg_€ha symptoms resulting from' def=
iclent activity of 'mé fpeifﬁthmida and raise the blood ,_céiéium
devel very actively. Thé‘diﬁa@pearanca of the symyto@s Qgéurred
.68 the blood caleium increaseds
| &ié 1ivéaﬁfgﬁtions of thavgffeat §f de£1e1ent parathyroid
sosivity upon the blood caleium Fesulted from the observations of
J. Zosb in 1901 (27) anmd MacCollum in 1905 (31), that the in-
jection of salts that precipitated caleium ‘éausad muscular twitchese.

Bouchaert and Colle (2) observed that tisaues placed in diminished
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concentration of ecaleitm beceme mora irritable. ‘More recently
Lapiogue and Larder (14), in thelr observations using the rheo=
base and the éhrbhaﬁe'as' in&ida‘&érs‘ of the n-ritabiiit‘&? of tis~ -
" sues, report that increasing the cgiieﬁm deéreaéee the 1rritahilﬁy
thaﬁ is J.ex;g'.lzheﬁfsﬂz_;m dhfomaxi’é-’

These ebsarvafh\iéhs show that the parathyroids exert an
iﬁxpérﬁan‘l‘:' effect ﬁpéﬁ calcium‘mafabolisﬁ, and that thé s&mp%m:s
which devéldp following th;yrcpam&hyr“aidaetomy‘méy be ééiel&ka‘r:
partly due to ‘t:ha altered calgit‘zm ‘nietébol:lsm& Tiuch evid eh&é-h&é
been presented in support of ﬁhe }bheory that the perathyroids
play an 'Mpo;-tant rols in the }prévafxﬁoﬁ of the 'adéuni_uiatioﬂtaf
toxins in thé bodye

Tha results of ?a*bon. Finﬁley. Watsons, and othem's,
publisheﬁ in 1916 (5&) shomd that ’chere wms B closa raaem‘blance
‘between tatan:la parathyropriva and tha te’bany ot aed by guanmin.
'Previously Koch in 1012-13 (32 23) ‘found an increased amaunt of
guanidin in ‘the urine of dags fonowing the removal of the pax-a-’
thyz*o.ids. ‘Burms and Sherpe ‘(sea) :.n ;916,- and Paton and’ Sha_rpg(sﬂ
in 1926 report en hﬁzraué in the ‘guanidin in the biood‘ of paras=
thyroidectomized dogse ‘Gre‘anﬁ;la (19) was unable to'fiﬁd'van‘y in-
‘erease using ahdifuf.“erént test for guanidin. Iuckhardt ané Rosen=
‘blooﬁx,’ 1921 (20) were a?ie to ieéuce ‘or prévent the totany symp-
toms in perathyroidectomized dogs by'iﬁﬁravenbue injections of

Ringer's or calcium free Ringer's solutions into dogs fed on a
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mixed dfet, rich in meat. ﬁ‘h’ey:wnalﬁd'éd ‘the ci:.llnre‘sis,’ resulte
' ixig i":‘oﬁ"the injection of the. Hixiger'a solution, i'eiiéveii; the
enimals due to the increased é;immaﬁbﬁ‘df‘ toxins through the
g kianayf.
 Sumsen, 1926 (42) observed that small repeated injece
ﬁ,ms of gﬁahidin»ca{xséa a hypartmphy and a nyp'erplaisia Qf'the
parathyroid glands, and a déoﬁéaaé of the size and mumber’ of
' fat droplets within the g};ancllé.:
A dlet rich‘in proteins’ shortens the length of time
‘until the sppearance of the symptoms following the removal of
tﬁa\p‘arathymids,' and the’ sympténns are more severe, Dragstedt,
1922 {11) reported that parathyroidectomized dogs could be kept
alive indefinitely by feeding them a lactose diet. He concluded
that pér_‘athyxmd totany is due to the absorption of the toxie
substandes formed in the lower pert of the digestive tract by
" the action of proteolytic b’a::t‘eriai on the proteins or their
split products end the decremsed sbility of the anmimal to des
' toxify them. Tsed and Heu in 1929 (43) report that the removal
of the lower part of ‘the 'digieaiivq tract does not d'elay 'bhfek ap=
‘pearance of the symptoms following the removal of the perathy=
rotass | .
Secker (40 S reported a fall in the amount of glucose

and onlorides of the plasma as a result of guanidin edministras
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tion. He concluded that guanidiwz 1ncreasad the permeabiliw of
the tisauea. Tha work of &’m‘t.amabe in 1918 (4&) and that nf ’

Frank, Nathman and V’agner 111 1926 {53) mbatantiatea ‘bhe hypo—
glycamia follawing tha aﬁm&nistrat&en nf guan&ﬁin cmpaun&s; -

vmatever causes an increased permeahility tends ‘to

S_..nzmea an incmeaaecl 1m biamnty was shovm by Lapicque ané. co-
morkem (14). Paten and coe-worke&s (:56) ham shom tha'b any
marlce& aaerease in *bhe amaunt cf parathyrnid tiaaue or tha ad-
ministraticm ai’ guaniain compoun&s cauaad a marksd 1ncrease in

_ the electrical emitabnity of peﬂpheral mator nerves, ana _'

‘ scme mcreaae in the 1rritability of the pm'ipharal sxalatal -

:m‘,“?";&s? but chiyetly &e efferent neurones. . _They conqluded
the s;lrmpfqma p;odnce& :by thyroﬁar&fhyro@dégtqmy and f;hosé prQQ
duced byvﬁhe ’adz(ninistratmn 'of the salts of gumlldin’ are iéén—», |
tidél, and thaﬁ are not ‘dne prmmly 'bé any dacréaée in thé‘
eonatimenta of the bo&y, hé. azaleium- ‘Thesa mrkers maintain
"the parathyroids regulate the metabolism of guanmm in the bedy

probably by a homone, end ‘by doing 80 pmbably exercise 8 con~
troling sotion on the tone of ths musclea. Their conclnsiona |
of tha 1norease in tha alectrical exoitabiliw ot the nervea
are baaed mainly upon ‘hhe K.C.G, and the K.O.C. using mill1~

_amperes as an 1ndioator or tha intensity or tha stimnlus ra=- |
quired to eiuc:lt a response.

Burns and ‘Fa‘bson in 1918 (5) fnund that a deoreased
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ac*szvmy of the vagus mx'-w éémmd mmmg mtmwnm m»
Jections of gnam.dm mﬁkm oy artex* the removal of tha p«xraw “
thyroids. The aaa’& ﬁf the Mtian secmed to be ot the a.mapsta
ﬁmt and then at the terminel endingss The anim;,a glven the
_‘gmm;iﬁiis palts &hmaﬁ ’tha nore preumxiead am'emm, 'In 19128 :
swlm snd Potter {41) observed that when the mthyl guanmm
,rmlphate was piven wbwﬁanamam the :rritahiliw af f:ha vamm
was inmaeezd as maauraa by an fnduo tormma Ag the ei’reat, of
the manidin boocme move pronounced the irritability would
t}wu bo decreased as found by Burns omd Vateon (S)e

In thaw experiments upon the irritamnty of 'biam:as
following the injeot&nn of gusnidin snd after the removal 0: J
the pa&at&ywiéa; miy the intensity required to olicit the ree
sponse was monsured and tiken a8 an index of the irritability
of the tissue. Actording to i{atm meaa {28), = stinulus mst
be of o sufficient ﬁme duration as ggsjli as be of awfﬂeﬁieﬁt
intensity to cause é responsa. Uai:i@é' eleotrical ourrents and
sorking on. this hypothesis, Iucas (28) developed a mathoa of
ﬁ@m‘atmtmgﬁ and measuring both of theae requircmonts,

waller {17) employed cbnﬁanaei-a for the messurement

‘of ‘the 'taima" a tiseue maﬁ bé stimulated to result in a response.
Yot ﬁ: was lapleque, quoting Ef'}iiton {18), who was instrumental
in the development of a dependsble end ﬁngnmté method of measure

ing the timo interval by the use of tho discharpe of c-maenaérag
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Lapidqué has formulated the words rhe‘bﬁage and
chrondxie ":tc’ designate the strength and time duration of ti\xe:
stinulus negessary to elicit a responses His definition (25)
of these :pems\a;-e: "the r};ao_baae‘.ipt that intensity of a confs
stant cmfrqnt closed instantaneously which will just ﬁvx:é:l:’ta -
1f 1% 15 contimed maerinitgly; the chromaxie is ,ﬁ;‘afs time
dig mnjrgnt'fllm required to .r'aé}ult. in-an excitation whe,z;;thejb
intensity of the current is just twice that of the _rnadiaase;’/ :
' Using apparatus similer to Iapicciua's as desgribed i;‘;r

Fulton ( 17-18), Buchanan a@d Garven in 1928 (4) report thetr

" observations upon the rheobase rnd chronéxie_ of ﬂ;e, sciatic
“‘xie\r'ig“'e in tetany resulting fram thyroperathyroidectomy and in
ﬁatany ceused by the/admims‘kraft;en of guenidin salts. They
found ?bhaf there were yé’riatiogs in the rhedbase and the phfonaxie
from one day to the next, though the rheobase flmctuated more
markedly. Methyl guanidin ,sul}pvh‘a‘be‘ caused no change in the
rhecbese and a elight :f'all in the chronaxie of the sciatic nerve
of cats, ,vzhiie following thyroparathyroidectomy the rhebbase 'd_i-
miniched end the ‘ch:onaxia i‘n}creasaci. These results differ from
those of Paton, Findly, and Vatson (36) mentioned above, ;;nd:
lead them to conclude the two types of tetany were not closely
related. |

 In 1925 Bourguignon (3) in his experiments upon men
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found that i#lparét};yroid deficient individuals end in cases of
v_ngtiﬂéial ’;setanyvaaused by Jhyz‘zarz‘iga; tﬁé énéet Qf'i;‘etarlzy was ‘
prece.. ae&‘hy a lengtﬁaniné of *i;he chr@néxias ‘ef ﬁhe 'sii:eletal
Amuseles zma their motor xwrves; the increase being rar mcre pro-~
}ngu’nced .:tn:tha nervess Iu one case mﬁ‘ tetany frcm hypemaa the
1nci'easa of the ehrbnaxie wasg pmc;eded by & ﬁecreasa;. 'rhis;
‘inaif;i_dual would not br,eﬁathé &aép ami ‘mpmd eﬁough to induce an
_attack of tetenye

| In 1920 Ghauc‘hard, A and Bu, and Gzarnecki (?) found
the wriﬁabﬂ:ity of the sympathetio nerves were leaaened during
‘ tha atage of tet;any follawing the removal of the parathyrnma. |
| These rasults taking the chron&xi.e aa an index of i:r-
r&ta‘bil&ty, show a deuraaseﬂ 1rr1tab&11ty cf t:l.ssues occurred
’.following the removal of the parathyroida. '

The erfacts of differen'b types of tetany upon ‘bhﬂ ir—- '

:.ritamli*ty of the vagus new "n terms of rheohasa and ehronaxie’
have been, the subject of inv;atigation by ‘che author. o

In orﬂer to use the rhaobase aa:i chranaxia as an ace
curate index o:t' irritabilityt many factors must be kap‘b constant |
v.hile making the determinations. a

Adrian (1) and Lucas, according to mlton (18), found
the chronaxie varied with the size of ‘hhe atimulating eleatrode,

increasing the size of the elecmda resultea in an increased

~chronaxie value. ILucas, Adriah, end Lapicque as stated by Fulton
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(18) ana Adrien (1) observed that only vhen the clsctrodes were
separated from each other by less than 20 mm.’ aia;me:ammcg
separating the electrodes 1nfluez‘jxée‘ i;hes ehrbnaxie'g Rughjbbﬁ,in
1927 (38) showed that the ‘rheobase %sriea, inversely with the
cosine of the angle formed by the electrode and .the pdth of“th@
eurrant through the t1ssue, the greater this- -angle was, uhe |
larger” the rheobase would bes The length of time 1nvelvad for the
establishing of the flow of current effects the intensity nece
@ssary for excii;étian as stated by the TuBois Reymona Lam

Lapiequa (26a) showed that increaaing the length oi‘
tine requim& for the eatablishing of the current flow resulted
ina larger rheobase, .tf thafbvxength of time was loss than tan.
times the chronaxies |

Buchanen and Garven (4) stated that ethor enésthesia
had a marked effect upon ‘the rheobase and ohranaxie of tha
skeletal motor nervess They found that the eﬁ’ect was an 1noraaaa
in both' the rhecbase and chronaxie during the anesthesia. mer
the withdrawal of the e'hha'r,"tha ‘valuas:ra’mrnea to ‘ﬁorm‘ai in B |
to 8 hours and than fell helmv normal for & i’em hours, but they
‘had returnea to’ normal always 1:1 ‘Jess than 12 hours after the
withdrawal of the ethsr. S | S

Fa‘kcn. I‘indley and aa‘tann (.:6)' found ather caused a

transient increase 1:1 the alectr&cal excitability 01;‘ sl'eletal
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mo;i;arrﬁewes fa-llowed hy z'i pragresaive ﬁedx‘easm

A review of the literature {14) showed tha relatione- '
ahip cx‘ tha chronaxie value to tha irrita‘bility of the ti ssum
'I’he quick acting and 9»“1@1‘.09?‘3?19?@3 tissues have small _ehrany
axies, while slow acting tissues =zuch as smooth muscle have
large valuess

: Skelotal museles and their motor nerves have the same
'ahs;oﬁg_xs.e values ‘shown by Lapicque"(aﬁ) in frogs and Bourguignon
(3b) in men, The work of Kapicay}a (25)' ‘sﬁbwad,that asny cond;,‘n:;
tion or drug, which modifies tha ;ratio of 1 to 1 that ‘e_x-iéi;s‘ bo=
%weén the neurone end the musalé it innewétaa, results ina |
blocking of aingla stimuli at the synapse, when the effect ls suf«
ﬁ,c&ent to change the ratio more than 2 to lorl to 2.

With this means of measuring irritability, much informa=
tion has baen gained concerning tha auton@ia nervous,syatem,‘-’as
summarized by Frederiek in 1928 ‘(M).. He quotes the results of .
Fradaricq, {l6a and b), Lepicque and Veil (26), and . F:leld and . '
Briicke (13b), who have shown the chronaxies of. tissues 1nnervate:i
by '!;ha vagus were decreased when thevvagus was faradi_zedy Fredeor=
fcq (15) has shown that stimulation of the sympathetie ;16;1.‘31;11;.
ened the ehfonaxies of the tissues immervated. Drugs, axéapting__
quinine, that have the same action as vagus or aympathaﬁc stimus
lation or blocking, produce the same type of ‘changes: in ths

chronaxies of the tissues as faradization or blocking of these
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nerves caused, as sumarized by if:t"éﬂéfieq {14)s

Measuring thé ahroz;yaidle‘s of the iri@odilatorv and '{:l.:i?ido.
cdhs&ictaf nerves in déga; { §e:t_§.»an& éabhits. Kleitma#and Chau=
chard in 1925 (21) found the chromaxie of the postganglionic "
‘ﬂbare ’were ’shorte‘r than the chroﬂazies of tha pmgahglionié..
The fasﬁlté of others as suinmarizeidvﬁy Fredericq in 192& (‘14)5.
show tha chronaxies of the nerves of the eutonomic nervoua sy&taxn
are very much shorter then those of the organ, A eondition of
ﬁeﬁteréﬁhfoﬁim‘exiéta;wﬁi& éi@iaiﬁts why these nerves reapon&‘

‘only to ‘repéate& _i‘aﬁmﬁli.

mécawmon or mm ' APPARATUSe

The ap_psxataa usad in these expariments, see diagram
“1, 1s assentially similar to that desuribed by Fultcm (18) as
uaed by Lapicqua and others, rror the earlier experiments»the l’
range was 1 to 270 voi'ts in the dbndenser cireuits 131:91‘. by
means Qf a Variable transformer with a ractifying tuba eonnect»
ed to 110 volts £40Cs current, this was mcraasad ob%aining an ine
t'ensity from 1 to 800 volts. ‘ In oraer to’ proviae a s'haaay unh
form cwz'ren‘b, a condensar pack of 6 mfds, capacity was piacea on
the D.Cu side of the tubes ' |

An ‘electrio tuning fork waa usad to smply stimuli a&
. the ‘rat‘e} of 82 per segond. ’lo tha free ond of the prong and in-
sulated from the balamoe of the fork, a copper contact was fasteneds

This was connected by a flexible wire to the variable condenserse
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~‘1’he’ yron’gnf tha fork: ;'m vibrating through :H:a aerc¢ of Be mm» would
_alternately charga and dlschaz'ge the condenaers by mak:lng and then
broaking the electrical contact between them and the lead from
ﬁhé“I‘EJ-M‘Fq _ sou%éa at. Qné :ehd of its sj:?ake, and tﬁa lead] to the
animal at the other end of its S#:;Qkﬁi‘ ‘These two leads we:lrékiﬁ
, shgpg‘; they would then bend‘ somewhat at each contact ali‘i.cwing‘aufu
fiéienﬁ tine for the charging or the_ 'aisehargi‘ng of the ‘, aén&éﬁga:s.

| An electric interﬁup‘ber of similar cons‘;trué’t:‘&axi::ﬁéis ‘
used in a fow experiments to suppiy stimall a‘k the rate of 11 per
secbm‘i., :

| . The length of time that the stimuli were sent to the
.anixéal was two. seaondé, regulated by an acljusta‘ble speed, revolve
ing electrieal contact whesl, placed in the circuit between the |

condensers and the constant large external resistances.

DESCRIPTLON OF HMETHOD.

Bther anesthesia was used during these axiga:iimsnta.[
The trachea was exposed, a eannula inserted into it. and cone
negtod to an eother boitle whera by means of valves the emount
of a’ther adminiatarea could be regulated end then lefé. cons-kant.
The left carp‘!;id artery was connected to a bload preasure racc‘;rdm
ing apnpara'hua,; The :'vagus fw’as then vaxpvséd and the equt:pdeg .
placed upon iﬁ. These were npnépola;‘izing silver cixlqri'de coated

silver electrodes of 0.3 mm. dismeter, placed in a bake-lite
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ehield,; whlch kep'b theizv contaat with ths ner'va eonsﬁant and
’aiways at a right angleg 'I’he distanaa aaparating the mzode and
tha"cat.hoda was always 22 ‘rmn‘e“w:_th -the Al\atter‘nearar ’jcko ‘-b'he‘

__hearta As a pﬁeeeut:&eu égalnstlpchﬂzéﬁieﬁ the curreni: wa’a' T
versed after eao}x series of stimulationa, thereby reaoating the
electrodes w&th silvexr chlormm

, m irritebllity of the vagus was determinaﬁ, taking ag

‘em?index the fall of the blood pressure. The vagus was b:ﬁocked
cantrally by pressure, only during the time that detaminatians
were being mades In the last few animals it was i‘ouna that a suf»
ficient block was established at ’chq anode by enodal electro=tonus,

80.the use of pressure was diseontinueag :

RESULTS.

Ether an&é;t}:es_ia, .aa"cordi‘{xg. $0 Buchanan and Garven(4)
exerj;a a marked airraat on the rheobase and ehrcnaﬂa of skeletai‘ :
‘motor nervess The method usea minimizeﬁ and kept mnstant the
influence of the axbesﬁhesia as shown in the results given below,

' The dogs used may be clagsed into fiva d_ivisiox;s‘:} o
Group I, called Control Dogs,;'whi‘g‘t; wazfe uged %o c}_aeck,ﬂ;ajmgthéd
and the effect of the ether an esthesia; . Crow II, 'pargﬁhyi:qi‘.d v
doficient dogs; Group ITI, dogs given ;zzeﬁhyi guani,&in_ sulphate .
elther subcutaneously or in travenously; Group zv;' dcgs glven



sodium oxalatej and Group V, dogs of the preceding four groups

that were given calcium lactate or parathormones

Group L. - Gontrol Dogse

‘i‘hﬁ.ﬁ‘gfoﬁp' is coinposéﬁ of forty-f&nr' &ags.7 From
Table I, 4% is- apmrent that ligm ether anasthesia does not
markedly effeeﬁ the irritahility 01‘ the vagus nerve to the
heart. 5 In i:ha twe:xi:yufs.ve adul'h dnga. with light ethex. anes-
thesia. 'bhe rhaobase readingas variad trom 20, to. 150. volts with.
an avarage of ‘74. volta, sed Table 2% The ahronaxie valuea of
23 ot’ ’bhe 25 numal aault dogs were between 0.068 and. ca.as sigma;
and two were above this “anga, 0.11 and 0,12 signae Therefare
tmder :ught o‘thar anesthesia. the nurmal chronaxia value of
the vagus nerve *bo the haart of the dogc hag baen takan ta lin
batwean 0.068 anel 0;09 signa, whm 82 ‘atimuld are sant to the
‘nervva per seeona fm' an interval of two seconds. In a fow
animals nsiug 31 stimuli per aaecmd, the normai value lies bee
tween 0.5 and O.'M aigma. - e |

In two dOga undax loeal anaasthesia (ngvocain) Tabls I,
the rheabasa average 78+ volts end the ‘cb,ronaxi.e 0.077 sigmaj
and in two ,deoqréﬁ:atéd, @ogs,. Teble 1, the reééihgn'were 90. volts.
and G.O?dr sigma, tﬁiﬁy lsxmra, after thé withdrawgl of the ether,
The reddings under ether axiestnéazé mantianed gﬁg:{e,-]ao not differ

mz_arkedly from those under local anééﬁthesia or of thﬁge decerebrated.
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The effect of varibug‘;degz‘eaé of ether anesthesia N
upon the ‘irritability of the vegt of ‘dogs is shom by the date
in table B, It is very appareﬁt ‘ﬂ\a% ths rheoi;ase 'valﬁéé wers
marksdly 1ncreasea anﬂ the chronaxies were not aupreaciably changed
whem, the depth of the ather anesthesia was ineroaseds Allowing
| the animal %0 beecaue lesa deeply anesthetizad, the rheabaae again
'mturned to the former valum of tht anesthesia. :

The erfwt of the ether on the kritability of the
vagua mrve vas further 1nves‘higa‘ked by taking rea&ings at vare
‘ious 1n+armls on fcur dcgs over a period of eight hours of cone
tinuou:s ether anasthesiag The results are tabulatad in Table 4
and averaged and charted in Grmm 4 of Fipura II» _'The cx;ronaxiea
Jand rheobasa deereasad inthese animals for the first rcmr hcmrs

80 that‘rthis time the ahmnaxiea were near the value or the 1aw—

hours aftar the start-

aat cbronaxiaa of the 25 numal dogse '“likht-‘»
' ‘.mg of the othor aneathasia the ehronaxies of the vagus nerves of
these acgs were as high or higher than a*l: any praceding time dure
ing the eight hours, yet they vere not shove the range of the
normal control dogse e

Comparing the data of $able 1 with that of 5,and Crowps’s

2 in Figure 2, pups are found ,-ba': have mﬁré irriteble vagl then
adult dogse Of the five pups under: 3,:.gh£;_ ether anesthea_ia. four
- of them khave chronaxie readings below 0.07 sigma,and three of

" these sre less than 0,088 sigma, which was the lowest reading of
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the twenty=five adult dogs. . The four rat terriors which were .
‘litter mates, had unusually high chronaxie valuess - The vagus -
nerves of these dogs may have been in a state 6r’ hypep«irritas
- bility even though the chron.aki:es[waré iarge; due Zoi é partial
block esdmsed ~- evidence is pm;e.anted. belows

Group I‘.{a. }?arathyroi& Deficient mgm

This group of animals are of two Wpese mgs on which
, fhyxfpparathymidac»my was performed,and doge remeivingbloo& from
3 thyroparathyroidectonized dogse
| The 1rr1tabil:1‘hy ni;“ the vagus wes determined upon
f thirty*tw dogs at varicms tima intervals following tha removél
of tha parathymias until recovery from an attack oi‘ totany had
occurreds Of these, seven were glven caleium therapy, 'Ihree »
. doga received injections oi' b&ood from, parathyrozdeetmnized dogs
in various stages of parathyroid dei‘icieney; |

~ The early effsots of the ramoval of the parathyroids
upon the irritability eof thé vagus was observed in six dogss
The data is given in Table 6, and their averages afa charted in
Group Oy Figure 2+ Thirty minutes rﬁl;awing the zz’;amoml‘ulr ’th;a
parathyroids under ethar. a#aaf!;hetsia, three of the six qo‘gs#aa,
/66y and #60, had c¢hronaxie readings less than the lowest normal ,
control dogss. In one houé ail but one gave chrongxie raédings

of less than 0,068 sigma, the lowest nomal values At this time
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‘the rhoobase intensi tiea fm' a &nall and a big fall in the blood
_prassure are very close %ogether. | i@omally thay differ fran 30
0 50 or more voltse This sh@wé‘tha{'tﬁg héﬁrbnés w'i*‘éh the
‘hi‘gﬁar i‘rheoi)a‘sas wera evidéntiyl’xiﬁi"g éﬁéctem '

A:E‘tax' 20 minutes, thrae orf four of the dOgs,, #60, ﬁﬁl,_
and #6064 showed either a blcck or a deoraased 1rr1t21b3.11‘by,
pas:aibly a mrtiai blaak. In *bhe nmfmal control dws this aa-
‘m:'easea &rritability manifaated itsalf onl;y after eigh‘b hmms.

In two dagea, Tabla ’7, }‘mgs #58 and #74, the parathyr&ids
were removed under a local anasthesia, and after six hours ether
‘was .glvens The chronaxie wa’ref o.,ee and 0.1 sigma. Bradycardia |
developed in "tfm’ one with tﬁa'b;rparnéirritablé va’gﬁs’ Just éfiorﬁiy
bafore the ether administmtian was s*hartad.

Two pups, #63 and #64, data givan in Table 6, develepedk
thé stage of hyper*irritabﬂity, and then later, the stage of de-
creaaed iwita’oility,mcra rapialy than adult dngs. In pup #64,
tha hypar*irritability ocaun'eﬂ and gave vmy to a desereased ir-
ritability in less then 10 mimz‘ces. In nup #62, the vagus was
.hyperwirritable thirty minutea after the removal of the para—
’chyroids and less 1rritable than normal ons hour aftar thair re=-
movals

| " As shown by riva dogs of ‘l‘abla 13, the blood calcimn
a1d not ohange until after an m'herval of 1 to 5 days had el~ :

apsed since the ramoval of the parathyroiﬂa. Yot in threa ot tha
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six aogs reported in Tebls 6, the noz'itability of the 'mgus
narvas was markedly incraasea th}.rty minutes followmg the re«
moval of the parathymi&s. andt‘ezt 'grwpartially blockad or |
hypo«»irritabla aftey ninety mi.zmtea. |
'he obaawa*aiana upon f;ha ébga raportsd in Table 4y
ghowed that ether offected namal animals in the same mannsr,
though the offeot was less max&m&,ana ﬁevelopaa only after a -
longer periocd of etherizatiam ‘The presence of the parathymida
nust re’eard and deocrease this action of ethex- anastheaia upon
the vagus nerves
In Figure 2, Group‘a and 4, and .‘m Figure 3, Groups
5 and ‘? ’ theae values or the parathyroiaeetcmizad dogs, anﬁ of
"tha normal dc:gs, haw been churtaﬂ. Cmparmg the above groups |
of animals, showa very aafinitaly the d:lffar@nca in the time of
| appaarance, and the degree of the changes in the 1rribabiliﬂy of
tha vagﬁ. of the two types of dOga. :
| Gbmmtiona were made upon seventesn dogs fallaws.ng
the ;renioyal of the pm'athymids withput the ccmplicating agtion
of long continued etha’rk anaatﬁeaia ('Se;é Table 7). | |
The rosults ‘or doga #58'» eﬁd'#@; wﬁera the yarﬁthya‘oiaa
wora ’rmnovea under a 100&1 anesthesia hava been given abova.
Heore the pariod of ether anestheaia is cm:pmbla ta the periad

nf the twenty-five normal aﬁulﬁ dogs. T‘na vagus nerve ef one
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dog was hyper-irritabls gii_"hmrs' aftor the cperation, while
the nerve of the other dc;‘g m;.s 'iessu iz*ri*ﬁahie than the nomél»

In tha er!;acva where muscular tmmcrs are preeen‘h T~
sulting from the remaval 0:1" the parathyroids, the vagus narvea
of all goven dcga wers hyper«irritableo As seen in !I‘able ‘?.

the ehronaxies of the vagl of the animals in this staga Ware '
bolow 0,068 sigma, the lowest normel value, and the a%rugq |

of the rheobase readings wes 501‘.1191‘ cent lower than the évé;-s

age of the values qf ,fbha normal dogse In Figure 1, émpaping
groups‘# én&, Cy thé marked increese in the 1rr1tability‘of

_the vagus nem; 18 very evidont. In this stage of para‘i;hyrom
'dai'iciency, the blood calcium contant is deeweaseﬁ quite markedly,
v‘;uaually,*ba B4 O 74 mgms per ¢ent,acaoraing to ¥sau and Stolemd |
(15&); énﬂ previoue workerse

 Two dogsy #67 qnd #27. Table 7, in setive ﬁonvulsiona
at tha time of etherization, showed a lessensd irritabili-by, the
rheobase and chronexie values bo’ch heing higher than ngmgl,,
which suggests e slight b'loak. In dog #27, the appamnt»‘ low
rheobase reading was due to the fact thm ‘dmving the énesthetiz.a
ing of the animal, a convulsive épasz‘n interfered with‘réanimtion
sufficiently long to canse the loss ei‘ corebral sotion, but not
of the lower brain cent:ars. 80 thsx-b it was?nepessary to give
ether to th‘.!s enimals thereby, eliminating the usual kaugzganting

, actibn of efher upon the rheobases ~The blood calcium of dog #e7
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was 547 mgm, per conte

| _ Six hours following qusms .of convulsions, the vagi
of t;wo aeg;s gave chronaxie mlues very wuch similar to, those of‘
@he,uaogs:in‘ convulsionss The rheobaaa}_;ma’ambs were very mexkeds
1y increased ‘Wlf‘liﬁh might indicate a ‘pwtigl block of the vagus
herves due, :po/ss:ibly, to merked heterochronisms. The fell in
blood pressure in thegsé animels x}‘ng;s;&alayed, and persisted after
the “ceqaati;ﬁg of stimulation, Ths blood calcium of dog #75 wag.
Hed mgmeper cente

- Pour dogs recovered following the removal of the .
parathyroids. without, st any time, showing symptoms more severe
‘then mild tremors. After en alapse_o;' 13 days in one ﬂdgp a
bull dog, 3 months in two a‘c:cgg,q énd 100 days in the fourth dog,
the animals were ’sénrifieed to determine the irritability of the
vagus, The chronaxia of dney dﬁg':waa‘ wery much lower than the
lowest value of the noma}. dogse The readings ,9’3 the other thxea
dogs and tho rheobase values of all four dogs were in the normal
rangog, as shown in Table 7. 'The bl‘aod‘voalcium was not determined
én these dogs. In the m:.'lg of ;Esalu._'aad' Stoland (15&;), one of |
their dogs recovered from the removal of tle ‘paréthyroiaa and 11s
blood celeium had épproximately returned to normal in this lemgth
of timé;i the value wos 10.? mgm. per cente
~ Dogs that survived:the immodiate symptoms of thyvopara-

thyro:ldectomy',‘ uénaliy,had norkn"al irritability of the‘ vagus nerves
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1:1 a -gew weaks_ fallcw}.ng t};a ’rempval ‘a‘f'tha‘ 2landse Mea"ﬁo@,
in zwﬁich the normal irriiabiiiity of 'bhe vanus nerves had ‘béaﬁ ”
me:ssumd, wera injected wii’.h bloml éirawn fram parathymideetcmizad
dege showﬂ.ng various stag'es of sy'np’wms‘ : 'L‘ha raaulta and conéﬁ.-
tiona of 'Bhe emrimants are given in T&ble 8. :

- The chromaxie of Bmg #541, an animal in mild tremors
( see Tahla '?), was 0#061 sigm, when 100 CoCe c:f 11:3 hlond s
injected into Dog I, ths chromz:ie of this animai vwasg deeraasad
from 0.07 '!;o 0;.059 sigma. The chrnnaxie of.‘ the vagus af Dcmr 5'?1‘..
an animal sacrifies& six hours a:ﬁ’ter a canvulaive spasm ( see
Teble 7),was 0,12 sigma, and the rhecbase was 200. voltsj vhen -
1004 ceca of u:.s blood was 1n;jaetad :tnto Dog Lay the '.chronaxia
of tha second animal was rlecreased from 0.(3'? to 0»03 sima.. A
second injeot:ien of 150;6@13. increase:d the rheobasa to 210 volts
and the chronarie $o 0,05 sigma., This would indicate the blood
qontai'ned: or was lacking in soma‘hhing that 'Qaused the Q*ag‘us nerve
to the heart to be increased irritable irrespective of whether
the donor's vagus was hyper oz hypo irritebles

The vagus oi’ nog ﬁ%aﬂ, WhQsé parathyrcids haé baen re=

moved 90 days prece. ﬂing, on mcovering had a chronaxia -value of
Q.O&éysim. ?"hen 280, mea. of 118 blood was injected into ‘ﬁog H,
f{;ha chronaxio agegeased from Qul«’ sigma to the new valge ot,OgOG :
sigma and the rhecbase 'alsd.;decrease&. ,The_irritabi-lit&_of tﬁa
vagus nerve of bog‘ #48H was ncmiai_, yet its bloéd when injeeted

into & normal ciog caused its vagus to be hyper-irritable. Evie
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dently the parathyroidectomiﬁeé dog %48}! was”able to ‘main*;ain’
" normal 1rrita‘buity of the Vag,us, in sp:we of the change result-
ing from the remova}. of the yaraz;hyrcids; due to the length of
‘ time of 'cha changsa environmen‘t of the aog s tiasuesa |

' These expemimants u;p:m trans.iusions have noia baen con-
trolled, ana tharefore, cannot safely be useci to i‘omulata any con=
clusionsa |

'Vineenf. and '.I'hampsbif' (4%b) ﬁesariba& a eonciit‘i‘oﬁ whiéh

they call the ﬁrst crisis that occnrs in a to 3 hcurs fellowing
"thyrcmarathyraiaectomy. ’I’his is similar 'ho the time whe:c\ tha
vague became inccmpletely blccked follawing ita initial hyperu
'1rr1tabilitya This accm-rad dn tha eight degs reparte& in Table

8 in' a ttms rang;a of 10 min‘utea‘ 't;e:v [ hours. The‘%agi of animala

h"vmg the thre-a shortest cria%

!‘: .

; one at 10 mimxtes tmd two at

60 xninu‘aas, hed noml chronaxiea of 0&53, 0.068, and G.O? aigaa
‘raapectivalyg all of which are unuaually low. Two of thnse values
ara balow normal and the ﬂogs were pups. Tne 1w-ar the norml |

~ chronaxie af 'bhe vagua nerve, tha mare sudden arﬁ tha seonar ‘b'na
stage of decreasea 1rritabilit~y developed'.. Tt 1a~inv such ‘animals

‘that orises wera very apperent.

uz III. cha Givan Methyl G‘uanidin Sulphate.

Thia group of animals consiste of &oga glvsn mathyl
guanidin aulphate in an acute manner either}subcutaneously or in-
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travenuusly, d of dogs injecteé for pe'rioﬁs of orie or more
c‘inys and then etherizedw

Fuurtean ﬁagsgplacad mx&er ethear anas‘bhesiag were.
glven n;a#hy}. _guan.ﬁ;din sulphate eithgr, subcutanaousiy qz- ntras
yenously "after Pivst éate‘z‘mining ‘the irritebility of the vagus
aervess The date is given in table 94 |

In‘fiqwé#fi':; 5y 24, 8&; and 114} ‘int:avenm‘zé‘a» in;ieetig»na
of mallquantiﬁaé (6 %o 15 m@m per kilogram body weight) of 3
methyl guanidiﬁ suiphs;te‘ één sa& a marked iﬁereaée in the irrita-
bility of the vaguse The chronaxie éna ‘rhe*obaae values of the
'vézg:ua nerves of fhesé dogs px:'-ectending ‘he injectionavera nornale
#ive minutes aﬁez‘ ‘the injections, four af the five anim‘als ‘shoved
8 mfam«.edly mweaama irritability of the nerve, their ehranaxiea
were less than fhe lowest value of the twenty-i’iva cantrol aogs.
ifesxxlte& in a deereaaeﬁ i:ritabi;i‘%y as shown by dogs #7, 3,2, 4y
1, 144 and 254, in Teble 9} the rheobage and chronezie values
both were increaseds After A shory jh’ime;',; the decreased 1:-:-1".;2;1'-‘-"
bility gave way to a éonéitiox_z of .hyper»axeiﬁability, as shown 'by"
dopa #7 and 12, as the effeét of the'me’ahﬁl guanidin sulphete be«
cone. 1983 pr(?nounuaa.

Subcutanecus injeetions of 50+ to 160.: mgmsa‘per Xiloey
to dopgs #23A, 13, 17, end 15A,:prbéueea ster 55 %6 90 minutés a

narkedly increased uritabilityf of the vagus nervesy 'the chroaxies
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‘dacraasad ta a value betmen mOS zma 0..06 si@;ma :m the i‘our i
zdagss Ax‘*ber one or twa hmzrs m doga 13 and 1’7, me vagam be-u
come leas irrimble; the chronaxiea wore 0.3.15 smd oazs bigma.
"'hesa ehangea of tha irritabil:l‘by of me vagus resmble very
_clqaely thase absarveé m parathyx'oiaaetnmizeﬁ dogs Bs shm in
I?igure 8, Groups g emd 5,and in Fa@are L’u _

'1‘% ﬁogs (see Ta‘bie 104 765 ana f,«BB) were injectaa ’A
with methyl guaniain .m‘ooutanwuely, after 2 anﬁ 5 honrs in the
i:wn cases, the animals aevelaped bm&ycardiaa The blcmd calcium or
the two animals wers normal 131 value‘ ‘I'he anima)s were anesthetizs
,ed, the vagua nerves a:e both dcgs were very markeﬁlv hm;em-ir»
ritables The rhaobaae valuea were 8+ and 70. volts, and *che
‘ohronaxies were 0;04 anﬁ 0;055 sigmaa |
| In the six dogs whuae aata is given in Tabls 10, the
injections oi‘ methyl g,\mnidin sulphate wore continueﬁ ovex‘ |
longer periods ot tima‘ The candition was then 1ess acuta and
served as a- comparisen to -tha thyraparathweiﬁaomi zed dogs B
reported in Tabla e

The vagua of dog *5“71, mho haa been injacted subeutaneu
‘mxsly with 400» mgmm (per xii.'lw:ram of body vpie,ht) c:f.’ me*bhyl |
guanidin aulphata during a pariod of two days, and who Msplayed
tremors, inereaaed salivation, and taehycardia at that tme, was
very exeitable as shown by 1§ rhecbase ana chronaxie ni‘ 40. volts

and 0.04 sigman
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Three dogs, #78, '76,'.and 89 in Table 10; given guanidin
for two or three days until fhay manifested difficult- co-ordination
and were depressed, éhowed slizhtly decreased irritable vaegus neryes.
The rheobase values were low, but the chronaxies were high, 0.09
to 0,135 sigmae § | A

One dog, #70, was ﬁjacted t111 slightly toxic symptoms
of guanidin pnisbning were apparént, and then the amount of the in-
joctions was ﬁeﬁreased'fghat the animal showed no symp'tems. ‘The
vagus displayed normal n'ri tability.

Dog #9 was mjectsd with 20.mgm. pm.‘ Kilo. dsily for
£ifty days. Torty days after the cossation of injections, the
rheﬁbase was low and the ahronaxia was high, yet both valuea were
within the range of‘ the normal animals..

The blood calclum of these dogs showed just a Blﬁ@ght
increase if any change. This might be ¢aused by the increased
activity of the pm‘athﬁz;om glands, which results from the injec~
tion of guenidin, as shown by Susmsn (42). Dog #85,which died in
convulsions, showed a"higher’ blood caleium at the time of the con-

‘vulsions than the remaining dogs in the other stages.

Group IV.. Dogs Receiving Sodium Oxalate.

Seven dogs were given sodium Oxalate; of tle se, threa

d:led in convulsions before the :lrritability of the vagus nerves

had been determined. The observations from the remaining four are
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given in Table 11, Croup De |

.. Dogs F101 was injooted during two doys vith 3. npmss
of aodium mlaw por Eilogram of baﬁy wolights Tho Mm& eal ¢ium
was not lowored, and the rhechase and chronaxie of the Vapus were
normals Dog §102 with a normal blood calcium of 108 mpmse pex
cent was mmu‘ﬁm mems: ;af aéﬂiw oxalate (per Eilos) orally end
120 mems {per Kilo.) intravenocusly ﬁuﬂng 8 pariod of tmﬁa‘mt
Three injestions wore mﬁé deilys The animal showed gggaﬁually }.n-»
crousing aymmm of oxnlate poisoning: restlessness, copious
saliva émmtmn, dyspnoa and muscle tremorss ' The animal's blood
oaloiun was Ga? mgm per cent and the tremors wore very markeds .
The rheobass of the vegus was G5e volts, and the chronaxie 0,055
simm.;i; Dog 104 with a normal blood caleclum of 10,8 mgmoe pear
-dent was injected intravanous. with 170+ mpmae of sodium oxalate
{par Kilmi in 15 injoctions during a p’ario& of four days. . This
animal vomited fraquently, sallvation was increased, and dyspnea
and muscle tromors were morked. - The vagus nerve of this animal |
wag mmmmm; the rhecbase equaiad‘éﬁ.‘. val%a; and the
G%an(a wae 0,055 signne 4‘ The blood calcium prece.ding etheriza=
tion wan 87 mms. par eont and 7.3 at the tims the Lrritability
br the vagus was deterninede

. The vogus nerve of a pup, 81, under other nnesthesia
had & chronaxie of 0,074 sigmaj the blood caleiunm of this enimel
wos 12;6 mgne por csnte The injootion of 00. mpme of sodium mlata_



w2Bw

(per Kilo) reduced the blood calcium to 8,3 meme per centjand
thé ehfonaxie vof the vagué beagcmme 0,1.:!.55 » ai@na,_ whic:h svi,giently ,
corresponded to the staga of depressed vagus exeitahility fol~
vlowing the intti&l hyyer-irritability, as an injection oi‘ 100.
mgmses of calc:!.tnn laeta.ta intmvenoualy raisad the blocd calcium
so that a’ ter 30 minu‘bes it was 16.5 meme per esn‘b, and ye‘.; the
' chromxia was, daareaeed to 0,08 sigma, A second in;}eution of Qal-vg_
c;um' lactata ;ncreasm: the bloodﬁqalcium; to 21e mgme per cent
end the chronexie to 0,074 si@as -.

- The vagua nerves e:f thasa dogs givm sodium amlate.
which *racipitatea *bha calaium, manifested the varioua changes in
1tsgirr$,tabi§,;ljbyas wene‘obsermﬂ in tpgr«ppaﬁrgt}xymmsatomize@ ‘

dogs andk‘inldcgs, given methyl gv.x_anm:‘&’n'_‘::su:’L]_gha‘!:tzﬁ.1

- Group Ve " Dogs Reeeiving Calcoium I.actate or Paras
‘ tho:mone. ‘

‘Twenty=-two of the various types of dogs were given cal-
cdum lactate in varfous quantities and two dogs Were given para= |
thormone, The effect upon the irritability of the vagus norve of
1ncreasing the blood caleium con*t;ant ‘above normal either by the
' mj‘aotion of caleium lactate or by parathormone was determined in
five dogs, s60 Table 1l. |

Two pups, 1:1‘5‘!;51* mates, wers used to observe the effect
of paréthormnne.: By the injection of ;pérathormone,' the blood cale-

cium of Dog /94 wéa increased i’rom 11.5 to 16.5 mgus. per cent dur~
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ing an 1n1;erval 01‘ 12 hours. - The rheobass was '70; volts and the
chronaxie was 0.0’? sigma, whem tha 1rritab111ty of the vagua

was measured. The vagua of the normal control 111:1:61' mate gave
a rheohaaa of 110 volts and a. ehmnaxi.e o:t‘ the same value,
QOOZA.B;’,‘.@),BM :

“ B 'I‘he blooa tmleium of tha adult émg ﬁQl was. increased

ﬂfrom 10.5 ’so 14.3 mgna. per oent aixtean haura rollawing the ad-_

‘ ministration or parathormana. N Tha va]nes found i‘or the vagus nerve
of thia animal mra: rhscbasa, 115 volta; ehronaxie, 0.08 si@na.
This chronaxie value correepcnds with those 01" the normal ccntrol
dogse -

 The elevation of the bloaa caloium in nor’m’i ddga ﬁy the
aﬁminiatration ef parathomene doas not modify appraciably the |
ehronaxia va‘.tnes or the vagus nem‘vea. ’

‘ 'l‘wc) dogs, f}leo and #92, were given calcium lactate over

‘a pertod of two daya 411 'bheir blood caleium lovels were 18.5 f
mgms. pe.r cant. The vagus nerves of .the mimalg displayed norml
1rritab111ty¢

One of theae mimals was then mjeatad intravenoualy
v:ith 100. mgme. cf nalcium uotate pm' Kilo. _ Ai‘ter thirty minutes
the rhaobase 'increased from 60 to 110. volts and the chronaxie de-
creased from 0.09 to 0.0’?4 sigma.

~ Dog 5‘795, whose Values for its vagus ware 110, volts

and 0.("‘)"7; sigma, was injected inimave;musly with 200, mg;nag of cal=
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cium lactate (par Kilegram o:f body weight}. Aﬁar t}%irty
minutaﬂ en opposite effect was present to that i’unna 1:: dog #0924
J Tha, vggus showed a decrease in the rheabase and an 'iimx‘-ease in ,
| Ath_e“ chronaxies |

| These animals shm«ee& that the incraaaing of tha blood
calnium slawly a:.a not appraniably effect the trritability of the

:ln a normal animal

The irr&tability of the vagus nervwea of five animals
was . determine& when the- blcod odnimn content waa deereased by
the administratiou uf sodi um oxalate, Ur these animala two. were
then glven cal clum 1aatateg The results are given in ‘&‘abla 13.

A aearease m ‘the blood cal clum af DOga ﬁ'l% and 102,
prodncea an inereaseﬁ irritabili‘ay of  the vagus: nervea. In thase
dogs, 100. mmns. of sod:‘mm oxalata was givan orally ths f.’wst d&y;
1n #102 an& fox- two- &ays &n #104.‘ The adminisnvaticns were then
‘mede intravenously in fcmr injections dally of B to 10 memss po¥
K_ilo..

Only 6+ mgms. of sodium‘oxaléte was given to dog ;1:‘.01
per kilogram of body weight during an 1nterva1 of 2§ deqys. This
was teo small of a quanttty to affect the blood ealcinm to any ox=
tent, 80 nonaaqnently the mitabuity of the vagus was normal.

" Two dc:»gs, #81 and 99, ware given sodimn oxalate 111«- '

travennusl# atter firat msasuring the 1rritability or the vagua.
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In both the chronaxie values incressed, The vagus merves of both
andtials hed passed through thelyper-frritable stage ‘end showed
the aepmséea irritability éfaga' as "ahbﬁn by the values a ‘ahdri{ "
“time later.

_As the efféet of the sodium oxalate was buffered ‘and
decreased in severity in dag’ #99, the vagﬁs nez:@e‘ bécame hjpern
Arritable so that thirty minutes ﬁ;llawing the a:minist;a’cjzmi:

’oli" the oxalate the éhronia‘xia?vaiﬁé; wad 0,061 sigmae. This animal |
was then in the early sfagé "oi‘;' oxalate p’qiebniqg 'afs,'abaé‘rmd in
dog #102 and 104,

In &og i?Bl, the ef:t?ect of the sodium oxalata wag dée
creaaea by the injection 61‘ 100 mgmas of ealeium lactate, wmoh
after an interval of thir‘ay minutes,. %inmina& the blood caleium
level .éﬁfb;’lé.s mgna. per gent. The vagns of this aﬁimal ‘became
hyper-irritable, the rheobase Was 50. volts and the chronaxie
O‘.bé‘ sigma, due to this animal ’réaching"fﬁhé stage of siight oxalate
poisoning rellowing the mox-e severe afi’eet ’chat vias first m‘ommed.

mna thyroparathyromeemizad dogs ware given caloium
lactata. The obsarvaﬁam upon theae animals are givmx in ‘z‘abie 13.
01’ thase ﬁogs, seven wers given caleiun therapy when their bloo&
caletum starteq 40 deqrease as a reault of the removal of the para=
tﬁyréidé..’ 'The two others iﬁ the same table were given an 1zijé‘qtion
of calcium lactate after the irritability of the vagus had been

measured following the removel of the parathyroids.
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The blood caleium’ of dog '£86 ahd #96 were approximately
normal due to caleium therapy fiﬁa 'ﬁégys after .‘the reznova:il'of théf
parathyroidse ‘The irritability of thelr vagi 'waé.nbi'mgla
The blood calolum of four dogs, 795, 84, 105, and 83,

were slightly below normal even though calcimn themapy haﬁ bsen

given. The vogus nerves of the lattar ‘threa of these- animals wers
hyper»irmtable, and the vagus of one dog was narmal Tha hlood ,
caleium of the dogs; whose vagl were hyperwirritable, had been val’*,
1@6&'*&6 reach a low level before the ealcium mfapy?wag starteds
These 'res‘ults'aré 'in‘agre'ementwith the conclusion of'irsati 'andl o
Stolend (13a) that the repladty of the decrease of the blood cale
cximi s e; factor in“’tha aeveéiw of the symﬁtéme.) Luokhérdt' and
Goldberg (2§} ‘have shown that if the symptoms sre allowed to'v ape=
par, it requires iarger amounts of calelum to kéep‘thé aixin‘:alé f
symptom free, Joseph Dye in 1927 (12) showed that functional ace
tivity apgl tetény spaéms ‘increagea ﬁze ‘s‘e#e:bity of i';ha“nei‘éé vell
lesions that occurred following the removal of the pa&athﬁ#didia'.:

" In four thyroparathyroidectomized dogs, the rritabllity
of the vagus nerves was measured less tﬁan ‘thirty‘minuteaa ibblibw-
ing thé injection of caloiun lactate. The effect of tii‘ei calefun ade
ministretion varied somewhat in. the different enimalss

The ohronaxie of the vapus of dog 785, two hours arter
the removel of the yar‘athyroiﬁs had decreasad:from 1ts former of

0,09 sigma to 0,05 sigma. When 20, mgmse of caleium lactate (pox
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Kiloj.) were injected the chi*oﬁai;ie increased t@ 0,09 st gma,
.ité original vﬁlx_;e, -

Durirzgj‘tha thirtaen days 'foliowing the remaval of
the paraﬁhyroida‘ c‘ibg fee had shown nnly the symytoma of slix ht _
tramora during the pc«aried between the fourth and eighth dayse
Gn the thirtaenth day, the in'ﬁ.tability of the vagus w;as@ rhaq-f ;
'basa - BOs valts, chronaxie - 0‘0? signa. When ?’mgns;r 'ot" ca;b-
citm laetate (par Kilo,) wore fmjecteﬁ, these values beoame 90,
vozta and 0.09 szgna.

?Bhrea dogs, #84, 106 s.nd 83. .that had baen given calui \
cium therapy beginning when the s;mptmzs causad by tha removal
of the parathyroiﬂs wera very markaa, wera mjacta& with calcmm
lactate ai’tez;_ fgqﬁvﬁetemaning the I;J.ogx} caleium kconte_nt t}nd tha
}1rr‘it§b11ﬁ$ oil" the vaéus‘._ in dog i#84,. ,fhe bléod nalci\;:xn;y:vag: in-
&craqsgé_b from 9.5 to 13.5 mgmss per cent é;ffft:ar ,thi,rty n}izm‘teé’, .fané
, tﬁe kxfheobase Aincreased from its fermé%' yalx_ie of 50. vﬁlﬁs to 70
valts! wh:l}e the chraz;a;:ﬁ.a aamaéaa from ‘0.‘.,(:16? to 6,04‘31@;1‘.9 A
In dog #1068, after increasing thé ﬁieoé caleium from 7.4 to: '10‘.'?
mgms, per gent, the vagus was blocked; ;%jixan the \;_looa caloium ia‘a
increased to ;5.mgzns.. per eenf_;, tfhe.‘#agus was hyper«@rritablevih‘
thirty minutesj and é%hen it was f%urthver‘ 1:1@5&;9:1 to 2;5,"mgumo,‘
per ceﬁ% the chronaxia was increased to 0.115 éi@a. In dog #83,
the calcium lactate mjection 1ncreaaed the blcod caleium from :

9.6 to lﬁ. m@m. per aent, and eausad the vagua t0 becane oven
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mére- 1rritablel than its formei value',«“: ‘The chronaxie was de-
areased from 0,04: ta Q¢06 s!.gma.»

- The mmm aﬁmmis‘aratﬁ;on of calc:lum 1actaﬁa reuavad
‘the hypm&rritable conditian of the vagus nerves in three of
.ths fi‘v‘a doges

’Galc’mn ‘3.aa1;ata was given to five dogs following t»k}e” )
administration of guenidin {sea:: Table 14:_)m ‘When the guani&inadu
miuistratianﬂwas ‘acute,' (da@ #155. and 65); the- 1nject‘1an of cal«-
c¢ium laatate caused an :!.mmediate rei;urn 'ba normal irritability. -
?*here “the gua.nmin was, admmisteraa over a period of saveral da.;s,
an in;}ecfsion of caldm 1aetata increased the chrmax!.e, yet the
‘Arritability of the vagua &1& nut appear to be nomah » o

DISCUSSION OF RESURTS.

As given _ivxé,‘rahle4 and F:igupa, 2, Group 4, long
continue& other admini‘a%ation effectea the irritébint& of the
vagua nerves %0 ﬁm Iieaféﬁ. First there was a gradual dem'ease cr
the chrenaxie reaohing a minimum after the avwage mterval of:
four hours§ then after remaining hyper-iz:ritable for an mwrv:al
between two and three hnurs,, thare appearea rai‘/;er' quiekly a da-
oreased irritebility until the chronaxie readings were higher
then normale

- Ether anesthesis produced changes in the irritability

of the vagus nerve similar to those ~¢ausadv by ’bherparath‘yroid?
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~ectomy and guanidin ccmpounds. ' 'I.'ha psrathyroids 1delayiaﬂ the ape
pearance ox these changes and the remaval of thesa Li).amiha; allnwera
the changes 1n occur aoonar ami to be more pranonnaed. ‘Iheaa
changes appem'ed sooner and more audﬁenly in c‘iogs that were g:lven
methyl guanidin sulphate during the per&ad of M:har admini strotion
as seen in Fs.gura 1. Group 4: an& 1n mgure 2, Group 5; anﬁ fm
th;ymparathsroidecmizad doga kept umiar ethe::- anasthesia, Figura
2, Grmp zs. In Figure :3, a comparison of these ghowa tha dif-
ferences in tha 1eng'hh of time vary clearly.

~The :in'itability of the vagus narvaa of pups was at’-
fectea quicker and more pronounced"by &eficzent parathyrcid ac‘biu
vity, emd e'cher anesthasia. Young 1nd$vmuals ara nore auaoeptibla
to toxina, to lack of calemm, to parathyro~priva, ana to ethe:v
anaathesia. In Figure 3, the tim required for the remml of the
parathyroids %o ‘effect the irritability or tha vagus is shown.

| | ?‘han tha vagua nerv«au were ehangs.ng fram a hmar—lrritu

abla stato to a condition of a partial blnck may?bae‘%he parloa
callad the crisia by v:tncent and Thompson in 1988 (4:51:1. If this
ohange was suddan the m'lsis was more apparent. In pupa, the A
criaea ware usually more apparant ‘and the changes 1n the 1rx-ita~
biltty wera quickgr.

In the .stage of décraaé’ad 1rritab111ty, observaﬁdns' ine=
dieate th:la waa a partial block aausea by a haterochronim rasult-

ing from the hyper-irr;tability. In some animala the tall 01’
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bloud pressure laggeﬁ the vagus a’simulation et this time. _
’.I‘he injact!.on of calcim eliminated this and eau&e& the vagus ;
to be hyper~irr1table. When a large quantity of methyl guanidin
sulphate was given intravenmsly, mgure 1, Grauy 5. the vagua
nem'a was hloeked; As the afi’ec*b of the guanidin became laea _
pranounce& the vagus nerves of theae dogs bec&me hyyar»irritabla |
anr.‘l thcm graﬁually returned towar&a normal. As aean in mg #81,’
Table 1?. oxalate in an acute aﬁminiatmtian aaused the vagus
to ba &eoreasad irritabls, and than Waa cauaaﬂ *!;0 be hypemm
irrnabla by tha a&ninistra‘oion of oa:taim. A aaoond m,jecﬂm
of caloimn raaulted in th@ vagua being in a normal atate of ox=
\-c.ttability.- These rasults inaicate the stage of depresse& e:at-»
‘o:ltability 19 a stage of partiai blacko

‘The blood ealcium was nat &ecreasad 'by the 1njecticn J
of methyl guaniain aulphata, Rather from the results 111 ‘.l‘a‘ble 10.
it appears tha level was elightly mereased. Tm.a may ha 'the
reault of tha increasedactivity of the parathyroid glanﬁs. mﬂ-
man (42) as reported above obeervea that mall repeatea 5.113@&*410115
ar guanidin compounds cz-msed a hypartrophy and hyperplasia of ‘l;}m
parathyroid glanda. »

‘The results, repor‘bed above in ?&abla a,r‘:f animal‘s re~
ceiving blooa from thyroparathyroiﬂecwmizea dOgs, imucata the

ramoval of thsaa glands resulis. m ‘the appearance of somp material
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in the blood to which a tolerance can be developed. Injections
of 100. to 200, €ece of this blooa' 6aﬁéed \t-he m.zirrim}.a‘tp sl;o;e ‘
as pranéunced changes in the irritability of ‘tixa 'ﬁgua nerves
as wqfe @esent m 1:319_ animaiﬁ with the p‘arathyroids. removea.
’Eviééhtly, the latter animals had developed a reaisfkénpe or a
tol@az;bé to thi“s substence; otherwise, the effect of ’ohe injece=
.tiﬁné of’ juistv sfna}.l portions of these animala’* ‘blood wouid‘ not
h§m< ‘caus’a&' Just as‘ large a change in the animals receiﬁﬁg' téli‘e
blood as had occurred in the donorss | o |

Dog #48 had mcoverad from the effeuts of the removal
of the pm'athyruids; its vagus pasaessad normal 1rrxta‘o111’cy;
yet ‘bha injoection of 250 Cecy OF :H:s blood into dog # H reaulted
m the chronaxie of the vagus nerve daoraasing from 0.1 R 0.06 |
slg;ma. This would explain why the anima.ls of Egau and stolanda
{13b) showed more premouncea symptoms vhen the blood calc Lum de» ]
creased quickly, and why Luekhar&t and Goldbgrg {29) wervav a‘nla 1o |
slowly decrease the aount of 'paléium’ faaits‘administemd to
’ahyroparathyroiﬁee‘bommad dogs. |

In the animals 1:1 theaa emriments the chronaxie
changea of the mgus to the heart wera very similar 4o each oi:her
in the three types of tatany inveatigated. The apgarent diacrep-

ancies of soma of ths previous wcrkers mey be dum to the 1aak of

the use of the chrpnaxia method to measure the Srritability of -
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t‘ne tiaa’u’ee, toth‘a ciifi’erent‘ éffé‘ets 'cf' different si'z‘as‘ of zzoses,
”‘ta whather the aﬁministratioa was acute ar slew, and to whether x
’the animal has anasthetized for a peried of time before the chs
servationa wore takan.

‘The results of Bnchénan and Oarven pubz.iéiiea in 1928
(&) laad them to the cancluéibn that theme is no rela'bionship
hetwaan gu&nidin msmpbunda anﬂ pnrathyroid tetany m their ef~
fect upon the electrical excibability of smatic norvese

‘They eonulu&e thaf. gaanidin has no effect upcm eithew
the rheobage or the chrona:xie.  In théir discussion f;hey state
jt:heyl fi;xﬁ a sligh‘{z deorsase kin thaféﬁéénax&a' folloy;pg ‘sul?cﬁta“n'-»
émm a&nﬂnie’ztrat}.ons,k but that large injections :‘iQ nbtﬁéﬁi‘fgd? B
*i:he ohronaxie. A clﬁser' atudy- of ’tﬁaeir résulfmin Tables -] anﬁ
4y and Figuraa 7, and 8 of their paper show that mxall doaea or
guani&in am effect tha irritability of the momatic nerves. in
very muah the aame mannez- as it affacta t‘navagua nems. In-
small doses it diminlshed ﬁha chronaxie, and in largavdeaaa ‘bm
hyper-»irri*tabiu‘f:y givas vmy to a atate where the valuea are
fairly normal. | | | |

Thair tables 8 and 4 ara ineluded. in this pa;ger as
Mbla 15, zm& the evident ccndation of their animals has been stated
'by the axthom In “Eigure 3 of their peper the narma; chronaxie

values of the nerve to the semi tendinosus mscle ranged from 0,06
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to 0427 aigna. In Figm ‘?, this nem in ths some animal fol-
vaing the administration of gnanidin aalta had the ehronaxie
range of 0.03 to 0.14: aigma with rive oi“ the ton readinga halow
0408 81{5&&;

These chronaxie values following guaniaih' a&iini-ﬂfréﬁ
tions were approximately one nalf .oi' those in the normal "s‘téte-*‘ ;
According to Lapinque a mrbhar decrease v'onla establish mxffi.cient

he'beroehranim to cause a ’blec!c of individual stimnl&. Possibfly
th:.a 'nay be a more accnmta 1ntarpretatipn of their obsarv}atibn%
with g;uanidin campounda. | | |

Their rasulta upon the aomatic hervea of para‘hhymid-
_actmnized cats do not agrea wi‘ch the resulta raported in ‘this
paper, ye‘b this may ‘ba due to a a‘ifferenne 1n tha animal_s_ or »3.11."
the typea of nems measured. *rheﬁ fiﬁst abaer#atiohs 'vie:é‘e nade
24 houra rollowing the remcrval of the parathyroida and ‘thers may
have been an 1nitial hyper~exeitabili‘by during thia 1ntmal ainea
thay usea ather as &n aneathetic in removing the parathyroidm

Thair results of the parathyroidectomized animals agfaad
with the obse;'vat,ions of Bom:-gu:gr_mn _ts:;) upon the sanatic sydtem
in tetany conditicma. 'In Bourguigncn's obserﬁatiom one mdiﬂ&ual.
in wnich thos tetany was bemg induaed ‘by hypernea, showed an ine
,1t£a1 decreasa of the chrona:de 'bafore tha increase. ’rhia mdivié-

ual heaitated in producing maxkeﬁ hypernea and 1n this way -hhe N
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probab:w ma%ial aetiou of the hyparmaa baeame apparen‘h Of
caurse the acmatie aystaa and the azz’aonumie s;r tem may ha af=
reotad diffarentlyav Yet mrther resaareh may di sulase both
system are. affaeted similarly» '
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cmsbmslws.
A The Tffect of Ether TUpon the Irritability of the Vagus Nerves
1. Light ether enesthesia éugnents the rheobase ioxsane_igxé
| tent, and has very littla; ir any,:arrcct upon ﬁzevéhrénax_ia
of the vagus nerve to the hearts To causs a mariked fall
 in the blood pressure, the readings of normal animals
‘urder light other anesthesia are: :}'hgobase‘g_éﬁ“ta BD |
~voltsj chronaxie 0,068 to 0.»09}51@, using a fmqwncy
of 82 stimull per Bmﬁnd for two seconds, end chronaxié -
0455 %0 0494 signa witﬁa frequency of 11 stimuli'i)w_
second for 5 secomdse | | |
 3. ‘When the ﬂepth -of etharization is greater, the ;‘:h‘eobage‘ is
m&rkaaiy ‘higher and thé chi'anaxie changes very 11 ttla.
3¢ Long continued atherizatioﬁ cauges the vegus nerve to the_
heart to have an increased exoitabllity axiring the period,
usually beginning in less than an hqﬁr and éonjtiguing tili
after the .fourth houre Latera period of apprciimé‘hsly
normal irritability déve}.'opea. The values thrqu}mnt -
b‘o&h periods are wi thin the normal range of the chronaxie
values. - | o | )
Be The Effect of Parathyroidectomy Upon the Irritebility of the
Vagus Nerves SR | -
ls The irritebility of the vagus is initially increased fol-
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loning the removal of the parathyoldsy the rheobass

and the chronaxie are both ﬂeﬁreasam ’s‘oon‘affbar 'tha“ f
éhranaxie j‘reiac}:as_ a value '11; :'i;he wicinity af,Q.O&A to
.66 sigma, the vagus goes ;in,ib a condition of dyaereaaea

frritability; the rheobaSe 'r"ises', the icimpnaxie.remainé

Jow for a short time,but risea t0 the higher value, 0.09

to 0,123 sigma very ‘andﬁaniyc Caleium lactate given in-

travenously causss the vagus o be hyper-irritable sgain,

-and then in largeraméﬁmta restares the vagus to nommel

trritability. | b L
when the dogs are kept etherised only during the time re-

quired to remove tho paratayroids, the vagus 'nerv"}at becomes

‘hypex;-ml'table in_ approximately 6 hq;m’s, and hoﬁﬁnuea to
‘be hyper-exeitable during the stage of: iremors until the
animals are in teteny convulsjons. At this timéjths yagus

is decreased irritable,

When the dogs are kept under ‘other anesthesis follewing

~ the removal of the parathyrolds, the increased irritability

of the vagus is marked in 30 to 60 minutes, the chronaxie
i less than 0,08 sigma. The chronaxie of the vagus nerves

of all “the anif.mais in -bhi:s £roup, éxcepjz one, ‘beoame Jarger

veryy sndaanly between 1 and 13 hourse The valus of the

chronaxies varied betmeon 0,09 end 0,123 signas



0. 'l’ha I}ffecrb of Injeatioma or Methyl Guanmi.n Sulphate 'Gpon tha

Irritability of the Vague Narve. :

- X

Dogs gtwm 50« mgmee cf methyl guanidin sulphe.'tza eubcuian-
eausly woul& dlsplay braayaaraia in 2 to 5 hours. Vm‘eﬁ‘
e‘hhemze&. the vagi were: hyper»irritable, the chronaxies

, 1were between 0.04 -ang 0.055 sig;ma. As. the muscle tremors

becone fairly marka& and»' the animala ‘somewhat depraaséﬁ. )

as the result of rapeate& subavtanaous injeotions of

mothyl guaniain sulphate, the ehronaxies of the vagus

. nerves were batmen 0.99 ond 04135 si@m

2

'I.‘he wagus of anima‘}.a raaaiving 10 to 15 mgms. of mathyl
guanidin sulphate per Kilo. intravenously becamp hyper=

“irriteble immedl ata);f. ' Their chronaxles wers beiween

0,055 and 9,068 sigma, whila.berqm the injaﬁ;io@é ‘they
were between 0,07 and 0,11 sigmas  When 50. mgms. Were
injected per Kilo, subcutansously to etherized animdls, the

~ chronexies of the vapus nerves were below 0,06 sigma in

35 to 90 minutes, end the aﬁage, of decreased irritability
eppesred in 80 mimites to 2 hours, tho chronaxics were be=
tween Oul and 0.123 sigma, ‘E‘he injection of c;ale'inm'lacu
tate resulted in the return o:t"zthe irritedility of the

~ vagus to normale

. Bs

The -injeotion Of 50, to 150, mgms, Of methyl guanidin

sulphate per Kilo of béuy wte, intravenously, caused the -



vagus nerves to be blecke& for a short ‘oime.‘ In S

to aa mizmtes, depenaing on the dosage in;!eétad, ‘the
'vagus woulé be hyper»irritable, The chronmiea were Aleas:
then 0,06 sigmae

Dé The s.i’fact: of the A&min:&a-&ra'hion of uoaimn Oxalate upon the
| Irrﬂ.tability o:r the Vagua ﬂervsa.

1, The ohronaxies of the Vag;us nerves in dcgs, racaivim_: |
mau fraquexrhly repeamﬁ,intvavanous :Injectiona of |
saazum oxalaw, were 0.055 sigua, vhen the animel dise
ylayad mild tramaraa

2; The 1njectien of B0, to 4&1. mg:as. of eodz.um omlate
1ntravanoualy par Kilm caused the ehro:m:ias af tha h
Vagua Narves ta be mcreasaa fmm the valw of O¢074
aigtua to values ba-awean o.oa mui 0.115 aigna. Af’aez‘ , "
'30 xninutes the ahronaxie of tha vagus was 0.06 sigaa
The vagus becane hypar-irritable ve:.*y quickly 1f calcimn |
1aetate was 1n:}e¢3taa, the chronaxze waa 0.06 aigmm A |
aeaond mjcotion of caicium laeta'bs restare& the vaéus
$o normal mmabmty.. | '” | |

B !I'ha Irritability of the Vagua Neﬂea af Pugsu
" 1ls The chronaxiea of tha vagua ne:n'vas of pups wera .‘mmr ,
~ then amlt dogao They vore betwean 0,083 ana 0407 sigma.

2. '.l‘he vagua nerves or pupa were more ausneptibla ’cc the af-

feots of the ramoval of the parathyroidm



w5~
P The Relationship of Variaua Typas of Conditions tl’hat causea o
Tetany in Thair Lffect Upon the Irritability of 'bhe ’Vagus Nerve.
ls The removal of the pwathyroids. the injection of'methyl
gtmniﬂin sulphate, emﬁ the adnﬁnistration of sodium oxalate
caused an initial izwreaae in the mitability of the vagus
nerve o the heart, followed ’by a deoreased ir ritabilify
when the effect was morse pronmmaed or very suddens
z.. This decreased irritability appears %o be. ala‘ gonﬁition br
partial block bresulting from a marked heterochraniam
eatablished as ”the hynéﬁuii'ritabils.w of a part of the
vagus neuhanimn bacama more markaa.
Be 'I‘he vagus nerves of etherized animala were yvery much
. more suaéept‘ible t0 the removal of the parathyroids, to
guanidin, and to sodiunm oxalatas
4s As the conditions cauaed ﬁixa vagus to becane increasingly -
hyper«irritable, the animals were in a staté wher'e .tha
orisis of Vincent ana Thompaon (45b) might occur. The
more sudden the rata cf the develupmant ot the hypar~ ire
ritability, tha nors apparanis the erisis.
G; The Effect of Iancreasing the BlOﬂd Caleium Imrel.
1. The increasing of the ’blooa calcium Isvels of normal dogs
by injections of caleium lactate ox parathprmane d!.d not
effect the 1rr1tab5.1ity of the vagus nerve %o the heart.

2. _'I'he increasing of the blood caleium levels of thympara-s,



| wdfe
thyroldestomized dogs, of doge given methyl guanidin
" ‘sulﬁhatal, and of doga" "gam"mm aﬁzaia‘{;e‘ ﬁca'méfe\c‘l the
frritability of the vagus to return toverds .«‘.tg normal

It is with pleasure that ‘I acknowledge the eons%ant
encouragmuent, hel;»ful auggastious, and crit.teima g:lvan to me

by Dre Os O, Stoland in the pureiit of this work,
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BOFECT OF VARIOUS DEPITS OF GIFER AURSTHESIA
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TABLY 4
e Ty - AR OOV TAMTTINCY  ATYTSOIMIIINCIT A
‘1 s d R S Wik :{_e‘ Wil kL .{.~ ,‘IJ ‘D s b f{ h 1Y fig 3 LT .-I, §

7

Do ormel Volucs fTter 1 Hr. ~  After o Hre. ATTer Z Nrs, TTter © Nrs.
: obase |Chronaxie |Rheobas lch'ronn::ie Rhecbasce |Chronaxie | Rheobase |Chrono:ie | Rheo. [Chron.

Silgma

Voltslin Sigma |in Volés |in Sigua in Volts|in Sigme |in Volts|in [4gme |Volts

b

o3A 60 0,094 58, 0.07 6. = 007 30.
w7 Y5, 0,08 65, 0.074 68, 0.07 52,
46 55. 0.079 a8, 0.068 gz, 0.074 40,
& 110, . 007 80 0.078 "~ 100, 0.074 80.

A= Y3, 0.082 6%« 0.072 - 7. - 0,072 50. 0.069 239 0,082

) .066 .
 j G5, 0.08
o% 80, 0,004

r

L e L
QO

@
L3
-

Rl i




Dog Tormal valucs wtage of Iyperlirritabllity stege of Lessened Irritabllity

Wo. | Rheobase |Chronaxie Time since|Rheobase |Chronaxie Time since[ﬁheobaso Chronaxie
in Volts|in Sigme Ts P, |in Volts |in Oqgma Ta Pa in Volts|in Sigma

$ A, 0409 240, 75, 0.068 . 360, blocked

60 130. 0.07 . ) 110. 0.06 60. 155, 0.09

63 60 . 0.09 60 . 60 . 0.0565

72-A ' 120. 65, 0,051~

66 30, 0.084 30, £6. 0.086 00 . 204 0.12

Mups

62 130. 0.068 30 . 110. 0.06 60. 130, 0.1

64 ’85-‘ O 'OGS 1\0 L 313 . 0 0123

Thyroparathyrolidectony

2y 7

=09~
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PUYROTARATIVROIURCTOUIZED DOGS &

‘ T ,aif.m ' Wim wmlm:m oi’ RO D0pS s Ils THOODAGG CHTONBRIS
ﬂg, Sinco T P. . it S8 A1 Voltis dn Slpma,

i’wmﬁy i‘i‘m ‘zmmal'ﬁm@s- . 1l.2 74y 0,082

58 7 howrs Pradycardis 1ls 60. - 0.06
‘;’4 & hours 1o mmﬁgxwm 10,8, YO, 6.1

40 - 1 day Tn mscle tropors | W5, .066
De3 1 day - a 65 - 0.06

21 1 dey i o P N 0,055
68 2 days 3 A 6.9 40, 0.06=
23 2 doys S i S 43, 0,061
AL 2 days f oo | €0, 0,061
24 2 doys oooooE o 35, - 0.0068
| Group C.. z‘mmge wommmmnmmme 56, 0,06
e . Togany Comvulsions - - 5.7 95, 0,1

R '5'63.&1:?53 7 Petauy convulsions % 35, 0.1

I o  Group D, AVOrago s=e-emmemedme 0,1

w5 3 days - 6 bwss mmwm@ o attgolr 5.»;: 170, 0,09
| 5’71:; 2 doys 6 hwas -, 200 . Q.12
o ~ Gpoup 13. vemga smmmmae—e 185, 0,105
"BOR B lonths Rocovorad, no active tetsiny- B 60s 0,085
48 5 Hontas J e % n o @0: - '0:084.-
22 13 days 0 Mo RO Woow 85,  0.07
 BBJ 3 lonths,104, " M W "o 60, . 0,084,
, G'mup -G,-, mmmga mmmwm o Yl 59,075

o Pe '“’zwopamimmmec%my
% 'no ethor was given this c‘zog‘

Intax*pmkamm of Groups in all of ﬁn@ Tables and Fﬁ.guma A
B, gmﬁz% 1gnt syapt | |
« Dogs show a8l yrptons
C., Dogs in tho stage of slight i:x*emez*s " -
Dy . Dogs. in tho stage, of totany convulsions
Ee Dogs shortly tollowing en atitack of naﬁmy aanwlaicns ®
‘Te. Dogs.wlth acubto marked symptons .
Go Dops thot waoverea from the symptons .
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DOGS GIVEETD ISPV GUMIIDIN SULSATS
‘ I’Ln V' &Z‘GJES PORIONS OF 2Iim
Dog | Hopmal ii{; neaGaly DO% i1is e ot 1{“&.:.{,%@:1 of tho | Uroup| Hood mm*maﬂ" Ghponaxio
116 | Bl eCaas “ajt.:ic.mcl m‘i,a&mv I%mm?a.k , ’ Oas fm m:l.i,a 1 i‘g:a aigg&m
65  “11.3 50, m«:;, = mmyaw&la o —
, R ;;h‘i u:..&:eﬁ . B 11.8 0 58 g} {}d
88 1Ly 00, - 5 lway = i:x*"::zag apdis EEE S I
TR Sl B ‘%’w& B 2. WO, ,@wﬁﬁ
71 1l.2 lu . on Iis*s dny , ; :
‘ . u@f}, on ,'Zm;« c:,,m “"mmm, maz‘ vaz"zr?aa e T e
o oo g hﬁ%ﬁ*"*"ﬁd , 4] 14, L0. G‘gﬁ:ﬁé
B 10,9 50, on b dsy i SR o
L RED. om Mu:’i ;?ﬁ,; Pyos msﬂ, aif:‘,%.c;s:z,lﬂ coordina zfm;zl .w-*} o SR
P T AN - Bhorlsed . : D= 1L:9 86, 0.183 i
w6 10,06 EC. for A iele) f}ﬁdw Bnd Qay ® m“:ﬁyﬁn @w L 'mgﬁ AR T &
B "’"’“{? on Srd day | Andmal ves vory mmmmcﬁ e Pl
. L R Bthopised L D 1@; . 42, (ed3H
68 11, - _:"31‘3 o Guming B0 duys fronoriy ﬂga;m.a; 10,9 - \
- 180, on Sxd Aoy Dopresocd B e
S T Liberised : D o 00« 009
85 10,6 100s on Ist doy . . 10.9 -
0 B00y dupdng J days  Teomora 11.0
ﬁf; s on Sth doy Conwulsions 12,
e o e Lzri*e:.. Conjulsiony dlod lé%.p
v 1l.4 &Gﬂ. duelng 4 days  Selivations %ﬁ&ycwuiﬂ o
0 B0 om Obh doy Blight bradycardio 1le .
504 ou Ol ﬁs;"* Inactivoy bulb no symm 1 11.2 . . _
| - Ltherized f,.e 11,9 BG 0004
o 204 Tor BO (lt*s"‘ , ‘ ,_' ‘
Hone foxp ﬂ«i} doys - Apnears normal .
0,113
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- z:mm}‘. DOGS RUCERVING
PARATHORIOHE OR CALCIUM LACTATE

~Dog | Tormnl | il Condlbion Of Gho| i 6ince | Dlood|RHsobass |Chronatio

Tos, mma. e zmlmals 1 ‘ lzsi, izx,}eci,, ca. “ m‘vol‘tm :‘m sigmm
095 H’amal Pun,{liﬁmr mato to %,0‘.5) 3.1.& 110, 0,07
94 11,5 6 unlbs,Parathormone 12, hro. 16,5 0. 0.07

' Twenty ﬁ;va Tormals : 11.2 Vie 0,082

o1 :'wgs 8 units, Parathormono 3.6:.~ fes, 14,5 115, 0,08
80 11.3 - Giyon Qaleiwﬁ Lacgeto 2, days m&s e  00Y

92 10 8. days 18,7 60, 0.09
= 100, mpme. intravens 30 minutes - 110, 0,074
03 Hormal , o 110, 0.07

EZOO. S mwavm. 80 mimutes V0, 0,084

TABLE 12,

| DOGS GIVON SODIUN OXATATE
INTRAVENOUSLY

Dog | Hormal |Tho Gondition of Lho |FL00d Gae r.f:tex» Thoobase | Chronaxie
Tio. my Ca .;mmmammmmﬁeema 1 aal 2 ﬂ, ether] Ln volbs|in signa.

St

A0 10,3 6., Ha.0xs during 40 hps 1() G 10,2 L o5 404 0,078
- - 834 CasLacte imrav@m L 18.,:‘«3 83, 0,116
- ‘ » 08, «\""0'0‘7 .
_ | ﬁw ‘13 a;@.mi - wwmmﬂ .*? .8 40, r‘@:, ,9.35
. ) C&%..Gim"t ?J&Gi"p 'ﬁ"‘ﬁ?@nn : I ) ilu MOI GQW&
102 10.8 120 Ha. Ox, with moals 9.2
100 Heae Ozxednj. inbtravon. 8¢ - T
&alimtion; Genvma'?m. ~ - B 55. 0.086
.81 18,6 Pup.. | ' 68y 0,074
: 30« H&u 03:5 ‘ : L &i!’? .80, Gullg :
100, Cas Lacbato : 16.5 50. 0,06
| 80, Ca, Lactato ‘ . ?3.. 56, 0,074
- QQ m«umuwnnnﬂmomnmuww:‘ummmw ’ e - l‘:«;’ “w ) 50’ o 0‘0‘?4;‘.
hﬁ.rty ankeh ea 1‘3’66’1’ i -9‘? O»&rﬁﬁi

% This colum of blood caleciumsg wore éei:eminea on thcs éoga,
whon tho an:imalr: pifox ol enfmi.h%ﬂme& .
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 TUYROPARATHYROIDECTOHIZED DOGS
RECEIVING CALCTUH LAUTATE.

& Tormal] DLoot Triohgas

oCTEEorvals BTEoT Wﬁ RoTova,

o _ o Taras, | VEIUSS Unior Thhov.
Ho, | BleCas| 1w Shya Ghra |2day :{daylf.,ﬁﬁ; 3@3. “:’a. 5th Pt [76n Bth, Bl Sa, [Eheahaaalﬁ?zranaxia
86| 128s | = 3.33*? = |- 9#—@ z ’E’;Q Q. Q,’? D48 3.?.’? 40, ‘{};086
v o : o e o }.{205 : égt 1{384
95| 11,8 - - - - - 8:5 ng - . vneew 75 '730 o B0 , ‘Q{}g" _
84| 10,5 |1le |11,£4]|10,8|11.6 Z‘&;ﬁ o] S| 8e [ 005 0u | 8o 85;5? Q.ﬁ‘ - B0 6.95”?'
N T - ' #12,5 0. 008 &
105 324 | = |11 |1lled| = 6;8“ ’?.a‘ 78|, 98 8.% 40, 0,059 a
83| 12,1 | 11,311, (12,8] = |11, 8,;:: 5, P 543 = - 0.5  W0. 0.08
T . I ; 1 | 15, = 658, 0,05
106 11, | 11.9/10.8| 9.4| = | 7.8 .*?, 6. a8l = | = | Y4 ?’f’ m,rf W@? sce.}
*;“-“ 23, 11‘3. : G;Il%‘:
22 13 ﬂa:;s after ﬂmm&ﬁmaiﬂemom o o 80, 0,07
- 7. mgms, Calcium Lactaﬁe por Ko intravemsiy - :,ié . 80, 0,09
B3| - TOTIAL , o B0 0,09
2, hours’ afhor {;ﬁ?’emﬁaﬁm&a&cﬁa i e oo s e ‘G0 0,05
20, ﬁigﬁa; Gaisim Lactabe por K, iﬂt?avenms._:ﬂ; # .;0. 0,09

= c&‘z.cim Thorapy Sterted « - : o
# Caleiwnm Lactabe Tnjected 15 to SO pirites previous to %eaﬁings .

L Scéium Qxa aﬁa i&jectea inﬁraveneusky .
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- THE zmm W Gﬁwm,{ LACTATS
OIf DOGS GIVEN HITHEL GUANIDIN SULFHATE,

mzm ;.njcac?fsed i m«ma "Tsz@;ﬂs. mwobaso bm’onmia

Tﬁl*aé :
|  pow m og;m, m:vdsr Wﬁ. o

B Ca. In volis :?.ﬂ slgmne

Dog -:4 1544 Hauna me m.,:w e @mmgm a
3 AR 0 0.8

0300 T’ﬁmvivezﬁ. Uy wBQ 12, 704 0,125
0:55 100, IAX.G;& Subopt. ‘ ,’5#1(3. 12, GOe . 0.058
3120 V5. Ca, Laa%. intravon. S:50 2.2 W0, 0,09
431{‘) 3.1?. ﬁu{?n ; m P&Veﬁ» . - 4230 1‘?0‘»‘ . 8@& : 0.06
© 6300 18, 1004 0.06
63 :w G. ca‘ Lm anwm. mé& : -‘5’63.. 120, 0.0’7
Gﬁg cﬁlli@g%ﬂ&l@,i‘:ngk Ku; @mup Be
0300 . gﬁ}n ta‘ﬂv&?h E‘Pﬁ’e‘?ﬁuug T T
1:30 IDiheriszed . B:00 118 384 0,04
2&20 25. ﬂa. Laci:‘ Iﬁm‘*w@n. S PR A3, «0.65.3
e | g0 14,2 B0, -«;0-(384
3:00 - BO. Ca, Lact, intraven, 5316 1 B33 0,085
’ '«?‘:zéﬁ ~40.~ 0,084
?% ‘?3.. ialo: ﬁag,,, Wby 14 :’ﬂa--, Group Oo |
o 620@ 11.2
Dg‘yﬁ 410, IA G’“oua mubm‘tt Gt . o
z(}(}‘ w;!:hez:*ized e B Ozm 14, o 404 0,04
115 5%, Ga. I;goﬁ. mﬁmvem.. . D230 S 8D, 0405
t35 57, L 0455 40, 0,00«
265 lt}u 1 f}bﬁ)o iﬁ{rz"&“?(}nn 2225 B30. G.(M:
Qgg 100, Gmu L&at o 1:55 3‘?0 QG?
23 n on n’ S -
| mac} 470, © o 4310 :ﬁm 0.0%
VG. umall Spiﬁz,remaw, e 54 Ko Croup }‘3.
< 0300 10 9
2 ﬂJS MQOﬂ mia'pwiu “ubmrﬁa : T S
0:00 Ithorized 0820 11.9 . 88, 0,123
0:15 80, Ca, Laa’m mtmvan. D325 SR 054 0,123
0:30 30.° , 0235 284 0,115
0:40 280, " ,!'. ," lz‘c?. 40, . 0.14
1330 , | |

3

Table contioued on mext page «
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TABLE 14,

| cmm@aa
e T mieeted T Ehm Ten . Thootase Cimonanis
, pop ;:m::'grm, ‘mﬁy m. e i Ca "!m mlm 1n mim‘m.
i V6. mgiw#”mlm, mz. 3.3;..3 K., Group j’ié "

3 ey ffﬁ 3@3&' ifit(}aﬂ)ﬁ ﬁubm{lq | : ’ L
0:00  Itheopized ’ f,}‘:lO &é, L84 Qsl&;’“ﬁﬁ\
0:20 00, fss% Lw;fz:. ing I‘“&Wﬁv 0180 55, 0.86
0 540 53(} » R - - 9 ‘UO : P; : ’185
0355 180 ' . ;?F' - 1100 GO #2608
1:05 180, % 1 b 1310 87, O.ﬂeﬁ
1120 300, ‘* s B LMo 90, 0.00

Al

& umméi bmﬁ;gr:mwlia @a*’m"mﬁ aﬁ *haaa %ﬂma P

g ﬁ*ﬁmﬁ idu
ﬁm m@mﬁz OF BUGHANAN ATD r}mmr Ké},
| - THTERFRETED, |
Datas mmmﬂawa ﬁm&mian :zsi‘ ﬁh@amm CImonARio mjaammm
| somniie nOTYOss iu volts .'Ln ﬂﬁ.gmm Ense per Ke

Cay 12 m@p memm.

. The Yormal f%vemga R 0.4

s/ fz/;@ - Proeceding tho Ifnjwwmm D 2’.4.:: T0R2 .05 dim.g.m.
5/ B/es wm@mw ine, lrritable CA8s 015 ,a c‘iiv-m.g;.cl.

Navlmd dne, ieritebility 15, 0,11
L DAffiewdt ﬁﬂﬁﬁ%ﬁ&iﬁﬂfblﬁakﬁ& PG

incomplatoly) 30, 086
- Rotuming hyper ivritabllis ‘3‘14 L 019
5/ 4/25 Tnoreasod :ix*z*itammty 28, 0,14 (average)
G‘aﬁ 8 z}eap mwmrm |
o Tha! mrml avamge IR o 1 A SR )
2/ 5/25 T B0¢ - 0413 06 gusme 6.
o/ 6/85 Rocoverod - 30, 0.20 .1 n i
| (’mndml ineﬂeaw af m:;. 56 0.88 ' . ‘
2/7/85 35«  0.18 “ -
v/ 9/05 L | 3l, 007 L " ¥
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B0
Code of Figure 1.

GK’WE’E .
1.A, Twonty five normel edult dogs o

1.  Soventoon thyvoparethyroldsctomized gdult dogs «
"B, ‘Two dogs showing the lmmediate offvct .
Ce Seoven dope Iu the sbape of mascle fromors .
D. Two doge In the stopge of teobtany convulsions . o
T, W7o doge in the sbage siz hours following a convulsion'.
G, Your dogs in which convuleions did nob ocour .

2, Three dogs Injocted Intwvevenously with 6. to 170,
< mpms, por ¥, of sodium oxalate for 8 fo 3 days.
B Ono dog with the effect off a small quanily » '
G« Two dogs in the stage of musclie tromors .

Be Bight adult doBs injocted subcuboncously with B0, bo
| 800+ s, por Ke of mebhyl guenidin sulphato
, Coduridng 1 bo 4 days o : :
€. Throo dogs in the sbago of musclo tromors
Dy Pive dogs in tho shage of toteny convulsions .
Ge Ono dog in-which convulelons did nob ocour

by Five adolt dops injocted lntravonously with 6, to
T 185, mgm8. por Ky of 1y G 8. durlng enssthosisa,
L. Tive normal aduld dogse o
C. Tive dogs in the ebago of musclo tromors .

Be Five edult dogs injected inbravenously with BO. o

o 150 mgmse por X ofily Gs Se¢ durdng the wnostosle .
Ai The normal velues of thoas five dogse -

' Fe Tollowing tho acube andminishration of a lerpe amocunt

© . of mobhyl guenidin sulphetes © |
Es Tho same enimals 5 mimites lator,
-0, The same maimszlﬂ aﬁﬂayg en additlonsl 5 mimutes .

Ordinetos § dark colurme = vhoobase In volbs o
1ight columme = chronaxie in sigon ¢
% 2 Dlood coleivm In mgmss por cenb o

Abselssa g Animals in groups
Time An mirutos o



Figure 1., The influence of parathyroidectomy snd methyl
guanidin sulphate on the irritability of the vagus nerve.

5.

T4y : , »

Volts

10Q

14

. Seventeen thyroparathyroidectomized dogs.
« Three adult dogs injected intravenously
with sodium oxalate for 2 to 3 days,
3. Eight adult dogs injected subecut. with ;
‘methyl guanidin sulphate for 1 to 4 days., |
4, Five adult dogs injected intraven. with '
' '6 to 15 mgms, of H.G.S.
5, Five adult dogs injected intravenously
with 50 to 150 mgms. of M.G.S.

15@

Oodej~see'page 59.
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FIGURE 2 -

JQD CL OF PARATHYROIDECTOMY AND

EIDIN SULPHETV ON bTHERIAED DOGS. -

(og)

- 1001°
! H

1. twenuy five mnormal adult dogs.

2, five normal pups.
3. six thyroparathyroidectomized aduit dogs.

4, four etherized adult dogs.
5, five adult dogs injected subcutaneously with methyl

guanidin sulphate, av. inj., 70 mgms. per Kilo.

ordinates, rheobase in volts, and chronaxie in sigms.
abscissa, time in hours.

.



N

1, Dogs receiving 30. to 40, mgms, per K. of Na, Oxalate intravenously o

2. Five dogs giveﬁ small guanities of methyl guanidin suiphaté intravenously.

3. Five dogs given. large: quanities of methyl guanidin sulphate intravenously.

‘aggu

R

*

7. Six normal adult dogs, . |
» 5 4 5 s 7

Time, 1
“in hours. ‘ o , 4 , A
The effecis of sodium oxalabte, methyl guanidin sulphate, and the removal
f the parathyroids on the irritability of the vagus nerves in etherized dogs.

Pigure 3.
\Sh£€%a£'cclumns Q_ the time in which hyper-irritability developed.
Solial columns, the time in which decreased irritability developed.
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