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ABSTRACT

The polar compéund 2-{4~hydroxyphenylamino) propanoic
acid was confirmed qualitatively as a urinary metabolite of
 N-isopropylaniline in the rat, illustrating the metabolic |
pathways of aromatic hydroxylation and side chain dxidationo
It was established that at least two metabolites of Nmisopropylaniline
are excreted in the bile, and three metabolites in the urine, all
of which are likely conjugated., Preliminary studies were also
carried out on the biliary metabolites of N-isobutylaniline, and

on the nature of the conjugates of N-isopropylaniline metabolites

in the urine and bile,
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T, INTRODUCTION

Research in the g@nerai‘field of drug wmetabolism has
increased greatly in the last thirty years as man endeavours ﬁo
keep stride with the metabolic féﬁe of an ever-increasing number
of drugs and chemicals in mammalian systems. The importance of
such studies cannot be oversmphasised. As such compounds are
foreign to the normal metabolic pathweys of an arganism, they
must be metabolised and @liminated.in a form which renders the
compound non=toxic %o the organism., If the compound were not
rendered non-toxic, polscning or even death cculd result,

Detoxication may be defined as "“accelerated elimination
of foreign compounds and, frequently, the neutralisation of any
pharmacological activity they may possess® (Parke, 1968a)}, Most
drugs, detoxicated in the liver, are either excreted in the bile
andvvoided in the faeces, or are taken to the kidneys and excreted
in the urine. Other less important sites of detoxication are |
the lungs, gastrointestinal tract, kidneys and skin,

Over the past few years, research has been in progress
in our laboratories on the metabolism of N-alkylaromatic amines,
Aromatic amines have been found to be important intermediates
in drug and chemical manufacturing, and as such could produce
health hazards. The chemical 4-aminodiphenyl, formerly used as
an antioxidant (Cases 1954) was found to produce a variety of
tumours in rats (Walpole et al., 1952) and bladder tumours in
dogs (Walpole et al., 195L), These workers expressed the view

that aromatic amines are carcinogenic because of their conversion

in the body to ortho-hydroxyamines, which are direct carcinogens,




Thus, 2-naphthylamine was inaétive in mice as a bladder carcinogen
when implanted as a paraffin pellet but bladder carcinomas were
regularly produced by implantation of the gehydroxyiated

netabolites of the amine (Boyland, 1958). To date, studies on
Ne-alkvlaromatic amines have bsen carried out on the urinary
excretion of'metaboliﬁes in the rat; and in some cases the major
metabolites have not yet b@envidentifiedo Alexander et al.

(1968} were able to account for only 26 percent of the radicacﬁivity
excreted in the z&nhour urine of réts injected with Nesec~
butylanilinealgc hydrochloride, and Alexander and Sitar (1969},
conducting similar experiments cn N-isopropylaniline, identified

70 percent of the metabolites excreted in 2i-hour urine, In

order to obtain a complete anderstanding of the metabolisa of

these two Nealkylarcmatic amines in particular; the remaining
metabolites must yet be identified. In the case of both N-sge-
butylaniline and Neisopropylaniline, the authors concluded that
polaf, waterésoluble metabolites constitute the unidentified
fractions. Attempts to characterise a possible polar metabolite

of N-isopropylaniline comprise the first part of this thesis,

While renal excretion studies have been widely documented
and reviewed {Sperber, 1959 and Peters, 1962}, the study of extra-
renal pathways of excreﬁian iias been ignored to a considerable
extent. Biliary excretion studies, and the role of enterchepatic
circulation in the detoxication «f foreign compounds, are now

gaining wider prominence among r:.zarchers. For practical and

theoretical reasons studies on hepatic excretion have lagged

behind those made on the kidney (Smith, 1966). However, a large
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_numbef of drugs are now knOWﬁ to be excrete&‘in the bile and
therefors the pessibility that drug tdxicity may be related to
entérohepatic'ciFCulaticn must be considered (Williams et al.,-
1965} .

V There have been few reports in the literature on the
biliary excretion of aromatic aminés, While dipheﬁylamine has
been reported to be metabolised and excreted in the bile of rats
to an appreciable extent (Alexander, 1965}, studies on the
metabolism of aniline have revealed very little excretion of this
compound or its metabolites in the bile (Williams et al., 1965},
Therefore, preliminary biliary execretion experimeﬁ%s were undere
taken with N-isobutylaniline and N«is&prgpylaniline %o éetermine

if bile provided an. important mode of excretion for the N-

alkylaromatic amines,




| - II, METABOLIC FATE OF FOREIGN COMPOUNDS

The term "detoxication® fornerly was used in its
narrowest sengég implying that foreign compounds undergo a
reduction in toxicity wben transformed in the body. Two con-
b-tradictionsg however, became apparent: (1) some’ compounds,
such as barium sulphate and aromatic sulphonic acids, are
excreted almost totally unchangedsland {2) certain foreign
substances aré converted into more toxic metabolites. For
example, picric acid (I,).is partially reduced to the more

toxic picramic acid (II.).

OH
NO, f//\]' NO, NO, r//:\ NH,
[~ — I
N02 B N02
I. 11,

Detoxication now refers to all metabolic changes undergone by
foreign compounds in the body, and it is essentially a twgaphase
process of metabolic transformation and conjugation, giving rise
tovmetabolites (including conjugates) which are then excreted
in the urine, bile and expirved air (Parke, 1968a).

| Metabolic-transfg§;ations are reactions in which the
foreign compound undergoes a wide variety of oxidations, reduc-

" tions and hydrolyses, ususily introducing functional groups which

increase}the polarity of lecule and act as centres for the

second phase of the pro¢ “These metabolic transformation :

reactions are generally w~Ferred to as phase I type reactions




(Williems, 1959%aj.

A1l transformations of foreign molecules are catalysed e
enzymatically, and most of these enzymes are present in the liver
microsomal fraction (Williaums, 1962)9 - Fouts (1961}, employing
,.denSity gradient ceaﬁrifug&ticn,helectron micrographs and enzyme
activity studies, determined that the smooth endoplasmic reti-
culum had four times the ability to metabolise hexobarbital as
the rough endoplaémic reticulum, Hydrolysis of amideé and esters
may be micreosomal or non-microscmal. Reduction of nitro and azo
compounds involve microsomal enzymes, while aldehyde and ketone
reductions are hon«microsom&l in nature. Oxidation, the most
general reaction undE?gaﬁﬁﬂﬁ?'faféign.compeundss is microsomal as
regards hydroxylation of acyclic, aromatic and alicyclic compounds,
epoxidation, N-hydroxylation of amines, N-oxidation of tertiary
amiﬁes, S-oxidation, dealkylatian, deamination and desulphura-
tion. Non-microsomal oxidations include deamination, oxidation
of alcohols and aldehydes, and aromatisation of alicyclic
compounds (Parke, 1968b),

Conjugations are syntheses by_which the foreign
compound or any of its metabolites is combined with éndogenous
molecules or groups such as glucuronic acid, sulphuric acid and
amino acids, or methyl and other alkyl groups. With the exception
of the latter, these synthesis reactions generally make the
. molecule more polar en? less lipid~soluble, and thus more readily
excreted, The ccnjugationfreactions are generaily referred to

as phase II reactionf”ffi%j;@ms 195%a). A foreign compound or

molecule which already couvains a site for phase II reactions




will not necessarily go through'the}phaSe I ?eacti@n-stageo

- Conjugation of fcreignchmpoumdsvand their metabolites to one

of the aforementioned endogenous substrates takes place most

often by a transfer of the andogenocus substrate from the co-

enzymes that participate in interrediary mét&bolisme Howeﬁerg

 the enzymes Whlbh catalyse the transfer are usually specific for

.the formation of the conjugates of fcre*gn compoupdag
The‘pathways of reduction and hydrolysis are of minor

importance in the metabolism of N lkylarcmaclc amines., Oxida=-

tion and conjugation, however, are quite important and will be

“dealt with in respect to the compounds under investigation.
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IIT. METABOLIC REACTIONS IMPORTANT TO AROMATIC AMINES

~ There have béen few reporté in ﬁh@'literaﬁure on the
metabolic fate of the N-alkylaromatic amines. Oxidative
degradations such as oxidative N-dealkylation, hy&roxylation of
the aromatic ring; and side chain oxidation have been reported
to occur with this class of compéunds (Alexander and Siﬁar; 1969),
and ét‘present_appear to be the major types of metabolic attack
involved. .These types of oxidations have been found to be
micresomal in pature and require oxygen and reduced nicotinamide
adenine dinucleotide phosphate (NADPHZ) to function {(Gillette,
1962). | |

A, ’OXIDATIVE N=-DEALKYLATION

This type of deg
reaction, in which N,N-dimethylaniline (III.) is dealkylated to
aniline (V.), with Nemethylaniline (IV.) as an intermediate

(Parke, 1968c):

N(CH ’ )
(CHy), —— <i:::>> NHCHy —— <§:::;>» NH,

IIT. Iv. Ve

Many different foreign alkylamines are dealkylated by
the microsomal enzyme system, including N-methyl and dimethyl-

barbiturates, hydantoins, adrenaline, ephedrine, aminopyrine and

pethidine (Parke, 1968c). The requirements of the enzyme systems




responéible for Nedealkylétion are essentially similar.to those of
the.cther oxidation systems. Natural compounds such as sarcosine
and dimethylaminoethanol are dealkylated by mitochondrial enzymes,
not microsomal énzyme& {La Du, 1955).- The N~dealkylation |
mechanism is thought to involve the enzymié formation of an N-
1cxide (Ziegler and Pettit, 1966) or hydroxymethyl intermediate
(McMahon and Sullivan, 1964}, which then rearranges intramol-
eculariy te yield the amine. N-hydroxymethyl intefmediates are
sometimes sufficiently stable to form glucuronide conjugates,
which are excreted in the urine. Diphenylamid (VI.) forms a
hydroxymethyl intermédiate_(VIlo), which can combine with
glucuroﬁic acid to form'a conjiugate (VIII.) (McMahon and

Sullivan, 1965).

06H5 //CHB 06H5 //QHZOE CéHS //cﬁzocéHgaé_
CHCON\\ —> //CHCON\\ ? //ﬁHCON\\

06H5 CH3 06H5 CHB «Céﬁs CH3
VI. ’ VII. VIIT,.

In the study of the metabolism of N-alkylaromatic
amines in the rat, N-dealkylation was found to occur, with
concurrent para- hydroxylaflon of the benzene rlng to yield p-
aminophenol. This metabolite accounted for the fellowing percent
of radioactivity excreted in the 24-hour urine after intra-

. peritoneal administraﬁiéﬁﬁgf each respective lhcmlabelled

:eg 13% (Alexander et al., 1968);

compound: N-sec-buty!

«rander and Sltar, 1969); N-tert-

N-isopropylaniline, 8%
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bétylanilineg 1.9% (Brown, 1970} and N-iscbutylaniline, 55.7%
(Thiessen, 1969). This reaction has also been extensively
studied with a number of unlabelled N-alkylaromatic amines such
as‘Nagﬁbuﬁylaniline'and N-n-propylaniline, and the production of
.>E«aminophenol nas been observed in every instance (Alexander,
unpublished results],

B. HYDROXYLATION OF THE ARONATIC RING

Microsomal rlng hydroxylatlons are currently con81dered
to involve either: hydroxylation by a free radical (Smith, 1950);
the formation of an epoxide followed by intremolecular re-
arrangement to form a phenol (Boyland, 1950;Mechanism l); or a
more complex mechanism infwhﬁﬁh*a&*aréne«lQZwepoxide is a common
intermediate for the end production of phenols, catechols,

hydrocarbons or mercapturic acids (P rke, 19684; Mecﬁanlam 2).

H

- microsomal enzymes H OH

X + 02 + NADPH2

Mechanism 1.

>
o
o
et
=T
Bk
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_microsomal H SR;
enzymes ol I OH
+ 0, + hADfHZ LQ\ = s
, SE
| NS .
H OH, OH
-~ H -~ NS
. >
CO0OH
|
% R = ~CH,CHNHCOCH,

Mechanism 2.

Another possible mechanism is one in which hydroxymethylation of
the aromatic ring occurs. Guinea pig liver microsomes have been
shown to convert aniline (IX.) into p-aminophenol (XI.) via the

formation of p-aminobenzyl alcohol ({X.) (Sloane, 1964).

— microsomal p— microsomal =
NH. -———»y HOCH H enzyme . o NH
2 enzyne 2 v 2
Y - N\ / + 0y \ 7/
NADPH2

X, X | ~ XI.
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The orientation of hydroxylaticn of monosubstituted
bénzenes such as the N-alkylanilines can be determined either by
theé directing nature of the substituent or by species variability

(Parke, 1968d). If the substituent is ortho/para-directing, these

positions will be‘hydroxylatéd. If the éubstituent is meta-
"dirécting, for example nitrobenzene, all three positions have been
found to be hvdroxylated, with the hydroxyl groups entering '
predominantly at the para- and meta- positions. As for species
variation, Parke (1960).reported thaﬁ aniline is hydroxylated in
various species és follows:‘ rabbit, p-aminophenol 51%, o-aminophenol
9%; dog, p-aminophenol 11%, o-aminophenol 25%; rat, p-aminophenol
4,8%, o-aminophenol 19%.
| In addition to N-dealkylation, the N-alkylanilines have
been shown to undefgo ring hydroxylation wﬁthout removal of the
N-alkyl group. Thus, it haé been shown that N,N—diméthylaniline
is metabolised to E—hydroxy-N;N-dimethylaniline and p-hydroxy-N-
methylaniline in the rabbit (Horn, 1936). Furthermcore it appears
that the type of reaction which occurs is species-dependent, For
example, N,N-dimethylaniline y;elds o-aminophenol in the dog, as
compared to the metabolites formed in the rabbit as described
above, With respect to N,N-diethylaniline, the g—hydroxylated
product is formed in both the dog and the rabbit (Horn, 1937).
Whén the sidé chain‘is longer than ethyl, p-hydroxylation again
‘has been demonstrated to be a major metabolic route for the parent
\N-alkylanilines, as demonstrated in the following series:
p-hydroxy-N-sec-butylaniline 10% (Alexander et gl., 1968)
p-hydroxy-N-isopropylaniline - 61% (Alexander and Sitar, 1969)
p-hydroxy-N-tert-butylaniline  89% (Brown, 1970) |

p-hydroxy-N-isobutylaniline 37% (Thiessen, 1969)




- Rranching of the N-alkyl side chain has been 3héﬁn.to
| affect the m@t&boBLc pathw vy utilised. When the chain is branched
on the X-carbon {the carbon adjacent to the uitfogen)$ p-hydrox-
Ylatiéﬁ predominates (e.g. Ne- ~igopropylaniline and H-tert-
butylaniline). If branching is on the B-carbvon (the carbon one
removed from the nitrogen, N-dealkylation and p-hydroxylation
ccmbiged'predominate, as demonstratéd by the metabolism of N-
iscbutylaniline (Alexander and Thiessen, 1970), It thus appears
that the further the branching occurs from the nitrogen, the
greater the degree of N-dealkylation. | |

C. SIDE CHAIN OXIDATION |

The quest for polar metabolites which have been
demonstrated to occur with Negee-butylaniline and N»isoprcpyl&nilin@
has led to the investigation of oxidation of the alkyl side chain.
Sucﬁxmetabolic reactions could yield'organiﬁ acids, whiéh |
potentially could possess the polar properties which have been
attributed to'th@ unidentified metabolites. While literature 1is
scarce on oxidation of these compounds, Alexander et al. (1968)
found that three percent of N-gec-butylaniline (XII.) was excreted

as 3-phenylaminobutyric acid (XIII.) when administered to rats.

NHC!HCH,‘ICH3 e : NHCFCHZCOOH

CHy | o | CHy

XTI, | XTI,




Hdwever9 Alexander and Sitar (1969) could demonstrate only a
small proportion of K-isopropylaniline being oxidised in the side
chain to yield 4oanﬁ1ipupwopjonmc acid, |

Numercus cther groups of drugs coataining alkyl side
: ,chains provide excellent evidens@ that oxidation of this type is
a major degradative pathway, Terminal (@) oxidation is
exemplified by the formation of Eméthylmﬁm(2?»hydroxyethyl)
parbituric acid (XV.) when diethylbarbituric acid (XIV) is

asdministered te rats (Goldschmidt and Wehr, 1957).

LH OH
HN™

— CH CH

0 N/

XIV. XV,

The more commoin bérbiturate, butabarbiﬁalv(XVI,), has been shown
by Maynert and Losin (1955) to be metabolised in quantities of
28 to 35 percent to Segthyl=5=(2t-carboxy-1'-methylethyl)
barbituric aeid (XVII.). |

0
R CH,CH, CH,,CH,
HY  TeycH,CH, , iR 0008
CH
VNS I | O™~y )

H : H

XvI. . XVII.
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Penultimate (<1} oxidation is exhibited by peﬂtobarbital (XVIII.)
vin.the formation of a secondary alcohol, S5~ethyl«5-(37-hydroxy-
1t-methylbutyl) harbituric acid (XIX.}, as well as the terminal
acid, 5aethyiw¢w(??»ﬁarboxyml?mmeﬁhyloprgpyT) barbituric acid

{XX.) (Brodie st ;l@p 1953 and ery et al., 1959).

0 CH.CH 0 H
/L\JU 2\“_13 C CHB ‘
HE L\?%HZCHZCHB HN CHCH,CHCH,
3 [ BN CH “ O
~y \1/ ~0
H
XVIII. »- , XIX,
o 9 e

1CHy
H’ CHCH CH£COQH

O}\I\ /LwLJLIB

XX,

Ethylbenzene (XXI.}, in rabbits, is metabolised to phenylacetic
acid (XXII,§,'and to methylphenylecarbinol (XXI1I.), which
convertsvté mandelic acid (XXIV.) and benzoic acid (XXV.}., The

metabolites are excreted as conjugates of phenylacetic, mandelic

and benzoic acids respectively (E1 Masri et al., 1956).
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Side chain oxidations of this type are catalysed by enzymes

S
present in liver mi

S

erosomes (Mark, 1963}, and Rrodie et al.

E (1955} found that beoth reduced nicotinamide adenine dinucleotide
phosphate (NADP) and oxygen are required for the reaction to |
oceur, The requir@mentslaf the system, therefore, are
essentially similar to those of the aromatic hydroxylation system.

D. CONJUGATION

The following general types of conjugation reactions

are known to occur (Smith, 1966):

Glucurqnic}acid conjugation Glucoside formation

Ethereal sulphate synthesis Gluﬁémine conjugation

Hippuric acid synthesis Ornithuric acid synthesis
Glutathione éonjugation Cyanide-thiocyanate detoxication
Mercapturic acid formation Methylation

Acetylétion




§
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of the above mechanisms, glucurcnide, ethereal sulphate,
‘acetate and glutathione formation. have been demonstrated in the
metabolism of aﬁiline (Pérkes 1960 and Boyland et é&,; 1963 %,
It is possible that glycine conjugates may also form with Ne
alkyl side chains whose terminal ((3) methyl group has been
oxidised to a carboxyl group. Ethylbenzene, which is partially
metabolised in'the rabbit to phenylacetic acid;‘is excreted as
ph@naéeturic acid, a glycine conjagaté (El Masri et al,., 1956)0
Therefore, it seems possible that some of these reactions may be
involved in the conjugation of the N-alkylanilines, which are
known té conjugate since they must be hydrolysed prior %o

identification of the free metabolites.

1. Glucurecnic acid conjuzation

Conjugation with glucuronic acid is likely the most
vccmmon conjugation mechanism, occurring in all mammals and most
vertebrates except fishes (Parke, 1968e}. The cat is one
exception, using this pathway only to a very minor extent. This
species can, however, excrete the glucurcnide of hydroxylated
metabolites of 2-acetamidoflucrene in the urine (Weisburger

et al., 1964) and of progesterone in the bile (Taylor and
Seratcherd, 1961},

The synthesis of the glucuronide proceeds via transfer
of the glucuronic acid from uridine diphosphate o«{~D-glucosid-
uronic acid (UDPGA} to an acceptor, catalysed by the enzyme
glucuronyl transferase (UDP transglucuronylase}, which is present

in the liver microsomes (Dutton, 1956}, Glucuronide synthesis is

not limited to the liver. It has been found to occur as well in




the kidney, lung, spleen, bladdervand tissues of the géstroc
ihtéstinal tract (Schacter et al., 1959, and Stevenson and
Dutton, 1260),

The O-glucuronide is the most pfobable conjugate to be
formed by Nealkylaniline metabelites, either on the phenolic

group formed by hydroxylation of the aromstic ring ({ether type):

or on a carboxyl radical resziting from side chain oxidation

(ester type):

NHRCOOH ~——— NHR00006H906

R = alkyl chain

The ether type gluéuronide has been shown to occur with the p-
hydrexylated metabolites of N,N»dimethyléniliue and N,N-
diethylaniline (Horn, 1936 and 1937) and of aniline itself as
p-aminophenylglucuronide (Williams et al., 1965)., Tert-
butylbenzene (XXVIQ); in part, is first oxidised to o¢,-
\dimethylphenylacetic acid (XXVII.}, then excreted as an ester
type glucuronide (XXVIII.) [Robinson and Williams, 1955).

. o
o s W
&




XXVI, : XXVII. XXVIII,

A double conjugate is formed with p-hydroxybenzoic acid, on both
the phenolic and carboxylic acid groups (Parke,; 1968e.),
Neglucuronides have been shown té cccur on the nitrogen
atom of an aromatic amino group, a sulphonamide, a carbamyl
groupg or in a heterocyclic ring compound. Ani&ineonglucuronlde
(XXIX.) comprised %hree percent of the dose of aniline excreted

by rabbite [Parke, 1962},

. b

\ NHC ¢ HoOg
XXIX.

Conjugations of the sulphonamides may be on either nitrogen, as
illustrated by sulphanilamide»Nkeglucuronide (XXX.) and
sulphathiazolelemglucuronide (XXXI,) (Parke, 1968ej.

] | Celighglii 50,1, B NH, \ /, 50,1 -é\—:>

06H Og

XXX, . XXXI.
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Meprobamate glueufonide (XXXIL.} illustrates cénjugation of a
carbamyl group and sulphiscxazglemﬁgmglucugonide (X¥XXIII.) ”

’ conjugates on the heterscyclic ring.

. 2
| C.H CH.OCONH... /
| LR AN 2 ~ | :
y C ’ CH, -
. SN } L§;r ‘ 3 CH3
J - cH, CH,0CONHC-HgOg «—JZ:—_§
. R . T 13 T -

| S0,,NH o 1 =CgHg0g

IXXIT. XXXTIT.

2. Fthereal sulphate conjugation

Sulphate conjugation is commonly associated wiﬁh
phenols (phenyl suiphste; ZXIIV.) but it has also been shown to
ocour with aliphatic alcohols (Bostrdm and Vestermark, 1960)
such as ethanol {ethyl sulphate, XXXV.) and with aromatic amines
(Bo&land §§_3;09v1957 and Roy, 1958) such as aniline (phenyl
sulphamate, XXXVI,).

N

HSO, H
CHCH,050;H

XXAIV, oL TXXV, XXXVI.

Thisvtype of conjugation is thought tc be the most primitive of

. detoxication mechapism:-, ' which an activated form of sulphate

is transferred to an &: swo.molecule, such as a phenol, under

the influence of a: erase (de Meic and Tkacz, 1950).

%30, "showed the activated form of sulphate

Robbing and Lipmani
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to he 3'-phosphoadenosine~5’-phosphosulphate. A number of
different sulphctransferases or sulphokinase appear to exist,

3, Glutathione conjugation

The glutathione conjugation reaction is.a relatively
recent discovery of considerable importance, especially with
respect to biliary excretion, Naphthalene (XXXVII.) is considered
to form a 1,2-epoxide intermediate (XXXVIII.), which -is catalysed
by glutathiockinase to react with glutathione (XXXIX.), producing
the conjugated compound (XL.). This ccnjugate is an intermediate
in the formation of a pre@ercapturic acid {XLI.). On treatment
with mineral acid, either l-naphthylmercapturic acid (XLII.) is
formed by the loss of the elements of water, or Zmnaphtﬁol

(XLIII.) by the loss of N-acetylcysteine (Boyland et al., 1961).

microsomes
+ NADPH

+. 02

XXXVIT. : XXXVIIT,

2

2

+ HS CH,CH NH
/

CONHCH.,COOH
/ y

2

NHCOCHZCHzcg\

' COOH
XXXIX.

#* Subsequently abbreviated as G. XLa




YT Yali ) 3 C v
H “SQHQngHCCCAB , S H20HNHCOCH3

H , ,
YOH coct . Xy COOH

v

F

XLI. XLII.

OH

YA

XLIII.

Compounds such as iodobenzene and pyrene {Boyland and

(Combes and Stakelum, 1560)

Sims, 1964) and sulphobromophthalein
have been detected as conjugates of glutathione, cysteine and
cysteinylglycine, before being excreted as mercapturic acids.
Boyland et al. (1963) observed that tréce amounts of aminophenyl-
~and aminonaphthylmercapturic acids appeared as metabolites of
aniline and 2-naphthylamine respectively in the urine of rats,
These acids must be formed similarly to aromatic hydrocarbon
cdnjugates by combination of the hydreoxylamino compounds with

glutathione, followed by an intramolecular rearrangement,

transpeptidation and acetylation, as illustrated by the’

following sequence (Parke, 1968f):




NH, I NHOH HH-SG
o glutathione (G) N ‘

ey ‘ - >
QQEJ/JJ glutathiokinase

earrangenent,
transpeptidation &
acetylation

NH,

SCH

ZC$NHCOCH3

COCH

Jagenburg and Toczko (1964) found that when two gram quantities
of ggetophenetidine were administered to humans; two percent of
the dose was excreted in 24 hours as S=(l-acetamido-k=hydroxy~
phenyl) cysteine, a mercapturic acid derivative. In view of
these feactione, it would not be unreasonable to assume that
secondary alkylaromatic amines might undergo similar conjugation
reactions,

fo Acetylation

 This is a general metabolic pathway for aromatic amines,
sulphonamides and some fore%@n amino acids such as phenyl-
cysteines, In the case of aniline in rabbits, only a very small
tamount of acetanilide (O.2:percent) was found (Parke, 1960).

“report of Smith and Williams (1948)

This was consistent with th

that acetanilide is thydé Tated extensively, then metabolised

to the corresponding Onglucﬁramide or ethereal sulphate,
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constituting a double conjugation mechanism, Sulphonamides,
such as sulphanilamide (XLIV.), may acetylate on either or both ; ,

nitrogen atome (Parke, 1968g; XLV., XLVI., and XLVII.).

NHCOCH,
| XLV, »
NH U NHCOCH
2 3
252
0,NH,, \‘\\\\$ | NH, ////*/z. SO, NHCOCH
XLIV. - . XLVII.
SO, NHCOCH
XLVI.

The acetylation reaction usually occurs in the liver but
sulphanilamide and p-aminobenzoic acid have been shown to be
acetylated by rabbit reticuloendothelial cells (Govier, 1965},
.,As for most other biological acetylations, acetylcoenzyme A is
the required intermediate in the acetylation of aromatic amines
 (Williams, 1958b). | |

5. Glycine conjugation

Conjugatipn with glycine and other amino acids is
 characteristic only of carboxylic acids and is thus a possible
i reaction of N-alkylaromatic amines whose side chain has under-
gone () oxidation. Glycine conjugates are known as "hipburic
acids", hippuric acid itself being the conjugation product of
benzoic acid and glycine., El Masri et al. (1956) “have shown that

*Based on studies by Bray (1948), Biochem. J. L2, 434,




75 percent of toluene (XLVIII.) is excreted in man as_hippuric

acid (L), with benzoic acid (XLIX.) as the intermediate.

cH, COOH CONHCH ;COOH

XLVIII. | © XLIX. L.

Nicotinic and salicylic acids form nicotinuric (LI.) and

salicyluric acids (LII.) respectively (Pérke, 1968h) .,

r;j\\n/CONHCHZCOOH . 72 CONHCHQCOOH

\UH

LI. : LII,

Glycine conjugates are also formed by gompounds such as phenylacetic
acid (a substituted acetic acid), cinnamic acid (a B-substituted
acrylic acid), and cholic acid (a steréid acid). Aliphatic
carboxylic acids do not conjugate with glycine {Parke, 1968h}),

This type of conjugation is a three-step mitochondrial
reaction:} firstly,kactivation of the cérbbx&l group with ATP to
form R-CO-AMP (AMP is adenosine monophosphate), wﬁich is utilised
for the formation of an acyl CoA intermediate., This product is

then condensed with glycine to give the hippuric acid, as shown

here (Kellerman, 1958),




N
5
i

CoASH*

RCOOH + ATPx > RCO-AMP -———> RCOSCoA + AMP

H

2NCH2¢OOH | | ’

RCONHCH,COOH + CoASH

C%ATF - Adenosine triphosphate

*CoASH -~ Coenzyme A

Although little research has been done oﬁ conjugated
metabolites of N-alkylaromatic amines, the pathways described
here (glucufonide, ethereal sulphate, glutathione, acetyl and
glycine conjugation) are the‘mcst feasible detoxication routes

insofar as the compounds in guestion are concerned,
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IV. ENTEROHEPATIC CIRCULATION AND BILIARY EXCRETION OF FOREIGN

COMPOUNDS

The secretion of a drug-in the bile may be an important
factor in influencing the pharmacblogical propérties of that
drug (Smith, 1966). An important consequence of biliary excretion
is that a compéund may undefgo the process known as gntero- |
hepatic circulation.A Following administratien of a drug by any
route, the dfug enters the bloodstream. Metabolism, if it does
occur, takes place mainly in the liver., ' If the drug enters the
‘bile duct it will be passed into the gut, from which it may\be
~ either reabsorbed and recirculated, or excreted in the faeces,

If the compound is recirculated, the efficiency of the liver in
re-excretbing the compound is ar
must be considered in relation to the efficacy of cémpeting'
excretory ﬁechanisms such as the kidney. Extra-hepatic elimina-
tion will decrease the total amount of drug available for re=-
cycling, Thus, a compound detected in the bile could still be
excreted in the kidneys in view of this competing mechanism
involved in enterohepatic circulation, Usually, however, a drug
involved in true enterohepatic circulation will be excreted in
the faeces, and it is thereforé hazardous to assume that if a
drug is administered orally and is detected in the faeces, then
it is not being absorbed. Parenteral administration will sub-
stantiate enterohepatic circulation as faecal excretion of the

drug will still take place., The following diagram explains the

process,




Circulation - -~ » Kidneys - - 3 Urine
A ‘
2 .
i
L 1
{ Liver - - :
~ Portal Bile
System Voo
Gut > Faeces

An obvious result of this process is that a foreign
compound might persist in the body for unduly long periods. 4This
has been found for morphine (Woods, 1954) and glutethimide
(Keberle et al., 1962) in dogs and for digitoxin in man (Ckita
et al., 1954).

The mechamism*%Y’ﬁnich-compeumds pass from the liver
into the bile is considered to proceed in the following manner
(Schanker, 1962);_,The compound is first absorbed from the blood
of éhe hepatic sinusoids into the hepatic parenchymal cells, énd
then is either transferred in a metabolised or conjugated form
into the bile, or alternately is returned to the sinusoids,
ultimately to be excreted by the kidneys, as shown by the
encloséd part of the diagram., The hepatic parenchymal cells
have highly permeable membranes, providing a porous boundary
between blood and bile. The passage of most molecules and ions
smaller than proteins is thus facilitated. Many substances have
been shown to appear in the bile in concentrations similar to the
plasma concentration.via a simple diffusion process (Smith,

1966). Such compounds inc?ude glucose, the ions Na*, k% and c1”

<

and the glucuronide";f;gfaxihophenolo But highly polar compounds

such as bile salts, biiirubin glucuronide and conjugates of some
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foreign co&pounds.wéwe found ﬁo be excretéd in much higher
concentrations by a pracess of active transport. Brauer (1959}
has determined that, in order to engage in this active transport,
compounds must meet three conaitlgns: (1} be present in the
blood as anions; (2) have a molecular weight greater than 300;
and (3) 5é bound to plasma proteins. An increase in molecular
welght is accompanied by an increase in biliary excretion., For
example, the glucuron1de of gmhydrayyblpheny? (M, W. 346) is
 excreted as 58 per cent of the deose in the Zi-hour blle of rats,
‘while that of p-aminophenol (M.W. 285) is not excreted at all
(Williams et al., 1965}, A free hydroxyl group alsc appears to
increase biliary excretion of a compound, as h,&’»dihydroxybiphenyl
monoglucuronide (M.W. 362) ié excreted as 92 peréent of the dose
of the parent compound. The only conjugation mechanisms known
definitely to be prominent in mammalian biliary excretion afe
those involving glucuronic acid, ethereal sulphate, hippuric acid
" and glutathione, the most important of these being glucuronic
acid.(Smith, 1965). Polar compounds which have become conjugated
- may be hydrolysed by intestinal flora or}enzymes»(glucuronidase,»
éulphatase) prior to being reabsorbed from the gut.

The phthalein dyes, fluorescein and sulphobromophthalein
 (BSP), have been used widely in biliary excretion studies, as
well as diagnostic agents in gall bladder examination. Krebs
~ and Brauer (1958) found at least five metabolites of BSP in the
bile of the rat, cat, dog, sheep and chicken, and except for the

last species, little unchanged BSP was excreted. These metaboliteé

are likely amino acid conjugates of'BSP with glycine and glutamic
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aéid; which.héve Eeen identffied.on hydroly%ié of the conjuvates
(Combes, 19567, Halogenatlon of fluorescein markedly increases
hiliary excretlon w1th a concomitant decrease in urinary
~excretion {(Webb et al., 1962). ~

Only those sulphonamides which are themselves
éuffiéienﬁly polar or are metabolised to polar conjugates appear
in the bile to a significant extent (Williams et al., 1965).
Sulphadlmethoylne is cone of the few sulpha drugs to be excreted
more than five percent of the dose in the bile. The Nl-
glucuronide of this compound is excreted extensively (66 percent)
in the bile of rats, and is also the main metabolite found in
human urine. 1In rat urine, however, the Nh_aceﬁyl derivative is
of greater importance (Bridges et al., 1964). It is possible
that the long action of sulphadimethoxine is associated with
biliary excretion of the glucuronide,vwhich on hydrolysis iﬁ the
gut would yield free sulphadimethoxine again. This could be
ébsorbed and thus set up an enterohepatic circulation of the drug
(Williams et al., 1965).

Little information is availablé~in the literature on
the manner in which the metabolites of the NQalkyléromatic amines
are conjugated, nor isbthere much information concerning the
biliary excretion of aromatic amines in general. Less than 0,5
percent of the dose of aniline administered to rats is excreted
as biliary metabolites (Williams et al., 1965), However, 26
percent of the dose of dipheﬁylamine administered to rats haé

been found to be excreted in the bile (Alexander, 1965). It

was therefore considered that some of the metabolites of the N-
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lkyiaromatic amines which on conjugation could yield compounds

f

with molscular weights of 300 or-more might be excreted in the
bile and as g result, the structure of the Ne-alkylaromatic amine

with respect to the side chain, miight have some effect on biliary
: p o= &

excretion,
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V., EXPERIMENTAL

A. SYNTHESIS

1, 2-{i4=hydroxyphenylamino) propancic Acid
2~ {lL~hydroxyphenylamino} propanoic acid was synthesised
according to a modification of the method of Nastvogel (1890),
p-Aminophenol (2,18 g,, 0.02 moles) in water (30 ml.) was heated
~to hoiling qn_a.magneticvspirring hot' plate, vabromépropionic
acid (1.53 g;; 0.01 moles) was added dropwise and the mixture
warmed under nitrogen for 10 minutes. The crude producﬁ was
filtered after cooling and dried under nitrogen. Recrystallisa-
tion was effected from water. m.p. 225~226OG°.(decompo)
Calculated for GCgHy;05N: G, 59.66%; H, 6.12%
Found for CnglOBN: C, 59.01%; H, 6.00%

The O-benzcate was prepared according to the Schotten-
Baumann method (Vogel, 1966a) in which 2-(4=hydroxyphenylamino) |
propanoic acid (400 nmg.) was dissolved in 10 percent sodium
hydroxide solution (20 ml.). A large excess of benzoyl chloride
(2.0 ml,) was added and the mixture shaken in a stoppered flask
for one minute. The crude benzoate was filtered and recrystallised
from dilute ethanol or ethanol/ethyl acetate. m.p. 203-205°C,
(decomp, ) .
Calculated for CléHlsouNz C, 67.36%; H, 5.30%
Found for CygHys0,N: C, 67.72%; H, 5.53%
The equivalent weight of the O-benzoate was determined by
dissolving 0.2853 g. in aqueous ethanol (25 ml.). Euploying the
Metrohm Potentiograph E335, the sample was titrated with

standardised sodium hydroxide solution.’ The equivalent weight
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was found to be 295.7 (theoretical, 285.3). An infrared spectrum
of the sample on a_Beckmgn IR 8 Infrared Spectrophotdmeter
indicated significant frequencies at 3050 cm™t and 1670 cm*l,
corresponding to secondary aromatic amine and the stretching
freqguency of the carbony; group, respectively, |

| 'Sevepal techniques-were employed in attempts to prepare
an acetate derivative of 2-(4-hydroxyphenylamino) prepancic acid.
Refluxing the parent cdmpoundAwith redistilled acetic anhydride
for ten:minutes, then poufing the mixture into ice water (Vogel,
1966a) produced only starting material, indicating that acetyla-
“tion had not been successful, Heating on-a water bath in place

of refluxing yielded a gummy mass which could n&t be recrystallised,
The method of Shriner, Fuson and Curtin (1965) for the preparatioﬁ
of acetamides from amines, employing acetic anhydride and sodium
acetate, did not give a product, even after chilling overnight,

No product was obtained according to the method of Vogel (1966b)
for acetylatién of phenbls. Under all of theseé conditions the
isolation of a crystalline acetate waé_not accomplished,

| Attempts to prepare a Emtoluenésulphonate derivative
were équally unsuccessful, Refluxing 2-(4-hydroxyphenylamino)-
propanoic acid, p-toluenesulphonyl chloride and pyridine (Vogel,
1966a) for 15 minutes ga&e a tafry mass when the mixture was
poured into ice water. Extraction of the ice water with ether,
then washing the ether layer with dilute hydrochloric acid and
dilute sodium hydroxide, drying over molecular sieves and

evaporating the ether on a Rinco rotary evaporator failed to




clarify the tarry mass., An 0il resulted under the conditions of
the Schotten-Baumann reaction, replacing benzoyl chloride with
p-toluenesulphonyl chloride.

2. 2~-(L-hydroxyphenylamine) propanoic Acid Methyl

Ester Hydrochloride

.za(hfhydroxyphenylamino) propanoic acid (2.0 g.) was
ﬁixedeith methanol {200 ml,), and dry hydrogen chloride gas
bubbled:through for 10 minutes. The resulting éolution was
refluxed for & hours, then allowed to sit overnight., After con-
centrating the solution to 5 mi. on a water bath and cooling,
dry ethér (25 ml,) was added and the mixture stirred constantly
~ for 10 minutes., The crude methyl ester hydrochloride, precipitat-
ing as a white powder, was filtered and recrystallised from super
dry ethanol/dry ether and from ethanol/ethyl acetate. m.p. 185°C,
(decomp.) _

Calculated fo;» CléHlL’OBNCl: C, 51;83%; H, 6.09%
Found for CyqH;, 0;NCl: C, 51.93%; H, 6.05% |

~Attempts at the synthesis of the methyl ester hydrochloride
employing diazomethane as prepared from biazald according to the
method of Aldrich Chemicéls (Aldrich Chemical Co. Catalogue,
1967-68) were unsuccessful,

B. DEVELOPMENT OF REVERSE ISOTOPE DILUTION TECHNIQUES

1, Simulated Urine Experiment for Preparation of the

O-Benzoate of 2=(4-hydroxyphenvlamino) propanoic Acid

~ 2-(4-hydroxyphenylamino) propanoic acid (0.5 g.),
concentrated hydrochloric acid (2.0 ml,) and water (10 ml,) were

subjected to hydrolysis in a Presto Pressure Cooker at 15 p.s.i.
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for one hour. After cooling, the sample was benzoylated

under the conditions of the Schotten-Baumann reaction, previously
deseribed, . The resulting white solid was identical in all
respects to the reference benzoate, Hydrolysing on a water bath
. rather than in a pressure cooker yielded the same results.' This
indicated'that.the varent acid was stable under the conditions
which were to be utilised in urihary gxperimentso

'2. Blank Urine Experiments

a. 0O-Benzoate of 2-{L-hydroxyphenvlamino) propancic
actd .

Many variations of the urine hydrolysis procedure
previously employed by Sitar (1968) and Thiesseﬁ (1669) in these
laboratOries were attempted to determine whether the O-benzoate |
could be isolated as a suitable derivative of the}suspected_
‘metabolite, 2-(4-hydroxyphenylamino) propanoic acid. A sample
of this acid (97.1 mg.), blank 24~hour rat urine (10,0 ml.) and
concentrated Eydrochloric acid (2.0 ml.) were hydrolysed for one
- hour (Presto Pressure Cooker, 15 p.soi.)_and the pH adjusted to
5.0 with sodium hydroxide. Following céntinuous ether extraction
for 3 hours, the aqueous and ether fractions were separated. The
ether was evaporated to dryness and the residue taken up in water,
Both this fraction and the aqueous fraction were subjected to
.benzoylation via the Schotten-Baumann reaction. Both fractions
yielded oils which could not be recrystallised. By adding only
enough concentrated hydrochleric acid to produce a pH of 5.0,
and omitting the hydrolysis procedure, a gummy solid was isolated

from benzoylation of the aqueous fraction. Vhen run on thin
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layer chromatography with water as the‘solvent; a faint spot
was detected at Bo 0.66, the value for the reference benzoate,
but most of the material remained at the origin. When the

hydrolysis was carried out in a similar manner by heating on a

‘water bath, followed by direct bénzoylation, a gummy solid was

‘again produced, which could not be recrystallised from ethyl

acetate/ethancl. Bubbling nitrogen through the mixture during
hydrolysis was ineffective. This gum was dissolved in ethanol
20%/ether and extracted with dilute hydrochloric acid. The acid
layer was adjusted to pH 5.0 and re-extracted with ether, then
both ether fractions were run on thin layer chromatography, with

water as the solvent. -Aaﬁgg;:3i7if40.70, corresponding to the

" reference benzoate, was detected in the second ether fraction.

Both the spot and the reference gave a blue colour with Gibb's
reagent. The product could not be isolated from the second ether
layer and replacing ether with chloroform presented similar
difficulties, even though the benzoate was again detectable on
thin layer chfomatography. | |

Purification of the crude benzoate was then attempted
using thick layer chromatography. The crude tenzoate produced
after hydrolysis of blank urine samples on a water bath was )

dissolved in ethanol and the concentrated sclution streaked onto

thick layer plates,*which were then developed in water. Bands

. were noted at the origin (Band I) and at Ry 0.65 to 0.70 (Band II).

Both bands were removed from the‘plate and extracted. The
extracts were then concentrated and examined by thin layer

chromatography. Band I showed a single spot at the origin, Band

*Silica gel GF-254 acc. to Stahl was the absorbent employed.



IT 2 single spot at R, 0,68, indicating separation of unwanted
constituents by thick layer chromatography. Recovery of the
benzoate was noé possibl:e6 Ultraviolet scanning of'tﬁe ethanol
solution from the origin (Ultrasqan) failed to give a defined
peak. The other ethanol fraction showed a wavelength of méximum

absorptioh (A ) at 228 mp, The reference benzoate has

max

max at 241 mp;ibenzoic acid at 230 mp. 4s a result of this

study; it was concluded that benzoic écid had been recovered,

The expgriment was repeated as above, except that the plates were

run initially in chloroform., The origin was again removed and

: examine& by thin layer chromatography. The reference benzoate

could not be furﬁher detected, . |
Direct'benzoylation in the urine was attempted, omitting

the hydrolysis procedure. 2-{4-hydroxyphenylamino) prbpanoic

acid (0;5 g.) was dissolved in water (10 ml,) and concentrated

hydrcchloric acid (2 ml.,fs then an equal volume of blank urine

(12 ml,) added. Benzoylation was carried out as described

previously. A yellow solid resulted, but on thin layer in water

diffused frem the origin to Rf 0,70, although a distinct spot at

Re O,70}was detectable, Blank urine was found to have Re values

in the same solvent system of 0.30, 0.53, 0,68 and 0.90.

Reference benzoate in blank ‘urine gave values of 0.33, 0.52, 0,70

and 0.90. Benzoylation of blank urine produces a solid product,

diffusing on thin layer in water with no distinct spots. These

results indicated formation of a mixture of compounds which

could not readily be separated, and therefore the method was

rejected,



In a final'experiment, 2-(4~hydroxyphenylamino)

propanoic acid was addéd directly to blank urine and benzoylated
- with benzoyl chloride in the presence of sodium hydroxide. The
solid was filtered and boiled in water to remove water-soluble
impurities. On cooling, a white crystalline precipitate appeared.
This precipitate was found to»melt_at'lZZOC., to have an equivalent .
weight of 122.0 (determined potentiometrically) and to give an
anilide derivative melting at~159°C., thus identifying the product
as benzoic acid. The yellow compound which did not dissolve in
boiling water was recrystallised from dilute ethanol, and found
to be the crude benzoate desired (m.p. 200-202°C., decomp.).
However, the product could not be further purified. A

Thus, no suitable method was found to isoléte the
benzoate derivative of the p-hydroxy acid from blank urine in a
pure fofm, and therefére alternative reverse isotope dilution
procedures were sought, |

b. Methyl ester hydrochloride of 2-(4-hydroxy-

phenylamino) propanoic acid

All experiments were initiated as follows: 2= (4=-hydroxy-

phenylamino) propanoic acid (200 mg.), blark urine (10 ml.),

water (10 ml.) and concentrated hydrochloric‘acid were subjected
to hydrolysis on a water bath for one hour. The pH was adjusted
to 5.0 with ammonia, and the sample lyophilised overnight on a
Virtis lyophiliser., The freeze-dried residue was refluxed for

8 houré in methanol (200 ml.)_through which dry hydrogen.chloride
gas had been bubbied for 10 minutes, then reduced in volume (to

5 ml,) by evaporation on a water bath, Various methods were



U
u:j) =3

employed to isolate the methyl ester hydrochlioride at this point:

(i) The concentrate was takenbup in water (20 ml.),
neutralised with ammonia, extracted twice wiéh ethér and the
ether fraction washed with a small amount of sodium bicarbonate
solution and dried with sodium sulphate. Dry hydrogen chloride
gas was bubbled through the dried ether sclution to precipitate
the méthyl ester hydrochloride, but an oily residue resulted
which could not be recrystallised from petroleunm ether/ethanol
or ethanol. Attempts to prepare an O~benzoate or O-tosylate of
the crude methyl ester hydrochloride were also unsuccessful. An
aqueous sample (treated exactly as above, but without urine)
behaved identically. Examination of the ether extracts from both
samples on thin layer in isopropancl 15%/venzene gavé Rf values
of 0.55 to 0,70, turning purple, then brown, with Gibb's reagent.

(ii) Dry ether (25 ml.) was added in an attempt to
precipitate the crude methyl ester hydrochloride, as described
in the preparation of the compound in question. A white solid
precipitated. On spotting both this solid and the liquid on
thin layer and developing in butanol, the methyl ester hydro=-
chloride was found to be in the meﬁhanol/ether fraction,
Evaporation of this fraction to dryness, however, yielded a dark
brown liquid.,

(iii) The concentrate was streaked onto thick layer
plates and developed in butanol., The band corresponding to the
methyl.ester hydrochloride (Rf 0.85) was removed, boiled in
ethanol, filtered, and ether added dropwise to precipitate the

product., Again, no product could be isolated,



{iv] A silica g@l'cqlumn was prepared from a slurry
in ethvl acetate. The concentrate was'pipetted onto the column
and eluted with ethyl acetate. Six fractions were collected,.
Wien tested with Gibb's reagent, the first three fractions gave
& positive colour reaétion for the methyl ester hydrochloride,
On examination of these fractions on thin layver chromatograms
in butanol, the product appeared only in the first two fractions.

Evaporating these fractions to dryness produced a badly decomposed

(v} A second column was prepared from a slurry of
silica gel in Benzenee The concentrate, absorbed on silica gel;
was added to the top of the column. The following solvents were
run through'th@'column (50 mi, each): benzene: benzene/ethyl
acetate (3:1); ethyl acetate; ethyl acetate/ethanol (3:1}. Only
the final eluting fraction gave a positive test for the methyl
ester hydrochloride on thin layer in butanol, using Gibb's
reagent for detection., This fraction, plus the contents of the
column were mixed with methanol (100 ml.) through which dry
hydrogen chloride gas had been bubbled for 5 minutes. After
filtering, the solution was evapeorated to dryne . Attempts to
recrystallise the residue from et'yl acetate/ethancl were
unsuccessful. As sowe sclid did not dissolve; both this solid
and the filtrate were examined on thin layer chromatograms,
using butancl as the developing solvent. The methyl ester
hydrochloride could not be detected in the solid portion,
However, a spot corresponding to the ester was located in the

filtrate, The filtrate was evaporated to 3 ml, and placed onto



a silica gel column slurried with benzsene. This sample was
g N

eluted with butanel (40 ml.) and with ethyl acetate (2 x 40 ml,)
to remove impurities, then the cclumn centeaéa weré extracted
with ethanol, filtered and ethyl acetate added in an attempt to
pfecipiﬁate the methyl ester hydrochloride. IExamination of the
concentrated extract indicated that the compound was still in the
soluticn, Ev&pmrétion of this solution to dryness produced a .
dark brown oil; which could not be further purified. The solid
which pfecipitated and was‘insaiuble}in ethyl acetate/ethahal
was thought to be ammonium chloride, formed in the original
neutralisation process following hydrolysis,

-C. - ANTMAL EYPERIMENTS

1, Urinary Excretion Experiments

a. Collection of urins

Male Sprague-Dawley raés {350=400 g.) were each
injected intraperitoneally with an aqueous solution (1 ml,) of
Nnisoprcpylanilinawlhc hydrochloride (15 mge free base/Kg.)o
The rats were each isolated in metabolism cages (Acme), and
urine samples collected after 24 hours, The urine was then
centrifuged and either made up to 25.0 ml, with water, or freeze-
dried and made up vo 10,0 ml. with water. The samples were
frozen until used for chromatographyg hydreclysis studies, or
reverse isotope dilution experiments.

be Paper chromatographic studies of conjugated

metabolites

Samples of urine3(0al ml,) were streaked onto

chromatograph paper and developed by ascending chromatqgraphyﬁin



chloroform {stationary phase); n-butanol/ammonia 20:1 (mobile

phase) (solvent system I) and in n-butanol/glacial acetic acid/
water 8:2:2 (solvent system II). After development, the paper |
strips were scanned for radioactivity. The latter system
) indicated three metabolites, I (Rp 0.45, major peak), II (Re 0.25)
and III(Rf 0.69). ‘ \
Larger quantities of the peak I and II metabolites were
obtained by streaking chromatograms (6 in. wide) ﬁith urine
(0.5 ml.) and developing in solvent system II. Portions of these
chromatograms were scanned for radioactivity and the areas
corresponding to the metabolites eluted from the papers\Qith
water {100 ml.). The soiﬂ@ﬁﬁﬁs“wg,gvthen lfophilised»

(i) Acid hydrolysis of the urine

Hydrolysis of the urine sample (1 ml.) was carried out
under acid conditions (five drops of concentrated hydrochlorié
acid) on a water bath for one hour, The hydrolysate (0.1 ml.)
was streaked onto chromatograph paper, run in soclvent system II
and scanned for radioactivity.

(ii) ﬁwglucuronidase hydrolysis of the urine

Urine samples were hydrolysed with B-glucuronidase by
'incubating urine (0.5 ml.) in pH 6.8 phosphate buffer (0.5 ml.)
and B-glucuronidase solutiozi(l ml.) on a metabolic shaker for
fouf hours at 3700; Aliquots of the hydrolysed solutions were
examined on paper chromatograms in solvent syétem II.

The freegze-dried rgsidue, corresponding to peak I,

=)

the major metabolite, was ‘s :.:. up in water (5 ml.), then pH 6.8

phosphate buffer (5 ml.)‘an;«ﬁ«glucuronidase solution ( 2 ml.)
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added. TFollowing incubation, ghe'miXture was freeze-dried., The
residue was taken up in_pthanol?'filtered; and the filtrate
reduced to 1 ml. under nitrogen. The entire solution was
streaked onto paper chromatogramé'and developed in solvent
system II.

(iii) Sulphatase hydrolysis of the urine

The single peak resulting from the B-glucuronidase
experiment just described was eluted off the paper with water
and freéze—dried; The residue was taken up in water (3 ml,),
pH 5.0 acetate buffer (2 ml.) and sulphétase solution (2 ml.)
and incubated as for B-glucuronidase hydrolysis. The residue,
after freeze-drying, was dissolved in ethanol, chromatographed
in solvent system II and scanned for radioactivity,

. Keverse isotope diluticn studies

An aliguot of urine (10,0 ml.), concentrated hydro-
chloric acid (2 ml.), water (5 ml.,) and 2-(4-hydroxyphenylamino)
propanoic acid (0.2005 g.) were hydrolysed, neutralised, and
extracted with ether as described for blank urine experiments,
The agqueous portion was freeze-dried and the residue refluxed in
methanol/hydrochloric acid for eight hours. The solvent was
evaporated off, the residue téken up in water, neutralised,
ether extracted, and the ether layer washed with sodium
bicarbonate solution, dried with sodium sﬁlphate, and con-
centrated to 5 ml. Portions of this concentrate were streaked
onto thin layer plates and developed in isopropanol 15%/benzene;

ethyl acetate 20%/petroleum ether (66-~75°C,); and water. The

bands visible under short-wavelength ultraviolet light were



removed from the plates and prepared for liquid scintillation

counting. Blank bands of similar width were counted concurrently.
Attempts to isciate the éethyl ester hydrochloride as‘a crystal-
line solid for licuid scintillatibn counting were unsuccessful.
In an attempt to identify the minor metabolite (IT)
detected on scanning of chromatographic strips, the residde from
“this peak (pre%iously eluted from the paper and freeze-dried)
was téken up in water (20 ml.), then é—(hmhydroxyphenylamino)
propanoic acid (0.2 g.) and concentrated hydrochloric acid
(2 ml,) added. Following hydrolysis on a water bath for one
‘hour, the sample was neutralised to pH 7.0 with sodium hydroxide
and freeze-dried. This residue was refluxed in methanol/hydro-
chloric acid for eight hours, after filtéring of f the insoluble
sodium chloride. The methanol solution was concentrated to
5 ml., then dry ether added in an attempt to. form the crude
methyl ester hydrochloride. An oil formed, which on dissolving
~in water and 1yophilising? could not be induced to solidify.
Portions of this residue were streaked onto thin layer plates
and developed in butanol; in isopropanoi 15%/benzene and in
water. The spots which corresponded to the Rf values of the
reference methyl ester hydrochloride were removed from the
plates and counted for radidactivity. Attempts to recrystallise
the remainder of the oily residue by addition of reference methyl

ester hydrochloride were unsuccessful,

2. Biliary Excretion Experiments

a, Collection of Bwile

Male Sprague-Dawley rats (400-450 g.) were
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anaesthetised with urethane, administered intraperitoneally
(780 mg./Kg.)., The bile duct was isolated and cannulated, and
either N-isobutylaniline- he hydrochloride (4.0 mg,) or N-
isopropylaniline~140 hydrochloride (3.0 mg.) in water injected
into the femoral vein. Bile was collected for pericde up to
five hours, then made up to 10,0 ml, in a volumetric flask and
. o
stored at 0°C,

b. Paper chromatographic studies of conjugated

metabolites

A sample of bile (0.1 ml,) was streaked onto

- chromatograph paper and developed by ascending chromatography
in either solvent system I or II, then scanned for radioactivity,
| Larger amounts of the metabolites were séparated by streaking
bile {0.5 ml,) from rats injected with Nmiscpropylanilineulhc
hydrochloride and developed in solvent system II. Sections of
the chromatograms were scanned and the radioactive peaks eluted
with water (100 ml.), freeze-dried, and reconstituted in 1,0 ml,
of water, Separation was confirmed by rechromatographing the
separated peaks and scanning. At least.two metabolites were
indicated in approximately equal amounts: peak I (origin) and
peak II (Rg 0.26),

(i) Hydrolysis of conjugates

Experiments were carried out only on the bile of rats
injected with Nuisopropylanilinemlhc hydrochloride. A sample
of bile (1.0 ml.) was hydrolysed on a water bath after acidifying
with concentrated hydrochloric acid (five drops). The hydrolysate

(0.1 ml,.) was streaked onto paper, developed in solvent system 11,



and scanned for radioactiVityci Bile samples were also hydrolysed-

with B-glucuronidase by incubating bile (O.S'mle) with pH 6.8
phosphate buffer (0,5 ml.) and p-glucuronidase solution (1.0 ml.)
on a shaker for four hours at 370(3e The hydrolysates were
examined by paper chromatography.

(ii) Identification of peak I1 by modified

reverse isctope dilution

In a subsequent experimeant with Naisopropylaniline-lhc

hydrochloride, the residue from peak II in bile (with the same
Re vélue as peak II in urine) was subjected to a mcdified form
‘of reverse isotope dilution similar to that described under
urinaryﬁexperiments (page 43). The freeze-dried residue,
2~(hwhydroxyphenylaminoj propancic acid (0.3 g.), water (20 ml,)
and concentrated hydrochloric acid (2 ml.) were hydrolysed for
one~hour on a water bath. Following neutralisation with ammonia,
the sample was freeze-dried. The residue was refluxed in
methanol-hydrochloric acid for eight hours, and the volume
reduced to 5 ml, The precipitating solid was recrystallised from
ethyl acetate/ethanol and compared to a known sample of the
compound in qguestion., The melting point of the solid was over
BOOOC., and the Rf value did not correspond to reference methyl
ester hvdrochloride on thin layer éhromatography in butanol,
Evaporating the remaining solutibn to dryness yielded a tarry
residue. |

D, CHROMATOGRAPHY

1., Thin Layver Chromatography

Thin layer chromatography was employed extensively,
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both in attempts to separate suspected metabolites from extraneous

material and to cam@are suspected metabolites to reference
standards whose'Rf valuég were known. Thick laver plates

(1,00 mm.} and thin layer plates (0.25 mm.) were prepared using
flucorescent silica gel (siliecs gel CF-254 acc. to Stahl) dn &
Quickfit apparatus, their thickness governed and kept constant
by a fixed apertur@ spreadeyr. Material spotted on these,plétes
‘was detected by its gquenching of fluorescence as seen when the
plates were subjected tc short-wave ultraviclet lighﬁ, or by
colour reactions when sprayed with Gibb?sAreag@nte When further

urification was desired, bands or spots were scraped from the
plates and extracted with ethanel., The silica'gel was filtered
off and the sclution concentrated to a volume suitable for furtheﬁ
chromatographic or radicactivity studies.

20_ Paper Chromatography

‘Paper chromaé@graphy was employed in animal experiments
.to determine the properties of the heretofore unidentified pelar
‘metabolite(s) of N-isopropylaniline. All urine and bile
preparations were spotted or streaked oﬁto Whatman No, 3
chrematographic paper utilising an Agla micrometer syringe.
The paper systems were then developed in either of the following
solvent systems:

I: Chloroform (stationary phase}; n-butanol/smmonia
20:1 (mobile phase). |

II: n-Butanol/glacial acetic acid/water 8:2:2,
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E., DETECTION OF RADIOACTIVITY

o

lo Liguid Scintillation Counting

a8, Scintillation fluid

The scintillation fluid employed in liquid scintilla-
tion counting was comprised of the formula: y
~ POP {2,5~diphenyloxazole) 2,0 go
bis-MSB Eb¢sm(0mmethvlm |

styryl)-benzene] : 0.0L g
Isopropancl (Baker Reagent) 400,00 ml.
Toluene (Fisher Reagent ) q;se 1000.0 ml.

be Int@rnﬁl standard

In order to converd counts per mlnute (cpm.) to
disintegrations per minute (dpm.) in liquid scintillation
counting, 0.1 ml., of benzoic acid-thgu (approximately 3000 dpm./
0.1 ml., accurately known) in toluene was added. |

c. Measurement of radicactive samples

Liquid samples (0.10 to 0.40 ml.) were measured

~directly into counting vials using an Agla micrometer syringe

and secintillation fluid (10.0 ml.) added prior to counting in a

Nuclear Chicago Unilux Liquid Scintillation Counter. If the

scintillation fluid was not completely miscible with the liquid
samples, thixotrop;c gel. {250 mg,/vial) was added. All counts
were converted to dpm. by the addition of internal standard.
Samples removed fronm th*n layer plates were extracted from the

silica gel with ethanol t%‘ silica gel removed by filtration,

+ L
% = 5% accuracy (New Iugizii Nuclear Corp., Boston,; Massachusetts;}



scintillation solvent {10.0 ml.) added, and the samples counted
as previously described,

d. Minimum radicactivity

In this project, the minimum valid radioactivity per
sample in the glass counting vial was taken to be a count rate
of double the background count. Since the background count
averaged 35 cpm., and the efficiency of the instrument was about
70 percent, the minimum valid radiocactivity required'would be
50 dpm. per sample in the glass counting vial, Radiocactivity
below 50 dpm, which, including background, would yield a count
rate of 70 cpm., was not considered to be conclusive or significant.,

2. Scanning oi- Chromatograns

~Paper chromatograms were scanned for radioactivity on a
Nuclear Chicago Actigravh III., Results thus obtained were
gualitative, unless the resulting scans were integratéd with a
Hughes-Cwens Arisﬁo Planimeter.

The following instrumental settings were kept constant
for all scans:

High voltage - 1050 V

Time constant - 10 sec.

Collimator slit width - 12 mm.

Helium=-butane vpressure - 7 p.So.i.

Count rate - 150 cpm., unless otherwise specified.

‘Scan speed ~ 60 cm.,/hres unless otherwise specified,

F, MATERIALS o,

Dry hydrogen. . e gas was generated by the action

of sulphuric acid on amr-uivi chloride, with a sulphuric acid
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drying'trap placed between-the generating flask and the outlet
tube.

2-bromopropionic acid and p-aminophenol, employed in
the synthesis of 2-(4-hydroxyphen§lamino) propanocic acid, were
both technical grades supplied by Aldrich Chemical Co. Inég,
'Milwaukee; Wisconsin,
| | Silica gel columns were prepared from a slurry of
reagent grade silica gel (EDH laboratory chémicals) in a suitable
organic solvent. The column of Quickfit glass measured 20 cm,
in-length, with a 2 cm., diameter, | |

Gibb's reagent, 2,6-dichloroquinone-hfchloroimide
(Aldrich Chemical Co., Ihc.) was employed for chromatographic
spraying as a one percent solution in ethanol,

N—isopropylanilinemlhc hydrochloride (uniformly
labelled) was prepared previously in these laboratories and had
a specific activity of 5. 19586 x 10° dpm. /mg. (Thiessen, 1969).,

N-isobutylaniline- LC hydrochlorxde (unlformly
labelled) was prepared previously in these laboratories and had
a specific activity of 3.8048 x 10° dpm./mg. (Thiessen, 1969).

The pH 6.8 phosphate buffer employed 1nlﬁ -glucuronidase
hydrolysis studies was prepared by mixing 37.8 ml, of 0.5 molar
potassium acid phosphate wiﬁh 20,8 ml. of 0,5 molar sodium
phosphate; and diluting with water to one litre.

The™~pH 5¢OAacetate_buffefkemployed in sulphatase
hydrolysis experiments was prepafed by miXing 73,8 ml. of mdlar
acetic acid with 50,0 ml., of molar sodium hydroxide and diluting

with water to one litre.

*Long, E. (1961) Biochemist's Handbook, E. and F,N. Spon., London,

P.32.



with an activity of 55,000 units/g.,

P-glucuronidase,
was supplied by Sigma Chemical Co., St. Louis, Missouri., This
enzyme was dissolved in water and stabilised with chlorcform teo
give an activity in solution of 55 units/ml. To verify activity,
two sclutions were‘prepared, each containing phenolphthaléin
glucuronide, 2 mg. (Sigma Chemical Co.) -and pH 6.8 phosphate
buffer (1,0 ml.), The‘ﬁ»glucurénidass solution (l°O~mlG)‘was
added to one of the flasks, BRoth solutions werevincubated on a
shaker for three hours at BVOC,P then three drops of ammonia
added to test for colour reaction. The'sample containing thé
enzyme turned pink, indicating that the conjugate had been
cleaved to yield free phenolphthalein. The blénk showed no
colour reaction. |

Sulphatase, with an activity of 10 units/mg., was also
supblied by Sigma Chemical Co, This enzyme Was dissolved in
water to give a solution with 50 units/ml. of sulphatase activity.
Te verify activityS two solutions were prepared, each containing
p-aminophenyl sulphate; 2 mg, (syntheéised in these laboratories
according to the method of Burkhardt and Wood, 1929) in pH 5.0
acetate buffer (3.0 ml.). Sulphatase sclution (1.0 ml,) was
added tc one flask. Both solutions were incubated on a shaker
for three hours at 37°C¢, then tested for free Pp-aminophenol
by coupling with phenol to yield an indophenol dye acc rding to
the procedures of Rrodie and Axelrod (1948), and Welch and
Conney (1965}, using the following phenol reagent: 0,2N. sodium
hydroxide (& parts); phenol solution (1 g. phenol in 88 ml.

water, 2 parts); bromine solution (100 ml. N, sodium carbonate
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plus 15 ml, of a 10% "/v solution of bromine in water, 2 parts),

On the introduction of this reagent (3.0 ml.) to the sample
containing the enzyme, a distinct, characteristic blue colour

was produced, indicating that the conjugate had been cleaved.

" The blank showed no colour reaction,
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VI. RESULTS AND DISCUSSION

A. IDENTIFICATION OF 2-{A4-HYDROXYPHENYLAMINO) PROPANOIC

ACID AS A URINARY METABOLITE OF N-ISOPROPYLANILINE

| Alexander and Sitar (1969) were able to identify 70
'percent'of the metabolites of N-isopropylaniline (LIII.) as
p-aminophenol (LIV.) and p-hydroxy-N-isopropylaniline (LV.) in the

urine of rats.,

/CH3 /CH3
-NHCH : : H NH H NHCH
\CH 2 \CH
3 _ 3
LIII. L. LV.

These éwe metaboliteg rorresponded favourably to the amount of
ether-soluble metabolites which could be extracted after acid
hydrolysis. These authors concluded that the unidentified
metabolite(s) were polar i‘nbnature° However, examination‘of
the urine for 2;pheny1aminopropanoic acid (LVI.) (Sitar, 1968
and Thiessen, 1969), which was suggested from related studies on
N-gec-butylaniline (Alexander et al., 1968), revealed that this

compound was not a metabolite,

CH

/73
NHCH
N COoH

LVI.




Similarly, Thiessen (1969}, using paper chromatography,
demonstrated that the polar metabolites were acidic in nature,
The latter author alsoc eliminated Nephenylglycine (LVII.) as a

potentisl polar metabolite,
NHCH,,COOH

LVII.
All the evidenoe'suggested that the unidentified metabolites

involved either formation of an alcochol by side chain oxidation

(2-phenylamino=-l-propanol, LVIII.):

NHCHCH,,OH

LVIII.

or simultaneous ring and side chain oxidation to form the

corresponding phenolic alcohol (LVIX.) or phenolic acid (LX.):

_CH,0H — ’ _COoO0H
HO- - NHCH : . H NHCH
\ Lo
o, \ /Ry,

LVIX. LX.

Although the oxidation of side chains to alcohels is well known

in the alkylbenzenes (El Masri et al,., 1956) and barbiturates
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(Goldschmidt and Wehr, 1957}, this reaction seemed unlikely in
view of the fact that 3-phenylamine-2-butanol (LXI.) or 3-
phenylamino-l-butanol (LY¥II.) could not be demonstrated as

metabolites in the metabolism of Negec~butylaniline (LIIII.):

OH = |
»NH?HCHCHB - \\ // NHC%CHZCH?OH
CH, ‘ " CH, -
3
LXT. : LXIT.

e

\ / FJHC§§H2CH3
' 3

LXIIT.

Theréforeg Zé(hnhydroxyphenylamino) prcpaﬁoic acid {referred to
subsequently as the p-hydroxy acid) appeared to be the most
likely prospect. | |

This compound cguld be readily prepared from -
bromoprdpionié acid and p-aminophenol; but proved to be quite
unetable and readily darkened on exposure to air due to oxidation,
A quantitative estimation of the p~hydroxy acid in the urine by
reverse isotope dilution was desirable to determine if this
compound represented the unidentified urinary metabolites of N-
isopropylaniline. Considerable difficulty was encountered in

derivative preparation for reverse isotope dilution studies, :




presumably due again to the instability of the compound,
Okidati?e reactions are well known among phenols {Noller, 1965},
especially ﬁnder alkaline conditions, where the hydroxyl group
can supply electrons to the nucleus, forming complex mixtures

of quinoneid compounds. Phenol itself forms quinone:

Quinone forms a bright red addition product with phenol, known
as phenéquinone, accounting-fﬁrﬁzﬁe,discelbufation of phenol,
especially in solution,

Although it was pessible teo prepare the O-benzoate in
aquecus solution, when this procedure was attempted using urine,
no dérivative could be isclated. While the product could be
demonstrated to be present in small amounts chromatographically,
there was insufficient present to isclate. Another problem
encountered was that blank urine itself could be benzoylated
since components with free amino or hydfoxyl groups (urea, uric
écidp cf@atinine and amino acids) are prone to react. When the
impure benzoate (containing benzoyl chloride in excess, and
urinary constitu@nté) was heated in water to remove water-soluble
\impurities, benzoic acid was isolated. The presence of this
compound was confirmed through melting point, potentiographic
studies, thin layer chromatography and derivatisation studies,

Attempts to isolate the O=-benzoate by thick layer chromatography




alsc proved unsuccessful, Although small amounts of the

derivative could be demonstrated chromatographically, examination

o

of the ultraviclet spectra,af'tha,Bamds,reSuiting from separation
of the reaction mixture on thick layer chromatograms {Table I)
showed that the various wavelengths of maximum apsorption
(%‘max) did not correspond to the reference bhensoate. Therefore,
it wasiccnsidered that the Owbenzoate was not the d@fivative of |

choice for urinary reverse isotope dilution studies,

Table I. Rf values and wavelengths of maximum absorption of bands
of the O-benzoate reaction mixture isolated cn thin
layer chromatograms developed in water,

Band Ry value A masx (mu)
1 0 233
2 0.05-0,10 235
3 0.,10-0,33 232
o 0.90-1,00 -
Reference benzoate 0,66 241

Similarly, attempts to prepare the O-acetate and O
tosylate derivatives of the p-hydroxy acid were also unsuccessful,
Under the reaction conditions censiderable darkening of the
reaction mixture occurred, with tarry and guamy products being
obﬁaineda It seemed likely that oxidation of the p-hydroxy acid
was occurring, which could account for the inability to isolate
these particular derivatives.

&

The methyl ester hydrochloride of the p-hydroxy acid



- 57 =

(LXIV.) was the most convienient derivative pre?ared, as it could

be synthesised entirely under acid conditions,

HCOOCH HC1

A\ VA
LXIVQ
Fase of synthesis and recrystallisation would have made this
derivative ideally suited for reverse isotope dilution experiments,
but isolating the compound from urine proved difficult. All

methods described under "Blank Urlne E}cpemmentsW (page 37=«38)

in which the methanol/h,_aAﬁ%fafit acid solutions were neutralised

above pH 5 and ether-extracted in an attempt to purify the methyl
ester céused oxidation of the product. Theoretiqallys the methyl
ester will be less water«solublé and more ether-soluble than the
free acid, enabling it tc be separated from aquecus urinary
constituents., However, this derivative still has an unprotected .
hydroxyl group capable of oxidising to quinoncid products, which
could explain the tarry residues constantly obtained in the blank
prine experiments. The separaticn of the methyl ester hydro-
chloride on a silica gel coiumng although unsuccessful, should
be further pursued.but corziitions throughout any such experimenﬁ
must be kept agid to prevent decomposition, .

Since the methyl ester hydrochloride of the E»hydroxy

acid (LXIV.) could not be irolated in crystalline form, the

residue from the reverse “#tope dilution experiment was

examined by thin layer chrgmatography. Three distinct radioactive
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bands could be detected (Table II).

Table 1T,

Rf values and radicactivity (cpm.) of ether extract

of urine of rats injected with Nwisopropylanilinemlhc,
following preparation of the methyl ester of 2-{l-
hydroxyphenylamino} propancic acid, on thin layer

chromatograms.,

Rf valuesg

Radiocactivity (cpm,)

II
IIT

Sther Reference -
Extract niethyl ester
hydrochlorides*
0060"'0072 0955“09‘70
0.47-0.51

0936“‘()0&0

L33
162
331

*Solvent system:

Benzene/Isopropanocl 85:15

**Rf values of reference compounds are recorded in

Appendices A, B and C,

Band I was found to possess the chromatographic properties

identical to those of the authentic methyl ester hydrochloride,

The presence of this ester was further confirmed by thin layer

chromatography in two additional solvent systems (Table III).




.Table IIT. Rf values and radioactivity {(cpm.) of ether extract
of urine of rats injected with Nmisopropylanilinealhc
following”pneparatioﬁ of the methyl ester of 2« (-
hydroxyphenylamino) propanocic acid on thin layer
chromatograms in two -additional solvent systems,

Sclivent svstem Band Re of Blank
. ' corresponding reference band
to methyl ester methyl ester (cpm. )
hvdrochloride - hydrochloride
Re cpm,

eoermesy

Ethyl acetate 20%
petroleum ether 0.20 186 . 0.20 L3

Water ' 0.76 145 0.76 L2

These results establish 2-(L-hydroxyphenylamino) propanoic acid

o
n
[se)

metsbholite of N-isopropyvlaniline in the rat. The nature

of bands II and IIi {Table II) was not further investigated.

Tﬁese bands may represent the known metabolites of Nnisopropylaniline
(Bmﬁydroxy»N—isopropylaniliné’and B»aminoﬁhenol), additional
unidentified metabolites, or they may have been caused by

oxidation of the methyl ester hydrochloride, The latter alternative
is favoured, since the Rf values of reference p-hydroxy-N-
isopropylaniline and p-aminophencl (Appendix B) do not correspond

to the values obtained for bands II and III {(Table II),

B. CONJUGATION STUDIES ON THE URiNARY METABOLITES OF N-

ISOPROPYLANTLINE

Examination of Z24-hour urine samples of rats injected
with N—isopropylaniline-l“c by ascending paper chromatography

indicated the presence of at least two, and possibly three,
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metabolites. As illustrated in Table IV and Figure I, a better

degree of separation was achieved in the butancl/acetic acid/water

system than in the chloroform/butancl/ammonia system, The

movement of compounds in these systems suggests the presence of

acidic substances (Betts, 1964i).

Table IV, .Rf values of metabolites present in the 24-<hour urine
samples of rats injected with N«isopropyianilinemlhc
on ascending parer chromatography. ’

Solvent system

Rf values

I. Chloroform (stationary phase);
n=butanol/ammonia 20:1
(mobile phase)

*II, n-Butanol/glacial acetic
acid/water 8:2:2

0-0,27 (diffusion,
poor
separation)

*¥0. 45 and 0,25

*See Figure I,

- %%A very small peak (peak III) was also ndted, with Rp 0.69,

Integration of peak areas in Figure I gave percentages

very similar to those reported for metabolites of N-isopropylaniline

by Alexander and Sitar (1969}, employing reverse isotope dilution

techniques. The comparison is given in Table V.,

*Subsequent experiments in these laboratories have indicated three
distinct metabolites by ascending paper chromatography,
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Table V. Comparison of percentages of metabolites of N-

o isopropylaniline in Z24~hour rat urine by reverse
isotope diluticon and by paper chrcmatographlc
separation.*

Meﬁaboiite Reverse Isotope Peak | Radioactive Rf value
Dilution (%)% scanning (%) | ———————

P=hydroxy-N- o _ v . S

iscpropylaniline 61 I 65 0.45

Unidentified | |

polar metabolites 30 II 29,8 0.25

p-aminophenol . 8 III 562 0.69

*This repre&ents conjugated metabolltes since no hydrolysis
of the urine wan spEyededd oul, -

IR, uetabolltes present in nghour urine samples,

It seems reasonable to suspect that the major peak (peak I, Rf
O.45, 65 percent, Figure I) should correspond to p-hydroxy-N-
isoﬁrapylanilineQ the second peak (peak II, Re 0.25, 30 percent, .
Figure I) could represent various polar metabolites, and the
very small peak (peak III, Re 0,69, 5.2 percent, Figure I) could
potentially correspond to p-aminophenol, A

| . Chromatography of s=¢id- ~hydrolysed 24-hour urine samples
showed & shift in the mawor veak from O.45 to 0,77, as illustrated

in Table VI and Figure IIO




Table VI, Re values of 24<hour urine samples of rats injected
with Nmisaprapylanilineal“C by ascending paper

chrematography, following hydrolysis,

Solvent system #Method of - Rf values
hydrolysie e .
Urine sample pehydroxy-Ne-
isopropylaniline
n-Butanol/ ' Concentrated 0,77 and 0.77
glacial acetic hydrochloric o 0.25 : .
acid/water 8:2:2 acid
B-glucuronidase Q.45 and
0.23
Unhydrolysed O.45 and
urine 0,23

*See Figures II and III.
It would appear that the larger peak (Rf O.45) does, in fact,
yield thydroiynNéisoprepylaniliﬂe on acid hydrolysis. Attempts
to hydrolyse the urine with B-glucuronidase did not seem to have
any effect in'that the peak did not shift, but remained at O.45
(Figure III). Larger quantities of the peak I metabolite (R,
0.45) were isolated by preparative paper chromatography and the
fresze~dried residue was hydrolysed with Beglucuronidase and

sulphatase. Results are given in Table VII and Figures IV and V.
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Table VII. Rp values of freeze-dried residue corresponding to
peak I (Rf 0.45) by ascending paper chromatography,
following hydrelysis, ' o

Solvent svstem - *Method of Re values
hydrolvsis
Hydrolysed Unhydrolysed
sample sample
n=Butanol/ B-glucuronidase 047 045
glacial acetic
acid/water 8:2:2 Sulphatase 0.46 0.45

*See Filgures IV and V.

As indicated in Table VII, incubation of the ffeéze«dried residue
correspaﬁding to peak I with bcth;ﬁwglucuronidase (Figure IV) and
sulphatase (Figure V) failed to cleave this conjugate, Unless
the conjugate is resistant to the action of these tWwo enzymes,

it would appear that a different form of conjugation must be
involved, perhaps with glutathione or glycine (Parke, 1968f.).
Since the two enzymes werebproven active by cleavage of known
conjugates (phenolphthalein glucuronide and p-aminophenyl
sulphate), the latter alternative is favoured, although further
work is necessary before any definite conclusion can be drawn.

C. IDENTIFICATION OF PEAK II IN URINE AS 2<(lf=-

HYDROXYPHENYLAMINO) PROPANOQIC ACID

The identification Qf the p-~hydroxy acid as a metabolite
of N-~isopropylaniline was further confirmed by the examination of
peak II (Figure I) obtained by separation of the urinary
metabolites using paper chromatography. Although the crystaliine

methyl ester hydrochloride again could not be isolated in reverse
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isotope dilution studies, it was shown to be present In the

reaction mixture. obtained by treating the peak II extract as
previousiy described, employing thin layer chromatography

(Table VIII).

Table VIII. XHg values and radioactivity (cpm.} of suspected
methyl ester hydrcochloride of 2= { L-hydraxyphenylamino)
propanoic acid prepared from urine of rats injected
with N«isopropylanilineulkc, by thin layer
chromatography.

Selvent system R. values Cpm. of R, value of
of sample sample réference methyl
residue kands ester hydrochloride
n-Butanol 0.85 143 0.85
G0, 40 56
(diffuse)
Isopropanol 15%/
benzene 0.63 100 0.60
0 | 78
Water 0.72 83 0.72
0,90 3L

While count rates were low, activity was detected in spots whose
Re values corresponded to refefencevmethyl ester hydrochloride in
three chromatographic systems. Aithough guantitative results
would have been preferable, it would avpear that the nature of
the p-hydroxy acid precludes tests of this type unless methods
can be developed to prevent its ready decomposition during

analysis. However, this information, together with the




quantitative area estimations of peaks in Figure I (Table V),
appears to indicdte that the p-hydroxy acid represents the 30
percent unidentified polar metabelites of N~isopropylaniline,

De  BILIARY EXCRETION OF N-ISOPROPYLANILINE AND

N ISORUTYLANILINE

Studies on the biliary excretion of N-isopropylaniline
and N»ismbutylaniliné in the rat have revealed that both compounds
are excreted in the bile but to significantly different extents.
N-iscopropylaniline is excreted over a period of three tc five
hours to an extent of 12 to 15 percent, whereas up to 47 percent
of the administered dose of Neisobutylaniline is excreted within

the same time period (Table IX).

Table IX. Biliary excretion of radicactivity in rats (as a
- percentage of administered dose) following femoral vein
injection of N»isobutylanilinemlhc or Neisopropylaniline

iy
Rat | Compound inijected Dose as Time of bile| Radioactivity
administered | ccllection excreted (% of
dem, x 10 (hours) administered
dose)
I| N-isobutylaniline 1.12 5 L7.61
I1| N-isopropylaniline 1.56 : 3 12,40
ITI| N-isopropylaniline 1,56 5 = 15,09

Such a difference in excrétion rates could be due to an increase
in molecular weight from N-isopropylaniline {(M.W, 125) to N-

isobutylaniline (M.W. 149)., Although the difference is only 1k,
Williams et al. (1965) determined that while only 58 percent of




h=hydroxybiphenyl glucuronide {}M.W, 346} is excreted in the bile

of rats, the biliary excreticn of the monoglucuronide of 4,4%=
dihydroxybiphenyl (M.W, 362}, a2 closely related compound, océurs
to a significantly greater extent {92 percent). The difference
may alsc be related to the polariiy of metabclites or their
degree of binding to plasma proteins, Higher anionic strength
and»gr@éﬁef protein binding accompany increased biliary excretion
with a subsequent decrease in urinary excretion {Webb et al.,
1962] . |

All metabolites of both HN-isopropylaniline and Ne-
iscbutylaniline, with the possible exceptionAOf p-aminophenol,
should be excreted in the bdle when coﬁjug@ﬁedg éccording to the
criteria for biliary excretion reported by Brauer (1959).
Formation of conjugates is facilitated by ring hydroxylation and
side chain oxidation, yielding metabolites which have suitablé
reaction sites. Examination of the bile on paper chromatography
revealed the presence of two metabolites in the case of N-
isopropvlaniline, when developed in n-butanol/glacial acetic

acid/water 8:2:2, as illustrated in Table X and Figure VI.
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Table X. Ry values of biliary metabolites from rats 1ngected
with N-isobutylaniline- ZLC or N-iscpropylaniline=- hC
by ascending papar La*ﬁmauegraphy in chloroform;
butanol ammonia :1 {system I) or butanol/glacial
acetic acid/waﬁer g:2:2 (system II),

‘Rat Compound injected  Solvent systen Ry values
* T . Neisobutylaniline II 0.15, 0,46,
| 0.5, 0,69,
1.00
IT - N-isopropylaniline I O
""""" II 0 and 0.26
*%ITT Neisopropylaniline II 0 and 0,27

% See Figure VIi =~

X% See Flgure VI

The metabelite represented by peak I was extremely polar and did
not move from the origin, whereas that corresponding to peak IIT
had an,Rf value of 0.27, which corresponds very closely to the

metabolite present in urine (peak II, Figure I) possessing the

same Rf value. The latter metabolite has already been identified
as 2-(L4-hydroxyphenylaminc) propanoic acid (Section VI C),
Reverse isotope dilution eXﬁé;iments to further verify the

presence of this compoundiiégbile were unsuccessful., Although

Zu(awhydroxyphenylamino) propanoic acid appeared to be excreted

in voth urine and bile, E~hydroxymNa1sopropylan1llne» identified

chromatographically on rad:”actlvs scans of urine (Figure I,

peak I, Re 0,45), could: : :}detected in the bile. Peak I in

bile, similarly, could « sfdemonstrated chromatographically in
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the urine, As p-hydroxy-N-isopropylaniline would be expected to

appear in the bile and could form conjugates on the hydroxyl

group, the possibility does exist that peak I is a conjugate of

this metabolite, different from that occurring in urine,

an altogether different Ro value would be expected,

Hence,

however, was not pursued and peak I in the bile still remains to

be identified.

On isolation of the two biliary metabclites of Ne-

isopropylaniline by preparative paper chromatography, neither

could be hydrolysed by acid or B-glucuronidase (Table XI and

Figures VIII and IX), indicating that neither metabolite is

conjugated in a manner $atectubls by these methods,

Table XI. Ry values of biliary metabolites from rats injected
with N-isopropylaniline by ascending paper
chromatography, following hydrolysis,

Solvent system

*Method of hydrolysis

Rf values

n~butanol/glacial
acetic acid/water
8:2:2

_ﬁmglucuronidase

Concentrated
hydrochloric acid

0, slight 0,23-
0,30,

0 andv0322

* See Figures V.ITI and IX,

It seems unlikely that the metabtolites would be excreted in

unconjugated forms since ihe molecular weights of all known

metabolites of N-isoprc

value generally accepte

“viine are under 300, the minimum

i biliary excretion (Brauer, 1959),

This aspect,




o s, TR &bt Y+ o e 130 e+

=" 7 Ty _T . “ & ! ( ! =

'
Figure VIII. Scanning of paper chromatogram spctted with N-—isop:‘ropylaniline - 14C bile -~
sample following hydrolysis with fi~glucuronidase. o

’ 8



ine

22

isopropylanil

N~

potted with
.owing hydrolysis with concentrated hydrochloric acid.

s

Scanning of paper chromatogram

sample,fol

Figure IX.




- 78 o

The nature of these conjugates remains to be determined.

In the case of N-iscbutylaniline, where Thiessen (1969)
identified 93 vercent of the 2i-hour metabolites in urine as p-
aminophenol and p-hydroxy-N-isobutylaniline, radicactive scanning
of paper chromatograms from a five-hour bile sample (Tablé X and
Figure VII) indicated the presence of a possible five metabolites.
 Since p-aminophenol has not been detected in the bile of rats
following administration of aniline (Williams et al., 1965), and
since 56 percent of N-isobutylaniline is excreted in rat urine
as p-aminophenol, all five peaks must be attributable to other
-metabolites; or various conjugates of Bmhydroxy«Nmisobﬁtyianilineo
Whether these peaks repfesent five different métabolitess or MOYre
than one conjugate of a fewer number of metabelitea remains to be
invéstigateﬁo ’

| Although additional studies are necessary, these results

suggest that the biliary excretion of Nealkylanilines is in part
dependent on the structure of the N-alkyl side chain. In the

case of the two compounds investigated, the higher molecular
weight N-isobutylaniline which branches on the_ﬁ«carbong showed

a significantly greater rate of excretion of metabolites in the
bile thén did N-isopropylaniline, which branches oit the ®X=-carbon,
Further work must also be undertaken to explain the differences

in metabolites recovered from the urine and bile of rats injected

with N-isopropylaniline,



- CONCLUSION

The compound 2-({L-hydrozyphenylamino) propancic acid

has been identified as at least one of the polar metabolites of

s
+

N-isopropyianiline in the urine of the rat., This metabolite,
formed by the metabolic pathways of p-hydroxylation and side
chain oxidationg was verified qualitatively by thin layer
chromatography and a modified form of reverse isotope dilution.
While both the O-benzoate and methyl ester hydrochlcoride of this
compound'could be prepared; adaptation of these procedures to
urinary reverse isctope dilution experiménts was unsuccessful,

It has been established that there are at least two
metabolites of N-isopropylaniline excreted in tﬁe bile and three
metabolites in the urine. All aprear to be ccnjugated although
further studies are nscaessary to confirm this, While 2~(fe
hycroxyphenylamine) propanoic acid appears to be a common
metabolite via both routes of excretion, one metabolite was
present in bile which was not detected in urine. Similarly,
while p-hydroxy-N-isopropylaniline (cohjugated) was excreted in
the urine, this compound did not appear to be excreted in the
bile, at least not as the same conjugate as detected in the urine,
Preliminary biliary excretion studies carried out on N-isobutylaniline
and N-isopropylaniline indicated the presence of five metabolites,
either all different compounds, or different conjugates of a
smaller number of compounds, Furthermore, the extent to which
N-isobutylaniline and Neisopropylaniline are excreted in the bile

differs considerably and this difference appears to be reflected

by the structure of the Ne-alkyl side chain.



A~

Three new conmpounds were synthesised and verified:
2« {L=hydroxyphenylamino) propancic acid, and the O=benzoate and

methyl ester hydrochleride derivatives of this acid,
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APPENDICES

Appendix A, R values of the O-benzoate of 2-(4-hydroxy-
‘ phenylamino) propancic acid on thin layer
chromatography.

Solvent systenm : Rf value
Ethanol 50% 1.0
Ethanol 95%/isopropanol . 0.52-0.68, tailing,
' 1:1
n-Butanol/ethyl acetate = o [Extensive tailing,
3:1
Ethanol 10% | 0.83
Water : ' 0.66

Appendix B lists the Rp values of 2-(4-hydroxyphenyl-
amino) propanoic acid methyl ester hydrochloride, p-aminophenol
and p-hydroxy-N-isopropylaniline in various solvent systems for
thin layer chromatography. The following systems are identified
in the appendix by number:

1. Isopropanol 15%/venzene

2. n-Butanol/benzene 1:10

3. Ethyl acetate 20%/petroleum ether (66-75%°C,)

Le Water

56 Benzeﬁe

6, Chloroform

7 Petrcléﬁ;;athgr (66-75°C. ) /ethyl acetate/ethanol 8:2:1
' 12;4:1
;féthanol 2:1

8. n-Butano
9. Diethyl R

10, n-Butanol



Appendix B, R values of reference compounds on thin layer chromatography.

 Seolvent system

Reference Compound 1 2 3 k 5 61 7 8 9 10

2~ ({4 >rdroxvphenylamino)- | 0.55= | 0,40~ 0.20 0,76 O 0,C.83 | 0.80, Diffuse | 0.85

pr » aéid metéyl 0,70 0.60 : _ throughe
est. Jiirechloride {diffuse) ' oud
g H
oo
: N
p~aminophenol 0.35 - 0 C - -] - - - - !
p-hydroxy-N-iscpropyle. | 0,62 - 0.15-| 0,40 | O~ 00,8 - - -

aniline 0,25 o 0.13




Appendix C, Rf-values of reference compounds on ascending paper

chromatography in n-butanol/acetic scid/water 8:2:2

Reference compound

Rf value

p-hydroxy=-Neisopropyl-

‘anilime hydrochloride
, Eeaminophénel hydrochloride

2w (k=hydroxyphenylamino)

propanoic acid
2-anilinopropionic acid

p-aminophenyl sulphate

0.75

Oal{,O

0.67

C.85

0.25
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