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IBETRODNOTION

1 Chenletry and Fotobolliem of Ammenlum Snllses

The positicn of Lhe smmoniwn fon 4n physiological chenietry is
unigue beoause 1% i the only inorpanic eation which may e synthesised
by a body organ into & menlonde orpenic compownde Shie organ ls the
liver and its ofleiongy, in his regpent, is do great that the novesl
ansonie content in the eireuleting humen Bigsed is cczstantly meintalne
ol at, or very noRY .gere {2}, Ures is the organic compound to which
smmonla ig converted and the mechenism is belleved to take place by two
provedusres: The Pirst la the sloaple ccobination, probably through sugye
oatle sotdon, of ammonia, carbon dioxide sud water @ form first camote
iun cerbomate, thon smmonlun carbemmte and, finelly, wen and wnlers In
the cther procesg, the anine avid orniihine iz earboxylntied by the addi~-
lion of ourbon dioxide o omrbamine ornithines Additicn uf iy o this
lator compound chenges Lt to ocltrulline, which, with the addition of
further ammonls changes 14 to the anlne aold arginines The astion of
arpinags on the arginine then releaces ures and provides oralthine again
to allow this interesting organie synthetio provess 4o bepin over apmine
The following formlas (1) and [B) show thess twe sepurate stops which
meintein Lthe congtangy of the pere or neer sers blood level of smmoniat
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Vhen emnonium chloride is ingested or injected, after the metabolism
of the ammonium with convorsion to ures, the chloride ion romeinsg free
in the circulation. In turn, this eaiion represeuts a mete olie nroblem
since 1t must be neutralized by un equivalent iom of fixed base (Fa ion)
in order to maimbain nocldebase equilibriwm for homeostamig.

Por clarity s more detailed explanation fo this mecharism is that
while the ammonium ion is converted to urea, the libersted chloride iou
draws upon sodium ions contributed meinly frowm the sodium bienrbonste
buffer system of the plasma. This leads %0 a formetion of an excess of
carbonic ecid which ig quieckly exoreted through the lunge as carbon dicx=
1de, and resulis in a stete of compensated alkeli deficit with veduced
plesma carbonie ecid and scdium bicarbovate sltheugh the PH remaing nors

mel. Since the carbon dicxide combining power is a measure of the amount



of plesma bicarbopate, consesuently it is lowered. If the accunt of
ehloride ion presgnt is very greet, the plusm godlus bleurbonate hHew
cemos sove-sly depleted, The cerbonic acld (ICUze) relevsed from the
Vo4 00y comblnatl n seownlaton slnce the lunge are wwble Yo oxoreto
the freod COp rapidly enough and s fall in the plasme pH, w3 woll as
the €0, combining power voourse Thus & stete of unconpenasated sliell
def'felt and 00y oxoesa now oxislis.

The kidney is else intimately connscted with the netebolism of
the ammonium lon, 16 sorves as e only avenue of exereliwm for the
incronsod amount of wren snd godivm chleride formed by the melaboliem
of the emmonium shloride in the liver, Of some iumportance 1s the fact
that with 3 seareity of fised bage, the dolls of the ronal tubumles csn
form aseonia from cortain amine acids (Erebs) or oven ures itself
{Bapn and Bollmen, Uash and Denedied) (1)s This asmonia of renal orde
¢in displacen the sodium combined with asid acien tima ellowing the
tubulos to reabsord 1he godium and go preserving this eation o lhe
bodye Under these oiroumstences the kldney ulso selectively ﬁcrﬂu
& grost amount of ﬁaﬁgmw

In wddition to fte effeols un acid-bnes balence, amsonfuwa chiloride
indirsetly emerts an influence on the body water belange, Hobh urea
end sodium ohloride heve condliderable cancile sctlivity, and consequonie
ly; whon those compounds are belng owereted in large amounts, a large
amound of wate - acocompeniss them bosause tubtlar vesbsorbilon of wier
from glomorulsr filtrate e decressed by the high osmotlie prossurs of

these compovndyy
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2+ Foview of Literature on Emwisw and CIinionl Siuiies with
Administration of Asmonium Saligew

In 1521, Meldane (12) firet dewsnstrated the ebility of arwonium
ehloride to lower the blood carbon dluzide combining power indisating
& shift towsrd the seld slde after the oral lugestion of lurpe guanti-
thos of this compounds It ls obvicus from the offsals mentisned that
armonive ehleride would be of waluo thevepouticsllys The drug hes
iong boon adminigtored ornlly, prisarily ss o diurctle elther alone or
in conjunetion with digitalis and the pereurial dluretiloss

less frequontly, intrevencus sduinletretiss of mmmoniem ohleride
hag been practiced. MeCanm {15) in 1992 peperted on the relief of
carpopedal epusn from gastric teleny wad alkalosis by the intyevencus
injootion of 500 al. of 04722 por cent sswoniwm chloride solutions In
1925 Yowsangy and Greene {23) alse reported on the suvcessful treatnont
of » oame of gawirlo teteny by the intravenous adminieteation of LOO oo
of 0ufQ por cent soeonium ohloride and cheerved no untownrd resctlons,
but, from 1005 wntil 1943, thie form of therapy for alksnlosis vus
supplanted by the Intravenous adulisietrsiion of large quentitles of
phyaiologie salt solution {0477 ¥aCl in ciseilled water) s FOLnly bow
onuse of the work of Ganblo and Nogs {10, Thewe aubbhors stated thek
18 the kidney wers prosented with adequate amount of sodlus and chiloride
iong, there would take place a selective axeretion of the avlen [C1™)
with proservaiion of the cation Ned) thus mc%hha&mﬁ the seidebase
equilidbrivm. They alse pointed out thet intpavensus armonium ehlorlide
may bo haraful in the trestment of alkeissis boeauss 14 MRY 00u8e dge

plotion of sodiuwn lon end n&:ﬂmﬁiun of dehydration by dlursais.
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Tomower, Wigel [17) in 1950, pointed out that in albslosis sope resal
damege or insulfleloney may cecur so that the hidney ls uneblo %o
fusotion in 1t norssl physiologie mennere In addition bo rensl St e,
sovare alkalosls may nrodudce tetany, convalslons, and death. Thus, in
143, the wse of esmoniun chloride vey resumed YW Bintel, Thonden, ard
Pavdln {24) whoe recerted on the trestaent of geven potients in allmlosls
wio had roceived & total of {welve introvencus injdecticna of 27 mewonium
ahloride contsined in olther Alstilled water, physiclogle saline, or 5%
glusoas golution,.

In 1045, Sellora and Xset {17) desorited ihe vse of intravenous
mmonium ohloride in three patlente. In ocsch tass 1%s inlestion losd 4o
& prompt fall ln earbon dicxide combininy powor snd s #lss in sevom
chlorideas Feliers and fagt fn contrast with Gan'le end Noss [0) Y
gosted that many patiente fail to respond to thorapy with phesioloeple
anld gelution hesause of the inpaired vorml Punciion due 4o alke lesia,
wephroslis, delgdration, bypoehlorenia, and/or coneomdtiant romel d150620.
In this conditlion naveve, vomiting, comp and telany proclude oml aduine
igtrotion and makos rapid treatuent desirablos

In 1046, Forbow and Broandan {O) aduislstered intrevescus amsonium
chleride to nine infants with vonpenital hyperirophie prlorie stencels
following en experinencal study of its effects on dors and rabbitas
They suployed & 0.007 solution of amsonium ohloride {one-sixth meler) in
sither lsotonle sodium ehloride or in dsctonie solution of thres chlge
rides TeluPe (Rinpor's solutlon)s The patiomal ﬂnpioying aodlum ehloride
Yo replace the loss, in vouitua, of an approsiable amount of sodius ione
had been pointed out hy Camdle and Ross (10). Torbes snd Broanlen Pevmd

thet the intreversus snd svhoutanoous route of adminigtrmition o epmonium



shloride wg effootive in lowering $he cerbon dioxide somblning power
of the plasma and relsing the sorum chlerides. In animals, they found
that the intravenous inleotion of 20 %o 30 vo per kllopram body welght
in L5 minutes {equal %o »0Th to 0,111 milliequivelente per kilogrenm
por ninvte) csused srmploms of oxcessive salivetion, hypurpops, snd
drewaiveass Ineccesing the rate of Injectlon caused stupor end convale
along and &% wes nobed tiat the eymploce prodused were dlmeotly releted
%o the rate of lojeotion of the solutleons During clinieal use one inwe
fout showed delinite fomle offects with pellor, irrsgular respiralion,
pocasionsl twitohinge of the eyellds and hends, bradyoardis, ead pooy
rosponse o pelnful stimmili. This ohild bad been piven 30 oo por Lgs
of 0,097 solutlon of ammonium shloride in eightesn minutes (0,270
eillioquivelonts per Llleptac per minubtel. The euthors concluded that
the toxieity was due o oo rapid injsotien of the soluticn, sl @
senocamdtéant production of am extensive fell in seran pil.

Soheema {1947) (30) used o 0L solution of ammonium ohloride in
2 dewtrose solution by volin us s divretle in tresding resistant edome
und aziguria. Flve of hias casos, toteling 52 sduinlstratlong, showed
govere ronetions characterized Ly pallor, swoaling, snd rotehings

Por g eoopound suah as ammonius chloride whioh gives prumise of
songiderakle therspoulic use, it s importent thet a thorough gualiiaw
tive and quantitetive knowledge of ity pharmsccloyy bo goineds The
gualitative aspeots attending intravenous injection of armoniunm ¢hloe
rida have been well lmowy for many yoarss Follewing larpe intravencus
doses of emmcnlum chleride, Yarfors (20) in 1873, deseriboed the pronpt
appe-rance of iwltohes, iremors, progresaing to tebany, vielemi convule

alons, and splethotenos, irrcspuler reapiretion, snlivsiion eod emesls,



and sopnolenco and lasaitude. Meveguisel (20} (1912) etated that the
body funotlons resover repldly providing the injeotlon is not lumediato~
1y fatals Dresefiold (80) ot md {1946) fomd that lntravencus injeetlion
of sumoniuw ¢chloride produced en lmmediste incresse in regpirailom, fall
in blood pressurs, and slowing of tw hearts Uome of the sther reported
eotlong of armoniun ohloride fnclude stimuletion of the cent;el norvous
syaten with toxlo angumte, & weal sursre=lilsm sction on direet aprliope
thon to musole, and an expeotorsnt astion.

With regpest to the guantidetive aspeots of " he toxisclogy of
amcordun chiordde, theso are less well kuowm, The abeve reports,
sopocially those of Menegulssl, and Forbes and Hrpenien would sugrest
that the oecurrence of tozlelty Lo related nore elosely to mte of
adninistration than to totnl aspunt adninletereds lowover, sn oxtensive
sanreh of the litore wre lug falled to digelose any studies primerily
condorned with this pertiouiasy guestions

HETHOD OF BYUDY

Our purpose in this investigation has been (1) to deternine the
nature and soquence ¢f toxie sicne, (@) to quantitatively deternine the
rate or rates of infootion which will produce toxlolty, end {3} to doe
tercine the rate of isjeotion whioh will produce death,

le Injoction of Ammonium Seltgee

Healthy, fasting (2l trs.), adult, mels ané fomale dops snostheotised
with sodies pentobarbital (¥, mg./kpe) wore useds The intravenons infue
siong wure mede in 57 dexirose golution as elther 27 sswmonium chloride,
24087 avmoning scotete, 24960 ammonfum bienrbonate, 2,07 or 2,57 amuone
fun earbornte.s A 27 solution of mumenium ohloride was chosen because



thia was the solution wsed olinfeslly by fintel, Ehoades, and Bawdiin
(16) and Dellers and Kast (17)s The poroentages of the ciher solue
tiong were ohosen because thoy are syuivalent in smowniws lon concenw
tratior to the 27 amonium chlorides The rate of infusion was doterw
mined by frequently counting the drops falling in 30 sovonds tine in
the intravencus epraratusms AU the end of the experimont the numbey
of drope somprising 10 nl, of the particuler salt used mag Juternined
fron an everage of three different readiogss This was intorpolsted
inte the number of drops por milliliter. For the suke of comparison
ihe ratos worg converted Yo milifequivalonts of amsonium lon por
ninvte and finally to millioquiwmilents per kilogram body weipht per
SEDULT e

2« Dotorsination of Mlood Amsoniaee

Blosd amwonie was determined by the methed of Comeny {2, 3, &, 5)
but sinoe our resuits wary from his, the method wo used s deseribed
in details The "units” used Cor the resction, round cups &0 mm. in
dlamotor snd 10 ma, deop and duving an inne- and outer chenber, were
the game slse ag those desorided by Cormmy but wore mede of plastle
instend of pyrex plasas ﬁeiimiuax;@r preparation of the "units” was
that recommended by Conwmy, namely: the oonter ohenber was 1lled with
Us7 mls of UL0008 ¥ sulfuric neld and the cuter chember with 1.0 nl.
of saturated potassium eerbonute, the 1id amenred with minoral oile
perallln fiastive and set in placa, This procodurs wms done $0 yomove
troces of ammonie in either the rimstive, the unit, or the potassium
corbonates AL the end of ocno=half howr or longer the acld 1n the vone
tral ohamber was Litrated to the ond-polvt with 00006 © beriuwm

hydroxlde, then withdrown, and e refill of seld wms put in Lhe center



chauber, Commy collooted blood either by open she@ding thru e nexdle
conngvted to a ahort length of poraffined yubber tubing intc an open
flaask, or by aapiraiing It fato an stmosphere of carbon dioxide fn a
tonometers Cur proceduro was 4o colleot the bleod into a syringe conw
taining minoral oll theu a 21 or 22 geuge noodle and trevsforring it
wnder o layer of mineral oil into a teat tubes A stop watch was starte
od at the moment blood Pirsl eppesred 1 “he ayringe end stoppod at the
ond of the rotation of the "usit” in order to caleulate the awmsonia
formed dwng the alpha rige of Comway whiloh will be @lscussod laters
The "unit" wms then tippod snd the 1id renoved enourh to adnit the tip
of Lhe pipette: Une milliliter of blood was iraneforsed to the sutar
chamber by meana of a Van SlykesWelll pipette apd the 144 glally re=
plaoeds The wnit wny rotated ten Limes to six the blood with the s o
tassium corbonate and set eside for emmotly ton minutes. The oxcess
aold wag then titrated with barlum hydroxide, In the first fow dntere
minations, ihe smonle sontent was caleulated on the dasls of Lhe nors
meiity of the aeld and bess, but in later axperinents, contrel snd
blank estimntiona were run froquently end the following Comaule used to
caloulnte the nlcroprans of smnenis per millilliter of blsod. The vwalus
of this seihol of esloulation is that the burette and roa onty arg

standardised apningt 6 control solublen of lnown sLren; the

{8 4 - - x
::nk ~ ?“: ;;ﬁl ool X 1ed% X 2465) = 0421 2 tgm Fy nitrogon per ml.

here: "Flank™ is the amcunt of buse, read as maris on the turette,
nocessary Lo nouteallse Lhe seld alfter a detornminatlion with 41gtilled
vatore Analytionl eguela marke or the burette to neutrelise the scid

aftar ammonia from 1 ml, of blowd Las boen absorbe’ by the acid. Control
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ggun.s nerics on the buretite Yo neutrelize the soid after absorpiicn of
ammonia from 1 nls of 4 conlyrel solution contelnlng 2400 ugm ¥ i3 nlire-
gon pow wly  1e15 Lo the ratio of iz sbsorbed from water carbonate
mintures %o thet from bLlsed carbonate mixtures (Comway, Sle 2405 33

the consentration of anmonia nitropgen in control, 4n ugs por ale The
flpure 0:11 12 the correction for sposlal demaineting sction of the
#limli on biced at 9% €. in ugn of emmonie nitrogen por nl. {Comwmy, 5.

Tho some prooadurs vas followed with blood of higher arronis content
which is found during infusion of ammonium chloride, ezespt tlat an acld
of bigher nornelity 49 useds “he same blank end contvrol eotimetions weve
Aoree

Conwmy (3) firet showoed in 1935 4hat the normel human blood awonis
content ls practiocally sorvs 4 rapld rige in emmenis cecura ia hHlood
wideh la eollected by open abedding, rosohing O to 0u5 npm ssmonis
nitrogen por mle by $he ond of O minuboss This hes beon oalled the
"alpha” rise by Conway and ¢ presumably due to coanmimation of minute
cuounts of sdencaine and adenylic acide 4 move gradunl increase coours
afler Chis tine, onllod e bets rige, and a2 third, otlll slower rise
oriled the pnoma phase, coaurs lator. ,

Haproweki snd ninskl {13) showed that the normal blood eammonia in
dogs ls also sero, and that the same alpha rise occours os in mans They
slge ahowed that Lhe Dlood mmmeuia incresses after the oral adminlatrae
tions of esmonlue chloride (0.5 pme per kgel, the highest wmlue being
10 wg pur wmle Dlood ures alsc rises, tho stuepest rise seourring from
G0»20 minutos nfter sduinistration of ammenium ohlorides.

In our studies, the earbon dioxide combining power of the plasmo

wng celerained by the Yen Slyke manonmetrie mothod.
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EXPER [MERTAL RESTLTS

A« Typleal tomic signs . ohgerved from intravencus injestion

of svwonium snltge

Ve have cheorved in the mejority of onses (hweo viaracteristie
stages vP ronction in Intravensus nononiun ohlorldee These mey Do
divided into the beginmning, the train, and the Cinal tosio signs. In
20 doge end with tho vee of any of the four smonium selis, the Lypie
cel gerics of events wag as Pollowse« Pirsd, there were regularly
vepurring doop inepiretory pasps followsd by a varked explratory
offort which wae produced by & strong contraction of the adoninal
mugcloss These heesme Incrseaincly move Croguemt and soon the rogole
rallong beonme quite lrregular. Necording of the earotid dlood
pregaure showed that at the same time the syetollc pressure begen o
rise and the stroke wlums beoams very greats Soon aftey this cocae-~
lonal mugeular twitches appeared, ususlly boplmning about the neek,
anglos of the mouth, eyollde, end lipes There wore fagclouintions of
ihe museles of Lhe tongue, Dy thils vime the wegpiretlons lwd becone
completely irreguler snd were often accompauled by a vielent gasping
insplratory offort with a marked ventml jorking of the heads The
mesoulayr twltohings sprend throughout the body end were goon followed
by tone and olonioc conwulsionse Unless the injection wee stopped,
denth cheued {rom respimaiory srveat, for the heart continued 4o Loat
for a fow secoonds afier the respirstions cesseds Other toxie ofsots
as reported by others were noted, sueh as esardiase irropularities, auge

cultatory sounds charasctoristie of Iluld in the lunps (1), and marked
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hsmolyeils of $he yeod bilood cellass

in 22 of Yhe oxperimenia the infusi-n was allowsd to contlawe until
the entaal wae desds Doath osvurred on wn sverage of J1.25 ninutes
after the toxie symptona Iiret appevred with extromos ad 11 and 70
minutes, In il anlmals the intravencus infusion was stopped sven gf‘*:w
the cnset of toxlelty and the dog allowed Yo recovers The average
peried necesxary for recovory was 20 minutes with extremes at o and 65
minutes. The time for reocevery Yo cewur was direetly proporiloal W
the lenpth ﬁé tine Soxieity had beer allowed to ovigts

Do Mypical Tomieity.

In L evperiments the typlenl Gratn of toxic ovents did net coours
In these cnsey, o rate of infusion was fasts In one instance, the
first thing noted was o tounle convulalon followed Limedistely by doaths
In the second onue, thare was some tresbling noted at the end of inspi-
raticn and Lhe anfsml quietly csesed &xm%;hmg,; Io the third snlmsi,
there wag irregularity of the resplrations but no Mheillstions oy cone
volsiong and the animel died by respiratery ervest without other wersing
signae The fourth dog hed several gasping reepirailons Lemedintely
followed by iwo tonie comvulelons, voslted and dled from respivetory
fellures

Following are abstractod protesols giving the 4rein of ovents in
four typleel exporimonta, axemplifying the toxlelty of amsontum ohloride,

apfonium cerbonate, ewenium blearberate, and awmenlus acebales
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D208

(a201

Galth

0200

tornsd.

Convalaive ofTorts durlng inaplration,
Jorking of head, gpasm of sroups of ouse
clos, lungs full of fluld,

fleert slow and irregular, twitching of
hond, neek, legs, oves, sxd evelids.

Twe gueosgaive tonde and clonie convule
gilongs

Fasicwlation of the tengue, marked
ingpivatory gnapgs

Clonfe convulsion, death from reesmiratory
falilure.
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- Godium Pentobarbital incsthesia,
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LOUDITION

Oell)

D160

U185

Cal29

Ox1l0
Qel32

Pormaal

Palse pressurs high, slightly lrreguler
pulse, Llood presaure high, noderate
orancdige

Twitohing of nook musplos with inspiree
tion, twitehing of abdominal muscles,
pulse Srrogulars

Joriing of hend with imepiraticn, Leaps
rigtin erratle, urivary incontinence.

Tonis oowwuleion, very Lrrepular snd
graping respirstiions, fitrillary twitohw
ing of tengue, '

Tenie couvulalon, urinery ineontinence.

Deatd: from reapimntory failure,
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3¢ 24007 xp 1045 ke Fommle Dog = Sodiun Pentobarbital Avestbosiss
- a.g ,l{_ﬂ‘ -?IE 7' s o r;,'l -l-"ﬁ e
(udns )(mog y Arpy fuing) GONLLTION ;
o - floraal ~ D212 end repgulay, 1256 and
rogulay, occler guod, rolloxes slugpishe
il 04196 Forseful abdoninel contraction with em~
pirailions
. 04296 Fibrillapy twitchings of the tongues
x5 0ed07 Sinua arrhytleale, rosplration irvegular,
uneven Sopth, Jerky, slight oyenvelss
Le 04196 Wink reflex now prosent, swallowing.
50 0177 Genoralized mugsenlar twitobing, rseping

respirations, oyancsis, Jorking of haed,
Serky Lrreguler spasmpdie contractions
of abdomen betwesn branths, sicus archye

theia,. 7

é0 De171 varked fasiewlation of tongue, tonle
sorvalelone ;

& Cull beoath from respiratory fallurse.

lse ﬁ.&:ﬁfjﬁ!q‘}ﬁcﬂﬁ 1048 kge Yemmle lop ~ Sodium Pentobarbltal Anestheule.

(sine) (megefege/nin,)  CONDITION i
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11 0e155 legpirations 20/mine, and rogular. Tulse
dyfuln., and regular,

2% Cal% Gasping reapiration, fescioulations of
tengue, quivering, conwulgive movemonis,
IV slowed and dog allowed to rocover.

b 000 Gesping voapirstion, ne tresors or fagou~
lstion. Pulse rete M0/ain., snd regular,
nodorately strongs

7 04006 Pulne rate 10/ /aln., end Pogular, moderste=
1y strong. Respiration 25/uin. and regulars
Forelble expiration, color normal, wink and
pornoal re’lewss abeent, musele tone soderates
Tandon refloxew Lyporaciives
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Table I summarized the data for the time of onset of toxielty in
30 dogss The columns, reading from left to right show the weight of
the dog in kilogrems, the average rate of infusion of the amonium
salt in williliters per minute, the conversion of the Fipures glven
for the average role to wmilleguivalents of ammonium lon per minute,
the average rate of infusion in millieguivalente per kilogrem per
mloute obteined from the quotient of the two previous fipures, and
the longth of time after starting the intravencus infusion required
for the appesrance of toxic signe, the last column shows R@/ﬁa or
the averapge experimental rete of infusion in milliequivalents per kilo-
grom per minute (Re) divided by 0.045 (Rc) which 4e the rate of infusion
in millisquivalents per kilogram per winute recaloulsted from the
clinioal program used by Zintel, Rhosdes, and Ravdin (2l;) and Sollers
and fast (19). From our studies we found infusion as little as 2.3
times the recommended rate is capable of producing toxicity in 43
minutes and a rate of 6,48 times the resommended rate produced toxielity
in € ninutes,

In Oreph I is shown the time of the onset of toxieity of all 30
dogs with the average rate of infusion in willlequivelents per kiloe
gram per minute plotted ageinst ti.e §n4minu%es:

Table II shows the time for death after the onmet of toxieity ab
various average rates of infusion. Column 1, is the welpht of the
dog, solum 2, is the average rate of infusion im milliliters per
minute, column 3, is the average rate of infusion in millisquivalents
por minute, column L, is the dose in milliequivalents per kilogram
per minute, and column 5 the time in minutes for death aftor the onset
of toxieity for 20 dogs. From the teble it is evident thet death cccur-

red izmediately after the onset of toxielty in 2 dogs, and thet another
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TABLE 1
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dog died § minules affter oneot of toxlelty although he may hawe sspirn.
tol vordtuse In the resaining 17 dogn, 11 minutes wes the shortest
tine and 70 minutos was the longest Lime from the oneet of toxlelity $o
deaths

Graph 11 ghows the relationship botween the everass vabe of ine
fugicn in silliequiwionts per kilogren per minute and the time in
minuteos for Lhe ocourrence of death after ouset of toxielty,

Table 111 1iets tho bloed WAzl and (0p sombining power before the
start of the experinent (normal), ot the onset of toxielty, and at
donthe

it will be seen that the plasmm (Cp combining power was lowered in
all instences when amsonium ohloride was used. The injestlon of
nelthor ssmonium bicavbonate nor ammonium ecotabe appurently had any
nmarkod effoot on the plasma C05 combining powers In this respoot, it
iz important to note aleso that no dogs showed & plesma Clp cambining
power in the renge of allkalosis becsuse of the almilerity in the menis
fostatlons of alinlosis end those of amsonjum lon tomloitye Also of
note 1s the feol that there wae ne approclable difference in time fur
the onget of toxdoity or deuth with sowmenium ehloride or the other
amsonlus seltee Thus the toxlelty and deokh is apparently due o the
ammonima fon itselfl and not %o changes in aeidebage belance, as
sugrested by Ferbes and Brpaninn,

Hlood wwain, lovels at (w appesrande of toxie sigms ot death
tre qulte varisble and pertmps lnconcluaive bosauso of the anall nume
ber of detorsinations end aleo bosause wo wore unsile o emmetily re-
produss the normal levels found by Comwmy {2, 3}, and Eaprowskl and
Uninskl {13)s 1% is inportant % show as has beon done in cur
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oxporimente, Lowowsr, that there 3s o ssrbed rise in bLlood mmonis cone
tent colnefdent with the infusions Thie clearly indioates thai there
is @ meximm rate {(or threunnsld) at whieh the livor is capable of cone
vorting mwwonia 0 ures snd beyond which {oxie signs way dovelop.

The determinmatlon of blood ammenin is G4ff{eult provedure and is
ot well adaptable to elinical use, sapeoially bLeveuse of the rapld rise

which seeurs alter shadding of bBlood,

SUMMARY AND DISCUSSION

The fnoreeaingly frequent wae of intravencus sxconius chloride in
the thorapy of sibelosls and as a diuwretie domanda a thaorough Imowledge
of 1%e actions by this route of edministrations In studying the plsay-
npcology and tuxloslogy of the intravenous injection of amnonlum selts,
we have chaerved its offocts on thirty-iwo nowmal wéult dogds ¥e heve
seed four anmenium salts of different rosoticn iz order %o satablish
the toxielty on the besis of the smsonlum lon pather than to fnvostlionte
the alteration of ascid-base samilidrium caused by the anlon. Yo have
found that the swume toxlolty oveurred whethar the €Op oonbining powey
wng aormal or i the range of meldosies T4 has algs booome apparent
that the appearance of toxielty and death is Punction of the vnte of
adainiztration and not of the votel amount of amsonium opmpound civen,
This 1z borune sub by the following datay (o) An sverage rate of adninig-
tratlon of 0802 millloquivalonte por kiloprens per niuube prodosed
toxiefity in olpht sinubes and desth gsourred in twelve ninubes alter the
onsot of tomielty. This 1o Gl Limes tho rate of adsinfsivetion used

in elinleal prastice hy several authorss (B} An average rate of infusion



18

0,103 millieguiwalonts por bilogrem peor minnte or 220 tines the pPee
commended rate, produced texielty fn 63 minctess ¥While death bed nod
coourred wenty-elpht sinutes later when the Infuaion wme etopped, it
is llkely tha¢ the death would have cscurred {f the indravencus in-
Jeetlon had besn allowed to continue for o longer tine. [e) An
avorage rate of 0.123 mililequiwelents per kilogram por ninwte pro-
dused texiolty in LS minutes and death ocourred L minutes later.
Thia was ihe lowest rate of infusion which eausod deabhs

ia vhe majority of ewsve the Soxieiuy followed s conalstont b=
torn characterised by irregularity of respiration, cyvencsis, cerdiac
lrregulnrity, initial »ise and termionl full in blood pregeure, mugTue
lar twitehlng progressing to conwnlsions, hewlyels, respirstory srrest
and death, Towewer, in o susller poreentage of the tuses, espooinlly
those with & high rate of Iafusion, the typieal train of ﬁéx&z}ity did
not appoar, and tho anisels died without provious werning sizns.

Porbos and Trganlan (0) reported a sisiler treln of toric sveats
in one of their patlents whe recoived mumentum chloride intrevenvusly
for 17 minutes at & wate wileh we have salculuted from their date 1o be
0.276 williequivalents per kilopram ver minute. They believed the
toxioity was dus to an extensive, rapid fall of serum pi, fowover, in
light of our results showing ldentioal toxio renstions whether the 00
coubining power was rising or falling, 1t is ovident thab the probable
oauae was & too recid scoumulation of emmonium lone. In preliminary
oxporinents on doge and rebbite, the seme suthors found minor toxie
signe with ratos verying from 0.07L to 0a111 militequivelonts per :ilew

gren per winute (cur selevlations from thotr dute) continued over a A



ninute periods These data sre wholly consistent with owrs, inddoating
thet the threabold for tomielty iz similer for dogs, Pebblis, and humans.
These gludios have censiderable cliviesl importsuee in iight of the

cearrew sofoty morgin of intrevenous smmoniun compouncs. The faet dhat
Uw rete of Infusion L9 the determining factor in tho csumation of toxie
oity makes it of great importance to heve congtent suporvision éuring

the dnfusion. It 1s possible that an inadveriteont gpooding »f the rate

of infusion to twe or throe tlmes the intonded vate would producs toxie
olty LF injeotion Is allowed to continue for L5 to &0 minutess 4 rate

of G=6 times the roccemended dose, which fs within the reals of olinieal
posalibility wight produce toxlolty end deeth in 15«80 ninules. Turthore
more, there s ne valld physlelople reason to use o high rete of aduinligw
tratlion sinos the objoct soupht in the sorrection of edema 12 44 huve +he
tisplaced sodiun lons pagu through the gloweruluy and bo exereted in the
wrines Vo uatber what the rate of infusion, esch chioride lon relessed
fros sssoniun chloride, whon exereted, will take with 14 a sodlum lon.

In slkelosis, ihe addition of sach chloride fon will cause o shifh of the
tulfer syabom toward the normal gtate no metter hw rapkdly they are inw
fugeds Thos in tho trontment of odems or slkalosis with smmonium ehloride
there de no adwantage to rum the rigk of texielty by attempiing 4o lower
*he blood 00, combining power toc repidlys

Forbes and Brganian (C)consider it doubéful thet en increase in

aumonle content of the gystenic elrculaiion hes ever been dotanted, oven
after fncestlon of Jarpe cuentiilies of semoniun salis. Nowever, Faprowski
and Uningkd 713) have shown in doge, that bisod emmonts and ures rison
warkedly aftor cral aduinistraiion of amsonium ehloride and we have showm

that there 19 & moro merbed rise ofter iotravenous administration of



somonium ohloride, Take and Favgner {7) stete thed conversion of
amsonie {0 won in the liver doss hot seon to be haupored by hepatie
Gazage produced by ehloveiors and phosphoruge Thelr sethed of deternine
lng blood swmonis was owborsome and orobabls not aocurate, thelyr noreal
level bolng muoh hipber then that found by Commy () by mere mecersn
mythodge This author lis also ghown that the nomml eiroulating human
blood ammenis e virtustly sere, ond that the blood amwmonia previcusly
reported was formod after shedding, In view of ihig fact, au increans
of blood ammonis of o fow uleroprans per mi1l1113ter spsunes new Imnnrts
ange, and the question of smonia wotebolism ik the presenos of hepuile
damsge ahould be re-exsmined. Until euch a study has boen performsd with
modern methods, 44 would seem wise Lo reperd sovere 1iver dennge as a
coutraindloation 4o the intravencus use of eomeniver chloride,

e have shown in our oxpericonts by uweing four amaoniws selts of
different reaction thet the toxlelty deserived is Qus Lo tho arrond ws
ion and ot to ohanpes in C0p sombiniug powars Tor instunce, the ratos
of infusion of emsenium bicarbonate whloh scusee prectieslly no change
in (0 owmbining powsr, and of ammonium ehloride whish enuses a warbhed
full, correspo d clogely for the sume offoets
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COECLUSIOR

ps 3
F"
o2 3

P X:.to‘eq;ca_uy
1s A Avld, veuteal, or bosle memeoniuve ealts by veln ere ocunlly capedble

? sauslng toxieity and deaths
2s A rete of adeinistraiion 2.3 tineg thet whdeh has beon used ollefe
oally prodused toxieity im 0J ninutos and o rate G tines the
resccncided rete produced tomlelsy in U nlnutes.
Je Ulood amuouie ocontest risos markedly during repid infusicn of
esmoniun salis.

Ls somonlua ohloride by vein causes & lowerlng of ihe Clp powers



ie

2e

3

A

e

T

J»

10

BINLIOGmAPIY

Bodansiy, Meyer : Introduction to Myelolepical Chemistry, LIOWhiS,
Jobn Wiley & Soums, 1038,

Cormmy, Fels 3 A Hoplgontal Micro-Dureite, Bloshem. Journal, 20
Pert I, 203207, 153,

Commy, Eole t Apparatus for the Ylorodeteraination of Cortain
Velatile Substences, IV. The Diood Amsonia, with Observations on
loreal Fumsn Slood, Blochem. Journal £9, Part 2, 27050772, 1055,

Cormuy, Hele, and Byrne, A. & 4n Adsorpiion Apparatus for the Nicrow
deteralnetlon of Cortaln Yolstile Dubstencen, !, Yicerodetormination
of Ammonia, Bloshmm, Jouwrml, 27, Pert I, LISWI29, 1933,

Conway, Bede, and Cooke, M. s Dlosd Ammonis, Diosheme Journsl, 33,
RPert I, LST-LTR, 1990,

Piske, Celly, and Karorer, ".Ts 1 Tres Formifon in the Liver, J«0ets,
16, 30-la5, 12913,

Flake, Celle, and Xarenor, T«Te 3 The Wfeet of loute Dostrustive
lesione of the Liver on its Bfidolency in the Pedustion of the
Amtonie Content of the Dlesd, J.0.Ce, 18, 301385, 191k,

Forbes, G.ls, and Srgenien, Jele, 1 Parenteral Adainlstration of
Armoniun Chlorlde Cow Alkelosie of Cozpenltal NHyportrophio Pylerie
Stenosie, imoricus Journal of Dlsonses of Children, 72, H9=660, 19l6a

Gamble, J.ls, Binckfen, E.D., and Uardlton, e, s A Study of the
Pluretin Action of Aold Produoing Salts, Journal of Clintoal Ine

stigation, 1, 350=300, 1904,

Oamblo, Jele, and Roge, 0.0, 3 The Faotors in the Fghydration Follows

ing Pylorie Chetruction, Journel of Clinleal Inveatigation, 1,

L‘gyt?':'* 1'_&5,



ile

12

15

16e

i7s

10

19

26
2%

&

Goodman and Oflmen @ Pharmucclogie Besls of Therapeutles, GI9=G10,
¥ponillen Company, 120d.

Faldanp, J.0sSe, + Buporinmonts on the Sepuletion of the Dicod
Alkalinity II, Journal of Phystelogy, 55, 200-075, 1921,

Esprowaki, M, and Uningil, ¥, ¢ Ammonda Covtent of Canine Blood
after Orel Mduinistration of Awsonium Salds and Acsoniay Biochom,
dournal, 33, Part I, WF753, 193% |

fownlg, Uareld , and Hoanip, Fubhe, s Aoute Muluonepy Pdema Producod
by Asmonium ﬂa!ﬁ, Fade Prog., Vols7, Tart I, 67, Yareh, 1348,

HoCann, WelS,, ¢+ A lote on the Use of Ammoniwn (hiordide in Cnatrie
Tovany, “roccodings of the Spoloty for Fmperimental Niology w;
Yedielne, 193, 123395, 1982

HoCarm, Wele, ¢ & Study of the Carbon Uiozide - Coubining Power of
the Dlood Flemma in Bxpsrimentsl Totawny, Je0.0s, 35, 553563, 1010,

Eieol, Bails, t Tho Renal Changes iv Alkalosis, Cuart. J. Yode, 0y 9,
1900,

Schemey, Falle, ¢ On the Use of fwmonius Chloride h;g Velti in Tesiatent
Mewe and Oliguria, A Proliminery Peport, Sbstracis Vestern Veolety
of Clinleal Besearch, Move, 19L7.

Sellore, hale, bnd Emst, B.0s, 3 Tho Treantment of Alknlosis with
Intrevenous Amconi m Chlorlde Sclutlon, Percanenic Youndation
Yodieal Bulletin, 3, 17i-17L, 10k,

Sellamm, Torald, ¢ & Mewuel of “harmecelogy, 776, Seunders, 1900

Tnderbill, FePe, ¢ & Yote on the Dlimination of Ingestod Ammanium
Salte Puring  Period of Prolonged Inmnitlsn, JaD.Ce, 15, 337333,
1313



22, Underhill, TuPu, and Goldechmidt, %., : The Utlilsation of
Aomonlum Sulte with a Nonelitrogencus Dlot, JuBele, 15, 3law365,
1913«

23¢ Youmans, Jolle, and Groone, 1.7, : Gastric Totany, Julelabe, i,
BO0W010, 1906,

. £ Hotel, .he, Rhondes, Jai., end Raviin, .8, 3 The Use of
Intravenous Amonlms Chloride in the Trestment of Alkalosis,

‘Lﬁufaef.'y, ?JJ; ?ﬁﬂ*‘?ﬁl, 1%0





