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Abstract of Thesis 

(1) The tate of le.nitrophenylarsonic acid, p.arsanilio said, 

4.-acetemidophenylarsonio acid and 4Aydroxy 3-nitrophenylarsonio acid 

in the hen has been investigated. 

(2) These compounds undergo few metabolic changes in the 

hen and are mainly excreted with the arson substituent intact. Any 

change in the molecule largely occurs in the second aromatic substituent. 

(3) p.Arsanilic aoid„ administered to hens by mouth or by 

injections  is excreted unchanged. 4.4oetamidophenylarsonio acid when 

given orally, is mainly excreted unchanged but after intramuscular 

administration one third of the dose is eliminated as p-arsanilic acid. 

(4) 4.-Bitrophenylarsonic acid and 4,..hydroxy 3..nitrophenyl-

arsonist, acid, given to hens by mouth, are partly reduced to the 

oorresponding aminoarylarsonio acids. A small fraction of the dose is 

excreted firmly attached to the faeoal solids, probably as arsenoxides 

bound to faecal residues by thiol groups. 

(5) he intestinal flora of the hen is capable of reducing 

nitro and arson substituents of nitro arylarsonic acids. Evidence is 

presented suggesting that the in vivo activity of the crop flora can 

account for the greater proportion of excreted aminoarylarsonio acids 

after the nitro compounds have been rAven by mouth. 

(6) The contribution of these findings towards an objective 

assessment of the health risks involved, in their agricultural use and 

towards a better understanding of their growth stimulating action is 

discussed. 
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Prefabs 

The work described was carried out between, January 1960 and 

January 1963 in the Department of Biochemistry at St, Toler,' s Hospital 

*edictal School under the supervision of Professor R.T. Williams. 

Since the Second World War there has been a revival of interest 

in organic .arsenioals arising largely from their successful application 

in animal husbendry as growth stimulants and antiparesitio agents. The 

subsequent commercial development of these compounds, however*  has 

raised the serious issue as to whether their large scale agricultural 

application constitutes a serious health risk to the population from 

the presenoe of trace quantities of arsenical residues in meat. 

Although some of the general principles governing the toxicity of 

arsenicals have been known for many years* themetaholims of these 

oompoundi in the body is but poorly understood. As the chemical fate 

`of these compounds and their taxi* action are inextricably linked a 

thorough investigation of the former is essential for any objective 

assessment of the possible dangers arising frma their use. 

The first chapter reviews the toxic and parasiticidal effects 

of arylarsonio acids and salmarises present knowledge of their fate in 

the animal body. A section on the growth stimulating effect, has also 

been included since information on the fate of these compounds say throw 

light on their mode of action., The following chapters deal with the 

Metabolism of these compounds separately and these f4ndings are brought 

together in the final chapter for comparison* 



It is a pleasure to record my sincere thanks to Professor 

Williams and the staff for all their help and encouragement during my 

stay at St. MAWS*  to Mr. Auden and the technical staff for their 

practical &mistimes and to Dr. Salsbury's Laboratories for the. 

supporting grant and much valuable information. 	I also wish to 

express my gratitude to Dr. Robinson and Dr. Todrick for their 

helpful advice and criticism of the manuscript and to:49.681i. 

Sutherland for her skilful preparation of the typescript. 
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CHAPTER 1  

Introduction.  

Compounds of arsenic have been known to mankind for centuries. 

The naturally occurring sulphide ores were used by the Babylonians as 

pigments for decorative purposes (Thompson, 1936) and in the times of 

Hippocrates and Galen, the same compounds were used medicinally for 

the treatment of ulcers. Fowler (1786) described the therapeutic 

properties of potassium arsenate in the 18th century,  and for a time 

this compound was used medicinally before falling into disrepute. 

Small quantities of arsenic may have some general tonic properties 

and beneficial effects on the growth of bone and marrow have been 

reported by Gies (1877) when inorganic arsenic was fed in small doses 

to rabbits chickens and pigs. Ltareover, it is interesting to note 

that in , some mountain regions such as Styria (Austria) quantities of 

arsenic are regularly consumed for its reputed tonic effects. 

The partsitioidal properties of inorganic arsenic preparations 

have been reported by Bruoe (1895) and Liugaard (1099) but these 

preparations in therapeutio,quantities were too toxic for general 

meth final use« This wort, howeWer initiated . the developments in 

arsenical therapy whidh occurred in the 20th century. 

The first organioHersenical whickwisaudoessfaly used 

.egaianstAluman . trypancsomissis was atozyl (Thomas and Breinl„ 1905), a 
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compound which had been previously reported inactive against tryPene-

somiasis in vitro (Ehrlich and Shigeo  19(4.). In 1909, Ehrlich and 

Roehl resolved the difference between the in vivo and in vitro action 

of ataxy'. and suggested that the compound was reduced in the body to 

the highly active 4.-amihophenylaraenoxide, 	Ehrlioh's researches 

over the next ten years laid the foundation for arsenical therapy 

and resulted in the development of salvarsan and neoselvarsan, the 

first successful drugs to be widely used against spirochaete and 

trypanosome infections, By 1937 the, organic chemistry of arsenic 

bad been intensively developed and 8,000 different compounds of arsenic 

Were known, 

There have been a number of atteapts.to. apply the known chemo-

therapeutic properties of arsenicals to the treatment of internal 

parasitic diseases in animals, Elena (1936). and Bolin and Verdian= 

(1941),have auccessftlly controlled blackhead in turkeys with intra. 

.muscular injections of maPhersen (4-hydroxy 3.4minophenylarsenoxide) 

.416d:tarot* andeo,..workers (1946) beve,treated spiroohaetosis in hone 

with, atoxyl and neolalvarsen. 	Although the results obtained with 

these oompounde were promising their large scale application was 

beset with practical difficulties. Trivalent arsenicals' of the 

maphersen t often unstable in aqueous solution and unsuitable 

for use in the food and drinking 'water or:birds. The development of 

mpounds which could be easily and effectively used both: therapeutically 

and prophylactically was therefore desirable. 



The modern use of organic arsenicals in animal husbandry 

stems from the early report of Morehouse and Mayfield (1946). 

404dromy 3anitrophenylarsonic acid was found. to'Possess coccitlio-

static and growth promoting proiertise when'added to the' drinking 

water of turkeys. This was later-confirmed by Bird and co-workers 

(1949) and Morehouse and MOW (1951) in chickens, Subsequently' 

several, other compounds were shown to be active growth promoters and 

intiparasitic agents. p.arsahilio acid, though only mildly coo.. 

oidiostatic was also found to poises. growth stimulating properties 

in chickens (Oonibs„ Bomoser andBishop4 i954)'while le.nitrophenyl. 

Arsonic acid prevented or cured blackhead when added to turkey 

rations (Morehouse and McGuire, 1953). Today, these three compounds 

account for the greater proportion of organic arsenicals used in' 

seems]  husbandry.  

The cammerdial use of thete compounds has expanded sea 

result of favourable reports on the effects of arylarsonic acids 

administered throughout the complete life cycle of birds. In 1954, 

Morehouse published the results of a field trial in 'which 4.hydroxy 

3.0..hitio0henylarionic acid was fed to:Ohickens for one year. Birds 

receiving this compound in thediet showed greater weight gains and 

matured earlier vhen'cOmpared WithlArds receiving no supplement. 

Lower feed requirementa, reduced mortality andAmproved egg produotion 

were also sported. This paper was shortly followed by a report by 

Libby and co.eorkem(1955)' on the'Officts Of administering rwiarsanilic 



acid throughout the life cycle of:the hen. p-&rsanilic acid was 

also found to stimulate early growth, improve feed efficiency and 

increase egg imduction while mortality was reduced. These observa-

tions have since been confirmed by other workers (Pride et.$1.- 1956; 

Thornton and Marengo  1950. 

The application of arylarsonic acids to animal husbandry 

has raised serious problems ooncerning their safety to persons engaged 

in their manufaoturto  handling and use and to the consumer from._ 

arsenical residues present in meat. An assessment of the health 

hazards involved is particularly important since some of the poseible 

:metabolites are cumulative and highly toxic. Snob an assessment 

must be firmly based on comprehensive studies of the toxicity and 

metaboliniof these compoundsAn a number of animals so that the serious 

risks may be more clearly defined for further investigation. 	The 

following.sections contain a summary of much of the:present day knows, 

ledge of the toxicity and metabolism of thesis compounds and some of 

the principles governing their parasitiOidal action. 	The metabolism 

of arylersonio acids in the body is still not known in detail despite 

several . early investigations and information on the chemical fate of 

these compounds in the ;hen ias almost non existent. The object of 

help studies was to determine the fate of arylarsonio acids in the hen 

in order to contribute towards an objective assessment of the health 

hazards involved in their-  use and towards a'-better understanding of 

their action as growth stimulants and antiparasitio agents. 
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The oheaioal basis of arsenical therapy.  

The chemical beets of the toxic and parasitioidal action of 

arsenicals has been thoroughly investigated overmany years and there 

are several excellent reviews on the subjeot (Voegtlin, 1925;. pork 

amt Work, 1948; Eagle end Doak, 1951). 

Axsenoxides were suggested by Ehrliah (1908) to be the 

therapeutically active form of arylarsenloals on the grounds of the 

greater toxicity of these compounds towards both host and parasite 

compared with arylarsonio soids and arsenobensenes and the differences 

between their in vitro and in vivo aotivity. This hypothesis has 

been amply supported by the pharmacological and toxicological findings 

of later workers and there is little evidence to support any alternatives. 

The conversion of an arylarsoaie &aid into a toxic arsenoxide in an 

anima was finally demonstrated by Crawford as4iLevvy in 1947. 

The parasitic-Ida Potion of arsenoxides has been attributed 

to their affinity for essential thiol groups with which they react to 

form arylthioarsenites. 

Sae 
RAO * WEE 	RAI sv  

The arsenoxides were origf AOly considered to deprive 

parasites of essential thiol intermediates such as glutathione 

(Voegtlin, 1925) but later work has oho= that their interaction with 

the thiol groups of macmxmolecules is more important. These compounds 

inhibit many enzyme systems but in many cases the activity 	be 
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restored by monothiols (Barron and Singer, 194.3; 1945). 	The 

oxidation of pyruvate, however, is inhibited by lewisite and the 

arsenoxides and in this case the inhibition is only reversed by 

dithiols. Monothiola are ineffective (Hocken and Thompson, 1946; 

Barron et els, 1947)s 	The superiority of dithiols over monothiols 

in restoring pyruvto oxidase activity has been attributed to the 

formation of highly stable ring compounds of low toxicity (Whittaker, 

1947)0 

01120H 	 ORSIR 
OH01 	 OfCI 	1 
it 	 OH. 411 	‘11 	OH 
0HA1012 	1 	. 011“ 	1 	4. ata 

0112.811 	S «.0N2  

Asnalpoic acid is an essential co.factor f6r the enzymes 

responsible for the oxidation of pyruvate andc(keto glutarate, the 

toxic effects of lewiette and the monoxides may be due to their 

interaction with this co-factor to forn srAthiearseniteswitha 

stable six membered ring structure, effectively blocking the tri. 

oarboxylic acid cycles 

Selective toxicity.  

Although the basic uiechanion for arsenical toxicity may be 

the sane in both host and parasite, the selective effects of those 

oompounds in therapeutic daises requires, some explanations Basle 

and ee-workers have studied the toxicity of a large number of 
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arse noxides in animals and parasites. The dual toxicity of these 

compounds show wide variations which mutat be attributed to differences 

in the chemical behaviour of the arsenoso substituent (Nagle et el., 

1940). These efts is seem to be due to the second aromatic saw 

atituents. Doak and Eagle,  (1951)  have olassified these sUbstituents 

into four groups,. 

(1) *Inert" substituents (-01, 4102, aff, 47113, 4.) which 

have little affect on the dual toxicity of phenylarsenoxide. 

(2) Acidic substituents 	440,11.) which reduce the 

dual toxicity of phenylarsenoxide but the parasiticidal activities 

are affected to a greater degree. 

(3) Amide and ester stibstituents are generally less toxic 

than their. acid- substituted counterparts and have higher parasitioidal 

activities.: Theactivitzitozioity ratios of these compounds may be 

several times thole of phenylarsadoxides 

44 Some other sastituents (4111000H3  40=3, .ANWO(Dipt  

eiRNH2.) do not fall into any of theibove groups and may have varying 

ffeati on the dual tomioity Orphenylarsenoxide. 

Secondary substituente may determine the ability of a compound 

to penetrate trypanosome membranes. There appears to be a general 

relationship between the activity of &monoxides and the extent to 

vhidh they are bound by trypanosomes. Some of the more active 

compounds may accumulate in trypanosomes in concentrations up to 200 

tines that of the surrounding medium (Eagle, 1945). 	Aoid substituted 



phenylarsenoxidess  however, have low parasitiaidnl activities owing 

to the low permeability of parasite membranes to these compounds in 

the ionic state at physiological pH values. 

The trypanooidal activity of these oompounds inereases as 

the pH of the *Oita is decreased. This is refleoted in the amounts 

of arsenic bound by the parasites at different pH values.. Gaspounds 

which do not ionise at physiolOgical t4 values do not exhibit these 

00 dependent effoots. Thus, the oorreeponding ester and *aide 

derivatives have trypanocidal activities which are independent of the 

pH value of the medium. 

Among the said substituted phenylarsonoxidess  phenylbutyrio acid» 

40.arienoxide and some related compounds appear to be exceptions in 

their behaviour towerdstrypanosomes. 	These Compounds are considered 

topenetrate trypanosome medbranes in a different manner to the 

apparently passive meohanisms encountered with most drugs. 

T he; toxicity of arsenicals,  

Information on the toxicity of arseniosle is essentialfor any 

assessment of the therapeutic effectiveness of a compound in medicine 

and agriculture. The differences between the doses or dietary levels 

which have the greatest therapeutic effect and those which are acutely 

or chronically toxic give some indication of the margin of safety to 
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the recipient afforded by these compounds. 	Moreover, information 

on the toxicity and tolerance of arsenicals combined with metabolic 

studies can greatly contribute towards en evaluation of the health 

hazards involved in their use. 

The acute toxicity of organic arsenioals is largely governed • 

by the nature of the arsenic groupings 9eoondary aromatic sub. 

atituents also partly determine the toxicity of a compound but usually 

to a much lesser degree. 	The most toxic group of organic arsenical* 

are the trivalent atsenoxides whose toxicity can be direetly related 

to their action on enzymes in,  intermediary metabolisms 	The °Or. 

rsponding atylarsonic acids and arsenebenzenes are far less toxic 

and largely depend on their conversion in the body into arsenc*idos 

for their toxic properties. 

The toxicity of arsenicals is affected by the route of 

administrations These differences in toxicity are most apparent when 

oral and systemic toleranoes are compared. Fulton end Yorke (1943) 

found that a . reduced tripartatideO.phemylglyenam4de-4.arsenoxide) 

vas tolerated by mice in oral, doses of 8 rag while only 24. vas 

tolerated by injections Similarresulte Were obtained with tryparsamide 

(mono sodium N.-phemlglycinamide-4.arsenate)s 	60 Mg, was the Upper 
toleranoe limit when given by injection whereas twice that dose could 

be givea by mouths 

me glnitti^14 are more susceptible towards arsenicals therm 

i roety Overby and Spruth (1955) obsereed that orally. 



taken up 

were only bo 

is In vitro whilst arsenobensenes and ersonic acids 

minor extant. 	relationship between tissue 

s illustrated i vo by administering three 
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administered arsenicals are more toxic to rats than to chickens and 

ducks. 	The tolerance pattern of tee of the speciee (rats and 

chickens) towards six arsenicals, however, rinsed basically similar. 

The same phenomenon has been found in mice and rabbits (Doak and 

Eagle, 1951). 

The retention of organic arsenicals in the tissues of the 

host reflects their toxicity and limits the extent and duration of 

their parasitioidal effects. Thus, the most taxi* compounds, the 

arsenoxidess  are excreted much more slowly than the arsenobenseHies 

and aroma* acids (Voegtlin and Thompson, 1922). 	This relationship 

between toxicity-and excretion has also been found in a number of 

areenoxides of.  widely varying toxicity (Hogan.  and Eagle, 1944. 

Highly toxic compounds such as phenylarsenoxide (W 0.8 mg./4.) 

when administered to rabbits intravenously are excreted very slowly. 

Only 20% of the doss say be recovered in the =erste in five days. 

gapharsan ( p 13.3 mg./Kg.), on the other hand is much less toxic 

and is almost quentitetively eliminated in throo to lout' days. 

The toxicity. of arsenioals is also related to. their uptake 

issuersby 	end organs. Hot and Eagle (194W found that a number 

re bound by red blood corpuscles in vitro and in vivo 

,• in proportion to their systemic toxicity. 	reemoxides were rapidly 



compounds (phopylarsenoxide, phenylarsonio acid and tryparsamide) 

to rabbits at theirLD to and after 24 hours measuring the tissue 50 

arsenic conoentrations, Despite a 500 gold difference in the dosage 

level, these compounds gave comparable levels of arsenic in the tissues. 

A fourth compound, 4,oarbowYlpheoIlarsenoxide„ was a noticeable 

exception and when administered intravenously to rabbits at its LD50, 

this compound gave rise to much lower arsenic concentrations. 

400arboxylphenylarsenoxide differs from other arsenoxides in several 

respects. It is botmd by red cells in vitro to only a minor degree 

and atter administration to the rebbit, it is initially excreted very 

rapidly 	Eagle has suggested that it is metabolised in the body to 

more toxic compounds, **cumulating in the kidney causing damage to the 

organ. 	This is partly supported• by observations of the sharp decrease 

in the initial rate of exoretion of the compound and on the delayed 

time of death co parr with other srsonexides, when sdeinistered in 

lethal doses. 	The metabolismof this compound in animals, however, 
still remains to be investigated 

Por most arsenoxides, there is a direct link between their 
toxioities and the extent to which they are bound by the tissues. 

These residues are probably bound in the trivalent torn to tissue 

proteins through Ma groups and may be in equilibrium with free 

arsenoxides. 	Such an equilibriun would control the release of these 

compounds in the body and could determine their rate of excretion. 

As the more toxic ocupounds are generally those which are most firmly 
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bound by the tissues, they would appear to hold most dangers to 

fattening steak and to man through possible cumulative effgots freer 

chronic admidistration4 

The chemical fate of arylarennic aoids in the boa*  

The fate. of organic arsenicals in the animal'body i.e not 

extensively known despite numerous investigations and precise 

information on the Ohemical changes undergone by those compounds is 

meagre, 	The metabolism of these compounds has already been reviewed 

by Williams. (1939). 

The anionic acids when injected into the rabbit rapidly 

disappear from the blood stream and enter the major tissues and organs. 

After the intravenous administration of tryparsamide, Hogan and Nagle 

(1944) fbund high concentrations of *ramie in the tissues one hour 

after dosing. 	Liver, kidney, bone and muscle contained the highest 
arsenic concentrations and significant amounts of arsenic were also 

found in the brain, 	Tryparsamide was not retained in the tissues to 

any significant degree and most of the administered dose was quickly 

eliminated in the urine. 	Pbur hours after the administration of the 

compound, the distribution of arsenic in the tissues was radically 

altered and the highest arsenic levels were located in the kidneys. 

After 24 hours only traces of arsenic were present, in the major tissues. 

Similar results have been reported when phenylarolnic acid and 40hydroXy-
henylarsonio said were administered intravenously to rabbits 
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(Chances  Crawford and Levvys .1946). 	Though these compounds Were 

repidly excreted*  moderate quantities of *ramie were present in the 

liver and kidneys  one hour after dosing. frowevers after 24 hours, 

these tissues contained only traces of arsenic. 

Little is known concerning the ohemioal fate of arylarsonio 

acids in the human body. 	The early workers aonsidered these oompounds 

to be degraded to inorganic arsenic but lately, most authors have 

subscribe d to the view that these componnds are largely excreted 

unchanged. 

rbenylarsonio acids  a compound with no secondary aryl adb-

stituentss  was ideally suited for investigating tho chemical changes 

undergone by the arson° group in the body. This compound when 

administered intravenously to rabbits at doselevels.of 1 - 5 MAMA& 

was fairly rapidly eliminated (Chance, Crawford and Levvy, 1946). 
68 	831r0f.the dose was excreted in the urine in 24 hours and only 

0102 2,.5 "J% in the faeces. Most of the Administered dos' was 

excreted unehanged.and only small quantities of phenylarsenoxide 

(less than -10,t) were'present (Crawford and LeavyS 1547)-, 	Further. 

more, no inorganic arsenic could be detected in the excreta. This, 

in fact, was the first chomiaal evidence of the reduction of amnia 

acids to arsenoxides lathe body 
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The metabolite, phegylareenoxide, administered to rabbits 

at 045 mg•lis./kg. was excreted very slowly and only 25% of the doss 

was recovered in the exoreta is seven days. Most of the excreted 

dose was found in the urine but approximately one fifth occurred in 

the faeces* 	In three days 6 161 of the dose was recovered, 

half of which was in the form of phenylarsonic acid. No inorganic 

arsenic was present. 

Phenylarsonic acid and phenylarsenoxide, therefore, undergo 

interconversion in the rabbit but neither compound is degraded to 

inorganic arsenic. Both these compounds are mere toxic than most 

other arsonio acids and arsenoxides and this is probably due to the 

relative ease with which phenylarsenoxide penetrates cell madbranse 

(Basle, 1915) and to the prolonged retention of the compound by the 

The elowexcretion of phenylarecnoside and hence its high 

has been attributed to its slow oxidation to the more 

szoreteapbowlsrsorio acid (Chance, Crawford and Loony, 1946) 

but in view of the considerations outlined in the previous section it 

would appear more likely that the retention of this compound in the 

its rate of metabolism. 

The sodium salt of p-arsanilio acid (atoxyl) and its 

aoetylated derivative, mono sodium 4acsetamidophenglarreonate 

*Ain) were two of the earliest drugs to be used in the treatment 

rypenoeomiasis. The activity of these compounds is due to their 

conversion to *monoxides in the body* 



This has been demonstrated in vitro by Iamanouchi (1910 

and Terry (1915). Atoxyl incubated anaerobically with red blood cells 

or liver tissue was converted into a th4stable and alcohol soluble 

trypanooidal substance while fresh tissue alone possessed no trypanocidal 

activity. 

Voegtlin and Thompson (1922) found that atov1 and arssoatin 
administered intravenously to rats were almost quantitatively excreted 

in the urine in 24 hours and a ten fold increase in the dose level had 

little effect on the rate of elimination. 	The faecal exoretion of 

these compounds was small and only 5% of the dose was eliminated by 

this route. 	This pattern of rapid urinary elimination was repeated 

when 50 mg. doses of atoxyl were administered to rabbits and to man. 

(Ingersheimer and Rothstein 19C9) 

The chemical Pone in which atoxyl is excreted,, has received a 

considerable amount 	 attention. 	,Nierenstein (1909) has isolated 

three compounds (p-arseni.lio acid, 4*hydrosYPhonylarsonic acid and 

2-co)benzoxasolo.6*arsonio acid) and appreciable quantities of inorganic 

arsenic frmu the urine of horses which had received twice weekly 

injections of 1 *► 2 gm. atoxyl. These results must be treated with 

some caution in view of the questionable purity of the starting material 
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and the harsh isolation procedures used. The inorganic Arsenio in 

the urine probably originated from the breakdown of organic arsenicals 

during the isolation procedure and not from the biologioal oxidation 

of atoxyl since the expected aniline metabolites, p-acetamidophenol and 

p.scetamidophenyl sulphate, have not been detected in the urine 

(Blumenthal and Berschmaan, 1909)* irBydromphenylarsonic acid is 

unlikely to have been a metabolite of atoxyl and may have been an 

impurity in the administered compound. The bensomasolonearsonic said 

is probably an artifact arising from 40.amino 3..bydrowYphanylarsonio 

acid in the urine during the isolation proeedure* 

It is possible, therefore, in the horse that ataxy' is 

hydroxylated in the meta position to form iesmino 30.hydroxyphenyl-

*mute acid. 

paarsanil acid appears to be excreted unchanged in man 

and the hen (Lookmenn and Pauke, 1908; Overby and Ptedriokeon, 1963)4. 

The malts of4A•glycolvlarianilio maid are used in the 

treatment of amoobiasis oncrare among the least toxic of the aryl- 

arsenib acids. 	The bisimutho salt (illibis) administered by mouth 

to maw or the rate  is mainly exoreted:in the faeces and Only small 
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quantities of-the administered arsenic and bismuth are found in the 

urine (McChesney end Hoppe, 1950). 	The sodituasalt is also poorly • 

absorbed from the gut and is excreted unchanged in the rat, cat or man. 

Only 5 . 10% of an oral dose was eliminated in - the urine by the - rat 

and - lesslhan 3% by -man,in three days. This compound, however, 

was rapidly eliminated in the urine of the rat When adminietered 

parinterally(McChesney,licippeo tiolinlite-andBenks, 1962). 

Monosodium NoThaxelglyoineasaid•4arnouitta (Tryparsamida). 

was once extensively used in the treatment of sleeping sickness and 

.nenro syphilis because of its supposed superior ability to pass the -

blood.braln barrier. Later workers have tended to doUbt the 'efficacy 

of this **eponym' in the treatment of these diseases (Rinrichsen„ 1939). 
Like many other atomic acids, tryparsamide is rapidly excreted in 

the urine when administered to the rabbit or man by injection and the 

dose is almost quantitatively reocvered in the urine in 4 hours 

('roegtlin and Thompson, 19221 .?wing and Mushlberger, 1920. 	The 

detaileifmettbolimn of tryparsamideis not known but Ioux*g and 

Hamilton (1924).  have isolated a substantial quantity of the unchanged 

Material from the urine of men who had received the compound intro. 

variously. 

The fate of 4.1rpXy 3-aminophenylareonic acid in the body is 

not known but the administered dope of arsenic is rapidly excreted in 

the urine after the compoundadeir,stered by injection to rats end 

rabbits (ileegtlin and ThOmpsori„ 1922 Chance Crawford and Toms  1946). 



When this oompound was. administered intramuscularly in doses of 

2 gilt it was quickly excreted in the urine* 90% of the dose of 

two days (Dovior, 1946). 
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The corresponding arsenoxide, mapharsen, is excreted much more slolly 

after injection and greater proportions of the excreted dose of arsenic 

are found in the faeces. Both the dog and man also excrete maphorsen 

slowly. Over half of the injeoted_dose is eliminated in one week but 

the dog excretes the administered dose of arsenic predominantly in the 

faeces whereas sin excretes the arsenic predeminently in the urine 

(Grasit, et al., 1936; Poerstenet al" 1935 ). The fate of 

mapharsen is not kno in detail. In the dog, the compound appears 

to be metabolised to other compounds and the available evidence suggests 

that the arsenose substituent is cleaved from the aromatic nucleus 

(Warn,, 1949). 

404Kydremy 5.eoetemidophonyIarsonie acid (acetarsone) and 

4s.mreidophenylarsonic acid (carbarsone) are two arsenicals which were 

once used in the treatment of smoeblasis, Ohens  Anderson and Leak* 

(1930) found that both these compounds are poorly absorbed from the 

gut. Only 7* 13% of the dose could be recovered in the urine in 

two days when eattmeens was given to mem orally in 0.5 gi6 amiss. 

Asetarsone was absorbed from the gut to a greater extent and under the 

same experimental conditions 8 . 2O  of the dose was excreted in the 

urine in 21. hours, The poor alma ntary absorption of aoetarsone in 
(Tomita, 1939; Ferraris  1940. 
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In contrast to thearylarsonic acids the arsenoxides have a • 

great affinity for the major body tissues and organs and may be retained 

by the body long after the compound has beet administered. Wright 

and coworkers (1937) found oonsiderible quantities of arsenic in liver, 

kidney and muscle shortly after giWing intravenous doses of •mapharsea 

to 'the rat la24 these tissue concentrations persieted for at least two 

hours, - Tta highest arsenic leVels were found in the liver and kidney 

but the mumole'though contoletnglower arsenio, 00ncentrations„ was the 

largest reservoir oof arseniCi 

Little is known concerning the chemical fate of arsenoxides 

in the'body. Hares (1949) has aasinistinmeA.earbmayl 3-aminopheml. 

areenoxideand mapharsen to the dog. The former compound appears to 

latively stable in the blood stream up to 12 hours after admin. 

ion While the latter is apparentlr degraded to inorganic *ramie 

and other products. The slow excretion of some arsenorides such as 

be limited by their rate of oxidation to the more 

easily excreted arsenic acids, but their retention by tissue proteins 

is probably the more important factor. Other compounds such as the 

carboxyl substituted phenylersenoxides are initially rapidly excreted 

but exert a delayed toxic effect. The evidence of Hogan and Eagle 

(1940 suggests that these compounds may be metabolised to more toxic 

derivative* and that they exert different text* effects from the other 

relationships between toxicity, rate of excretion 

and metabolieae ref these compounds must await more detailed investigations. 
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Some general conclusions can be dram from the limited 

information available from studies on the metabolism of arylarsonia 

acids. These compounds have certain phymico-ehmaical properties 

is coon with some of the "biochemically inert", compounds described 

by Williams (19510. 	They are strong electrolytes and are poorly 

soluble in nomepoler solvents and could be expected to be poorly 

absorbed from the gut when given by mouth and rapidly eliminated 

in the urine when given by injection (see Chapter 6), • Table 1. 

shows that for the compounds; investigated, this in fact occurs. 
These compounds seem to undergo few metabolic changes in the 

body and are mainly excreted =changed. A scull part of the dose, 

however, may be reversibly converted into arsenoxides 'ditch may 

accumulate in the tissues but this has only been confirmed for 

phenylarsonic acid 	As such mall wale metabolic changes may 

result in the formation of compounds of greatly increased toxicity 

and parasiticidal activity, their signifioance should never be 

underestimated. 

of arsenicals in stimulating growtto. 

The biological effects of arylareanic acids on farm animals 

has stimulated considerable interest in their possible mode of action 

and several theorise have been advanced to explain these effects. 

'Most theories have tried to relate the action of arsenicals to their 

known parasiticidal and bactericidal properties either through (a) 



The rate reties a etylersonic acids 

 

Urinary excretion 
after oral 

administration 

Urinary excretion 
atter 

injection 
41111111••••••••1011N.MNIMMOOMOINIMIMMINOW 	 

(3 15 mats 
rabbits) 

Tryparsemide gees. nate 
25 	80 (24 hrs.) 

se - 95 (24 ara.) 
4.4full7oolylersanille acid (rats)3  5-10 75 
Oarbareen• (0.5 gnu., man)4  - 13 (42 52 hrs ) 
Aoetarenne (0.5 gs. , 	alan)4  7 -20 (22 24 hrs.) 

(1 	2 gm.•+)5  • 90 (6 hri.) 

1. Crawford and Lem (1947). 	3. McChesney et a. (1962). 

2.. raging and Maellibargor (1920. 	4. Chen, Anderson and Leaks (,1930). 
5. Caviar (1946). 
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improved nutrition resulting from changes in the populations of the 

gut flora or through (b) the reduction of-saboltnioal disease levels 

frot the suppression of pathOgenic mioro-orginisms. Both ideas are 

supported by some experimental evidence. 

Arylarsonio acids, however, are not directly baotericidal 

but must first be converted into areenoxides (Albert, Palk and 

Rubbo„ 19444 and if either of the above theories is correct, these 

coMpounds must be formed in the tissues of the animal or in the 

lumen of the gut. 

Bxperiments an the affects of arylarsonto acids an the 

nutritional requirements of animals lend some support to the 

nutrition theory. The effects of arsonic acids on vitamin . ' 

quirdments have been examined by several workers (Table 2). 

Only thiamine has been oho .  to be spared by-these compounds Other 

vitamin requirements remain unaffected or may even be increased. 

Protein requirements and utilisation are affected by arsenicals in 

the diet. 	p.Areanilic acid seems to spare the protein require.,  

meats of laying hens (Carlson 1957; Pope and Schaible 1959) 
improving egg production when the diets contain suboptimal quantities 

of protein. 44Iydroxy 3.-aitrophenylersonic acid, on the other hand, 

doe. not spare the protein requirements of chiokens but improved 

utilization at the higher dietary protein levels have been recorded 

resit and Hill 1958). 

Differences in rearing Conditions also affect he growth 



Table 2 

The effects of nic acids on the vitamin 
ruts of poultry  

Vita in Thia ins Pantothenie Riboflavin Vitamin 
12 acid 

p-Arsantlic acid 	bo affect'  

le-Hydrpxy 3 nitro 
phcaylarecnio acid no effect 

effect' increased, 

increased' 	increased5  

Tibet and Spruth (1953). 	 3. Abbot, Bird and Cravens (1950. 

Bird Growl*. and Rubin (1948)• 	4. Slinger, Pepper and Evans (1955). 

5• . Oriminger (4953). 
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responses of poultry to arsonio Beide,. As the environment may 

significantly affect the incidence of disease in poultry flocks, 

growth stimulation caused by these compounds in conditions with a 

large disease potential may be greater than comparative growth 

stimulation in a more favourable environment" 

Pepper and Slinger (1950 report smaller responses to 

4AydroxY 3-nitrophenylareonio acid fran turkey poulta reared on 

slotted porches than from birds reared in deep litter but as the 

weight gains of the deep litter controls were greater than those of 

the controls raised on slotted porches, the disease load in deep 

litter does not sees to be a major factor affecting development. 

In chickens, however, the growth stimulation caused by arsenicals 

is greater for birds raised in batteries than for floor raised birds 

(Libby et al. 1955) 

Morrison, Hunsaker and Aitken ( 1954.) have observed environ. 

merit dependent differenoes in the growth responses of chickens to 

4.0hydroxy 3.2titrophenylarionic acid which suggest that subolinical 

disease levels may affect the rate of gain. Highly significant 

growth responses were obtained in en *ow ezrattment used ciontths. 

uously for the rearing of chickens while the responses obtained in a 

environment which had been 

considerably less. 

continuous 

for six months and disinfeoted„ 

otice and arsenicals in the 

nvireement may reduce the disease load over several years. 



Libby and Schaible (1955) compared the growth responses of chickens 

to these compounds over several years and observed a progressive 

diminution while the average rate of gain of control birds' increased. 

Furthermore, over the same period of time the mortality rate was 

significantly reduced Korth and. Bird (1962), hoverer, failed to 

confirm these findings. 

Antibiotic)s and arsenicals in feeds cause changes in the 

populations of the gut mioroflora and.attompts have been made to 

relate these changes to growth responses. Decreases in the faecal 

Clostridia counts of chickens and pigs have been recorded which may 

be associated with weight gains produced by growth stimulants 

(Slam, et el. 1953; Larson and Carpenter, 1952), 

Anderson, Cunningham and Slinger (1952) have related growth 

stimulation in turkey poults to decreases in the pH of the caeoal 

contents and increases in' the caecal Lactobacilli. populatimoe. 	Other, 

bacterial populations showed no consistent changes associated with 

weight gains. 

These results have been criticised by Epson, De Prins and 

De Somer (1962). 	Many growth stimulants are absorbed or inactivated 

in the middle regions of the gastrointeatinal tract and cannot directly 

influence the microflora populations in the hind gut. 	On administer- 

ing virginiamycin as a growth stimulant to chickens, these workers 

observed decreases in the Lactobacilli populations of the orop which 

they associate with growth responses. 
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Amnia acids and antibiotics produce morphological changes 

in the small intestine of chickens. 	Coates, Davies and KOX1 (1955) 

found that p-arsanilic acid and antibiotics reduce the thickness of 

the intestinal wail of chickens to proportions similar to those of 

germ free birds. These workers have suggested that the reduction 

in the thickness of the gut well may improve food absorption, thereby 

increasing feed efficiency and stimulating growth* 

There io still insufficient information to define with any 

precision a mode of action of arsenicals and antibiotics in stimulating 

growth. Considerations of the relationships between dietary and 

environmental rectors and growth responses suggest that these compounds 

improve the nutrition of animals and reduce their susceptibility to 

disease but the biological targets of action still remain to be 

clarified. Most workers agree that the growth responses elicited 

by these compounde are related to chaages in the microflota populations 

but opinions differ as to which organisms are speoifically affeoted• 

It appears that progress in this field must still await their conclusive 

identification, 

Reath hazards.  

The introduction of organic compounds in industry, medicines  

agriculture or the household are always accompanied by some degree of 

risk to health which can never be predicted with complete certainty. 

in the toalcologioal field, there is always a possibility that a given 

Compound may have untoward effects tawny:W.0h are abeent in other 
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animals, arising from man's greater susceptibility to a compound or from 

man's diminished ability to render a compound harMless. Dangers from 

adverse effects on fertility or from the teratogenic, mutagenic or carcino-

genic action of compounds are particularly severe since in man, these 

symptoms of toxioity may only occur after several months or years of 

exposure. 	Nevertheless, the toxic action of chemical compounds are more 

commonly shard by several species and a thorough investigation of their 

toxic properties in a wide range of animals can be expected to reveal 

most hazards. 

The widespread use of organic•arsenioals in agriculture 

raises serious problems concerning their safety to persons involved in 

their manufacture and hi'i  ing and to t4e population from the consume. 

tion of arsenic residues in meat. pangoirsdould arise from the 

accumulation of metabolites boUnd to the tissues which may be far more 

toxic to man than-to otheranimals, or from the possible degradation 

of organic areehicals.to the body to inorganid'arsenic, a cumulative 

poison and a ammo° Both these 

issues must be carefully considered in any objective assessment 

of the health risks arising from the agricultural application of 

these compounds. 

Arsonio acids differ widely in their acute and chronic 

toxicities (Table 3). 	For example, p-arsanilio acid (LD50  oral, 

800 mg./Kg.) is well tolerated by the chicken in feed concentrations 

up to 1000 mai  while 4mhydroxy 3.nitrophenylarsonio acid 4050  oral, 



Dietary level 
producing 

symptoms of 
toxicity 

Dietary level 
producing 

acme 
mortality 

1500 ppm./  2000 pp a.1  
500  2 1000 " 2  

1500 ! 
400 " 4  
200 
100 

5 
6 400 " 

'100 	il 

4C0 

-arsanilic acrid 	Hen 	800 mg./Kg. 
100 ppn. in feeds Turicay 

Pig 
Dog 

Compound. 

1f-Hydro:7 3-nitro-
henyiarsonic acid 

(50 ppa. in feeds 

Ran 	100 120 mg./kg. 
Pig 
Dog 	50 mai& 
Rat 	155 'u 	g. 

Table 3 

Acute • and chronic- toxicity of rw•armanilic acid 
and 4-hydreary 3.mitrorthenylarsonic acid 

1. Abbot, Bird and Oravems (1954). 4.  Frost, Overby and Spruth (1955). 

2 Prost and. Spruth (1953). 5.  Kerr, Oavett and Thompson (1963). 

3. Oliver and Roe (1957)., 6.  Carpenter (1951). 



120 mg,/kg.) is much more toxic and some symptoms of toxicity may 

occur when 200 ppew are included in the diet. 4.Witrophenylarsonio 

acid (X TD oral, > 100 mg.,kg.) seams to be of intermediate toxicity 

end is well tolerated in feed concentrations of 240 plink, 	Very 

little appears to be known about interspecies differences in chronic 

tweicitr • but high levels of p-araanilio acid are tolerated better by 

chickenm than by turkeys (Prost, Overby and Spruth, 1955). 	Similarly 

high dietary levels of 4-hydroxy 3-nitrophenylarsonic acid are slightly 

better tolerated by chickens than by rats (Kerr, Cavett and Thompson., 

1963). 

In agriculture, however, p.areanilic acid aria 4-hydro 3-

nitrophenylarsonic acid are added to feeds in concentrations of'100 

and 50 ppm. respectively, These,levels are well below those which 

are chronically toxic and afford reasonable mergihe of safety to 

poultry when either compound is used commercially. 

The accumulation of.ersenic in the tissues and organs of 

animals receiving ersenioals in the diet has been investigated by 

severalworkers. . Prost (1953) found that arsenic deposition in the 

tissues of cookerelswas proportional-tp the feed concentration of 

p-arsanilio acid. 	Alter receiving the oompoUnd in the diet for ten 

weeks, the highest arsenic concert rations were fouesi in the liver and 

owest in leg and breast =mole On removing the supplement fras 

diet, liver arsenic levels decreased rapidly over a five day period. 

usole levels also,  declined but to a lesser extent. 
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Abbot and co-workers (1955) (1950 have fed pmarsanilic acid 

to hens at feed concentrations up to 2,250 ppm. and even at these 

levels, the arsenic concentrations, in the muscle were within the 

limits legally permitted for arsenic residues in foods in the 

United States. Penicillin given as an additional supplement increased 

the deposition of arsenic in the tissues but the effect seems to be 

slight. 

The cam over of arsenic to eggs from laying; hens given 

p.arsanilic acid in the feed has been examined by Evans and co.workers 

(1953). Initially, very little arsenic mms deposited in eggs and on 

continuing the diet for 14 weeks, the arsenic content of eggs, declined 

to even lever amounts (<,C01 ppm. As.) 

Similar results have been rePorted  for lf*.hydroxy 3-nitrophenyl-

arsonic aeido: When this compound was included in the diet of chickens 

for nine weeks at 50 ppn, small amounts of arsenic were found in liver 

and muscle and these declined to lower.concientrations after the 

supplement had been'eitharawn for five days (Milligan, et el., 1955). 

Reports from Dr. Salsbury's Laboratories support these findings and 

also confirm there is very little carry over of arsenic from the hen 

to the egg, 

The distribution of ra c 	the tissues of pigs reared on 

diets containing 33 ... 100 ppm. p.arsanilic said has beendetermined 

by Hann,* and co-workers (1955) 	Only small amounts of , arseniamere_ 

retained in the tissues the highest concentrations occurring in the 
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liver (3.4. ppm. Az203) and lesser concentrations in kidney and muscle. 

Seven days after the supplement had been withdricen, liver arsenic 

concentrations had fallen to 1.Z. ppm. As203  and other tissue levels 

to 0.1 0.2 ppm. Similar arsenic ooncentrations have been observed 

when low levels of ip-hydroxy 3-nitrophenylarsonio acid were included 

in the diet of pigs and these also declined after the supplement had 

been withdrawn (Hanson, Hill and Perrin, 1956)i 

Superficially, the hazard to public health arising frma the 

carry over of arsenic from eggs and carcases does not appear to be 

very great. 	When arylarsonic acids are administered to animals at 

the feed concentrations recommended by the manufacturers these tissue 

arsenic levels after several weeke'supplementation are usually below 

3.5pga, Aser  the maximum permitted level for arsenic residues in 

fruit in the United States. If the supplement is withdrawn according 

to the manufacturer's recommendations, five days before slaughter, the 

tissue arsenic concentrations are umuolly below 0.3 006 format:le 

and 1,5 PIXMa for liven, Thus a single meal of 100 gm. of liver 

containing these tissue arsenic ooncentrationi would only increase the 

arsenic load to 130,ug. above the morsel arsenic intake. It is 

interesting to note that many ocean fish are regularly marketed with 

tissue arsenic concentrations in excess of 1 ppm. and that sore 

shellfish and crustaosa contain up to 174.pzem, arsenic in the edible 

tissues (Frost; 1953). 

It is unlikely that inorganic arsenic spray residues on  
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arsenic residues in shellfish and organic arsenical residues in seat 

constitute idantioal toxicological hataards• Consequently the use 

of a single permissible limit to include all arsenic residues in 

food can only servo as a rough guide as to the quantities of origamic 

it is safe to consume. 

To define the health risks more precisely, it is neoessary 

to identify the chemical forms in which tissue bound arsenioal 

residues occur and to determine their mate, chronic and subchronic 

toxicitiess As a first step, a study of the hitherto unknown 

ohemleal fate of arylarsonio acids in poultry is highly desirable. 

The hen possesses several oxidative reductive and synthetic mechanisms 

for dealing with foremen compounds (Baldwin, Robinson and Villiams, 

1959$ Orowdle and Sherwin 1923) and arylarsonic acids may undergo 

a variety of oonversions• Some of these changes (e.ge reduction 

of the arson substituent) may result in the fbreation of oompounds 

with greatly increased toxicity. Even minor metabolic pathways 

may therefore be of toxicological significance. The object of the 

folloeiog studies was to deteraine the major and minor pathways of 

metabolism for arylarsonto acids in the hen in order to clarify some 

of the public health issues and to contribute towards a better 

understanding of their biologieal ac ion 
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CHAPTER 2  

Methods. 

Arsenicals.  

4-Hydroxy ?nitro-, 	and [1 - t 	4-nitrophenyl- 

arsonic acid (0.1 Wen.) were supplied by Dr. Salsbury's Laboratories. 

Phenylarsonio said and p-arsanilio acid were purchased from 

B,DX. Ltd«, and reoryitalItted from hot water until chromatograph-

ically pure« 

leaciettinidophenylarsonic acid was prepared from p-arsanilic 

acid by acetilition and. was purified by recrystallisation from water 

and finally from ethanol. 

The following compounds ware prepared according to the 

lite tura: 

•ffydroxyphenylarsonle acid (BarrowelifT„ Priam andlIemfry, 

1908), 40hydroxy 3.aminophenylarsonie acid (Jacobs*  Beidelberger 

and Bolt, 1918), 4Abydrosy 3.0abotamidophenylarsonio acid (Raisins 

and Mayan, 1921)0  4meitrophenylarsenoxide (Bart, 1910), 4.-smino.-

phenylarsenoxide (Ehrlich and Bertheim, 1910)„ 4-acetamidcpbenyl-

;74.P.,  275 4  2810 a (aohsn, King and Strangeways, 1934), 

3 nitrophenylarsenoxide (Bart, 1911) •4Phydroxy S in 
phenylaraenoxide (Oassella, 1927)• 4041/drorr 3-acetosaidophenyl. 

arsenoxide (Cassell.* 1927). 



8.9 w 50 mama The4olutions were injected into the breast 

muscle of birds using a 2 al. graduated syringe. 

-3,- 

Rena used were thoroughbred Breen Leghorn pullets (1.1 -► 

8 Kg.) obtained when six months old from the A.R.C. Poultry Research 

Centre, Edinburgh. Fear work on 4.►hydroxy 3-nitrophenylarsonic acid, 

Rhode Island Red x Light Sussex laying hens (2.2 - 3.6 Kg.) were 

obtained comseroially. 

All hens were housed in wire floored batteries and maintained 

on a diet of 100. • 150 valday "Range Layers Mash" (R. & W. Paul, Ltd., 

London) with the addition of 50 gm. of a mixture of equal parts of 

bran, rolled oats and raise. The birds had free a0001119 to water and 

oyster shell grit. 

Administration of cam pounds.  

(1) Arsonio aoids. 

r oral dosing, weighed amounts of anionic acids were 

dissolved in 25 	0.1 NiliapOs  end administered by crop tube. 

The container was rinsed with 10 ml. of water and the washings were 

also fed to t1-4 hen, 

When the compounds were 'administered intramueoularly, 

given weight 'of the arsonio acid was brought into solution with the 

ad<ditian of solid ;sodium bicarbonate. The pit was adjusted to 7.4 

and the solution was diluted to give the desired final concentration 



( 	Auremazoirt.  

Aureomyoin hydrochloride (Lederle Laboratories) was given 

orally in 50 lag. pellets. For intramuscular administration, a 

50 mg. pellet was powdered in 2 ml, 	water and injected 

into the breast muscle using a No. 15 needle. 

(3) Pol*etWeno 4344.  
X.msmilmoights of polyethylene glycol, 'MAC 4,000, 

(L.' Light and Co. Ltd.) were 'dissolved in 25 ml, 0.1N.Na03  

containing 4-bydroxy 5-nitro- or' 10-r itrephenylarsonio acid and 

adminiatered by crop tribe. 

Colleation of exoreta.  

For experimental purposes, hens were placed in 25 inf,x 

16 in, x 16 in4  metabolism cages with 0.6 in. meshvire floors. 

The excreta was collected in metal funnels leading into 250104 
, 	• 

wide necked flasks -.5 ml. 2%41304  and 2411. chloroform were 

added to each collecting flask'to prevent bacterial growth and to 

inhibit the oxidation of any arienoxidei which may be present 

(Qrawford and Lovvy, 1947). These conditions reduced any further 

chemical changes of the areonio acid, in the excreta to a minimum. 

Total urine and faeoes•colleetions were made daily for 

2t hours before administration of the ()compound and at 12.0r 24 hour 

intervals after dcising 	To obtain as quantitative a recovery of 

rnatarial as possible, the cage floor and funnel were washed with 



water and the washings added to the collecting flask. Combined 

excreta and washings were homogenised for 2 minutes in theit.S.E, 

Atomix and centrifuged in 250 ml. bottles (1,800 r.p.m. fOr10iminutes). 

The supernatant was decanted and the residue washed with water and 

recentrifuged. The eupernatant and washings were combined for 

analyst' and the solid residue was dried with acetone and analysed 

separately. 

The **wet& of hens consists of a semiselid mixture of 

urine and faeces. In order to reduce the solid matter in the excreta*  

food was withheld from the birds for 24 hours prior to doling and 

then, in the ease of 40citrophenylarsonic acids  fOr the duration of 

the experiment up to 3 days. (Baldwin, Robinson and Williams. 1959).. 

it an experiment lasted longer than 3 days, access to food was 

allowed after this period. Under these conditions 70 - 100 al of 

liquid urine per day were obtained with a dry solid content of: 

0 5 .. 309 ga. 
In the cases of amain* acid, irobsoetesido - and 

l.hydroxy 5-nitrophenylarsonio acid access to 'small quantities 

(about 50 gm.) of poultry mash was allowed in 	experiments 

after the initial 24. hour starvation. Any deviations from these 

practices ere described in Chapters 3, and 5. 

The excreta thus obtained was usually coloured green owing 

to thepresence of bile pigments. Alter oral actainistration of 
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arsenic acids, the output of these pigments vas greatly increased. 

Glass 0111211111101 (Hart and Essex, 194) were used in one 

experiment to collect urine samples for short intervals. Anor 

administration of the compound, the glass bulb of the *amnia was 

greased with vaseline and inserted into the closes, The bulb 

blocked the rectum but an opening lay directly underneath where the 

ureters entered the cloaca. urine samples were collected directly 

from the °annul& into 3 in. xiiinisample tubes. Since the birds 

tended to expel the cannula after 5 10 minutes, the method could 

only be used qualitatively. 

Radiochemicelleohniques.  

(11 Counting*. 

Hen urine and faeces homogenates and supernatants were 

octunt. on 2.5 imi* inverted nickel plated iron paanohets at infinite 

thickness in a Geiger4aller end window counter. Routine deter-

minations of background standard perspex refer: me juO/ga. 

Radioehasioal Centre, Amersham), and of samples were determined in 

turn throughout the period of use, in order to correct for any changes 

in the sensitivity of the instrument. Counts were corrected for 

dead time and after subtraction of the backgrounds  samples were 

standardised sgainst the pimp= source. 

Solutions of [1 /410] 4.nitrophenylarsonic acid consistently 

counted lower than theoretical ones for solid dilutions. Consequently 
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all solutions assays were multiplied by 1.034. to comet for this. 

Dried solid faecal residues were ground in glass mortars with 

acetone and plated out on 2.5 OM. planahets. These samples were 

dried in air and finally underanterared -lanp and oounted against 

the same standard. 

Dry isotope dilution samples were ground in agate mortars 

with Petroleum ether (b.p. 600 . 8000) and plated out on 1 cm. 

concave nickel plated iron plennhets. These samples were dried in 

arena finally under an infrared lamp. All samples were standardised 

age ns* 1 p0/gm..perspex reference of the same dimensions. 

Por most determinations the standard error,  was t 51C but 

for samples of lye specific +Wiwi*, this would have entailed 

counting for very long periods. In these oases the samples wire 

nounted for as long as was practicable. 

(2) IeoteeedilutiotimethOds.: 

(a) leditrophourlarsonic acid '1,5 - 3 gm. of carrier 4.nitroPhenyl. 

arsonio acid 14.5 ml 21,11408 were dispersedA4:10 .30 gm. of the: 
• excreta supernatant made alkaline with 1 ml. 1.0! Jew. 

After standing for 15 minutes the mixture was centrifuged 

(2i000 40.m. .for 20 minutes) and the supernatant neutralised with 

cono. nol., oharooaled-and acidified to precipitate the nitroarsonic 

acid shish was filtered. 	This was reoryetallised from water and 
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ethanol to conetend speitific activity and finallyoonverted into the 

monobenzylamine salt. 

Monobansylamine 4..nitroplienyltraorate was prepared, by adding an 

equivalent amount of bensylamine to a solution of 4-nitrophenyl-

arsonic maid in hot ethanol. The salt separated on keeping for a 

short time and was recrystallized tram hot water. 	It formed cream 

coloured platelets, m.p. 231%, insoluble in ethanol but soluble in 

hot water. 

(rounds- As. 20.85%1 NO4V011012, 69•8%1 3t, 706%* 
0011 15C05191i requires:- As, 21.15%; laille4 403E2, 694%1 

N* Mg.) 

(b) toArsanilic acid* 	This said was added to the excreta 

supernatant as described above for the nitro compound. Alter 

filtration from charcoal, the filtrate was adjusted to pa 3 - 

with conc. 1* Amnia* acid separated and was recrystallized 

to owns tan 	activity from water and fro* ethanol. 	Tbe 

compound was then converted into11-(phenyl4marsonic acid) glycine 

diethylamide (raoobs and ffeidellerger, 1919). 	This was recrystal- 

Used from pater to constant specific activity. (U.p. and mixed m.p. 

199 200 ) 

A sample sotope dilution i>t give in Table IA. 



(3) AutoradiogravhY.  

Paper chromatograms of the excreta of hens fed ri '4;1 

4,-nitrophenylarsonic acid, developed in five different solvent 

systems were air dried and placed in light tight cassettes in 

contact with ii.ray film for 21 days. The spots revealed on 

development of the fill were identified by markers and confirmed by 

colour reactions on paper. 

Ohe 1411tex inat 

(1) Arsenic eatimadame.  

The microestimation of total arsenic in biological materials 

in subject to a number of errors and practical difficulties. The 

method of Oliver and Piannsl (1959) based on a 101. digestion to 

deoompose organic arsenicals was tried end discarded since it did 

not give quantitative recoveries. Finally it was necessary to 

degrade biological samples by dry or wet oxidative pr000duroar. 

Two methods for the settiation of1otal arsenic were used. 

One involved the separation of arsenic from inorganic phosphite by 

distillitimn ee arsenics trichloride and the other invelvedvolat,, 

ilisation as arsine. Arsenic was estimated colorimetrically as'the 

reduced molybdiarsenic avid complex - at 820 rap with the Union' 

gP.600  sPeCatrophotcanOtOrm 

Thevajor. materiale used in the following method' were 

in, arsenic" or "Arsenio free" grades. 



„thod (Sultsabergert  1943). 

Urine samples containing up to 70 Agra. arsenic were digested 

with cone. H2804  (5 ml.) and cone. 12103  (2 5 mi.) in 30 mi. itieldshi 

flasks until white fumes of S03  were Errol:red. On cooling 10 ml. 

distilled water were added and heating was continued to boil off all 

traces of nitric acid. (Quin digestion was complete the necks of 

the flasks were cool enough to handle.) 

Digest and aqueous washings (5 ml.) were transferred to the 

distillation apparatus (Figure 1) and after cooling a powdered mixture 

of K.Br. (0.3 WO $ (1104)2SO4-ree0461Y (1  WO and  Nal. (4 214) 
were added. The mixture was gently heated and the evolving games 

were passed through an toe cooled U-tube containing 2 mi. oono. TEN03  

and 10 al distilled water at a rate of one bubble per seooad. 

Heating was continued ro til all gas had been evolved and the first 

drop of distilled liquid fell into the Trdotube. 

The uontents of • the tt-tube and 2 ml. washinge were transfer-

red to a 35 mi. Irlenseyer flask. Two anti-Unclog granules were 

added and nitric acid was boiled off at "low”' heat on an electrical 

hotplate* When only 1 ml. of absorbent reaailliki, the flask was 
heated to dryness in an electric oven at 11043. 

10 Ml. 1% Ilearafgalaa molybdate in 5 N111004  'era added to 

10 rel 	hydresine sulphate and the mixture was diluted to 100 mi. 

This solution was prepared fresh from the stock solutions prior to 

each series of estimations. 10 Xi. 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 

25 ml, and estimated in the spectrophotometer. 

This method gave 100 t 	recovery for 10 . 701t t. arsenic. 

(b) volatilisation method,  (Seers and  MS. 1950. 
Samples containing up to 35 Plew. arsenic were added to 

4.8 am. dieter Siflex porcelain crucibles lined with cones of 

nate= No.1 filter paper. 4  - 	arsenic tree saturated 14.003) 2  

solution were added and the mixture was evaporated to complete 

dryness on an electrical hotplate* Lids were fitted to the crueibles 

which were then pissed in a cold muffle farms* 	temperature 

was gradually increased to 60012 and ashing was cone ed overnight. 

On cooling the ash was wetted with 5 Ia. distilled water, 
dissolved in 5 mi. t .11S0 and the solution was transferred to a 

504. Srlenmeyer 	with a B.34 gremad glass 

orucible was washed with a further 5 al. 12 NZ^ and 15 ml. 

distilled water and the washings were added to the flask. 0.5 
fresh 40% 8n.01 were added and 2 enr arsenic free Lino shot 

The stopper lubricated with caw. 1121104  and lead 

tube (Figure 2) was 90041 replaced and hydrogen  evolved was passed 

through cotton wool moistened with saturated lead acetate solution 

and bubbled from a capillary through a receiving tube containing 

7 A. 0.002N I and 0.5 al. 4.2% NeN00,. Volatilisation was 
continued for one hour after which the apparatus was diamantIed 
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and the iodine solution deoolorised with one drop of fresh 5% 

sodium metabisulphite solution, 

10 MI. 1% samonium molybdate in 5MH21304.  and 10 ml. 0.15% 

bydrasine sulphate were diluted to 50 ml. are 2.5 vela aliquots of 

this solution were added to each tubes  The colours developed on 

heating for 10 minutes in a boiling gates bath„ On cooling the 

volumes were adjusted to 10 ml. and the colours were ostiglated in. 

the speotrophotommter.' 

Thirvatethod gave a mean recovery of 89 5% for 4 - 35 u 

arsenics 

(a) inorivudo arsenic estimations. (8ande.11. 1959). 

25 Kl. distilled water. 5 ml, mum. lt3l. 	1.18), 

2 m.2. 15% XL and 0,5 al, 4D% ihr.012  were added to 2 al. hen 

excreta in a 50 al. Irlensayer flask with one drop of oetyl alcohol 

to prevent foaming, 	2 Om. arsenic free sine 'hot (20 .0 30 mesh) 

were added and the stopper quickly replaced. Hydrogen evolved was 

passed through a HO trap and bubbled from a captIlary into an 

absorption tube containing 3 ml. 0.05 1412  and 0.6 m3. 4.2% HMO 

After one hour the oo2our was developed and estimated as 

in the previous method using the arsenomolybdate reagent. 

voden for 19.6 up inorganic &Amalie in the presence 

p-arsanilic acid were 94 t 5%. 

an method WS tussle for sedismring inorganics arsenic in 

the presenoe of monosubstituted &remain acids. Hower, it was not 
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applicable to the disubstituted'arsonio acids beg:muse of the very 

high blank values obtained. 

(2) jpkArsoinilio acid and 4-aaetmaidoeherwlarsonic acid*  

paArsanilic acid and lepacetamidophenylarsonic acid were 

estimated using methods based on those of Bretton and iterate]. (1939)* 

An aliquot of exoreta supernatant cont*Anipg  up to  3.5* poanianuto  

acid in up to 20 ml. was diluted to 30 ml. with water. 10 Ill* 15% 

TCA were added and the mixture was oentrifuged (3,000 r.p.m. for 

10 minutes). A similar aliquot was made up to 20 ml. with eater and 

10 ml. of standard p-areanilic acid (10"41) added as an internal 

standard. This was similarly treated with TCA and centrifuged* 

5 	10 tl. aliquots of supernatant were pipetted directly 

into 5 ml. graduated tubes for estimations of free &manic egad* 

Par estimations of total arsamilic acid, 5 ml. aliquots of 

sups 	ant were hydrolysed with 0.5 ral. 4 A*101. for 30 minutes at 

10017 in 10 ml* centrifuge tubes The hydrolysate was cooled 

centrifuged and transferred to a 25 al* graduate. tubs. The 

centrifuge tube was washed with 2 ml. water and the weighing. added 

to the original 

Solutions in the gradurated tubes wry diaactisaed with 2 ml.  
0.1 % 0102. After two minutes 2 ml. 0,3% ammonium sulphamate 

were added followed by 2 ml. 0.1 % It(l•naphtivrl)ethylene diamine 

dihydrochloride after another three minutes. Colours were developed 

for 30 minutes, diluted to 23 ml end estiaa.ted in the 114100111 s. P.600 



spectrophotometer at 540 mu against a similar solution to which all 

reagents had been added except the coupling agent. 

4.40etamidophanylareonia acid was determined by the difference 

between the results for free and total p-arsanilio acid. 

zn experiaants-involving 4,-nitrophenylareonice acid admin-

ietrationi parsanilio'Soid was determined directly from a calibration 

curve in normal earreta supernatant. 	!Vherkp-ausartilic acid itself 

or l.-a oetamidophenylarsonic acrid were administered*  an internal 

standard was used (see 4-hydroxy 3ftaminophenylarsonic acid) and 

results were calculated from the increase in optical density that this 

gave over that of the excreta supernatant alone. 
The recovery of p•arsanilic said alone or ‘-acetamidophatyl* 

ars nio avid (10 100u1) added to normal hen excreta (25 gra.) was 

99 t 6% us tag an internal standard and 94 w 5 % using a calibration 

trokhenyliareosio acid  

Several methods have been tried for the quantitative reduction 

of 4.-nitrophenylarsonic said to parsanilic acid for colorimetrio 

estimation. Zino shot and 1101., titanoue chloride and sodium hydro.. 

sulphite reduction gave poor recoveries and inoensiatent results but 

method based on reduction, with ferrous hydroxide at 

14. WSJ found to be swift simple and reliable..  

311. excreta supernatant containing 0.25 2 



zy 3-nitrophez3yla 

15% %VA added. 

mutes) and 20 

edjusted to pH 9 

pigment from the urine 

rit 8 recoveries of 4-11,1drori 

qin Mg  up to 14 ult 

20 ml. end 5 ml4. 

centrifuged (3,000 r•paio for 10 

aced With 4 ml. N,Ne and 

Above Of 10 a yellow 

ion and below 

acid were incomplete. 
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phenylarsonie acid were aimed with 6 ati. 10% NetZ and 6 ails fresh 

2% PeSO4  11120 in a 15 .* 16 ml. stopper.d tube. After standing at 

room temperature for 10 minutes, tubes were placed in a water bath 

at 85 alb 95 for 10 minutes with occasional shaking. on cooling the 

solutions were filtered through Whitman No.i filter paper. 3 

of filtrate were acidisted with 5 al. 	diasotisedi  ooupled 

and diluted to 25 ml. as for .p-arsanilic acad. 	The colours were 

estimated in the Vaasa 8. p. 600 veatrophotameter at 54.0 m in. 

In a sample containing both 40nitrophenylarsonic acid and 

p.arsanilio acid. measurements before and after reduction gave 

estimates of the respective amino and nitro compounds. Reooveries 

wine 98% t 5% for 20 0. 100 Mil added to 25 gat* hen faeces* 

The volume was made up to 25 ml, the solution centrifuged sad the 



suPsrnatent was treated with 0.5 go* activated charcoal for 30 

minutes. After a further oentrifugation the supernatant was 

filtered through vihatman No.1 f:ilter paper, 	The solution was 

divided into two 10 ml. portions* 3 Ml, Tiji01. were added to one 

portion end 2.3 ml. 17.17aOrt to the other. Volumes were made up to 

25 ml. with water and both solutions were estimated at 410 mn in 

the tTnicers 8.11*  600 spectrophotometer using the acid solution as a 

blank*  

The recovery for 50 200 )2M 4-1;ydroxy 3-nitrophenylarsonic 

acid added to 25 gm* hen faeces was 96 % 4%*  

 

towlivdrozy ,304katineoheAvlarsonie acid.  

10.1Iydrosy 3.4kminephenylarsonic acid 

  

 

!natant 

was estimated according to the colomeetrie method of Marna (1949) for 

4-hydrozy 3.eminopheml 	 internal standard was used 

20. Ml. 	 a 

4.bydrov 301uninophenylarsonic tl 3id was di lu  

15% TO added* 

0.78 firti 4- army 3.am uophea Isms  

were added to a second 20 ml aliquot, diluted 

10 ml. 15% 113A added, 



0.78 

minute:v.15'40 415.% Nai303 and 1 ml. 0•1 % n b.zyi resorcinol' inn 

50% ethanol. were Wilde  -The colour was developed for 30 minutes 

and..estimated in a 1/nicaa S.P. 600 spectrophotometer at 4.90 *U• 

against a cimilar -blank in which 1 ml• inter was substituted for. 

thei.coupling..reagent•.. 

Readings for. ixorett supernatant alone were subtracted• 

from those - of exoreta 	rnatant end standard and values wars 

calculated as tollewsi.• 

Optical Density  

20 ml, excreta supernatant 	 a 

20 al excreta supernatant + 
0,78 ult. }semis° 

6) luouronide  

Total glocuronide was sstinated according to the oolorimetrio 

method f Path, (1551) 	The method used for boo excreta is described 

Balthrin (1561). 

real sulphate,  

Total ethereal sulphate in hen excreta was estimated according 

of Polin (1505•6)• This method is also to the revimetric 

desortbed by Baldwin 961), 



(8) Polyethylene glycol.  

The procedure of Shaffer and Critchfield (194.7) was slightly 

modified for the colorimetric estimation of polyethylene glycol.  

(M.Wt• 4,000). 4•Flydroxy 3•nitrophenylarsonic acid did not interfere. 

20 • 50 111. of excreta supernatant containing up to 200 mg. 

polyethylene glycol were mixed with 10 ml. 25% /1/v 1M. and 10 ml. 

10 % 10012  in 100 ml. volusetrto flasks and diluted to 100 ml, 	The 

solutions were centrifuged (31000 r.p.m. for 15 minutes) and 10 ml. 

supernatant added to 15 ml. centrifuge tubes containing 1 ml. 25% 
yr • pr11010  1 ml. 10% 14012  and I ml. 10pit phoisphaswaybdie acid. A 

green precipitate of the polyethylene glycol • phosphomolybdio acid 

complex settled out. After standing for one hour the tubes were 

centrifuged (2x500 rep.** for 10 minutes) and the supernatant carefully 

moved by suction through a capillary. The precipitates were 

regulated with s glass rod 	with 10 ml. 0.1 N 1431. and 

centrifuged. 	s treatment was repeated and the precipitates 

flasks and digested with 

its fumes of SO3 

re evolved On cooling 10 ml, water were added and heating was 

cont3nu td to boil off any regaining traces of nitric acid. 

10111. water were added to the cold digest and 9.2 ml.  

40% KWH. After cooling tour drops of phenol phthalei n were  

and the solution was made slightly acid with 2 111250 and dilu 

100 ml 	The solutions were left overnight to allow any precipitate 

were finally washed into 30 ml. 
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to settle. 2 Isl. 1 award= molybdate in 5 11112504,  and 0.5 ml. 

fresh I-amino 2-naphthol 4-sulphonic acid solution Were added to • 

20 zal. aliquots of the diluted digest end the volumes •were made up 

to 25 m.14 . Colours were developed for four hours at room temperature 

.end estimated in the Unites SP.603 speatiwphotometer at 720 ap against 

a reagent blank. 

can •recoverieti from excreta supernatant were 105 t 5% for • 

40 	160 ag. polyethylene glycol. • 

Physical techniqmes.  

(1) Pam' obramatographY/  

Paper ohromatograms of the excreta of hens were developed in 

six different solvent systems. Asoending paper chromatography in 

er row top glass 3ers was used for the nitrite solvents and descending 

paper chromatography in glass tanks with ground glass lid; was used 

for the other solvents. Temperature conditions were not rigidly 

controlled so authentic material was always run at the same time as the 

unknowns. 

reran were gea rs ly developed on Whe.tanazt No. I paper 

tonally used for locating the presence 

es since it would tolerate much heavier loading. 

Ines o arsenicals and their behaviour to locating 

ised in Tables 2*, 36. and 4A4 



(2) Keltins; 'Paintto  

Melting points were determined in glass capillaries in an 

electrically heated metal block. An values are uncorrected* 

(3) *a determinations"' 

80 	150 Mg. of the *remit: acid were dissolved in 

50 • 450 ml. hot water and cooled to room temperature. The 

solutions were titrated against 211/20 Naafi or */20 }/31 from a 

micro-curette using a Pp or a Cambridge instnauents Of meter. 

liCa* s were determined as the P  values of the solutions 

at the halt equivalent point according to the Henderson and 

liasselbach equation (Table 51). 

LiL V.V. ;theoretic, spectra,  

absorption spectra of arsenicals in .the visible and 

ultraviolet regionamre terminal in a Unicam SP,, 500 spectre• 

photmseter using tom. silica cells (Tables 4A 7A and so.) 
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CHAPTER  

The metabolism of 4-nitroohenyle.rsonio acid.  

The rate of elimination of irnitrophenylarsonic said. 

Six Brown Leghorn hens were given single oral doees of 

50 mg. 	140] 4•nitztophenylarsonic acid. 	1  C in the homo- 

genised excreta from these birds was determined daily for 4 6 

days after dosing or until no further radioactivity could be 

detected. The average rate of elimination of 140 is shown in 

Table 4. 

The amounts of 1 C inthe daily exoreta usually decreased 

as the experiment progressed until only traces were detectable. In 

the later stages, the speoific activity of the excreta was very low 

and estimates of 90 in these samples were subject to greater 

counting errors. After oral administration of El 140] 4-nitro• 

phenylarsonie aoid, wide variations were found in the rate of 

= 	14 motion of 0 by individual. birds. 	In the first 24 hours 

15 	82% of the dose was recovered. By the third day, 60 • 90% 

of the dose had been oxoreted and thereafter wall amounts of 140 

were deteatable in the excreta up to 8 - 11 days after dosing. The 

total recovery of 14  was 83 .100% in 8 10 days. 

These results are comparable with those of Table 12A, 

where unlabelled 4-nitrophanylarsonic acid was fed to hens at 

similar dose levels end the metabolites estimated colorimetrioally. 



-61/44 
The values in this 

Table 4 

The excretion of lit by hens reoeivinsk 50 mum  of 
The lionitraohenylarsonio actid orally 

Day after dosing 	 14 of dose of 140 eicretedt  

3 
4. 

5-'6 

7 
8 

50 (15 .• 82)6  

68 (36 89)6  

77 (63 90)6  
80 (66 - 92)6  

85 (76 - 95)5  
91 	-99)3  
92 (82. ioi)3  

93 (83 101)3  

Abou 36•7 iag•Age 
The figure given is the average for 3 • 6 hem. Ranges 

are given in parenthesis and the eupersoript gives the 

number of hens 
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Intramuscularly administered Ivanitrophenylarsonic acid, howwver, 

was excreted much more rapidly (Table 12A). 91.5%, of the dose 

was recovered in the oxoreta in 2l hours and 97% in three days. 

140, The comparative excretion of v total and inorganic arsenic.  

In order to determine whether 40.nitrophenylarsonio said 

is degraded to inorganic arsenic in the hen, throe birds were given 

single oral domes of LI liti][4.nitrophenylersonie acid and the 

daily output of 1410, total and inorganic arsenic measured for five 

consecutive days. Any cleavage of arsenic, frma the aromatic 

nucleus should be revealed by the appearance of inorganic arsenic 

in the excreta or differences in the output of S and total arsenic. 

The results (Table 101) show that the excretions of 40 

and total arsenic are equivalent. In the two asses where inorganic 

arsenic was measured the output was less than 0.2 mg. in five days. 

This is hardly greater than the daily output of background Arsenio 

(0.15 mg./day) and is within the experimental error. 

It appears, herefore, that thee - ,As bond of 4.-nitro.. 

phenylarsonio acid remains intact and arsenic, is not cleavwd from 

the aromatic nucleus. 

Identification of the metabolites of  nitrnphenylarsonie acid in 

the excreta.  

Qualitative examination of the exoreta of hens fed le.nitra• 

phenylarsonic acid revealed the presence of a diasotizable arylataine. 
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The excreta gave only faintly positive reactions with ammoniaoal 

silver nitrate and Pehling's solution, no colour with ferric chloride 

solution and no evidence for glucuronides with the napbthb-resorcinol 

test. 

The excreta of three hens receiving 50 mg. treitrophenyl-

arsonio acid was ohromatographod on paper in five different solvent 

systems (Table 3A).  Only two spots were found by colour reactions 

and these were identified as 4.nitrophenylarsonic acid and p-arsanilio 

said. No spots corresponding to ii.aoetamidophenylarsonio acid, or 

to 40nitros  4.amino and 4 abetamidophenylersenoxide were found and 

there was no evidence fbr the presence ap-nitrophenol or p.amino. 

phenol. 

This was substantiated when 	Asoitrophenylarsonic 

mid was fed to the hen. Autoradiography of chromatograms of the 

ezoreta showed that only two radioaotive components were present. 

These components could be separated in the nitrile solvents but not 

in n.butanol; acetic a. t water. 	The radioactive spots did not 

move from the origin in benzenes acetic a.: water or di-isopropyl. 

ether: water. Colour reactions and markers oonfirsed these 

components as unchanged 4.-nitrophenylarsonio acid and p-arsanilic 

acid. 

ive cletermination f! the meta oli 	nitrophenylarsonio  quanti 

acid. 

The metabolites of 4.nitrophenylarsonic acid appearing in the 
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excreta of hens given single doses of the compound were measured by 

isotope dilution and colorimetrio procedures. Oral dosage levels 

varied over the range 34.7 	43.4. mg./kg. ahem 	1401 
phenylarsonic acid was given while unlabelled 4.nitrophenylarsonio 

acid was administered orally or intramuscularly at 33 r.,!s.litg. 
Hens were fasted for 24. hours prior to oral or intra-

muscular administration of 4.-nitrophanylarsonio acid. rood was 

withheld from the birds throughout the course of the experiment but 

unlimited access to water was allowed. 

Control experiments showed that when 10 mg. 4..nitrophenyl. 

anionic acid were added to 100 mg. normal hen exoreta and kept at 

room temperature for 24, hours without the addition of any preser- 

atives up to 3 mg wae reduced to 	sanilie acid. Addition of 

chloroform (2 at.) and 2 H.H#04  (5 ml.) to hen excreta under the 

same conditions reduced these changes to insignificant proportions 

( •.‹ 0 1 

hens can be separated into two simple 

components, an aqueous extrextract of hen excrete (excreta supernatsult) 

end the solid residue, consisting of undigested food particles, 

bacteria and uric acid. When the exoreta from hens tad Ui - 
nitrophenylarsonto acid was fractionated in this manner and counted, 

most of the radioactivity was found in the soluble traotion. 
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However, when the distribution between the soluble and solid fractions 

was followed for three days after dosing, the radioactive content of 

the soluble fraction declined whereas that of the solid residue 

remained constant (Table 11A)" 

The nature of these arsenic reeidues attached to the faecal 

solids is discussed in a later sections 

Radiochemical assay of the excreta of hens fed ri 910] 

1p•nitrophenylarsonic acid at dosage levels of 35 • 4.3 malg. have 

shown that 44,  6y % of the anministerad dose was exa rated in throe 

days, 4 • 8% of the dose was bound to the faecal solids and 40 • 60% 

was in the =Greta supernatant' Isotope dilutions have shown that 

most of the activity (31 • 43%) was present as unohanged /4.•nitro• 

phemylarsonio acid and 7 12% as poarsarsi3.io eoid. (Table 11A). 

2 	6 	of that aarainistorea dose of 140 found in the excreta super• 

natant remained uniden,tified• 

Par comparison unlabelled 4.-nitraphenylarsonic acid was fed 

at 33 sg.A.g. and the metabolites in the excreta supernatant 

were estimated oolorinetrically  in these oases 38 69% of the 

dose was exoreted unchanged in three days and iles • 32% as p.ersenilte 

acid (Table 1244. in view of the relatively large variations in the 

of p•arsanilic acid no signifioanoe can be attached to the 

tly greater output of p*arsanilio said recorded in these results 

compared with those for 140 labed.led kohnitrophenylarsonio acid" 



2. Intramuscular administrations  

When 4mnitrophenylarsonic acrid was addinistered to hens 

intramuscularly at the same dose level 90 * 94% of the dose was 

excreted in 24 hours and 95 101% in three days. Only 4419 

10.6 % of the close was excreted as p-arsanilics said in this period 

and the rest occurred as unchanged 4.nitrophonylarsonic acid. 

Urinary output of*.nitrophenylarsonic acid and p-arsanilic acid,  

This fundamental difference in the rate of excretion and 

extent of reduction of 4-nitrophenylarsonic acid when administered 

orally and intramuscularly was also reflected when the concentration 

of these compounds in the cannulated urine was examined. 

Two groups of three hens were given oral or intramuscular 

doses of 4-nitrophenylarsonic acid at 33 mg,Ago  and samples of 

urine were taken rith a Hart and Essex cannula at hourly intervals 

for 5 . 6 hours. Urine samples wore diluted forty-fbld and analysed 

for 4-nitroPhenylarsonic acid and p.arsanilic acid calorimetrically. 

The results obtained are shown in Figure 3. After intro.. 

muscular injection the concentration of 4anittuphenylarsonic acid 

in hen urine increased to a maximum of 8 • 26A2M 441. in 1 • 2 hours 

and steadily declined over the next 3 4 hours to 4 - 10JuM,411. 

Only small amounts (up to 0.16,044m1.) of p-arsanilic acid were 

detected. 

Orally administered 4-nitrophenylersonio acid was !lowly 

excreted in the urine reaching a mailman concentration of only 
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in 30 minutes - I 	after dosing followed by a 

slight decline over the next four hours to 0.2 - 2.1 AMA]. 	Ae 

in the previous case only small amounts of 13-areal:ilia acid were 

detected but the proportion of total metabolites excreted as 

p-arsanilic acid was greater than when the compound vas given by 

injection. 

Paper chromatographic examination of hen urine confirmed 

that the excreted metabolites are the gene using both routes of 

administration of 110.nitrophenylarsonic acid. 

Factors influencing the reduction of 4..nitrohenylarsonic acid to  

v-arsenilic acid in the how 

The excretion of p-arsanilio acid in hens given oral. SOB 

of 4.-nitrophenylarsonia acid showed considerable variation. When 

4.nitrophenylarsonio acid was given intramuscularly there was a 

dininished output of p-arsanilio acid although the rate of excretion 

of total metabolites was considerably enhanced, Both hen tissues: 

and the gut flora Are known to contain active nitroreductnse enzymes 

but the relative oontribution.each system made to the reduction of 

4..nitrophenylarsonic acid in vivo remained unknown, 

eat of  

areonio acid in viva.  

Aureomyein is known to inhibit bacterial troreduoteee but 

there is little information concerning the inhibition of hen liver 



nitroreductaae by aureomycin. 	In order to assess the relative 

importance of bacterial and hen liver nitroreductase in the metabolism 

of irnitrophenylarsonio acid in vivo a series of expartuents were 

conducted to determine the influence of oral and intremusoular doses 

of aureomycin on the metabolism of i...nitrophenylarsonic acid. 

In one experiment, aureomycin was a*2mtnistered orally to 

six birds in the form of 50 mg. pellets. Initially the birds were 

given 100 mg. aureomycin by mouth and after an interval of - 5 hours 

a further 100 mg. dose was administered. 	Volffours after the first 

dose a final oral dose of 100 mg. aureomycin was given followed by 

the administration of 4,-nitrophenylarsonio acid orally or intra-

muscularly. 

IA another experiment 50 mg. aurmaymin was injected into 

the breast muscle of six bird', at the acme time as the administratiln 

of 4.nitrophenylarsonio acid. 504 doses were also given by 

injection on the two days following the administration of 4.-nitro-

phenylarsonio acid. 

The results obtained in these experiments arm shown in 

Table 1214 

When 1.. nitrophenylaraonio aoid was administered,intra. 

muscularly 5 - 11% of the doe was recovered in the excreta in 

three daye as pwariatilic acid. However, when aureomyoin was 

administered simultaneously by either route less thaw 1% of the dose 



was. recoverable as p.arsanilic acid in the seise length of time. 

These results suggested that aureomycin administered by either route 

was capable of inhibiting the enzymes responsible for the reduction 

of l'•nitniphersylarsonic acid to &retaliate acid in hen tiseueu in 

vivo. 
After oral administration of 40mitraphenylarsonio acid 

14 - 33 % of the dope was excreted as ptarsanilic acid in three days. 

Pretreatment with aureanycin orally reduced the amount of p•ars'utilio 

acid present in the excreta to 4 w 114 and pretreatment with aureo.! 

myotn intramusisularly reduced the output to 7 19Vover the same 

period of time. 

Orally adthinistered aureomy in inhibited both nitroreductase 

systems and caused the greatest fall in the excretion . of p•ereanilio 

acid from in average of 22% to 9% of the dose in three days• 

Intramuscularly administered .auresomyoin was largely inhibitory 	 the 

enzymes of hen tissue's and caused a lesser fall. in output from 22$ 

to lk 

2• 	The 	on oft," 	the crop"of the 

The experiments with aUrtomyoin suggested that the gut flora 

was partly responsible for the reduction of 4,,nitrophen,,ylarsonio 

acid to p-arsanilio aoid:in viv00 	The distribution of arsenic in 

hens After dosing with 4.nitrophenylarsonio wadi reported in a later 

section shoved that most of the arsenic present in the alimentary 
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canal of birds 24 hours after dosing, remained in the crop contents. 

The crop was, therefore, a potential site farnitroreductase activity. 

Three hens which had not been previously fasted for 24. hours, 

were given oral doses of 40enitrophenylarsonio acid at 33 mg./Kg. 

2 Ml. samples of the crop contents were taken at hourly intervals 

for six hours using a polythene crop tube attached to a 2 ml. syringe. 

The samples obtained were centrifuged and the supernatant analysed 

for p.arsanilic said and 4,nitrophenylarsonio acid. The results 

obtained are shown in Figure 4. 
With non starved birds there was a progreesive reduction of 

4.-nitrophenylarsonic acid in the crop and after 6 hours up to 2($ of 

the compound had been converted into p.arsanilio acid. 	In contrast 

when these experiments were repeated with starved birds, nitroreductase 

activity in the crop had been reduoed to minor proportions. After 

six hours only 2 • 3% reduction to p-arsanilio acid occurred. 

Poultry mash alone did not possess nitroreductase activity. 

When 100 mg, 4rnnitrophenylarsonic acid was incubated with 20 gm. 

Poultry mash in 100ml. OA M citrate buffer PH 5.0(pH of crop 

contents) at 394b for 6 hours no reduction to p-arsanilio acid 

mourned. 

Because of the nutritional requirements for nitroreductase 

activity in the crop, it was inferred that this was of micro 

biological origin. 
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Under anaerobic conditions the following reactions may 

take place inhen faeces. 

N The reduction of itomitrtrehenylarsonic acid by hen faeces.  

After 40.nitrephanylarsonic acid (100 1u)6) was incubated 

anaerObically for 24. hours with in extract of hen faeces in 0.05 M 

phosphate buffer* 74 (4.0n04),-p.-areenilio acid, 4..nitrephe4Y1-

arsenoxide and 4.-aminophenylarsenoxide were detected chromatOgraphic-

ally in the medium. pArssuillin acid inctibated under the same 

conditions was reduced to 400aminophenylarsenoxide but when 4...nitro-

phenylarmenoxide was incubated with the extract, 4,-nitrophenylarsonic 

acid and p.arsanilic acid were detected but not 4maminophenylarsen-

oxide. 
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Arsenio residues attached to the solid fraction of hen exoreta.  

1. Properties and identity of arsenic residues. 

Arsenoxides were not detected in the solid fraction of hen 

excreta by paper chromatography using colour reactions and auto. 

radiography and there was no evidence that they were formed in vivo. 

Some evidence was obtained however, which indicated that amen 

amounts of these compounds occurred firmly bound to the faecal 

residue. 

Isotope dilution experiments have shown that 4. « 8% of 

an administered dose of 4.nitroPhenylarsonic acid may be excreted 

attached to the solid fractimo of the faeoes in three days. 	The 

daily output of these residues was fairly constant and did not 

decrease in the same manner as the metabolitee present in the soluble 

fraction of the excreta. 

The binding of these arsenic residues to the faecal solids 

was quite stable. 	0 and arsenic could not be removed by dialysis 

or extraction, with hot methanol cold 11.1101, cold 2% MVO, or 061 

EDTA. The residues could be removed by hot or cold/U[1410H and 

partly removed by hotifJ1)1, 0.021112  and 0.1 M Itiethylammonium 

diethyl dithiocarbamate (Table 13A), 	These results suggested that 

part of the arsenic residues attached to the faecal solids were 

attached as aryl thioarsenites through SH groups. 

Paper chromatography of hot acid extracts hare shown the 

of 4-nitrophenylarsonia acid 	arsanilio acid 4.nitropheny 



arsenoxide (solvents a and 3) and there is some evidence for the 

presence of 44.eminophenylarsenoxide (solvent B).. Furthermore, 

chromatograms of iodine extracts of, faecal solids only shoved the 

presence of 4--nitrophenylarsonio Acid and p.arsanilic acid. 

2. The binding of arsenicals onto the solid fraction of hen 

excreta. 

When 4.nitrophenylarsenoXide (100211) or 4Aaminophenyl-

arsenoxide was added to hen faeces (50 - 60 ml. homogenate) and 

kept fbr 24 hours at room temperature, 5% of the nitro obmpOund  

and 7% of the amino compound became bound to the faecal solids. 

However,. 4-nitrophenylarsonio acid was not bound under the 'same 

conditions'and p.arsanilio acid vas only bound to the extent of 2%. 

The absorption and tissue distribution of loonitrophenylarsonic acid.  

1. Ths distribution of arsenic residues in the tissues.  

The distribution of arsenic in the tissues of hens, 24 hours 

after receiving an oral dose of 4-nitrophenylarsonio acid was 

determined for three birds. Blood was obtained from the dead bird. 

by severing the neck and bile from the coined carcase using a syringe. 

Other tissues and organs were dissected and minced or homogenised 

according to ease. 	kin and feathers and. the residual earns, were 

dissolved in vans 40% NSW 

Excreta, skin and featherns, fat and the residual carcase were 

analysed for arsenic by the wet combustion method of Sultzaberger (1943). 



Other samples were subjected to dry combustion with magnesium nitrate 

and total arsenic estimated according to Beers and King (1956). 

The average results for three hens are shown in Table it.A. 

Over 70% of the administered dose was found in the excreta (50) 

or the contents of the alimentary canal (16%). The tissues of 

the bird contained 18% of the administered dose but this value is 

probably high because the residual carcase and skin and feathers 

may have been contaminated with excreta and the gut contents. The 

edible tissues (liver, muscle, heart and fat) contained only 1.5%.  
of the administered dose i.e. 0.55 mg. *remits. Muscle tissues 

contained only 005% of the dose (0.3A41•As./gm. tissue). 

When the contents of the alimentary canal were compered 

the crop and gizzard contained most of the arsenic residues (12%) 

andlhe lower regions of the gut (small intestine, mooa and large 

intestine) only contained 4$ of the.  dose• This distribution 

indicated that the crop and gizzard may control the rate of elimina‘ 

orally administered 4onitrophanylarsonic acid. 

tive *more on_of orally administered 4-nitronhenyl  

id and •Qolyethylene 	 

olyethylene glycol Olt V14 4,000) is an inert, water soluble 

a not absorbed from the gut and which has been used as 

a marker to trace the passage of food through the alimentary canal in 
farm animals (Oorbett, of al. 1959). The simultaneous oral admin- 



istration of polyethylene glycol and 4rnnitrophenylarsonio acid gave 

a good comparison between the rate of elimination of 4-nittophenyl. 

amnia acid and p-arsanilic acid and a compound known to be excreted 

in the faeces. 

Three Brown Leghorn hens (Wts. 2 • 1440 were fasted 

for 4.8 hours in order to mAmmise the polyethylene glycol blanks. 

The birde - Were'then fed 4.;nitrOphenylarsonic acid at 40m&4Zg• and 

4 1014 polyethylene glycol. Collections of total excreta were made 

at 12, 24, 48 and 72 hours.after dosing and were analysed for poly-

ethylene glycol and total nitro and aminophenylarsonic acids. The 

results are shown in Table 15A. 

The total excretion of polyethylene glycol and the arsonio 

acids over the period of time studied are remarkably similar. 

Although this does not directly prove that 4-nitrophenylarsonio acid 

is poorly absorbed in the small intestine it does suggest that the 

factors regulating the elimination of both compounds are essentially 

the same. 



CHI 4 

The metabolism of p-areanilic acid and if-acetmaidonhenylarsonia 

The metabolism of p-arsanilic acid end 4-aoetamidophenyl-

arsonic acid was studied using Br01131 Leghorn hens under the expert- 

mental conditions outlined in Chapter 2. 	However, in contrast 

to the investigations on 4.-nitrophenylarsonic acid, the hens were 

maintained throughout the experimental period on 30 ga. of poultry 

mash per day. 

No changes occurred to p-arsanilic acid and 4yacetamido. 

phenylarsonio acid under the standard conditions for collecting hen 

excreta. 

Identification of the metabolite of TN.arsanklio acid and lemacetalaido-

-phanylaraonic acid in the excreta. 

The excreta supernatant of hens dosed with p-areani.lic acid 

or 4.-acetamidophanylarsonic acid was chromatographed on paper in the 

five solvent systems described in Table 31.. 

When pwarsanilio acid was administered orally or intra.-

muscularly, only one spot was found on paper chromatograms (Solvents 

A, B and 0) and this was identified as unchanged p-arsanilic acid. 

No spots corresponding to ii.acetemidophanylarsonic acid could be 

detected neither were there any indications that arsonovidas mere 

present Solvents D and Z) 
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Two spots were found on chromatograms of the excreta of, 

hens given- oral or intramuscular doses of 4,410etamidophenylarsonic 

acid. 	One corresponded tOloglarsanilic acid-and the other1O. 

404oetamidophenylarsonioecid, There was no evidence. that 

arsenoxides were present in the excreta. 

QuentitatiVe determination of n-arsaniliO acid.  

The .quantitative results for the excretion or orally or 

intramuscularly administered .pwarsanilic acid are shown in Table 16A• 

Analyses for p-arsanilio said and total arsenic gave equivalent 

results when the compound was administered by either route suggesting 

that no significant metabolic changes occurred and that it was 

**meted unchanged. Comparing the results for both routes of 

administration at the same dose level, p.arsanilio acid, like 

4-nitrophanylarsonic acid, was excreted more rapidly after intro,. 

muscular injection than after oral. dosage. 

Quantitative determination of _the metabolites of 40a0etamidoRhengl. 

arsonio aoi4.  

The results for the metabolism of oetamidophenylaraonic 

acid are shwa in Table 17A. As in the previous case, analyses for 

total arsanilic acid and total arsenic gave equivalent results when 

the compound was administered by either route 

re, however, two components present in the excreta 

supernatant, namely, 4macetamidophenylarson1.o acid and prniarsanilic acid 
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and there was a quantitative difference in the extent of deacetyl-

ation depending on whether the compound was given orally or intra-

muscularly, After oral dosing, only 5% of the dose was deacetyl-

ated in three days but after. injection 36% of the dose occurred in 

the excreta as p-arsanilio acid. This suggests that only a wall 

proportion of orally administered 40-acetaraidophenylarsonia acid was 

absorbed from the gut and from the extent of deaoetylation of an 

intramusoular dose it may be estimated that 14% of an oral dose is 

absorbed from the small intestine, 

eacetylation of 4ftaceetamidoohenylarsonic acid,  

Some experiments have been performed to determine the .it. 

of deacetylation of 4-acetamidcrphenylarsonio acid in the hen. 

When this compound was inoubated with hen excreta in 0.05 M 

phosphate buffer (lit 7,4) at 37% for 24 hours, praotioally 

p-arsamtlic acid was formed and it was concluded that the gut flora 

was not responsible for any appreciable deacetylation. 

Several hen tissues were examined for deacetylese •aotivity. 

was homogenised in four volumes of mid isotonic rel. 
1 Ml. of homogenate was mixed with 4. m3.. 0.05 M trie buffer (R 7.4.) 

containing 2 p M 4-aoetataidophanylarsonie acid, The mixture was 

incubated fbr one hour at 3713 and the reaction stopped by 5 ml. 

15 % trichloracetio acid. After centrifuging for 5 minutes, 

p•arsanilia acid was determined calorimetrically on 2 ml. of the 
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supernatant. Blanks were set up using tissue homogenate boiled 

for 5 minutes on a water bath, 

The results in Table 181 show that the hen kidney was the 

only significant site of deacetylase activity when 4-acetenidophenyl. 

arsonist acid was used as substrate, 	Moreover, no significant 

acetylation of poareanilio acid occurred under the same experimental 

conditions. 

The deacetylase activity of hen kidney homogenate was 

proportional to the time of incUbatioa up to 15 minutes and to the 

amount of homogenate in the reaction mixture. The optimal* was 

fbund to be 7.14. in 0.05M trim buffer and 6.6 in 0.1M phosphate 

buffer, The preparation, however, was 40 more active at A 6.6 

in phosphate buffer than at jfi 7.4 in trio buffer. 

The cellular looation or hen kidney deacetylase was determined 

by fractional centrifugation. 	The kidneys of one bird were Imo.. 
Elvehje

w'  gentile(' in 3,5 vols. cold 0.25M suorose using &Potter-42241131E1 

homogenisor with a plastic pestle and diluted to 7 vole, with sucrose. 
Another bird's kidneys were homogenized for 60 seconds in 7 vole, cold 

sucrose in a Waring blender. 	The homogenates were centrifuged at 

31, to give the following fractions,  
(a) washed nuclei and debris at 450 g. far 10 mine. 

(b) washed mitochondria at 19,900 g. for 10 mine. 

mtomsomas • supernatant. 

washed miortlsomss at 105,000 g. for 60 mins. 

supernatant from (d). 
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Each fraction was examined for deacetylass activity 

towards 4.avotamidophenylarsenio egad and the result* are shown 

UMW.. 19410.  Deacetylase activity was located mainly in the 

mitochondrial fraction of the hen kidney and.116yagkelose activity 

was 	in the other particulate fractions, thiis is probably 

due to contamination with mitochonihis4 Nn activity was found 

in the soluble fraction of hen kidney. 
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CHAPTER 5  

The metabolism of 4abrdroxy 3.-nitrochenylarsonic acid.  

The fate of 44ydroxy.5.nitrophenylarsonic acrid in laying 

hens was investigated under.experimental conditions similar to those 

outlined in Chapter 4 for p-areanilio acid and 4-aoatamidophanyl.,  

arsonic acid. 

Hens were fasted for 24 hours prior to the administration 

of the compound but throughout the rest of the experimental period 

the birds were given 50 gm. poultry mash per day. Any variations 

in these practices are described in the following sections. 

Rhode Island Red a: Light Sussex laying hens were generally 

used for these studies but four Brown Leghorn hens were used in 

experiment! involving thertotal recovery of mimic in the excreta 

over a period of lip 	days attar oral administration of the 

compound. 

Ivo rate of _elimination of 4,4rpiroy 3•411 rooheylarvonic acid.  

rourBrovnLeghorn hens were given oral doses of this 

compound at 75 no.14,4, to determine the rate of elimination of 

total arsenic in the excreta. Collections of total urine and 

taeoes were made daily until no more arsenic, °Quid be detected in 

the excreta, Each collection was homogeaised# diluted to a known 

volume and estimations of total arsenic wore performed= suitable 

aliquots using thsamithod of Sultsabergor 0945). The results 
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obtained are shown in Table 5. 
4iydroxy 3-nitrophenylarsonic acid was excreted slowly 

when given by mouth. Only 25 0. 33% of the dose was excreted in 

24 hours and only 45 76% in four days. lifter the fourth days, 

progressively msallor quantities of arsenic were eliminated until 

88 4  102% of the original dose had beta recovered in 10 • 11 dolts. 

The breed of hen used in these experiments had little 

effeot on the rate of elimination of 4044ydrox$ 3.0itnyphanylarsonio 

acid. If the results, shown in Table 5 for Brown Leghorn hens are 

compared with those for Rhode Island Red x Light Sussex hens at the 

same dosage level, (Table 2,3A) the differences in the rates of 

excretion of arsenic by the two groups of birds over the first 

three days, are insignificant. 	In throe days Brown Leghorn hens 

excreted 55% of the administered dose whereas Rhode Island Red x 

Light Sussex hens excreted  619 of , the dose. 

The dosege level used did not greatly influence the clear-

fanoe of orally administered 4,-hydroxy 3-nitrophenylarsonio acid from 

the hen. At dosage levels of 75, 37,5 and 18.9 mg./kg., Rhode 

Island Red x Light Sussex hens excreted on average between 61 and 65% 

of the administered dose in three days (Table 230. 

when 110.hydroxy 3.mnitrophenylareonio aoid was administered to 

hens intramuscularly. at 37,5 mg,/kg. all the birds died 25 - 3o hours 

after dosing but in this length of time 48 . 67% of the dose was 

reoovera4 (Table 24A) 
	

In contrasts  orally administered 4.4-bYdrezri 
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Table 5 

The excretion, of total arsenic by hens readying 
carol cartes' ,lettydrozy 3.nitrvhfulOareonia aoioa 

at 75 nettkgo  

Day after dosing 	% of dose excreted 

9 93 (88 .• 100) 

1011 95 (88 0. 102) 

The figure given is the 	e for 4 hens. Ranges 

are given in parenthesis, 



3-nitrophenylaraonic acid at the same dosage level was excreted 

more slowly. 25 « 43% of the dose was excreted as arsenic in 

24 hours. 	At the lower dosage level of 18.9 mg./Kg« these 

differences between the clearanoe of the compound when given by 

mouth and by injection became more marked. . On intramuscular 

administration 90 . 103% of the dose was excreted in three days 

whereas on oral administration 60 7.1% of the dose was recovered 

in the seine length of time. 

Identification of the metabolites of 4.hydroxy 3-nitrophenylarsonic  

acid'  resent in the ezareta«  

Three Brown Leghorn hens were given oral doses of 100 mg« 

4-hydrorto 3-aitrophenylarsonic acid« 	The 24 hour exoreta was 

homogenized, centrifuged and ohromatographed on tvhatman 3 lat paper 

in the tour solvent systems described in Table 414 Colour reactions 

showed the presence of unchanged 4.hydroxy 3.nitrophenylarsonio acid, 

a minor impurity of 4.hydrow 3-nitraphenylarsonia acid and 4.hydroxy 

3.aminophenylarsonic acid (Solvents A, B and 0)0 	There was no 

indication that these ompounds  were converted to their respective 

arsenoxides (Solvent P) or that the 3-aoetamido derivatives were 

formed« Because of adverse salting effects, these spots were eluted 

with water ftm  ohmmatograms developed in solvent 4 and rechromato• 

graphed in solvents A and B in order to confirm their identity. 

Arsenic analyses on a strip chrtmatogram developed in 

solvent C showed the presence of three major oomponents oorresponding 



to the original compound, its amino derivative and the impurity 

(Figure 5)•  
No increased excretion of ethereal sulphates was recorded 

when 40bydroxy 5.initrophenylarsonic acid was administered orally 

to hens (Table 21i). There was an increase in the output of 

gluouronio acid but this was largely due to the increased emeriti= 

of bile pigment which interfered with the method of estimation 

(Table 21L). 	There was no chromatographic evidence for the presence 

of glnooronide derivatives of metabolites found in the excreta. 

quantitative determination of the metabolites of 40hYdrou 3-nitro-

phonylarsonic said.  

Investigations involving the quantitative determination of 

metabolites present in the excreta of hens given oral or intra-

muscular doses of 1.-hydroxy 5-nitrophenylarsonio said were carried 

out under similar experimental conditions to those used for p-areanilio 

acid and 1...acetamidophenylarsonic said. 	Three hens were used in 

each three day experiment and all experiments were repeated at one 

or more different dosage levels. The common dosage leirels used 

were,  75.6, 37.9 and 18.9 mg./kg. for oral administration and 37.9 
and 18.9 ag./Es, for intramuscular administration. No changes 

occurred to the edmivistered compound under the standard conditions 

for collecting hen excreta„ 

When the compound was given.by mouth at 7.9 mg•Ag. 	or 
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starvation conditions and the distribution of arsenic between the 

soluble and solid fractious of the excreta determined, most of the 

excreted dose was recovered in the soluble fraction and only 3% 

was found attached to the faecal residues (Table 220, 	The 

excreta supernatant was therefore used for all quantitative 

estimations of the metabolites and the fame' solids were investi-

gated separately. 

1. Oral administration,  

The results for the quantitative determination of 40.hydroxy 

3.nitrophonylarsonio acid, its amino derivative and total arsenic in 

the excreta supernatant after oral administration, are shown in 

Table 2316 

The dosage level had Tittle effect on the rate of excretion 

of orally administered 4-hydroxy 3-nitrophenylarsonic acid. 57 . 72% 

of the dose was excreted in three days irrespective of dosage level 

variations of 19 • 75 rags/kg 

Throughout the course of the, experiments, the sum of the 

estimates for 4.hydroxy 3-nitrophenylarsonic acid and its amino 

derivative were comparable with the amounts of total arsenic found 

in the excreta, 	This confirms these compounds as the major 

excretory products. 

The extent to which :orsallyr administered 4Abydroxy 	itro• 

phenylarsonic acid was reduced to its amino derivative varied cone. 

sideratly. When the compound was given by mouth at 75.6 mg./kg. 



about half of the administered dose was excreted unchanged in three 

days and 7 . 20% (average 12%) as 4.hydroxy 3-aminophenylarsonic 

acid in the same length of time. 	There was a tendency fbr the 

proportima of the administered compound excreted as the 3-amino 

derivative to increase as the dosage level was reduced. 

/ntramuscular administration,  

When the compound was administered to hens intramuscularly 

at 37.9 mg%/Kg., all birds died 25 30 hours after dosing. During 

that period, however, 48 0 70% of the dose was recovered mainly 

unchanged* At a lower dosage level of 18.9 madri.84,  77 * 84% of 

the doss was excreted in 24 hours and 90 104% in three days. 

Most of the compound was excreted unchanged and only 2 . 6% as 

4.hydroxy 3.aminophenylarsonic acid (Table 24A). 

There are several important differences between the results 

outlined above and those obtained from hens given oral doses of 

4.hydroxy3.nitraphenylarson 	The compound was excreted more 

rapidly, though metabolised to a lesser extent, when given by injeotion 

tion of intramusoularly administered 4mhydraxy 3-nitrophenylaraonio 

acid, the compound was more toxic: to birds when administered by this 

These factors suggest that oral and intramuscularly admin. 

istered 4.hydroxy 3.nitmhenylarsonio said may undergo dissimilar 

physiological fates in the ben. 
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The reduction 

3141111rapbany32arsonte acid br len faeo&g. 

447droxy ,..nitrophsnylarsonic acid to 

Arsenio residues attached to the solid fraction of hen excreta. 

Table 25A shows that 1% of an orally administered dose of 

4.-hydroxy 3ftnitrophenylarsonic acid was eliminated daily in the solid 

fraotion of hen excreta. This amounted to 0.8 4. 1.7 AIM arsenic 

firmly bound to each ga. of dry faeca3. residue. 	30 • 40% of the 

bound arsenic could be removed by dialysis or extraction with hot 

• cold Nsi1003  or EDTA., NOM (80%) Iodine (85%) and diethyl-

ensponium diethyl dithicearbamate (63%) were the most successful 

extraotion reagents which suggests that part of the arsenic attached 

to the faecal solids was in the trivalent form. However, paper 

clumatograms of hot 11Dl•  cold Na00 and iodine extracts of faeoal 

solids only showed the presence of 40.bydroxy 30nitrophenylarsonia 

its 3-amino derivative and possibly to &monoxides attached to the 

faecal solids, may be of Inierobiologiepti origin. When the compound 

(100 AiX ) vas incubated ansorobioally with an extract of hen faeces 

in 0.05 X phoiphate buffer pH 7.4 (40 al.) for 24 hours at 37% 

droxy 34,aminophenylarsonics said and small quantities of itAydroxy• 

tmphanylarsomordde were detected chromatogrephioally in the 

*edits* (Solvents At 3 and 0). A sterilized extract did not reduoe 

the compound to these two derivatives under the same conditions 
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Factor affect 	thration of ral 

3..nitroohenvlarsonis acid.  

1. Diet.  

The effect of diet on the metabolise and rata of excretion 

of le.hydroxy 3...nitrophenylarsonic acid was examined using starved 

birds and also birds reoeiving two different diets. Three hens 

were starved for 24 hours prior to dosing and for the duration of 

the three day experiment while other birds were maintained through-

out the course of the experiment on a diet of 100 gm. Range Layers 

liasb/day (Diet 1.) or 100 gm. of a diet in mash form which was 

observed to be more acceptable to the birds (Diet 2. 1 pt. bran, 

I pt. corn and cats, 1/10th pt. S.G. i pellets). 

The results obtained are recorded in Table 241, The diet 

of hens had little or no effect on the rate of excretion of orally 

administered tio.hydreow jonitmhenylarsonic acid but some effects on 

the output of 44yd/um,  3.aminophenylarsonie said were apparent. 

Starved birds excreted OA average 3.8% of the dose as 40.hydroxy 

3.0zoixophowlarsonie sold over three days whereas birds receiving 

Diet 1 excreted on average 5.6% as the 34emino derivative and birds 

receiving Diet 2 excreted 10.9% of the dose as the 3-amino compound 

in the same length of time. 

2. The distribution of arse restduo R in the gut.  

The distribution of drug residues in the gut contents of 



.* 92 

hens receiving oral doses of 44Ydrofif 3.0nitroPhenilarsonic acid 

at 37.5 mg./Kg. was followed for five birdz which had been killed 

6, 12, 24, 48 and 72 hours after dosing, Gut contents and organ 

washings obtained from, the birds were homogenized and ceetrifuged. 

The supernatant was analysed for 4-hydroxy 3-nitro and 4-hydroxy 

3-4minophenylarsonto acid and the residue was analyzed for total 

arsenic. 

Table 2711 shows that throughout the, period of investigation 

most of the administered compound (4.9 w  94%) was found in the amp 

or the eroreta. Smaller amounts were found in the gizzard and only 

trace quantities were present in other digestive organs. The 

cztpt  therefore, appears to be the major organ regulating the 

exoretion of the compound. 

Ths crop was also the major site for the reduction of the 

administered compound to its 3. amino derivative. The extent to 

which reduction occurred varied considerably but there was a 
NO tendency for the 

2/E2 
 ratio to fall as the time of death after 

closing increased (Table 28*), 

Large mounts of the oulmirlistered dose (0.6 - 16.7%) were 

found attached to the solid fraotion of the crop contents but the 

ruperties and identity of 	 residues have not been investigated. 
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Discussion 

The widespread use of arylersonic acids as growth. promoters 

and modicants in animal husbandry has raised serious problems concern. 

fug possible hazards to the health of persons involved in the menu. 

features  handling and use of these coMpounds and to the population 

&ma the consumption of arsenical residues lamest. Although the 

general principles governing the toxicity of arsenicals have been 

known in outline for 40 years and in some detail for 20 years, 

knowledge of the fate of these compounds in the body is either 

sketohy or non-azistent• Information on the metabolian of these 

compounds in the hen should be very usefel in improving any assess. 

went of the safety of these compounds, explaining their parasitioidal 

And growth stimulating effects =din designing better and safer 

oompoOnde for future agricultural use. 

The arylersonic acids used in these studies were all fairly 

strong dibasic acids *Uhl:gals for the first ionisable hydrogen of 

the order 3 4. 	Thus.at physiological:1i values, 4onitroOhenyl. 

arsonic acid, p.arsealic acid and:4.acetnzidophenylarsonio acid occur 

largely in the monoionised form, 

The 4.hydroxy 3-nitrophanylarsonici acid molecule contains 

two acidic substituents in the aromatic ring, a dibasic arson grouping 

and a monobesic phenolic grouping to which three .plEa values can be 
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attributed by titration. 	Spectrophotometric data based on the 

appearance of the 4.10 an absorption peak oharaoteristio of ionised 

8 » nitrophenols suggests the second hydrogen ion dissociation 

(pita 5.8) occurs at the phenolio grouping (Figure 6.) and this has 

been confirmed by extinction /pH measurements. 	This compound is 

therefore found mainly in the following di-ionised foam at pH 7. 

As0311' 

0 

These four ersonic acids are strong electrolytes and are 

poorly soluble in non-polar solvents (Priedheim„ 1938) which suggests 

they would be rapidly eliminated by the kidney when administered by 

injeotion and poorly absorbed from the gut when given by mouth 

(Brodie and Hogbpn, 1957)• 

The absorption of arylarscnic acids.  

Optimum alimentary absorptimm of arylarsonio acids 

expected to occur in the tipple mammalian stomach where, under the 

prevailing acidic conditions, the absorption of'these compounds would 

be dependent on the 
	

id solubility of the tree acid. 	From the 

evidence summarised in Chapter 1, it would appear that pony aryl 

arsonic acids are poorly absorbeetfrom the mammalian gut. Never-

theless, a email amount of any orally:edministered arsenical is 
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excreted in the urine. (Table 1). 

The alimentary canal of the hen is morphologically different 

from that of the mammal but the same physico.chemical considerations 

governing drug absorption should apply. 	Thus, the moat likely 

sites tor the absorption of acidic compounds are the proventriculus 

(pH 3 . 4,5) and the gizzard (A 2 . 3.5). 

Hens possess a common cloaca and excrete urine and faeces 

in .a mixed form. 	Consequently, it is difficult to estimate the 

extent to which arylarsonic acids are absorbed from the alimentary 

canal. 	However, 40acetamidophenylarsonic acid undergoes two 

metabolic fates in the hen. 	The orally administered compound is 

largely excreted unchanged whereas the intramuscularly administered 

compound is extensively deacetylatedi 	As the responsible deacetylase 

enzyme is solely located in the hen kidney, this strongly suggests 

that 4.acetanidephenylarsonic acid is poorly absorbed from the 

alimentary canal. 	By analogy, the poor alimentary absorption of 

p.arsanilic sold and 40nitrophenylarsonic acid would be expected 

since they possess similar physico.chemical properties. This has 

not been confirmed for the latter comound. 	tip to 18 % of the 

&mammy be present in the tissues of hens, 24 hours after receiving 

4,-attrophenylareortio acid by mouth, which would suggest that the 

total absorption from the gut is substantial as this compound is 

rapidly eliminated by the kidney. However, this figure is probably 

high for reasons already given. 	Only low concentrations of 
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i..nitrophenylarsonic acid are present in the °annulated urine of 

hens given oral doses of the compound. 	The absorption of 4.eitroi. 

phenylarsonic acid from the gut seems to be slow but it is uncertain 

whether this is due to poor absorption from the proventrioulus and 

gissard or to the slow passage of food from the drop to these organs. 

The aomparative excretion of an inert polymer, polyethylene glycol, 

Which is not absorbed from the gut, and 4-nitrophenylersonic **id 

also` suggests that the latter compound is poorly absorbed, but as 

the passage of food from the crop to the small intestine appears 

to control the rate of excretion, no definite oonolusions'oin be 

reached. 

The extent to which ifonittophenylarsonio acid is absorbed 

fray the gut iso 'therefore, undecided and it is difficult to see 

how theiteorption of this compound can be measured without reoourse 

to Surgically modified hens whereby urine and faeces can be collected 

separately. Perhaps the developnent of techniques such as these 

will prove rewardingi,n the future when similar problems are 

encountered. 

Ft e total exoretion of arvlarson ao  

ash oompound administered orally to hens was subject to 

wide variations in the rate of eliminatiouvwhich were independent of 

age, weight of hens and the dosage.level used 	Because of these 

variations and the small number of experimental birdsa, the differences., 
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in the average excretion rates when different experiments are 

compared are not significant. 	In order to establish statistical 

significance between the different rates of excretion a large number 

of experimental birds would have bean required and it was considered 

that the possible information to be obtained did not justify the 

effOrt involved. 	Experiments using a small number of hens suggest 

that neither dosage level, nutritional state or breed have much 

effect on the rate of excretion of orally OrnivAntered 4,hydroxy0. 

3.nitrophanylareonio acid and this may hold true for the other 

compounds. 

Of the four arylarsonio acids examined, 4-nitrophenylareonio 

acid„ ppareanilio acid 4mhydroxy 3-nitrophenylarsonic acid were 

excreted relatively slowly after oral dosing averaging 50, 51 and 

29% elimination in 2I hours. 	The tburth compound, 44.aostamido-

phenylaroonio acid, was excreted more rapidly averaging 701g 

elimination in the same length of time. When the nitroarylarsonic 

acids were administered to hens, the excretion rate progressively 

diminished till after four or five days only traces of 1110 or 

arsenic could be detected in the excreta. Oomplete elimination 

of the administered dose required 9:.. 11 dam 

The excretion of orally administered arylarsonio acids may 

be retarded byr the entero-hepatio oiroulation of the compounds. The 

elimination of trivalent arsenioals in the faeces after intravenous 

administration is well established (Voegtlin and. Thompson 1922; 



-99- 

Gruhsit, et al., 1936) and some authors have suggested that appre-

ciable quantities of orally ingested 4-hydroxy 3-nitrophetwlarsonic 

acid and pftarsanilic acid are excreted through the bile (Kerr, 

Cavett and Thompson, 1963; Overby and Fredrickson, 1963). 

Although this may be true when the daily intake of these compounds 

is low (3  5 mg./bird/day) there le no evidence that proportionately 

greater quantities are eliminated in the bile when relatively larger 

doses are used. 	The poor alimentary absorption of arylarsonio 

acids and the small faeoal excretion when these compounds are, given 

by injection suggests that the entero-hepatic circulation of these 

compounds is of diminished importance at higher dosage levels (Ohm, 

Anderson and Leak. 1930; Cavier, 4946; MeChesney,Itoppe,MoAuliff 

and Banks, 1962). 

The individual variations in the rates of elimination of 

'orally administered arylarsonic acids may be attributed to the 

peculiar structure of the hen foregut; 	The anterior and of the 

alimentary canal includes a blind food storage organ, the crop, 

in which food may be retained for an indefinite length of time. 

(Marshall 1960). 	The available evidence from the distribution of 

drug residues through the alimentary canal suggests these compounds 

are also retained in the crop. 	Thus the intermittent and variable 

muscular activity of the crop and gizzard may account for the wide 

variations found in the individual excretion rates. 	In support of 

this hypothesis it has been shown that the factors governing the rates 
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of excretion of 4nitrophenylersonic acid and an inert polymer, 

polyethylene glycol, which is not absorbed from the gut, are very 

similar. 	The slow excretion of 4-nitrophenylarsonic acid is there-

fore due to physical factors governing the rate of passage of food 

through .the alimentary canal and not the absorption of the compounds 

or the entero-hepatic circulation. 

Arylarsonic acids, in cam= with many other strong organic 

acids, are retained by the tissues to a minor extent. Most of the 

compound is rapidly eliminated in the urine. 	The sodium salts of 

• p-arsanilic acid and 4-acetamidophenylarsonic acid are almost quan-

titatively recovered in the urine in a few hours whes  injected into 

rabbits and man and very little arsenic is recovered in the faeces 

(Voegtlin and Thompson, 1922; Ingerscheimer and Rothmann, 1909). 

The sodium salts of leaitrophenylarsonic acid, p-arsanilio 

acid, 	acetamidophenylarsonio acid end 4,-hydroxy 3-nitrophenyl-

arsenic acid are also rapidly eliminated when injected into the 

breast muscle of hens. 	80 0. 90 of the dose is recovered in the 

excreta in 24 hours and nearly 100 in three days. The excretion 

of /....hydrory 3-nitrophenylarsonic acid administered at 37.5 mg,,,/kg.. 

is a notable exception but this dosage level is fatal to the hen and 

at the presemt time the experiment mas performed the intraperitoneal 

LD50  of the compound (34. mg,Ag.) was not known. 

It is impossible to decide from these results, the extent to 

which these compounds are excreted by the kidney. 	From the limited 
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experimental evidence available of the concentrations of 4-nitro-

phenylarsonic acid in the cannulated urine of hens 30 minutes after 

receiving intramuscular doses of the compound, it appears that the 

hen kidney does not differ significantly from the mammalian kidney 

in its ability to eliminate these compounds. 

The removal of  arsenic from the aromatic nucleus. 

Some early workers claim to have isolated or detected 

significant amounts of inorganic arsenic from the urine of animals 

given intramuscular doses of aromatic arsentoals (Sieberg, 1916; 

Nierenstein, 1909). The prtparations administered often lacked a 

satisfactory criterion of purity and the techniques used for the 

isolation of urinary metabolites have been criticised since they 

may result in the further degradation of the compounds (Voegtlin 

1925). More recently, ILaren (1949) has produced same evidence 

suggesting that inorganic arsenic is released frmamapharsen in the 

dog but Crawford and Levvy (194.7) could find no inorganic arsenic 

in the excreta of rabbits receiving phenylarsonic acid or phenyl- 

arsenoxide. 	As inorganic arsenic is an aootmzlative poison and 

a suspected carcinogen the possible cleavage of arsenic from the 

aromatic ring and its retention in the tissues are important publio 

health issues concerning the safety of arylarsonio acids in poultry 

feeds. 

Should such:a release of arsenic occur it would be expected 
sr( atilt1 

that bothiaetaboigtteat would suffer dissimilar biochemical fates in 



the hen which would be revealed by their relative excretion rates. 

The recent findings of Overby and Fredrickson (1963) suggests that 

no such cleavage occurs when p-arsanilio acid is administered to 

hens in the feed. 	This is in agreemedt with the results for some 

experiments conducted with 4»nitrophenylarsonio acid. When 1116 

labelled ii.nitrophenylarsonic acid is given to hens by mouth,,the 

total estimates of inorganic arsenic are less than 216 Of the dose 

in five days end are below the lOwer limits for the method of 

estimation. :Eetimates for 1.11b and total arsenic in the excreta 

are in good agreement which suggests that the arsenic remains firmly 

attached to the aromatic nucleus. 	Moreover, when p-arsanilic 

aoid, 40eeetamidophenylarsonic acid and-4mhydioxy 3-nitrophenylarsonic 

acid are administered to hensi oolorimetric estimates of total 

metabolites and total arsenic are also in agreement and it appears 

that the arson* sUbstituent of these compounds are stable. 

The tissue distribution of 40Anitrophelylarsdnic acid.  

The dittribUtion of arsenics in the tissues of rabbits 

receiving intravenous doses of arylarsonio eoids or arsenoxides has 

been investigated by Hogan and Eagle (1944) and Chancos arawford and 

Larry (1946). Theme workers found that whereas the arsenoxides 

sere extensively retained by the tissues, the arsonio acids were only 

bOund by the tissues to a minor extent end most of the dose wits 

rapidly eliminated in the urine. 

It is generally' assumed that the toxicity of arylersonic acids 
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is due to their partial conversion to arsenoxides, compounds with 

known affinities for protoplasmic thiol groups and that this is a 

predominant factor governing the binding of arsenioals to the tissues. 

Thus when arylarsonio acids are administered to animals, the tissue 

arsenic levels fbund are likely to be a funotion of both these changes 

and their reversibility, 

The presence of arsenic in the tissues of bons receiving 

arylarsonio aeias in the diet for several weeks has been determined 

by a number of workers. 	The extent -to which arsenic **cumulates 

in the organs depends largely on the original feed concentration 

(Abbot, et al., 1955; 1956)0 	At the levels recommended for their 

agricultural use, these are usually less than 3 ppm. Ash. 	The 

findings of these workers give no indication of the absolute amounts 

of arsenic present in each organ or whether orally administered 

arylarsonio acids are extensively absorbed from the gut. 	Further. 

more, it is not known whether the absoited arsenic is metSbolised in 

the same way as the intravenously administered compound. 

In order to obtain more information on some of these points 

three hens were given single oral doses of 4.nitrophenylarsonic acid 

and killed after 24 hours for the tissue arsenic levels to be deter. 

mined, As orally administered twaitrophenylarsonio acid is only 

slowly excreted, it was hoped that this period of time would be 

sufficient fbr arsenic equilibration between the tissues to occur. 

Arsenio is ubiquitously distributed in nature and estimates of total 



- 104 •  

arsenic in the tissues representing administered 4-nitrophenylarsonio 

acid are subject to some errors owing to residual background arsenic. 

However, judging from the satisfactory total recoveries, this 6308 

not affect the gross distribution of the compound in the tissues. 

2Z Hours after the administration of the compound, 18% of 

the dose was found in the tissues. 	This figure may be misleading 

owing to the contamination of some tissues with arsenic from other 

sources and cannot be regarded as a reliable index of absorption. 

The remainder of the dose was either present in the alimentary canal 

or the excreta. 	The crop and gizzard still contained relatively 

large amounts of the dose 24 hours after the administration of the 

compound. 	Moreover, a similar distribution of drug residues has 

been found throughout the alimentary canal of hens given oral doses 

of 4..hydroxy ,..nitrophenylarsonio acid. 	The retention of these 

compounds in the crop and gizzard suggests that these are the organs 

which ultimately regulate their rate of elimination. 

High arsenic concentrations are present throughout the whole 

of the alimentary canal but the concentrations in the email intestine 

are substantially lower than those in the crop and gizzard. Though 

the absorption of arylarsonio acids from the small intestine cannot 

be completely eliminated, it is more probable that this phenomenon 

reflects the dilution of the compound by the secretions of the 

pancreas, gall bladder and small intestine. 

After single oral doses of 4-nitropheny arsonio acid, only 
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email amounts of arsenic are found in the tissues. The viscera, 

skin and feathers, liver and kidney oontain the highest arsenic 

concentrations (14. - 5)4. As./ink) 	Other organs possess lower 

concentrations of arsenic and only traces are :deteotible in the . 

fat and muscle (0.5 - 0.3 ug. As,/gm.). • These results .arti:in 

general agreement with .the findings of Cavett (1960)- for the tissue 
14 distribution of 0 labelled 4snitrophenylarsonic acid is birds 

receiving the compound for six days in the rations at 250 ppm. 

However*  only traces of arsenic were found in the bile of birds 

given single oral doses of 4poitrophenylarsonic acid whereas .Cavett 

reports high concentrations of 940 in the bile of hens receiving 

the labelled compound in the diet. 	This probably reflects a. 

difference between the fates of ftee and tissue bound 4i.nitrophenyl. 

arsonto acid. Judging from the results of0avetts  tissue bound 

40.nitrophenylarsonio acid appears to be only slowly meteholised and 

the arsenic residues found in the bile may result from this source. 

The presence of arsenic in the tissues of animals receiving 

arylarsonio acids in the diet may conetitute a hazard to the health 

of the consumer and knowledge of the metabolism of these compounds 

in the hen is, therefore, important in assessing the health risk. 

The major chemical changes occurring to nitrogrylarsanic acids are 

appreciably less toxic. Since these metabolites are readily 

eliminated by the kidney, this pathway does not constitute a serious 

toxicological problem. 



- 106 

4411.trophanylarsOnio acid 
MTD (rats orally) 75 maxg• 

4.aydroxy 3onitrophenylarsonic 

Lil 0 4 (rats. 	1,4 66 Dag./kg. 

--> 	paarsanilic acid 
An (rats orally) 4.00 sig./Kg. 

acid -4 4.Hydroxy 3-aminophenylarsonic 
acid. 

1,1)50 (mice  4.40 775 mg•Ag• 
LITD (rats i.p.) 5(0 mg. ir.g• 

The formation of areenoxides in the hen from the reduction 

of arylarsonic.acids is far more dangerous as such a chemical change 

may increase the toxicity by a factor of 30 to 250. Since these 

compounds are tightly bound by the tissues and only slowly excreted, 

their possible tocumulatimin toxic proportions would appear to be 

A serious health hazard. However, little arsenic was fOund in the 

tissues of hens 24. hours after receiving oral doses of If.-nitrophenyl. 

arsonic acid. Furthermore, no accumulation of these compounds or 

heir Metabolites has been reported after chronic administration of 

acid or 4-hydrony 3-nitrophenylarsonieracid(Prost, 

Overby:and Spruth, 1955$ Kerr, Cavett and Thompson 1963) nor have 

there been any manifestations of toxicity under similar experimental 

conditions (Prier, Ness and Dames, 1963), 	The toxic accumulation 

of arsenomides and their derivative's in tissues does not seem to 

occur at .: the resonnanded feed concentrations. 

The carry over of arsenic from the tissues to the consumer 

has recently received experimental attention (Overby and Frost, 1962). 

When tissue bound p.arsanilio,aoid was included in the diet of rats, 

the secondary accumulation of arsenic in the tissues of the recipient 

.was found to be slight. 	It appears, therefore, thatthe agricultural 
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use of arylarsonic acids constitutes little danger to the oonsumer 

but perhaps experiments on the chronic toxicity of these compounds 

and their carry over should be extended to * much wider range of 

animals. 

The metabolism of arylartenic aeids.  

The arylarecnio acids used in'these studies undergo feat 

metabolic changes in the.hon and are mainly excreted unchanged. In 

this,respect they *how pertain similarities with'arylsulphonic acidly 

(Sammons, Shelswell and William*, 1944;: SMith end 	1948) 

with "Ala they *hate ortainpbysioo.phemical properties, However, 

an minor changes to the molecule may have profound biological effect*, 

any comparison:with thebiochemicallyAnert compound* Must not be 

drawn topoloeely. 

Arylarsonio acids do not undergo oxidative and synthetic 

changes in the body neither are they degraded to inorganic arsenic. 

They are subject to two types of chemitml Ohangei.. 
, 

11) 	Changes to the Second aromatic sUbstituent, 

(2) Reduction of the erste** sUbstituent. 

Of these, only the first'.haebeen examined in anydetail, 
The second riute, ofieetabolima:undoubtably occurs in the rabbit but 

could not.beconfirmed in the hen with present analytical techniques,. 

Thiti does not necessarily mean that arsenoxidei are not fopted by the 

hen as the known affinity of these compounds for the tissues, their 
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slow rate of excretion and their possible reconversion to arylarsonic 

acids would make any detection of arsenoxides in the excreta difficult, 

Moreover, it is convenient to assume that conversion to arsenoxides 

do take place to account for the toxicity of arylarsonic acids. 

Nitroarylarsonic acids. 

Mechanisms for the reduction of nitro compounds to arylemines 

in the hen are known to occur in vivo (+Crowd's and Sherwin, 1923). and 

in vitro (Westerfield, Reichert and Higgins, 1957)  and the reduction 

of nitroarylersonic acids to their amino derivatives could have been 

predicted with some confidence. 

There is a ouantitativedifference in the output of the Amino 

metabolite according to the route of Administration of the original 

nitro oompounds 	After intramuscular administration less then 51: 

Of the done is excreted as the amino derivative whereas after oral 

Administration a Much greater proportion of the dose is reduced. 

Bray, Nibs, James and Thorpe (1953) have shown that the intestinal 

flora may contribute towards the redUctiOn of orally administered 

nitro compounds and this may be particularly important when the 

compounds are only slowly absorbed from the gut, 	Hen faeces 

possess considerable nitroreduotase activity end bufferised extracts 

rhea incubated with nitrearylarsonio acids will reduce these compounds 

to the corresponding mninbarylarsonio acids and to their arsenoxides., 

This activity appears to be of.miorobiologioal origin since it is 
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abolished by the sterilization of the extract. 

The intestinal mioroflora of the rat ham' been successfully 

suppressed by administering sulphonamides and tetracyclines orally 

(Dodgeon, Powell, Rose and Tudball 1961; Lloyd, 1961) and it was 

hoped that similar techniques could be used in the hen thus affording 

an opportunity to determine the contribution of the tissues towards 

the reduction of orally administered 4,-nitrophenylarsonic acid. As 

sulphonamides interfere with the analytical method for estimating 

p-arsanilio acid, the use of this group of compounds as gut sterilants 

had to be discarded. Aureorayoin is a known inhibitor of the nitro-

reduotase system of E. colt (Sass and Slie 1954) with definite anti-

microbial activity towards the intestinal mioroflora (Jacob, Sohwein... 

berg and Rutenberg, 1951; Brisoa and Ardeseon 1952) and w►as therefore 

used to demonstrate the contribution of the gut mioroflora towards 

the reduction of orally administered 4,-nitrophenylarsonio acid. 

Aureotnyoin administered by either route appears to inhibit 

vian nitroreduotase in vivo as determined by intramuscular 4-nitro-

pbenylarsonio acid and consequently its effects must be interpreted 

with caution. 	As the reduction of oral 4-nitrophenylarsanic acid 

is inhibited to a greater extent by oral pretreatment with aureomycin 

than after intramuscular pretreatment, the positive contribution of 

the intestinal mioroflora seems to be indicated. 	However, these 

effeots are not statistically significant at the P = 0.05 level. 

The alimentary canal of the hen is known to possess a varied 



microflora throughout the whole of its length and all the organs are 

possible sites for microbiological nitroreduotase activity. The 

distribution of drug residues throughout the alimentary simnel show 

that the crop may retain large quantities of orally administered 

nitroarylersonic acids for long periods of time during which they 

may be reduced to the amino derivatives. 	An analysis of the crop 

contents 6 » 48 hours after birds had received oral doses of 40.hydroxy. 

3..nitrophenylarsonic acid revealed considerable amounts of 4.-hydroxy 

3.aminophenylersonic acid present. 	EXperiments'with 4,,nitrophenyl-

ersonio acid have demonstrated high nitroreductase activity in the 

crop in vivo which appears to be linked to the nutritional state of 

the bird. 	As the activity in hens receiving rations was ten tines 

,that of starved birds it is poisible that the effects of aureomyein 

on the reduction of orally plimiTiistered tominitnophenylersonic acid 

would have heenmore pronounded had the hens received rations 

throughout the course of the experiment« 

Though the activity of the gut may account for the greater 

proportion of the excreted aminoarylarsonio acids when the nitro 

coapounds are given by mouth, nitroreductese activity also occurs in 

the tissues. 	'Fosterfieldhas described.two chicken liver preparations 

with nitrpreductaSe activity, :0neensyme system present in the 

particulate fraction reduced 4.-nitrophenyisuiPhonamide to sulphanilamide 

and specifically required NArti2  eaoo.substrate. 	Another system 

associated with xanthine dehydrogenate activity reduced 2,4-dinitro." 



phenol to 2-nitro 4-aminophenol but had no activity towards 4-nitro- 

phenylsulphonamide. 

Dr, Robinson IlfEl demonstrated nitroreduotase activity in 

hen liver homogenates 	under optimum conditions, can account 

for the output of p-arsanilio acid in vivo when le-nitrophenylarsonic 

acid is administered intramuscularly. 	The enzyme is located in the 

miorolome and supernatant fraction and possesses a broad rE optimum 

between 7.2 and 8.0. Both NAL112  and NAUPH2  can function as electron 

donors but in contrast to many other reported nitroreduotase prepar- 

ations, the system is unaffected by oxygen. 	There appears to be a 

general requirement for a divalent metal ion. The system is 

inhibited by EDTA while magnesium and manganese ions added in equiv- 

alent concentrations restore enzyme activity. 	The nitroreduotase 

system of hen liver has a broad co-substrate specificity and a number 

of different reducing systems may be utilized. Of the systems 

tested in dialysed preparations glucose -6 phosphate and NOP is the 

most effective but malate and succinate and NAD also possess consider-

able activity. 

It is generally recognised that several ,  nitroreduotases may 

be present in the mammalian liver. 	Thus the two NAM dependent 

systems described by Muller (1958) which catalyze the reduction of 

,B..(2-nitrobanzeyl)alanine can be readily distinguished fraa the 

RAM dependent system of Bouts and Brodie (1957 ) for the reduction 

of chloramphenicol. 	Whether the microsomal system present in hen 
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liver, responsible for the reduction of 4.-nitrophenylarsonic acid 

is a singleentity,(or complex) or whether it represents a number of 

different systems with the common ability to reduce nitroarylacidio 

compounds, must remain a matter of some conjecture. 	However, the 

lack of donor specificity when compared with the partly purified 

system described by 26:startled for the reduction of 4.nitrophenyl 

sulphonamide suggests that more than one nitroreduotase system may be 

present. 

rhea nitroarylarsonic acids are administered to hens by 

mouth, a small but fairly constant proportion of the dose is always 

associated with the solid fraction of the faeces. Normal hen excreta 

does not bind arylarsonio acids to any significant extent at room 

tempereturel whereas these metabolites are firmly attached to the faecal 

solids and are not removed by dialysis, treatment with MITA or with 

mild acidic' and basic reagents. Theis bound 'metabolites appear.to 

be in a completely different chemical form to those present in free 

solution in the excreta supernatant. 	The experimental evidence 

suggests that these metabolites are in part bound in the trivalent 

fore, possibly as aryithioarsenites. Thus, reagents which oxidise or 

hydrolyse arylthioarseniteereleaie appreciable amounts of arsenic 

from the faecal solids. Furthermore, hot acid extracts of the Theca 

solids *Main rriall, but definite traoes of 4,-nitrophenylarsenoxide 

and 4"eminophanylarsenoxide as shown by paper ohromatograms. 

It is not known whether the metabolites in the faecal solids 
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arise from the tissues of the hen or from the activity of the gut  

mioroflora, 	The micro-organisms of the gut and of hen faeces, 

however, possess powerful reducing properties and in the case of the 

latter, reduction of arylarsonio acids to arsenoxides hap been 

demonstrated. This permits a certain degree-of speculation as to 

the mode of action of arylarsonic acids in stimulating the growth 

of hens and in decreasing the oaecalvoccidia populations. 

The supplementation of hen of turkey rations. with p7arsanilio 

acid or 4-hydroxy 3nitrophenylarsonio acid results in a definite 

decrease in the faecal and caeoal anaerobe populations and the 

Clostridia and Conforms are particularly affected (Anderson, 

Cunningham and Slinger, 1952; Elam, et al., 1953). 	The powerful 

reducing properties of these organisms may. result in. the lethal syn-

thesis of arsenosidesfrom arylarsonic acids thus effecting their 

own inhibition, Such a phenomenon ie not beyond the bounds of 

possibility as the. sensitivity of these organisms to trivalent 

arsenicals has already been established (Albert, Falk end Rubbo, 1944). 

Should the use of these compounds decrease the total bacterial 

populations the reduced competition between the gut and gut flora 

would make more ingested food available to the hen and improvements 

in feed efficiency would be Observed. Alternatively, any selective 

suppression of the pathogenic bacteria- of the gut may improve weight 

gains and feed efficiency since the birds would be less susceptible to, 

cliseases. 	Furthermore, benefioial offecti on vitamin requirements 



may be noted if these compounds -reduced the populations of bacteria 

requiring vitamins for growth or if induced changes in the gut micro-

flora resulted in a numerical increase in the vitamin Synthesising 

bacteria. In view of the pdwerful nitroreduotase activity of the 

crop, the microflora of this organ and its relationship to the 

nutrition of the hen would appear to warrant much greater attention -

than has hitherto been givene:  

It is more difficult to explain the inhibition of the oaeoal 

cocoidia by arylarsonic acids, 	This may be due to the release of 

arsenoxides from anaerobes by autolytio changes but the possibility 

of a more direct interaction must hot be ruled out. 

In Oonolusion, it appears that a better understanding of 

the docoldiostatio properties and growth promoting action of aryl. 

arsonio acids in the hen would benefit,fran a more critical examination 

of the metabolism of these compounds by isolated strains of bacteria, 

the toxic effects of the metabolites towards the gut flora and the 

changes ofthe gut flora poPulatione during dietary supplementation 

with arsenicals. 

rsanilie_aoid  and 4maoetemidophenylarsonio acid.  

Ataxy). was the first aromatic arsenical to find medicinal 

application but the tate of this compound has never been satisfactorily 

resolved (see Chapter 14 In theory, several chemical changes may 

occur to the compound in the body. The arsonsubstituent may be 

reduced, inorganic arsenic may be released from the compound, oxidative 
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and synthetic changes may - 000ur in the aromatic ring or the arylamino 

group may be acetylated. 	In practice none of these changes have 

been detected by chemical methods. Recentlyi Overby and Fredrickson 

(1965). have shown. that p-arsanilio acid administered to hens is 

excreted unchanged. 	However, small quantitie,  of the -administered 

compound are bound by the tissues and apparently occur in two chemical 

forms of unknown identity which can be distinguished from p-arsanilic 

said or 4-aminophenylareenoxide. 	These residues seem to revert back 

to p-arsanilio acid on excretion. 

The results for17-areanilic acid-partly confirm the findings 

of these workers. 	No 4-acetamidophenylarsonic acid or 4-aminophanyli• 

arsenoxide could be detected in the excreta after oral or intramuscular 

edminlstration of p-arsanilic acid at 50 or 100 mg./Kg., not was there 

any chromatographic evidence for the presence of other metabolites. 

Moreover, in vitro experiments have shown that no significant 

acetylation of ,this oompoUnd occurs in hen liver homogenates. 

The antiparasitio action of arylarsonio acids in animals is 

generally attributed to their reduction to arsenoxides. 	Apart from 

phenylarsenoxide, the trivalent form of these compounds have never been 

detected in the excreta. 	This may be due to the ease with which 

arsenoxides in solution are oxidised back to the parent anionic acids. 

From a qualitative observation, 4.-acetamidophenylaraenoxide appears to 

be one of the most stable of these compounds in solution and it was 

hoped that by administering 4-aoetamidophasylarsonio aol.d to the heat 
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the reduction of the arson° substituent in vivo would be succeenftry 

demonstrated. 

Tihen this compound was given to hens by mouth or by injection, 

no 4.-acetamidophenylarsenoxide me detected 	the excreta. It 

appears, therefore, that arsenoxide formation in the hen is a very 

minor metabolic pathway. So far no suitable micro and ultramicro 

chemical techniques have been devised to investigate this phenomenon. 

4mAcetamidophenylarsonic acid is deacetylated in the hen 

and partly excreted as p-arsanilic acid but the extent to which 

deacetylatiOn takes place, depends On the route of administrations 

Intramuscularly administered 4,-acetamidophenylarsonic acid is 

extensively deacetylated whereas the orally administered compound is 

mainly excreted unchanged. 

The fate of orally administered 4-aoetamidophenylarsonic acid 

in the hen differs from that of the acetylated sulphonamides which are 

mainly excreted in the X1, deacetylated form when given by mouth. 

(Shaffer and Beiter, 1950). 	The metabolism of sulphonamides in the 

hen is complicated by the presence of enzymes in the liver capable 

of N-acetylation and enzymes in the kidney with strmmg4.r6eacetylase 

activity. 

The fates of p-ardanilio acid and 4-acetamidophenylarsonio 

acid are much simpler. Under the experimental conditions used, no 

acetylation of p-arsanilic acid occurred in hen liver homogenates and 

as far as can be determined, the reversible acetylation of this compound 
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does not occur in vivo. 	It is not known whether this lack of 

acetylation in vitro is due to the inability of p-arsanilio acid to 

penetrate liver micoaomes where the transfer of acetyl groups: from 

Colt to arylamines normally takes place (Praser, 1958) or to the 

substrate specificity of the enzyme. 	This point will probably only 

be resolved after hen liver aryl-N-acety1ase has been purified. 

The aryl-N-deacylaae in hen kidneys described by Shaffer 

and Baiter (1950 is probably identioq to the system described in 

Chapter 4. and to the mitochondria? system of Nkomo Smith (1960. 

This enzyme has a broad specificity towards castrates with optimum 

activity for para. substituted N-acetylated arylamines and probably 

contains thiol groups at th© active centre. 	Differences in the 

metabolism or orally administered ecetylated sulphonamides and 

4-acetamidophenylarsonio acid may be explained by the different 

extents to which these compounds are absorbed from the gut. 	Thus 

the N4  acetylated sulphonamides are readily absorbed from the gut and 

undergo deacetylation in the hen kidney prior to elimination. The 

saase enzyme system can hydrolyse twecetamidophenylarsonic acid in vitro 

and in vivo but since little deacetylation occurs after oral administre* 

ttan it appears that alimentary absorption is poor. 

Oonolustins  

It is evident from these experiments that arylarsonic acids 

undergo few metabolic traneformations in the hen and are mainly excreted 

unchanged. The compounds examined, however, are aubje't to two types 
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of chemical change as illustrated in Figure 7. 

These are changes to the second aromatic, substituent and 

reduction of the arsons 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 practical 

difficulties aireaay outlined. 

As far as can be determined from the experimental data the 

fate of these compounds in the hen is largely governed by their 

pbysico-chemical properties in accordance with well established 

principles. 	These compounds, which are non lipid soluble strong 

acids should be readily eliminated by the kidney when given by injection 

and poorly absorbed frmm the gut when given by mouth. The rapid 

elimination of intramuscularly administered arylareonia acids has been 

demonstrated but the extent to which these compounds are absorbed from 

the gut has not been aoourately determined. Indirect evidowe does 

suggest that leacetamidophenylarsonic acid and 40mitrophanylarsonic 

acid are only slowly absorbed. 

Analytical techniques so far developed are insufficiently 

sensitive to follow the dynamics of the chemical fate of these compounds 

in the tissues but useful observations have bean obtained from the 

tissue arsenic levels. 	The half life of these compounds in the 

tissues is relatively short and soon after dosing the arsenic levels 

of most organs decline as these compounds are eliminated in the urine. 

It is generally recognised that anions penetrate the lipo 
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protein membrane of the endOplasoio retioulum only with difficulty 

(Brodie, Gillette and La Du, 1958). 	Consequently enzyme catalysed. 

transformations to these compounds in this cellular oompertnent may 

occur only to a slight extant (as in the case of nitroarylarsonio 

acids) or may be absent (as in the case of /:).arsanilic acid and 

aryl.N.aoetylase). 

liitoohondrial membranes appear to be much more permeable 

to organic acids and the extensive deacetylation oocurring to intra. 

muscularly administered 4.acetexidophenylarsonic acid may be partly 

attributed to the location of hen kidney aryl-N-deacylase in the 

more permeable cell compartment. . In view of the apparently different 

permeability mechanisms controlling the penetration of these two 

cell components by organic acids, it may be signifioant.that the 

enzymic meohaniams for hippuric acid synthesis are also located in 

the mitoehondria Malley and Schneider, 1950; Leuthardt and 

Nielson, 1951). 

The importance of the gut oicroflora of the hen in the 

metabolises of orally administered foreign compounds should never be 

overlooked even when the compounde are readily absorbed since 

microbial activity may be substantial in the anterior regions of 

the gut before the normal sites of drug absorption. Same of the 

chemical changes occurring to oral).y edministered arylarsonio acids 

arise from the activity of the t mioroflora and not from the tissues. 

The powerful reducing activity of these organisms is capable of 
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transforming nitro compounds into arylamines and arylarsonic acids 

into toxic arsenoxides. Arsenoxides thus formed may have a 

selective bactericidal effect which may be of benefit to the hen 

Should the following alterations to the microflora occur 

(a) A reduction of the total bacterial populations. 

(b) Suppression of pathogenic bacteria. 

(a) An increase in the populations of vitamin synthesizing 

baoteria. 

(d) A decrease in the Populations of bacteria requiring 

vitamins. 

These effects may be difficult to establish under field 

conditions. However, the bactericidal action of arylarsonio acids 

on cultures of the gut microflora in vitro ought to be examined 

more thoroughly.  

As far as can be determined from these studies and from 

the work of others, arylarsonio acids in agriculture do not appear to 

be a serious public health risk, 	In the hen, these compounds are 

not degraded to inorganic arsenic, a possible carcinogen, but are 

largely excreted with the arson substituent intact. 	Organic 

arsenicals do not appear to be carcinogenic. No evidence of 

oaroinogenicity was found in subchronic toxicity studies on 40.hydroxy-

3-nitrophenylarsonic acid in mice (Prier, Nees and]Derse 1963) nor 

was there any evidenoe that 	:vanilla acid potentiates the carcinogenic 

action of 9, 10 dimethylbensanthracene (Bantwell, 1963). 
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There seems to be little danger from the direct toxic effects 

of arylarmonio acids. In the hen these compounds are largely 

excreted unchanged or metabolised to compounds-of lesser toxicity, 

If thede compounds and their excretory metabolites were present in 

tissue residues, their repeated ingestion would not lead to sply 

cumulative effects and they would not constitute ,a serious health 

risk. 	The possibility remains that the tissue bound arsenic may 

be in chemical forms which are completely different from the 

excretory metabolites and these may be an unknown toxicological 

hazard. , Overby and Frost 0962), however, could find no evidence 

that these residues were retained in the tissues when administered 

to rats. 

These ants have been interpreted on the assmnption 

that the toxicological and bioohemical findings in animals are 

directly applicable to man but this assumption may not be valid. 

Though animals may possess broadly similar mechanisms whereby organic, 

compounds penetrate to receptor sites and exert their toxic and 

therapeutio actions, wide variations are encountered in the ability 

of animals to metabolize foreign compounds both to active and to 

inactive derivatives (Williams, 1959). 	Moreover, forosign compounds 

may undergo different metabolic fates in man and animals. Brodie 

(19640 has pointed out that interspeciee differences in the fate of 

organic compounds are more likely to  occur if they are lipid soluble. 

Oompounds of low lipid solubility seem to be subject to less 
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interspecies variations in their metabolic fate and experimental 

findings in animals can be extrapolated to man with a greater degree 

of confidence. 

Minor metabolic pathways appear to be responsible for the 

activation of arylassonic acids to compounds of greatly increased 

tOxicity. 	Thus, small variations in the abilities of two species 

to reduce these compOunds to arsenoxides may result in large 

differences in their ability to tolerate these compounds. Perhaps 

in the final analysis it , is advisable to extrapolate the toxicological 

findings in Animals to man with some caution. 
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Table IA 

Example of isotope dilution analysis.  

In the excreta supernatant, let X gm. of material be 

present with an original speoifia activity of x. For isotope 

dilution, let I gm, of material be added and let the isolated 

material have a specific, aotivity of 7. 

It follows that 	X 
71-7 ar 

By rearrangement 

 

Equation (1) 

 

) 
7 

• ift] 441itrophenylarsonia acid had specific activities. 

of 1054 nohlta. (2.5 cm. reference) and 124 4 to 	(1 an. 

referelace). 

lien 13 (1.55 Kg.) was fed 55.4m. fl . 1113] 4mnitrophenyl.. 

&manic said containing 5.85)10 (Worked on the basis of the 2.5 cm. 

reference). 	After 24 hours, the excreta supernatant contained 

1.91)210 (324% of the dose). 

1.068  gm. 4"hitrophenylarsonic acid (M.Wt. 24.7) were added 

quarter of the excreta supernatant. 	On re-isolation and 

purification, it had a specific activity of 0.436 AtOfgat. (1 cm. 

reference) and after conversion to the bensylsmine salt (14.v it. 350 
the specific activity fell U. 0.303A.04/gm, 
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The specific activity of pure 4..nitropheny1ersonic acid 

0•303 x 	0.434. 

Using equation (1), 

40.nitsvphenylareonic acid present in one quarter of 

the excreta suornatant is tw 

1 068 a 0.00374. 

• Dose excreted as 4-nitrophenylareonic acid 

.1 	0.00)74 	x too 	27.0 % 
O.0554 
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Table 2A 

Paper chromatisraphy of aTsenicaIs 

4olvant goatees:  

As  Acetonitriles ammonia solution (sp.g. 0.88): water 

(13: is 6) eor 1.5 hours. B. Acetonitrile: conc. nitric acid: 

water (391 is 10) for 1.5 hours. 	0, n-Butanols acetic acids 

water (4 s is 2) for 16 hours. 	D, Bensenes acetic acids 

water (1 : 1: 2) for 5 hours. Ni Dlisopropylether saturated with 

water, for 5 hours. rs, naButanol: ammonia solution (ep.g. 0.88): 

water (4. s is 3) for 16 hours. 

An ratios are by volume. Solvents A. and B were developed 

by emending technique until the solvent front had travelled approx. 

imately 20 cm. from, the origin. The other solvents were run using 

the descending technique. For these solvents*  the front was 

normally about 35 cm, from the origin. 

Rf values are quoted for if batman No. t paper. 

Locating ==antes 

(a) 0.1 w/v poeimethylamin innamaldehyde (DUO) in 

2 N acetic acid revealed amine compounds as red spots. For acetamido 

compounds the red colour developed slowly*  but the reaction could be 

accelerated by light spraying with 2 Nall. and heating at 100°0 for 

5 minutes before using this reagent« 	(b) 0.8 °I  Titenous chloride 

in 0.3 N.H01. was used to reduce nitres c mpounds prior to spraying 
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with the VAC reagent. (o) 	0.25% Diasotized sulphanilic 

acid in 5% Na1303  used as a dipping reagent revealed 4-bydroxy. 

phenyl arsenicals. (d) Ammonia fumes ahOwed up if-hydrocy 

3-nitro oampotnids as ,yellow spots. 	(e) 	0.1% Starch solution 

followed by 0.002 N. iodine was selective for arsenoxides. 

All compounds showed up as dark spots on illumination with 

ultraviolet light (270 mp ) from a Hanovia ohmenatolite. 
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TEA values of anionic said* 

Cation ono-anion Di -anion Tri«enion 

so lottanylarsonic acid 3.5 8.? 
twaitrophenylarsonia acid 3.1 7.8 
p-Arsanilic acid 2.6 ‘1 8.9 
4.Acetanddophenylarsonio said 3,6 8.6 .. 
iwaydrovphenylarsonic acid 3.911  8.1.a(Phonal) 10.011  
4-Hydro:Ey 3-nitrophenylarsonic acid 3«2 5,8 (phenol) 8.9 
4.klydrow 3-aminophenylarsonic acid 4.4 

408ydromy 3.acetamidophesty2arsonic acid 3•5 410 

Figures taken from Rotten, Vogel and Andrus (1961) 
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Table 6A 

The ultraviolet absorption spectra of phenylarsonin acids 

The ultraviolet absorption spectra of p-substituted 

phenylarsonia acids can be related to that of benzene according to 

the deductions of Doub and Vandenbelt (1947). 

These workers have shown that a single substituent in the 

aromatic nucleus causes a definite displacement of the primary band 

(203.5 44 of bewsene. 	p-Disubstituted bensenes cause a displace.. 

meat of the primary band Depending upon the nature of the substituents. 

If both groupings are of the same nature (electron attracting or 

electron donating) then the displacement is similar or less then that 

of the most displaced monosubstituted benzene. If the substituents 

are different, the displacement may be greater than that of the 

appropriate monombstituted benzenes. 

Phenylarsonio acid.  

Phenylarsonic acid in the molecular fora has a primary band 

at 215 mu and a secondary band at 262 mu 	The amnia acid grouping 

in the aromatic ring is weakly eleotron attracting and causes an 

initial displacement' of the primary band of benzene of 11.5 MA* 

Ionisation has little fdrther offset on the pesitions of the peaks 

but the "second ionisation causes a drop of 20% in the extinction of 

both, bands. 
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4•Nitrophenylarsonio acid,  

Both the nitro grouping (displacement 65 mg) and the 

anionic acid grouping (displacement 11.5 max) of 40.nitrophenylarsonic 

sold are electron attracting and this compound has an initial displace. 

meet of 4.7 mp for the primary band of benzene. 	Ionisation weakens .  
the electron attracting properties or the areonic acid grouping and 

causes a shift of the primary band to longer wavelengths. This 

shift is aux for the first ionisation and 10 mu for the second. • 

viirsanilio acid.  

This compound in the molecular form contains two groupings 

of different nature. 	The amino substituent is electron donating 

while the arsanio acid substituent is electron attracting. 	The 

displacement of the primary band of benzene in p.arsanilia acid is 

53.5 mu which is greater than that of the amino substituent alone 

(26.5 m,u)  or the arsenic. acid substituent alone (11.5 max). 

Ionisation reduces the electron attracting properties of the amnia 

acid grouping and causes a progressive shift of the primary band of 

p-arsanilio acid to shorter wavelengths of 7 and 6 mg for the) mono 

and di-anion. 

Charging of the amino grouping at low pH values abolishes 

the electm attracting properties of the substituent and the absorption 

spectrum is similar  to that of phenylarsonic acid. 

p.Arsanilio acid cation has absorption maxima at 214 and 

262 myt vithmoleaular extinotions of 6,590 and 808. 	Thome ter 
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phonylarsonio acid are 215 and 262,5 mu with molecular extinctions 

of 90210 and 447. 

4ft4oetmaidochenylarsonic acid.,  
44cetamidophenylarsonic said also contains two groups of 

apposite nature but the acetsmido grouping is a muchmmektmelectron 

donor than the amino sdbstituent. 	The displacenent of'the primary 

band 'of bensene is 53.5 a01 similar to pfarsanillo acid.. On 

ionisation, shifts in the primary band are not as marked as in 

pwarsanillo acid but are towards shorter wavelengths. 	These 

shift* are 5 mrt for the mono-anion and 3 Min for the di-anion. 

The molecular extinctions of 4rnacetemidaphenylarsonio. 

acid are much greater than those of p-arsenillo acid whioh is 

consistent with the known ability of N-acetylated aromatic amines 

to absorb more Intensely than the free amines. 

.44Hydroxyphenylarsonic acid.  

According to the pita values recorded, Apahydroxyphenyi. 

arsonio acid ionizes in three stagess,r 

The hydroxyl substituent is -weekly electron donating 

whereas the anionic said grouping is eleotron attracting. 	The 
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Primary band displacement for 4phydroxyphanylarennic acid 'is 30.5 rap 

compared with Tin,u for phenol and 11,5 mA fOr pheuYlarsouta avid. 

The first ionisation of this compound causes the primary band to 

shift 4 nos to shorter wavelengths with little change in the 

secondary. band.. The second ionisation of the molecule occurs in 

the phenolic grouping and increases its eleotron . donating'properties 

and the shift in the primary band is 21.5 m,U towards 'longer wave- 

lengths, 	The third ionisation further decreases the electron 

attracting properties of the anionic acid grouping and causes a 

further shift towards shorter wavelengths of 245 Ts,u while the 

extinction is greatly increased to 04900. 
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Table * 
The recovezz of 1in hens given 50 U. of [1 - 1401 4.altrophonylareonto acid orally  
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20.8 31.9 
19.5 
3.7 

20.8 547 
72.2 75.9 

14.9 
20.8 
27.2  
2.6 

10.1 

14.9 
35.7 
62.9 65.5 
75.6 

4044 
27.7 
7.4 5.4 
6.o 

4.0.7 
61.4. 
75.8 79.2 
85.2 

57.5 
14.4 
3.5 1.3 
1.1 
2.7 
1.4 
1.2 
0.0 

57.5 
71.9 
75.4. 
76.7 
77.8 
80.5 
81.9 
83.1 
83.1 

. 	77.8 
8.1 
1.8 
1.6 
3.7 

) 	1.2 
0.6 
0.1 
0.9 
0.0 

77.8 
83.9 
87.7 
89.3 
93.0 
94.2 
94.8 
94.9 
95.8 
95.8 

82.5 
6.3 
1.1 
2.3 
2.9 
4.6 
1.5 
0.0 

82.5 
88.8 
89.9.  92.2 
95.1 
99.7 101.2 

101.2 

RIM ire. 	. P.510 19.544 
wt. Of hen (U.) 1.3 1.6 
Dose (mg.) _ 53.5 49.95 Doe' (roli./K4.14.) 41.2 

3751:62  75.9 
lit Total % 	exorotsd (4) (6) li azoroto4 

46 	 6 



Table 10A 

The excretion of anent° and 	after administration of hens larsoni 

Day after dos 	 

of dose excreted 

Inorganic As. 
Total As, 14a  

Inorganic As. 
Total As. 
140 

Total As. 
en 6 rift 

0.1 0.1 0.5 0.2 0.2 1.1 st 0.2 mg. 
26.0 15.6 35.2 12.4 4.6 93.8 
25.6 1448 34.2 11.6 3.7 89.9 

0.3 0.0 0.0 0.9 0.7 1.9 se 0.21 mg. 
40.8 13.3 5.9 9.3 4.9 74.2 
43.3 13.8 5.7 8.6 5.2 76.6 

87.2 7.1 1.2 2.5 5.0 103.0 
82.5 6.4 .1.1 2.3 2.9 95.2 

Beta 

Doses: • Hen 7: wt. 1.35 Kgi dose 60 mg. 4-nitrophemlarsonic acid 
Hen 81 Wt. 1.35 Kgs dose 46.7 mg. 
nen 6: vit. 1.30 Kg' dose 49.7 mg. 
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Table 11A 
5. The metabolites of orally administered r, 14 1 - 	4-nitro- 

Phenylersonic acid in hen excreta determined by isotope 
dilution .  

Hen 2. 1. Kg. 43.4 mg./X. 

44ritrophenylarsonic acid 
p-Arsanilic acid 
Faecal residue 

Day i Day 2 Day 3 Total 

43.0 
12.4 
6.3 

26.3 
6.8 
2.6 

14.9 
3.5 
1.9 

1.8 
2.1 
1.8 

Total 35.7 20.3 5.7 61.7 
Total 140 in the excreta 374 20.5 9.2 66.7 

Hen 13. 1.55 Kg. 	3548 Age 

p4Arsanilic 
Faecal 

Day 1 Day 2 Day 3 Total 

4-Mtn:Thai:van/sonic acid 	26.9 
acid 	4.0 

residue 	2. 
9.5 
2.8 
2. 

4.7 
. 3.0 

.2 
41.1 
9.8 
8.2 

Total 33.4 14.8 10.9 59.1 

Total it in the excreta 	35.2 15.8 15.5 66.5 

Hen 1 •  1,6 Kg. 	34.7  **Az*  
Day i Dal 2 Day 3 Total 

4-Nitrophenylaruonic acid 26.8 2.5 1.3 30.6 
p.Arsanilic acid 2.6 1.5' 2.4. .6.5 
Faecal residue 1.1 1.1 146 3.7 

Total 30.5 5.1 5.2 4.0.8 

Total 	40 in the excreta 30.9 5.5 7.3 43.7 



(a) oral administration  
7.6 5.7} 8 
7.2 5.0 11.1 

2 .2 12 
41.8 
9 

25.6 51.5 
7.2 4° 124 7 

2 
49.4: 
16.8 
11 

5.3 3.6 a. 10.3 
0,9 0.4. 1.2 
0 0 0.0 • 0.0 

36.1 25.1 56.1 
() i.e. 	1.6 - 15.7 

1.9 0.2 6«3 
43.7 

	

10.8 	2 • 	0.1 0.0 - 0.3 

	

7.5 	3 	0.0  0.0 - 0.0 
0,8 0,6 4. 1.1 

The offset of a 	in 	 of.  nuetaboittesor nitrophenylarsonic acid by hens after inJeation 
or oral administration 

Three hens (wt., 1.1 1.6 Kg.) were 'used 'in each experiment. 	The dose of 4i-nitrophenylarsonic acid was 33 mg./tg. 
The -acid was dissolved in sodium bicarbonate solution (pH 7). 4.ifitrophonylarsonio acid aid p.oarsanilic acid in the exoreta were, determined colorimetrioally. 	The results are expressed as, the average of three hens with ranges in parenthesis. 

Metabolites excreted in of dose 	 Metabolites excreted in of dose 

Total 

Day 
after-- p.Arsanilio 
dosing 	acid 

/p4Nitro. 
phenylarsonia 

acid 
Day 

after 	p.Arsanilic 
dosing 	acid  

(d) intramuscular injection 
i 86.2 83.2 .. 89.2 

3.5 	2.4 ,.. 4.4 
1 	0.4 4. 2.1 

91.5.  
4.4 
1.3  

 

14aNitro. 
phenylarsonic 

acid 

 

Total 

 

   

T(b03taloral22.adm0( 
li:ailstra3ti2On5)afte5r5p.5re(tre19:3:en6t9w4i)th  

5.8 3.5-8.5 	50.8 28.2 - 72.8 2 	3.2 0.3 5.3 	8.6 7.1-10.0 

Total 9.2 (5.8.13.8) 	63.5 (44.8- 4. 814) 
) oral administration after pretreatment with aureomycin intra-

Busaularly  
1 	7.6 6.1 
2 	2.8 0.7 4.4 
) 	3.6 0.2 7.9 

Total 6.2 (4.9 10.6) 
(e) intramuscular injection 

orally  
1 	0.810.6 1.0 
2 	0.0 0.0 	

} 
. 0.0 

0.0 0.0  
Total 0.8 (0.6 - 1,0) 
(f) intramusvular in4ection 

vein intramuscularly 

	

91.0 (87.1 95.8) 	97.2 
after pretreatment with_aurecmycin 

	

33.7 83.2 - 84.5 	84.5 

	

3.2 2.0 5.5 	3.2 

	

0.5 0.2 0.7 	0.5  

	

87.4 (86.0 89.2) 	88.2 
after pretreatment with aura°. 

9448 

77.5 
acre ,grin orally 

56.6 
11.8 

913".gft90: 11:1 
0.5 0.3 0.7  
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Table 13A  

The removal of drug residues attached to the_fAecal  
solids 

The faecal solids contained 0.6 0.9AAK Am.,/gm, 

% Drug 
Treatment 
	 residues 

removed 

Dialysis/distilled water (16 hrs.) 	 11 

1/.131. at room temp. (2thrs ) 	 5 

14.1101.. at 10043 (1.hx0 	 42 

%Nine°, at roam temp. (271 hr s.) 	23 

ILIUM at room temp. (*hrs.). 	 89 

Noitai at 10000 (1 hr.) 	 95 

0.02 IL Iodine (2i- hrA.) 	 55 

0.1m Diethylam.Aitithyldithiocafbamate 
at room temp, (*Us.) 	50 

©.1 Id EWA at room temp. (2ili hr..) 	0 



0.1, 0.2) 

0.01 - 
0.01„ 0.09 

0.04 0.14) 
0.3 0.7) 
0.0 0.01) 

(2 6.5) 
(0.08 6. 0. 
0.01,©.3,  
0.2 - 0.7 
0.1 - 0.6 

(5 - 11) 

0.2, .0) 
0,1 - 0.4) 
0.1 - 1) 

5) 

In tissues (a) and (b) 
In contents of alimentary canal 
In excreta  

I: of dose 

18 
16 
56 

1. 0 
0.3 
0.5 

4.0 (2 

Table 14A 

The distribution of total arsenic in the tissues and excrete. of three hens 24 hours after , receiving{ 
4_,...2,.....atrophen lemony. 	ic avid orall 

Dose of arsonio said 76.9 mg. (75.6 - 79.2 mg.) i.e. 23.4 mg. As. Average weight of hens 1.69 Kg. 
(1,60 	Kg.) The figures are the average for three hens with ranges in parenthesis. 

b :Time 	Of a irnenata 	anal and 	t to of aliment 

Arsenic content  

  

Blood 0.15 
Bile 0.05 
Heart 0.05 
Lung 0.08 
Liver 0.6 
Spleen, 0.01 
Skin and 
feather* 4.0 
Kidney 0.2 
Ovary and 
oviducts 0.15 
Muscle 0.5 
Fat 0.3 
Bone and 
residual tissu 3.0 

g of 
dose 

2 
roF 

Gizzard 
Small 
intestine 
Caeca 
1.4.115e 
intestine 

1.0 
2 0 

0.3r.2 
0.1 
0.1 

(0.3 - 
(1,0 .. 

0.02 

(0.06 

3.0 

0.5) 
- 0.1) 

0.2) 

13 
14 

5 4 
7 

4 
9 

(2 
(1 
(2 

. 

4. 

. 

25 
F7 

8) 
6) 

12) 

Orop 	10 
Gizzard 	2 
Small 
intestine 	2 

aeo a 	0.2 
Large 
intestine 24 

.2.5)3)  

()01.7061.2)0.5) 

(0.05 	5) • 

(p) Distribution of arsenic  

contents 
of of dose 	Aiti/14̀  

1.5 1, 2 
2.0 1, 3 
1,0 0.5 - 
2.0 1 3 
4.0 2 .. 5 
2.0 0.5 - 

4, 0 (2.6 
3.0 (2 - 

Total As. accounted for 	 90 (87 - 98) 



a ZL 

¶"61 

5'91 

a'$6 

0'51 

0'53 

91.1 

915 

9 'CI 

Val 

6'31 

0'8 

9'01 airnati as, 

toatv
atrt 

ad 	
Pus 

04, 	
Strop

99 um 	
Jew Taatt9 

GA ad 
opted 

od 
Pus 

2309uu 04/ 
•11`lsoosus4ttsu1s .tool  lEt sustitnottod •tn2  4 Pus 

Tote owookrettaatidazglu-4/ as gallop to uain9 eaters. atj 	*Ina) swag *eau 

toofill avatfitivatoct ptr. ppm progivritttoticiAnTu-4/ PikunglinwPv Xttsao Jo oonaixaxa awnwavent00 

"vtaz. 
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Table 16A  

The excretion of psiarsanilic acid by hens 

Three or six hens (wt. 1.1 1.8 Kg.) were used in 
each experiment at dosage levels of 50 or 100 mg. p-arsanilio 
aoid/kgAvit. 	The results are expressed as averages with the 
ranges in parenthesis, 

of dose excreted as 

Day after &gams 	.o..Arsallilio acid 	Total arsenic 

(a) oral administration at 100 matAx. 

51 
20 

5 

(38 
(16 

( 

- 59)3  
- 28)3  

8)3  

53 (42 4i. 59)3  
2 	 21 (15 	28)3  

	

( 3 	9)3  
Total 	 79 (77 - 803  

(b) oral admlniatratioa at 50 rag./kar  

76. 

85 
3 

1 

(74 

(83 

( 2 

( 0 

80)3  

» 88)6  

- 4)6  
06  

1 	 64. (47 - 83)3  
2 	 7 ( 2-13)3 

Total 	 74 (67 - 803  
o .intrasoular.....administration at 	0 	• 

83 (79 "b 86)"  

2 	 2 ( 2 - 	4.)6  

3 	 1 C a - 	116  

Total 	 86 (80 	89)6  88 (85 92)6 



43)3 
	 .% 90 (86 93 (90  - 99)3  Total 36 (34 
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Table 4174i 

The excretion of 4.4toetamidaphenylarsonic acid by hens 

Three or four hens (wt. 1,1 - 1,8 Kg.) were used in 
each experiment at dosage levels of 50 or 100 tagi/kgswt. The 
values for 4.acetaxidophenylarsonic acid are the differences 
between "free° end "total" p-arsanilic acid. Results are 
expressed as averages with the ranges in parenthesis. 

of dose excreted as 

Day after dosing 	-0.Arsanilic acid 
fre 	" total 

(a) oral administration It 100 wars. 

Total arsenic 

 

5 ( i 	- 6)1Ih 81  (72  loot+ 80 (74. 	901.  
2 0.5 ( 0.8)4  .3(2.6 3.7)4  4.(2.7-8.8)4  

1 (0.2 206)4  0.5 (0.3 - 2.2)4.  

Total. 5.6 ( 4 6.5)4  85 (76 103)4  84.5 (77 	99)4  

(b) oral administration at 50 mis../kR.  

	

1 	3.7 (2.4 5.6)3  60 (57 67)3  

	

2 	0.6 (0.5 04)3 8( 3 - i2)3  

	

Total 	4•8 (3.1:- 7.1)3  70 (68 - 71)3  
1:3):..intramuscular administration at 50 mg.iltg. 

38)3  

443)3  
•- 1.8)3  

80 
8 
2 

(75 - 803  
(6.7 va 8043  
(0.9 .. 3.7)3  

81
10 

2 
(756 ( 

(0.9 - 3.5)3  

1 	 31 (30 
2 	4 (3.7 

1 (0.9 
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Table 18A 

The deacetylation of 40-acetssidqphowlarsonic acid 
by hag tissues 

Tissue 	deacetylatton in I hour 

Han 1 	Hen 2 

Kidney 	74 	63 
layer 	• 0.3 0.0 
Heart 0.0 ' 0.2 

Breast muSole 6.6 
Brain o.3 0.0 

Gut 0.0 0.2 



148 

Table 19A 

The cellular location or deacetvlase activity in hen kidney 

Deacetylation 
Almoles/g. tisaue/hr. 

EtraA:it... 
Fraction 	Potter larthen 	Waring Blender 

Nuclei e debris 	3.24 	1.96 

Mitoohondrial fraction 	6.60 	10.18 

licr000mos 4. supernatant 	1.56 	41..44 

Itickosomes 	0.80 	1.28 

Supernatant 	0.0 	0.0 

Uh*le homogenate 	8.91 	14.89 



Table 201t 
The reooverY of total arsenic from hens given oral doses of 4.bydroxY 3-nitropbenylarsonio acid 

at 75 rat.119t.  

Hen No. 	 7 18. 	 66 	138  

Vit, of hen (Kg.) 	1.6 	1.4 	1.5 	- 1.6 
Dose, 	(ing.) 	 119.8 	105.2 	113.0 	116.2 

	

74.9 	75.2 	75.3 	72.7 

811.9 
Total As. 	 (40  

It excreted 
Day 

82 	100.1 	102.1 
tic) 	(ii); 	(11)  

Daily Total Daily Total Daily Total Daily 	Total 

	

i 	28.8 28.8 29.5 29.5 25.1 25.1 33.4. 33.4. 

	

2 	21.4 50.2 23.1 52.6 6.2 31.3 12.7 46.1 

	

3 	*17.4. 	67.6 	18.0 	70.6 i 13.6 	44.9 i 11.9 	58.0 

	

4. 	8.0 75.6 	5.9 = 76.5 

	

5 	6.0 81.6 4.0 80.5 13.2 58.1 14.7 72.7 

	

6 	 5.7 87.3 - 5.6 	86.1 	6.5 64.6 	9.4 	82.1 

	

7 	1.2 	88.5 1 1.1 	9.4 	74.0 	7.3 	. 

	

8 	 874' 2 	10.6 	84.6 	5.0 	94.4 

	

9 	0.3 88.8 0.8 88.0 12.4. 97.0 5,5.... .99.9 

	

10 	0.1 	88.9 	0.2 	88.2 i 

	

11 	 3.1 1C0.1 2.2 102.1 
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Table 214 

The excretion of glucturonides and ethereal sulphates by hens  
receivinA oral doses of 4,..hYdroxy 3,nitrophenylaraonic acid 

Six Rhode island Red x Light Sussex hens were used in 
the experiment. 	After 48 hours three birds received oral doses 
of the compound at 75 maKg. Estimations of total glucuronide 
and ethereal sulphate were made on the excreta supernatant. 

Gluouronides (mg.)  

AL 	Dosed Rens 	 Controls 

13.2  9.8 - 17.2 
16.2 12.6 .18.3 
15.8 14.8 .. 16.6 
11.4 9.1 - 13.4 
18.6 17.8 ui. 19.5 

Ethereal sulphites 

Dpsed Race 	 Control. 

1 	28.1 21.4 ... 36.8) 
2 	13.7 41, 23.2) .  
3 	14.4 10.6 - 17.5 
4 	18,0 94,6 0 22• 2 
5 	14.8 13.7 - 15.7 

27.4 20.8 di. 34.1 
16.7 2.1 - 30.4 
14.1 5.7 .s 23.0 
27.6 17.3 35.6 
16.5 13.7 - 2162 

1 11.2 -7.7 ... 13.0 
2 14.7 13.5 ... 15,6 
3 . 15.5 12.8 - 2002 
4 25.1 14.9 ... 32,8 
5 22.4 15.6 ii. 31.3 
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Table 22A 

The distribution of total arsenic in the excreta of hens 
reoeiviAct 4mhydroxy 3-nitrop1enylarsonio acid orally 

Three hens (vets. 2.4 2.8 Kg.) were given oral doses 
of the compound at 37,9  mg./kg. 	Food was withheld Prom the 
birds for 2l. hours prior to dosing and thr:oughout the oourse 
of the experiment. 

The fighres are the average for three hens with ranges in 
parenthesis. 

Dose excreted as As. 

12a Excreta suyernatant Pascal solidi( Total 

34.7 (24.4 43 1.3 (1.1 36.0 (25.5 44.3) 

2 25.3 (23.4.* 27.7) 0.8 (0.5 - 1.1) 26.1 (24.5 • 28.2) 

3 124 (11.8 'yea) 1.0 (0,8 1.2) 13.8 (12.6 15.3) 

Total 72.8 (62.0 - 79.8) 3.1 (2.7 3.3) 75.9 (65.3 - 82.5 



Total As. 

27'4 24.8. 30.0) 
24..0 16.2 - 29.8 
10.6 	14,1)  

62.0  (58.5 65.1) 

96 3 • amino 3 	nitro • 3 - amino 

5.1 0.6 - 36.6 24.8 42. 36.9 
4,8 2.0 

8.3} 
7.2 13,9 8.2 -171 16.4. 

2.6 1.1 - 4.1 0 7.i 3.7 
12.5(11.9 - 13.0) 55.6 (49.6 - 63.1) 61.0 

Total As. 

{25.4 43,1 
12.6 19.6 

12,2 

(37.2 - 65.3) 

% 3 	anizo % 3 - nitro* 3 -- amino 

- 20.9 48.6 42.8 - 54.6 46.9 14.6110.4 
4.1 	2.0 11.5 7.3 15.3 
0.2 	0.0 - 0.5 0.8 0.2 1.9 2.7 

18.9 (16.7 - 23.1) 60.9 (52.6 - 68.1) 64.9 

45,0 - 50.2 
10.4 -21.7i 

0..3 .- 4.9 
(59.9 71.6) 

Total As« 

Table 2,3A. 

The metabolites of orally administered 40bydron 3-nitroyhanylarsonic acid in the 
excreta of hens 

Three hens (wt. 2.2 3.6 Kg.) were used in each experiment. The compound was 
given orally in sodium carbonate solution at the &nage levels specified and the excreta 
was analysed for three days for nitro and amino hydrozyphenylarsonic acids and total arsenic. 

Dosage level 75.6 mglAst. 

Pitrp amino 

25.5 	29.7) 121.2. 
17.3 	9.7 - 24,4 

1.6r.6. 1.7) 
5.5 3.0 	8.9 

5.4. 	2.8 - 10. 4,9 	1.2 - 9.9 
12..0 (7.6 - 20.4) 

Day 

2 
1  

, f 	-  nitro 4. 3 amino 

27.1 22.8, 31.4) 
22.8 12.7 - 29.1 
10. 4.2-1 1)  
60.2 (4.5.4 - 64.7) 

1 	31.5 24.2 36.1 
2 	9.1 6.2 - 11.0 
3 	2.5  i.. - 3.2 

Total 43.1 (37.4 - 50.3) 
Dosage level 18.9 ma.Ar.a. 
Day 	) nitro 

Total 48.2 (41.9 57.1) 
Dievel 37.) nyrobikg• 
Day 	% 3 - nitro 

34.0 30.3 	38.0 
2 7.4 5.3 - 11.3 
3 0.6 0.0- 	1.9 

Total 42.0 (35.9 - 51.2) 



-- Table .244  

• The metabolites of intramuscularly administered 4.hydroxy 3.nitrophenylarsonio 
. 	 ofacid is the en0hens .• 	• • 	• 

Three heal (wt. 2.2 3.6 Kg.) were used in each experiment. The compound was 
administered-intramuscularly. in sodium bicarbonate solution (pH 7) at the dosage_ levels 
specified and the- exorets•were analysed for three days for nitro and amino hydroxyphenyl. 
arsonic acids end total nrsenio. • 

Dosage level 37.9 mg./KA. 

DIM 46 3 - nitx 

1 
2 

59.6 (47.6 - 69.8) 
0.3 ( 0.0- 	0.6) 

Total 59.9 (4.7.6 69.8) 

11: 3 min, 

0.6 (0.0 . 1.6) 
0.2 0.0 . 01;1 

0.8 (0.2 - 1.6)  

3 - nitro + 3 - amino 

60.2 (47.6 70.0) 
04 ( 0.3 0.6) 

60..? (47.9
. -70.0) 

Total As. 

58.0 (47.6 - 66.7) 
1.0 ( 	- 1.61 

59.0 (48.1 66.7) 

N.B. All hens died 25 - 30 hours after dosing 

Dosage level' 18.9 mg.. 

Dax 	- nitro 	% 3 . amino 	.043 - nitro * 3 wain°  

1 79.4. 77.2 . 82.9 2.4. 0.7 - 4. 81.8 78.7 
2 9.8 	5.4 ... 

i 
45.0 1.5 0.0 - 4.5 11.3 9.1 

• 87.5i 
. 15.0 

3 2.7 	1.6- 4.0 0.4. 0.0 - 04 3.1 2.5 . 4.0 

Total 91.9 (85.0. -101.9) 4.3 (2.1 - 6.1) 96.2 (90.3 .4064) 

Total As. 

79.8 r6.8 - 84.3 
11.9 10.7 - 13.7 
3.6 2.5 

95.3 (90.0  -*)3.1) 
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Table 25# 

The removal of drug residues attached to the rascal 
solid*  

The faecal solids contained 0.8 - 1.7 AM ds./gm.  

Treatment 
1: Drug 

residues 
' removed. 

Dialysis/distilled water (24 hrs.) 39 

N.1101. at room temp. (2 	hrs.) 14. 

N.H01. at 100Pb 	(1 hr..) 

2 % Ne11003  at mom temp. 	(*bre.) 28 

0.2 N.Na011 at roam temp. 	(21 hrs.) 79 

0.2 N,NaOR at 100% 	(1 hr.) 94. 

0.02 N. Iodine at room taup. 	(21 hrs.) 85 

0.1 M Diethylem. diethyldithicoarhamate 
at room temp. (2 bra.) 	63 

0.1 	SE CA at room temp, (2-1,  hrek) 	16 



Total 
2601r2.7 a- 46.1 
10.6 7.3 - 13.8 
7.3 	1.1 - 12.4 

44«,0 (28.4 a. 72.7) 
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Table 26A 
The effect of diet on the nietabolimn of orally AArninistered 

4.-hydroxy 3.nitrophenylarsonic acid 
Three hew (cats. 2.2 - 304. Kg.) were used in each 

ea/vestment. The compound was administered orally at 37.5 mg./Kg. 
and the excreta supernatants were analysed for nitro and amino 
hydrcxyphenylarsonic acids. 

Starved birds.  
Day 	% 3 nitro 	fo 3 amino 	Total 

1 	26.5 9.4 w  39.6 
2 	14.1 8.2 18.4 
3 	5.8 4.2 - 6.8  

2.2 0.0 3,01 
0.3 0.0 1.0 
1.3 0.0 3.8 .  

28.7 9.4 - 451 
14.4 9.2 a. 18.4. 
7.1 4.2 10.6 

Total 	46.4.0441 - 59.4) . 3.8 (0.0 a. 5,9) 	50.2 (3441 - 65.3) 
Birds receiving Diet 1;  
Day 	nitro 	3 amino 

2 	9.2 6f;3 - 13.8 	i«4 0.0 -3.2 
5.2 

24.0 r2.7 40«1 
1.1 a. 9.5 .  2.1 0.0 -3.4  

Total 	38.4 (24.0 634) 5.6 (3.2 • 9.2) 
Birds receiving Met 20  
Day  nitro ino, 	Total 

 

  

1 	31.2. 30.7-.'3'2.9 
2 	10.1 9.4 10.5 
3 	6.2 5,43 7.2  

Total 	47 5 (46.4 50.6)  

1.3 1.3 • 1.4 . 
6.3 1.1 -12.6 
34 2.4-5.1  

32.5 320 - 341 
16.4 10.5 - 23.1 
9.5 	7.7 - 12.3  

10.9 (4.8 ..16.4) 	58.4 (51.2 62.9) 
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Table 27i  

The distribution of drug residues in the contents of the  
alimentary canal of hens reoeiving ip.hydroxy 3.nitrcphenvl. 

arsonic acid minx 

Five hens (vts. 2.6 - 3.6 Kg.) 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 
4.hydrow )..nitz, end 40.hydroxy 3-aatirtophernylarsonto acid in the 
esupernatant fraction and total arsenic in, the solid fraction. 

(a) 16 Dose in the ()Octants of the aitiantioxy canal.  

own 	 6 hrs. 	12 hrs.- :2‘ bre. 	48 bra. 	72 hrs. 

C top 	 46.8 	48-7 	76.6 	. 240 	5.0 

Gists-10 	 7.4 . 	8.1 	9.7 	..2.7 	3.5 

*mu intestine , 	, 2.9 	1.6 	. 1.9 	0.8 	0.7 

Omni. 	 .3.1 . 	1.9 	203. 	1.0 	1.1 

Large intestine 	0.3 	0,9 	0.6 	.0.6 	6.8 

EMoreta 	21.3 	340. 	17,3 	53.1 	44.1 



Table 28i 

f4 The occurrence of 4Aurdi 3-nitrophenylarsonio acid. 4..hydx 3-erinophenyl- 
anionic acid and of drust residues attached to the solid fraction of the arcp  

contents 

Time of death 
after daring 

4. - hYdrozr. 
nitro 

4 0. hydroxy.. 
3 w  amino 

% attached to 
solid fraction 

Total 

6 hours 31.0 3.5 12.3 46.8 

12 * 18.3 21.2 9.2 48.7 

2 53.6 6.3 16.7 76.6 

48 a 10.8 12.6 0.6 24.0 

72 0.5 2.9 1.6 5.0 
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