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1T CHAPTER RS Bodentichies

pouids ancluding crinsdine (BST, ISO that apparently hoee o
wet produced posoning in humans and certainly hive not been
wsedd s drugs or studied expenmentally dn busmsan subjects.

832 FLUOROACETIC ACID
ANDITS DERIVATIVES

Soddiuen Aueacetate came b prominesce in the Unized States
s result of @ wearch for rodenticides that woald nor be sib-
jeet b shontagzes imposed by Worlkd War [0 (Ward, 19458 This
and related compounds kil been comssbered earlier as systemic
imsecticides, AL sbout the same fime, il become Known that
Euaroneetate is the toxic manerial in the South Afrcan plant
“pifblaar N hgpenlem cvmesswn). Laler 11 wis shown that
1 same compound is present lnufnmltcnll:, in Avicia peor-
gigma, The main loxicant in % Sodearam is Booronleie sceid,
bt Nuwropalautic acid is present alus, The o seeds of D,
toxicarium have heen nsed by aotives as o et paises, I gave
problems with sccomdary poisentinge amd laman Lossicity similar
tor that Eater sasociated with synthelic sodiom Aeoroaceinte,
Urnider these cincumstanoes, there were practical as well
e avadenue reaons o stdy the mode of sction of LHEAni
rnewyllacrne comnpounds, 1t appears that the eociciny of all of
the compersls depeads on the same mechemsm, Highly toxic
compssanals either bive two sadsan atons or are metabolized
Lo tlis Porem (Chemowetly, 1949 Peters, 19030, Raasch, 1955
Saunders, W47},

ELL1 SODIUM FLUDRODACETATE

EL2.0.1 Identliy, Propertics, and Uses

Cleemibeal Mame  Sodive monoalemace e is the chemical

marmc.
Strvcture  See g 831

SYREnyins  Sodium menollssmoscetale bs also Rinwn 23 Coime
poanad- 108D ar ten-eighiy, Thi CAS registry number is 63,745,

IMhysical and Chembcul Properties  The cmpirical fomml
[ sodfium monolfuaroncetate is CyHaENatl and the molee-
alar weight is DO, I [ogms an u.lullcsr.. whitle, monvelatile
praicher that decompaes at phout HEEC, Although the ¢om.
pound is olten sl fo be wasteless, dilwe solutions acially
tasted hibe weak simegar Sodiom luorsacelate is very water
suluble sned by grosoogre but is of law solubility in ethanol, ace-
toe, amd petrolewmn oils,

Formudations and Uses  Sodicm Nuorcacetate is formalsted
ws an agpuenus selution conlsining 8 warning color Sodium
macluoroacetane is wsed o kil mats, mice, otber modents, and
predubes. It i an infense mammulian parisen, anl i is wsed in
ey couninaes bt anly By mrained persomise).
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Soene ovpame fluorse radenicaks amd atber cepani e

BALL2 Toxdeity (o Laboratory Animals

Basle Findings  The lira paper on sodiom monsfluonee)ate
avoa rodenticide (Kalmbach, 19450 drew atieation o is VETY
high seute tosicity. LD S0 values fuor mdmm} labswatory r.'m.
and for wikd animials of the same species wene reported as 2
and 30 mehg, respectively, The wild black rat (Sares r..u‘
heal, another oomumensal species, wis much e sl
LI SO0 T mgfhg, A LLY S0of 0,22 mp/kg has been reporied
for Battur ponegives (Dicke and Richier, 19460, The [ikeli-
Brovndd wof dunger v people. domestee siimals, pets, and tomtarpel
wildlife was painted vt The 2oute toicity of the cnanpratind fi
artentremely wile rampe of wilidlile was reporied by Ward and
Sperncer i |947). See Table B30

Fluoroacerate acts mainly onthe central nervins system and
the heart, Iseems that there are species in which Tuorsec-
veate aftects ehiefly the hean. such as the rabbat, the post, and
the boase, and otbers i which only the central nervaous e
tem 1= affecled, such ax the dixg, the puinea pig, and the froge.
lo e vzl the rhasas moenkey, e domeslic piz. and hinds,
both systems are involved, The above resulis were olenined
hy Chenoweth and Gilman 15460 wsing methy] fusmacaate
instesd ol sodivm Booroaverane, However, since botly oo
pranels wield the flaorocitane ien in the body, where @ 45
comveried e Aeoroseetule, which is responsitle for the indu-
tion of pharmacalogic and s signs (e balow, 1 swoms that
s eaperusent is pevertheless inleresting in showing o l‘"l‘:“
degree nf species variahiliny in the site of action, In all species,
there wis a delay of 1052 By or more betweer sclminisdrition,
cilher oral or intraversaes, and the anset of the A%, il
the route of sdministration did nou significantly sfiect e -
cily of flucrvsclute.

Labormory rass aceuine a soderance to sodiom foopmac
clite by ingesting sublethol doses vyer a period of 5-14 days
Hewaver, this tolerance is logt if infake of the compouad is in-
termupied fon as litthe us 7 days (Kalmbach, 1943 ).

Tolerance of seme but not all species wis confirmed by
severl investi gators, incleding Kandel and Chenoweth { 1952}
These pathors Towrsd that, whercs simadl doses of Suomae
elile increased tolerance 10 challenge doses of Aueroacerae o
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Conmistort witlithe theory that Buoroeitraie is the petive -
tsanl, 11 owas fowmd By be oot beast 100 times mmore (oxic than
Wuowvacctute when injected diveetly into the braa under vari-
ca expermental comlitions. Anintracenchraldoss of 00115 g
Taided 1o Kall rats vweizhing abwun 230 gm, and o did ool cass
ceqrvilii doses o DIET ug fahost 00001 mgfp) or greater
catsed corwilsions amd killed almost all rats (Mogselli e a0,
196}, O the other hand, o dbreaige of 40060 mgfy is pooes-
sary wy kil by the intraperitoreal roane, amd an oral disage of
A gy constituies only an LI 30 The pread dilfemmes was
aterrbaatet 1 Lalure of Huoracitrate faoreach peonitase within
eritival wglls of the broim and heart (Pelers and Slspthoase,
1971 j, Species doller i the degree to which the concentrmsion
of cltrate increass in dierent argars and also in he taning
of these increzses ( Kireem oy al,, 1973) Thess Picehemical dif-
ferences presumably underlie the clinical diffesences Ferasen
specicn, capecially the relstve boportance i acurclogical and
cardiac effecrs.

Accumulution of citrste was ovidend i mice within 2l of

ler miraperionzal injection of sediem Aeeropeetaie o a rate of

b mgdeg, which is alesat 1.7 thimes il LD 50 in that species.
The comcentrateon of cirrans mereased Trom 4% ppm in comerads
o T4, DO, and D ppen within 2, 5, el 34 b, respecgively,
afler injeetion, The mice were dead at 24 b (Matzumara and
(¥ Hrien., 193

Whezeas Wallhamson e al {1943 agreed thal the initiol ef
Fect ol Nuornacerale os W prsleee fssmecirale, they considered
that the seconcdary inhihation of plm&-.pha_iﬁmlcikin,jg h}' ik ne
cummlnted ciirste was perually lethal becanse it deprived the eell
ool ey ruvate, whiclyweuld eveitually gvercome the bbbt of
ACOIEE,

Effecis om Ohrgans and Tissws  Lorcher and Lus ([074)
conehsded an the bosis o swdies of pearcmembrane depolar-
ratian that dimarnshed amdabiery conductance i appurently
ImporiEnt 4% & causative lactor o convulsions mdicsd by
sodiom Mueroucetute. The deereased level of innized colcium in
Febwand inciced by the chelating eMect o citrale cafmnly pliys a
rirle in the depolagization of the neuromembrang, ws it doss on
ther camiliae cell membranes, The effect of sedim Huoroncenare
v the heart shethim is dlae, as demonsimsald by Moguchi e af,
i Hehy, primarily n action on tbe cells themsslves and nod on
thex vagus meeve, Dregulacity of dhgthm and g cendition znalo-
gows b fibrilkation were produced in caliuses of beart el that
Bad praswin until cell-lo-cell contzcl was prevalent aml beating
wits synchromized, The averape times necessary tn produce ir-
pegualariny and fibrllaon were 9 and 48 br, respectively, a1 a
concentration of L ppm in the medium, but only 2 and % hr, re-
spectively, alaconcentrution of [0 ppa, A1 a conventration of
T g A bril lanios was imsediate and eytoplismic vacuoles
appeared rpidly.

Eftects nn Heproduction A dosage of sodiom Auaraacciane
Just el e matemal LD 30 reduced oxygen consumpion
of tlse by as well as the motker but wis nol teratogeni
i Spelmanm ef al, 19730

Treatment of Polsoning in Anlmals  Howckers e al, (1549)
demenstrated o rgniticoal reduction of modality in mice,
cuanea prgs, amd cafshits (bl mot doma) dreated with cihano]
nt 3 rate of B0 mgdkg adminisesed sabowaseonsly as a 1005
salutien in normal sabine. The eesponse aceured when the aloce
I was given before signs of poisoning sppeared anid was hest
when given within 10 min of poisening. In mice, sodivm ac-
etate el ethunol poted syneegistioalls v anlazoniee poasting
1 Traierel loare and Coon, 195001 The bepeticnal ellect of cthannl
i resbends was condfinrad by Clepsweth e el 07510 b these
sutheas o othand less eifective i the dig and utterly wse.
less an ke moniey. Tnoa suaby ol @ wide reize of chemicil
sabstances i mice, rags, rabhis, dees, amd thesus monkeys,
they come luded that consmercally available momacetm corton.
ing about GIFE plycerol nereacelale was superios ey ol
subsinnee tesled ps an ntidae foe prisaning by ooreaoeetane
Pt only did o redvce mortadivg, bur iwas alde w normalize
baart and Basin rhythms as idicaved by EOG and electnsen.
vephalogrem |EEGT Lacings,

Light pentobarhitnl anesthesin for 18-24 he signifeantly
reducel memaliny among dops poasoned by socdoen pmobii-
vrincctuie @l a rate of L0 mpe'ke (Hotchens er el 15949,
Toartelldie art Coon, 149510,

3213 Toxkeliy io Humans

Avcchdentul wiml Indentbonal Paisoning  Sodivm Meeposceials
was introduced in 194 in the Linited Staces for use by pest
comtrol apsraters, incloding persons ired for the parpose by
poveriimeml agencics, The poson wis mived swith a dye. Selu
B veere supprosed 10 be plisced in shallew paper cops mids
in such a way that they wonld oot g over These waser bais
were supposed o e oassd only in places that woold b anoe-
cupicd und locked during cuposure of the poasan, al all cugps
und dead reslents were suppased to he cellecksd and incinerated
by autharized persams onthe cod of the eaposure periel. How-
e, the vegulatens were pol always fellsaed. By the el of
the wear, ab lesshome child who found anVsmpty™ peper cap hd
ahied, nnad ber Loyear-okl broher had been sevezely pobioned. By
e gt of TS, thare fiad bewn ol least |2 dealbe snd B oases of
nemfatzl poisoning. In sidition, there had been 4 deaths, all in
children, that prohobly were cansad by sodivm menolivorg:-
etate, bl ok songees of poalsoring conld not be moled ou 00
the 12 deaihs clearly cansed by socliom monsdfluenseoetse, 3
invalved small chilifren whio Bud found and ofien chiewsd o g
proason catpy 3amvelved pveniles who bhad foard the poison in
st aliink Biotle, sl 4 were swicides of adules, Eacepl ong,
cach of the survivors s a chill who had foand a peiwon eup
These aocidents made such an impression on ke few people
whao had legal secess io sodium Meerancetate that they Tegamne
far srricter in caseying ouf the secommendad preciurions ard in
selecting sitwativns inowhich the compounst was wsed 22 201 As
a resuly, the safety recond of the compound inthe United Stades
improved greatly.

A gypreal! fatal case nvolved o dibvear-ald man wha was
found uncorscicus in his kedrspm, He had an S-year hisiory



of sevene depression, and hiz family had been warned of the
possitiility of suicide. When admined oo bospical, be el slight
muiscular spasmes and rystagmos of bodly eyes: e et fase wa
U2 heats per minuee aned chythim weas iregular, Follvaing pastne
lavage amd a soft soap eneasi, e fystagmns became worse, and
tha patient had an epileptiform ooasusion. The blood pressune
fell po S0 e Hg, Trestment conzsiated of plaima, oxygen,
and procaine hydrochloride m the hope of desensatizing the
Bgast. The blood pressures imgaeed o LTESTS g Hg, bt there
was o decisive chaspe until the heast snd laser ihe respiration
stappend 2ot 17 B afier adimission (Hamisson en al, 1%52a).
Anther futnl case was remarkable foe is combination of pro.
tenged survival fodlowimg the impsstion of an alimost cemtanly
yery large dose, Braefly, aboet T30 mg of scfiom Ao
rostcelatli was fassing: from & professional ral exiemminmes’s
aupplics altes his 17 year-obd son made g solution wid drank i
The by vemited prompely nndd then witkin an hoor walked ingo
an fuspical comergency roon He grodually becnme commatess
dering gasizic lovage, und conscoousness was never regairisd.
Within less than 3 hr of ingestion, be had 3 gramd wal cone
vulsion wssaciated with fecal incontienee. The elinical covree,
which ated shighuly over § deys, was characienized by cardiac
irregularity, which responiled o a comsadzrble degioe o pro-

cainamide hydrochleride; ditation and failure of the heart with

acwte pulmonary edemma, which responded surprisingly well fo
clapitalis (Damataside O3 bous of severs hypotensios, which re-
apamded oply guestionabdy 10 kevaserenol (norepinepdirine ) b
somewhat hetler to mephentenmine: cortical irntability, which
resporded 0 barniurates ard later resposdsd more eflzclively
to cthanod; frequent severe carpapedal spasar, comrolled somw.
what by calciom gloconate; and finzlly prowing evidence of
imlection including a wempertire eaching 42.3°C in spite of
effors we educe i Tre diagrosis based on autopsy was pol-
soning, bronclopreunwaia with septicemen, (ool infarction of
the nipht kidney, and mediapstinal emphysemra | Brockmann &
ail., 1955),

Revios illpess Folbred by full recovery rooerred inop
-wear-old boy sl was Teund heking crysials From s screw
cap of a bolile of sodivs Musoacetane soduton The pareds
adicl mot Kiow whether be drank any of the solutos. Almost im-
mediately alter be was T, the boy began o vomit, Bz was
hrawigl e bospital alsout & hr Baler because he began to have
pereralized comalsive movements and became slupoaeas, On
pdmission, the hoy was comatoss and exhibaing copaopedsl
apasms, teinnic convulsive movements, imegular respiration,
ard grent candiac imegularty, While a solatron of cabciam gla-
wonate was being injected, there wene o fow seconids ol cardiac
asyarnle. Thereafter, the imegolar cardiac rheythm resumed ban
al 3 much slower fate. Tetanic covulsions stopped imnssdi-
mely, and the child became completely Hacead, A few hoor
after adimisskn, the child becamz responsive. Wery son the bisy
sulfered a gemeralizad tonde clome convaladon lasting seyedal
mirdes and Follewed by deep coma, Briedly, e boy rengined
uirespotaive for 4 days Cordis: rthythm continued to change
fregquiently durmg the Fras 3 dave Tomle comvalsions Lasting sev-
eral minutes occarred many tinees every hour, somctines ahot

B2 Pluormacetic Acid amd I Dervatives 17497

cvery 10 mun Tea many successive hoars. Turing spasm. the
uapeils il ancd remained issctve we light, berween seizures
the pupils were mictic bl responsive 4o light. Ch twa ocea
st pespiretion stopped and anificial respiration wis regquired
bricily.

b evening of the fourth day, L he afver inpestion, the
vy began G vpen s eyes and Jook aboat. He tricd 1o alk bt
wiry umable 1o ariculse. He could neither it up nor reach for
adtjects but apprared alert, On the G0 day anmd sasil days, e
rapidly regained all his molor abibity, shewly dose bis driosesi-
s, el bevame articulate, On the evening of the sixsth day le
was clinically well, He was discharged on the cleventh day, Re-
exambnation | vear later showed that the boy had hasd no further
neurabngical erouble, and thes msental aed physical developmen
has procecded esmally (Gapdusek and Lither, 1950,

I aotber case dn which the initial dowpe eodoabizdly wis
straller, dhere wene no binpodatant chimical changes uneil 20 hr
after imgestion, when the B-mantleald girl had o pencralized
sizune Fasring absour | min. In spate of ireatment with phennbar-
Bital, three additional seizunes ocearred duning the nest 12 he.
There was no further illness, and the patent was discharged
iy Later, Follow-ups revealsl no changes in behavion, aellect,
o piol pedformarsse (Reigadt e ol 1975)

Any servous bul reversihle meerfercnce with respiration or
general circulation is lable o proglace sease coses in which the
paitient survives bl with severe brain damage ‘The candizs ir
thythmlas choraciesistic of polsuoiting by sodivi Dernaceiate
are likely 1o proclucs sech rerference, An espnpls invalved
anl Bevaar-ohd by whoe wis in stalis epilepticns when e on-
tered hospital, The convalaions wene contredled to some degree
Theere was o slriking ehange untl 14 b alier sloussien, when
wentricilir asystede ocvurred, Heart setion wis rerewed bl
only ufter sufficeent delay that she child sullzred briin damags
ard was elearly mentally defective after a vesy lomg and siermy
Frapinal conrse ( Me Tagparn. |90,

Dhwring the decade PTT-1981, 1 cases of accldentad 40 wiv
mmiertionsl posoming will sl Qesmacetite were vl fected
by fher Mativnal Poison Cenler of Bzl Thess coses ingluded
thier enses of death and one case of mass aceidenml poisen-
ing affectng 3¢ children. although the grear majority of them
aply consuirsed o very amall numbes of wheat grain bails im-
pregnsted with the compound. These Latier cases did pid nesul
i clisical sympteans of potsoming (Roy et ol 19820 These au-
Ehors alsan desenbed the clinical fesiores of two ceses of acote
prasening in which gastrointesting] disorders were rapidly fal-
howed by centrad mervous svstern mani lestations (diseadees of
cois inusness, coarvulsions, coama) and cerdiac diseeders, the
mesi fregaent cause of death, Yenircolar ectopic beats pre-
ceded the venruveular archyibime, which was e followed Dy
vemlmcular tchycardia and fbrilladon. The sleameanlogram
wits charieieneed by a prolonged O interval, & wstsbolic sei
dosis wae commenly ohserved. Chsng { 1984) reponted on five
canses collected Between 1975 and 1981 in Tabwan, The amodan
ingested ranged From B o M mlof a 15 formulation of sodivm
manefluoracetate, A1 five petiecsds sarvived. All cases had
sipns of brarsieet curdize dysfunction, bul in sdditicon acute re-



that the child would not have progressed equally well winkoar
treabmenl.

Although menacetin apparently has nol been alwsinisterod
2 hean patient, the work o Chenowetls ed wll (1%951)
varioas animals, cipecially monkeys. olfersd grod reawn o
Clink i1 would e sashaable G treating buman goiscaing. They
rewemimended that it be injeeied intramuscalzrly 2 least every
i i soveral hours at the mae of U, 1-0.5 mUkg peringecton,
There @ no clinical evidesee Tor of agalnst e vhe ol aectnte
in humans, (m the contmry, seetirpide has been aidministerad
o patients, wnd it seemed (o be e reasen o thedr sarvival,
s vailable @ Acewdent amd Emergency Departmsors theouph-
onsl Mow Fealaml, Acetaniid: is sdmitislersd intravenoisly as
a W% solation in 5% glucose, In severe cases, SO0 ml is given
A A mim every 4 b milber casss. 2000ml s peven on gl
sarne schadule. There can be oo doubt that semeyal of the pot-
sl sl supporiive care are mdicaed. A aumber of patients
have shinwn cleurowd prisoning but survived without seque-
lne following such inealment, Suppastive care shoalsd jpelnds
continusus cardine mentlonng, There e strong clingoul e
deace that the damger of candiae arrhythamia can be meduced
significantly by judicivus sl continuing use of procaimamide
hydrochloride, Even so, equipment for denbrillation should ke
ready. Thede is reason w hegs 0 wvedld be sueoesaiul if reguired
brecanse al least oo patien] vwas revived sth only eaternal mis
sige 0f the baart, There b5 alsae clinieal evidersee that cortical
irritahility can he lessenel by barhiturates. There is me hasis for
speculating on the walue of diavepam in this conmection, Con-
wray o the evidenee in monbeys, clinieal evidenae in heaans
has indicated that ethares) is heneficial and perhaps superior
fu burhifurates. Whercas the cffect scemed fo involve needed
sedation, the prssibility of o more fundamental effect in the hin-
chemical leshon was nolescluded.

O the basis of luberatory studies, Chenoweth er ol (1951
recommesnbed agmns gdoimistration o calciom, podsiom,
svdiva ehloride, hicarbonate, or pecisle, They considered that
any mepessary replacerment of fluid should ke dime cautionsly
with plosms, and thes considered digitalization oy definiely
contraimdicated, Howeser, clinbcal esperience arges stimagly
agatve 1w of this prohibieons, and there s ro clinical evidence
o sppeadt semrae of the others. Calcium glicomane ki proved
asctul i contielling carpopedal spasim. including such spasin
i a patient whe aundved whathouy sequelie, Drugataliz ilasaia-
aile C) oot ealy improved the Tunction ol a peisoned beaet tha
had failed g0 the point of acute pulmonary edemna bat plea prao-
uced midetectible side ¢ffects

Finally, thre is elinical cvidenos thal mepheatemmine is
avwre effective thar lesanerenol ay raising bloosd pressare il i
bzcomes necesaury in the course ol poisoning hy sodiem fluo-
TRl

#3252 FLUDROACETAMIDE

HA220 Identity, Properiles, and Llses

Chemical Name I Fluonacelamide is the chemicn! pame,

81,2 Flsswmaserfie Acul pml s Dimmvalaes 17"9‘

Structure  See Fig 831

Synonyms  Flunrmacetamicde is nlwy known as Compeand
(O&L Trade mames for fluoroacetmide include Feorakil®,
Fussal®, Megarox®, und Yencock™. The CAS regisiny number
is febd 19,7,

Fhysical and Chemical Froperdies  Fluormacetamide bis the
conprrical formuls Cp PN and o molecular weight of 77,04
It i o erystalline solid that sublimes on beating butl meles o
0T 108 T s wery sobuble in vwates, modenalely soluble in
weeteme, ancd sparingly soluble in aliphatic and asomatie hydeo.
vinkons,

History, Formulations, and Lses AL one dmes Ao
ctnmtide was used o5 g sestemie irseoticide Ter scale inseds,
aphide. and maves on fmiees: Bosvesers, B has been oonsidensd
Lo kosie g0 mamimals e commencial use as an insectekde. [
1mse s a relemticide was sugeested by Chapman ad Phollips in
P55 1 is wsed s a bai (20 gm active inpredentkg) in ansas
ti whicls the public have no sooesa, such s sewers ol locked
wirehinses. [ is dormukaled as dyed cereal-hased Bt which s
s widl water For uwe,

E32.2.2 Tosicity In Luboratory Anlimals

Hasic Findings  Floeroacstamide is o compound of moderals
Lo Pl scute foxivity depemling on the species (s Talde B3 2)
Irvihe WHO Recommendod Classifeation of Pesticides by Haz-
ards [World Health Crganization, 19806}, e wechnaeal mateeal
is listed in class 1B, “Highly haznrdons ™

1Mz compsound 15 absorbed by the skin o Phillips und Ws-
den, 19571 Animals sealzly poisoned by this compound show
listlessness, brritability, chromic convalsions, ahasia, piloersc-
tion, wadld larepular respieation (Araki, 19720, One charscteristic
vspilly ehserved o animals dyang from aooe posenmg with
fluseecetamide ws well as with sodiom Tuonsceiate s post
mortem rigidity {Beniley and Greaves, 1980 Death gencrally

Tahle #3.1
Aingle Divo LE 5D S Flamoaetemode

Tin&n
SpcEs Howz VEERE ) alsmne
Bt ool % Phrillips and Woedes 1 1937
R il Ik Heptley and Caeawe= ) 1900)
B dermisl (] Phiillips snd Wewdom | 1957)
Blcmse oral HaD Araih {19028
Plass subuilaress A4, 0 k) 15T2Y
Ploning mliapenhszal KL Mlatamera amd O Rrica (1973
Eakhit oyl 1520 Phillips and Weedes | 1957)
Kabhi Ei[THITR TR .25 Bl 1ol ( 1%4Y)
Chicken wrsl 4.13 Egyed amd Shlinkerg (1977

Lisweat lpthal dma.



