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- Abstract of Th&-g’

(1) The fate of k~nitrophenylersonic acid, pearsanilio aoid,
ln-acutamxdophenyhrnonic aoid and lp-hydroxy 3~n1trophony1aruonlo aoi.d
" in the  hen has been investigated. _

- (2) These compounds undergo few metabolic changes in the
hen and are mai.nly exoreted with the arsono substituent intaot, Any
chmge in the molecule 1argely oocours in the second aramatic substituent,

‘ (3 p-Arsanilic aoid, edninistered to hens by mouth or by
injeotion, is excreted unchanged. Moetam.dophwlusonio acid when
given orally, is mainly excreted unchenged but after intramuscular
| administration ona third of the dose is elimuinated as p-arsenilic acid,
| (&) k-&litrbphenylamnio ao:id and L-hydro:y j-nitmphenyl-
:_ arsonic acid,} giVen to hena by mouth, &re partly mduoed to the

o aorresponding mmoarylarson!w aoiéa. 4 snall freotion of the dose s

- mrotod t'imly attaahod to the faecal solids, probably as arsenoxides
bound to faecal residues by thiol gmupn. '
I (5) The intestinal flora of the hen is capablo of reduomg |

. nxtm aml lrwno subnti.tuantn of nitro arylarsonic scids. Evidancc is
‘preamtcd suggesﬁng that the in vivo aotivity of the crop ﬂora can
account ror the greator proportion of emroted aminaarylarsonic aci.ds
: at‘tor the nitro oompounas have bom r;iven by mnth.

(6) ~ The ocontribution of theso findings tawaraa en obaeotivc
| | ‘ummmt of the health risks .’mvolved in their agricultunl use and
- towards & better understending of their growth stimulating action is
| discussed,
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Preface

The work desoribed was carried out between January 1960 and
January 1963 Im fhe Dcpﬁrtment of Bi.oohnutry. at St. NMary's Hospital
Xedical Sohooi under the supervision of Professor R,T, Williems,
Since the Second ¥orld War there has been a revival of interest
in organio'.abagﬁi;du- arising largely from their successful application
in animal hun’oandxy as growth stimulants and antipamittc agents, ZThe
aub;em.\ent oomomhl dwalopmont of thess compounds, however, has
' rai.ud the soriouu issue as to vh.thar their large ncale asgrioultural
:ppli.eati.on conatitutes & ser&oun health risk to the population fron
- the preseme uf trooe cmanti.tias of arsenical reus.duon in meat,
Although some of the gemral principles govemtng the toxioity o:l'
arsenicals have been known for meny years, the metabolm of these
compounds 1n the body is but pnorly understood. As the chenical fate
fof these oanpound- and their toxie wtion are inextrloably linked a .
8 ‘thorough investigation ot‘ the former is essentisl for any ob.jeati.te
‘assesement of the po‘.,s,m.. mm axising from their use,
 The first ahaptnr reviews the toxio and parasiticidal effects

, of nrylamnio ucidn ana a\marun present knowledso of thoir fate 4in
thc cmi.ul body. A sestion on thn growth ntimulating offects has also

‘bm tnclu&ad u!.nco infomtim on tho fata of these conpound- may throw

lisht cm their mode uf action, = Thu folloﬂ.ng ohaptora deal wi.th the
R metabonun of theae oompounan separately anﬂ these t‘maiugs are braught
: togoth«r in the final chaptor for comptrhon.
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CHAPTER 4
Introdmtion.

Compounds of srsenic have been known to mankind for centuries.

Tho naturally occurring sulphide ores were used by the Babylbniam as
piguents for decorative purposes (Thompson, 1936) and in the times of
Hippocrates and Galon, the samne compomﬂs wore used modiainnny for

_ the treatnent of ulcers, Fowler (1736) duorihed the therapeutic
pzlzmpiorties of potassium arsenite in fho 1Bthb9nturyvam: for a time
| this compound was u;.a‘mumi, before falling into disrepute,
Small imantitiﬁ of arsenic may have some ’gmrll":tonto properties
and bensficisl effeots on the growth of bone and marrow have boen
" 'Vmpartod by G!.n (1877) vwhen mrganic araenlc was fed in mll doses
| :"to r&bbi.ta, chlckm and pisl- féomnr, it is interesting to note
Tthat in some mnuntain regiona such as Styria (Austris) quantities of

o araenic are ragularly oonamod for itu reputoa tonic effects.

A " The paraaitiaixaal pmportial of inorgnnio arsenio prtbarations
have bm rapartaﬂ by Bnm (1395) and mngura (1899) But these
- preparutions in mmpeum quantities were too toxic for genersl
mediainal use, '!m: work, howaver, muut-a the ﬂwelopnenta in
_arsenicel thoupy wh:t.ah cocurred in thc ZOth oentury. "
‘The first orzanic a.rami.oal whioh ma tmconsfully used
-ugainst(_ hm txypamaomiuiy na_ atoxyl ('.mau and Breinl, 1905), a
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'oou_npoun}a‘which had been previously reported j.’ngetlve ageinat trypano-
soniasis in vitro (Ehriich and Shiga, 190k.)s In 1909, Ehrlich and
Roehl resolved the difforomo between the in vivo and in vitro aotion
of atoxyl and mgguted thnt the compound was rodmed in the bady to
the highly aotive !.;-ami.nophemylaraemxide. Ehrlich's remmhen
over the next ten 'yeaﬁ 1a1d the foundation for arsenioal therapy
and renulﬁd in the dovelépnent bf aalvu;m and neosalvarsan, the.
first awceaaml drugl to be wmoly uaed agd.mt .pimohaetc and
tmmma Mnttons. By 1937 the organie chamistxy of nr:enic
naa been 1ntm1v01y dmlapad and 8,000 ¢ aifferent uompounﬂa of menio*
were lmom : :
e Tbau han been & nuubor of tttempts o apply ‘the knom chemo— ,
Wm&ut&n proporttu of araenicala to the trcntmcnt of internal ‘
| 'pamma diuaua 4n enimals. Blount (1938) and Bolin and Vardiman
(1981). hm mcaasfully controlled bmkheaa in turkeys with intree
Amuscular mzecti.om of mapharaon ( lsnhyﬂmxy kmmphanylunmoxido)
anﬁ Maraoos and co-mxkon (19&6) have tmtea api.rochaetosi.a 1n hens
with ator,vl amﬂ maﬂnrm. ~4lthough the mnults obtained with
" these oom'pmmds were pmm:smg, thm- m-ge scale appuoation was
_beut with pmtloal dﬂ.fﬂcul'biol. ’!rlvalent mmioall of the
‘mnpha.raon typa are efm unstablo .’m aquoaun‘salutton and. unmi.ta'blc'v
for use tn tha food end drinking water of bm..  The development of
| oompoundn whs.ch wul& bo aauny and eﬂ‘ootivoly nud both therapouttcauy
" and prophylaoti.eﬂly was thereforo desirablb. ‘
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'Ifbo modern use of organic arseniocals in animal huabdndry |
stens from fhe early report of Morehouse and Mayfield {1946).
4eHydroxy 3-nitrophenylarsonic scid was found to possess coccidio-
l;kati.é and gm promoting proi)nrtiea when added to the drinking
' watof of turkeys, This was later confimed by Bird and co-workers
( 1949) anﬁvmorehouao ‘and McKsy (1951) in ohickens, - Subsequently
seversl other compounds were shown to be sotive growth promoters and
antiparasitic agents, p~Arsanilioc ecid, thoﬁgh only mildly coc-
oidiostatic was also found to possess growth stimulating properties
in chickens (Gom‘ha, Romoser and Bishop, 195:.)?wh11§ henitrophenyle
arsonic acid @mmm or eured blackhead when sdded to turkey
rations (}x’iorulwuao and Mo‘Gnii*d, 1953). Today, thess three compounds
eccount for tha grester pr@ortion of organic arsenicals used in-
" enimal husbendry,
| The aammem.tal use of these compounds has oxpa.u&ed 8B &
resu:lt of favourable reports on the offects of nrylamoaic aoids
sdministered throughout the complete 1ife oyole of birds,  In 1954,
aorohouso published the reaultu of a ﬂ.eld tr‘.lal in vhich 4~hydroxy
i J-nitrophonylmonio aata was fed to chickena for onu year, Birds

'receiving this Oompound :ln the aiet ‘showed grcafm‘ waight gains end
matured earliqr vhen csomparad with birds reueiving no supplement,

s Lower feced requlmen‘ka s ra&ucod mortality and . mpmved ezg produotion
" were also reporteﬁ. E'hia paper wag shortly fellmd by & report by |
Libby ang co=workers (1955) on the effects of adninistering pearsanilie
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acld throughout the 1ife cycle of the hen, ' p-Arssnilic 20id wes
arlao.founa'to stimlato early growth, improve feed efficiency end
inorease egg production whilo',uértality was reduced, These observa-
tions have since been confirmed by other workers (Price ot al., 19563
Thpmton and Horeng, 1958)) | '
The application of arylarsonic seids to animal husbandry

has ra.tnd mioun problems concerning thoir nfaty to persons engaged
in their mam_xtaotpro, handling and use and to the consumer from _
| arnenio'ulbreq.tduu present in meat, An sssesement of the health .
hagards 1nvoind is particularly important since some of the possible
‘metabolites are m._m.m highly toxic. Such an assessuent
mﬁat be firmly based on comprehensive ‘studiop of the ﬁoxicity and
metabolimm of these compounds in s number of animls so that the serious
‘rlsks may be m‘?*".!’{ olearly defined for further investigation,  The
| !olldwing sections contain e sm;rybr much of the present day knows
ledge of the toxicity and metabolimm of these compounds and some of
the principles governing theiy pa'taé.ificidal action,  The metsbolism
of arylamonie ecids in the body is 'ai:m not know in detail despite

: sovoral early investigations and infoma’clon on the chemi.cal rah of
‘ ‘theu cmpaundu in the ‘hen is almoat ‘non existent. The object of
- these studies was to &etems.ne the fate of arylarsonic a.cids in the hen
in order to contribute towards an ob:}eﬂt:'.ve assepment of the health v
hazards involveﬂ in the;.r use end tmrﬂa a better undarntandlng or
their aotzon as growth stimulents and antipamitio agentu.
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The chemical basis of arsenical therapys
.. The chemical basis of the toxic end parasiticidal sotion of

arsenicals has been thoroughly investigated over mesy years end there
_ are several excellent reviews on the subject (Voegtlin, 1925;" Work
and Work, 1948; Eagle and Dok, 1951). |

| Arsenoxides were suggested by Ehrltoh (1908) to be the
thcnpoutmnly actin form of mlmenioah on the groundn of the
o grontor toxicity of these oanpounal tmrds both host a.nd perasite

' loonpazfoa with aryhuqn;lc 20ids end arsencbensenes end the di.fremu

. Detween their in vitro and in vivo activity., This hypothesis has

| bcon amply supported by the phamoologioal ‘and toxicological ﬁ.ndlngn
~of later mrkom and thers is little evidence to support any slternatives,
!chn oonvaraian of an mla.mnie mid s.nto s toxia arsenoxide in an |
enimal was finelly demonatrated by cmrord Ana !.cnv in 1947,

|  The pamitmm notion of mxum hee been attributod
to thtir affinity for menti.al thiol gmupu vith whieh they reaot to
form arylthiameni.tu.

SRt

 Nim N E
o mm = B, v B

The araeno:d.dn were origmny contidarod to depr&vc
pmns.tu of csmtinl thiol tnttmaahtu luch as glutathione
(Voegtlin, 1925) but later work has shown that their intersstion with
the thiol granpn of macmmolemlu 13 more mpox'tnat. ‘Bhou compounds
'mhm.t many snsyme systems but in meny cases the sotivity ney bo
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restored by monothlols (Barron end Singer, 19433 1945)s  The
 oxidation of pyruvate, howaver, is inhibited by lewisite and the
srsenoxides and in this csse the inhibition is only reversed by

- dithiolsm, Honothiols are 1nett‘m1vo (Stockm and Thompson, 19463 -
Barron et al,, 191;.7). The supariority or dithiol: over nonothioln
in restoring pyruvic ‘ondusc agtivity has 'been attributed to the
formation of highly stable ring compounds of low toxicity (Whittaker,
1947)

omgm oH 8

cRl | cHl | |
il * CH-SH —— || 8ecCH :
cnm:.g% I ,.cm.\ | e 2D}

| Aubcli.z:pia 20id is an sssentiel co-fastor for the ensymes
: xesponsibld for ‘ﬁh‘ maation of ,pyruvatg and o keto 51utmto, the
toxio effects of lewisite and the arsenoxides may be due to their
interastion with this co-faotor o form arylthicersenites with a.
stable six membered ring ltmctum, affect:tnly hlwktng tho tri.
eafboxylie toi.d aycle, |

~ Selestive toxiogg :

| Although the basic mochanian for wmloal toxicity zuy be
the seme in both host and mtt«l, the seleotive effecta of thon
Wundn in thaupoutic doses requires m cxplmuon. Bngla

© and o-workers have studied the toxicity of & large mumber of
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arsenoxides in animals and parssites. The dual toxioity of these
compounds show wide variations which cannot be attributed to differences
in the chemiosl behaviour of the arsenoso substituent (Eagle ot al,,
1940). These off;edfn'bm to be due to the second am'nntiév lllb;
atitmts'. Doak and Eagle, (1951) have classified these substituents
” intormrgrmxps. ‘ , B S

(1) *Inert" substituents (<c1, 1105, -cn, -ca,. 4.) which
hitve 1ittle effect cn the dual toxioity of phenylarsenoxide,

(2) Aoidic substituents (-co0e, -so,n.) whioh rodnoo thc
d\al toxioity of phenylarsenoxide but the pamiti.c:.anl sotivities
- are affected to a greater dogru. '
) (3) ~Amide and ester an'batituents ere generally less toxic

- then thelr acid cubatiﬁuted‘eo\mtuparta snd have ‘higher parasitiojdal

,‘ | sotivities, = The sotivity/toxiolly ratios of these aompoundl mey be
. seversl tizes ‘those of phenylarsencxide, | |
(#) Som other substituents (-mnwns, .mwn_,', <HNECCCH
IMQ.} do noi fall into any of the abaove groups end xuy have varying
| efroatu on the dual tcxi.oity ot yhmylmmoxid‘;

| Swonduy substituonta mqy daeomino the ability of a maunﬁ
to pmtratu txwpamsom m’bmn. ﬁm-o upp.m to be 'y gmra_l
 pelationship between the activity of a&;ﬁn&i&u snd the extent to
* which they are bound by mpamma. ‘Some of the more sotive
* oompounds may sccumulate in trypenosomes in uomontratiom up to 200
" times thet of the surrounding medium (Eagle, 1945),  Acid sudstituted
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phenylarsenoxides, however, have low parssiticidal ectivities owing
to thé low permeability of parasite mombranea'_ to these compounds 4n
the lonic stata at physiolog:loal pd values,

m@cm = ou.coo"

The trypanceidal qotivity of th-so ompom- inoreases as
the 11 of the mediom is decreased. This is reflected in the amounts
of armic bound by the parasites at atfferent f valuss, Compounds
~ whish do not ioniu at physﬁ.ological gl va].uu do not exhibit theu

o depandmt ofmm., - Thus, the aarm-panam ester snd smide
© derivatives have trypmoaidal sotivities which are independent of the
M m.m of the moamn.

A.mng tho acid nubsti.tutud phemlaraenoxidu, phenylbutyrio acid-
hnmenoxida and Bome. relntod compounds appeay to bo exoeptions !.n
thatr ba%uﬂaur towards tmamms. These oompotmds are oansidmd
*  to pcnutrate trypamm munbmu an L dirfamt menner o the
aprparently pa_asiv_a mhgnm encountered with most drugs,

The toxioity of arsenicals,
~Information on the' toxicity of arsenicals is essential for ‘an_y
| asﬁgsm&nﬁ of the. t}wrapmitic}fbffeotimass of a oompound in medicine
‘and sgriculture, The differences between the doses or distary levels
' -which have the grenttst tharapuuﬁc erfect end those which are aautely
. or ohmically tomc 3&7& some mxcution of the wgin of naf’oty to
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the recipient'affqrded by these compounds. - loreover, information
on the toxicity end tolerance of arsenicals combined with metabolic
studies con greatly cont;'ibute towards an evelustion of the health
hazards involved in their use, ‘

The soute toxicity of organic arsenicals is largely governsd
by the nature of the arsenic grouping, Secondary aromatic sube
stituents also partly dctam_ina the toxioity of a compound but ususlly
to"a much 1asaer'&egréo; " The most toxic group of brgahi.c arsenlcals
 are the trivalent arsenoxides whoae téxicity‘can be directly related
to their action on amyﬁea in inﬁemediary netabollisn, The cor~"
regponding aicylarabnic ecids snd arsencbenzenes ere far less toxie
and largely depend on their conversion in the body iato arsenoxides
for their toxic properties,

The toxloity of ai'seuicais is affected by the route of
edninistration, Thesé dgifferences in toxicity are most apparenﬁ whea
orel and systemic tolerances are comp&rad. Fulton and Yorke (1943)

- found th‘a‘t & reduced trypersauide \(Iwr‘ap.hmyiglycinmnide—hnmenoxiaa)

wae tolerated by mice in oral doses of B mg. while anly 2 ng. was
tolerated by Mjmtiom Sixai.lar muulta were obtained with trypmmni&o
(mom sodium N-—phemlglycinamide-&»arsqnﬁte). . 60 Mg, was the upper
tolerance um when givem hy inaaation whorus twice that doss ¢ould

be given by muﬁu ‘

- Some animals m mom smapﬁible towaras erseniocals than
ofharé. Fmat, Overby and Spruth (1955) ohsama-that orally
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'administored arwn'ioals are more toxic to rats than to c’hiokm and -
ducks,  The tolerance pattem of two of the species (rats and
| chickona) towards Bix crnenieals, hamar, rmhwd besically similer, )
The same phnmmcnon has been rouud in mioce and z-am.t. (Doak ana
nagzn, 1951). o

Tho retentian of organic arsenicall in the ttssuol of the
host reflects thair toxiuity and Ihits the extent and durstion of
their paruﬁticldal arfoct-. 'l'hus, the most toxie coupom&l, the
_mmxidu, are -xorotod much mom nlowl: than the usenobmmnu
e arsonto acids (Voegtlin and Thopaon, 1922). ~ This reletionshlp
‘ ‘:,bctwnn tomity mx e‘mmta.on hes elso bo-n found in & number of '
ammxian or wi.doly M&u tomity (Hagm axul Eagle, 1944).
Hlahly toxie compamdl such as phoayzmmxw (g, 0.8 ng./Xg. )

| . whon amm:um to rabbitu i.ntrammly are exoreted very slowly.

| Only 20% arthodouwbcmvmd in the mnamrmam
¥apharsen (w@ 13.3 g .), on the other hand s much less toxio
and 4s almst qumtﬁ.tutinly eliminated in throo to rour days.
~ The toxlotty of mmiuls is #lso related to thoir uptake
by ti.lamn u-u{ organl. Hogan snd Eaglo (19%) found that a number
of urnmiaah were bm by red ueod corpuscles in vitro end in vivo

. i.n pmportim to thair -yntnlo tomuy. Arnmmea were rapidly

| taken ap by nd uollu in vitro whi.lat anmobwu and arsonic mtaa'
{‘,kure cmly bound to L3 mtnor axtmt. } The mlntionnhip between tissue

L bind&ng anﬂ toxictty was ulu-tratcd !.n ﬁm 'by tdminintning three



- 16 -

compounds { phenylarsenaxide, phenylarsonic acid and»tryparmtdo) .
to rabbits at their "’50"' and after 2 hours measuring the tissue
arseanlc aonomtntiong,’ - Despite & 500 £0l1d difference in the donege
level, these compounds gave comparable levels of arsenic in tﬁo tissues,
4 fourth compound, h—-o_li'bovlphmhrwnoxido, was a noticeable
excaptﬁsn end whm a&niniltoma intravensusly to rabbits at its LDSO,
this compound g#_vo rise to much lower arsenic concentrations, -
ManMImmﬂdo differs from other arsenoxides in several
respects, It is hound by red cells in vitro to only a minor degree
and after aduinistration to the rebbit, it ie initially exoreted very |
| upmy.'f - E&glc-h&s'euggoi'teﬂv $hat 1t is metabolised in the body to
: vﬁmoro tozi.c mpmmﬁu, aomulattng in the kidney csusing demage to the
‘ orguu ~ Thia 4s partly supported by obumtzons of the .hu'p deomu
" in the initlel rate of emoretion of thc capm and on the delayed.
time of duth, mme with other arsensxides, vhen amnmma in
lothnl damu . The mta.bolm of thil cwpolmd in animls, however,
~ still remains to be tnvestigated,
For most monoxiﬁn, there is a direct link betwesn theiy
“ toxiolties and the cxtent to which they are bound by the tiseuss,

' These roaidnn are pmbably bound i.n the trivalent form to tismue

pmtom thmugh 'km.ol groups and may be- .'m Qqunibrxum with free
| a.rnamxiau. ‘ Such an cquilibrhm wmuld oontml the releass of thase
} cmtpatmda in the body and could determine their rate of exorstion,

As the more m ompounds are gmmnr those wh:loh are. mout firmly
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bound by the tissues, they would appear to hold most dangers to

fattening stock and to man thmugh poni.blo cunulative effects from '
 chronic edninistrations |

The chunicnl fate W@acﬁu in thg_m
The fate of organio arsenicals in the animal body is not

extenaivoly knom despite numerous tnvntigntiou an& precise
infomti.on on the chemical changu undergons by these compounds is
meagre, The mtaholtui of these compounds has already been reviewed
by ¥il1gsms, (1959). » |

The armonic acids when injected into the rabbit rapidly
dluppcar tm the blood utraam ana enter the maor tiasuea and organs,
After thn i.ntranmus admtniatratton of tryparm!.de, Hogan and Bagle
| (19&2;) tound high ooncmtrations of araenic in the tissues ono hour
efter dosing. " Liver, kidney, bone and muscle contained the highest
nrsenw_ comenbratmnp end signlficant smounts of arsenic wore t.lao
found in the brain,  Tryparsamide was not reteined in the tissues to
| ulg;nifioant dagm and most of the ndmini.aterod dose was quickly

,enmzmeoa 1n the urine, Pour hours after the amnmmm of the

Wm, the atstribution of arsentc in the tissues was radioslly
© altered and the highest arsenic levels were located in the kidneys,
"Attqr 2, hours, only traces of ax?seniqmro pmeﬁt‘,‘m the madr tissues,
Similar reeults have been reported when phenylersonic asid and 4ehydroxy-
3~an{ixx6phoaiy1uuqnio, acid were administered intntémuély to rabbits
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(Chance, cmrrora‘ana Levvy, 1946),  Though these ooinpounda were

mly mntea, moderate quantities of arsenic were preuat in the
ls.nr and kidney, one hour after dosing. Hmnr, afier 2, houu,
theze ttssuea oontainod only traon of arsenic, |

Little is known couoeming the ohems.oaz tata af arylamnlo
‘ Viaoia- in the hmm 'bo#. The early workora oans!.domd these compounds
to be degreded to inorganio arsento but lately, most euthors have |
submi‘bed to the vin thnt thm cmonnda are :laxgoly omroted
umhanaad.

Phwlarsonio s0id, & compound with no secondary eryl aub-
‘stituents, $ was ideelly suited for investigating tho chemical changu
‘undergone by thc mono group in the body,  This compound when
‘adﬂiniaterad intraranously to ra'bbits at doze levels . of ¢ - ‘ mg.h/&s. :
| | ‘ms_rgirly repidly elininated (Chanoa, Crawford end Levvy, 1946).

68 »ans’ar.-tne ao'aa wes excreted ni the urine in 2 hours and only
0,2 « 2.595 in the raacu. Most ot’ tha adm:dltored aou was
eumm unchango& end only small quanti.ttu of phmylmmxuc

~ {1ess than 10%) mm present (cmrora and x.my, 1967) mn-r-

- more, m inoram:!.a arnaio could: be detecttd tn the mreh. l'hu, '

~n raat, was the rs.m chemigel mdme of the reduction of araonts
_ “.“aczes to armoxldm in the boexy. o '

Aogp,

- 0=6
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The metabolite, phenylarsenoxide, sdninistered to rebbits
ot Ook5 mg.As./Kg, Wes exoreted very slowly and only. 25% of the doss
wag recovered in the exoreta 1_n seven days, h!ost of the exoreted
doss was found in the urine but Rppmxinatoly one fifth coourred in

‘the facces,  In three days € = 165 of the dose was m&nrﬁ, -
half of which was in the form of phenylarsonis scid. No inorgants
arsenic was present. N | - | |

" Phenylarsonic eoid and i:honylarsenoxida, :théréroro, unduﬁo

g intomnmﬂ.on in the rabbit but mithor componnd is degraded to |
lmrgmic aruni.c Both these calpom:du are more toxio than most

othor arsonio acids ana amnoxidu and this 4is pmbably duo %0 the

} mm:m ecase with which phmlmmxiﬁc penetrates cell mhmu

(mgzc, 1.%5) and to the prolonged retention of the aompound by the

» tmmm 'I‘ha slow mretton of phmylmemma and honco its high

»'1:031(31‘&3’, hes 'bcen attrﬂ.bute& to ita alow oxidation to the more

reaai.ly ammtaa phonylamnz.o a0id (chanou, meford snd Lovvy, 1946)

but 4in vm of the mnumarationn ontlinod 1n the prnioun soction it

. would appoar moye likaly that tbo ratention of this cempound in the

| tiasuos controls its rata of metabolim.

v The sodium aalt of p«manni.e aom (atm:yl) and its

motylatod aari.vatiw, mno aodiw lp-&aatmidophan,ylarsanato

| (mac:etin) wore two of the nrliut dmg: to be used in the treatmcnt

‘of txypanoacmtnalu. *rha wtivity of these compaunds is due to thelir
oon?ers.tan to nrsmxiau in the body
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Phis has been demonstrated in witro by Yamanouchi (1940)
end "ror:y k'(A1915). Ato:l.yl incubated anaorobically with red blood oslls
or liver tissue was converted into a thorostabla and aleohol solubdble
trypanocidal substance while freah tissue alone possessed no trypamcidal
activtty. | | - S

Voegtlin and Thompson (1922) found that atoxyl end arsscetin
sdministered inthvamualy'to rats were almost ‘qnantitatinly exoreted
in the urine 4n ‘21;. hours and a ten fold increase in the dose level had
1ittle effect on the rate of elimination.  The faecal exoretion of
these compounds was small and only 5% of the dose was elininated by
this iaﬁic. Thie pattern of rapid urinary elimination was ropeated
when} 50 mg.v doses of aﬁa!{yl were administered to rabbits and to man,
(Ingersheimer and Rothmann, 1909). |

The ohemlcal form in which atoxyl is mmtoa » has received a
camiﬂnra’ble emount of attmtion. _Nierenstein (1909) has isoleted
thyee compounds (Mmm1u acid, 4~hydroxyphenylarsonio acid and
| 2-ombenzoxasoleG-arsonio acid) mé"appmuma quentities of 'morgmic
arsenio from the urine of horses which had received twice weekly
injections of 1 = 2 gu. atoxyl, These results must be treated with
some ceution in view of the questionable purity of the starting material
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and the harsh isolation procedures used. The inorganic arsenic in

© $he urine probably originated from the breakdown of orgenic arsenicals
during the uolation prooodure and not from the bi.ologioal oxidation
of atoxyl since the expaeted aniline matabontu, p~acetanidophenol and
: p-acotami&ophonyl anlphato have not ‘been detootoa in the urine

| (mmtm end Herschmenn, 1909). ’ b-ayammmhuont; acid is
unlikely to have been a metabolite of atoxyl and msy have been an
mﬁney in the ’admtntataba compound, Th’e- bensoxasolonearsonisc said
~is pmhbly an ertifact lrilins from heamino s-badmwphmylarsonio

- aold in the urine amm tha isolation pmcadum

| It 1s po-am., therefore, in the horse that utml is
tmlmnlatod 1n the mta palition to fom h=anino Bahydronphonn— |

 arsonic acld.
B })né
O & O a O
My ., . mdo

| mum acid appears to be a:mretid unchanged in man -
and the hea (Looknenn and Pauke, 1908 Overby and Predrickson, 1963).
The salts of W-glyoolyzuramuu ao.td are used 4n the
treutnmt of amoo‘biuu end: arﬁ mng the least toxio of the ml-
arsonto aciﬁl. The bimthoxy salt (Milibis) adninistered by mouth
temorthe mt, isminly mro*bﬁ:lnthe rmasandonlysmn |
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quantities of the adninistered arsenic and bisamuth are found in the |
urine (McChesney and Hoppe, 1950)s The sodium salt is also poorly -
sbsorbed from the gut and is excreted unchenged in the rat, cat or man,
 Only 5 - 10% ot-nomeoumainmmmthembythom

aMlmtms% byminthuodayl. 'l.'hhompoxmﬁ, however,
'mmpwynummuth.mormntmmmm:m-ea G

 parenterally (ucchumy, Hoppe, Makuliff and Banks, 1962).

, Monosodiun u-phwlglnmnzdo-i-ammu (Tryparsenide)
_was onoe extensively used in the treatment of slecping sickness and |
‘neuro syphilis bouauu of its supposed superior abuity o pass the -
blood«brain barrier, Later workers have tended to doubt the efficacy
of this compound in the treatment of these diseases (Hinrichsen, 1939).
Tike meny 'of:her arsonic acids, tryparsaside is repidly excreted in '
the urine when administered to the rabbit or man by Wmtion‘and the

~ dose is slmost quntitetively recovered in the urine in 2 hours
(Voogtlm and Thompson, 19223 Toung and mmumr, 192%).  The
detailed matabolim of tryparumnme is not kmm hut Young and

- | ﬁm1m (1924) have isolatoed a substantial qmttty of the unchanged

| mtcrial fm the urinc of men who had rece!.'ud the campound intre. .
vmuly. v o »
| ﬂm ratu of :.»Mm:q ymmepwhmm acid in the body is
not known but tho minintbm dona or armic is rapidly ucretod i.n
‘ %he urim ai‘tcr tha compomﬁ i.a admmstoma by tn.jection to rats and

- rabbits (vmnu and Thoupson, 1922; am., Crawford and Levvy, 1946).
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The corresponding nrsenbzido, ‘maphmen, is mmtodmuuh more slowly |
after mectiozi and grcater proport.tona ot‘ the excrated doze of araen:la
are found in t'hef’ ‘rq:eeau.. Both the dog snd men also mrete maphn‘un
| llmvly. Over halt of the mjeoted dou iu ennmm m om week but |
the aog o:nrem tha a&a:lnuurod dou or aruni.o prdomimtly in thc
"floeu whorou men omrchl tho nrunio proacnhunﬁy in tho urine -
(Gruhsit, ot 31., 19363 !'oorstor, ot al., 1935 ). The tate or
o muphcrnenhmtknminaotdh In thodog, tlwooapoundlppom
- ) be uahbols.ud to other ccupounﬂs and the nvtila‘blc oﬂ.dm lusgutl
that the urmm au'butitumt is cleaved f.mn tho cmtic nnclm ‘
"(umn, 09). BERETS | |

‘ &.-Hydrm Mmtmﬁuphmylmonu soid (wehuom)

#-uroidophcnyhmnia mm (cuﬂmrsom) are m o.uenicals which were -

: __am used in the tmhnnt of mobmu. Chen, Anderson and Leake
( 1950) ratmd that buth these uoupoma. are poorly sbsorbed from the |
gut.,' Only 7 13% ot‘ tha dou aould be recovered in tho urine in
two dan when Mum m ;tm %o un oruny in 0.5 an. doun.
mtumna wsa cbsoz‘bod fm tha gut to a gzuur oxtent and undexr the
 seme mor:menm conditionl 8 = 208 of the dose was exoroted in the
- urino s.n 2# houz-n. The poor almntm ubaorptlon or aoahnom in
o man has bm conﬂ.mca by other workers (ms.n, 19393 rm-m.. 1945).
B ’m this wuna was sduinistered mnmmma.y in doses of
t-2gm ummtouyemmmmmm | 90% of the dose of
m&n was omratod tn n‘.\: hours and 96% tn tw days {cwd.or, 19486).
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In contrast to the arylarsonic acids the arsenoxiaoa heve a -
groat affinity for the major body tissues and orgens end may be retained
by the body long sfter the ocmpound has besn administered,  Wright
and co-workers (1937) found oonsid'oru’bh quantities of arsenic in liver,
kidnéy ind‘musolo shortly after giving intravenous doses of mapharsen
to the rat and these tissue concentrations persisted for at least two
hours, The highest arsenic levels were found in the liver and kidney
~dut the muscle though containing lower arsenioc. ooncantmtions, was the
1argost ressrvolr of arsenio,

- Little is known concerning the chemical fate of arsenoxides
in the body. ' Maren (1949) has aduinistered h~carbamyl 3-sminophenyle
- arsenoxide and mapharsen to the dog. The former compound appears to
'b' rulqti.valy stl'blc in the blooﬂ -tzm up to 12 hours efter admine.
'uemm while the lattor is apparently degreded to inorgsnic arsenio
| ‘and other products, = The slow exoretion of some arsenoxides such as
 phenylarsenoxide may be limited by their rate of oxidation to the more

‘easlly excreted amnio acids, but their fetmtzon by tissue protelns
s probebly the more important faotor, Other compownds such as the
carboxyl substituted phenylarseaoxides are initially rapidly exoreted
but exert a delayed toxic effect, The evidence of Hogen and Eagle
* (1944) suggests that these compounds mey be metabolised to mors toxis -
derivatives and that they exert different toxio effects from the other
drnnomch; ‘The tize n;atiouhip- b&tman*toxiqity, rate of exoretion
and mﬁabolﬁn“af these sompounds must await more detailed investigations.
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'_sm generel eonclusions cen be drawn from the limited
information available from studies on thé metabolisa of arylarsonic
acids, These oompouimﬂl have certain physico-chenical properties
in common with some of the "biochemically inert® compounds desoribed
by Williens (195R). Th?y are atrong eleotrolyses and are poorly
ldluﬁlc in non-pam solvents and @m_b@,oxp'oatod to be poorly
absorbed from the gut when gﬁm,by mouth and repidly eliminated
in the urine whmgi.m by w'éoﬁton‘(ne Chapter 6)» - Table 1.
shows that for the compounds investigated, this in fast cosurs,
These compounds aum to uhdei'ao Lew metabblh'cw: in the
body and are miniy excreted unchanged, A suall part of the dose,
_howﬁa_f, m be ramtiblr converted Anto gtyénui_.du which may
acoumzlate in the tismues but this has only bean confirmed for
phenylarsonis acid,  As such mn scale metabolic changes may
" resuls in the formation of compounds of greatly inoreased toxloity

and pmcniq:.m activity, heir signiffcence should never be |
underestinated. | |
| The astien gf’m‘enimn in '-wﬂam" gm,
" | '.tho biologioal offoofn "'c# arylarsonic ecids on farm snimals
hes atmnlatuﬂ considerable intmst in their poasible mdo of action
am:‘i uvonl theori.u b.ave baan advanm to explain these effects.

Moat thearlu hm tried to relate the aamn of arsentcals to their

known pamiti.oim end bactericidal propartiu either through {a)



*r.:m Table 1 -

: !hu rato ofmretian or arylarsonic acids

- o £
Urinary excretion Uﬂmry mretim
after oral

: ', Mnmnic acié (3 - 15 ng./ks.;*”

rabbits)

. Tmmamiéa (2@-, man)?

| glnolylazmnte 201d {mt-)3
_clrhrm (0.5 gu., m)&' |

Mg (005 gae, man)h

(-2gm, mn)®

25 = 80 (24 hrs.)
| - 88 = 95 (2 hrs,)
,"5-10 : | 75 '
8- 13 (42 - 52 hrs)
7-20(2- 2 b))

90 (6 hre,)

1. Crawford and Levwy (1947).

- !'énng ‘M:Mudxlbemor‘v(ﬂ%).

3. McChesney et sl. (1962).
" 4 Chen, Anderson and Lesks (1930).

5. Cavier (1346).
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improved nutrition resulting from chenges in the populations of the
~ gat flora or through (b) the reduction of subolinical disease levels
fmm tho suppression of pathogenic mioro-organim. Both idoas are
aupporteé by some eacporimont;l ovidmoe. . |
Arylarmnio gcidsi_ hmver, g.ro not direoctly -baotoricidd
but must ﬁrgf,- be aonv;rm into arsenoxides (Albert, Felk and |
Rubbe, §9AA) ma if either of 'tf_io above theories is correct, these
' comundl‘inust.bo tr;ma in the; tissues of the animal or in the
Iumen of the gut, | | o . |
' Experimmats on the effects of trylarsonio ecids on the
‘ -aixtritiaml ‘ﬂqui.ment- of anmln lgud some mpport to the
 nutrition theory. The effeots of arsonio aoids on vitamin |
requirements hava m-mm by several workers (Table 2 ).
~ Only thismine has bean uhom to be mpared by these compounds, Other
- vitamin mqulmmts md.n umffaatod or may even be inarema.
Protein requtrmnts snd utn:lutton are affected by menioala
the ﬂiot. ‘ p-Angn:llSc acid seens to spare the protein require-
'mts of laying henl (Qaﬂmn 19573 Pope and Scbaibla'1959) |
improving egg produstion when the diets contain suboptinel quantities
of protciﬁ.' wydro:y Bonitraghwlarnoniq_wm , on the other hend,
does not spare the protein requireaents of chiskens but laproved
utiliza.tton at the highor diehxy protom levels have been recorded
(Day, Vest and Hill, 1958),
Diff'renoea i.n rearing condi.tiom also nrfect the growth -



Table 2

The effects of arylarsonic acids on the vitamin
, ’ m@ts oz ﬁlﬁ ,

Compound . Vitamin Thismine Pantothenlc Riboflavin  Vitanin
p-Arsanilic scid  mo effect’  spared”

I;-Hydrasyj nitro g
phmylaraontq acid no effect

no mectj : 1no’rmad5

_ increased®  increased’

1. Frost snd Spruth (1953).
2, Bird, Groschke and Rubin (1948)..

3. Abbot, Bind end Cravens (195L).
4. Slinger, Pepper and Evans (1955).

5. . Grininger (1953).

-
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responses of poultry to arsonic aoid@. _ 4s the eaviromment may
significantly affect the incidence of disease in poultry flocks,
growth stimulation éausoa 'by theme oompounds in oozuli.f:icnu ﬁth F
| large discau potentis) may dbe grentor than ccupmtiva gmth
stimulation in & more favourable envimment. ‘ ,
‘ Pepper and Slinger (19$5) rcport nnll.r responses to
lp-hydroxy thphcnylarzonic aoid from turkey poults rae.rul on
| 3lottcd pomhes then from birda reared i.n dnp littor but as - tho
waight geina of the deep 1itter. oontrols were gmtor than thou of .
thc controls raised on slotted porchel, the diessse load in deep
' limr dou mt sosn to ‘be a maor raotor affecting denlopmnt.
| In chi.ckens, howmr, the growth stimulation caused by arsenicals
cis greamr for b!.rdu raiuoﬂ 1n batteries than .for floor raised birds
~(L1b‘by et u., 1955). : . '
N a{orzim, Huaéakor and Altken (1954) have observed environ
'nent dopendent differences in the grcmth reapomua of ohio}:m %o
t..-hydmxy ynitrophozwlaraonic aoid which auggest that subclznzcal
diuaao 10\'01- may afteot the rate of gai.n. Highly alsniﬁcant |

o 'smth responses were o’otal.mﬂ in en 'old" anvimmcnt used contine-

uously for the rearing of ohickm wbuc the re:poms obtained in a
- "new” anvi.mmenﬁ which haa been ompty for six montha end disinfocted,

 were mmidera‘bly 1039.

| The cuntinuoua ugs of mtibiot.icn and arsenicals in the
same anﬁromsp_t mey reduce the aium J.oadonxf sennl yem.
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Libby and Schaible (1955) compared the growth reapouu of chickens
to these ocompounds over several yura end observed a progressive |

: a:.minutton vhile the average rate of godn cf control birds increased.
?urthomm, over the m'pcriod of time the moz_'tala.tar rato was
significantly reduoed, Heth and Bird (1962), however, :au-é to

-'oonﬁ.mthcsorindmgs | B | B

| Antibiotios and arsenicals in r«as cause changes in the

- populations of the gut misroflors and -attempts have been made to

~ relate these dhan.gﬁi %o growth respomha. ~ Decreases ixi the fascal
Glostridia counts of chiakm and plgs havo been recorded which mey

.bo asmutod \vith woighi gains pmduood by growth ntimulantl

| | (Blm, ot al., 19533 . Larson and Carpenter, 1952).

, m&orm, cml.ughm aua Slinger. (1952) have related ‘growth
S atimlatlon in turkoy poults to dooremn in the M of the caeoal

K aontanta and irwveauon in the caecal Lactobaoini popu).aﬁ.m. Other

: ‘bacterial populgtions showed no .oonaisteat ch_angea gasoeiatoa with

| wei.ght gaina, | ’ - o
. These reaultu have been critioz.ud by Eyasen, De Frins end
| 'Da”ﬂomr (1962). Eany growth ntimulant' ore absorbed or hmctintod
in the middla tagiozm of the gastmintcatinal ‘treat and cannot du'eotly
:1nf1uonca ‘the micmﬂam pcpulattons in thc h:‘md gut, On mmistor-
ing vi.rginiamyain as a gmth stimulant to chz,ckem, these workers
obaeweﬂ aeoreaaes 1n the Lactobaoilli populati.om of the orop which

V_'they assooi.ata with gmwth roapanacs.
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Arsonic solds and entibiotios produoo morphological changes |

in the small :.ntqat!.no of chickens.,  Goates, Davies and Kon (1955)_ "
found that p-arssnilic aoid end satibiotics reduce the thiskness of
the intestinal -a:u of chickens to proportions similar to those of
germ free birds, These workers heve suggested that the :éauotion
in the $hickness of the gut wall may taprove fo0d ebeorption, thereby
innraasin,g feed of’ioioncy end stimulating gro'th.

. Thare i.ts stlll inluffieiont infomtton to dofi.nc with any
: prooi-ion a mode of action of arsenioals and antibiottos in atimuhttng-
growth,  Constderations of the relstionships between dietary and
envi.mnmenm feators and growth rssponaes mggut that these oompoundn
impmvc the nutrition of animals ana ruduoo their sueooptibuny to
dueaso but tho biolagicnl targats of aotion lttll mas.n to be
clari.find. Host worknrn agm that the growth responses elicited
<by thzan compounda u'e relatod to changen 1n the miomﬂora populationl_
’but opiniona aiffor as to whi.oh organi.m ere cpeuiﬁcauy affeoted,
It eppesrs that progress in this f1e1a st st11 awsit their conclusive
-,:'mmmcatzon. -

' , Kealth hazards

3 Tho intmduotian ot’ organio mcunéu i.n :mduntry, mediom,
. agrmnltm or the houaohola are alwaya accompani.ad by some degree of
. risk ‘to health which can nmr be prcﬁiotea vd.th oomplato cortainty.
~ In the toxieologioal tzald, thare is alwayu [ pouibi.lity that a given
: compaun& may havo mtmrd at‘fects 1n man which are abaont in oth-r
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animels, arising from man's greater susceptibility to a compound or from
man's dhni.niahod abllity to render a compound humlou. | Dmgors from
adverse effeots on fertility or from the teratogenic, mutagenic or carcinoe
' genio acti.on of compounds are particularly severe since in mean, these
symptoms of toxiolty may ozily occur after meral wonths dr years of
exposure, Nevertheless, the toxio action of chﬁmical canpounds are more
_commonly shared by goveral species and a thorough investigation of their
toxic pmpertiel in a wide ranée‘ of animals can be expected to reveal
most hasards, | ' ‘

The widespread use of organic arsenicals in agriculture
raises serious pmbléma concerning their aafoti:to persons involved in
~ their manufaoture and handling and to the population from the omamnp-
~ tion of arsanic reai.dues in meat, ba'ngérs -could arise from the
| aoomulation of metabolites bound to the tissues which may be far more |
toxic to man than to other enimals, or from the possible degradation |
uf orgenioc meni.oaln in the body to i.mrgmto arsmi.o, a cunulative
| poi.aon end & suap.atad carcimgen (Gnspenn, 1961) . Both these
issues must be caremny considered in any objeative aasaimn‘b‘
‘of the health riske arisiug from the agmoultm'al appnoatmn of
 these compounds. _ -
’ Amnio aciaa diffor widely in their scute and ohmn.tc
* toxicit:.es (Teble 3). For exampla, p-arsanui.o scid (I.D5O orel,
800 mg./l(g ) ia well tolerated by the nhioken :ln feed concmtrations
up to 1000 p;pm. whue 4-hydroxy M&tmphanylaraonic wid (LDBO oral.,
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Acute and chronic toxicil:z of pa-ananﬂic acid
wm knitggwlaraomc aoid

Dietary level  Dietary level

LT producing  producing
: Ga!pound " Aoimal LDgy {oral) symptoms of sone
TR Ry 027 toxicity mortality
 podreenilic acid - Hea 800 mg./Kg. 1sooppn.’ 2000 ppm.t
?100:@- infveés) ruz-k.y - - ' 500 2 1000 * 2
- . mg -,_—1500','-,3 |
L | Dog 00 " b
. h-Hydroxy 3-nitro-  Ten 100 - 120 mg./Xg, 200 " 2 400 " 5
f henylarsonic acid: 'Pig, - 400 * 6
_ SOppn. infeeds) ' Dog 50 mg./kg. 100 ° , -
Rt 155 ng./Rg. ' so " 2

‘1. 4bbot, Bird and 0&@‘(1951;). 4. Frost, Overby end Spruth (1955).
g, Fi-bét @_39%‘195})‘ ' "5, . Kexr, Cavett and Thompson (1963).
‘3. Oliver and Roe (1957). 6. Carpeater {1951). |
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120 wg./Kg.) is much more toxic and some symptoms of toxicity may
ocour when 200 ppm. are included in the diet, ws.tmphanylarmc
ecid (¥TD orel, = 100 mg./Kg.) seans to be of intermediate toxicity
and is well tolerated in feed concentrations of 240 ppm. Very
litﬁlo appears to be known about Mtei;éeciea differences in chronic
toxieity, But high levels of p-arssnilic acid are tolerated better by
chickens then by turkeys (Prost, Overby and Spruth, 1955).  Similarly
high dietary levels of hmhyam:q j-nifmpﬁenylarsonic acidg are slightly
 better tolerated by ohi.okans than by rats (Kcrr, Cavett and Thonplon,
1955). , 7 ' _

In agriculture, however, p-araanilic scid and 4-hydroxy 3-
nitrophunylarsonic aoid are aaded to t’eeds in. coucentrationa of 100
and 50 Ppm, respectively. Thasa levels are mll below thoae whiah
arc chmnically tmtic and afford raasonabie msrglna of aafaty to
poultry when either compouna iz used mmomially. v
N TPhe accumulation of arsenic in the tissues and organs of |
enimals receiving nrscnioals 4n tha diet has been investigated by.
several warkers. Fmst (19)3) fauna that arsenic deposition in the
tiasues of cookarels waa propertionﬂ. to the feed concentrati.on ot‘
p-arsaxzille acm. : .&rtar meiving the oomponmd in the diet for ten
| , waakn, the hi.ghoat arsenic conaentratmns mre found in the liver end
the lo\met in leg ané‘ bmast nmaalo. ~On removi.ng the supplement from
the diat, L’wer meni.o levels decreasea rapidly over & five day period.

}Muaclo levals alm declined but to a leaser extent.



- 35 ",

Abbot and co-workers (1955) (1956) have fed p-arasnilic acid
to hens at feed conaentraetions up to 2,250 prm. and even at these
levels, the a;aenic concentrations in the muscle were within the
limits legally permitted for arsenic residues in foods in the
United Stetes, Penicillin given es an edditional supplement incorecased
‘the depoeition of arsenic in the tissues but the offect seecms to be
slicht, _ »

The oarry over of arsenic to eggs from layling hens given
p-arlani.lia ecid in the feed has been examined by Evam and co-workers
;(1953). Initielly, very little arsenic was depoaited in eggs and on
conﬁinuing the dlet for 14 weeks, the arsenic content of eggs‘dcclinod
to even lowsr amounts ( <C 4001 ppm, 4s.) |

Sinilar results have been répartad ﬁor-h—hydroiy 3-nitrophenyl-
arsonic seid, - Vhen this compound ma included 4in the diet of chickens
- for nine woeka at 50 ppm, small amounts of arsenic were fbund in liver
and muscle end these declined to lower conoentrations after the -
supplement had been'withdrewn for five aa,ys (®41ligen, et al., 1955).
Reports from Dr. Salsbury's Leboratories support these findings and
also confim there is very liitle carry over of arsenic from the hea
%o tﬁe egg, ' |

~ The aiatrlbntiun of arsenic in the t4ssues of piga reared on
dieta oontaining 33 - 100 ppm, pearsenilic soid haa hean determined
by Hanson end co~workers (1955)s  Only smell smounts of arsenic were

retained in tho'tiaaueu,'tha higheat conoentrations ogourring in the
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- liver (3.4 ppm. hgoj) and lesser consentrations in ki.ducy and muscle,
Seven days after the supplement hed been withdrm, liver arunin

' oomontratioxu hed rallen to 1.4 ppm, nzos and other tissuo levels
) 0.1 = 0,2 ppm, Sinilar arsenic oonccntntiom heve been observed
when low levels of L-hydroxy 3-nitrophenylarsonic acid were included
in the diet of pigs and thess also declined after the supplement had
been withdrewn (Hanson, Hill and Ferrin, 1956),

'Suporrs.omly, the hazard to public health arising from the
carry over of useni.c rxbm eggn and ocarcases does not appear to bo ’
very gmat. When arylarsoni.o aoids are administered to animals nt
the feed concentrations recomended by the manu!_'a_eturara these tissue
arsenic levels after seversl wecks ‘supplementation are usually below
3-5 pm.-u?_o}, the maximum 'pamitvtad level for arsenic residhég in
- fruit in the United States, If the supplement is withdrawn eccording
~to the mmnfaaﬁ;r&r'a recomnendations, five daya before slaughter, the
'tissua arsenic concentrations are m‘mnll& ‘Selcw 0.3 ppm, for muscle
and 1,5 pre. for 11'nr. Thnn 'y aingla meal of 100 gm. of liver
eontaining thosa tissue arsentc mnomtz-ationa would only Smrem the
arsenis 1osd to 150 pg. above the mml arsenic intake, It is
, mtcreating to noto that many ocean fish ave regularly marketod with
tus\m arnenio mnoanbmtions in oxcess uf 1 ppm: and that some

| nhantiah and orustacu contain up to 171; ppm. araenie 3.n the aéiblc

e tisaues (Froat 1955). ‘

1% i v.nlm'oly that inorganic nmanio npray resiﬁuu on .srui.t,
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arsenio residues 1n shellfish and orgenic nrsenionl residues in meat
oomtituto Montioal toxicological hasanrds, | conseqneqtly the use
of & single peraissible limit to include all arsenio residues in
food can only umnam@gumoutotho‘ quantities of arsenie
it is safe to 4coum; ; ,

To define the heslth risks more precisely, it s necessery
to idcntify the chenical forms 1n which tissue bouml arsenioal
residues ooour and to doumim thnir soute, ehmaio &nd mbamm
rtoxlci.tiu‘ u . nm step, a study of the hs.uwm unknown

o nhamleal fate of srylarsonic aoids in paultry is highly du!.rable.

» ‘l'ho hen posaoucs geveral oxidntive rednctin ana aynthetic mechanisms
'ror aunng with romgn ooupmmds (mm, Rcbimn and ¥illiams,

1959; cmaxc and Shnxv.’m, 1923) and u'ylarmio aoids may undergo

. t vaﬂ.aty of ‘mmiona. Some of these changu (D.«'g. reduotion

 of the arasno substituent) may Tesult in the fomstion of cospounds
with greatly immud téxiuity. ‘Even minor :ﬁaﬁbolic pathways

nay therefore be of foxicologioal significanse. The cbjeot of the

following atu&ie‘l'm to determine the major and minor pathways of

'mtabonm for arylarmm 8cids in the hen in order to olarify some

. of the publioc health usuu and ¢o anntrihato towards a better -

understanding of their biological sotion, -
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CHAFTRR 2
luthodl-

4-Hydroxy Jenitro-, henitro- and [1 - Yo | h-nitrophenyl-
arsonic acid (0.1 a0/gn.) were supplied by Dr. Salsbury's Laborstoﬂ.u.
Phenylursonic scid and p--arsﬁni.lio aoid v‘wéo purchased from
" BuD.H. Ltd., and reorystallised from hot water until chromatograph-
‘foally pure, | -
' j-Acetenidophenylarsonic acid was prepared from p-arsenilis
aoid by acetyletion snd was purified by recrystallization from water
" and ﬁnaily from ethenol. ' ' '
The following compounds were prepared agoording to the

o literaturel -

- yeflydroxyphenylsrsonic acid (Barroweliff, Pyman end Remfry,
~1908), | Lwhydroxy ymumphmyluradnié eoid {7aoobs, Heidelberger
end Ralf, 1948), A4ehydroxy 3-acetsmidophenylarsonic scid (Reisiss
and Gavron, 1921}, ' h-nitrophenylaraenoxide (Bart, 1910), 4-smino-
phenylarsenoxide (Emich and ’Borthém, 1910), ’z;-acatammqphmn- |
arsenoxide, m.ps 275 -“'281‘,’ ¢ (Cohen, King and ‘semmy., 1934),
 lehyaraxy 3 nitmphanylamxiao (Bart, 1911), A4=hydroxy 3-smino-
. phenylarsencxide (Cassells, 1927), 4~-hydroxy 3-acetanidophenyle |

arsenoxide (Cassella, 1927).



Hens, |
o Hens used were thomughbm-Bmm I.ighom pullctl (11 -

1.8 Kg.) obtai.nod when six montha ol& from the A.R.C, ‘Poultry Kemearch
Gontre, Bd:lnburgh. For work' on k»hrﬂmx’i S—n‘ltmpheaylnrsonic aei.d,
Rhode Island Red x Light Suuex laying homs (2.2 - 5.6 Kg.) were

obtainnd oomemially.
An hens wore housed in wiro ﬂoorod battories and mintninud

on a diet of 100 - 450 gn./dsy "Range I.aycrs Mash" (R, & ¥, Paul, Ltd,,
. London) with the a&dition of 50 gn. of a mixturs of ecual pum of
bran, rolled oats and naize, 'l'he birds had free acoua to mtir and
oyator shell grit,

Aduinistration of oomgg
| (1) Arsonio wida. ’ v

. For oral. aamg, m.gnea smounts of arsenic soids were
' atpsclved in 25 ml, 0.1 n.méao and siministered by orop tube,
 The conteiner was rinsed with 10 ul. of water 24 the washizgs were
also fod to t e hen, '
| | thn the oompeunds nr‘ a&nininured mtramumhrly,
o ”_”,gmn weight ‘of the arsonto acid was broughi :l.nto solution with the
| addition of m.u Bodlum biurbonatc. - The ﬂ! m adausted to 7.k
and tha mlution was diluted to giva tha desired ﬂ.nnl ocnoentmtton
‘(18,9 50 mg./ml.). The salutim nro S.naeoted mto the breut
| 'mmu of ‘birda uingﬁ 2ml, graauatua syrsng-. , ‘




o Auroomycm lwdmchlorﬁ.d- {Lederle Laboratori.u) was gi.ven
orally n 50 mg. pellets. For tncmmulu aanmiatmmn, .
50 ng. ponct m pmm in 2 nl. dinti.llnd water am inaccm .
into the breast muscle un.ng & No, 15 needle.

Q) '-i’ou_thxlm giyecl:

| " Kriown ni.ghtn of polyothylem glycol, H.Wt. 4.,000,

(L. Light anaco. x.td.) were dissclved m 25 n1. 0.1 N.Napoy
containh:g &.—hyérw S-nttro-‘ or’ l.nns.trophouylarnonlo acid and
adminutoredbyoroptnba.- L e

_oueotionofgg tg,',"' 7
Foz- oxporimntal purposu, hona mre plaaud in 25 in..x

16 in, ‘x 16 in, mtaboum uagn wl.th 0.6 in. mesh wl.ro £l00r8, |
‘Zhn emrm was wlloatad in matal i'umwls lua!.ng into 250 ml.
wide xmakod flanks, 5 2411. 31.&!230# and 2 nl. shloroform were
~ added to naoh colleating i’lank ‘to prevant basterial gmwth and to
B Mhibu the oxidation of any menoxiaon whioh mey be presant
(Grawfard and I.awy, 1947). These conditions reduced sny further
chami.cal changea of ‘the armni.e ecids in tha mreta to a mmtmm
'xom urine and faeces aaneouans ware mdc d&ny for |
2, hcurl hcforo a&ninzstrattan of the cempound and at 12 or 24 hour _
mtormla at’tur ﬂoaing. o To obtain as quantitativq a recovery of
material as possible, the cage floor and funnel were washed ivitl}
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_water end the washings added to the collecting flask, Ocubined
oxoreta and washings were homogenised for 2 mimtes in the M.S.E.

Atonix and centrimgod in 250 al. bottlou '(1 »800 r.p,m. for 10 n&nutu) '.b
| 'Bhe Iupemutmt wae decanted and the residue washed with water and
recentrifuged, The uupomtant and waahiugs were coublnod for
~analysis and tho solid resi.auc was ariatl with motonc and lnalyud
japaratoly. -

| 'r;u exoreta of hens consists of a semisolid mixture of
© urine and fasces, In onder to reduce the solid matter in the exareta,
food wos withheld from the birds for 2 hours prier to dosing and |
then, in thé osse of Mtx‘&pﬁenyhﬁonio nid, rof the duration of
~ the exporsmne up to 3 days. (Baldwin, Robinson end umm. 1959).
Ifen mcri.mont lamted 1ongtr than 3 days, acoess to focd n;
allowed artor m: ;mma. Under these conditions 70 ~ 100 al. of
liquid urine ppx- day were obtained with a dry s0lid content of
0.5« 39 g - ‘

In the cases of pearsanilic mi&;“w«ﬂa - and
" hnhydw 3-nitrophenylarsonio wid, adcélé to mn quantities
( about 50 gm.) of poultry mash was nllma a.n most experiments
E aﬁcr the th 24 hour starvation, w aouuti.onn rm theas
’ praatimn are &e-cribod in Chepters 3, L and 5,

\ '.m_ excreta thus obtained was any coloured green owing |
%o the presence of bile pignents. 'afm oral adainistration of
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arsonlc scids, the output of thess ptm-ntl was gfent_ly inaressed,

Glau cannulas (Hart and Essex, 19&2) were used 1n one
expommt to aonaot urine umplu for short intervals, After
edministration of the aoupoun&, the gless bulb of the canmula was
greaud with nulinc I.nd m.rﬁed into the cloaca, The dulb
blooked the rectum but an opening lay directly underneath where the

uuforl sntered the glosca, - Urine ssmples nro‘cbnaéted aimﬁy L

from the cannula into 3 tn, x § in semple tubes, Sinoe the birds

tonded to expel the caunnla artnr 5 « 40 minutes, the method could
_only be used quauemvezy.

 Rediochemicel & MQPU.

{4) Counting,

Hen urim“and'ruaaa hmgmtu and nupomnmts were

' 'ommtm& on 2.5 om, inverted nickel plum iron planchets at .tnﬁnih '
}thiom- in a G.tg:r‘uﬁllor ad wtndow counter,  Routine deter-
‘mmttonn of baokgmmﬂ, standard perlpax reﬂrm (1 pG/gn.

~ Rediochemioal Oentre, Mrahlm) s and of uamplu were determined in

- tum thx'oughaut the pericd of uu; in arﬂar to oorrect for eny chamu
m tha nexuui.ﬂ.ty of the instrument. Qounta wore corrected for .
dw& Mmo mﬂ after subtyaction ot the background, umlu were
utanduaim against the perspex source. _

. Bolutim of [1 - “'G] hﬂnitmpmnylmonio mi.d oonli.stently

‘counted lower than theoretical ones for solid dilutions, Consequently
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a1l solutions assays were multiplied by 1.034 to ocorrest for this,

- Dried s01id fascal residues were ground in glass mortars with
acetone and plated out on 25 om, 'pl.mahnts. rhéu' seaples were
dried in air and finally under an i.nrmred 1mp and counted agaiut
the same stenderd, |

Dry hotopa duution umplel were ground in agatc mortars
with petrolem sther (b.p. 60° - 80° C) and plated out on 1 cm.
oconceave niukal plat.d im plumhctn. Thm senples were driod in
‘air ond rinany under an mtnrea lemp. All nmplu were stanau'atsoa
ngmc * 1;10/@.. perlpox reforence ot‘ ‘the sane dimensions.

' Por most datemmtiona thp stendard error was = 5% but
 for sanples of low .pecma sotivity this would have enteiled

| cetmtinz for very long pomda. In these ceses the amplu vere
eauntoa for u m s was pmtlcable.

‘ gzz Igg_tm auutgon mghad-,ﬁ _
Q) witfuphsqhmﬂa éci.& 485 - 3 gme or wrier bn-nitmphonyl-
- arsonio acid in 5 ml, 2 NalEL were a:;.sporm s.n 10 ~ 30 gm, of the ‘
- exsrota nupornatmt made a:!kals.m with 1 nl, hO}’éNam’
Ll After stending for 15 minutes the mixture wes amrn'ug-a :
| (2,000 r.pum. for 20 minum) end the supommt neutralim with

_cona, rm. ’ uhnmoalaﬂ and- aeidiﬂcd to pracipitate the nitroarsonic
agid whioh wes filtered,  This wgs reorystallized from water and
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ethanol to constand epecific activity and finally converted into the
mpmm,zﬂ#mm selt,

Honobehs_zhﬁtna' &g-nitrqphanx_lémmta wag prcparotjl,,,by. sdding an
squivalent muﬁt of benzylamine to a solution of L4-nitrophenyle .

eraonic asid in hot ethanal, Tho salt separated on koe;ﬂ.ng for a
short time md was mrystallim trcm hot water, It i‘omed oresm
coloured pme:tats, R 231% insoluble in ethanol but soluble
hot water, o | o '
| (mm:- As. 20,85% b MOSH AR, 6.6%; », 7.6;.
| un15o5a,n. rcquiru:- As, 2msx: mg@,‘msng, 69.735: |
V__N7o95) _ , ’
) w&« sold,  This soid wes added to the exorets |
| nupomtant as &ewr!.boé abevo for thc ni.tro oaupaund. A!‘tu
filtration from cho.mal, the ﬂltratc was nd;}nnm %o pK 3 -4
with oono. ml‘ mw.na aci.a nepurntoa md m recrynmlim
%o oonﬂtant ‘speaifie mmey fron water end from ethanol,  The
maamd was then converted inta ﬁu(phenylmnic acid) glyoine
aiethylmida (Tecobs and aus.aom:-gor, 1919). '.mu was recrystal-
li.ud from mter to oomstant specific mtiﬂty.. (H»p. end mixed m.p-»
199 - 201%.) | |
& sample isotope dilution is given in Table 1A,
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‘ n Autorﬁmg '

" Paper chromatograms of the exareta of hens fed r1 - i‘ 1
hnitmphanyhruouiu sold, &"olaped in fiw different solvent
- systoms were air dried and Placed in 1ight tight cessettes in
contest with X-ray film for 21 days, The spota revealed on |
aweloﬁnent of the film were mntifiod by markers and confirmed by

colour reastions on paper.

. Chemios] determinations,
‘1[ Jlrlen&c enthﬁti&,

‘ "ha microestimation of tahl Araani.c m biological matarhll
ia aab:)ect ta a numbcr of' errors and praatioal du'ficulti.u.  The
method of Oliver and F\mml {1959) besed on a HO1, dﬂ.gostian to
dwompcu organi.o arsenicals was tri.od and discarded mince it aia
not give quantitutivo reaovcr:les. ' Fixully 1t wes neaesury to
&agndc biolosical mapln by ary or wt oxidativc pmqedzms.

, Tm methods for the. estimation of tottl tmzd.c uro u»&.

’ Onc 1nm1m tho -epmtion of arsenic from inuxganio phmphatu 'by
dtstillation e arsenio trichloride and the other involved volut«- =
ilmtlon as urlim. Amaic was utmm uolorimatrinally n the
‘redum mly‘hainum soid ompla: at 820 mu with the Unicem

,@.600 spestrophotometer.

E’ho maor matnri.au uuﬂ in the !‘ollmmg methodn were
' .oither:"m:lu" "Low in mmic" or "'Aruauic free” giudes,
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‘ a) Distillation method, (Snltsaborgor, 19‘:-3).

Urine smplu oontaiuing up to 70 ugme nruaic were aigutod
with cono. 3280‘, (5 uz.) and conce. mm, (2 - 5 ml.) 4n 30 mi; KJjeldahl
flesks until uhi_.ta fumes of,soj were evolved, On ocooling 10 wl,
distilled water were added and heating was continued to boil off all
traces cf -nitrs.c scid, (Then digestion was complete the necks of
the flasks were cool euouzh to handlc.) | ' |

Disut and aqueous waah:nga (5 =1.) were trmrcrrod h tho
© aistillation spparatus (Figure 1) and after cooling a powdersd mixture
| of X.Br, r(o.smlv.)j '(mk)zso#.hso‘.mzo (1 gn.) am_a'xo:l. (b o)

vers added, - The nixture was gently heated and the evolving gases |
_-m passed through \m'iao mm ﬂ-ﬁu containing 2 ml. ocono. Hm’
and 10 ml. ammea water at a rate of one bubble par :econd. _
Heating was aontinno& w:\tn all gu had been ewlnd and tho ﬁ.x'.t
&rop of distilled 11uld fell into the Ustube,
| | The mtonts of the U-tuba md 2 ml. wuhingn were trmfor«- o
red to a 25 ml, xrlmaycr Llasks Two mti-bmpi.ng grannlu were
83404 and nurzo acid was boiled off at "low' heat on an clootri.oul
hotplate. Vhen oaly 1 ml. of absorbent remained, the flask was
heated to dymess in an eleatric oven at 110%, k

- t0ul, 1% emnonium molybdate in 5 R 80, m uaaua to

10 al, 0.15% hydrasine -ulphm and the aixture was diluted o 100 ml.
. "This mlution was prepared fresh from the stock, saluum priox to B
_each series of eat&&ntim. 101, of this mixture were added to
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- were added to each dried flask and heated in a boiling water bath
for 10 minutes, On cooling the coloured solutions were diluted to

 25m, amd estimated in the spestruphotometer,

!hhmthndgan 1m-3¢ mmnrytoriﬂw’mm. arsento,

)] vmmmgﬁ ungm,‘:' (Bom ma xlug, 1955).

| Smplu aontai.ning ap w 3» heme ur-m nrt nddod to
1»8 m. dmtar 8111&: pemlni.u cmibln limé wi.th oonn of
Whahaan Hod rutor papor. 6 M1, min l‘rec utmtud ME‘(W‘;) 2
, ,mlumwmmodanatmmm“mmmwtompzm o
drmns on an aleatriml ha’hpluto. x.w were fitted to the umtuu,
which were tbm plwc& in a oold mzmd fummcu : Iha tmontm
was srulnal.‘ly increased to Goo‘b ana uhmg s contimmed unma.ght.
; On ooolins 'bho uah m tettad with § lﬂ.u ﬁittﬂlﬂé mﬂr,
 dissolved ia 5 al, m.n,sc# end the solution was trensferred toa
50111. Erlmm ﬁnk w&th & B &sm& glm Mq ‘!.'ho
‘oruotble was washed vith & further 5 al, 12 NH 50, and 15 u, |
' dutilled ut.x: and the vmahingt lnrt addad %o the fluk. 05 m.
",'rmhw% 8n.01, were sdded and 2 gm, urm free sino shot

(20430 nesh),  The ttoppor, lubriosted with cono, HyS0,, and lesd

 tube (ngura 2) was quickly replaced ma hydmgm avolved vas pama
thmush wtm vmol moutcmed with aaturaha lud watatc loluti.on
and bubhle& t‘m a capula.ry through & mcivtng tubo containing

7 ul. 0,002 My ana o.s aly 42% mwo,. Volutuisuﬂan s

" continued for ons hour after which the appmm was diaantloa
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and the lodine solution aeoolcrma with one drop of rmh 5%
sodiva motab!.sulphih loluttono
o 1011, 1% ssmonium molybdate in S S0, snd 10 m2, 0.15%

‘hydresine sulphate were diluted to 50 ml, and 2,5 al, sliquots of

' this solution were added %o esch tubs, The colours developed on
hoattng for 10 ninutn in a honl.ns water bath. On oooltng the
volunes were cdauntod to 10 ml, and the colours were estinated in
the spestrophotonster. " -

B Thismtlma gavaamm monryotas 55 forl.. 35 pga.
arsento, |

o) Ino arsenio estimations. (amz:, 1959)
| | 25 xl. ainti.lhd wator, 5 ml. conc. mx. (ap.s. 4.18), .

2 ml, 15% KI. and 0,5 nl, 40% 82,01, were sdded to 2 nl. hen
wou in a 50 nl, Erlemmsyer ﬂuk with one drop of octyl aloohol
to prevent !’amins 2 Gm, arsenlo rrce sine shot (20 - 30 nuh)

 were ndddd and the atoppor quickly replaced. Hyamm ovolved vas
~ passed through s H,8 trap and bulbled from a caplllary into an

'morptm tube contalning 3 ml. 0,05 m: and 0,6 ul, k25 NaHOOy,

‘ . After one houx the aolour m aenmpod end oatimtoa as
S in ‘.-ha puvi.m mothod uli.ng thu mmlybdm xnamt.
| Rmnrtn for 19.6 ugm, momm.ta menm in the presence -
- ’of wn uga, p-muuno m.a were 92 5%, | |

‘ | This method wes useful for mwmng znozwmio arsenic 9.1:
the presence of monosubstituted arsonio scids, = However, it was not .



epplicable to the disubstituted arsonic ecids beceuse of the very
high ‘blank values obtained,’ |

{ 2) mzw acid gg _I,_.:_a @ qmlm aoi.&= |
pdrnnilio aocid and knacotmidophoxwlmonic mm were

eatmatod uling mathoas based on those of Bmtton end Earaha:ll (1939).
»An alicuot of exorets mpematant containing up to 3.5}3& P'man!.li.a
' 0id n up to 20 ml. was diluted to 30 ul, with wator. t0m1, 15%
CA wore addod end tho mi.xwra wes centrifusoﬂ (3 000 r.p.m. for
10 mintes). & siziler aliqiot wes made up b0 20 ml. with water and B |
' 10 nl. of stanam pearsanilic acid ( w"ﬁt) addod as an meomal
‘ qtaadaxfd._ - This was similaxly tmuted with '!GA ana centrl.fngo&. ‘
| N 5 - 10 #1, aliquots of. aupcmtmt were. p!.pet‘kad dﬁ.reetly
- into. 25 ml. grmahea Subes for estimations of fx'n aruam.lic aold.
| ?or antimats.ona of total arnnine aeiﬁ, 5 mle eliqmts ol

B aup-mtm were hyamzyna with 0.5 mls 4 .01, for 30 mmm at
ioa‘b in 10 ml, emmrugo tubea. - The mmzyute was mm, o
oentriﬁxgeﬂ and trmtarrod %o a 25 ml. grndmto(. tubo !’ha
| oentrirugt tube was mhod with 2 ml.. vatar mﬂ thc mahzngu uddod
to tho origtnal o ' ' '

- Solutions in the gmamea tubn mm anmma with 2 ml, -

'0.15 ReNOp, After two mmm 2 n1. 0,5% ammoniuns sulphamste
~ were sdded followed by 2 ml, O.%% l!(‘!-naphtlwi)ﬂhylm amm
aihydroahloridc aﬂnr another three u#mztaa. ~ Colours were developed -
for 30 minntes, diluted to 25 ml. end estimated in the Unicem 5.P.600
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o ".:gpogtrophotmoior at 540 nu agai.nst e ai.muar aolution to whieh all

S ';x'ngcnh had been. nadod exoopt the coupnng agent, ,

o No'tamianphonnunm 801d was a-toms.nea ‘by the differece o
o -_:betwen the ruult- for freo and total p—mmu“ acm. .

: In oxpori.umtl .tnvolving lu-ni.trophmhr-nnic aeid a&nin-
immttou, p-arsanilic 60id was deternined directly frou a oxlibration
" ourve in noml mrett uuyomatmt. when p—lrsmiltc acid itself
e h-aoetamidophenyhraanic aotd mre taminutorea, en internal - |
ntamurd was und (m l.—-hyamw ymmophmynrmio soid) end i

P :mult- were oalculatod ‘fron the hmmn in optical Gensity that this

1 gave ‘over that of the mun mpomtant alm. f o ~,

Thn reoovery of p—arunilic aoi.d alm or #—aaetamdophenyl«

o monic aoh! (w - 100\11!) ad&cd ta nomal hen mreta (25 gm.) was -

'99 6$ uslng an intamal atandara and 9&. 5 % usi.ng 'y oaltbration
‘ 4 tropher :lc ey o e
' Several methods hnw been tried for the quantitative redution

w,.,.;of Mtrophonyhmnic no.td o p-aruaniltc uci.a for eolorl.mutm

i\"astmum. Zine ahot and L., ‘t1tanous chlor!.do end sodtun hydro-

- ..Wlphi“ reéuctxon zave poor monrien and imnistmt results but
| “-‘5tha fanoms mthoﬂ m-a on mductton ws.th ferrous hydmxido at

, | pK 1# vu found to be swlft aimplo and raliablo. v S
3 M1, exsreta mpomtant oontam.‘..ng 0.25 - 2 a.mtm.
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phenylarsonic acid were mixed with 6 ml. 10% Nam end 6 ml, fresh
2% PeS0,, HLO 1n & 15 « 16 ul. atopporbg tube, After standing at
room temperature for 10 minutu » tubes were placed in a water bath ,,
at 85 » 95% for 10 atmutes with ocoasional shaking, On agoling the
solutions were ﬂ.ltoroa througb. 'ﬂhahaa Ko.‘l filter paPar. | 31,
of mtuto were moidiried »with s_nl. ' .H:l.. :dim_tim, ooupled
and diluted to 25 ml. ss for 'ms.a aoid, Tho colours were
e-tmﬁd_' in the Unioem 8.P. 600 spedtmhotmﬁr;at 540 m m,

~ In u sample containing both &»ﬁitmphwl&raanic acid and
p-n'sannia mi&, maauurments before and aﬁor reduatdon gave
estimates of the rupaotive mim and. nttm can Recoveries
msaﬁ : 5% for 20 « 100 UM .aaeato 2591. hen foeces.

f (Q gz roxy zﬁ_!_.tg@hcgzhmnic aotd,

' %he method used for the estimetion of :.ﬁ-hyamw 3-nitro-
‘ vphonylmom 80id in exorete supernatant was besed on that of
cuvctt (1955). oo

. 5-20M1, of exoreta aupomat&nt aontaining up to 1 uM
lwhydmxy J-nttmphonylamnio uiﬂ wal diluted to 20 ml. and 5 mle
1)% TcA added.  The mixture wes cmmmgoa (5,0&0 YyDoMe :‘or 10
- mimtn} and 20 ml, of Qupamatmt tregﬁoﬁ with 4 ml, N,NaOH and
. adjusted ta’iﬂ 9 - 10 (mdiontaé papax?). Abave pH 10 = yellow |
pignent from the urine mtarfema with the ca’aixution and below
8 meowmu of hehydroxy 3-numpheuy1amm e0id were mo@hto." "
The mluu was made up to 25 ml, the smolution centrifuged and tha -
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suparnatant was. trutaa with 0,5 gm. aotintod oharcoal tor 30
ninutes, After a further omtrimgati.on the uupcrutant was
 filtered through Thotman Noed filter peper,  The solution was
8ivided into two 10 ml, portions, 311, N1, were added to omo
portion end 2,5 nl, N.Na0R %o the other, Volumes were made up $o
25 ml, with water and Loth solutions were sctimated ab 410 mm 4n
the Unicem S.P, 600 speotrophotoneter using the soid solution as a
blank, | - | N

_ The mmr,y for 50 - 200 A &.-hyaroxy }thphmlamenm
ecid added to 25 gm., hen raeaes was 96% & H‘S. |

o) gz_a_r_ggm hmltmﬁie sotd, | -
ABydroxy 3-aminophenylarscnio s0id in exoreta supernstant

 was estinated ancording to the colorimetrie method of Maren (1949) for

4ehydroxy 3~sminophenylarsonoxide, AR Anternal stendard was used.

t"or all estimations on exoreta mzﬁn&tmﬁs instesd of a calibration

eurye, | PN |

N 20 MY, ar ‘exorets uup.msana contammg up to 2,75 uM

‘ badroxy jmninophawlartonic 2014 was diluted o 50 mlg and 10 m'.l.

"15%19&;@:&. | | o | R

o 0.78 nx &.-»hyarm ymmphanylmom aai.a in 10 ml, water

o were added to a second 20 ml, aliguet, ailuted to 50 ml. and another

. 10m, 15% T0A aaded, . DE N

- The solutions ‘were centrituged (3,000 r.p.m. for 10 mi.nutu)

end 20 ml, eliquots tiazotized with 1 ml, 0,58 NaOs,  After five
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© minutes 15 ml, 15% xazco snd 1 ml, o.m n-hexyl rasoros.ml in
50 ﬁ sthanol were added, Vj!'he colour was aw_-lepoa for 30 minutes
and estimated in a Uniomm S,P, 600 spectrophotoneter at 430 mu,

. against a e.tmi.lar blank in which 1 ml, mtor wan subltitutod for

~ the noupl.‘mg mmh _ v .

v ‘Readlngs for ~morete aupemtnnt ‘alone were subtrected

from thesc of omreta supernatant and stanaua and valuu wore
oalcuhted an tollm:- '

|  Optiesl Demeity
20 ml, exarota supomatant v a
20 ml, mrata nupameant « '

o ull dexy ymwtmnylmon!.o ac:a o
. | , / 20 ml, exoreta aup-mtant

: - m = 0.
§) Gl nid » v N : v
Tam gluanmntdo wee ostimted aocordh'c to the colorimtm

. mathod at‘ Paul (1951)s  The method used ror hen exorets is dosortbod
by Balawin (1961)s

| 'Wﬁ"\ ) il g | -
| Total atheresl sulphate in han exorete was estinsted accorting
%o the gumme nethod of Folin (1905-6). Phis mothod is also
d‘”ﬁm br Bum (1961). SR



8 Folyethylene glyools
The procedure of Shaffer and Critohfield (4947) vas alightly
modified for the colorimetric estimation of polyethylene glycol.

{M,%¢, 4,000), lp-ﬂydmxy ymtmphmyzammo scid 4id not interfere,
20 =~ 50 m. of excreta mpomatant contatning up to 200 mg.
polycthylona glyool were mixed with 10 ml, 25% /v HC1. and 10 ml,
0% 38012 in 100 ml, volumetric flasks and diluted to 100 ml. l'ho
solutions were aeatrifuged (3,000 r.p.m. for 15 minutes) and 10 ml. .
' auptmtaht aaaoéki %o 15 ml., centrifuge tubes containing 4 ml, 25%
/¢ 101, 1 ml, 10% BiC1, and 1 ml, 108 phosphomolybdic soid, 4
green preatpitafo of the polyoihylm giyool - phbsphomolybdic sold
- complex utt:.ad out. Attur ;tmaug for one hour the tubes were
ccntrlmzed (2,500 rsPeRe for 10 n!.nutu)ana the supomtmt carefully
rmwa w mti.on thmngh a uptuug. . %he pmipitatu wore
freguented wi.th [ ] glus roa, wasbea with 10 mz. % FHCL.. m
remtrimgodf.  This tmumant wee repeated mnd the pmoipitataa
~ were ﬂmlly waahed mto 30 m1, xaﬂm ﬂukt and digested with )
2.5 ml. cona, nzw,, and 5 ml, cond. V0 until white funes of 503
| vmre evolm. (m coou.ng, 10 ml, mtor were added and heating vae |
continued to boll off eny remsining treses of nitric acids |
101, water were sdded to the cold digest end 9.2 ml,
'#0% Haai. After cooling, four drops of phenol phthalein were added
‘and the ‘solution was made slightly seid with 2 M50, and Giluted fo
.{oo nﬂ. : The solutions were left over#ight to allow w‘praoipita‘t.oj
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to settle. 2 11, ¢ anontum molybdate in 5 NS0, end 0.5 ml.
fregh 9Y-emino 2-nsphthol 4-sulphonis scid solution were edded to
2 “1“ aliquots of the dilutea aigest and the volumes wore maaﬁ up
’ fo 26 ini. C:ojoura m‘r‘ev devel'apea foi" four hmxra at room eahperaturu-
” .and eutﬂ.maua in the Unican 5P.6€0 spaetmphotouctor &t 720 mu against
8 reagont ‘blsnk.
Mem reaoverleu f‘rom exoreta supematant were 105 & 5% tor

'49‘- i6° g palyothylcm glyools -

' Physion) mmm.'. |
(1) Psper chromatography, .
| ' Peper nhmutogrm of tha exoreta or hens were deva‘l.opod in
lix dtfforeat aolnnt aystm. :\soending papey ehromatoguphy 1n
. BOTOW top glnu ;jnrs was uud for the nitrile aolvents and duconding
| i‘papcr ahmutography in glus tanks with ground glass 1ids was used
Tor the otbor aolvuntu. '!!empgruturo conditions uro mot rigidly
| aontmlled 8o suthentio murm vas amm run &t the seme tize as the

| IR Ohrom&top'rms were gemnlly developed on Whamn No.. .1 paper
but Wlnhnan .5 W papor was oooantonally used for looating the presenca
| of minor metabolites ainoe 1t vould tolerate much heavier loading.

© The Rf. velues of armenicals and their behaviour to 1ooaung
agents are nmrisea in ?ablu 2&, 3A end Mo .



2 lalt oints
» Melting points were detemﬁmd in glass capillaries in an
olcatrioally heated metal blook, All values are unscorrected,

(3) ﬁa detemimticm, | o

. 80 « 150 Mg, of the :r:aaic wia were dissolved in
50 - 150 ml. hot mtnr and coolsd to room temparaturo " The
| solutions were titrated sgainst 8720 NeOH or ‘/zo 1 fron a
| micmnuuttc using a Pyc or e cam'bx'ldgo Imtrmenea H meter,

. rRKe's were deteruined as the g valuoa of the solutions

&t the half equivalent point wcotﬁing to the Hmdamn and
Huaolbmh aqxnti.on (’rabla 5&).

-!&1 UV, absamtiog gggg_t;_n_a_:' '

rha abaaxpuon spectra of mmicals in the visible and
ultnmlot region were determined in a ﬂ'nicm Sa P. 500 speotro-
phemuor uaing, 4 om. silice cells (Tebles GA, 7A and 84.)
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CHAPTER 3

‘The mtai»onan of h-nit larsonio 20ids

Tho rate of elmimtion of 4eni mhe__x_:xlamnic acid.
Six Brown Leghorn hens were given smgle oral doses of
50 nge [1 - "B] L=nitrophenylarsonic ecid, 11; in the homo~-
géniaed excrets x’rom fhesc birds was determined daily for b = 6
days after dosmg or until no t‘uxtbor radioacttvity doulﬂ be
~deteoted. The average rato of olimmtion of "'t} 13 shom .tn
 Teble k. | | S ‘ _ |
The amounts of "’c 4n the daily exoreta ususlly decreased "_ |

as the experiment pmg_rauéid until only traces were detectable, In
the lifor -tégan', the specific a‘otﬁ.ﬁty of tlhmé' excreta wu‘ very low
and estimstes of % in these semples were -Qbaaét to ngaafor |
| counting errors, After oral aammiatmtiouér ]:1 -;»'“'c] ' lp—nitm»

phenylarsonic aoid, wi.dé varistions mré,-founﬁ in the i'at,e of |
 exoretion of 0 by individuel birds,  In the first 2, hours

15 = 82% of the dose was recovered, By the third day, 60 = 90%
of the dose had been exoreted and thereafter mmll emounts of Ut
were aotéatnble in the excreta np"kolIB -1 ﬂaya after d&nh}g. The
‘total recovery of ' C was 83 - 1009? 4n 8 = 10 days, |
| These rcnults are comparable with thou of Tabla 124,

whorn tmlabelled &-nitmptmnylamonic acid 'aas fed to hens at

| uimilnr dmse levela end the metaboli.tu astimate& colarimetrioully. ‘
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 Pable

l'ho mretion of "'L‘ g hens mai.m 29_ mg, og -
k—nitmm;monie M ly

myart_oraa.mg : R jsoramof"’ ¢

50 (45 - 82)°

1
2 e(k-0"
5 me-m
. . 80 (66 - 92)°
5.6 a9
| | 91 (81 -99)°
8 ) 92 (82 = ioa)’ o
T X R 1) &

-d

About 36,7 nz;/K& |
% ‘rha ﬂgnro g:won 1s tho avuragu for 3 é hen.. Ranges
- aro gim 1n pamthcah and the aupomr&pt givea the

mboz' ot,!_wm.
- The values in this figure sre derived from Table 9A, \

c oﬂmz-etod -
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I ntramumhrly administerod h-nitrophenylarsonic acid, hovnnr,
was excreted much more raps.dly (Table 12h).  91.5% of the dose
was recovered in the exoreta in 2, hours and 97% in three days.

The camparative exoretion of '\, totel snd inorgenio arsenio.

In order to detemine whether &nitr'aphtnylarsonic wi&’
is degiadca to inorgsnic arsenic in the hen, three birds were given
single oral doses of [1 = "0 i-nitrophenylarsonis scid and the
deily output of ”‘C total snd. inorganic arsenio neasured for five

consecutive days. Any cleavage of arsenic from the arometic
nucleus should be rmaleﬁ by the appoarance of i.mrganic araenic
in the exareta or aiffarenoes in the output of “b and total arsenic,
The results (Teble 10A) show that the mrattons of u?.}
~and total axsenic are equinlont. In the two cases where inox-ganic
‘a.rseni_c was mc#uuraa, the output was 103; then 0,2 mg. ‘in five days..
This is hardly greater then the daily eutput of background arsenis
" {0415 mg,/dey) end s within the experimental error, |
It appears, thorei‘ora, that the C « As bond of l‘.-nitro-
phenylmonm aﬁi& remains intact end arsenic is not claavea from

the nmmati.o nueloua‘

Identifioation of tha metabolitcs of lf-nitrowmmng acid :ln

- the excreu,

Qualﬂ.tatin umnmticn nf the mreta. of hens fed knnitm-
phenylaruoni.c acia revealed: ‘l.'he pmsenoa of » aimtisable arylamim.



The excreta gave only faintly positive resstions with ammoniscal
silver nitrate snd Fehling's solution, no colour with ferrie chloride
solution and no evidance for glucurenides with the naphtho- resorcinol
test, - _ .

The exorets of three hens recelving 50 mgs 4-nitrophenyle
arsonic acid was chromatographed on peper in five different solvent
systens (Teble 3A), - Only two spots were found by colour reactions
and these were identified as 4enitrophenylarsonic acid and p-aramilio
a0ids No apots eomaponding to Leacetamidophenylarsonic aocid, or
to h-nitro, Le~amino and 4 acetamidophenylarsenoxide were found and
there was no Mdm for the presence of p-nitrophenol or p-aminge
| phenol, .

This was substantiated when [1 = "% henitrophenylarsonis
a0id was fed to the hem, Autoraaiography of chromatogreme of the
exoreta showed that only two radicactive components were present,
These components could be separated in the nitrile solvents but not
in nebutancl; eacetic a; t  water, The radicastive spots did ‘not
‘mmove fmm. the origin in bensene: vac'ot.‘..c a.,: water or di.#isopmpylu
ether: vater, 0'olbﬁr reactions end markers confirmed these
components as unchanged k-nitrophenylarsonic scid and p-arsanilic

“acid,
Quantitative deternination of the metabolites of h-nitrophenylar

acid.
The metabolites of 4~nitrophenylarsonic acid sppearing in the
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exoreta of hens given single édsoibf the conpotmd were measured by
isotope dilution and colérimetzic’proceduxvn.’ Oral aqugb 1&01! '
varied over the range 3.7 = h3.s mg./Ka, when [1 - 5] 4onttro-
phenylarsonic 2cid was given while unlabelled 4enitrophenylarsonic
e01d was administered orally or intremuscularly st 33 wg./Kge
e Hens uré fasted for 2 hours p;"ibr‘to oral or intra- -
E muminf a&ﬁmistrétlon of tppnitmphmiudanio ecid, Food was
wmthheld fros the birds throughcut the course of the experiment but
unlinited sccess to water was allowed, | B
‘Control uporimonta ahomo& that whon 10 mg. Ia-nitrophenyl-
amnic 8cid wers added to 100 nge mml hen mreta ‘and kept at’
room temperature for 2 hours rithont the addition of any preser-
atives, up to 3 mg. was ‘reduced to p—arsani.lio acids Addition of
‘chloroform (2 ml,) and 2 x~n.!12z:3:)£F (5 ml.) to hen exoreta under the
sane conﬁitiom reduud ‘these ohangu to msigniﬁamt praportions
( < 0,1 mg.).

Oral aﬂm rati
 The mmta from hens can be sapa.raud into two ai.mpla
components, an aqum axerwb of hon exoreta (exoreta supernatant) |
end tho s0l4d rasiduc, conaisting of unﬁigeatcd food parttcles,
beoteria end urlc acid, When tho exoreta from bens foa [1 - Vo]
: hﬁnitmphmylamnm acid wes traatlonatod in this menner and eountod,
moat or the Miowti.ﬁ.ty was fonnd An the soluble frmtioa.
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However, vhen the d:.-tributi.on betvaen tho aolu‘blo end soli.d rraotions
 was followed for threo days after dosing, the redioactive content of
: the goluble fmotion declined whereas that af the @0lid reaidue
reasined oonstam: (Tabla 11&). -
| The nature of thoae araentc residues attachea to' the faeoal
' ‘salids is discussed in a later ncctmnc
Radiochenioal assey of the exsreta of hens fod [1 - "t]
lq.-nitmphcaylamnio acid et dougo :men of 35 = 43 mg./xg have
shown that kb = 67% of the &dmmistorqﬂ dose was exoreted in three
days, & e 8% of the dose was boﬁha'ta the fasoal .amsm 4O = 60%
wes in the mrm mpemtant. - Inatepa dilutions havc slum that _
‘moet of the sotivity (31 - 43%) was promt as tmohmzo& henitroe
._ -_’Phwlmm ﬂﬂid and 7 = 12% as pearsanilioc: wzd. (hbh 114), |
2«69 of tho mxns.aum dose ot “’ C found in the exoreta Bupers
| ‘natmt remained mﬂ.dontiﬁ.od. | ,
|  For comparison mnab-nea A-nitrophenylarsonis aoid was fed
N to hens .e 33 ng./ks. and the mhbolttu in tho excrota wpomtant
; nrc ntmtoa oolomurlcany. Xn theu m 58 - 69% ot the

" "v"aau was mreﬁod mhaugoa in thru days and '& 52% as pou'und.lto S

~ ac1d (Table 12h), -In view of the roiatiwly lu-go varinti,om in the
,f»emput of p«mnutc e0id no aign&.i’ioanao oan be. attaahod to the .
erarently gmm- output of manm.a acm recorded m tmo mnma‘ |
" compared with thoss for g lebellea lwn!.tmphonyhmnto so1d.
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2, Intramusoular aamg,sémg& | _

When 4enitrophenylarsonic acid was sdministored to hens
intrapuscularly at the saze dose level 90 ~_9A$z of the dose was
exoreted in 24 hours end 95 ~ 104% in three days. Only 4a9 =
10,6 ¥ of the dose was exaroted as p-arsanilic acld in this period
 and the rest oocurred as uhohangod h~nitrophenylarsonic acid.

3, _Urinary output of vk-mtmlusonic acid and p-arsanilic scid,

This fundamental difference in the rate of excretion and

extent of reduction of 4-nitrophenylarsonic acid when edministered
orally a.na .‘..ntmusoularly wes alao reflected when the consentration
of thesa oompaunds 1n the cannulatad urine was exanined,

Two groups of three hena'wera given oral qr intramuscular
doses of 4~nitrophenylarsonic auiv.d‘ at 33 ving;/ﬁg‘. end samples of
urine were taken with a Hert and Escex cannule at hourly intervals

for 5«6 &urm Urine aam;:lﬁ were diluted forty-fold and analysed
for h—nxtmphonylaraoni.o acid anﬂ p»arsanihc acid colorimtrioally.

| . The roaulta obtained are shown in Figure 3, After intre-

‘ .'musaular ‘mjectton the oomentration of I.nnitmphenylamnic aold

' 4n hen urine mcrema to amaxi.mm af 8 - 26 nM /nl, in 1- 2l7aur|
and staaaily aeals.nea over the next 3 - 4 hours to 4 - 10 ;m/ml.
Only small munta (up to 0.16 pM/ml.) of p-manilia aoia vere

' detectod. ,

,, Ortlly adminisured h-nitmphenylsrsonio acid vas alowly

oxoretaa 1n the urine resohing a meximum concentration of only
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1 = b p¥/ml, in 30 minutes - 1 hour after doeing followed by e
slight decline over the next four hours fo 0,2 - 2,1 ni /inl'.‘ - AB
in the previous case only snall emounts of p-maniiio 80id were
- deteoted but the proportion of to_tal'motabolivtu_, exoreted as

’ p-mantl‘ic acid was greater than when the oompmmd vas given by
injection, ' | - o
| Papcr chmtographic ominntion of’ hen urinc aonﬁ.me& |
that the mretod motabontu are the sauno using both routes af
ndminiatmti.on of #-nitrophonylamnie aom. |

Pactar- uonc;_ng the mduction tion of h-nit%hrzanio acid
‘p:nrsanilie agid in the hen,
' : Tha mretﬁ.on of p-aramnio acid in hens given oral doua

ot‘ h—nitmyhenylarmnw wi& .showed considerable vario.tion. When
lp—nitrophenylamnia aoid waa given lntmuacuhrly there wes & «
dininished output of p-arsanilic aoid auhough the rate of emretion |
or total metabolites was oansidom‘bly enhanced,  Both hen tisaun

) "am} tha gut flora are knom to oantain sotive nitroreductase cnzymas
" but the relative contribution each systen mada to the reduction of
'lwnurophanyzmonic mid in vivo remaixwd unknowns

- 1. . Phe cfroct of anraaqcin on the u&uotiun of h—mew
armni.o acid in yive, ' |

Aumomyoin 15 known to i.nhibit 'baotarial nitmre&uotaaa but |

- there 18 ltttle Mfomtton aonceming the inhi.bition of hen livor
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nitroreductase by aureomycin, In §rﬁor -to assaa;z tharrelativé
importance of bacterisl and hen liver nitroreductase in the metsbolism
. of hnnitrophenylarnonio ecid in vivo 2 serios or experiments were |
conduoted to determine the 1nf1uence of oral lnd intremuscular doses
of aureomyc_in on the metabolism of l.n-nitmphcnylamnic aqid.

" In one expariment , sureomyein wes sdninistered orally to
Bix biraA in the form of 50 mg, pellets, «xnmmy the birds were
given 100 mge aumomyoin by mouth and after an i.ntorval of k 5 hours
e further 100 ng, dose wae sdministered, 2% Houra after the ﬁm |
dosa a final oral dosa of' 100 nge anraamyatu waa given fonowd by
-the administmtion at‘ &fnitmphsnylsrmio acid orally or intrae
3 muscularly. : _ |
| In another upuriment 50 mg, aumwatn was injeoted into |
the bmst musale of six b rdavgt thevsame time as the administration
of lp-nitmphnnylarsonio wid. | 50 Hge ‘Goses were also givm by
injeotion on the two daya following the admi.nintration of h--ni.tm—
phenylmom.c acid, S
| ” The remlts o‘btainaa in these oxpoﬂments are :hovm m

_ - ‘év’hen Mnitmphenylaraonic aci.a was adminlatorea intra-
musculurly 5 -1 % of the dose was moveroa in the excmta in

o ,threa d&ys au p—arsans.lio acid, Howevar, when aurcomyein was

- administamﬁ simultmeouuly by aither route less than 1% of the doac
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was recoversble as pearsenilioc ecid in the seme length of time,
These results suggeatod ‘that aureomyoin adninistered by either route
" was capable of inhibiting the ensynes responsible for the reduction
of Ignnitropheuylarsmio s0id to prarsanilic soid in hen tissues in
vivo. o - o
| After oral aaministration of a-nitfupha&mmm;c acid

14 = 33% of the dose was excreted as pearssnilic api.d'in three days,
Pretreatment with ;myam orally reduced the mt of pearsanilic
scid present in the exorets to 4 - 14% end pretreatment with sureo

_ min &ntrmunaularly reduced the output to 7- 19% over the same |
period of time, |

Orally administered anwotn inhibited both nztmroauctm

eysteas and caused the grestest fall in the exsretion of penrsanilio
‘a01d from sn aversge of 22 to 9% of the dose in throe doyss
‘ Intmouhrly aﬂministurod aurowyotn was largely inhi.‘bitory to the
enzymes of hen tiuueu and oauscd a lmox' fall in output from 22%
to 1&% |

2, The mtgon of h-nitrophenylarsonio ecid in the orop of the

i ]

, , 'rhe experiments with sureomyein auggostod that the gut flore
m partly respomi’ble f‘or the raducti.on of Mnitmphmylmonm

© &otd to p-arsenilic sold in vivo,  The distribution of arsenic in

' hena aftar dosing with l;-—nitmphanyluraonm acid, raparta& in a later
' saotion, ahowaﬁ that most of the arsenio present in the alimntary



cansl of birds 24 hours after dosing, remeined in the crop contents,
The orop was, therefore, a potentisl site for nitroreductase sotivity,
~ Thrwe hens which had not been previously fasted for 24 hours,
were given oral doses of 4-nitrophenylarsonic ecid at 33 mge/Kge
1 - 2 M. samples of the orop oontents wers taken at hourly intervals
_for sii hours ﬁqing & polythene crop tube attached to & 2 ml. syriﬁgc.‘
The samples obtained were centrifuged and the supernatant analysed
for pearsanilic acid and h-nitrophenylersonic acid, The results
obteined are shown in Figure &4, A (
¥ith non p_tarvnd birdq thgx'a was a progressive mduotion of
k-nitmphenylarsonio 80id in the crop and after 6 hours up to 2Q¥ of
the compound hed been converted into p-arsanilio acid. ~ In contrast
~when those exper.imsnta viere repeated wi.th atarved birds, nltroreduotue
mtivity in the cmp hed been reducad to mi.nor praporti.ons. After
six hours only 2 - 3% reduction to p-arsenilic acid ccourred.
 roultry ;mh alone did not possess nitroreductase activity.
When 100 mg. b—-hitmphenylarsonio acid was incubated with 20 g,
poultry mash in 100 ml, O, M citrate buffer pfl 5.0 (p of crop
contents) at 39% for 6 hours, no reduction to p-arsanilic soid

occcurred, . |
~ Because of the nutritional requirenents for nitroreductase

aotivity in the crop s it was inferred that this was of wioro
h.’:.olog!.cal ori.gln. '
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3. The reduction of 4-nitrophenylarsonic soid by hen faeces.

After 4~nitrophenylarsonic acid (100 ;%) wns incubated

anserobicelly for 2 hours with an extract of hen fasces in 0,05 K
phosphate buffer i 7.4 (40 nl.), p-arsenilic soid, henitrophenyl-
arsenoxide end &.-fami.nophenylaraenoxide were detected ‘ohromatégf@hio-’
slly in the medtum, peArsenilic soid incubated under the same
conditions was reduced to 4eaminophenylarsenoxide but mﬁa"t..-uitm-_
phenylarsenoxide was incubated with the extract, k-nitrophenylarsonto
2cid and p-arsanilio acid ware detected but not 4-aminsphenylarsen~
oxide, | | | . |

Under m@robic_condi_.ﬁm ‘the following reactions may |

take plece in hen fasces.

- As0g, A0
5 =45

lwnitmphmyhmuic vuoiﬂ. lp»nitrophenylmnnﬁde' '
AQo’n ' 4SO

| pesrssnilic seld = »Zv-aminophanylmmxiaa
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Araenj.o residues attached to the s0lid fraction of hen exoreta.

1e __Properties and identity of arsenic residues.
~ Arsenoxides were not deteoted in the eolid fraction of hen

excreta by paper ohm:natqgraphy using' colour reastions and auto-
radiograbhy end there was no evidence that they were formed in vivo.
Some evidence was obtained, however, which indicated that small.
amounts of these_vocmpounds occurred firmmly bound to the faecal
residue, _
Isotope dilution axperimentn have shown that 4 « 8% or

an administered dose of h»nitrophanylamnw acid may be exoreted
attached to the molid frastion of the t’aee_ca in three dayss  The
deily output' of these residues was fairly aonétqnt end did not
decresse in the szme menner as the metabolites present in the soluble
fraction of the excretas | | |
| . The binding of these arsenic residues to the fascal solids
was quite stable, "" C and menio oould not be removed by dialysis
or axtmﬁon with hot methenol, cold N.ml, cold 2%-:«&1:03 or 0,1 M
EDTA.  The residues could be removed by hot or cold N.NsOH and

pertly removed by hot N.HCL, 0,02 N,
- dlethyl dithiocarbemate (Table 13A), ~ These results suggested that

end 0,4 M Diethylammonfum .

" part of the arsenic residues. attached to the faecal solids were
. gtt'achea as aryl thicarsenites through SH groups.

Paper chromatography of hot acid extracts: have shown the
‘presence of k-nitrophenylarsonic acid, p-arsanilic ecid, A~nitrophenyl-



- 7&-‘ -

menoxide (solnnts D and E) and there is some evidence for the
presanoe of h-amiuophenylamnozldo (mlvont B). Furthermore,

: chmmatograms of iodine extraots of.facco_:f solids only showed the
presence of ly-nitrofhenylarsonic acid and pe-arsenilic acid,

26 The bindi_.xg of menlol.ls onto the aolid fmtion of !un

mretn.

%hen bnifmphenylarsen&;i.ﬂ. (100 ai) or I;naminophéé&l—
arsenoxide was added to hen feaeces (50 ~ 60 ml, homogenate) and
kept for 2 hours at room temperature, 5% of the nitro compound
and 7% of the anino compound became bound to the faecal solids.
Howévir,' henitrophenylarsonic acid was not bound under the ‘same
conditions ‘and p;-arsahiii;c 20id wes 'émly bonnd to vthe extent of 2%.

The abao_gtion and tinsuo distnbution gf y=nitroph ggzhrsonic acid.

4. The distribution of arsenic resi.du 1eg in the tissues,
- The. dmtrt'button of ‘arsenic in the tissues of hens, 2, houra

nftar receiving an orel’ dose of L4~nitrophenylarsonic acid was _

' deternined for three birds, Blood was obteined from the dead birds
. ’by amrhzg tha neck and bi.:!,e from the o;-ened ‘carcase using a syringe.
' Othor tigsuos ma organa ‘were ai.usoetod ana mimea or homogeni.sed

o “-&ccordiﬁg'fb"aaao. - Skin end feathers and the residusl carcass vere
: -'_.as.aaolvea in vara l.o% e, e

| v Exoreta, vskin and f‘eathors fat and the residual carcese were
mmlyua, for uraenio by the wet combugtj.on method of Sultzaberger (1943),
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Other samples were subjected to dry combustion with magnesium nitrate
and total arsenic estimated according to Beers and Klug (1956).

 The average results for three hens m shown in Table LA,
Over 70% of the administered dose was found in the excreta (56%)

oF the contents of the alimentary canal (16%). The tissues of
~ the bird contatned 18% of the adninistered dose but this value is
probably high beosuse the residual carcase and skin and foathers
. may han been oontaminated with axereta and the gut eontontl. The
f'eaino tmm (uvor, musole, heart and fat) Oontaine& only 1,54
o!' the adninistered aoao i..o. 0.35 mge trunio. Huscle ttnuel
contained only 0,5% of the dose (0.3 sgohe,/gu. tissue),
When the contentn of the alimmhry canal were oouzparod '

the orop and gi.uwﬂ mntus.md most of the arsenic resigues (12%)
and the lower regions of the gut (mll i.ntoat!.m, oneca and large
. '-intaatm)_ only _mntainoﬂ LE of thq dose, This distribution

| Andiosted that the arop and guzuﬂ may control the rate of elimina=

: t,ion_.of orally administersd k-nitrophenylarsonic acid,

2, __The mmtm exoretion of orally sdministered 4-nitrophenyle
- arsonic aoldandmgghm glyeol, |

| I’olyethylm glyeol (M., t,,ooo) is an mrt, water soluble
- polmucr whioh s.a not u‘baorba& from the gut and which has ’boeu used as
a mnrkcr to trace the pusugo of food through the alimentary canal in
'fam animls (Gor‘bett ot &l 1959)-. The simultensous oral adnin-
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istration of polyethylene glycol and 4-nitrophenylarsonio acid gave
@ good comparison between the rate af elinination of h-nitrophenyle
arsonic acid and p-araanui.o ncid and & eampouml kmm %o be emretod
in the raacu.

Throe Brown Laghom hens (v;ta. 1.2 - 1.6 Kg.) were faatod
. for 48 hourl in onﬂor to minimize the polyethylena glycol blanks.

‘ Tho b:.rda wore then fod k»nitmphwlamnlo noi.d at w mg./kg.

| & gm. palyuthylmo glyool. colleotionl of total e:wreu ‘were madc
at 12, 2, 108 mﬁ 72 houra aftor dauing and were mlysod for poly-
sthylens glycol end total nitro and mninophanylarsonic scids. The
results are shown in Table 15A. | _

Ihe total excretton of palyetbylena glyco:l and the moni.o
acids avor the pori.oa of t:i.me ntudiad are rmrkably similar,
Although thia daaa mt dimtly prove that h.-nitrophenylarsonic acid
is poorly abmrbod tn the amall intestine 1t does suggest that the
f&otom regulati.ng the alimi.nat.ton of ’both compounds are esmttally

the game,
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. Zhe metabolim of pearsanilis seid and b-soetmsidsphenylersanic
n, . o —
' The metabolimm of p-mmuc e0id end A-ecetamidophenyl-
' arsonic auid was studted uli.ng Brown Laghom hlnl under the experie
mental conditions outlinod in Chapter 2, Bmvor, in contrast

to the.mobtigattm on 4-nitrophenylarsonic acid, the hens were
naintained throughout the experimental period on 30 gn, of poultry
mash per day, | | B |

" Ne ohangu ogcurred to p-nrunili.a aclid and Leacetanido-

phcnylnraonic aoid under the standnﬂ conditions for collecting hen

. exorsta, -
- Ldmtgficat.’wn gf tha mtabouttu of w aeid and h-acetamido-

“The exoreta uupemtant or hens dosed with p-armltc eoid
or k»mtami&ophwhrmnic aos.a m chromatographad ou panor in the
ti'n nolvent systama aawribed S.n Table JA.

"¥hen p«-mannia acia wan administmd orally or intrae
muaculu'ly, only one zpot was t‘ound on paper chmtogrmns (uolventl
};A B and c) and this was identifiad Y unchangad p-amni.lio acid.
Ho lpota eomspondlng to &-auetammophonyhrmic acid could ha
- doteotaa neither were there w in&icationa thnt meuo:i.dea vers,
| "",pr«mt (Solmtn D end E)n | ’ |
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Two spots were found on chromatograms of the exoreta of
hens given oral or intramiscular doa_én of t;—-ac'ct_}vamidopho‘nylauoni,o :
acid, : One corresponded tg_p-*earmﬂtc‘ acid and the ot\hoz"-]tov |
"’vl'a-fnootunn’lophanylaradnin acid. There wes no evidence that
an@oﬁﬁgs iaro present in the oxcretm.

"mmnommof -aruninoac ‘
The qnantitntive results for the excretion or orally or
intramuscularly _admi.niptmd pearsanilic acid are shown in Table 164,
Anslyses for p-ersanilic sold snd totel arsenic geve equivalent
results when the compound was administered by either route suggesting
that no significant metabolic changes oocurred and that it was
exoreted mhmgod. Compearing the results for both routes of
. aammstﬁuon at the ssme dose level, pearsenilic scid, 1ike |
lr-nitmphanylmnnic acid, was exoretoa more rapidly after intra- -

muaeular maeotion th-n aftor oral aougo.

| Quantitative detemminat a_of the metsbolites of i 1.
aufonio'ae& _ | i , \
frho roaults far the matubolim of wuotammophenylaraonie
‘ac.td are showm ﬁ.n Teble 17&. As in the pmtuul cane, analynas for
© total arsantlic scld and total arsentc gave ewivalent results vhen
i fthe compomd was aﬂminiatarod by oithor mutm o v
, 'thcre ‘were, however, f:wo eompanmta present in the excreta
; -upcmtant, namaly k»acﬁmtdophenylamaia aoid end pearsanilic acid
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end there was é. quanti.tntivo difference -in the extent of deacetyl-
ation depandi.ng on whether the co@auna was given orally or intra-
macularly. After oral dosing, only 5% of the dose was deacetyl~
ated in three days ‘but after. injac‘bion 36% of the dose ©oocurred in
the exoreta as p-arnnuic actd. This anggests that only a mll _
pmportion of urally administered h»motamidoptnnylmonlo aotd m
ahsorbod rmn tho gut and from the axtant of dmctylation of an
intremuscular dose it may be estimated that 1&% of an oral dose 15
tb:orbod from the mll mhstine. |

gg xlut%__t Iv-lg ggthmnic acld,
| Some oxpor!nenta have been performed to determine the site
ot daaoaeymm of h-uatmidoplwnylmonic a0id in the hen, |
N £ When this compound was incubated with hen exoreta in o.osm
| pholphah bufer (;ﬂ 74) at 37°G for 2 hours, preotically ns .
p-arunm.o actd s formed and 1t was conoluded that the gut flors

was not remonuiblo ror any appmtablc domttyhtion.
| - Several hen tmuu wm ominad for deacetylase aoti.vity.

e anh mm wes homogen:lud m four vo:uma ct' 00ld isotoris zm. -

: 1 X1, of homogmu wae mixed with h. ml, o.os M ms buffer (ﬂ! 7.u)
| canta&atng 2pu k—mtmidophmylamnia aom.  Phe mixtnre was
7 s mcubated t'or one hour at 37 (s] nnd the maotzm atapped by 5 ml.
B 5.155 txiohlormttc acids After emtrifuging for 5 mhmtos,
' ‘p—arnani.nc acia waa determ.’maa mlorimetrically on 2 ml. of the
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'supamatan_tk.’ Blanks were set up using ‘tissue homogenate boiled |
tor 5 minutes on a water bath, |
The rosults in Table 18& show that the hen kidnoy was the
only _si_gniﬁ‘cant site of deaootylaga activity when j-acetemidophenyle
\'lm'nie‘ a0id was used as substrate, Moroovér, no significant
- acetylation of pearsanilic acid occurred under the same experimental
conditions, | B .
" . The descetylase activitf of hen kidney homogenate was
-‘p':"oporti.om-l to tho time of i.ﬁcu’bftiozi up 'to‘ 45 minutes end to the
smount of homogenste in the remotion mixture,  The optimum jH was
found to be 7.4 in 0,05 M tris buffer and 6.6 in Oc1 M phosphate
WOr." The prapmtion, howvor, wag wﬂ more acti.vo at i 6.6
in phosphite buffer then at il 7.k in tris buffer,
" The oellular loostion or_hm Kidney deacetylase was determined
by frastionsl centrifugation,  The kidneys of one bird were homo-
genized in 3.5 vols, 00ld 0,25 ¥ suorose using a Potto»—%’"
hsmogmi.m with a plastia peatlo and &ilutcé to 7 vols. with suumu.
i ltnothar bird's kmneys were hamogmim for 60 -wonas in 7 vall. cold
| sucrose ina wurlng hlenaor. ftha homgemtoa wore aenfr* tuge& at
3% %o give the following frastions, A
(a) washed nuolei and dobris at 450 g. for 10 miwl.
(b) washed mitochondsis st 19,900 g. for 10 mins,
(o) ‘microscmes ¢ superratent, o R
(8) washed microsomes at 105,000 g, for 60 mins, -
(e) supernatant from (a).
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Bach fraotion was examined for deacetylase aotivity
towards heaocetenidophenylarsonic acid and the results ere shown
. 4n Teble 194,  Deacetylase aotivity was located mainly in the
 mitochondriel fraction of the hen kidney and though some sctivity
was present in the other pgrti.culaf.o fraotionn; this s probably
‘due to contasination with mitochondria, No activity was found
in the soluble fraotiom of hen kidney, o
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CHAFTER 5

Tho motabonn or droxy nit \phe lamnic ac

" The fate of :.-hyamy Bmitmphenyhmnte aoid in layiug
| hens was invostigntod un&er eaperimeatal conditi.ons aimilu' to those
“outlined in chapm- & for p—a"-sanilic acid and z..mums,aaphmyl.
arsonlc aei.d. |

Hens nre faated for 2k houra prior to the a&niniatratton
" of the compound but throughout the rest of the expammu perfod
the 'bi.rdi were given 50 gm, poultry mash por day, Any variations
in these practloos are descrided in thc rollcwins -actions.

" Rhode I-lmd Rcd x Light smox laying hens were gmnny
used for theaa atuai.u but .four Brom chhom hm wore uaed in
npcrimtu mams the toh.‘l remwry ot' arsenio in the exoreta
~ over a partad of 10 - 11 dayl u'tor oral Mututm or the
_ooupo\md. .

4'1' ratu of 1 ation ot‘ ‘ xﬁtm‘h larsonic as

. - l‘bur wan Laghom hoan wore gim oral dosos of this
oompounﬂ at 75 ng./Kge to aatemma the rate of olmmﬂnn of
wm trmio in the um'eta. ﬁailuctiona of total urine and
tam- ‘were u&o daily until no more arsenioc could be detected in
the exoreta. . moh,éo;tieom vas homogenised, diluted to a known
volume and estimations §£ total mania were pprtomad on suitable
al!.quéti using the wethod of Sultssberger (1943)s The results
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abtdnod are uhown 1n h‘blo Se
| &—Hydm:y 3-nitrophenylarsonic acid wes exoreted nlowly

when given by mouth, Only 25 « 33 % of the dose was exoreted in
2 hours and only 45 = 76% 1n four days.  After the fourth day,
‘-pmgréusival& ;fmillor quantittes of arsenic were eliminated until
88 - 1025 of the original dose had boen recovered in 10 « 11 doys,

| The breed of hen used in these experiments had 1ittle
crroce on the rate of elimination of lohydroxy 3enitrophenylarsonic
Cacld, If tho rasultu shown 4n Tablo 5 for Brown Leghorn hem are
A‘ compared with thon for Rhode Islend Red x Light Sussex hens at the
‘ssme domage level (‘hble 238) ihn differonon in the ratea of
mrotion of araenic by the fmo groups ct‘ birds over the f:.rst _
j three am, are insignificant. In thrae days Brown Leghorn hens
- exoreted 555 of the sdninistered dose whereas Rhode Islend Red x
| "Light Sussex hm mreﬁaé 61% of the dose,
| A 'l'he dosage level used di.d mt gmntly inﬂuemo tho oleare

" ence of orslly ammiatarad hehydroxy 3~n1tmptnnylarsonic acid from

" the hen, At dossge levels of 75y 37.5 and 18.9 ng./Kg., Rhode
_.Iahnd Rad x Ls.ght Sussex hens mretad on average batvraen 61 anﬂ 65%

of the aamin:.mm dose 4n threo deys (Teble 234), | |

‘ - \ﬂm: hbydmw'ﬁnitmphmylmanic a0id was administered to
hena mtrmeumzy e% 37,5 mg./Kg. 211 the birds died 25 - 30 bom'

 after aoaing bm: in this length of time 48 « 67 % of the dose was

. 'memm ('!able 2i4)s  In contrast, orelly administered hehydroxy



Day after aoa@g % of dese exoreted

2 s

s 9

(34 « 53)

(A5 - 76)

'(255‘33) ,_

(s8- 82
(65 - 87)

(85 = 94)

(88 - 106)_' =

- The ﬁguregimuthommge for & hens,

are gim in panntheaug

: 'I;‘hﬁai_ va_xlﬁn_. mdarlm from Table 20A,

Ranges
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J-nitrophenylarsonic acid at the seme dosege level vre.s excroted
more slowly. 25 -« 43% of the dose wes exareted as arsenic in
2 hourss A% the lower dosage level of 18,9 mg./Kg. these
differences between the clearance of the compound when given by N
mouth and by injection becane moremaﬂced. On intramusculer
adninistration 90 - 103% of the dose was excreted in three days
whereas on oral edministration 60 « 74% of the dose was reoovorﬁa
in the seme longth of time,

Identification of ths metsbolites of hehydroxy 3-nitrophenylarsonio

acid present in the exoreta,

Three Brown Leghorn hens were given orasl doses of 100 mg,
h-hydroxy 3-nitrophenylarsonic acid,  The 24 hour exoreta was
hamgenimﬂ, centrifuged ‘and chmatagraphoa on Vhatmen 3 M¥ peaper
in the four solvent systems described in Table LA, Colour reactions
show:eéf the presence of utichabged L-hydroxy Bmitmphcuylarsoﬁo ecid,
8 minor impurity of hydroxy 3-nitrophenylarsonic acid and kehydroxy
3-sminophenylarsonic acid (Solvents A, B end 0). There was no
indication. that these mmpaundu ware aonmma to their respentive
argenoxides (Salmt F) or thnt the J-acetemido derivatives were
formed, ~ Because of navorsbev salting ei‘foota, these spots were eluted
with water from chromatograns developed in solvent G and rechromato-
graphed in solvents & end B in order to confirm their identity,

Arsenic analyses on a strip ehmatogm aevraloped in
Bolvent C showed the presomo of three ma:}or components oorroaponding



to the or.tgi.nnl oonpmmd, its ami.no derivative and the iapurtty
(Pigure 5). | |
No increased exérotion of ethareal lnlj;hatoa was reooxﬁod

‘when l4ehydroxy Junitmphphylamnio acid was administered orally )
| to hens (Table 21A), Th_omirb.s an incruu in the o:;téut of

. _' -gluoumnic' #0id but this wams largely duse to the inoreased exoretion
of bile pigment which zntérfemd with the method of estimation
| (Table 211). ~ There was no chmtoguphic Mdancc for the promee

. of glwumnide derivatives of metabolites rouna m the excreta.

© Quantitative deterninabion of the metsbolites of 4ehydroxy 3-nitro-
larsonic soid, | o o

Invastigationu .’mvalvi.ng the quantitative determination of
T:m-te.bomu present in the exoreta of hens given orel or intra-
- mascular aous of h»hydm:y 3~n1tmphanylmnic ac0id were carrs.od
mxt un&ar siui.lar empnrimmm eonﬂitiom to thosa uscd for p—arsanilio
 acid and knanetamiﬂophenylmcnie s0id,  Three hens were used in
eaoh three day experiment and all oxporimntu were rcyuted at one
"or morc di.ffcmt dosage lavola. The common dosage levels used
were 75.6, 379 and 18,9 m/kc for orel edninistration snd 37.9
and 18.9 us~/kz. for .tntrmaminr adminu‘kmti.on. ~ No chenges
eocurrnd to the aaminiateroa omnpcuna m&or the standard conditions
}t’or colleaﬁng hm emreim

_Whon thg cmnpounﬁ wes given by mouth at 37.9 ng./Kg. under
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starvation conditions and the distridbution of arsenic between the
soluble and solid fresotions of the exoreta determined, most of the
exoreted dose wes recovered 4n the soluble fraction and only 3%
was found attached to the frecal residues (Table 22A)., The
~exoreta mpemfant was therefore used for all quantitative .
estimetions of the metabolites and the faecal solids were investi-
gated separately.
1. Orel aininistration,
| " The results for the quantxtaﬂ!ve determination of L-hydroxy
3-nitrophenylarsonic eotd, its snino derivative and total arsenic in
the excreta supernatant after oral administmtioh,' are shown in
Tsble 23A. |
~ The dosage level had little effeot on the rate of exoretion
~of orally edministered )-hydroxy 3-nitrophenylarscnic acid, 57 = 72%
- of the dose was excreted in three deys irrespeative of dosage level
veriations. of 19 = 75 mg./Kg.
Throughout the course of the experiments the sum of the
estimates fc_r L~hydroxy 3-nitrophenylarsonic acid and its amino
_derivative were comperable with the mmﬁn of total ars;mi#lfonnd
| :i.n the excreta,,  This confirms these compounds as the major
~exoretory products, : , -
‘The extent to which orelly aduinistered k»hy&@ 3-nitro-
phenylarsonio acid was reduced to its amino dexivetive veried cone
szdergbly. When the compound was given by mouth a.t 75.6 ng.
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‘A'bouf helf of the adninistered dose was exoreted unchanged in three
days and 7 =~ 20% ( avorage 12 %) as hehydroxy J-umimphwluaonic

acid in the same length of time. Thore vas a tmdoncy ror the

pmporttou of the o.ami.nintarea compomd mro’ced u ‘the 3-am1no
dori.vattve to i.norom as the aosage level was reduced.

2, Intm. sculer ajministration,
¥hen the compound wes edministered to hens intmuaoularly
et 37.9 mg./Kg., a1l birds died 25 - 30 houn after ao-mg. During
that period, howonr, 48 « 70% of the dose was recoversd mainly
unohanged. At & lower dosage level of 18.9 mg./Kg. 77 = 8% of
the dose wes exoreted in 2 hours and 90 ~ 104 in three days.
 Most of the oomomﬁmmmtodunchmgad and only 2 - ss as
liv-hurdmw }mmphmmunh acid (!‘ablo 2u). | | |
' There are -mnl inpox'kant aiffm between tho results
outlined above and thou obtain.d frau henl gi.m aml dosn of
lw-hydrozr thhmlmte e0id, The eompaund wae mreted more
rapidly, though metabolised to a leaser extent, vhen gim by injestion
than when g&vm by mouth, . Furthamom, dupitaa the eass ot‘ alhina-
.ti.on of intrmwularly sdministered h.«-hydmxy 3~Mﬁrophmyhmnic
uoid, the compound wes more to:iu %o birds whcn adminht‘red by this
mutc. These raotorl suggest that oral ana thuwulurly admin-
utorod h-hydm:w ynitmphwuraom.o mi.d my undergo &iastmihr
phyaiologiul tatn in the hm.



Arsento ruidués attached to the so 144 fraction of hnncoreta.

Teble 25A shows that 1% nr an orally sdninistered dose of
h-hydroxy Mttruphmyhrzonic aoid was eliminated daily in the #0144
- frastion of hen exoreta, This mountea ‘lao 0.8 = 1.7am arsenio

 firmly b bound to each ga, of &ry fassal miauo. 30 - 10 of the
‘bound tnenio ooulﬂ be mved by amnu or mmum ﬁ.th hot
HC1., cold mmu, or xnu. N0l (so;!) Todine (85%) and autnyl-
smmonivm diothyl aithiaou‘bamto (5}5} wore the noat -uacusfnl
B extmtion roogantc whioh uuggests that part of the arsente nttaahod
- %o the. faeoal aoli.da m i.n tha tﬂmmt tax'lc Emr, P!Por :

- chmtogms or hot m, aold NeOH end s.odm Ottrwts of faeoal
o solide caly. showed the presence of ebparoxy thphmylmlc

'I‘ha reduntion of h#hwdmxy thphmylamnic aoid to
its 3~amino dorivat.’wa mﬂ ponas.bly to nrumxi.dés attachea to the A
 fascal solids, may be of miambtologiul orzgs.n.  When the oompounl
‘;(100 m() s incubated mmbuauy with an extract of hm rmon
'4n 0,05 ¥ phosphate mm M (80 n:.) for 24 hom at 37"0
ehyaroxy B*mntmphwlum 012 and amell quantitien of k—hvdroxr- "

SR 5-n1tmphmyhmoﬂda nm dotwtnd chmntogmph&mny in the

medivm (Solvmh A, a and 6). A sf:ornued utmt 41d not reduce
o the ocupound to thaac ﬁro dcrivat.tvu mac.r i:ho mc eonditionl.



The effect of dist on the metabolisw and rate of exsreticn
of Ip-hydron J—m.tmphmyhmnic acid was sxanined un.ng starved
‘binds ead slso birds mcmng m different diets. Thres hens
: were aﬁamd for 24 houra prﬁ.or to &osing and ror the dnratton of
' the thres day oxpomant whuo othcr birds were meintained througb-
- out the-oonrn of the experiment on e dilrt of 100 gn. Rangs Layers
Mash/day (Diet 1. ) or'wo;n. ofudiotinulhromwhtchnu
obm-na to be more’ mcptablo to the ‘birds (mot 2 1 pt. brnn.
1 pe. com and oats, 1/40th pt. 8,6, 4 panm).
The rmlts o'btai.nué are mmﬂod tn Teble 264. The diet
B af hena haa nm« or no cﬂ'act on the rate or mretlon of orally

A "_’aammstma hebiyaroxy thphcnyhrwnic aaa.a but some effects on

the eutput of b—hydmzy thlarson&c aou were spparent,
“stmad bim mreted on unrago 5.8% of 'bhe .dose as b»hydx'ozy |
3-minophm1monte w&d owr thm dayu whcrm binln mc!.ving
_ Diet 1 exoroted on averege 5.6% as the Jesmino derivative and birds
: recelving Diet 2 exoretod 10.9% of the dose as the 3-—amino oonpama
h in the mame 1mgth of timda

o 2, Tho autri’bumn of d__x;gg nsidnag 4n the m, .
" The amx-muon of dmg mmm in the gut contents of



hens receiving onl doses of lshydroxy }nitmphmylarnonic 'aoid |
at 375 mg./xg. wae followed for five birds which had been killed
6, 12, za, 48 end 72 hours a.ftor doain,g. Gut contents and organ
washings obtained from the fbi;'d; were homogenized and‘-éontrlﬁxgﬁd. .
- The supernatsnt was mlyséd for- h-hydmxy'}.ni&o and l:-hydrﬁ:y
, mphenylamnié aotd and the residue was analysed for totel
aveenioc, X ,
 Table 27A shows that t:usughout the period of investigation
most of the 'ud:ninistaiod oeupouna (‘,’9 - 9%%) was foundvin the orop -
or the exoreta, Smeller amounts wers fomd in the gizzard end only
t"ro.co quantities waro’preunt‘in other digestive organs. ‘The
arcp, theroroxv, appem to be the mador organ regulattng the o
,e:narotm of the compounds | |
The amp m alao the major site for 4he reduction of tho

4aﬂm1n1;atma‘ compound to its S-emino derivative, The extent to
" which redustion ocourred varied oonsidersbly but there wes &
~ tendency for the 3/m2 rati.o to full as the time of desth after
- dﬂnina mmua (‘rabla aea). | | :

- Lamu munta or the m.m.a dose (o.s - 16.7 £) wore
-found at‘baahoa to the moltd fraution of the emp ocontents but the

B pmpcrﬂel and wanﬁty of thm residues hun mt been mugatec. A



Discusgsion
) The widespread use of a;'ylarsgnio ‘aﬁiaa as growth promoters
| ‘and medicants in animel husbendry has ralsed ieriouu problems concerne
ing possible hazards to the health of persons involved in the manu-
faoture, handling and use of these‘cmo\mdl end to the population
from the oonsumption of arsenicel residues in meat, Although the
~ general prinsiples governing the toxicity of arsenicals have been
known in outline for 4O years and in somd detall for 20 years,
kmwle&ge of the fate of these compo\mdn .‘sn the body is either
akatohy or non—axintmt. Information on the metabolien of these
~ compounds in the hen should be very useful in inproving any assesse
:mmt of the safety af'theu compounds, explaining their parasiticidal
~ and growth seimnlating effects and in desi.gning batter and safer
~ oompounds for futuro agrﬁ.aultunl use.

The arylarsonic soids used in these studies were a1l fairly
strong aiﬁahto :aovidu wﬁ.ﬁh px'a'a‘ for the first ionisable hydrogen of
the order 3 - &, 'J.‘hua at physiologiosl pi values, 4nitrophenyl-
amnio aoi.d, paarunino acid ana l.»acetmidophenylnrsonio acid ocour
largely :Ln the monoionised forn, _

The jwhydroxy J-nitmpheﬁyhmonio aa:u‘l molecule oontaina
hvo aciato subatihzentn hx the aromatio ring, a dibesic arsono grouping
| ‘and a monobaalc phenolie grouping to vmich three pKa values cen be



-%-
attributed by titration. Spectrophotonetrio data based on the
eppearance of the 410 mp a‘bsorpti.an pesk ohamturl.stié of ionised
@ - nitrophenols suggests the second hydrogen lon disscolstion
(zKe 5.8) oocurs at the phenolio grouping (Pigure 6.) end this hes
veen confinmed by extinotion /pH measurements. This compound is
therefore found nainly in the following di—-ioniud foxm at lﬂ Te
o |

O

0

-

Thess four arsonic acide ‘are strong oloetrolytei'mﬂ are
poorly soluble in non-polar solvents (Pr.todhah 1938) which -uggenta
| thoy would be rapidly eliminated by the kidney when aduinistered by
injection and poorly absorbed from the gut when glven by mouth
(Bmds.e and Hogben, 1957).

The tion of arylarsento scids
' Optimn alinentary :‘b-o:ptlon of amamns.c ecids would be
e:pected to osour in the aimple mmnlﬂ.an ztmch vlhere, under the |
K prm!.li.ng aciaﬁ.o conéitions, the ablorp‘bion of thau coupounds would
be dependent on the 1ipid mmmm of the free acid.  From the |
. evidence ammriaad in Chepter 1, it waula lppear that many aryl- .
ersonic actdn are poorly abaor‘be& from the mamﬂun gut, _\Ro"nr-' |

‘ tholoau, e mall munt of eny ora.lly ammhtam arumcal s
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exareted in the urine, (Table 1), h

‘The elimentary cansl of the hen is morphologically different
from that of the mammal but the seme physico-chemical considerations
goveming drug sbsorption should epply.  Thus, the most likely
sites for the abnqrption of acidio compounaé are the proventﬂculus
(g 3 = 445) and the giszard (B 2 - 3,5). '

Hens possess a uomon. closca snd excrete urine and faeces
 in & mixed form;  Consequently, it is aifficult to estimate the
extent to which arylarsonic agids are absorbéa from the alimentary
cenal. However, 4ezcetamidophenylarsonic acid undergoes two
metabolic fates in the hen,  The orally sdministered campound is
lergely exoreted unchanged whereas the intramuscularly sdministered
compound is extensively deaoetylatgd.v ~ 4s the responsible descetylase
ensyme is solely located in the hen kidney, this strongly suggests
thet lmeoetanidophenylarsonic acid is poorly absorbed from the
alimentary cenal.‘ By #na_logy, the.poor alimentary absorption of
'i)-aramilié‘ s0id and hé-ni'trcphan&lb.rmnie aoid would be expecte&
since they poaaah‘akfsmim physicoechemicel properties, This has
not been confirmed for the letber compound.  Up to 18% of the
 dose may be present in the tissues of hens, 24 hours after receliving
4~nitrophenylarsonic acid by mouth, which would suggest that the
%otal sbsorption from the gut is substentiel as this compound is
rapmy alﬁminataﬂ by the kidﬁey. HWer,' this figure is probably
high for reasons alresdy given.  Only low conoentrations of
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kﬁﬁitraphpnylarsonic ecid are present in the Mulatd urine of

' hens’givai oral doses of the compound,  The sbsorption of 4enitro-

| phenylarsonic ma from the gut seens %o be slow but it is uncertain
_whether this is due to poor absorpt:lon rmm the proventriculus and
giszan! or to the slow paasage of fcod from the cmp to these orxgans.

-~ The- ompmtive excretion of an inert polymar, polyethylene glyool »

which is not tbaorbod from the gut ’ hpnttmphemylarsonic acid
'also nuggests thet the httor compouna is poorly o.blorbcd, but as
the pasuga of food from the erop to the snall mtontm appoars
to oontml the rate of emreﬂ.on. no dcﬁuito ooncluni.om osn ba

_' the extent to whioh k»nitmphmylmic acid 1s ablorbed 7
from the gut is, thorefore, undacided and it is du’ﬁ.oult to see _
how the abaorptinn of this compound can be measured without recourse |
%o mrsically mdi!‘iod hens whoreby uri.na and faacoa can be oolleatod
sepmtely. _ Perhtpn the aevelapmmt of tochni.ques such es these
| will pmve rmrdi.ng in the mm when a.’unﬂar problm are

'enoo:mt‘arod., -
gtnl mgetgn of m; gl_g__njﬁ m&; :

"~ Rach compound aﬁminiatared urally «eo hens wes subject to
. wﬁe va.ri.at.tom i.n tho rato of ali.minatim whi.ch wore mﬁapendent at‘
ago, wai.ght of hm and tha &onge level uud. ' Bmaun of thasc _
HE vartauona and ehe enall mmbar of axpanmenm ‘birda, the differemen»



O

in the average exoretion rates when different c’xporimanta are
compered are not significant,  In order to establish statistical -
significence between the alfferent retes of eicretion:a large number
of experimental birds would have been required snd it was oonsidered
that the possible information to be obtained did not juatify the
‘effort involved,  Bxperiments using a snall mumber of hens suggest
that neither dossge level, nutritional state or breed have much
effect on the rate of axoretion of orally sdministered 4-hydroxy-
3~nitrophenylarsonic acid and thi.s’ may hold true for the other
compoundse | .
| Of the four arylarscnio ecids exsmined, a—:ﬁtmphmmmm
acld, p-arsenilio acld 4ehydroxy 3-nitrophenylersonic acid were
~ exoreted relatively slowly .after orsl dosing aversging 50, 5 end
. 29% elinination in 2 hours,  The fourth compouwnd, yesostanido-
phenylarsonic aeid, wag emretad‘mie repidly aversging 70%
 eliaination in the same length of tims, When the aitroarylarsonts

e aci.ds were aﬁmi.nintema to hens, the exoretion rate progressively

dﬂminishe& 431 utter four or five days only $racee of “'b or
araenic could be detected i,n t‘ne mretu. Gompleta elimination

3 of the admin:.aterea doae raqnireﬂ 9 - 41 days.

| ' The mretion of orally a&winiaterea arylarsoni.o acids may

L 'be retaraed by the entermhepatic aimulut.ton of the compounds.’ Tbe

elim.tnati.on of trivalent nrsenmals in the faeoea after i.ntravenous
administration is well eata‘blishod (Voeg‘blin and Thompaon, 1922;
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Gruhsit, et al., 1936) and some aﬁtﬁo:é,have IIn,u_gge's‘te_d thavt,_appre- |
olsble quantities of orally ingested lwhydmxy 3431tmph¢z§71¢aqmo
aci§ and pearsanilio acid ave exareted through the‘b‘j.lé (Kerr,
Cavett and Thompson, 1963; Overby and Fredrickson, 1963)s |
{Althox_:gh this may be true when the daily intake of these kcompqm.
13 low ( 3«5 mg./bird/day) there u‘n{, evidence that proportionately
- greater quantities are eliminated in ;the_ btilebwhen ,relatively,tlargex;
doses are used, ' The poor alimentary 'gbsorption,ofl arylgrson;o
‘acids and the small feecal éxcreti.on whenA these compounds are given
by injectim auggests that the entero-hepatic circulatmon of these
compomxaa is of di.mim.shed importance at higher dosage levels (Chen,
Anderson and Leako, 1930; OCavier, 1946; McChesney, Hoppe, MoAuliff
" and Banks, 962). | | | |

- The individual variations in the rates of elimination of
 orally aduinistered erylsrsonic acids mey be attributed to the
peculier struoture of the hen for;e‘gu_t; The enterior end of the

- 2limentary cenel includes a bli:\.nd'foor'l stofage orgen, the crop,

in whioch food may b-o retained‘for an indefi.nite length of time,
(Marshall , -'1960).‘ ~ The availa‘ble evidence from the distribution of
| drug raaiducs through the alimentary canal suggests theae compounds

| are also retained in the cYOD, Thus the intamittant end variable
muscular aat!.vity of the orop and gisurd may aocmmt for the wide
var.tatiom found in the indivigual exoretion rates. In support of
th!.s hypothesis it hes been shown that tha faotors govems.ng the rates
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of eﬁoretion of 'h»xiitmphenylarsonic aeid end an inert polymer,:‘ -

‘ lpolycthylene glyool, wh:.oh .ts not absorbod fm the gut, are very
simuar. ' Thz slow omretion of A»nitmphenylmonlo aoid u there-
fore duo to physiml factora goveming tho rate oi‘ passage of food
- ehmugh the a1mentary cansl end not the absorption of the compounds

or the entoro—hepatic circulati.on. .

| : Aryl‘arsonic acids, in common with many other st‘ﬁon@ organie
acids, are retained by the tissues to a minor extent. lost of the
compound is rapidly éliminatod- in the urine, fﬁe_ sodium salts of
' p-aréénﬂie acid and L—aéetamidophmylaraonid acid ars almost gquane
t:i.t‘ats.v;ly recovered in the urine in a few hours vhen injected into
rab‘bitav‘énd nian and very ‘1ittle arsenic is recovered in the faecei
.__(Voegum and Thompaon, 1922; Ingmchemer end Rothmenn, 1909).
| The uodim salts of hnnitrophenylarsoni.c acid R p-arsanilio
a‘ci&, h- aaetamidophenylarsmio acid and la.-hydroxy 3-nitrophenyl-
arsonio aoid are also rap:.dly eliminated when injected into the
breast muscle of hens, 80 - 90% of the dose ia reqovered in the
exoreta in 2 hours end nearly 100% in three days, The exaretion

ot 4.;,,5,«0:;, 3-nitrophenylareonio aold admi.nistored at 37.5 mg./Kg.

is a nota‘ble exceptlon But. this dosage 1ovel is fatal to tho hen and
at the M time the experinent was peri‘om& the intraporltoneal

LDgg of the compaund (3 mg./kg-) wes not kmwn-
It is hnpoasible to dac:.de from these results, the extent to

which these compounds are exoretea by the kidney. - From ‘the 1inited
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experimental evidence avellsble of the concentrations of L-nitro-
phenylarsonic ecid in the cennulated urine of hens 30 minutes after
receiving intfﬁmusculaf doges of the compound, it appeers that the
hen kidney does nat differ aignifi.cantly from the mamai.tan ki.dney
in its abili.ty to eliminate these compounds.

The removal gf arsenio from the aromatic nucleus,

Some early workers 'olaﬁm to have isolated or éetected
signiﬁcant amounts of inorganic arsenio from the urine of enimals
given intranusoular dosoa of ammatic arseniocals (Siaberg, 19163
Nierenstein, 1909). The preparati.m admi.niatered often lacked a{
satisfactory oriteri.on of purity and the technlques used for the
isolation of urmry metabolites have 'bem eritioised since they
may reault .’m the further degradation of the oo@ounds (Voegtlm
1925), More recently, Maren (19&9) has pmducea some evidence
éuégéating that inorgmio arsenic is released from mapha;'sm in the
dog but Crevford end vLo‘vvy (1947) could find no inorgenic arsenio
in the exoreta of rabbits receiving phoxﬁlarsonic acid or phenyl-
arsenox.tdc. As inorganin arsenic is sn aocmlative poiaon and
a suapeotod caroinogan, the possible cleavaga of arsenic from the "
aromatic rin.g and its retmt:.on in the tissues are important publto
health is-uéa'zdénﬁéming the safety of arylarsonic acids in poultry
feeds. | | ‘ o |

Shoulﬁ auch a release of arsenic oocur it vould be expeoted

MQ&’I(J :

that both-matabo%u vould auffer a!.ssimilar biochemical fates in
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 the hen which would be revesled by their relative exoretion rates.

' The recent findings of Overby and Fredrickson (1963) aﬁggéats that
no ‘auch cleavage ooours when p-arsanilio acid is adninistered to

" hens in the feed,  This is in agreemeat with the results for some
experiments conducted with 4enitrophenylarsonic acid, When '
i lsbelled ’t.«-niimphmylaraohic uoigi is given to hens by mouth, the
total estimates of inorgenic arsenic are less than 2% of tﬁe‘absa |
in ﬁ.va Bnyl end are bolow the Iowor li.mt.ta for the method of »
estimation, Eatimates for ™ ena total arsenic 1 the exareta
are in good agrecment which suggests that the lraonic remains fit'mly
attached to the aromatic nucleus. h&oreovor, vhen p-arsanilie
a0id, a—aoetamiaophmylmonm acid and y-hydroxy Smitmphmyhraonic
aoid are aﬁminiatored to hens, ooloxd.mtrto estimates of total
metabolitoa an& total araenf.a are also in agreement and it appeara

' that the arsono subatituant of these cmpoundl are atable.

'Tha tlssuo distri‘bution of gf_x_} xop gxlaraonic acid,

i‘ha distrihution of arsenis in the ti.ssuea of rebbits
mcaiVing Mtravanmn dosaa of axylaraonto acids or arsenoxi.dea has
been mvcatigatoa, by Hﬁgm and Zegle (1944) and Chenoe, Crawfoid end
Levvy (19&6}. ~ These woi'kera found that whereas the arsenoxides

o were axtennive.‘ly x«etainod by the ﬂnsuea, the arson:lo acida were unly

bound by the tiasnea to a miaor extent and moat of the dasu was
repidly elininated in the urine, | .
It is generally assumed thet the tomi.ty of arylarsonic acids
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1s Gue to their partial conversion to arsenoxides, compounds vith
known affinities for protoplasnic thiol groups end that this is a
. predominent Pactor govoming the binaing of arsenicals %o the tvi.éetxen.
Thus when arylarsonic acids are administered to enimals ’ the tiasue
“arsenta levels found are m:ely o be & funotion of both these changes
and their ravera:.bnzty. -

. The preunoa of araeni.c in tha tissuea of‘ hena mei.vtng
arylarsoni.o scids in the diet for several woeka has been dctominea
by a mnbor of worhrs. The oxtent to- which araeni.c accunulates

" in the orgens dopendn largely on the origi.nal feed concentration

| (Abbot ot al., 1955, 1955)-: Lt tho lwols rsmnanﬂoa ror their
, agrioultural use, thaae are uaually 1935 then 3 ppme. Asz 3 ~The

‘ finﬂh;gs of these workors g:!.ve no indication of the absolute amounta'
of aruenic'p_:jegegt i.n_e.aohl organ or. whathez’-‘omlly adninistered

| awlmnicﬂ_acy\i.és are extensively absorbed from the gut.", Furthere
B mi-e,' it 18 n@é imown wh.mr'the' absorbed arsenic is metabolised in
S the seme wey as the intrevenously a&mintstored compolmﬂ. - |

' ‘ | In order to o'btain more .'mfomtion on some of theao points
| three hens were gi.ven ei.ngle oral dosas of' Mnitmphenylarsonio acid
- | killad after 22; hours for the tzsaue a.rsentc levels to be deter-
:minad. A8 orally administcred l.nnitrophanylamni.o aoia is only
slawly excratoa, 1@ was hoped that thi.a pari.cd of time woulﬂ be
aut‘ﬂ.cimt for araonto equutbratinn batween the tissues to occur.
Amenio is nbiqultmaly diatributed in,natu_re and ,egtimataa of total



arsenic in the tissues representing aaministereﬂ_ hnni,tmphenylarsqnio
acid are subject to some errors oﬁng to residual background arsenis,
However, judging from the satisfactory totel recoveries, this doss
not affect the gross distmbution of the compomd in the ti.ssuea. ‘
2, Hours after the ad'ninistratlon of the canpound, 18% of
the dose wes founa in the tiesuoa. 'fhi.a figuro may be misleazhng
| owing to the aontamination of some tiaaues with arsem.c fmm other
souroces a.nd cannot ‘be regarded as a rolia'ble udex of abaoxpti.on.
The ranai.nﬁer of the doae waa either preuent in the alimentary canal
or the excreta. 'rhe arap and gusard sti.ll contatned relatively
large amounts of the dose 2l hours after the a&ni.niatration of the
‘ oompound. Koreonr, a similar dmatributlon or dmg residues has
been found throughout the alimentary canal of hm given oral doses
 of 4ehydroxy Bonitraphanylareoni.o aoi.d. . The retention of these
compounds in the orop and gizzard auggests that these are the organs
, whieh ultima.tely regul&to their rate of eliminatlon. |
' High arsenio ooncentrations are present thronghout the whole
of the alimentary cenal but the concentrations in the anell intestine
are aubsthntiaiiy lower J'than i:hoae i.n the orop and gizzards Though
_ the absorption of Ai-jlafaoniu aoids from the smell intestine cannot
be osompletély‘eli’mina.ted‘,’ it is more ﬁmbabie thet this i:henommon
reflets the dilution of the compound by the secretions of the
panorau, gell bladder and small intestine, |
After single oral doses ot‘ hnn&.tmphenylaraonio acid, only
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small amounts of arsenic ere found in tllx‘e. tlaéues. - The »viacera,
ekin and feathers, liver snd kidney contain the highest arsenic
oongentrations (14 - 3 ug. As./gm.).  Other oréémi possess lower
concentrations of arsenio and only‘-tz"aoea are detectable in the
fat and muscle (0; = 0,3 ug. As. /gzn.)." : Thosc reaults are in
general agreement with the ﬁndlnga of cavatt (1960) for the tissue
distribution of Yy labelled 4enitrophenylersonic acid in birds . .
reneivfing the oompound for six dsys in the rations at 250 ppm.
However, only trace- of arsenic ware found in the bile of bims
’givcn aingla oral doses of lpnitmphenylmonie acid whereaa Cavett
‘reports higb oonocntratmna of "0 i.n the bi.le of hens receivi.ng e |
- the laballoa co:mpound 4n the diet. This probably reflects & . )
| dtﬁ‘orenoo between the fates of free end tissue bound hnnitruphaay].-"
amonic mid. ¥ udgi.ng from tha !'esulta of Ouvett, tissue bound
k—nitrophenylﬁmnie acid apmm to bo only slmvly mta‘boliud and
* 'the menlc reaidnes found in the ‘bne may result rm thie source,
| '  The presence of arsenio in the tissues of animals raoeivi.ng
'arymx:io acias in the diet may oonatitute a hazard to the health
| . of the oonmr and Lmawladgc of the metaboli.am of these canpounds

| _1n the hea is, therefore, inportant in nsassing the health risk.

| The ma:;or chemical’ ohamgea ogourring ta ns.tmarylaraon:.o scids are
'appreai.ahly less toxim Since these utaboli.toa are readuy
eliminatod by the k.tdnoy, thia pathway &oes mt constitute a sarious

‘ toxioalogioal pmblm. -
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4-itrophenylarsonis acid ~ —>  peArsanilic scid
MTD (rats orally) 75 mg./kg. MID (rats orally) 400 mg./kg. :

L-Hydroxy B-nttmphenylaraonie mid - tp-Eydzw ymmophonylamnie

LD ts 4.p.) 66 mg./Ke. aoid,
5°(m' p) | ma/kg 50 (mice 1.p.) 775 nge/Kge

( rats 1.p.) 500 mg./Kg

The romtion of araenoxi.du in the hen from the reducts.on 7
- of arylmonio aoi.aa 15 far mora ﬂanserous as nuch a otmmioal change
- ‘lmy i.ncrem the toxici.ty by a factor of 30 to 250, Since these
oompounda are tightly bound by the tissues and only slowly mreted,
’their ponstble mmulatton in toxic proportiom vould appear to be
",g serlous health hazard, However, little arsenic wes found in the
_‘;ﬁéauei of hehs‘ zA‘hom after roceiving orsl doses of 4~-nitrophenyl-

S nrsonic acide. Fur‘bhcmore, no accunulation of these oaapounda or

'their metabolitﬁs haa been reported after chronic aduinistration ot

, p-arsanuic nci.a or lwhydmxy B-nitmphcnyhraomo acid {Frost,

' .Ovarby and Spmth 1955; Karx, Cavett and Thompson 1963) nor have

thare been any menifestations of toxi.oity under similar e:parimontal

conditionu (Pn.er, Rees end Dem, 1963). The toxic acounuletion

- of araamxldes and their dar.tva'civen ‘.tn tmﬁel does not seem ‘ba |

voccnr at tho mmended feeﬂ aonoentrations.

o rhe oa,rz'y over. of araeni.c from the tiasuea to the conaxmer :

' haa recently racaived axporimmtal attcmtion (Overby and Frost, 1962).
Y‘hm tissue bound. pm&rsanilin aoid ves 1nc1u&ed 4in the dlet of rats,
’thc aeconﬂary aaemulation of arsenm 1:1 the tiasuea of the recipi.ant v

| fomﬁ to be alight. ‘ It appears, therefore, that the agricultural
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| use of arylaruonin mzas constituhs little dangor to the consumer |
but parhapa e:periments on tho chronic toxici.ty of these compmmds

: and their carry over should be utenﬂod to a muoh wider rnngo of
anhall.

The motnboli.an of erylarsonic actdl,
The arylarsonic wida uaed 1n thuuc studi.es undorgo ruw

metabolic chenges in the hen end are mainly mretod unchanged, In
thi.a raspm they show certaln simuaritten with' arylsulphonic ac!.c‘ll
_v(Samonn, Shﬂlmll and ‘ﬁi.ll&m, 19!4»1, Bmi.th end Williamn 191.8)
with which they uhare cnrtai.n physioouchemj.oal yroparti.ea. Homr,
- as minor changes to the moleoule nuy have pmrouna biolagical effectu,
a.ny oompari.aon with the bi.oohaniaal;y inert compounds mnst not be
 drewn oo alaaely. :
e Azylarsonw noidn do ‘not undargo oad.dati.vn and synthatic
ohanseu 111 the body naithaz' are they ﬁogradod to inorganic u'semi.c.
.'J;'hoy are. aub.jm to two types of chniaal chnn,ge:- S
(1) changea %o the second nmati.c ‘substituent, |
(2 Raduotion of the arsum aubtti.tmnt. ‘
e ' Of then, only the firat has baan exanined in any dotail.
| v'"!he eeooml muto of matabollm undoubh’b‘ly ooum in the rabbit but
 could not. be mnfimad in the hen with pmuent enalytical techniques, =
7 Thia aocs not naoaasarny maan that arsenoxide- are not fomd by the
~ hen ag the knom nrfinity of theue oampmmds for the tlasuas, thei.r |
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elow rate of excretion and their pbssible reconversion to erylarsonic ,
acids would meke any ﬂetecti.on of araenoxidos in the axoreta aifficult,
doreover, it is convenient to assume thet conversion to arsenoxides

do take place to account for the toxicity of arylaraonic aci.dl.

‘ Nitmgzlmonic acids. )
Mechanisms for the mauctton of nitro oompounds to arylami.nos

in the hen are 'knom to oocur in vive (Crowdle and Sherwin, 1923) end
in vitro (w'ammem, Reichert and Higgins, 1957) end the reduction
of nitroerylersonic acids to their amino 'derivat.ttes:ooula have been
preai’oted' with some confidemo.' . |
| ‘ There i8 a quautitative difference in the output of the amino
| mcta‘bolite acocrding to the route of’ aaministration of the original
nitro compounds, After mtramusoular adninistration lese then 5%
of the dose is excreted as the amino derivativa vhereas after oral
, adminiatratiun a much greator prcportion of the dose is reauoed.
Brey, Hybs, Jemes and Thorps (1953) have ghown that the intestinal
flora may contribute towards the rediotion of orally administered
nitre compounds and this may be particularly important when the
compounds .‘are only glmly}#ﬁaoma from the gﬁt. Hen feeces
possess considem’blé nitroreductase sotivity end bufferised extraots
vhen inoubated with nitmarylarsonio acids will reduce these oompoundn
to the corresponding mninoarylumnic acids and to their arsenoxiaea.
This activity _appears to "be_ot.vm’ipm‘biological qr@gin since it is
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abolinhod by the starili.zation of the extraot.

" The mtestmal microflora of‘ the rat has beon succesafully
suppraased by administering sulphonemidea and tgtracyclina; orally
(Dodgson, Powell, Rose and Tudball 1961; ‘Lloyd, 1961) end it was
hoped that ‘similar techniques could be used in t'he.henvthua affording
an opportunity to d’étemina 'me? contribution of the tiespucs towards
| the ‘zv'aducfion of 'orallyv edministered A-ﬁifrophenylarsonic acid, - Ag'

' sulphonamides interfere with the enalytical method for estiuiating
p-arsanil.i.o’ acid, the use of this group of compounds as gut sterilants
hed to be discarded, Aureomycin is a known inhibitor of the nitroe
reduotase systen 'of,n, coli (Saz end Slie 1954) with definite anti-
miorobial activity towands the intestinal mloroflora (Jecob, Schweine
~ berg and Rutenberg, 1954; Bri.soa end Ardesson 1952) end was therefore
| hso& to duno#stfato the oontribut":‘;.o.n‘ of “the gut microflora towards
. ‘the reduction of orally administered Ia.-m.trophenylaraom.c acid.
v o Aureomyain aaminiatared by ai.thor mute appears to inhibit
"avian nitmreductaae in vivo as dotcnnined by intranusoular 4-nitro-
phenylarscnio acid end oonsoqumm its effeots must be mtoxprotad
_ " with cauti.on. ' Aa the reduction of oral &»nitrophenylarltmzo actd
s inhibited o a greater extent by oral protreatrnent with aureomycin
| 'than ‘affer intramuacular pretreaﬁnent, tha poaitive oontribution of
the inteatinal miorofiora naema to be indicated.  However, these
vaff‘eata are mt stahistically ai.gmficane at tha P = 0,05 level,
' "‘he alimentary canal af the hen is knowmn to poasesa a varied
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microflora throughout the whole of its llength and 211 the orgens are
possible sites for miorobiological nitroreductase sctivity, The
distribution of drug residues throughout the alimentary cansl show .
that the orop may rétain large quentities of orally adninistered
. nitmarylarsonic acids for long parioda of time during which thay

may be reduced ) the amino aerivativaa. An anu.lyaia of the crop
contents 6 « 4B hours after 'b:l.rds had received oral &osea of 4ehydroxy=
73-nitrophenylarson,tc acld revealed considerable amognts-of he~hydroxy
3-eninophenylarsonis acid presents Experiments with 4-nitrophenyl-
ergonic acid have aemonstratea high m.tmreductase acti.vity :I.n the

- orop in v:lvo which appesrs ‘bo be lz.nked to the nutritional state of

~ the bird. &s the activity in hens receiﬂng rations wae ten timea
~ that of starved birds it is possible that the effects of sureomyein
on the neductlon of orally adminiaterea h—nitmphenylarsontc acid
 would have been more pronaunoed haa the hena received rations
throughout the course of the e@emmmt. | |

Though the acti.vity of the gut may account for the greater

'proportion of the emreted eminoaryla.raonio acids when the nitro’
qompounda. are given by mouth m.tmreductaae. aa'civity also oocurs in
~ the tissues, ﬁesterﬁeld haa descrlbed two chicken l:lver praparations
with nitroreﬂuctm mtivity.. " One ensyme system present in the
‘ v'parti.cmlate fraotion reduoed 4—nitropheny.tsulphownida %o sulphanilamide
and apecifioally requlroa mm2 as oo-osubstmta. Another synt«n
‘asaoauted with mthme dehydmgonuo aati.ﬁ.ty reduced 2,&.—&1:1..‘&:0-
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phenol to 2-nitro vk-amfmophenol but had no activity towards L-nitro-
phenylsulphonamide,

Dr, Robinson izo demonstrated nitrore&uctaae activity in
hen. liver homogenates - 'nlch under optimxm oonditi.ons, cen account
for the output of p-arsenilio acid in vivo when 4~nitrophenylarsonic

acid is administered intramusoulerly, The ensyme is located in the
miorogome and supernatent fraction :and poééeases‘ & broad pH optimum

between 7,2 and 8.0, Both NAIII and NA.'DI‘Hz can f‘unctmn as eleotron

2
donors but in contrast to many other reported nitroreductaae prepare
ationn, the syastem is unaffected by oxygen. There appears to be a
general requirement for & divalent metal lom, The aysten 1s
inhibited by EDTA while m&gnesium and manganeso .’ums added in equiv-
alent concentrations restore mzyme activity. The nitroreductase
system of hen liver has a broad co-substrate specificity and a number
of different reducing eystems may be 'ixtiliz'ed.v. of the systema
tested in dialysed preparationg glucose ~6-phosphate and NAIP is the
most effective but malate end mccinaté and NAD eleo poséess consider-
able aotiviﬁy;_ | _

It is g'enorally‘ recognised tliat geveral nitmréductases may
" be present in the memmalin liver, = Thus the two NADH dependent
syatm desori.bad by %1101' (1958) wm.oh oatalyzo the mauotion of
A 2-—n1tro'bmmy1) alan&na can be readily as.seingui.shad from the
NADFH dependent system of Fouts and Brodie (1957 ) for the reduction

of chloramphanicol. ~ Whether the miorosomal system preaent 4n hen
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is a single entity (or complex) or whether it roproaents a number of
different systans with the comon abili.ty to reduce nitmarylam.dio
| compounds, must remain a mattor of some oon,)eoture » However, the
lack of aoncr,speoiﬁcity when.couq)area with the partly purified
systen desoribed by Westerfield for the reduation of 4enitrophanyl
sulphonamide mggests‘ that more than one nitroreductase system mey be

present.

whcn nitroarylaraonic acids ere a&nintstorad to hens by
mouth, & suall but fairly constent pmpemon of the dose 1s elwags
© assooisted with the s0l4d fraction of the fasoss. Nomal hen exoreta
- does not bi.nd azyltmonio acids to any - slgniﬁ.oant extmt nt room
‘l:empcra.tum whoraan these metabolitcs are Plomly attachad to the faecal'
| ”_mlids and sre mt rmved ”by dialylis, tmatm.mt m.th mm or with
'm.tlﬂ ucidic anﬁ baaio rea,gentl. Theaa bound metabontee appear to.
ba 1n a oomplotely ﬂu'fhrent chemical fora to those present in free

~ solution in the exoreta supernstent,  The experinental evidence

. Buggeste that these motabolites are in part bound in the trivalent

rozii,'v possibly as ar_yiiéh!.oeraenitoa. ‘ Thua, ; u'agents‘ which oxidise or

hydrolyse 'mlthioétrsanitéav release apprecisble amounts of arsenic.

from the faccsl solids, Rurthermore, hot acid extracts of the fasoal
. salids oontain mnall but definite traces of lp-nitmphmylaraenoxida

| . .and Mmhwphenylaraemxide as shown by papar ohmmtograms.

| It is not knom whether the metabolites in the faaeal solids
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arise from the tissues of the hen or from the aotivity o_f the gut
microflore. The micro-orgenisms of the gut and of hen faeces,
‘howsver, possess powerful reduchig properties and in tﬁhe"ce.mq of the
: iatter, ireduot.’:.m of arylarsonic _aci.dl; to #faeuoxides hag been
demonstrated, This pomi‘ts' a oertaih degroe of Watim as to
the mode of action of arylarsonic aclds in stimilsting the growth

of hens and in decreasing the caecal cocoidie populaticns,

: 'me éupplunentation of hen or turkay rations. with pearsenilic
acid or l..-hykc’lro’xy B-nitrophenyla:mohic acid results in a definite
decrease in the faecal and caecal anaercbe populationa and the
Clostridia and Colifoms are particularly affaotad (Anderson,
Cunninghsm and Slinger, 1952; Elem, et al., 1953).  The powerful
reducing properties of these organims mey remlt in the lethal syn-
thesis of arsenoxidaa from arylamonic acidt thus ofi‘ecting their
ow 1nh1bi.tiom Such a phenanem is not 'beyond the bounds of -
possibility as the sensitivity of these organisus to trivelent
arsenzcalaf hes alfeaaj been establishéa-.(Albm,.Falk and Rubbo, 1944)s
Should the nsa ot’ theme oo'npomds doorea.se the total bactorial
populatlona, tha raducad compatﬁ.tion baf.wm the gut and gut flora

- woula make more. ingestwa food availnblo to the hen end 1mpmvementa

:’m feed efﬁoienoy woula ba obsar'md. Altornatively, gny selaotlve
- suppreusion of the pathogeni,c bactem of" tha gut may improve Weight
geins and’ feoa ef‘fic&emy since the birds wonld be less susceptible to '
ciiaeasu. . Furthemore, benafioial offects on vitemin rcquimnents
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may be noted if these compounds reduced the populations of bacteria
’ requiring vitamins for growth or if induced éhanges in the ’gﬁt micro-
flora resulted in a nmmcn inoresse in the vitamin synthesizing
bacteria, In view of thze'" powerful nitroreduotase aotivity of the -
~ orop, the microflora of this orgen and its relationship $0 the
- nutrition of the hen would appear to warrant much greater attention
than has hi.thorto baan givm.

| It is more diffiocult to explain the inhibition of the caecal
coccidia by ax_'ylareonio ecids, This may be due to the release of
| arsenoxides from aﬁaembea by aufolytic' changes but the possibility
. of & more direct interaction must rot be ruled outs,

. In conolusion, it appo#rg that & better understanding of

the coccidiostatic properties and growth promoting action of aryle
-~ arsonic soids in the h&n'would ‘beﬁeﬁt from & more oritical examination
| of the metabolian of these compounﬁs by isolated strains of 'baoteria,
| ‘the toxic effects of the meta'bolitea tmxﬂs the gut flora and the

_ ohangea of the gut flore popnlationa duri.ng dzatary supplanontation

_with araens.cals. | |

o g raenilie aoid end L«mtmidoyhayhrsonic acid.

v | Atomyl was the first ammatio ersenical to find medi.oi.nal

E applmmn But the me of thia ‘compound has never 'been satisfactorily
resolved (wa Ghaptor 1. ). In theory, sovoral ohemioal changes may
oocur to tho compo\md 1n the body ‘I.‘I'w' arsono substitnent nu!y be
‘ reduced, inorganio aruenlc may ‘bo raloaud from the eonpound, oxidative |
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and synthetio changes may oocur in the aromatic ring oi' the a‘ryiamino

| g:bup 'may be _aéotylatd. | in practice none of these chabgos havb_‘ |
been detected by owm methods. aeceimy, Overby and Fredrickson
(1963). have shown that pdrsani.lio a§id ﬁ&miniatered to hens is
-‘exorétad unchaisged. However, small quantittes of the administered
qqmpo\.md are bound ‘by the tissues end apparmtly oceur in two chemical
forus of unkmwn, identity vhich can be d:.at:mguiehea from p-araa.nilio
aoid or L-aninophenylarsenoxide,  These residues seem to revert back
to pu-hrsanilic acid on excration, ,

“The }'x'esults tor'p-ars#nilio acid partly eonfini the findings ’
of these w’orkera..Av No hnacotamidaphonyhrmnic acid or ls.-ami.nophenylu
arsenoxide could be deteoted in the exareta aftor oral or thuacular‘
‘administration of p~arsan5.1£o acid at 50 or 100 mg./Kg., not was thera
any chmmatagraphic evldenca for the presence of other metabolitea. '
Moraovor, in vim emeriments han shown that no s:.gnifzcmt
acetylation of this oompound osours in hen 1i.1ror homogenatea.

o The annparas‘itzc‘ aoti.on of arylarsonic acids ‘m animals ;s'
generally attributed to their reduction to ersenoxides,  Apart from
. phenylarsemxide R the tr.’walmt form of thece compounds have never besn
deteoted invthe-axoreta. _ ‘rhts may bg aue to the ease with which
arsemxiéaa in solution are oxidised back :'bé:,the parent arsonic acids,
' From a qualit#tiva 'obsﬁréation, L—Matamdaphmwlaraenoxide appears to

e one of the moat stable of these mmpotmds in solution and it was

- hoped thet by a&nin&stanng #—aootami&nphwursema acid to the hen
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the reduction of the arsono substituent in vivo would be successfuliy

demonstrated,

%hen this compound was given to hens 'by mouth or by inaection, o

no aoacetamidophenylarmoxide was deteated i.n the excreta. It
| appears, therefore, thet arsenoxide formation in t.he h_en is a ve;y
winor metebolic pathway, ~ So far no suiteble mioro end ultrenicro
chexigcal teahni.quos have bean devised to invaatigate this phenamenaon.
_ | _ Moetamidophmylamnio acid is deaoetylated in the hen
and partly ezoreted as p-arsanilic ectd but the extent to which
deacetylation takas place, depends on the routo of adninistration.
Intramuscularly administered lpacotamldophenylarmnic acic'{ 15
extensively deac_etylatea whereas the orally administered compound is
‘mainly excreted unuhangeﬂ. - ' '
| The fete of orelly adninistered h-avatamidophmylaraonic 8oid
1n the hen differs from that of the acetylateﬁ sulphonamides which are
mainly oxcreted in the Hh- deacetylated form when given by mouth, -
(smmr and Beiter, 1950)¢ The metabolisn of sulphonemides in the
hen is oomplicatea by the ‘presence of enzymas in the liver capable
of N-aeetylatian and enzymes fm the kidney wu:h atmng Y -ueaoetylase
Cectivity, . e | o |
The fates of p-nrﬂmﬂié-adid end L—#oatamidophenylmbnm
acid are much simpler, _ Under 'the expdr#méntal caxidifiohs‘uaad, no
acetylation‘ of p-arsanilic acid occurred in hen liver mgemtea end
es far as ca@; be aot'anhtn'ed, the reversible acetylation of this compound
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doss not occur in vivo. It is not mﬁh,whether'this leck of
ecetylation in vitro is due o the insbility of p-arsanilic actd to
penetrate liver micosozﬁe_s v.fhére the transfer of acetyl groups from .
Cok to erylanines iibmally tekes plece (Praser, 1958) or to the.
aubst:ato_speciﬁcity of the ensymes This point will probsbly only
be resolved after hen liver eryl-N-scetylose hes been purified, .

The aryl—-ﬁﬂeégylaa:e 4n hen icidneys described by Sheffer
~ and Beiter _(1950) is probably ide‘nti.omlv‘to, bthe systen dgsorlb#d 1n
| Chapter 4 and to the mitochondrial system of Nimmo Smith (1960).
This enzyﬁxe'has & broad specificity towards substrates with optimun
activity for para sui:_éut@xtea_ n-acg;fsylatea arylamines end probably
contains thiol graupa'at the active centi-é¢' - Differences in the
: . mataboliam or cmny adminiatered aootylated sulphonam:.des ana
l;-acetami.éopherwlarsomc aa&d may’ be explained hy 'bhe aifferent
* extents to which the§e compounds are abgorbed from thg gut, Thus

‘the N# acetylated sulphonamlaes are readily n“bsorbea from thé guf and

‘ - undorgo aeacetylation in the hen kidney prlor to elimination. ‘ ' fl‘he

| ‘sama enzyme ayatam cen’ h,,rdmlyse &»acutmnidophwylarsonw acid .tn vitro
| ‘jvand 4n vivo but since ittle deacetylatian ocours after oral adninistrae
tion, At appeara that alimontary abaoxpti.oxx is poor.

ngclusmg

I% is evident from thoae e@oriments that axylaraonic acids

o ~xmdergo few meta’bolic tram:(‘omati.ons in the hm and are mainly exnrctod |
' "_ unchangcd. The compounds emined, howmr, are aubjeﬂt to two type-
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of chemical changé aﬁ $1lustrated in Figure 7.

These ere chenges o the second aromatis substituent and
reduction of the arsono substituent to form arsenoxides, The former
are the most extensive and have been examined in some detail.
Investigation of the latter pathways has been hampered by the practicsl
difficulties already outlined. |

As fay as can be detemined from the axporimental data the
fatc of these compounds in the hen is 1argoly governed by thair
physioo-ohemiqal properties in eccordance with well established.
principles. These .compaunds, which are non lipid aoln'bla strong
~ ecids should be readily eliminated by the kidney when given by injeotion

and poorly sbsorbed fmm the guf whén given by mouth. The rapid
elimination of :!.ntmuac'uiarly mm-irod a:éyiaraonic acids has been
demonstrated but the eit'ent_ %o which these compounds are absorbed from
the gut has not bean scourstely deteruined, Indirect evidence does
suggest that l-scstanidophenylarsonic acid and henitrophenylarsonio

o facid are only alowly absorbed.

Amlytim tee.hniquen so fer developoa ere inaurﬁoiently
sensitive to follow the Mcu of the chemical fate of thcse compounds
~4n the tissues but useful observaticns have been obfainod fmm the
tiasue arsenic levels, © The half life of these coupounds in the
tiasues is’ relatiwly short md soon nftor daui.ng the araeni.c levels
of most orgm aecline as thnu conqmmdu are olﬁmi.natod in the uri.ne.
| it ie generally ‘recognised that anions penetrate the lipo- |
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protein membrane of the endoplasmic retioulun only with Gifficulty
(Brodie, Gillette and La Du, 1958). COnkeqhently enzyﬁc datalysed
transfbrmations to theaa compounda in this cealnlar oompartnent may
.occur only to a slight extent (as in the case af nitroarylarsonioc
" acids) or may be absent (es in the czse of’p-arsanilic acid and
v aryl-N-aoetylaaa)

I&xochondrial membranos appear to be much more pexmeable
%o organic acids and thevqxtansiva deacotylattog oocurring to intra-
‘musculerly administered J~acetamidaphenylarsonic acid may be partly
attributed to the 1oéaupn of hen kidney aryl-N-deccylase in the
more permeabls cell compartmahﬁ.v  In view of tha.aéparantly différent
peimeability meohnniumﬁ controlling the penetration of these two
cell componanﬁa'bw'organie acids, it may be mignificant. that the
enzymia meuhaniums for hippurlic acid synthesis are also 1ocatea in
the ms.tochonaria (Kialloy end Sohw.anr 1950; Louthardt and
mum, 1951). | , .

~ The importanae of the gut miaroflora of the hen in the

metabolism of orally'aaministared foreign compounds should never be
overlooked even when the uompoundn are readily absorbed since
miorbbial aotivity may be nnbstantial in the antorior regions of
"_the gut befbre the normal aites of drug absorpt&cn. Some of the
chemioal changu oacurri.ng to orally aaminiatered arylarsonic acida
(; arise fram the acttvity of the gut miornflora and not from the tisanes.

The poweriul rudueing sctivity of these arganisma ia capable of
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trensforming nitro compounds into arylaminos and afylarsontc acids
into toxic arsenoxides, Arunox:ldu thus fomed may have &
selective bactericidal effeot whmh mey be of benefit to the hen
should the following altoratipna to the mioroflora occur

(2) n reduction of the total bacteriel populations,

( b) Suppresaion of pathogenic bacteria.

( o} An inorease in the populations of vitawin ayntheaizing
bacteria, o \
| (@) A decreese in the populafions of becteria requiring

vitanins, : |

These effects mey be dLfficult to esteblish under field
conditions, However, the baeturloiaal action of arylarsonioc eoldn
.on oultures of the gut microflora in vitro ought to be exarined
more thoroughlys | "

As far as oan be deteminnd from these studies end from
the work or others, arylaxaonlc acidu in agriculturo do not &ppear to
be a seriocus publig health risk. In the hdn, these mmg are
not degraded to inorgenic araenic, a possible carcinogen, but are
iargeiy >emmted with the arsono substituent intact. Organic
arsenicals do' not appeer to be carcinogenic, No ‘eﬁdeﬁce of
carcinogenioity was ‘fo‘una 'i’n, ‘éubchm‘m:.c toxicity studies on 4ehydroxy-
B-nitmphenylaraonie acid in mics (Pzﬁ.er, Nees ané Derse, 1963). nor |
wes there any evidefme that p-araanilin acid potentiates the cami.nogemc
aotion of 9, 10 dimethylbenganthracene (Eantwell, 4963) .
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| There seems to be little danger from the direot toxia effects

of arylarsonic acids, - In the hen these compounds ere lergely |
excreted unchanged or mgtaboliééd to ompounda»uf.lsésor. etoxici.ty’.
- If thesde compounds and t!iqir exoretory metabolites were pte-qnt in
tissue resiauel, their fepeatoa ingestion would not lead to eany
cumulative effects and they would not constitute e serious health
risk,  The possibility renains that the ‘tiaaue bound arsenic may
be in chenical forms which sre completely different from the
excretory metabolites and these mey be an.unknown toxicological
hasard, . Overby and Frost (1962), however, ocould find no evidence
that these residues were ‘retginaa in the tissues when adwministered
_‘ ‘to rats, . | ‘. |

These experiments have been interpreted on the essumption
that the toxicologiosl and biooheaical findlngs in animsls ave
direotly applicable to man but this escumption may not be velld,
Though animals mey possess broadly. amilar mechanisns whersby orgenio
. oompounds ponétrate to receptor. sitéﬁ and exert their toxic and
therapeutic sctions, wide veriations are ensountered in the ability
of animels to metebolize foreim oémpouﬁdu bofh to active and to

- ineotive derivatives (¥illlems, 1959). ‘ I%'Iorequzf,;‘_fomign cqﬁpcundl '

1 may undnr‘go’ different matéﬁqiic fatag in man and animl#. Brodie.
.(1961;_) has pointed out'_thgt ‘internpeca‘;aa‘ differences in the fate of
organic compounds are more likely to coour 4f they are iipid soluble,
Compounds of low 1_5.;‘::& éolubiltty ‘seen to be ‘su‘o;}eot #q less
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interspecies variations in their metebolic fate and exptiimeutél |

- findinge in enimels can be extrapolatad to man with a greater degree

ofoonf‘zaama., ‘ : L o |
~ Minor matabou.o patbmy. appoar to be responsible for the

, activation of arylarsonic acids to compounds of grestly inoreased

toxioity.  Thus, smell mmm.' 1a the abllities of two species

“to reduce these compounds to memx:.du may result in large

| differences in their ability to tolerato these compounds. Porhéprn |

in the finel anelysis it is savisable to extrapolate the toxicological

. ﬁndingn in enimals ’coman v»if.‘:.thj mm§ caﬁtio#,
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Tadle 4A |
 Example of isotope dilution snalysis,

In the exoreta supernatent, let X gm. of material be
present with an original specific activity of x. For isotope
- dilution, let Y gm, of material be added and let the isolated
material have a specific activity of y.

‘It follows that x |
: e x " '%'
By rearrangenent X w X Equation (1)
R s )
¥ .

- "b] 4~NLtrophenylarsanic acid had specific activities
“of 105.5 n(!/gm. (2.5 om, reference) and 12h.h mC/gn. (4 om,
| refarmo). . |

Hem 13 (1,55 Kgs) was fod 55,4 ug. [1 - ™0 ] wtmphenyl-
arsonic ecid aontamlag 5.85»3 (horlcad on tha basis of the 2.5 oty

o refermca). _ After 24 hours » the exoreta aupomatmt aontained

1.91 auc (32.7% of the duu).

- 1,068 gm. anitmphwlamnic acid (M.‘i‘:’t. 2&.7) were addad
to & quartor of the mrm mpornatant. On x'onzuolatton and |
a pmrs.oatm, 1t had o apeomo antivuy of 0.436 »c/m. (1 Ome.
reraremu) aud aftur aom'ortion to the bmyimnmn salt (M.Vvt. 55&.)
the speoific sotivity fell to o.sospc/gn. |
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The spoci.ﬁ.c activity of pure Lenitrophenylersonic snid
= 0,303 x %% = 0s434

Using equation (1), |
W&, 4=nitrophenylarsonic ecid p'xv"_emf in one quarter of
the exorets supsrmatant is := | | | |
- _ 1,068 = 0.0037h

L3 '*3

75 nou excreted as &nnitmphmylmonic acid

= o.oo:%gz_gz 100 =  27.0%
~055‘l-
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Table 2A

» - Beper chromato of. 38l 8
 Solvent systemss | |

A, Acetonitrile: ammonia solution (sp.g. 0.86)s water
(135 15 6) for 1,5 hours. B. Acetonitrile: conc, nitric soid:
water (39t 1 10) for 1.5 hours, C, n-Butanols scetic aoids
water (4 1 15 2) for 16 hours, D, B\mium acetic acids |
_water (1 : 1: 2) for 5 hours.,. E, Dilsopropylether saturated with
weter, for 5 hours. ,: -F, - n-Butaﬂbiz amonia solution (sp.ge. 0.88)s
~ water (4 s 1t 3) for 16 hours, o

Can ratios are by volume, - Solvents A.end B vere developed
by ucenﬁing teahniquo until the ealvent front had trovelled epPIOR=
Sma‘bcly 20 om. from the origin, The ather solvents were run using
' the descending teohntqué.' For these solvents, the front was |
namlly about 35 om. from the origin, | B

Rf. values am quoteﬂ for ¥hatmen No. 1 paperx,

Lo&t entss

| (a) 0a1 % /v p-nmouvlammocmmaohyaa (mm) in
2 K acet.tc aci.d ravealed anino compmmds as red spots. For scetamido
oompmmdn the roﬂ colour developaa alowly, but the reaotion oould be
-amlemteﬂ by light apraying with 2 xmm. anﬂ heating at 1000 ror
5 mi.nutea before using this reagmt. _(b) 0,8 % Titanoun chloride
in 0.3 K.HC1, wes usaa to reduce nitro cmpomda prior to spreying
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with the DMC reagent., (o) 0.25% Diasotized sulphanilic

acid in 5% Na,‘po" used as a dipping resgent revealed L~hydroxy-
phenyl arsenicals, (4)  Ammonis fumes showed up i~hydroxy

 3-nitro ocmpounds es yellow spots. (8) 0.4 % Starch solution

followed by 0,002 N, iodine was seleotive for arsenoxides. (f)

4All compounds showed up as dark spots on illumination with

' ulti'avinlet 1ight (270 mp) from a Hanovia chromatolite,
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. pKa values of arsonic scids

 Cation lono-anion

Di-an!.oh

Tri-anion o

lellraonic eold
Mitmphenylamonlc aci.d

p-Arsanilic tci.& ‘ ’
Mcotmiduphenylmonic acid
Mydmphmylmonh soid R
\-fiydroxy 3-nitrophenylarsontc soid
§ &-Hydw Minophmylarmic acid

) k-ﬁydrw S-acemwaphmlmonio acid

39
3.2

3.5

4.1

3.6

b

3.5

8.5
7.8
8,9

86
8.4 (pbeno1)
548 (phenol)

L g ;

10.0"
8.9

x Fignres takon from Kurtﬁm, Vogel and Andmaow (f961)

w-sﬂ-‘
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Table 6A
The ultraviolet sabsorption speatrs of phenylarsonic aclds

The ultraviolet absorption speotra of p-substituted

phenylarsonic acids can be releted to that of bensene according to
the deductions of Doub and Vandendelt (1947).

These workers have shown that a eingle subnti.tught in the
arometio ‘nucl‘eua‘ causes e &fmtbvdinplmmt of the primary 'band
(-203.5 mu) of beﬁsmo. @Dimbstttutoa bensenes céusc a displaces
ment of the primary bend Jepending upon the nature of the substitueats.
If both grotzpiggé aré of 'the' mé natlu:o‘.(eléotmn attraoting or
electron aamm)' then the aisplamt is sinilar or less than that
of the most displaced monosubstituted bensens. 17 the substituents
are di.ffercht, the displacement may be gﬁeﬁfor then thet of the

‘ nppmpﬁate mnoaixbutitutod bensenes,

M larsonie acid. |

Phenylarsonic aoid in the molesular form has a primary band
at 215 ma and a secondary band at 262 mu . . The arsonic acid grouping
in the aromstic ring is weakly eleotron attrasting end causes en
initial displecement of the primary bdndof" ﬁmnna of 1.5 mu.
Tondisation has little furthﬁr effect on the‘ péki‘bi.ons of the pesks
bﬁf the second _ionhation eauséa a &my of 20% in the extinotion of
‘both bends, | 8 |
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ﬂitroghg_xxlaumic anid,

Both the nitro grouping (displacement 65 mu) end the
arsonic eoid grouping (displacement 11,5 mu) of hnnttmphmyhrmto
aoid are elestron a_ttracti.n,g' and this compound has an initial displace-
ment of 47 mp for the primary bend of bensens,  Ionisation weakens
the slectron attracting properties of the arsonic acld grouping and
oauiea a ghift of the primaz'y band to ‘J.cnger.wavolengtha. This
shift 48 8 mu for the first fonisation and 10 mam for the seconds

p-Arsenilic acid, ,
This ocmpuund in the molecular fomm conteins two groupings

of different nature,  The amino substituent is electron donating
while the arsonic acld substituent is eleotron attregting,  The .
6isp1aﬁemmt of the primary band of bensene in Wﬂio acid is
53,5 mu whioh is gmter than that of the mino subutituant alone
(26,5 ma) or the aracnio acld gubstituent alone (11.5 um). |
Ianisati.on raauces the eleatron attmﬁng properties of the arsonic
acid groupi.ng and causes a progressive ahi.ﬁ of the primary bend of .
'p~mann1e 20id to ahortur wavelengths of 7 and 6 mu for the mono
' and di-anion,
‘ charging of tho amino grouping at low pH values abolishes.

the elcatmn nttmtl.ng pmpartial of the su'butitmnt end the abaoxption'

o 'speotm is li.mllar to that of phonylamnic aoid,

N p-&raani.lﬂ.u acid cation has absorpﬁon maxima at 211.. and
262 mp with moleoular extinotions of 6,590 and 808. @hou_ for



- phenylarsonio acid ave 215 and 262,5 mu with molecular extinctions
of 9,210 and 7. o

4=ostenidophenylarsonis asid, |
| - 4mhcetamidophenylarsonio acld also contains two groups of
'appoait- natura but the. aoetnmi.do grouping is a much weaker elcctma

- doner then the amino su‘batituant. The di-placment of the primary

band ef benzene is 53.5 ma ‘similar to p-erunuic aow. On
bniutton, shiﬂs 1n the prhnary band are not u marked as in

o p—armilio acid but are tmrda nhortor wavclmgth:. '!hua

shifts are 5 mu for the mono-anion end 3 mp for the di~anton. -

The molecular extinctions of 4-acetamidophenylarscnic
2014 are mich greater than those ofnp-mmmo soid which is
consistent with the known ebility of,if-géetyiatcd aromatic amines
to absorb more intensely than the free smines, |

ydroxyphenylarsonic aci
| mmmg to the DKa values recorded, lv-hydmxyphmyl-
arsonic aeid ionizes in threa atagem— |
| AsO

‘The hyamxyl aubsti.tum‘b is’ weakly aloctmn domthxg
vwhoreu the araon!.o aold grouping is claotmn tttractins. The -
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: primary band di‘aplhdcmmt for 4~hydroxyphenylarsonic ecid is 30.5 !ﬁp
compared with 7 mu for phenol and 11,5 mi for phenylarsonic ecids
The first iouiunon of this compound causes the primary band %o
shit‘t h mu to shorter wavelengtha with little chnngc in the _
saoondary band. The second i.onisation of the molecula occurn in -
the phonollo grouptng and inoreauaa its elootmn donating pmparti.ea
~and the ghift in the primary ‘band is 21.5 nu towards 10*1301' wave~

lengths. Tho th!.rd ionisation furthor decreages the elactron
attraotlng pmportioa of tha arsonic acid groupi.ng and causes &
furthcr shift tawarda shortor wavolengtbs of 2.5nmum wh!.le t‘ne
extmouon is greatly imreaud o 18,900._ '



L ‘ [?al:le )
Abso t:lon acm of mono mbstitutad lmonic ag _ )
The spmtm are far the peaka botwam 210 ami 309 mn. Emax.is givm in thuusaaﬂn -

‘chm SO ;«f_a_;m ~ Mono-anion .'  Diesnton

' pesubstituent T . | e -
| | max €mex .  Amax €max Amax  €mex © Nmex €mex

2.5 9.4 i 26,5 T
0.8 6

- S v‘ v- | - i . | 215.5 | 5.1
29,5 1.4 269.5 1.0

- - A 251.5 11-9

2_ | 11.8 250 13k 2 129

g

- e W e Y - -

o 06 . DR R ¥ % |

| ..... - ‘2  20,75 252‘_ 19,0 a9 173




Table 8A
Abaomﬁon _s_ggtm of hmbatttum Whmnu aoia_g

Tho spaatra are for the peaks 'boiwm 240 and 490 mp €max, is given in thousends

)max

o Molmult

€max f Xninx . €maz , me

Irizenion .

Amex ' Emax

~arsonic acid

4-Hydroxy 3-nitroe

- phenylarsonio aoid

y-fiydroxy 3-emino-
i phmlazfnoni_a_ acid

2
|
i

e 1m9) aso' 13.8) 2515
- "’265 144
= =3B 29 3 a7
23 m.a}_*_ Mk 16.03 21 M0
M08 - yH0 .
~232 104 ) 22

2% o
223 22.25}

265 1.6

w5 25)

b
218 36,8

29 18,9 -
o Iﬁ 12a

A0 2.4

o "
)

I 12,7




Vs, of hen (xg.) L 13 : “'.54_ : | tob - 7.1" D 1.6 - 1ed .
Dose (ng.) o B3 49495 49.95 L7.46 48,78 L9.74
Dose : D ‘ %'2 - .2 — H: - +3 ‘ 30.8 . 28,3

: mag“'c sxoreted O IR () m (30 (1) (9)
Dy W neay Zotal Delly Total Delly To Ay To

2008 208 a9 W9 407 40T 575 515 TIB T8 825 825
39 527 0.8  35.T 2.7 b b 719 8.4 859 6.3 88.8
- 19.5 0 72 27,2 62,9 Tod 75,8 3.5 78 1.8 877 1.4 89,9
CO3T 759 . 26 655 3k T2 L3 167 1.6 '89.3 23 92z

10,1 75,6 ) 6.0 85,2 ; - - ; Lo ; R
o 1e2 831 Osf - 949 0,0 101.2
R ' . 0.0 95.8

—ee

- N0 QO] OV $7%0 10 b

T




| " Table 1OA

| - The_excretion of arsenio and o) afteriggninistration of [1« ""31 l;-ﬁitrdphexmlsmnié acid to hens

. .Day after dosing 4

~ Hen 7

Hen 6:

vke 1430 Kgs

‘dose 49.7 Mg e

5  Total exoretion
£l of dose exoreted o |
{ Inorganic 3&3{ B . -0e1 0.‘ : 0u B 002 Os 2 1;1 U 0.2 mg- )
Total 48 . . - 2640 15,6 = 3542 12.4 L6 93.8 ,
1 | . 256 18 32 116 3.7 89.9
' (Inorpgenioc As, o 0.3 0,0 0a0 Ce9 Y 4 ' «1.9 = 0,21 mg, |
Hen 8 Total A, » : : B 4038 A 133 5-9 De3 e : 71»2 o
1 - B33 138 547 Be6 5e2 76.6
o (Total As. 872 7o1 1,2 2.5 5.0 103,0
Dosess Hen 73 wt. 1.351(3: dose 60 mg. l;-m.tmpheqylarsonic ao:.d
Hen 83 1.35 Xgs  doss 46.7 mg.
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_ Table 41A _ _
The metabolites of orslly administered l1 - Y | 4-nitro-

phenylarsonic ecid in hen excreta detemmined by isotope
- - dilution.

Hen 2, 1.5 K&..AL’LM
- Dey 1 Day2 Day 3 Total
L-Nitrophenylersonic acid - 263 14.9 1.8 143.0

. peArsanilic seid 6.8 3.5 2.4 42,4
Feecal residue 2,6. 1.9 1.8 6.3
Total ‘ ' ( 357 20-5 5¢7 61.7
Total "0 in the exoreta 37,0 20,5 9.2 66,7
Hen 13, 1.55 Kge 35,8 mga/Ka. . |

} Day 4 Doy 2 Day 3 Total
Lellitrophenylersonic scid 26;9 9-.5 4.7 Wl.1
p~Arsenilic acid - 4.0 2,8 3.0 9.8
Feecal residue ‘ nB0D  2eD 32 8.2
Total 334 B 109 5941
Total ‘"b in the exoreta '35.2“ 15,8 155 66,5

.._..12;___.23__2&-6 lﬂﬂa&_

Dy 8 nay‘ 2 Day3 - Total

. A-Nitrophawlamomc acid 26.8 245 3 . 30.6

. p=Arsanilic aeid Lo 2460 145 2el ‘645

Faecel residue . 1.4 1.1 1.5 j.]
Total - 30,5 54 52 4048

Total "’a mthe excreta 30.9 | 505 7-5 ' . !#307
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Thc off-ot of awin on the mmm of mtaholﬁ.m of 5—_-:11 zggim@_a_gg_mia acid y_g h.ma ai'tex' S.n;j
‘ oronla&ninitrat;gg

‘l‘hrec hens (wt., 1d - 1.6 Kg.) were naod 4n each e:qoarmnt. ; o
L=ilitrophenylarsonic acid and pearsanilic zoid in the exoreta ‘;- .
'I'he resulés are expressed as: the average of thm hans with rangea i.n pnronthoail. ‘

" Phe aci.c‘k ves dissolved in sodium bicarbonate solution (g 7).
L wers aetemina& aolorimetrieally.

I-!atabolﬁ.tel mraﬂ%ﬁd Ing of‘ doee o

Thc doac of knnitmphenylarmntc aoid was 33 mg,

| Motubontu mrctae in % of dose

- Day - T pelitroe

: o Mitrou . |
after p-&raani‘lid _I phonylaraonic _ o after qumaniuc phenylarsonio o R
: &oam acid ' acdd - . Total _Gosing acid — acid Total
_ ‘e.l oral adminiatrat.tm , Do o {8)_intramiscular mjeotgon AR e
 76(5.7 - b8 (25,6 = 54,5 E R | 503 (3.6 = 10,3) 86,2 (83,2 = 89,2) . 94.5
'3 72 5.o~11. 9 702 « 42,7 16.8 2 0,9 (Ouly = 1.2) " 3.5 24 = hok bodi
3 7.2(52-128)  h3(29- 52 15 3 0,0(0.0 = 0,0 1.3 ( Ok = 2.1) 1.3
Total 22.0(that = 32,5) 55.5 (19.3 59.:) ; 577. Total 6.2 (49 =~ 10.6) 91,0 (87,4 = 55.8) 97,2

S‘b) oral adminiatration aftar gretreatmnt with aurmcin orally

1 5. SiS - 8;5 5008 2802 72,8 . 560 .
3' Q" - 5*3 6 7.1 - 100 o _ 11.8

| 3_ 0:2 (0.0 = 0,6) zg 1.7 = 6.6 b3

*3§fa1 9.2 (3.8 -13.8) 6'3.5 (1B = 81, 6) 72,7

muwular}x

(o) ntmuaoular injestion after protroatment with, Zureonyoin

: orellz

1 0.8 go.s - 1 % 83,7 gss.z - 82».5% 84e5
2. 0,0(00=00)  32( 2.0~ 5,5 3.2
1 0.0 0.0 - 0&0 005 002 - 0.7 L 005 '
Total 0.8 (0,6 = 1.0)  87.5 (86,0 ~ £9,2) 88,2

- {£) intremusculaer znjeation after pretreatnent wi?_h_m—

I R o R m.’m intrmusculary
; ?ts 6-’"’ "19'-6 ,' 360 2501 - 56; - I#}o? 1 0.6 - 1-, 92000 8’&.9 - 10206 o 9‘”8 E
o 2 . 0.7 ,#.’* ' fsh - 15‘7 ‘ 10.8 2 : 001 0.0 - 0.3 3.0 100 L ad ) 6.2 ! 301
_,’_2 }, (0.2 = 7.9 ,2.9 0.2 = 6,3) 15 3. 0.0 (0.0 = 0,0 05 ( 03 &« 0, 05
Total m.o (6.9 -18.7) &.8.0 (35,5 57.8) f - 62.0, : )  Tatal - 0,9 (_o.a - 1.0) 9705 (91+8 = 104 1) 98.4

- -
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Table 4134

The removal of drug residues attached to the faecsl

s0lids

~ The feecal solids contained 0.6 « 0.9 M As./g!n-

Treatment rfal;:t:gsv :
" yemoved

 Dialysin/distilled water (16 hrs.) 1
N.HD1. at room teup, (2} hrs,) | 5
N.HC1. at ‘100"_0.(1_.1{1-.) | | | 42
o g%ﬁ&ﬂos at roon temp. (2% lf'r_s.) ' | 23
N.NeCH at room temp, (2] hrs,) 89
N.NeOH at 1000 (1 hr.) | 195‘
| 0.02 N. Iodlne (25 hra.) , 55
" 041 u Diethylan diethsldithiooar‘bama.to |
af room tarap. (22 hrs.) 50
'-0.1 M ETA at room temp, (2;2 hra.) 0




" Dose of srsonic am.d 76.9 Mg - (?5.6 79.2 mg.) i.«. 23.&. g ABy - Average weight of hens 1;69 Kg.
(1460 =~ 1,75 Kg-) Tha figuras aye t.he avemge for thres hens with ranges in pamnthasis. ' :

(a) Tiaauea and tisaua ﬂuida ( Q&as of a}.imema canal and t ts oi‘ a1 inontar oanal

Tiasuu s - Amenic cantent T ‘ > Tisaua S Arsenio content _ - B ,
: ) SRR , o ST oontents . % of
2 of de dose ' Axg Zg PR IE % of doss __ M. ____of dose

Blood = . 0.15. 0.1 0.2) 1.5 1 2; cm - :1.0 Eo.3 - _'o; 13 2# - 25; Crop &1 - 25)

Bile - 0405 {0.01, 0.09; 2,0 (1, 3 - Gizzard ;,2.0 1,0 « 3:0) 14 (9 « 27 Gizszard 0.7 = 3)

Heart - 0,05 (0,01 = 0,4} = 4,0(0.5 = 2) Small ‘ ‘ Small

Lung E 0,08 (0,04 = G.m) 2,0 (1«3}  intestine 0,3 €D°2 - 0.5) 5 {2 8; intentine Eo"’ 3

Liver 06 (0,3-0,7) 4O (2+5) - Caeon - 0.4(0,02- 01} &(1=6 Caeca 0.2 (0,06 = c.s)(

Spleen . 0,01 (0,0 » 0.01) 2.0 055 3} Terge Targe -

Skin and ‘ intestine  0u1 (0,06 « 0,2) 7(2-12) intestine 2,0 (0.05 = 5)

feathers é -z,,.o% .-‘6; - | A 3 R c

Kidney 0.98 0.2) 3.0(2~4) (o) Distribution of arsenic ,

Ovary and . ' AR . L ,

oviducts 0.‘15 0,01, 0_.3 1,0 (0.2, 2,0) , & of dose

Musele . 05 (0.2 =« G7) - 0,3 Ot = Oub) - . .

Fat .03 0.1 - 0.6 ' 5 0t = 1) In tissues (a) ond (b) ' 18

Bone and . ; ~ In gontents of al Mentary canal _ 16

reaidual tissua 8.0 (5 - 1) ‘ h.O (2 - 5) In emreta B 56

’ Total As, aocounte& for 90 (87 - 98)

- j-"
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mmtive omrettou of orally aduinistered l.-nitroghaqlamonto aoid and polyethxtena g;g

Three hens (wts, 1.2 » 1.6 Kg.) vere given oral doaes of h—nltraphwlaxmnic acia at AO mga/ks.
anﬂ 4 gme polyethylm glyool aimultmeously. C

Hen

Time after dosing and - '

66

glycol

o polye
o 817¢_°1 ,.,-

ens

4zhours - 10,6

2

48

o
Total

amamas

8.0

129

123
LB

et

90
150

17,0

‘ _ 551

53,5
18.8
10,8

23

85e

50,8
EE
123
20
“86u

91.2

RN X
B X I
- 25,0

-y -
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Table 464

The excretion of pwarsanilic acid by hens

Three cr six hens (wt, 1.1 = 1.8 Kg.) were used in
each experiment at dosage levels of 50 or 400 mgs pearsanilic
aoid/Kg.wt, The results are expressed as sversges with the

- ranges in parenthesis.

% of dose exoreted as

Day after dosing  pokrssnilio sold  Total argenic
(a) oral a&niniatratton at 100 mge/Kes '
r 53 (42 - 59)° 51 (38 - 59)3
2 N 21 (15 - 28)% 20 (16 - 28)3
3 | 5(3=9> 5(3- 87
 Total T (- 81)3 76 (74 - 80)>
- (b) orsl siministration st 50 nge/Rgs - o
CR T 6u (a7 - 83)°
2 1(2-13’
Total L merem)’
{0) .intramusculayr a&ninistration at 50 w.é;g, |
R L Bmeef wmee®
2 o a(2- 8% s(2- 88
R N 1(0- 1)6 1(o- ¢
Total B | o 86 (80 - 89) 88 (85 -‘}92)6
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Table 47A
The exoretion of &»aoetmnidm:larmnic acid by heng

Three or four hens (wt. 1.1 = 1.8 Kg,) were used in
esch experiment at dosage levels of 50 or 100 mg./Kg.wt., The
values for hL-acetamidophenylarsonic aoid are the differences
between "free" snd "totel" p~arsenilic acid. Results are
expressod as avorages with the rangea in parenthasin. o

‘ , Sl ?5 of d::se exoreted as
Day after dosing ~ p-Arsenilio acid Total arsenio
—— fres " total .

‘a‘! orel edm misgra.@;onv st 100 mg./Kg. .
1 5 (k-8% g (72-100" 80 (m-98"
2 ‘0.5( 0 - 0,8)%  3(2.6 DY n(a7- 8.8)%
3 ol 0= o.:)‘* | 1(0.2-2.6)‘* 0.5103-2.4‘*
motal 56 (4-65)" 85(% - 103)* 845 (77 - 99)*
(b) orel a&ni.matration at 50 mg./Ke,
1 37(2k - 567 60 (57 - 67)°
2 .. 0.6 (0.5 - 0.7)3 B8(3- 12)°
3 05 0-1)5.2(1—2.7)3
Total  \ kB (301 - 7.1)> 70.(68 = 71)°
.(_cl intr?xnueoular administration at jp m__ ‘
T f‘~ 31(30 - 38) 80 (75 89)5 81"”(75 85)°
2 wGa-wd? B(a7-82° 10 (613
3 1(09. 1.8)5 2 (0 =37 2 (09~ ,}.5)3

 Total 36 (34 -45) 90 (86 -96)5 93 (90 - 99)°
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Iable 184
| .The deacetylation of 4escetemidophenyldrsonic seid
N by hen tissues o

Tisswe £ deacetylation in 1 hour

Hen 4 =~ Hen 2

Kidney - e e |
Liver a3 00
. Heart XN a2
Breast muscle o OQB a0
Bratn BRI B T X | |
cut 00 02
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Table 19A

The cellular location of deagetylase sotivity in hen kidney

Fraotion

Kuolei + debris _

Mitochondrial fraction

‘icrosones + supernatant
- Hiorosomes. -

~Supernatent

Whole hompgenate

M'Améggﬁzy:::::no/hr. »
Potter Bieshen  Haring Blender
o 156

660  10.18

1.56 L

0,80  1.28

&0 00

:8'."51_[‘, | L 1.89




1ab10 2dl

The recoveqﬁaf to‘hl araanic from hens given oral doses of 4
] at

Hem Nos a1 18 | 66 438
it of he huu (ke) 6 ok 45 1.6
Dose | 119.8. . 1052 - ' 113.0 116.2
. ' T 88,9 “88.2 001 102.1
Total ds. (10) - (10) {11 {11)
- Day Daily Totel Daily Total Deily Total  Dally Total
| 4 28,8 288 - 295 - 29,5 254 251 - 33h 334
b 8.0 . 75.6 5:_9,_ . 76.5 } 13.6 449 ; 1.9 - 580
§’ ’ 5;7 87&3 T 5&6 . 86.1 . 6.2 %:g %0’0- : 29201
| el B 9 23 ek
8 3 %2 38'5'3, et 872 10,6 Bh.6 5.0 el
9 0.3 83,8 0.8 ge.o 124 97.0 55 999
:2 o1 85.9 ‘7 0.2 052 } 3.4 1004 22 1029

- on -
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Table 21A

. The excretion of glusuronides snd etheresl sulphates by hena
_yeaei orsl doses of a nit larsonio agid

Six Rhode Island Red x Light Sussex hens were used in

the experiment,

of the compound at 75 mg./Kg.

After L8 houra three birds received oral doses
Fstimations of total gluouronide

and ethereal sulphate wore made on the exareta supsrnatant,

Gl ‘uronides »

MR- }E

' Etheresl sulphates (mg.)

Dey

V%N -

Dosed Hena

4402 ( 727 ~ 13,0

We? (135 « 15,6

1545 (12,8 = 20,2
S 25.1 114-.9 - 3208
2244 1_5.5 - 31,3

 bobid i

an (2 e 268
437 (44, 23.2)
thoe (10,6 = 17.5

18,0 { 946 = 22,2

a8 (43,7 = 15.7)

Controls

1342 ( 9.8 = 17.2)
1642 (12,6 « 18,3

15.8 1"-'8 - 16.6
110'& 9.1 - 13.2}.
13,6 (17.8 = 19,5

Controls

270’}-' 2008 - 3‘0-00
16,7 { 2,1 =~ 30.4
et { 5.7 = 23,0
2746 (17+3 ~ 35.6

1645 (13.7 = 21,2
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‘Table: 22A

The distribution of total ‘arsenio in the exorcta of hem
1arsonio agld omll

raoei dro,

Three hens (wts. 2.# - 2.8 Kg.) were given oral doses

of the compound at 37,9 mg./Kg.

Food was withheld@ from the

birds for 24 hours prior to dosi.ng and throughout the ocourse .

of the experl.ment.

The riguru are the average for threo hens with ranges in

‘ pamthoni.s.

& Dose exoreted es As.

Day  Exoreta swpematent
1 BT (Zek bt
-}

25,3 (23,4 = 27.7)
2.8 (113__ - 1&3_)

Fago_gl solids
1.3 (11 = 1.5)

- 0,8 (o,, - 1.1)
1.0 (O.é“ 1!2)‘ )

. Totel

36,0 (25,5 = 4ka3)
26,1 (25 - 28,2)

 Total 72.8(62.0 79.8)

: 3{‘ ‘(‘2‘-7 - 3-3)

7549 (65,3 = 82,5




- abio ég

Thc metabolit‘s of ml;x aﬁniniata:nd _l,_:l}xdm »&nitmmlarﬁnin aoid in the

Three hens (wt. 2,2 = 3.6 Kg.) were used in each ea:pex-s.mmt.

ezmrots of hans

- The compound was |

glven orally in sodium carbonate solution at the dosage levels spaeiﬁed and the excreta -
was analysed for three d&n for nit!'o and amino wam:yphamrlmmuc acids and total arsenic

Do level | o6 .
Day . % 3 -pitro zz-nﬁ.mg-amsm Total As.
4 25 (21,2, 2.7). 1.6 (1.6, 1.7) . 204 (22.8, 31.4) 2Tk (2.8, 30.0)
2 173 9.7 - 2 5.5 (3.0 = 8.9; 22,8 (12,7 = 29.1 2he0 (16,2'= 29,8
3 Sh( 2.8 - 10, bo9 (102~ 9.9) 10,3 ( 4.2 = i1 10,6 -
Totel 48.2 (41.9 - 57.1)‘ 12,0 (7.6 20.4.) 60,2 (45.h = 6ha7) 62,0 (58.5 = 65.9)
- Dosage lcval ' S . 7 o
D -n.ttm %g—m.‘ %3~nzero -_emino remn.
1 3.5 (2.2 ~ 36.1) 36,6 (2B = 42, 369 (25u4 - 43,0
2 9.1( 6.2~ 11.0) 13.9 ( 8.2 = 174 3 16.&. 12,6 - 19.6
3 25( 1.3 ~ 3,2 ot ( 4.0 = 7.1 5.2 = 12,2

Total 43.1 (37.4 = 50.3)

Dosage level 18,9 mg./Kg.

12.5 (11.9 - 13.0) 55¢6 (49.6 = 63.1)

£33 - nitm-bi-mnino

61.9 (57.2 _-'-_65.3)

Day % 3 - nitro £ }-ami‘m Total As,
1 34,0 (30,3 = 38.0)  1h.6 (10.4 = 20,9)  48.6 (52.8 ~ 5.6 46.9 (45.0 = 50,2
2 : 7'&» 5.3 - 11'3 ) 2‘-1 2.0 "‘ 6.5 - ’105 703 ‘_17§8 1503 10-“ 21.7
3 0,6 ( 0.0 ~ 1.9) 0.2 { o.o-, 0:5). 0.8 { 0.2 ~ 1.9 27 0.3 =

‘Total 42,0 (35.9 = 51.2)

-2 -



" Three hens (wt. 2,2 - 3.6Kg.)wmnmmeaoh rsmmt

The compound was

a&nin.tstcroa intramuscularly in sodium bicarbonate solution (p‘ﬂ 7) at the Jdosage levels
specified and the excreta were analyaed for threa aayu for nitm &nd ami.no hydroxyphenyle

arsonic aci.as and total araenic

- Dosage leval ﬂ 9 %&. _

'l’ota.l An,

. Ray_ %3 2&11"'%3-m'

! 5?*.3 E"%:S : ‘%:63 et

£3-nitros 3 cemino
2 (47.6 = 70,0)
0e0 = 0.3

e &R

Total 59-9 (11»7'6 - 69.8) 008 (0.2 - 1.6)

' Donagg__evel 18,9 mg./Kg.

| Day % Jonitee & 1'->m£m" "%j-n:._t_‘r_o_*.;'-aminio

‘ . 79‘# 7702 - 8209 .
2 9.8 50’6 - 1‘50 “
3 27 6 0

| Total 91.9 (85.0 ~10.9) k.3 (2.4 - 6.1)

60,7 (47.9 - 70.0)
R.B, .m.maioazs 30hours aftoraod.m

9.8 (76,8 ~ 843
1.9 12.7- 13.7

96.2 (90.3 -106.5)

95.3 (90. -103.7)
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Table 254

The removal of drug reciduea attachea to the faecn

soligg

The fascal solids contained o.re - 1.7 uM u./gn.

0ot M 'HEA‘at‘,mom temp. (2} hre)

B Treatnent ’ rfsgxl
_ " removed
 Dialysis/aistilled water (24 hre.) 39
R.01. et room tew, (2} hre.) 1%
NJDL. at 100% (4 “‘;4),' S 40
| éfnmbs at room tcmp. (2% hrs.) 28
0.2 N.mm'at room temps (2-% hrs.) ™
0.2 N.NeGH at 1oo°c (1 hr.) B 9%
0,02 N; Todine at room tomp. (2;— hra.) 85
: 0.1 M Di.othylam. di.ethyldithioaarbmte .
- at room temp, (2% hrs.) 63
16
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Table 26A

The effect of diet on the ggtabolian of orally administered
4-hydroxy s-nitrophenylarsonic acid

' 3 Three hens (wtss 2,2 « 3.4 Eg.) were used in eaoh
experimunt. The compound vas adainistered orally at 37.5 mg./Kg.
and the excrete supernatants were analysed for nitro and amino
hydrcxyphenylarsonic aoids. C

.,M- S |
Day %_3 - nitro % 3 -emino _Total

4 26,5 ( 9uk = 39.6) 2.2(0.0=59) 287 ( 9k = 45.5)
_ 2 '"l-o‘ : 8.2 - ‘8&‘ Oo’ 0-0-""1&0 '"u‘i ) 902 - 18-’0-

Total 464 (3hat - 5944) 38 (0.0 = 509) 50,2 (3hat = 65.3)

Birds reoeiving Diet 1, =
%J,J-nttro’ &3 « ening Total _

“z 2,4 (0.0 = 6,3 26,1 (12,7 = 46.5
1ol (0,0 « 3,2) 10,6 ( 7.3 - 15.8
Li 2‘1 000 - 74 101 -~ 12.

Totel 38.#(2!;..0 - 63.5) U506 (302 » 902) 44O (28e4 = 72.7)
Birdg receiving Diet 2, ' '

o B

Day % 3-nitro £ 3~ aming Total
1 34,2 (30,7 = 32.9 103 {143 « 1), 32,5 (32,9 = 342
2 10,1 { 9.k = 10.5) 6.3 (1.4 =126 16,5 (10,5 = 23,4
3 5,35 = 762} 3.3 (2.4 = 5.4 95 ( 7.7= 12

Totel  47.5 (W6.h = 50.6) 10,9 (4B =16.4) 58k (51.2 = 62.9)
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Table 27A

The distribution of drug residues in the contents of the
alimentary oaml of hens receiving l~hydroxy J-nitrophenyle-
, arsonic acid orally _ ,

. Five hens (wtl. 2,6 ~ 3,6 Xg,) were given oral doses of
the compound at 37.5 mg./Kg. . The birds were killed 6 - 72 hours’
after dosing and the contents of the alimentary canal analysed for
Lehydroxy 3-nitio end Lehydroxy 3-aminophenylarsonic acid 4in the
supomatant fracti.on and total amen.'w 1:1 the ao.u.d fmctton.

Omgn  Ghrm  12hre,  Zihes. 4B hrs, 72 hrs,
Grop W68 BT T66 O 5.0
Ciszard B N ,3?1 97 | 27 35
' Small intestine 29 46 19 08 07
Gasoa 34 49 23 10 1
large intestine 03 09 06 06 68
CExorsta 2.3 ,’d.-.‘l B3 53 et

. Total . 818 "_7,9'5.'3*‘"-’ 1084 822 61,2




midues atteched to She so1id Preotion oftha m

contmta
e Fimmpe  fiowe faewe e
 6hurs 3.0 .35 12.3 16,8
2 " a3 o2 9.2 487
NI 53.6 63 16.7 " 7646
s 108 .26 o6 2.0
72 " o5 29 16

- LG} =
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