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and metabolisy of phenothiazine a2nd the phenosthiazine tranqul
are raviewad along with tha z2nalviical techniaues which have bzen
used feor their detection amnd determiration,

The netaholisi 2nd excretion by the horse of pronazine

N

chlovpremazine, acesromazing =nd propilonylpromazine, tranouillisere
conmonly used in egueine practice, hava bzen exanines qualitatively =and
quantitetively. ethods of collecticon, storage ang analysis

of horge uring have been developed, and ths uss of mass specircscony

in conbination with oas liocuid chrumatogr;phy f2r the detection of
phencthiazin2 ferivativas in biolenicel fluids has bnen exzaineds
Qualitative results hava shown that wmany biotronsTovsations
ake place in the horsa, 30 natabolites of
pronzzine were detected in addition te tha narvent drun, 22 of
chlorprotzzice and 11 and 6 resatctively fron zcozpre-azins and aronion

ylprouazine, Hydroxylation followvad by conjun=ation, nradominant

1.
with glucurogic acid and to a swallsrt extant with sulrtunie =cid,
is tha =ajior vtz of metabolisgs of oronszin2 arnd chleorpio=zins,
Acenronazine and sronienylpromazineg, con tha other hapd, 2r2 not
conjugatad to a great extent, Instead they lose thz side chzain
ketore aoroupine zttechad to th2 nucleus =2t the Z-posiiion ans ars
axcretad Ln bt e sul-roxids Fors,

Quantitativa o3sulis “oya =houn bhal sxeration s fnrogular zns
nrolenosd, Inoszwe oazas lasbing for o2 vask zfhzc acinistoznion,



3

being approximately 197 for chlerpronazine, 107 for pronazine

and 37 for acapronazinaz, Conjunatad metzynlitzs werse axgreted

i3
—
]
)
i
s

pradominantly as

iz derivatives, whsreas the unconjuqated

fraction were

3
3
€8]
L
@]
=2
|_l.
-
i}
porl
f“‘"
e
fd o
3
o
o
<
)
C
_l
3
=
p24
[
[nR
¥

forin.

The aponlica

U‘
[=e
—
e
o
~
Q
-4
o

he techninues used for the detection
of phonothiazinae derivativas, aftor adwinistration in small doses

Just sufficent to produce an effact; has

1
4

baaon examinad,



SOAEDCLATIRE

Thren ¢ifferent nunbarino systz2=s have boen usad by different

avthors at different times Lo designate the positions on the

-
T
]
i
Q
:f
)
;_:.
>3
48]
4
e
J
(4]
n
<
0
-
4
!
=
|
-
)
]
m
<t
~—~
oumd
—
s
[44]

that advoczted by the

Interpational Union of Fura and fnplicd Chewistr

\’:
(e
pot ol
I
2
D
=
e
@]
3»\
ot

H H H
10]

1 qu 4 5 ON /
[:::::iift:I::jijz 6[:ji:]:i ::I::::]3 4[jii:H:: .
| 3 7 2 3 ' 9
4 8 9 1 2 1 L
(1) (11) (III)
Sociely and Cheaical Abstracts, The sacond systen {I1) appears in

RBgilstein's "Handhuch der oraanischen Chemig', 4th edition, 2nd

systom (I11) may be found in

<
J
=
o
E—J-
ju
I'm)
i
ot
2
b
]
G

Chenie! and .01, Richter's "Lexikon der Kohlzsnstof
Tha system of npomanclatire vsed in tha prosant suuoly is thag
accanterd by the Tnternationz2l Union of Purz and Apnplied O

In addition, throuahout the text tha ters Yahanothiszipae"wzfors to

T :

[y
J
b
"
)|
-
J
U]



HISTORICAL  SACKGROUND, PHAMACCGLOGICAL  PROPEIRTIES AND

CLINICAL USES OF THE PHENOTHTAZIME  TRANMQUILLISERS.




I, HISTRICAL  BU7GNS,  PHAT LCCLGRICAL PROPERTIES 4y
CLINTIRAL  USTS  OF  THE  PREVIOTHIAZINE  TRIMMUTLLISESRS
1IN Develon ant of Bhenothi-zina,

Phenothiszine; the chaenisal nuelzus of the nodegn

s, vas first prenaread by Barnthsan
(1883) during studies inta the structures of the two dyes
Lauth's Violec, (7u:xino~gw1nlnondAmgu91 thilazine hydrochloridew
Lauth, 1878), and cathylana blua, (3, 7-bls {dimethylaing)-

phenazothioniuva chleoride g - Caro, 18748).
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Although seldom used as the starting material for
phenothiazina dyss, ils role as the nucleus of such compounds
has proved of great interest to ressarchers in the dyestuffs
industry (Venkatamaran, 1952), It has also been used
-industrially as an antioxidant for petrochemicals, showing a
high degree of inhibition (Murphy, Rainmer and Smith, 19503
Smith, 1951).

The compound was of little Commefciél interest until its
insecticidal properties were discovered by Campbell, Sullivan,
Smith and Haller (1934), who demonstrated its lethal action on
the larvae of-culicine mosquitoes. The extensive investigations
which followed showed that phenothiazine has toxic effects on
a large range of economically important insects (Zukel, 1944),
This worker attributed its insscticidal properties to cytochrome
oxidase inhibition by an unspecified conjugate of leucothionol
(3, 7 - dihydroxy phenothiazine). However, reports of photo-
sensitization of human skin by phenothiazine dust; or sprays,
restricted its widespread use in this field (Harwood, 1953).

- The anthelmintic properties of phenothiazine were first
discovered by Harwood, Jerstad and Swanson (1938),who investigated
its effects on ascarids and nodular worms in swine. It has
since been tested on nematode'parasites in most domestic animals
.and man (Davey and Innes, .1942). A particular advantage of
phenothiazing, which had not been observed with other anthelmintics

7

was its ability to control worm levels by reducing egg production,



whan adainistarad in ranestod doses too s-0ll to bave a leths
effect on thz narasite (Findlay, 1853),

It is thought to enter tha parasite throuaoh the cuticla
(Lazerus and Regars, 1650, 1051), and many theories have been
nut foruard pegardicg the active forn (Collisr, 19403 De £ds
and Thoaas, 1241), Phonothizzina sulnhoxide, (Fhanothiazire-
S-oxid), has been renorterd to nossess anthelnintic activity
whereas tho sul hone, (phenothizzins-5,5-dioxide), was inactive
and Yaruick, 1855), Similarl
z), 2nd thionol, {(3-hydroxy-
3H-phanothiazine~7~one), showed no activiiy (Gerdon and Lipson,
18403 Taylor and Sandarcon, 12403 fepors ef al,, 1955). ©n

this hasis Craig end Tate (19861) sunnestac that the sulshoxd e,

formad in vitro at hhe site of zcotion, is the actives spacies,
This fg in kezpinc wibh tha Findimns of Cleya (1247), who ranorntss
that sulnhexidation of phansthilazine nceours in tha tunen of
shezn and cattle, This w2s latar confirceed by Harpur, Sualss
anu Denstact {10803, The sohi-~ch hig Dhan discosead Tn Jzbsil
by Onuty and Innsse (1242)  and Craiq 2nd Toke (1051),

£lthouqgh at fivst consisrezd non-tovic, sevspel pangyvlis of
Ramuood, 19233, Heowevar, th= co-ponnd 13 still axi=nsively ws=d
in vaharinary nedicins (GrifTitrs, 1754), Ths anbt-lincio gsas
hay2 B> o :(L;:V’:i\:‘ / “:n.‘::': = b\! ausy = Do (‘: - D T
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(1847), Findlay (1850}, H-orwood (1953), Griffiths (1854), and

Craig and Tote (1861),
Mlany othar nedical usas of phanothilazine have bean reported
over the last 30 years. It acts as a urinary antisaptic (De

fds, Stocktnn and Thomas, 1539; Do Eds and Thomas, 1842), a

4.

tuboreulostatic coent (Fresdlander, 19424), and its derivs

3.2
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have neen used ac antienebtics

P

Friend and Cunmins, 1853),
antihistzmines (Holpern, 184&; Halpern and Duecrot, 1846), =nd

in the treattent of Parkinson's disczse (Burcer, 1081),

7
oy
i
3
2

the last two decai'es intercst in substituted phenothiazincs

~

especizally the 10«substituieo derivalives, has inc sad anornoys
1 thair uniogn A Uuillisi -7 artie

dusg to their unicuz tranquillising prenerties.

B Davelocnans of tha TEhenathiazine! Trannuillisers,

Since certain phenothiazine Jerivatives, (e.q. ~e

avevar, thay wzapz Toundg to

At th=2 sanz Lizmo & similar I0asubehlbubke” gsriaes uwaoe

synthaaisesd indensndantly in

ackivity Thie raspibed in ivz dissoverv of oorziszzzsla
SCCLVI0Y. 1M1 PRS2 R 03 kR AR R DR T

IR S S PR e 2, : L - e 1 - -~ . Lt 4 e b
zntitiste inlc tohivity I Tuc crmpeun s, 10o07.2imaitoiemd "yl



- 13 -

phenothiazine, (RP3015), and 10 ={(2-dimethylamino « 1 ~ propyl)-
phenathiazine,(Promethazine) (Halpern, 19463 Halpern ard Ducret,
1946), They wers also found to bs less toxic than any previously
reported antihistamines (Malpern and Cruchaud, 1947), and to

have sedative and local anaesthetic properties (Halpern,:Perrin
and Dews, 1947).

The discovery of biological activity in 1l0-substituted
phenothiazipes led immediately to the synthesis of a large range
of such compounds, many of which were found to be pharmacologically
active (Charpentier, 1947; Charpentier and Ducrot, 1951;
Charpentier, Gailliot and Gaudechon, 1951; Charpentier, Gailliot,
Jacob,.Gaudechon and Buissen, 1952).

Amongst the first derivatives studied were 10-(2-diethyl-
aminoethyl }phenothiazine, (Diethazine), and 10-(2-diethylamino
~l-propyl)-phenothiazine, (Ethopropazine), which in acdition
to exhibiting antihistaminic properties (Bovet, Fournel and
Charpentier, 19473 Schaepdryver, 1950) were alsc effective in
ﬂhe treatméﬁt of Parkinson's dis=zase (Bovet, Durel and Longo,
19503 Burger, 1951).  10-(3-dimethylamino -1~ propyl)-
phenothiazine, (Promazine), was also investigated, but although
effective as a local anaesthetic, it showed little antihistaminic
activity (Halpern, Perrin and Dews, 1947), Its value as an
ataractic Qas not realised until much latsr. (Begany, Seifter
and Pless;'lQSG).

The action of such compounds on the central nervous system



- L CF -

was later reported by lLaborit and co-workers, who demonstrated

their pﬁtentiating action in general anaesthesia, In initial

studies promethazine or diethazine was used in combination with

~the anaesthetic, but later investigations showsd that 2-chloro-

10~(3-dimethylamino -l- propyl)-phenothiazine, (Chlorpromazine),

was the derivative of choice (Laborit, Huguenard and Alluaums,

1952; Laborit and Huguenard, 1954). The latter compound,

.synthesised by Charpentier et al, (1952), was also found to posssss

a wide rang; of pharmacological properties (Courvoisier et al,

1952). The most important of these was its ability to calm

mentally disturbed patients (Delay, Dsniker and Hart, 1552},

and it has since been extansively used in the psychiatric fisld.
This discovery prompted further synthesis and research

into the pharmacological propsrties of such derivatives which

resulted in the large'series of l0-substituted phenothiazines

known collectively as the phenothiazine tranquillisers. They

have since been extensively used in psychiatric wards in the

management and treatment of psycﬁoses and nsuroses, sedation

being achieved without the loss of conscicusness, or the

drowsiness,usually associated with barbiturates and other hypnotics.

A representative series of tranquillisers is shown in Table 1l.

C. Pharmacoloqgy.

The group has a complex pharmacclogy, acting on both the

central and autonomic nervous systems, On the former they have
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sedative offects and diminish conditioned avoidance behaviour,
They possess antiemetic and antipruritic activity, and have a.
degree of potency as analgesics. Endocrine changes and seizure
discharge can also be effected, along with changes in skeletal
muscle tone, and temperature regulation.

They have antihistaminic and antiserotonin actiuigiygﬁ the
. autonomic system,mmet act as adrenergic and cholinergic blocking
agents, They potentiate the action of variocus narcotic drugs,
and Have a degree of potency as local anaesthatics. They also
have a large number of undesirable side effects including extra-
pyramidal reactions (e.q. parkinsonian tremors), hypersensitivity
reactions (e.g. photosens;tivity), agranulocytosis; jaundice,
and dermatitis,

Although as a group they posseés many similar pharmacologicsl
properties, ths degreé of activity and of adversz side effects
varias considerably from compound te compound, and from species
to specises., The pharmacology of these drugs in humans has bzen

reviewed in detail by Courveoisier et al. (1952) and Domino (1562).

D. Structure-Activity Relationships,

The activity of such derivatives has been loosely related
to structure, the determining factors being the substituents at

the 2~ and 10~ poéitions. Substitution at the 2-position renders

"the molecule asymmetrical, and has been found to increase its

activity (Goodman and Gilman, 1965), Thus in the 'promazine!



\

series (Table 1) subsitilution of a mathoxy, acetyl, or
trifluoraonethyl groun, or of a chlorine aton, rasults in
increasad potency to depress tha central nervous system, (c.f,
promazina, rathoxypnenazine, acearowazines, chlorpromazine,
trifluprosazine), In eddition, compounds with a trifluorocaethyl
group tend to produce reactions of an extrapyranidal nature,
(triflupronazine, trifluoperazine, fluphenazine).

The activity of compounds with a three carbon polymethylene
chain between thas two nitrogen atoms seoms to increase according

to the 2~substituent in the ordar unsubstitutad = maethoxy ¢ sc2tyll
chloro < trifluorassthyl (Rarey and Sanford, 1963). On the

othar hand tha activity of compounds with a two carbon polymethylenz

chain tends to decreas: with substitution a2t the 2-pesition, {c.f.
pronsthazing, chlornromethazine, propionazine).
The potency of such couvpounds can also be broadly dividod

into three groups dependinag on the nature of the side chain at

the 10-position. Tha least active dzrivatives possass an
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de chain terninsting in a dialkylanino group,

(prouazine, chlovpromazine, acanron=zine, triflupromazinz),

Uith these cospounds trancuillisation is usually acconpanied
by a czoreo of s=z=dation, The nature of the aliphaltic chain
also detzrmines to some extent the specific activity of ths

comnoun, T-us thosz with a thre2 carhon chein h=sva graaiar

cantral dapressant and =pti=mastic activitby, {(tPronazine! szries)
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whareas two carhoan chalin tands o praduce snbtihistarinic activity
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ethopronazina).
The sacond crsup has 2onroxinately tha =2ame cantral
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neridin® ving,

chain anino groun beina replaced by a substituted p
Such compounds incluyde menazine and thiaridazine,
The renaininy group, with much graater central acthi

incornorates a suhstituted piperazine ring in place of the termipal

nitrogen aton and includes the 'perazine! sevies, tha 'gphonuzine!

sarias and thionropazate (Tahle 1),  In this caso tranguillisation
is achleved without ajpreciable ssdstion, Tirey hava a large
cegree of antierstic activity, and extrapyramidal re~ctions are
CONmMan.

Structure~activity relationships babwean the phennthizzing

tranquillisers have been reviowad and discussed by Friend (1950),

e CTa,QiFicah1onc

B AN P A T R b

Many suonesitions have been put forward =8 to the claessificztion

of phenothia-ine deriv=tivas in the broadsr fisld of itranquillising

and sedative drugs,. Thars is difficuwlty in class
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on tha cne hand; emall changas in structurz within a chawmic=1lly
related griuo can givas rise to vist differesnces in pharmacolcgicel

activity, (chlor-tonazine and pronethazine), whareas, on the okther

hand, coronaunds cornlately vnrslatad chenicz2lly c=z=n produca fthe

samz therapsutic action, (chlo-orcnazine #nd rzezrpine),
o R e . = s oo AR S,
Sevagar (1557, sungaestod 2 classificatiaon Gzsad agun 00 =0sliT



Table 1. CLASSIFICATION OF THE PHENOTHIAZINE
TRANGUILLISERS ON THE BASIS 0OF CHEMICAL
STRUCTURE. (See next page)

General formula

*

Denotes Major Use

Tranquilliser
Antihistamine
Antiemetic
Antipruritic
Anti-Parkinsonism

mMoOQ@>»
mnonnon



q 9j0zD| 04l Y H- auIzolyynikg CONPHD)- |Apijoii1Ad|Aysg
q |[A1DoD] H- auIZD|IpYjow mEZQIU.. [ApljoaaAd Ay aw
D sulputow | |- auizowpdiy NIZOU.AMZMANIU* [ApliadidjAdoly
\/ |D|IPW | BWS- auizoplioly | N $~< i [ApuadidAys3
v [pIDODY H- .m:_uon_mz SWN—*HD- [Apuadid|Ayaw
3 UBJIS 1D, H- SUiz ij.%f HYHD-
3 _oEca_n_Q H- auizoyiaiq Nm_ZNm_._Uw- _xfmo:_Ec_xfm_o
| SUIZBWOTdoI] | I0)-| ouizowoldoid
. dnoub suizoyjowouy
q unbiauayy - auizpyiawold s ' A A
q - | __._U.. aulzoyjewoidiojyd SOWNPEW)HD?HD- IFsouiwpltyisuna
v [p4iDQ [D- | eipbzodosdoly) mEOUONAN_._U:/MII\/Z 52 D)-
v UTZbjus] - BUTZOUSYd 19
v uIx1|oud mnhw- aulzpuaydnig dnoib suizouayq,
v auizoa)oud | j30)-| 2uizousydin) —~
U< jopui | mVMnOVW, m:io:w:mohwu,q HO'HOIN__ N(°HO)- auizosadid [Adoug
JUTZD[3] 4 QuUIZRIIAONJII]
UA‘ __,&L.c«m Nm.&_—/u_mv.w aurznJiadoiy] dnoib suizoiad,
9 updaIo} 13g- | suizoiad|Ayisiy) SWN ;me_.._ I)-
v [TETTEYIS [D- | suizpiadio|ysoig ~
d UDBIS[[CA H- BUTZDIdSWII] 2 2 o
\"4 ubuwizop |swQ- Jeuiznidswiijoyjaw SWN'HO(PW)HI'HO
4 [OIdSIA 8. | SUTZPWoIdn I
v aurindg H- auIZowod [Adosdounup|Ayjauig
v auizodow | aWwQ- | suizowoidAxoyjaw aauoa .mmwﬂo&& di
W (11906107 1D- | suizowoudiojyd SWN'("HD)-
v [ISUSION - [PWOD- | auizowoud|A4a0y
«3SN JNVN Javil ‘¥ SITdWV X3 o NI90YLIN NO dNOY9ENS




- 20 -

chemical structure and action on ths nervous system. The
phenothiazinzs and the Rauwolfia alkaloids were classed as
tranquillisers with effects on both central and autonomic
systems,; whereas the propanediols and dipheﬁylmethane derivatives
were classified as only affecting the central nervous system.

Several authers have sugaested classification of
tranquillisers on the basis of their specific use in psychiatry.
(Schiele and Bensun,-1958; Ross and Cole, 1960). In this
system they were grouped as having either major or minor
activity, The major group wefa those used to control patients
with more ssvere mental disorders, which may produce exira=-
pyramidal feactions, but do not induce physical dependence.

The minor group were those used in the treatment of slight
neuroses and psychoses, and of psychosomatic disorders, ARgain
this grouping is very general, and the two classes overlap
considerably.

A gimilar classification was put forward by a study group
of the World Health Organisation. (W.H.0., 1958), dividing
tranquillisers and sedatives into thres groups. The first
group, the major tranéuillisers, comprised those used in more
severe psychiatric disorders and included the straonger
Vphenothiazine éranquillisers such as chlorpromazine and
perphenazine, the Rauwolfia alkaloids, butyrophenones such as
haloperiddi, and thioxanthene derivatives such as chlorprothixéne.

The minor.tranquillisers were those used in the treatment



of anxiety, psychosomatic disorders, nzrvous tension, and the
milder neuroses and psychoses. Included were the weaker
phenothiazing tranquillisers such as promazine and promethazine,
diphenylmethane derivatives such as hydroxyzine and azacyclonol,
and chlordiazepoxidas, A third group, based on their nuch
more marked sedative propertieslincluded the dithiocarbamates ,
such as meprobamate, and phenaglycodol.

There can be no absolute classification of £ranquillising
and sedativ; agents on the basis of specific thzrapeutic activity
due to the wide range of pharimnacological properties exhibited
by those drugs. Howaver the methods of classification described
give some insight into the position of phenothiazine tranquillisers
in the broader spectrum of tranquillising and sedative agents.

The problems of such classification have been discussed in

detail by Domino (1962).

Fe Tranquillisers in Veterinary Medicine.

Apart from their use in general medicine and psychiatry,
these compounds have proved extremely useful in the veterinary
field in ths restraint, management and treatment of temperamental
animals, and as pramedication for general anassthesia. Although
there have been many reports of undesirable side effscts from
these drugs in animals, the toxicity is appreciably less than
in man. (Dubost and Paccal, 1953; Dobkin, Gilbert and

Lamouraux, 1954).
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"~ compounds are basically the same in all species, and will be
discussed with emphasis on their use in équine practice (Pg. 24)

In particular, chlorpromazine, promazine and acepronazine
have bsen widely used in the veterinary field. Chlorpromazine
has a marked sedative action and adrenolyfic activity. It is
a powerful antiemetic and a potent vagolytic agent, It is
commonly used in veterinary medicine as premedication for general
anaesthesia and chlorpromazine therapy has been extensively
described in the tresatment of domestic animals (Troughton, Gould
and Anderson, 1955; Brodey and Thorald-Christensen, 19563
Estrada, 1956; Weaver, 1956; Martin and Beck, 1956; Clifford,
1957; Graves, 1957). |

Promazine is closaly related to chlorpromazine ‘and has
somewhat similar actions, although sedaticn is not so marked and
is of shorter duration. Its clinical and surgical uses have
been reported in detail in small animals. (Gradess, 1955;
.Clifford, 1957; Knowles, 1957; Krawitz, 1957), swine. (Nelson,
1958), cattle (Schulz, 1958) and horses (Owen and Neal, 1957;
Shambaugh, 1958; Dawson, Lickfeldt and Brangle; 1959; Gorman,
1959; Raker and English, 1859; Raker and Sayers, 1959).

Acepromazine, one of ths more recently discovered
tranquillisers (Schmitt et al.,1957) has propertiss similar to
promazine, but has the advantage of requiring very small doses,
Although references to it in British Veterinary literature are
few (Cooper, 1961; Van Laun, Nettleton and Japp, 1961; Baillie,

1967), it has been extensively used abroad as a tranquilliser



and pfeanaesthetic agent in domestic animals, In particular, its
usefulness<has been widsly reported in Scandinavia {(Hansen, 1958;
Korsbach, 1958; Nordstrom, Orstradius and Lanek, 1958; O0Ostradius
and Lanek, 1960; Sonnichsen, 1960 )o

The other phenothiazine derivatives used in veterinary medicine
have properties similar to the three compounds mentioned, but
their application in this field has been more limitead,

r

G. Tranquillisers in Equine Practice.

These drugs have proved exceptionally ussful in equine practice,
both due to the size and temperamené of members of this species,
They are used as sedatives in the examination and treatment of
nervous, égﬁressive, or excitable animals, especially when surgery
under local anassthesia is involveq. This sedative effect is
“also used to reduce the apprehension of such animals during
loading or transport, or when placed in strange surroundings.

They have proved invaluable as premeaicants for general
anaesthesia, reducing excitement during induction and recovery,
and potentiating the action of the anassthetic. Such compounds
have also been used in the treatment of shock (uesthues and
Fritsch, 1965), tetanus (Omen, 1955; Troughton, Gould and
Anderson, 19553 Shambaugh, 1958; Dawson, Lickfeldt and Brengle,
1959) . and colic (Troughton, Gould and Anderson, 1955).

Variable effects are produced after their administration to
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the hbrse, which can be classified broadly into three groups.

The first type is the normal tranguillisation experienced in

most species. In the horse this takes ths form of lowering of

the hsad; immobility, and a sleepy appearancg,uith droopinyg eyelids,
ears or mouth. Occasionally nasal discharge, salivation,

shivering and sweating are observed. In the case of male animals,
as in all species, the penis becomes relaxed and protrudes from

the sheath. +The animal appears to show no intersst in its
surroundings, and 1is not readily aroused. |

In the second case there seems to be.cnmpleta lack cf
response to the druge After administration the animal stands
gquietly, but does not have the sedated appearance noted in the
efirst type of reaction. This effect, for reasons unknown,
seems to be due to the inability of the drug to function normally
(Carey and Sanford, 1963). Such findings have bsen reported by
several workers {(Martin and Beck, 19563 Owen and Neal, 1957;
Dawson, Lickfeldt and Brengle, 1959; Gorman, 1959; Cosgrove,
Collins, Ravenagh and Cosgrove, 1960).

Occasionally, especially with thoroughbred horses,.a third
type of reaction occurs, being a complete reversal of the normal
action of the drug. It has most commonly been cbserved after
administration 0% chlorproma;ine, although it has been noted from
time to time with promazine, acepromazine, propionylpromazine,
trimeprazine, or perphenazine (Dwen and Neal, 1957; Williams

and Young, 1558; Nordstrom, Orstradius and Lanek, 19583 Gorman,



1959; Jones, 1963; uesthues and Fritsch, 1965). At first the
animal stands quietly, but after a few minutes becomes excited,
uneasy and unsteady. It will sink back on its haunches, and
may rear, neigh, and paw the ground, besides plunging arocund with
wncoordinated govements. This condition recurslat periods of
sevaral hours alternating with periods of sedation and has hsen
found to be associated with an increase in pulse rate (Gorman,
119595 Hall, 19603 Jones, 1963; UWesthues and Fritsch, 1965).
This type of u%coordinatad excitement has also béen noted in dogs
and pigs (Westhues and Fritsch, 1965). Jones. (1963) succeeded in
reversing the reaction in a horse by means of an intravenous
injection of methylamphetamine.

Saveral theories have besen put forward as to ths cause of this
third reaction, One suggestion is that the effect is caused by hypo-
tension giving rise to vertigo (Owen and Neal, 1957). However,
investigations of this theory, after administration of chlorpromazine,
have shown no fall in blood pressure (Hall, 1960; Carey and Sanford,
1963). Hall, on the otﬁer hand, found a slight increase in
blood pressure, and a large increase in pulse rate when the condition
was evident. Bente (1957) suggested that the effect is due to the
alternating dominance of opposing depressant and excitant reactions
of the autonomic nervous system, whereas Owen and Neal (1957)
suggested that it is a panic reaction in ths animal due to a sensation
of muscular weaknsss. These theories, however, have not been
substantiated.

Side effects of phenothiazines have also been investigated
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in the horse. Hypotension does not appear to occur to any apprasciable
extent. Martin and Beck (1956) noted a slight fall in blood
prassure after intramuscular administration of chlorpromazine
( ~~ 2mg/kg). On the other hand Carey and Sanford (1963) detected
"no change, and Hall (1960) reported a slight hypertension with
fhis drug (0.5 mg/kg). Rapid intravenous injection of promethazine
has been found to produce a distinct fall in blood pressurs
(Hall, 1960). A very slight hypotension wzs noticed after adminis-
‘tration of chlorpromazine (2-4mag/Kg), although with larger
doses a greater drop was observed (Martin and Beck, 19563 Owen
and.Neal, 1957). A fall of 3F° was reported by Alexander (1960)
two hours after adwinistration of chlorpromnazine (1.5 mg/kg, )
returning to normal after seven hours. After intravenous
administration of promazine (~ 1.5 mg/Kg) Carey and Sanford
(1963) reported a fall in rectal temperature of 5¢° within two
hours.

Under normal conditions of sedation, the effect on pulse
rate is slight, an increase usually being produced. A slight
tachycardia has been reported after administration of chlorpromazine
(Martin and Beck, 19563 Hall, 1960; Jones, 1963), this being
greatly accentuated during the excitement ;eaction (Gorman, 1959;
Hall, 19603 Jaones, 1963; Westhues and Fritsch, 1965). A
noticeable increase in pulse rate has also been reported
following administration of large doses of acepromazine. (Sonnichsen,

© 1960),
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Effects on pulss rate after administration of promazine
are variable. Carey and Sanford (1963) found that the rate was
virtually unaltered after doses of 0,5-1 mg/kg. Raker and
English (1959) administered repsated intravenous doses (-~ lmg/Kg)
to two horses every thres days for two weeks. After each doss
they found the pulse rate had dropped by 10 minutss after injection,
but had risen to a maximum by 45 minutes, gradually returning to
normal within, three hours. The decrease was of the order of
10-20% and ths subsequent increase from 30-50%. However, with
other horses they found only slight increasss.

The duration of action of thesekdrugs has alsoc been found
to vary with dose,; route of administration and the specific animal
involved. Ouwen and Neal (1557) administered chlorpromazine
intravenously (lmg/Kg), and intramuscularly (2mg/Kg), to a series
of horses. They found after intravenous injection that § to 15
minutes elapsed before the full effects of the drug were noticeabls,
and residual effects lasted from 5 to 8 hours., For intramuscular
injection the corresponding times were 45 to 60 minutes and 12
to 18 hours, and in some cases very slight effects were noted up
to 48 hours, Martin and Beck (1$56) reported that intramuscular
dosas of chlorpromazine greater than 2.5 mg/Kg produced greatest
effects between 1 and 6 hours of injection and in some casss
effects were still noticeable up to 48 hours.

After intravenous injection (~ 1 mg/Kg), promazine was found

to produce noticeable effects within 5 minutes, ths action



diminishing gradually buer 2 hours (Raker and English, 1959).
After a dose of 1.25 mg/Kg, Schulz (1958) reported the same time
of onset,; the effect lasting for 4 hours. Repeated daily doses
aid not appéar to have any effect on the onset or duration of
action. Gorman (1959) administered 50-500 mg, doses of promazine
intramuscularly and noted an effect within five minutes which
became most marked within the first hour. In some cases residual
effects were noticed up to 24 hours., After paienteral administration
of acepromazike predictable ssdation has been produced withinlb
minutes and residual effects have been noticed up to 8 hours (Van
Laun, Nettleton and Japp, 1961).

From these facts the following phservations can be made
regarding the onset and duratien of action of phenothiazine
tranquillisers in the horse, After doses producing the same
clinical effect their duration of action decreases in the order
chlorpromazine % promazine » acepromazine. Effects of intravenous
administration are noticeable within the first 5 to 15 minutes
after injection, whereas, after intramuscular administration 45
minutes to 1 hour elapses before there is any noticeable response.
Effects are most marked up to 8 hours depending on the dose and
route of administratioﬁ, and residual effects can be noticed up
to 48 hours. Repeated daily doses do not seem to have any

cumulative effect on duration of action,
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IT. CHEMICAL AND BIOCHEMICAL TRANSFORMATIONS

OF PHENOTHIAZINE AND ITS DERIVATIVES.

A. Chemistry of Phenothiazine.

Phenothiaéin@, mHen pure, is a light yellow crystalline
solid (M.p. 180-181°C), soluble in most organic solvents, but
almost insoluble in water, being wetted only with difficulty.

It is a reactive compound giving rise to a vaét rangz of
derivatiues; many of which have proved usseful commercizally,
(Chapter 1). Its reactivity is most evident in its ease of
oxidation, particularly in the presance of moisture, This
accounts for the greyish or greenish blue colour of comﬁercial
preparations.

The compound and its derivatives act as weak bases, and
have low ionisation potentials. The latter property is thought
to be related to their physiological activity (Kearns & Calvin,
19613 Lyons and Mackie, 1963). They are strong electron donors
and form weak complexes with molecules of high electron affinity
by means of an intsrmolecular charge-transfer process, Many
of these complexes are coloured, and their formation has been
used as a method of colorimetric assay (Cupples, 1942; Payfer

and Marshall, 1945; Stewart, 1947),

(1) Preparation of Derivatives -~ Nuclear Substitution,

Phenothiazine undergoss many direct nuclear substitution
reactions, the most common being nitration, acylation, halogenation,
metalation and mercuration, Nitration is usually accocmpanied

by oxidation of the sulphur atom, the dsgree of nitration



depending on the conditions used. By heating phsnothiazine with
fuming nitric acid at 0°C, Bernthsen (1885) obtained two isomers,
only one being identified (3,7-dinitro phenothiazine sulphoxide).
Using milder conditions only the mono-derivative was obtained
(3-nitro phenothiazine sulphoxide), and at higher temperatures
trinitro sulphoxides (Kehrmann and Nossenko, 1913), and tetranitro
sulphoxides have been obtained (Barnett and Smiles, 1610),
Reduction of §uch compounds to their corresponding phenothiazine
anines, followed by treatmsnt with ferric chloride, gives rise to
various members of the thiazinme group of dyes (Bernthsen, 1885),

The nucleus is also readily acylated using the friedel-Crafts
reaction, but alkylation has not been reported by this method,

The usual product is the 3,7-diacyl derivative (Massie, 1954),
but;Nnacyl derivatives tend to orientate substitution to the 2-
and 8- positions (Michels and Amstutz, 1950).

Direct halogsnation has only been reported using chlorine,
producing small amounts of 3,7~dichloro phenothiazine, a tetrachloro
phenothiazine, and its sulphone (Ungar and Hoffman, 1896). Other
halogsns have been found to produce the corresponding phena-
thiazonium derivatives (Pummesrer and Gassner, 1913). Ungar and
Hoffman also reported a chlerination reaction using an ethereal
solution of hydrogen chloride and nitrogen tetroxide,whioh produced
1,3~dichloro phencthiazine ﬁlus a mono- and a tetra-substituted

derivative, This method also produced small yields using
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diphenylamines do not appear to undergo this thicnation reactinn
(Massie, 1954).

Ring closure can also bhe effected using substituted
diphenylanine-ortho-sulphinic acids. Krishna and Jain (1933)
prepared 3-nitro phenothiazine by dissolving 4~nitro diphenylamine
~2-sulphinic acid in sulphuric acid, and subsequently diluting
this solution. Other substituted phenothiazines have been
preparead by tbis reaction using acetic acid. (warren and Smiles;
1932).

Nuclear substituted phenothiazines have also been preparsd
by condensation of o-amino or o~amido thiophenols with various
nitrobenzenes. Kehrmann and Steinberg (1911) condensed o-amino
thiophenol hydrochloridevuith picryl chloride to give 1,3=dinitro
phenothiazine., Many substituted derivatives have been preparsd
using the same resaction (Baltzly et al., 1946). Such reactions
have besen shown to proceed through a rearrangement common to
é-nitro»z'uaminodiphenyl sulphides, which in the presence of
alkali rearrange to 2-nitro-2' mercapto diphenylamines (Evans and

Smiles, 1935a, 1935b; Wight and Smiles, 1935).

(3) N-substitution.

The interest in nuclear substituted phencthiazines of industrial
importance was largely confined to the first half of this century.

Recently interest has tended more to the synthesis of N-substitutsd



derivatives, especially N-alkylamincalkyl phenothiazines, due to
their widespread therapeutic properties (Chapter 1).

The nitrogen atom can be alkylated using either alcohols,
sulphates or halides. However, only the 10-methyl and the 10
ethyl derivatives can bes prepared using alcohols, The reaction
involves heating phenothiazipne, dry hydrogen chloride, and the
appropriate alcohol in a sealed tube (Bernstein and Rothstein,
1944), Likewise only ma2thyl sulphate has been found useful as
an Nualkylatiné agent (Gilman and Nelson, 1953),

More important are the condesnsation reactions, involving
alkyl or aryl halides, which normally require & basic medium.

In initial studies Gilman and Shirley (1944) prepared a series

of long chained 10~alkyl phenothiazinss, and a series of 10-

aryl phenothiazines, by condensing phenothiazine and the corresponding
halide in the presence of sodium carbonate, with copper nowder

as catalyst, However, further attempts at condensation using
alkylaminoalkyl halides were unsuccessful,

10-alkylaminoalkyl phenothiazines were subsequently prepared
by Charpentier (1947, 1952) by condensing phenothiazine and the
corresponding halide in the presence of sodamide. Using the
same condensing medium Dahlbom (1949) prepared pipesridyl alkyl
phenothiazines by reaction with the appropriate halide. This
method has also bsen used for the preparation of morpholinyl alkyl
phenothiazines and N-pyrrolidyl alkyl phenothiazinés (Reid, Wright,

Kolloff and Hunter, 1948), Other methods used for tha preparation



of amincalkyl phenathiazines have included resction with
Grignavd complexas (Rz=rg and Ashley, 1953), or reaction of
alkylaming halides with 10-1lithio phencthiazine {(Gilman and Shirley,

1944) .

(4) Oxidation of Phanothiazine.

The most important pronerty of phenothiazine, from a
biolaogical point of view, is its ecase of oxidation, The products

are shown in Figure 1, It readily forms the sulphoxide (B) and

b=

the sulphone (C) on reaction with such oxidising =zgenis as
potassium permanganate or hydrogen peroxide (Massie, 1954).
Sulphoxide formation has =2lso heen reported on irradiation of an
alcoholic solution of phenothiazire (Brown, 1955).  The conpound

can also he oxidised to various hydroxylatad and quinonoid structures

(Kehrmann, 1606; De Eds and £ddy, 193%2).  The nucleus can be
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Fig.l PHENOTHIAZINE AND ITS OXIDATION PRODUCTS
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Fig.2a FREE RADICAL INTERMEDIATES IN THE SYSTEMS LEUCOPHENOTHIAZONE-
PHENOTHIAZONE AND LEUCOTHIONOL-THIONOL (GRANICK et al,,I540)
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and Schwbert, 1840; Graniek and Nicheo2lis, 1947). In
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astable oxidation product of phanoininzine is phaoancthizzine

asulahaxide (3), (Gil =n and Shirley, 1%944).  Tris product is in
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hiazone, (5 and it has baan postulatan
s ’ g

that (£) can b2 further exidiead via tha sulnhoxide to loucsi-icnel
: ?
(F),an Finally thionol,(G), (Crais and Taha, 1561),
This rozrzrangs-snt of obarothiazine sulshaoxids to lzugonhiro-
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thiazone has been shouwn to take place in the presence of acetic
acid (Hilditch and Smiles, 1912). However, when hydrochloric
acid was used the product was 3-chlorophenothiazine, and in the
case of l1lO0-alkylphenothiazine sulphoxides the rearrangement

has been shown to produce 3-chlore-l0-alkyl-phesnothizines

(Page and Smiles, 1910; Gilman et al., 1954; Schmalz and
Burger, 1954; Kehrmann and Nossenko, 1913). The rearrangemant
does not take place when the 3- and 7- positions are blocked,

(Hilditeh and- Smiles, 19123 Page and Smiles, 1910).

Be Metabolism of Phencothiazine,

Initial metabolic studies on phenothiazine provided the
groundwork for our present day Knowledge of the metabolism of its
derivatives., The biotransformations which it undergozs in the
body are basically the oxidation reactiqns encountered by the
chemist in the laboratory.

Its metabolism has been extensively studied in_a variety
of species. These include sheep (Lipson, 19403 Swales and
Collier, 1940; Collier, Allan and Swales, 1943; Clare, 1947;
Harpur, Swales and Denstedt, 1950), cattle (Clars, Whitten and
Filmer, 15473 Whitten, Clare and Filmer, 19463 Whitten, 1947,
Whitten and Filmer, 1947; Duthby and Leswis, 19493 Ellison and
Todd, 1957; Richardson and Todd, 1958), swine (Clars, 1947;
Collier et al., 1943), horses (Collier et al., 1943), dogs
(Collier et al., 1943; De Eds and Thomas, 1941), rats (De Eds,
Eddy and Thomas, 19383 De Eds and.Thcnas, 1942), rabbits (De Eds,

Eddy and Thomas, 1338; De Eds and Thomas, 19413 De Eds and
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Thomas, 1942; Benham, 1945; Collier et al., 1943). and man (De
£Eds and Thomas, 1941, 1942; De Eds et al., 19838). Initial studies
were carried out on urine since it was noted that the urine of
animals dosed with phenothiazine took on a reddish coloration,
suggesting transformation of the administered drug. Also,
although phenothiazine is practically insoluble in water, sheep
were found to eliminate 40% of a dose in the urine within 48

hours (Harpur2 Swalss and Denstedt, 1950),

De Eds and Thonas (1942) showed the presence of leucopheno-
thiazone and phenothiazone, along with small amoﬁnts of leucothionol
and thionolg,as metabolic products of phenothiazine in the urine
of rabbits, rats and man, Such oxidation products would
account for the coloration observed in the urine of dosed animals.
Leucophenothiazone and leucothionol were also detected as
urinary metabolites in sheep (Lipson, 1940), De Eds et al.. (1938)
also found phenothiazine as an acid-labile conjugate in the ufine
of rats and man. This was later renorted to be the major
metabolic product of phenothiazine in swine and man. (Craig and
Tate, 1961). The latter workers also suggested that, since
phenothiazine is a weak base, and therefore would not form salts
under biological conditions, the conjugation probably takes place
at the nitrogen atom through an acid-~labile amide bond.

Further studies showed that phénothiazine and its oxidised
derivatives (Fiqure 4) are excreted as metabolites in the urine,

either in the free or a conjugated form, However, the relative
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anounts of each varias from sp=zciss to spzeciers, Collier and co-
workers cawriod out a saries of urinzry excration studi=s on sheeon,
dogs, harsas and rabbits, (Collier, 1840 ollier et al, 1843),

Leucophanothiazone which thay identified by eynthesis, was found %o
be the major metabolite in sheep, dogs and horsss, wmostly as th=
ethersal sulnhate, Traces of leusothionol uere also detectad.
Howaver in rabbits, leucothionol wes found tn bz the prodominating
metabolite, This was confirmed by Benhan (1945) who alsn renorted
that the leucothionol is excroted as 2 conjugate with olucuronic
acid, Lauconhenothiazone has singe baen detected as the etherezl
sulphate in the urinz of dosed cattla (£llisen, Todd and
Harvey, 1957).

Although in scme cases,; it is only thz leucn basas of
phenothi=zzone and thienol that are excreted in the urine, thase
are oxidised on exposure to the 2ir to the coloured guinonoid
conpounds, Due to the raversibls redox sysbtens aperating uith

these comnpounds, it is usvally found that this coloration grazdually
disononaars duc to the astion of reducing conpounds in the urine
(Clare, 1547).

A further metabolite of phenolthiiazine, chenothiazine sulnheoxirde
was discoversd by Clare et al, (1847) in the blood of shzen and

calves., They postulated that the sulphoxide is foraed in the

alimentary tract and abserbed into ths portal blood., It is then

transforaad by tha livar fo lancoprenothiazens, conjunzta- as the
etharaal sulnhate, and excrzsted in tha urine in this formm,



Fig., 4, MAJOR METABOLIC PRODUCTS OF PHENOTHIAZINE,
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Leucophenaothiazone and leucothionol warz also found in
along with an unidentified conjucatas of phanothiazine,
With high doszs of phenothizzine, the sulphoxide is not
completely transforead by the liver, and rzeaches Lhe systeanic
circulation and aqueous huaour of the eys, This also occurs

4.

with calves after lov dosas, causing a photoseansitised keratitis
(Clare, 1647). 1In calues less than six weeks old,Clare also
found l=sucoshenothiazona in the urine in asscciztion with an
unidentified nolyneptido, Sul~hoxida fermation vas later shown
to bz a major metabholic pathuay of thz ghapmacolongically active
lazinzss, A flow diagran of the main
metabolic pathuways of ohenothiazine is shown in Ficure 4, Tra
subject has besn extensively raviswed by Haruoord (1553), Craic

and Tate (1981), Findlay (1950).

C. Cheniatr»y of the Tran~uillisors,
As previously described (Pg. 18) the trapnuilliszrs fora

a homolonnus series with the ganeral forauvla shown, the nuwbarin

cenvantion heing th2 sana as for nhenathiazine, Classificaiion

is brgsd an tha suhstitvents R, (an aninealkyl =ids chain) and

available crmarcially In cryst=lline form 2z thnair salts,
Promazine is nonufactured as bhe hydrochleori-e L2iiinn fthe Form
of whibta byagroscopic crystals d2oroneinn 25 15172, Chlaorcoro-=az
i e R«
also aveilzinls 29 bho hyorochlovice, docosinoeez 28 18410570,
Aceprovazineg, w izn ls nearkzizsd 23 e ~aleaca, "tz oz m21liic2



- A5 e

point of 135-136°C. Unlike the parant compounds, these salts
are readily soluble in water giving a slightly écid solution.
They are also soluble in methancl, ethanol and chleroform,
but only slightly soluble in ether and benzens.

it |
o N

Chemically. they are very reactive, with properties similar

to phénothiazine, which form the basis of a large number of
colour reactions widely used in thesir detection and determination
(Pg. 68). l Their reactivity is also borne out by the largse

number of metabolic changes which they undergo (Pgs. 51 - 66 ).

(1) Oxidation and Stability.

Like phenothiazine, their nucleus is susceptible to oxidation,
and sulphoxides and sulphones are readily formed by reaction with
peroxide or permanganate (fassie, 1954). However, substituents
at the 2- and 10~ pasitions exert a marked influence on the
oxidative processes, affecting the course and kinetics of such
reactions. This influence is alsc a controlling factor on their
stability in solution.

Kabasakalian and McGlotten (1959) determined the anodic
oxidation half-wave potentials of a series of such compounds, and

reported that their stability increases with an increase in
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aninnalkyl side chains are intact,
(2) Irrediation and fros radicnl foraation,

The nucleus is also liable to nhotochanical oxidation,
which ig epparent from the intense colours experienced whan
solutinns of such drugs are axnosed to light, (Holwes and Savder,
1929 Reid, 1930; TNecree, 1931:; Brown, Cela and Crowell, 15553
Ravin, Kennon and Swintosky, 1958), Tha latter workners
relatzsd the photochewical oxidation of chlarproaszazine to an
£

oxyjen durinc irradiation. Aroun et 21, (1955)

upt=ke o
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(1965) attributed to combinations of hydroxylaticn and
dechlorination of the phencthiazine nucleus.

Many reports of the formation of free radicals during
the oxidation of phenothiazine derivatives have appeared in the
literature, and it is now belisved that such species pley an
importan£ role in the oxidation process. furrest,Forrest and
Berger (1958), using electron spin fasonanca spectroscopy,
éhowed the presence of free radicals after ultra violet irradiation
of aqueous solutions of chlorpromazine, and claimed that the
intermediate formed was identical to one of the urinary
metabalites of the drug (Pg., 64). Such species were also
reported by Fels and Kaufmart, (1959) during the oxidation of
acidic chlorpromazine solutions by ferric salts. Piette and
Forrest (1962) subsequently claimed that the first oxidation
products of phenothiazine drugs are free radicals.

Borg and Cotzias (1962) studied the axidation of chlor;
promazine sclutions during titration by metal ions, and, by
following thergaction potentiometrically, demonstrated that the
process proceeﬁs through a free radical intermediate. The first
step is loss of an electron to form a free radical ion, which in
- turn losss an electron to give a dipositive phenothiazonium ion.
Reaction of the latter with water gives rise to chlorpromazine
sulphoxide. The reaction, however,iis further complicated by
interaction of the radical and unchanged chlorpromazine leading
to dimerisation of the chlorpromazine and disproportionation of

the free radicasl to both chlorpoomazine and chlorpromazine
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sulphoxide (Figure 5).

A comparable mechanism for photochemical cxidation was
subsequently formulated by Felmeister and Discher (1964), who
also claimad that irradiation of aqueous chlorpromazine solutions
results in formation of free radicals, which dispropertionate to
chlorpramazine and chlorpromazine sulphoxide, They also reported
that one of the reaction products could be acylated, and concluded
éhat hydroxyl?tion had occurred at the 3-position, possibly by
rearrangement ﬁf the suiphoxide (c.t. Pg. 38 ). Figure 5 shows
a general mechanism of oxidation of substituted phencthiazines
based on this informatian.

Thésa investigations bear out the complexity of the oxidation
reactions of the phenothiazine tranquillisers and it is evident
that information on this subject ié still incnmpléte. Although
sulphoxide and sulphone formation are known to occur, other
oxidation reactions are not so weil defined as for phenothiazine.
The compounds produce intenss colours on oxidation which prﬁvide
a useful method for their detection but the course and ease of
such reactions are difficult to predict or determine. The
formation of free radical intermédiates, and resulting polymers
has been reported, but it is still not certain whether substituted
products equivalent to thionol or phenothiazone are present.

Berti and Cima (1956) stated that the formation of such compounds
is unlikely as the substituted nitrogen would prevent the shift

in double bond necessary for the reaction,
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(3) Side Chain Transfgrmations.

The side chain at the l0-position is also susceptible to
several modifications, Oxidation of‘tha terminal nitrogen atom
to the N-oxide has besen claimed by Japansse workers, although
the reaction was not proved conclusively (Sumita and Nishino,
1960, a,b,c). Chlorpromazine N-oxide has been idenﬁified after
irradiation of aquecus chlorpromazine solutions (Husng and Sands,
1964). N-oxide formation has also bcen shown to be a metabolic
pathway of both chlorpromazine and imipramine, a compound chemically
related to the tranquillisers (Fishman, Heaton and Goldenberg,
1962; Fishman and Goldenberg, 1562). The side chain has also

been shown to be subject to demethylstion and cleavage as a resull:

of biochemical oxidation (Pg. 62).

D. Metabolism of the Tranguillisers,

Dué to their widespread use both in psychiatry and general
medicins, the metabolism and excrétion 6? thesa drugs has been-
the subject of much research over the past 15 years. Results so
far have underlined the complexity of such processes, and have
shown marked variations from species to sbecies (Goldenberg and
Fishman, 1961; Goldenberg, Fishman, Heaton and Burnatt, 1964).

Five major pathways of metabolism have been found, namely,
oxidation of the sulphur atom to the sulphoxide (Salzman and
Brodie, 1956; Fishman and Goldenberg, 1960), oxidation of the

terminal side chain nitrogen atom (Fishman, Heaton and Goldenberg,



1962), demsthylation of the side chain amino group (Ross, Young

and Maass, 1958; UWalkenstein and Seifter, 1959), and hydroxylation
of the phenothiazine nucleus, usually follonuwed by conjugation with
glucuronic or sulphuric acid (Lin, Reynolds, Rondish and Van Loon,
1959; Huang, Sands and Kurland, 1961; Beckett, Beaven and

Robinson, 1963; Fishman and Goldenberg, 1963). These transformation:
can take place singly, or in corbination, giving rise to a larnge
nunber of possible metabolites. At lsast thirty urinary metabolites
of promazine have been detected after oral administrationto humans
(Goldenberg et al., 1964)., Studies have shown extensive

. localisation of such compounds in the body (Salzman and Brodie,

19563 Fyodorov, 1958; Walkenstein and Seifter, 1959), low
percentage excretion of dose (Fyodorov and Shnol, 1956; Nadeau

and Sobolewski, 1959; Beckett et al, 1963; Goldenberg et al.,
1964), and prolonged excretion sometimes lasting several months

after administration (Forrest, Forrest and Mason, 1959; Huang

et al., 1961).

(1) Sulphoxide formation.

This was the first important metabolic route to be discovered.
Salzman and Brodie (1956), using counter current distribution
and paper chromatography, isclated and identified chlorpromazine
sulphoxide as a major urinaiy metabolite af chlorpromazine in
dog and man. They detected at least three metabolitss, only the

sulphoxide being identified. They also claimed that the drug
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was extenéively localised in various tissues, espscially the

| brain,; accounting for the low plasma conéentration (r~ QPg/ml)

obtained 30 minutes after injection. In the dog 10-14% of an

intravenous dose (20 mg/Kq) was excreted as ths sulphoxide, and

less than 2% as unchanged drug. After oral administration to

man, only 5% was excreted as the sulphoxide along with tracs amounts

of the parent drug. They postulated fhat the sulphoxide had

Been further metabolised to unidentified products, since, after

“administration of chlorpromazine sulphoxide to dogs, only 20%

of the dose was recovered in the urine unchanged (Salzman, Maran

“and Brodie, 1355). Similar findings have been reported in man

where only 2-3% of an intravenous dose of this metabolite was

recovarad unchanged“(Davidson, Terry and éjoerdsma, 1957),
Sulphoxidation has since been extensively reported. Huang

and Kurland (1961) showed that, after repeated administration

‘of chlorpromazine te humnans, urinary excretion cof sulphoxide

metabolites varied between 1 and 18% of the daily dose, less than

1% being recovered as unchanged drug. Goldenbesrg and Fishuan

(1961) reported that after oral adninistration of chlorpromazine

_to man and dog 5.9 and 11 of the dose respectively were excreted

in the urine as sulphﬁxides. Again the unchanged drug was detected

in only trace amounts., Sulphoxide formation has also been shown

to occur in mice (Christensen and'wase, 1956), rate {0Ogawa, Kawasaki

and Yamamoto, 1958; Emmerson and Miya, 1962) and rabbits (Berti

and Cima, 19563 Goldenberg et al., 1964).
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Although initial investigations and most subsequent studies
of this metabolic pathway were primarily concerned with chlor-
promazine, sulphoxidation is also a common metabolic pathuay
of promazine (Walkenstein and Seifter, 1959), mepazine (Hoffman,
Nieshulz, Popendiker and Tauchert, 1959), methoxypromazine (Allgfzn3
J6nsson, Rappe and Dahlbom, 1959), promethazine (Hansson and
Schmiterlow, léﬁl), perphenazine (Symchowicz, Peckham, Korduba and
Pertman, 1962), levomepromazine (Allgén, Hellstrom and Sant'orp,
1963), and euch closely related compounds as thioridazine, (Zehnder,
_ Kalberer, Kreis and Rutschmann, 1962) and chlorprothixene (Allgén,
J8nsson, Nauckheff, Anderson, Huus and Nielsen, 1960).
Sulphoxidation is now generally accepted as one of the major
metébolic pathways of the phenothiazine tranquillisers although
the sulphoxide itself accounts for only a small percentace of the
dose. Sulphone formation, on the other hand, does not appear
related compounds methylene blue inlcats, dogs and rabbits. (Underhill
and Closson, 1905), and thioridazine in rats, {Zehnder et al.,
1962). It has been postulated that chlorbromazine sulphone
may be formed in vitro wusing fortified liver homogenates (Kamm,

Gillette and Brodie, 1958).

(2) Demethylation.

Danethylation of the terminal side chain amino group was first

reported by Ross et al.. (1958). They administered chlorpromazine,
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various orcans (lunn, livsr, kidney, splecn) from bothgecies
(c.f. Salzman and DBradie, 1554).
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The metakolign of S echlorpromazing by rals was inve
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by Emmerson and iidiva (12562). They found 50% of the adwinistered

radinactivity in the urine over three days, tha reszindsr baing

gxcrated in the faeces, Three metebnlites wors identified in the
urine; chlorpromazine sulshoxide (5%), and the sulphoxides of

destethylochloraronazine (5%), and desdimctihylchlorprosezine

(2%). Chlorpronzzine recovered accounterd for apmroximetely 12%
of the dose,

Further evidence for the combination of sulphoxidation

and demethylation wuas furnished by Fishsan and Goldenbara (19673),

In the first of a series of sturdies into tranquilliser mataholien
they detected the presence of 10 =metabolites of chlorara-azine in
hunan urine. Using paper chrosztoorvanhy, spacific sprey rezgents,

and ultra violet spectronetry, they showsd that s
tuo being demethyvlatad,; (desmathvlcehleroranazine sulahoxs
desdimethylchlorpronazira sylpoaxida),

The fellewinog year they carried out furthar investigations
of these metabolites in dog and ran (Goldonherg and Fishoaan, 1251),

an showad both qualitative and guantitztive excration dif
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betwsan the spscies, In man dosdinethylehlor roezineg sul-haxids
was th2 major metaholits {3,7%), followsd by Jes-a¥ylehlscsromszics

sulnhoxide (1.8%), and chlerpravazic: sulphexice (2,4%), @ hozoes



in the don desvethylehlorpronazine sulnhoxiza (5.1%) =nd
chlornromazine sulnhnvida (5.1%) nrodoainabaed, Only lul%

was axcroted as the didowathylatod dervivotive,  Unchanned drug

accountad for 0,2 and 298% rasnectively, Daswathylchlororonazing
was detected in dog urine, but was found to be absent in huneans.

Neoxicde formation,
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A further metzbolite of chloveromazine, chlorpronazine Meoxide
vas idantified by Fishmzn et al, (1962) in tha urire of dog and
man. Althouoh it is nobk 2 m2jor metabolite in humans it wae founc
in aresber cuantity (0.777) than the sulphoxidas (0.430) and was
even mora z2bundant in the dac (2-3.57),  iM-oxide formation h
also bron shown to be a metabnlic pathway of pronazine (Golden

ct al.,l?ﬁﬂ), and iminranine (Fishnan and Goldenbern, 1862).

(4) Hydroxvlation and Conjunation,

o peannn

The derivntives already descrihad ave all readily extractabla

v

from urine at an alkaline pH =2nd are referrvaed to as the non-nolzr

metabnlites. Howsven, a furth=r group exists, oresent in much

(s}
]
U}
W
,..,

abundrnee in most speciles, which ara not so res’ilv extract

by comnon organic solvants., Known collectively 2s the nolAar
metabolites, the group consists of rany hydroxylated and conjucztad
derivztives. Goldanbery and Fishinen (1961) renartad thab such
derivatives ars tho credowinsting retebolites in ~an, and that
oualitative and guantitative differ=nces alco 3xist in tris fractic
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In 1959, Flanagan and co-workers, using chromatographic
techniques, réported that chlorpromazine; administersd intra-
duodenally to dogs,was excreted in the bile and urine as "free"
and "bound" chlorpromazine sulphoxide, (Flanagan, Lin, Novick,
Rondish, Bocher and Van Loon, 1959), This was demonstrated by
the fact that strong alkaline hydrolysis, or p ~glucuronidase
incubation, gave rise to an additional group of ether extractable
metabolites. . The "bound" fraction was found to predominate
in both urine and bilé, the ratios being approximately 3:1 and
12:1 respectively. fhe nature of.the binding substances were
not identified, |

- In the same year Nadeau and Soboleuski reported similar
results for humans after administration of chlorpromazine or
levomepromazine., Since both chemical hydrdlysis and B -~glucuronidase
incubation produced similar results they assumad that the main
bindiné constituent was qlucuronic acid. 10-20% of the
chlorpromazine and 5% of the levomepromazine was recovered over
24 hours, and 50-98% of the metabolites were glucuronide conjugates.

Further evidence for the presence of conjugates was furnished
by Lin and co-workers who isoleted chlorpromazine metabolites
using a cation exchange resin, then liberated glucuronic acid
by incubation with ﬁ~glucuronidase (Lin, Reynolds, Rondish and Van
Loon, 1959).' The metabolites released were shown to possess
hydroxyl functions, and it was suggested that hydroxylation of
chlorpromazine followed by conjugation with glucuronic acid is

an important metabolic route of the drug in humans.



Many reports of hydroxylation and subsequent glucuronide
formation have since appeared. Posner and co-workers found
three hydroxvlated derivatives of both promazine and chlorproma-ine
in human urine, and suggested that both monohydroxylation (at the
3-position) and dihydroxylation (at the 3,7 positions% followed
by conjugation’had taken place (Posner 1959; Posner, Culpan and
_Leuine, 1963, a,b). Huang and co-workers reporied that phenolic
derivatives gnd their glucuronides wsre the major metabolic
products of chlorpromazine in man (Huang and Kurland, 1961, a,b;
Huang, Sands and Kurland, 1961). Several glucuronides of
chlorpromazine wesre isolated from phe urine of psychiatric
patients by Beckett et al. (1963). They claimad that the
N-demethylated glucuronides were the major metabolie products
of chloféromazine in man, but the position of the glucuronide
group was not firmly established. They detected 7% of the dose
in 48 hours, glucuronides predominating over non-polar metabolites
in the ratio of 2:1.

A series of phenolic derivatives of chlorpromazinz has been
identified in the urine of man and dog (Fishman and Goldenberg,
1963; Goldenberg et al., 1964). Using paper, thin layer and
gas liquid chromatography, and comparison with known standards,
they demonstrated that each member of the series was hydroxylated
at position 7, and could be found both in the free form and as
conjugates, Half of the series were sulphoxides, and in certain
cages demetnylation had occurred.

They also carried cut a detailed study of ths metabolism



of prerazine in docz, rebbits and wan (Snldenbero et al., 1954),
Hydroxylation was found Lo take place at the G.position, znd hokh
fres and conjuonstcd forns wara present, assoclated with various
combinations of sulahoxidation and demsthylation. In man 332
of the dose was recoversd es 30 derivatives, tha ratio of
nhenolic to non-nhznolic matabolites being l.4:1. In the
phennlic fractinn glucuronids conjugatas predoninated accounting
for 15): of the dose, the unconjugated phenols peprasenting only
1240, The unchanosd drug accounted for only 0.2+ of the dose
and the ma

or metabolictes wero dasdirasthylprosazing sulphoxica

i
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(6.37), dosmethylnromaring sulphoxide (5.2%), and 3-hydroxvnro-azing

glucuronide (3.7%). Much snaller anounts of retabolites wera

recovaercd fro both dogs (13%) and rabbits (10-13%),  Aualitative

differaonces were alse obsarved anongst the thra: spacies,

In a subs2auart study (Goldanbarg and Fichnron, 1G6%) they
confimned that positions 3~ and 7= weor2 tha main sites of
hydroxylation of nromazire and chlorproreazine respoctively,
Hawaver, they'ajsm noter that hydroxylaticon of chlorpromazine at
3epnsitinn is possible, and that dihydroxylation of both corpound
at the Z-, 7« po<iticns can occur,

Hydroxyl=ziinr folleowsd by gluocuronide formation iz now

o

renarded as the major metebolic pathway feor tha tranqauillissy

'..:

in most spacies, and hosirdes promazine and chlorprosazinz has hHa2
reported for sevaral oter derivativas, (radz2u 2nd Sobnleweli,

19595 Harenann, Schindler and Pulyer, 1950
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Other types of conjugates, formed to a lesser extent, have
been reported by various workers. Beckett et al.. (1963) showaﬁ
the presence of sulphate conjugates of chlorpromazine in human
urine by aryl sulphatase incubation. 7% of the adninistered dose
was recovered over 48 hours, consisting of non-polar metabolites
( ~ 25%), olucuronide conjugates (~ 60%) and sulphats conjugates
(r~19%). The free metabolites ware excreted mostly as sulphoxides,
" whereas the conjugates were in the sulphide form., Other unidentified
conjugates were liberated in small amounts by acid hydrolysis,.
Ethereal sulphates of promazine were also detected in the urine
of dogs, rabbits and man, after oral administration, by incubation
with flylase P (Goldenberg et al., 1964). In man the sulphate
fraction accounted for ~ 3% of the dose, the ratio of glucuronides,
sulphates and unconjugated metabolites (inéluding free phenols)
being 5:5:1. Small amounts of acetylated phenolic'derivatives

were also found.

(5) Additional Transformations.

" In addition to the above pathways various minor routes of
metabolism have been reported from time to time. Initially,there
were conflicting views as to whether cleavage of the side chain takes
place in such derivatives. Although at first considered probable
(Nano and Sancin, 1961),it was gquickly discounted by several workers.
Berti and Cima (1956) suggasted that, since the intense ceclours

found in the urine of phenothiazine dosedanimals were not observed
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More recently Deckatt et al. (1963) isolated various

¥

unidantified non-hacic phenothiazine devivatives from hunan urins
after adninistration of chlorpromazinz, They had aldehydic
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FIGURE 6.

METABOLIC PRODUCTS OF PROMAZINE.
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shoun the diversity in structures of free radical intermediates
derived from oxidatien of chlorpromazine (Pgs.s47.50), and more
research is required before the exact nature of such metabolites
is elucidated.

The biotransformations eof the tranquillisers described can
take place either singly or in combination, and a large number of
metabolic products are thus possible. The task of determining
the specific metabolic products formed by a particular species is
further complicated by the slow rates of excretion and low percentage
of the dose excreted, Due to fhese facts the amount of literature
on the metabolism and excretion of the tranquillisers is overwhelming,
and it could not be hoped to give a complete account of all the

variations reported, Tha major routes of metabolism,using

’

promazine as an examnplejare shown in diagrammatic form in Figure 6.
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IIT, AMALYTICAL PROCEDURES FOR PHENOTHIAZINE

DERIVATIVES

A, Introduction

To exanine drug metabolism both qualitatively and guantitatively,
suitabls methods must be developed for the isolation of the drug and
its metabolites from biolocgical material, and for their subsequent
separation, identifigation and quantitation, Many methods have
been smployad for the detection and assay of phenothiazine derivatives
based on their marked reactivity and tendency to form intensely
coloured reaction products., However, the application of such
techniques to the quantitation of metabelites is a much more difficult
preblem since in most cases the exact physical, chemical and
structural relationship of such derivatives to the parent drug
is unknown,

In addition, there is the possibility of interference in
such studies by contaminants extracted from the biological medium,
’pnssessing similar physical or chemical properties to the drug under
investigation {Chapter V). For these reasons there is no
completely satisfactory method for the determination of phenothiazine
derivatives and their metabolites in biological samples. This
section reviews the different assay procedures which have been
used for the tranquillisers, and the techniques develoﬁsd for the

isolation, characterisation and determination of their metabolites,



B. Assay of Phenothiazine Tranguillisers.

(1) Colorimetric procedures.

The most comnon method of analysis is a colorimetric esitimaticon
after reaction with an oxidising agant., Eddey and De Eds (1937)
determined phenothiazine in pesticide residues from the intznsity
of the red intermediate, believed to bs 3,9-dihydroxy phenothiazonium
bromide, formed on reaction with bromine water. The reaction was
later investigated by Cupnles (1942) and Fossoul (1950b), and
bromination is at present the method of assay for phenothiazine
advocated by the Association of 0fficial Analytical Chemists
(AH.AC,, 1965).

Dubost and Pascal (1953, 1555) determined chlorpromazine
in bLiological materials by oxidising with concentrated sulphuric
acid, and measuring the intensity of the red product, This
procedure was subsequently used by Kok (1955), Berti and Cima (1958)
and Thieme (1956). Hetzel (1961) assayed a series of phenothiazine
derivatives in biological fluids from the intensity of the yellouw
products obtained by reaction with concentrated nitric acid. This
reagent had previously been investigated by Fossoul (1950a).
Promethazine has been determined colorimetrically after oxidation
with sodium persulphate (Fossoul, 1951), Chlorpromazine has been
determined using an iodic acid-phosphoric acid mixture (Calo et al.,
1957, 1958), or peroxide in the presence of peroxidase and
catalase (Cavanaugh, 1957). Other oxidising agents which hava
been smployed are bromate (Sandri, 1955), ferric nitrate (Leach

and Crimmin, 1$56), ferric chloride (Fels and Kaufmann, 1959) and



perchloric acid (Kleinscrge and Thalmann, 1859).

However, the specificity of such reactions nhas not been
described, and, in most cases, either the reagents used or the
colours formed are unstable (Hetzel, 1961). Also most of these
reactions, although suitable for assay of the larger amounts of
material available in pharmaceutical preparations, would be
insensitive to the small concentrations of phenothiazines excreted
in biological. material, Precise estimations are further complicated
by the uncertainty regarding amounts of m=tabolites recovered and
their intensity of colour formation compared to the parent drug .

Of the reactions describsd, that using sulphuric acid is the most
sensitive and employs stable>reagents, although colours tend to fade
with time unless a reducing agent is added (Dubost and Pascal,
1955),

Other colorimetric methods of assay have been develeoped using
complexing agents. Overholser and Yoe (1942) used the reaction
between phenothiazine and palladous chloride for colorimetric deter-~
mination of phenothiazine, The method was later used by Cavatorta
(1959) as a general assay procedure for promazinz, chlorpromazine,
and promethazine. By Forﬁation of the lauryl sulphate salts of
such complexes, Ryan (1959) made the reaction the basis of a
general assay procedure for unoxidised phenothiazines,

A further procedure was initially dsscribed by Brodie and
Udenfriend (1945). It depends on the ability of organic bases

to form complexes with sulphonic acid indicators,.e.g. methyl oranga.
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The amount of base is détermined by measuring the optical

density of the complex in solution, The method has besn applied
to the assay of diethazine,(Porter and Silber, 1950), and
promethazine (Haley and Bassin, 1951).

Nadeau and Sobolewski (1959a, b) determined chlorpromazine
and levomepromazine in biological materizls from the intensity of
their coloured complexss with potassium iodoplatinate. Forrest
and co-workers, deuelopéd a series of rapid semiquantitative colour

‘
tests for phenothiazine derivatives in urine, These tests are
based on a combinad oxidation-complexing process in which an
inorganic ion reacts with a fres radical metabolite of the parent
drug (Pg. 63). They were reviewed by Forrest et al. (1961},

Drug determination using complexing reagents, however, is
subject to the same limitations as the oxidation reactions, (Pg.59).
There is also the possibility using Brodie's sulphonic acid method
of reaction with natural organic bases in biological materials

in addition to the drug under investigation.

(2) Gravimetric, Volumetric and Electrochemical procedures.

Various volumetric and gravimetric procedures have alsco
been used for the determination of phenothiazine derivatives.
Gravimetric methods have included formation of picrates (Uyeo and
Dishi, 1952), reineckates (Braunigzar and Hoffman, 1955) and silico

tungstates (Blazek and Stejskal, 1956). Reinackate and picrate



derivatives were also used by Yung and Pernarowski (1963) in the
identification and differentiation of a series of 13 tranquillisers.
Other precipitation and crystallisaticn reactions have besn
described by Auterhaff (1952), Hams (1952), Haley and Keenan (1950)
and Idson (1950).

Volumetric methods have included non-aqueous titration of the
dimethylamino group with perchloric acid. Kleckner and Osol
(1952) determinaed promethazins, and Milns and Chatten (1957)
daterminéd p%omazine and chlorpromazine by the method. It was
later extended ta the assay of several other phesnothiazine
derivatives in pharmaceutical preparations (iiilne, 1959), Non-
aqueous titration of the sodium tetraphenyl borates of chlorpromazine
and diethazine, and argentometric titration of their hydrochlorides
were described by Brauniger and Hoffman (1955),

Several electrochemical methods of analysis have also been
develeopad for phenothiazines in pharmacsutical preparations., An
amperometric method of determination was employed by Blazek (1956),
and Kabasakalian and McGlotten (1959) used anodic oxidation half-
wave patentials for determination of a series of phenothiazine
derivatives, Polarographic methods have also beeh used by Chuen
and ﬁiedel (1961) and Porter (1964) who determined chlarpromazine
after oxidation with bromine water.

_ However all three types of procedure (gravimetric; volumetric,
electrochemical)'require a high degree of purity in the samples

under investigation and hence are of little use for the analysis
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of biclogical extracts. Also, as with colorimzicic methods,
effects due to differences in physical and chemical propertios

between the parent drug and its metabolita2s are unpredictable,

(3) Spectroscopic procedures.

Ultra violet spectroscopy has been described for the
determination eof chlorpromazine,; mepazine and promethazire Oﬂayer,
1957). It has also bsen widely used for determination of
phenothiazine derivatives in biolcgical extracts (Pgs.74.77 Jo
This method is much more specific and sensitive than colorimetry
and sﬂlphida.and sulphoxide derivatives can be differentiated,
Also all phenothiazine derivatives have extinction coefficients of
the same order (30,000-40,000) which means that metabolitss make
approximately the same contribution to absorbance as the parent
drug. The ultra violet characteristics of phenothiazine drugs
are reviewed on Pg, 104,

Fluorimetry has more recently been used by Ragland and
co~workers for determination of phenothiazine derivatives in
biological materials (Ragland et al., 1964, 1965). It has also
been used for the identification of phenothiazine traﬁquillisers
after reaction with potassium permanganate (Mellingar and Kéeler,
1963). However, fluorimetry, due to its high sensitivity and
low specificity, requires figid purification not only of the

biological extracts but also of all reagents and apparatus.

(4) PRadioactive Labelling.

Radioactivs labelling has been widsly used for the detemmination



of phenothiazine drugs in biological material. The drug under
investigation is labelled at the ring sulphur atom using 35S.
Extracts are usually prepared for counting by severe oxidation to
form inorganic sulphate, a scintillant added; and the radiocactivity
measured by a scintillation counter. The absolute activity of
the derivatives is caleulated by the use of internal referencs

358

standards, e.g. H S0

2 4° and is expressed as a percentage of the

activity originally administered. This provides a value for the
percentage éf dose excreted which can readily be converted to the
concentration or amount of metabelites in the sample.

The technigue was first used for phenothiazine derivatlives
by Christensen and co-workers in a study of the distributicn of
35S-—chlorpromazine in rat and mouse tissues (Christensen and lass,
1956; Wase, Christensen and Polley, 1956). The distribution
and excretion of 358 chlorpromazine, promazine and chlormepazine
has baen reported in several species after different routes of
adnministration (Fyodorov 1958). He also reviewsd work on 355
phenothiazina derivatives over the period 1955-57. UWalkenstein and
Sgifter (1959) studied the metabolism distribution and sxcretion
of 3SS promazine 1in dogs and ratsy, and the metabolism and excretion
of %5 chlorpromazine by rats was reported by Flanagan et al. (1962)
and Emmerson and Miya (1962). Other studies have also been carried
out using 35S thioridazine and 355 thiethylperazine (Eiduson et
al., 1961, 1963; Zehnder, Kalberer and Rutschmann, 1962).

This labelling procedure is verv sensitive and specific to

the drug under investigation and metabolites present in equal



amounts make equal contributions to the overall activity. However,
the method is expensive both in the cost of the counting equipment
and of preparation of the drugs, Also metsbolites cannot be
differentiated from the parent compound unleis the method is

[

carried out in combination with suitable seczration techniques (Pg. 7°

C. Ultra Violet and Colorimetric Procedurzs for bhe Deternination

RN .

of Metabonlites in Biclogical #atsovials,

Most methods used for the quantitation of phennthiazine
derivatives in biological materials involve extraction from an
alkaline medium using an ovganic solvent, and subsacuent extraction
into acid solution, Concentrations are tihen measured from the

.

ultra violet spectrum of this acidic extraci or fron ils visible
spectrun after suitable colour devealopment,

Berti and Cima (1956) determined chlorpromazine and its
metabolites in biological fluids by passinng the fluid through an
Amberlite IRC=50 ion exchange column on to wnich the basic
phenothiazine derivatives were adsorbed. They then eluted the
column with concentrated sulphuric acid and calculated the
concentration of phenothizzine derivativaes in the eluate from the
intensity of ?he red colour produced. This method, however, is
non-selective and groups of metabolites cannot be differentiated.
Also, the procedure for colour formation must be standardised to
give reproducible results,

Salzman and Brodie (1956) reported a more selective method

of analysis. Both sulphide and sulphoxide derivatives were



extracted from the alkaline biolooical fluid by heptans containing
1.5% isoamyl alcohol; Sulphexides were then extracted from the
heptans into a pH 5.6 acetate buffer, and the sulphides were
subsequently taken into 0,IN hydrochloric acid. The amounts of
sulphide and sulphoxide were measursed senarately by ultra violet
spectroscopy of the appropriate extract.

Another éelectiue method of assay was revnorted by Flanagan
et als (1959). They assaysd botih unconjugated and conjugated
metabolites és sulphides and sulphoxides. Unconjugated sulphide
and sulphoxide derivatives were extrected from the alkaline biological
maﬁerial by ether then re~extracted into N sulphuric ascid.
Conjugated metsabolites were hydrolysed by heating the residual
material in a strongly alkaline medium on @ boiling water bath for
1 hour, then extracted in the same way as the unconjugated fraction.
The sulphide and sulphoxide contents of each fraction wers then
determiﬁed from the ultra violet spectrum of the appropriate
extract. The method of calculation involved a simple background
cancellation.

This method, using a single ultra violet spectrum to calculate
both sulphide and sulphoxide content, does away with the nged for
complicated differential extracticn procedures. It was subsequently
employed by Bolt (1965) for determination of promazins and chlor-
bromazine,using ethylene dichlcride as the extracting solvent,and
takingAthe metabolites into 0.1N hydrochloric acid. He determired
the sulphide and sulphoxide content of the glucurenide, sulphate

and unconjugated fractions by specific enzyme incubation techniques.



A colorimétric method involving complex formation with
potassium iodoplatinate was developed by Nadeau and Subolewski (1959)
The unconjugated fraction, and conjugated fractions after ﬁydrulysis,
were extracted into isobutanol and a pH3 buffer solution added.

Tha isobutanol was then evaporated off, thus transferring the
metabolites to the aqueous layer. Addition of potassiun ilodaplatinal
and a small amount of gum ghatti to prevent precipitation of the
complex, gave an intenssely colourad solution, The concentration
of metabolites in the sample was measured by comparing the optical
density of this sclution with calibration graphs obtainad using the
same reaction with the parent drug. This method, as with the

other colorimstric proecedures, requires strict standardisation of
manipulations for reproducible colour formation. It i1s also less
sensitive tham the ultra violet technique, the colour tends to be
uﬁstable, and the procedurs is not specific for phenothiazing drugs.

The methyl orange procedure of Bridie and co-workers (Pg,.ﬁg)
was used by Goldenberqg and Fishman (1961) to determine unconjugated
metabolites of chlorpromazine after elution from paper chromatograms,
However this method again is net specific for tranquillisers, and
any othet organic bases in a urins sample would also form complexes,
Some form of purification, e.q. chromatography, is thus nescessary
before this method can be applied to biological extracts with any
accuracy.

Bf the methods described ultra violet spectroscopy was the

most sensitive, spescific, and least complicated procadure. The



method of Flanagan also did not requirs differential extraction
procedures for sulphide and sulphoxide derivatives, their
concentrations being calculated from a single spectral curve. It
was thus decided to use this method of determination, with
modifications for analysis of horse urine (Pg,l09), Visible
spectroscopy after colour formation with sulphuric acid was also
used to corroborate results from the ultra violst spectra,

[3

D. Isclation and Extraction of Metabolites.

.Unconjugated metabolites are readily extractable from an
alkaline biolqgical medium by organic solvents. On the ether hand
conjugated metabolites tend to be insclble in organic solvents, but
soluble in water. Such derivatives are therefore subjected to
either enzymic or chemical hydrolysis and the liberated phenothiazine
fraction ﬁhen extracted by organic seolvents.

Due to the low levels of phenothiazine derivatives excreted
in urine, large volumes are needed for the isolation of such compounds,
although only small volumes are needed for chrematography. Salzman
and Brodie (1956) carried out a largs scale ether extraction of
bhlorpromazine metabolites from dog urine and obfained enough
material to identify the sulnhoxide. Ether has also been used for
the extraction of promazine (Walkenstein and Seifter, 1959) an&
methoxypromazing (Allgen et al., 1958)., Goldenberg and co-~workers
used sthylene dichloride for the extraction of mstabolites of
promazine, chlorpromazine and imipramine from human urine (Fishman

and Goldenberg, 1962; Goldenberg et al., 1964). They claimed

that it was superior to gther in the extraction of sulphoxide
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matabolites, Salzman and Brodie (1956) ussd n-heptane containing
1.5% isoamyl alcohol for quantitative determination of chlorpromazine
and its sulphoxide. The same system was used by Allgén et al..
(1963) for the extrection of metabolites of levomepromazine. Other
solvents used have included iscbutanol (Nadeau and Soboleuwski,
1959) and chloroform (Kotionis, 1961).

in addition to extraction procedures, adsorption and
precipitation techniques have been used for the isclation of
glucuronide conjugates especially when large volumes of urine were
available. Kamil, Smith and Williams (1952) precipitated phenol
glucuronides from rabbit urine by the addition of basic lead acetate,
but thé method is only applicable to non-basic glucuronides when
present in large concentration. Glucuronicde metabolites of morphine
in human urine have been isclated by adsorption onto charcoal and
subsequent elution with acetic acid. (Eujimoto anﬁ Way, 1958). On
saturation with potassium cerbonate a reddish brown gum precipitated
from the urine which was dissolved in water and treated with charcoal.
A continuous extraction technique using butanol has been employed
for the isoclation of glucuronides of chlorpromazine and promazine
(Beaven, 1962; Bolt, 1965). The butanol extracts were pooled then
euapopated under reduced pressure to one fifth of their original
volume, when the glucuronides precipitated out. The precipitate
was Filteréd off, washed, and further purified by adsorption and
desorption from charcoal.

Such precipitation reactions yield the glucuronides in a very
© crude férm. It wés found in preliminary experiments on horse urine,

using the technique of Beaven, that precipitates could not be



purified to a sufficient extent to allow idsntification of the
glucuronides., The method of recovery adopted, therefore, was
axtraction with ethylene, dichloride as recommended by Goldenberg
and co-~workers, and hydrolysis of conjugates using specific enzymes

(Pg. 200).

E. Senaration Techniques,

Several techniques have been used for the separation and
pufification:of individual metabolites. Due to the large number
of biotransformations undergone by the tranquillisers such technigues
must be as sensitive as possible to small differences in structure.

(1) Paper Chromatography.

Paper chromatography was widely used forﬂphenothiazineétbetween
1950 and 1960, but has now been largely replaced by thin layer
chromatography which is not so time consuming, is more sensitive
and gives much better resolution. The~1atter method, in which the
thicknsss of the layer can be altered, has proved invaluable for
preparative wark,

Descending paper chromatography of thes tranguillisers has
most often been used (Allgén et al., 1959; Lin et al., 1959;
Fishman and Goldenberg, 19603 Beckettet al., 1963), although
ascending techniques (Salzman and Brodie, 1956) and circular develop-
ment have also been reported (Eisdorfer and Ellenbogsn, 1960;
Beaven, 1962).

(2) Paper Electrophoresis.

There are very few reports of the use of electrophoresis for

purification and separation ofnphenothiazinsnmetabolites. In



their initial studies of chlorpromazine mztabolism, Fishman and
Goldenberg (1960) separated unconjugated urinary metabolites into
three zones by paper strip electrophoresis using 1% potassium
carbonate as solvent, but they could not achieve further resolution
by variations of pH, etc. Paper electrophoresis was also used

by Beaven (1962) and Bolt (1965) for the separation and purificdion
of crude glucuronide mstabolites. The latter worker also used
continuous electrophoresis over several days. However, this
method is ti;e consuming and gives no better resolution than thin

layer chromatography.

(3) Thin Layer Chromatography.

Thin layer chromatography has only been applied recently to
the separation of "phenothiazine" metabolites. Using thés method
development is rapid and resolution is high. The resolution is
best illustrated by the work of Coldenberg and co-~workers whao,
using this technique, separated and identified over 30 metabolites
of promazine and chlorpromazine in the urine of man and dog. This
was achieved by developing 25qP thick silica layers in two dimensicons
For unconjugated metabolites the most suitablesystems were found
toc be Chloroform-Acetone~Diethylamine (2:7:1) and  (88:2:10).
The separation of hydroxylated metabolites and hydrolysed conjugates
was achleved using Ethyl Acetate-hcetone-ﬂethahol-Diethylamine
(68:2:20:15) and Acetone-Isopronanol-1% Ammonia (9:7:4).

(4) Ion Exchange Techniquas.

Ion exchange procedures have been used more for isclation of

pure metabolic fractions than for separation of individual
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metabolites. This is done either by selective adsorption of the
phenothiazine derivatives or of the impurities in the biclogical
material, depencing on the resin used,

Berti and Cima (1956) isolated the "chlorpromazine"content
from urine samples by selective adsorption on Amberlite IRC-5Q
resin. Eiduson and Wallace (1958) removed 95% of the phencthiazine
content from urine samples using this zesin. Other cation exchange
resins were used by Forrest et al, (lgﬁl). They employed Amberlite
EG50 for isoiation of unconjugated solvent extractable metabolites,
and the sulphonated styrene resin,Oowex AGS50,for isnlation of the
total phenothiazine content. Forrest et al.. (1921) also used the
anion sxchange resin,Dowex AG3X4,for removal of indican and other
contaminants from urine samples. Lin et al.. (1959) isoclated
smallAamounts of chlorpromazine metabolites Trom human urine using
Dowex AGS50 resin, They alsoc partially separated the metabolites
using gradient elution with increasingly concentrated ammonia
solutians.,

However largs veolumes of biological material are required for
isolation of appreciable amounts of metabolites, and most resins
are not specific to the phenothiazines, adsorbing other naturally
occurring amines, The adsorption can also be influenced by
endogenous electrolytes in the urine,

(5) Gas Liquid Ghromatography.

Like thin layer chromatography, this technigue has only

racently been applied to the separation of hhenothiazine derivatives.

’
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.0 - .
has been found te Lo 200.250°C, “ost exnerinients so far have
bean on standard reference conpounds,; and 1ittles work has been

reported on extracts of urinary m=tabolites
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Anders and lannering (1942) chrcaztographed a suries of

phenothiazine derivatives using glass

O

olumns containing SE-30, a
methyl silicaonz polyner, as the stationary phase, fiest of the
comnounds vere readlly separated, but those contzining piparazinz
rings ware found difficul: to elute, In tha sane year similar
separations wore norted using diffefant concentractions of 58~30

(Masuda and Ikouawa, 1862; DPorker, fontan and Kirk, 1952; Yrnde

Heuvel, Haahti and Kerning, 1862). % sories of 19 phanaothiazines

have besn identified, usinn silicone oll as the sta
from the gas chromatographic nzttarns of thoeir pyrolysis products
(Fontn, Jain and ¥ipk, 1864), 8ranlett (1855) chronatnoraphed

several trannuillisnrs on Aplezon L claiming that it produced l==

tailing of peaks than 52310, All of thesa technicues used hydrozer

flana or B ionisation detectors,

Gas liquid chroratnarephy of the trenouillisares has haan
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extensivaly studied by Gudzincuwicz and co-uorksrs, “artin, Oriseoll

and Gudzinowicz (1853) rasoried a netrod of cz2le latinn thair

relative reatantion tisas, by relatipa then tn boiling point
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19645; Using this procedure-they detected chlorpromnazine, its
demethylatéd forms and corresponding sulphoxides down to concentratione
of 0.6 wmg/litre. They also reported thermal breakdowun of

sulphoxide and N-oxides, and further investigations showed the main
product of decomposition to be 2-chloro phenothiazine. (Gudzinowicz,
Martin and Driscell, 1964), Gudzinowicz (1966) also compared the
sensitivity of the hydrogen {lame and electron affinity detectors

to such compounds. He found that the sensitivity of the latter
depended on the grouping at the Z-position, decreasing in the order

E1>CF, > SCH3 > H >DCH3.

3

Chromatography of chlorpromazine metabolites from hunan urine
was also investigated by Johnson, Rodriguez and Burchfield (1965).
They used a microcoulometer as a detector, (halogen and sulphur
titration cells), and with the aid of thin layer chromatography
identified 10 mgtabolites. There was alse evidence of decomposition
of sulphoxides and N-oxides,

Gas liquid chromatography is the most sensitive separation
technique yet employed for the tranguillisers,detecting derivatives.
down to submicrogram levels, However the tgchnique also requires
a high degree of purity in the samples under investigation, which
is difficult to obtain in biological extracts, (Pg. 25g. Column
packings and conditions are also difficult to reproduce and
deconposition has been shown to occur, especially with metal columns.

The applicability of the technique to the separation of phenothiazine

derivatives excreted by the horse has been investigated (Pgs. 241-280).

F. Location and Identificatiop‘pfmmeﬁgbp;ites.




After extraction and separation of individual metabolites,
several techniques may be used for their locatisn and dentificzation.
These include ultra violet fluorescence, specific spray reagents,
comparison with known standards, and elution followed by spectroscopy
In the case of gas liquid chromatography, direct entry of the
effluent into a mass spectrometer has recently proved a useful
identification technique (Pg.o44)-

(1) Ultra Violet and Specific Soray Reagents.

Due to their fluorescent properties phenothiazine derivatives
can be visualised under ultra violet light. Sulphides produce
greenish blue Tluorescent spots, sulphoxides appear deep blue, and
sulphones pale blue, (Eisdorfer and £llenbogen, 1960). The
sensitivity of the technique is l~2‘p9 and it has been widely used
for initial locaticn of metabolites after chromatography.

Several general spray reagents have besen used for the detection
of such compounds. 50% sulphuric acid was used by Salzman and
Brodie (1956) for the detection of chlorpromazine and its metabolites.
It produces reddish pink colours with sulphides and sulphoxides,
and a purple reaction with hydroxylated derivatives. Its sensitivity
is approximately l/ug.

Rnother general reagent consists of a few crystals of sodium
nitrate dissolved in 10ml concentrated hydrochloric acid (Sprogis
et al,, 1957), It produces a variety of colours with sulphides
and sulphoxides but does not react with sulphonas. 1Its sensitivity
is also of the order of l}@y The Munier iodoplatinate reagent

(Munier and Machebouf, 1549) has also been used for the detection
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of‘bhanothiazines"(Eﬁhorfer and Ellenbogen, 1960}, However the
spray is not specific for the phenothiazine nucleus but reacts with
the side chain amine group of the molecule. It consists of GO

5% “/v aqueous platinic chloride, 45ml 103 Y/v aqueous potassium
iodide, and 50ml water., Its sensitivity has not been described,

Fishman and Goldenberg (1560) used ammonium persulphate as a
general reagent. It reacted with sulphides and sulphoxides
producing a variety of colours, but not with sulphones. Its
sensitivity is approximately 2/190 J-methyl-2-benzothiazolone
hydrazone produces colours with phenothiazine darivatives in the
presence of ferric ions. (Sawicki et al., 1961 a,b,c). It reacts
with sulphides, sulphoxides and sulphonss but is not specific Tor
phenothiazine derivatlives. The active species is the aniline typs
grouping within the nucleus; and the mechanism of the reaction is
thought to ba diazotisation at the para position to the nitrcagen.
Its sensitivity was not specified.

Several more specific reagents have been dgyeloped for detection
of structural modifications to the parent compounds., An acidic
ferric chloride dip for paped chromatograms was described by Fishman
and Goldenberg (1960). 1t producss a red coloration with sulphides
but does not react with sulphoxides or sulphones, The solution
consists of 1% “/v ferric chloride in 2.5N nitric acid. Sulphides
can be detected down to the'Sjug level using the reagent.

A spra& using 1% aqueous sodium metaperiodate, which is

specific for hydroxylated phenothiazines, has been described (Bolt,
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1965).. It produces tfansient greenish-purple colours with
hydroxylated phencothiazines which rapidly chaﬁge to yellowish-brown.
The sensitivity is also approximately S‘pg.

Two sprays have been developed for the detection of demethylation
of the terminal amino group which differentiate mono- and
didemethylation. Ninhydrin (Indanemlygﬁwtrione) reacts with primary
amines giving bluish-purple colours, and also has a weak reaction
with secondary aminss, The reagent consists of a 13 solution of
ninhydrin in in% V/v aqueous acetic acid. After spraying, the
plate is heated at 100°C for 10 minutes. Its sensitivity in
detecting desdimethyl chlorpromazine was anproximately lD{Hg.
Walkenstein and Seifter (1959) used a nitroprusside reagent for the
detection of secondary amines, It consists of two soluti0n§iﬂ and
B)which are mxed in equal proportions immediately before use, A
is a 3% solution of sodium nitroprusside in 10% aqueous acetaldehyde,
and B is a 2% agueous solution of sodium carbonate. It produces
a bluish—ﬁurple colour with such derivatives and, using desmonomethyl
chlorpromazine, was found to have a sensitivity.of EO'pgo

Of the general reagents it was decided to use sulphuric acid
in combination with the ultra violet technigue for location of
metabolites on thin layer plates., The colours produced are specific
for phenothiazines, it has high sensitivity and hydroxylated forms
can bse distinguishéd. All the more specific sprays described were

also used. The method of spraying is described on Pg. 118,

(2) Spectroscopic Identification.
Many workers have investigated the possibility of detsrmining

the structure of metabolites by spectroscopic techniques. Ultra



e 87 =~

violet spectroscopy readily differentiates sulphides and

sulphoxides, and has been used to confirm nresults using the ferric
chloride spray. Several attempts have also been mads al detemmining
the nature and the position of substituents from spectrz rocorded
after reaction with sulphuric acid. Rieder (1960) usad this

method for a series of 2«substituted phenothiazines and rslated

the wavelength of the major peak in the visible region to the nature
of the substituent. A similar study was carried out by Street

(1962) who ba;ed his‘identification on absarbance wavelengthe in

the ultra violet region, However such studies produced no informatio
regarding the position of substituents. Beckett and coc-workers
studied ultra violeﬁ and visible spectra of a series of mathoxy-
and hydroxy-phenothiazines after reaction with 505 sulohuric acid
and differentiated the 1y 23 3+~ and 4- derivatives fron their
absorbance maxima in the 340n380mf region. (Beckett and Curry,
1963; Beckett, Curry  and Bolt, 1964).  Thus, provided a
concentrated enough sample Ean be eluted,‘it should be pnssible to
differentiate monohydroxylated metabolites by this methced,

Infra red spectroscopy has also been investigated 23 a means
of determining the nature and position of nuclear substituents.
Many reports of the infra red spectra of both mono- and multi-
substituted phenot*iazines have appsared in the literature (3mith,
1950; Charpentier et al,, 1951; Massie, 19543 Roe and Little,
1955; Cymernan-Craig et al., 19563 Yale et al., 1957; MNodiff

and Craig, 1961).

Different functional groups can be recognised by this method
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hydroxylatien but should not be confused with the N-H stretch of
primary ar secondary aminss, (Demsthylated derivatives),

Such structural assignments are very complicated, and the
method is probably of much more use when synthetic reference
compounds are available to fiﬁgerprint all the vibrational
frequencies involved, However, both this technique and ultra
violet spectroscopy used in connection with the specific spray

reagents can be of somevalue in confirming structural assignments.
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AIMS OF THE TNVESTIGATION

There have been few reports regarding metabolism and excretion of
the phenothiazine tranguillisers by the horse, although such processes
have been widely studied in other species (Chapter I1), Carey and
Sanford (1963) detected 7 metabolites of promazire in horse urine
and found that polar metabolites predominated.  Schubert (18567)
reported prolonged excretion of chlorpromazine over several days after
a single intravenous injection, and that only a swall percentage of
the dose was excreted. He detected 4 metabolites, the major one
being chlorpromazine sulphoxide. Since so little information Qas
available, it was decided to carry out a detailed analysis of metabolism
and excretion by the horse of the tranquillisers more conmonly used
in equine practice. These processes wvere followed both gqualitatively
and quantitatively after both oral and parenteral administration,

Interference with analysis of phenothiazine derivatives due to
contaminants in horse urine was reported by Schubert (2967), and was
noted during preliminary experinents for the present study (Chapter V).
Different methods of collection, storage and analysis were therefore
investigated in an attempt to eliminate such interference,

Experiments were also carried out to evaluate the applicability of
the methods developed to the detection of small doses of phenothiazine
derivatives just sufficient to produce an effect. The use of the gas

"chromatograph-mass spectrometer'was also investigated for this purposs,
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Iv METHODS, MATERIALS AND APBARATUS

ramre

A. Urine Collection,

(1) Introduction.

Harnesses for the continuous collection of vrine from geldings
were described by Lindsey (1926), Howell (1930). and Vander Noot
gt al,. (1965). All incorporated a funnzl of canvas or similar
material suspended under the penis, and connected to a collection
vessel by large bore tubing. Those of Howell and Vander Noot z2lso
included equipment for the collection of faeces,; comprising a large
rubber lined canvas bag sirapped firmly to the buttocks of ths
animal, The former used the further innovation of a lid on the
bag, opened before defaecation by the vpward movement of the horse's
tail. Vander Noot et al. also described a metabolism stall for
uss in conjunction with their collection apparatus.

More recsntly a harness was developed using a funnel of
reinforced latex (Warwick, 1566), which was modified by Nicholson
(1958) by incorporati-g a paddls arrangsﬁant in the tubing bstween
the funnel and tha collection vessel. Flow of urins through the
tubing depresses the paddle thus closing an electric circuit,

This, in turn, operates a pointer on a smoked drum, revolving once
a day, to give a record of each urine sampie coliected,

There are comparatively few reports of urine collaction
harnesses'for mares, probably due to the difficulty in retaining
a coilgction device securely in position. A typical arrangement

was described by Grandisr (1960) in which a collection bag was



connected to the animal in such a way as to caver the vulver cleft.
In the various harnesses developed the strapping arrangement

seemed much more complicated than need be, and the funnels

and tubing were heavy, which would tend to make the equipment

cumbersome and annoying to the animal. The fact that the funnel

was connected to a fixed reservoir, thus requiring the Qse of a

metabolism stall, or immobility over long periods, would also

lead to the ?nnoyance of the animal, and the nsed for %requent

exercising.

(2) Development of a Harness.

With thess points in mind, a harness for the collection of

M

urine from geldings was designed for the present uwork,® which has
the advantages of being light, with the minimum of strapping
arrangements, giving maximum freedon to the animals. The
arrangement can bs assembled and fitted within minutes at a
negligible cost, the collsction bags are readily interchangeable,
and an entirs collection can be supervised by one person.

The collection container is a double polythene bag cut in
such a way as to leave one of the bottom corners slightly lower
than the other (Fig. 7A). A small hole is cut in this lower
corner, through which a 3" length of 4" diameter rubbsr tubing
is inserted, and firmly bound by thread, to produce a watertight

junction between it and the polythense. A stopper is then fitted

to this outlet tube.

* I am grateful to Miss F.M. Carey for her help in the development

- of this collection harness,



FIGURE 7.

METABOLISM HARNESS FOR CONTINUOUS COLLECTION OF URINE FROM

A\&L B\/ ; GELDINGS C

[A] [B]

SECTIONAL VIEW OF COLLECTION PLAN OF COLLECTION BAG.
BAG.

[C]
DIAGRAM OF STRAPPING ARRANGEMENT FOR  HARNESS.



FIGURE 8.

METABOLISM HARNESS IN POSITION,



The top of the bag is firmly bound round a 9" hoop of 3V

diameter plastic tubing which forms @& rioid framework for the mouth
of the vessel, Four slits are than cut in the polythene just
below this frame, and straps A, B, C and D, of 13" wsbbed tape,

are attached (Fig. 7B).

To fit the harness, tha front strap, A, is draun through a 5"
surcingle alyeady in bosition,and securad, Straps B and C are
then fastened over the horses back at £ {(Fig. 7C), and the double
tape O is puiled between the hind lsgs, over the tail, and secured
at the same position (£). Finally this junction is attached to
the surcingle at F by a strap along the back cof the animal. #inor
adjustments are then made to all straps to ensure that the
harness fits comfortably, with the collectioen bag in the correction

position, Figure 8 shows the apparatus fitted to one of the

geldings used in the present work, (8),

(3) Automatic Collection,

The harness was further developed with a view to automatic
collection of samples. The anparzatus used is shown diagramatically
in Figure 9. Instead of a stopper, a length of pressure tubing
was attached to the outlet from the collection bag, and threaded
up the side of the surcingle, where it was held firmly in place.

It was then lad through 2 series of elastic supports on the ceiling
of the loose box, and through the wall to an aspirator in the
adjoining laboratory. The elasticity of the ceiling sdpports and
the length of the pressure tubing were such that the horse had

bomplete freedom of movenent throughout the collection,
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The principle is that urine is passad into the bag,connected
through the aspirator to a vacuum pump. The pump is switched on
at hourly intervals by a signal frem an automatic assay machine,
removing the ur;ne from the bag to the aspirator. The pump is
then switched off and the outlet valve from the aspirator is. opened
by the assay machine, allowing the sample to flow, by gravity, into
a vesssl on the fraction collector, Two final signals from the
assay machina'closa the outlet valve and move the fraction
collector on to the next position.

The fraction collector was assembled by connscting the outlet
tube from the aspirator to the revolving drum of a kymooraph,
synchronised to bring the tube over flasks set at reqular intervals
corresponding to its movement at successive collections. The
apparatus has been successfully used for collection of urine over

periods of up to 48 hours.

(4) Expsrimental Animals, Sample Collsction and Storage,

Details of the horses used, which were either 1light hunters
or thoroughbreds, are given in Table 2.  Each horse was brought
in from grass at ieast three days before druog administration.
This interval allowed a decrease in urinary output, giving much
more manageable and concentrated amounts for extraction purposes
than would be obtained from an animsl straight from grass. Before
and after drug adwninistration they were fed a standard diet of 2
feeds per day. The morning feed (8,00 - 9,00 a.m.) consisted of
21b. bran and 4 1b. nuts, and the evening feed (4,00 - S.0C p.m.)

of 21b, bran and 2l1b. ocats. They alsoc received 20lt, hay morning



EXPERIMENTATL ANIMATLS.
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and evening.

Co}leétions were made from geldings using the harness described,
and in the casez of mares a catheter was passad al 2 hourly
intervals. The latter method was adopted since it was found
very difficult to keep a collection bag in position,especially
over the prolonged periods involved, An indwelling catheter was
also considered impractical due to the temperamant of the animals,

All samples were stored, in darkness, in sterile containers
at—ZDOC, since it had been Fou&d in preliminary experiments that
storage at 4°C allowed a build up of impurities, which tended to
mask the phenothiazine peaks on the ultra violet spectra of
extracts (Chapter V).

In sach experiment a control sample of urins was taken on
the first morning, bafore drug administration, and sanples were
then collected individually for as long as required. The volume
and pH of each éample was measured, Although, initially, individual
samples were analysed, it was subsequently found that analysis of
poocled samples gave much more uniform results (Pg. 140). 100 ml
aliquofs from each sample, unless otherwise stated, were used
for quantitative analysis by ultra violet spectroscopy, and 300 ml
was used to obtain qualitative excretion patterns of individual
metabolites by thin layer chromatography. All residual urine

was pooled for further strﬁctural identification of metabelites,

B. Drug Administration and Dosage.

For the major quantitative and qualitative studies, drugs

were administerad between 9 and 11 a.m. on the first day of each
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experiment, Intramuscular doses were injected into tho neck
X , inflammatlon
muscles, several sites being chosazn to avoid/bmmxkmx due to the
large volumes involvad, For oral dosing tablets uwere pouwdered,
mixed with treacle, and incorperaled in the morning feed.
Drugs and doses, which were considered to be the maximum

which could be safely administered,were:

Chlorpromazine hydrochloride (Largactil - May & Baker).

v .
Intramuscular, as a 55 /v solution - 2 mg/Kg. Ousl,

in pouwder form - 5 mg/Kg.

Promazine hvdrochloride (Sparine - Wyeth),

P U .
Intramuscular, as a 5% /v solution -5 wg/Kg. Oral,

[y

in powder form 10 mg/Kg.

Acepromazine maleate, (Acetylpronazine -~ Boots).

2
i
jies

Intramuscular, as a 1% w/v solution ~ 0.5 mg/Kg.

in powder form - 1 mg/Kg.

Propionylpromna,ine phosphate (Combelen - Bayer)

W .
Intramuscular, as a 1% /v solution ~ 0.5 mg/Ka.
In addition to these doses, smaller amounrts wsre adninistered

236
to ascertain limits of detection (Pgs.224,23®, and repsated daily

doses were used for studies into length of excrstion. After drug

administration clinical and physiological sffects were recorded

until the animal returned to normal (Pa. 138).

C. Materials and Apparatus.

(1) Reference Comoounds and Ensvme Preparations.

Chlorpromazine, desmoncmethyl chlorpromazine, desmonomethyl

promazine, desdimethyl chlorpromazine, chlorpromazine sulghoxide



and chlorpromazine N-oxide were kindly supplied by May & Baker,

Ltd.{ promazine and nromazine sulphoxide by John Wyeth and Brothers,

and acépromazine and acepromazine sulohoxide by Boots Ltd. I am

grateful to Dr, F. Leonard of the National Institute of ifental

Health for samples of 3-hydroxy promazine and 7-hydroxy chlorpromazine

Ultra violet and mass'spectra, colour regctions with the specific

spray reagents; and Rf valuas in several solvent systems were

recorded for each compound., B-glucuronidase, (Ketodase 5300 units/ml
v

“was supplied by William Warner & Co, Ltd., and sulphetase(ilylase P)

by Sigma Ltd.

(2) Instruments,

Ultra violet and visible spectra were recorded on a geckman
DB spectrophotometer, Gas chromatograms were recorded con an
Aesrograph 1522»B‘instrument, using flame ionisation detectors.
Mass spectra were_recorded on the LKB mass spectrometer-gas
chromatograph,. The thin layer plates were visualised by a

Minuvis Ultra violet lamp (Desaga).

0. Ruantitative Analysis,

(1) Extraction Procedures,

The methods of extracticn employed are summarised in Figurs
.10, Metabolites were =Xtractad as thres fractions - unconjugated,
glucuronide conjugated. and sulphate conjugated derivatives.,

(a) Unconjuaated Metabolites - Procedure 1.

100 ml aliquots of urine were adjusted to pH 9.5 - 10 using
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N ammonia solution. The whi£e precipitate which formed was
removed by centrifuging, and decanting the supernatant urine.
(This precipitate containad no phenotﬁiazine derivatives as shouwn
by réaction with 50% sulphuric acid. Its composition is described
in Chapter V (Pg.a23)e. ) The urine was then extracted with thres
10 ml volumes of 1l,2-dichloroethane (previously washed successively
with half its volume of 0,IN ammonia solution, 0.IN hydrochloric
acid; and distilled water), and the organic extracts were pooled.
The residual‘urina was stored at -20°C for analysis of canjugatéd
metaboliteso The organic extract was then washed with 0.IN ammonia
(2 x 15 ml) followed by distilled water{2 x 15 ml), and finally
extracted into 10 ml 0.IN hydrochloric acid. This solution was
assayed for phenothiazine content by ultra violat spectrometry
(Pg. 109).

Emulsions formed at any stage of tha extractions were
usually broken by centrifuging at approxinately 2,500 revs./min,
and, if this failed, the addition of a little anhydrous ammonium

sulphate succeeded.,

(b) Conjugated Metabolites - Procedurs 2,

As analysis of conjugated metabolites involved prolongad
incubaticn of the residual urine from Procedure 1, it was first
sterilised by hszating for 10 minutes on a boiling water bath at
three successive 24 hour intervals, This avoided the possibility
of formation of contaminants by microbial action at 37DC,(Chapter V).
Thereafter it wes treated under sterile conditions. After
sterilisation the urinc was divided iInto two equal portions, one

for the analysis of glucuronides, and the other of sulphate
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conjugated metabolites.

(1) Procedure 2 (a) - Glucuronide Conjugated Metabolites,

The first portion was adjusted to ph 4.5 using 5N hydroechloric
acid, and 5 ml 3 -glucuronidase (Ketodase -5,000 units/ml) were
added, It was then incubated for 24 hours at-S?DC, all glassware
required from this point being flamed bsfore use. After incubation
the pH was adjusted to 9.5 = 10 using N ammonia solutiocn, and
extraction was carried out as for Procedure 1 with proportionate

volumes of solvant,

(ii) Procedure 2 (b) - Sulphate Conjunated Metabolites.

The second portion was adjusted to pH 6.2 using 5N hydrochloric
acid, and sulphatase (Mlylase P) was added in 1% concentration.
The urine was then incubated for 24 hours at 37DC, ad justed to

pH 8.5 - 10, and extracted by Procedure 1.

(2) Ultra Violet Characteristics of Phenothiazine Derivatives.

Ultra violet spectra of the phenothiazine derivatives available
(Pg. 100) were recorded in acid, neutral and alkaline solution,
For acid and neutral conditions,solutions (10 mg/ml) were made up
in 0,IN hydrochloric acid aad water respectively, and for an alkaling
medium a few drops of O0.IN ammonia solﬁtion were added to the
neutral sample. Visible soectira were also recorded after reaction
with 50% sulphuric acid., 2 ml, concentrated sulphuric acid was
slowly added dropwise to 2 ml,of each solution (50 mg/l) under
constant cooling with running water. Solutions were then allowed
to stand 10 minutes for maximum colour develeopment, and their

spectra recordad.
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Tha compounds had charactenristic ultra violet spectra and high
extinction coefficients (30,000 - 40,030).. With the exception
of acepromazine and propionylpromazine,; all sulphids derivatives
(i.e. these in which the sulphur atom is unoxidised) had a major
peak betwsen 250 and 260 my and a minor one betweesn 300 and 320 mpto
These are typical absorbance wavelengths for tricyclic aromatic
hydrocarbons (Badger, 1954). In acid solution chlorpromazine had
maxima at 255 and 308 my, and promazine at 252 and 300 mp. All
sulphide derivatives of each drug, had absorbance maxima within
2n}}uf the parent compound.

Oxidation to the sulphoxidé form produced vast changes in spectral
behaviour, four peaks, one major and three minor, being formed
instead of two. The major peak appeared between 230 and 240 mys
and the minor ones in decreasing order of intensity at
approximately 270, 300 and 340 Ayl In acid solution chlorpromazins
stilphoxide had pesaks at 240, 274, 302 and 342 my and the corresponding
wavelengths for promazine sulphoxide were 230, 272, 300 and 340 mu e
8imilar spectral differences between sulphide and sulphoxide -
derivatives have bssn reported for phenothiazine (Houston et al.,
1949), methoxypromazine (Allgen et al., 1959) and mepazine (Hoffman
et al.,, 1959). Further oxidation of such derivatives to the
sulphone causes a lowering in wavelengths of all'Four sulphoxide
peaks (Bolt, 1965). Typical spectra of sulphide and sulphoxids
derivatives, using promazine‘as an example, are shown in Figure 11.

fis previously stated, acepromazine and propionylpromazine

have a different pattern of ultra viclet spectra from that just
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described, In acid solution the parent drugs produced two posks
of almost equal intensity a2t approximately 240 and 250 npr and the

sulnhoxida darivativos hed 2 maler neak at annroximately 25 5 mp

nd a minor ons at zpproxisoctely CARIINEIT Th= ultra violet spzctr=
of acapromazing and its sulnhoxide ars shown in Figure 12, The

charactaristic spactra of these tuo cosnounds are probably duz to

the presence of the side chain certonyl nroun adirvectly otitachad to
the nuclous {an addit"ona; chrosophore to the arowatic systen of

the other phenothiazine derivativas), in canjucatinn with theo
arvonntic »ing., 2y amaloay with ketone substitubed banzens rinns this
would lead to changes in the wavelength and intonsity of ebsorbones

1 -~

of the phonothiszine nuclaus du2 bta the eloctron transfer nrocess

Re—C=0 R—C—0

hy g ’/@k!

had one major absorbanca pe=ak in the visibls ranion batueen 510 ang

~J

540 mp, For all derivatives of nrowazinz and acsprromazine, includin

sulphoxides, this orcurred at 2aproxinats=ly 515')}, yharase for

chlorpromazineg and 1ts derivatives it occurred et aphroxinatzly R30 "}
Thus phenothiazine derivatives can be divided by thaiv ultrs

vioiat snsctrel pronerties into twn groops - Lhosz with snechra
resenbhliny that of nrosazinn and thosa Decz-bling sce:sre-zzino,

L

The grouns ca2n he furbther divided froas their speoivas

m
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into sulphide, sulphoxide and sulphone derivatives, Also each
drug, on reaction with 50 sulphuric acid, has a characteristic
absorbance in the visible region between 510 and 5406 Y, common
to all its metabolites. Alteration of the pH of solutions gives
rise to only small changes in wavzlength, which usually increases
by betueen 2 and 4 M on progressing from acidic to alkaline

conditions,

(3) Spectroscopic Determination of (etabolites of Promazine

and Chlorpronazine.

Two msthode of analysis were emploved, The first, using
ultra violet spectroscopy, gave a measurs of sulphide metabolites
in the presence of sulshoxides, and vice versa. The second, using
the visible spsctrum, gave a measure of the total phenothiszine
content of each extract. Both these methods depend on the fact
that extgnction coefficients are comparable for metabolites and
the parent compound. Chemical tests were alsoc occasionally
carried out on urinz samples to conficm the presence of conjugated
fractions (Pg.113)

(a) Determination of Sulnhide and Sulphoxide Darivatives

(Flanagan's Method.)

(1) Determination of sulphides in the presence of sulphoxides.

The ultra violet spectrum obtained from a mixture of sulphide
and sulphoxide derivatives of a drug resembling promazine in
spectral characteristics is a combination of the sulphide and

sulphoxide spectra. Thus proma,inaz produces five peaks at 230,



252, 272, 300 and 340 my and a corresponding spectrum is obtainad
from the chlecrpromazine derivatives, The concentration of sulphide
or sulphoxide metabolites in each extract was calculated from
this single spectrum by a background cancellation method described
by Flanagan et al. (1959).

For determination of sulphide derivatives a straight line
was drawn between points A and B on the ultra viclet curve
correspondinq to wavelengths of 236 and 270 qp respectively.,
A perpendicular line was then drawn from the major sulphide
absorbance maximun (252 for promazine; 255 for chlorpromazine) to
intersect AB at C. The difference betueen the maximum absorbance
and the absorbance at C was calculated for each axtract. This
value was comparaed with a calibration curve of absorbance against
concentration obtained by extracting standard urinary solutions
of each drug by Procedure 1 (Pg.l0l), and calculating the absorbance
difference as described.

(ii) Determipation of Sulphoxides in tha presence of Sulphides.

The sulpheoxide content of extracts was also calculated from
the ultra violet spectrum by a background cancellation procedure.
The absorbance of the peak in the 270 mp region (272 for
promazine; 274 for chlorpromazine), and the absorbance at 315 my
were measured, The difference in absorbance between these tuwo
wavelengths was then compared with a calib&ation curve of absorbance
agéinst concentratiaon. This was prepared by extracting standard
urinary solutions of promazine sulphoxide or‘chlorprpmazine

sulphoxide by Procedure 1, calculating the absorbance difference
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and plotting it against concentration. Using these methods
sulphide or sulphoxide concentrations in an extract could be
determined down to a concentration of 1 mg/litre. Derivatives
detected in lower concentrations than this were classed as trace
amounts,

(b) Determination of Phenothiazine Content of Exktracts,

The combined sulphide and sulahoxide content of extracts was
determninad fFom thair visible spectra after reaction with 50%
sulphuric acid, The reaction was carried out as previously
described, (Pg. 104}, and the maximum abserbance in the visible region
(515 mp. for promazine; 530 g for chlorpomazine) was measured.

This value was compared with a calibraticn graph of absorbance
against concentration prepared by extraction of standard urinary
solutions of promazine hydrochloride or chlorpromnazine hydrochloride -
by Procedur=2 1, followed by colour development and absourobancse
measurement,

Reproducible results were obtained using this method provided
manipulations were standardised, and metabolites could be detected
in extracts down to a ooncentration of approximately 2mg/litre.

There was also good correlation between amounts calculated by

this method, and the amounts obtainzd by combining the sulphide

and sulphoxide contents as determinazd fron the ultra violet spectra.
The method finally adopted for quantitative analysis was to calculate
the sulphide and sulphoxide contents of each fraction using ultra
violet épectrometry, then use the visiblzs spectrum to confirm the

findings.
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4 “pectroscopic Dotermination of Metabolites of Acepromazine

and Propionylpromazing,

Soluticns containing both acepromazinz and its sulphoxide,
or propilonylpromazine and its sulphoxide, did not produce ultre
viplet specira with the combined absorbance maxima of the twe
solutes (c.f. Promazine and chlorpromazinz), Instead; they were
found to produce one major peak which varied in wavelength between
240 and 255 my depending on the proportions of sulphide and
sulphoxide present, When the ratio of scepromazine to its
sulphoxide was B:2 it appeared at 244 mps and the corrasponding
wavelengths for ratios of 1:1 and 2:8 vere 248 and 253 mu ragpectively.

This is probably caused by the proximity in wavelength of the
major peak for each form (240 and 255 mp), causing them to ovarlap.,
The other maxima normally found at 280 and 315 s for sulphide
and sulphoxide respectively were absent, except for cases whers
the solution was almost entirely composed of ons or other derivative.

Since only onz major peak is produced by a combination of
sulphide and sulphoxide derivatives of such compounds,the separate
amounts of sulphide and sulphoxide derivatives in a sample cannot
be calculated. Their-relatiue concentrations however, could
possibly be roughly calculated from the wavelength of the major
peak. Instead the method adopted was to assay samples for total
phenothiazine content using colorimetry (Pg.104),

On subsequent examination of spsctra of urine extracts it was

found that only the glucuronids and sulphate conjugated. fractions



gave this singls maximum, unconjugated metabolites having a
spectrum corresponding to that of promazine sulphoxide (Pa.igsh
Thus unconjugated matabolites were assayed by ultra violet
spectroscopy as for promazine sulphoxide and ths conjugatad

fractions were analysed by colorimetry.

(5) Qualitative Tests for Corjuocated Metabolites.

Before quantitative analysis of conjugated metabolites their
presence was’*usually fTirst ascertained using simple quzlitative
tests.

(a) Glucuronide Conjugated MNetabelites.

5 mg naphthoresorcinol wsre dissolved in 0.5 ml concentrated
hydrochloric acid and an equal volume of urine was added. The
mixture~was boiled for 1 minute, cooled, and extracted with ar
equal volume of ether, The presence of glucuronides produced a
purple colouration in the organic layer. Control urine was found
to produce only a very faint purple colouration using this reaction,

(b) Sulphate Conjugated fetabaolites.,

5 mg barium chloride were dissclved in 0.5 ml 28 hydrochloric
acid and an equal volume of urine was added. The solution was
- centrifuged and the supernatant liquid was boiled for 1 minute.
On cooling any turbidity or precipitation showed the presence of
éulphates.

E. Thin Layer Chromatograohy.

(1) Extraction Procedures.

Procedures were exactly the same as for quantitative analysis;
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using proportionate volumes of solvent, the final stage heing
omitted in each casa. To obtain a gualitative picture of
excretion using t.in layer chromatography (Pg.1cg), 300 mi of
urine weresxtracted, whereas for structural dsternination
purposes, and occasionally for gas liquid chromatography, much
larger volumes were continuously extracted. After wasning the
extract as described; (Pg.1np),instead of taking the metabolites
into hydrochloric acid, it was dried over anhydrous ammonium

;
sulphate, evaporated to dryness under reduced pressure, and

redissolvad in a mininum amount of ethylene dichloride or methanol.

(2) Continuous extraction,

The apparatus employed is shown in Figure 13, and is designed
to allow for continucus extraction by any solvent. The glass
tube and sintered glass funnel are not attached te the urine
container, so that the depth of the funnel in the urins can be
altered. Fer solvents denser than urine the funna; is positioned
Just below its surface, The principle is that solvent from the
reservoir (an aspirator) is pumped through the glass tube by means
of a peristaltic pump to the sintered glass funnel, where it is
dispersed into the urine as small globules. Dispersion of
solvent is further aided by the mechanical stirrer, which causes
the globules to spiral downwards through the urine. The solvent
collecting at the bass of the container is returned through the
open tap to the reserveir, under the action of the pumo, and is
.subsequently recycled.

For solvents less dense than urine the situation is as shoun

in the diagram, the sintered glass funnel being positioned at the
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base of the coentainzr, and the outlet tap is closed. In this
case, the solvent globules spiral upwards to the head of the urine
column just below the outlet tube, and ths collecting solvent is
drawn baclk to the reservoir by tne action of the pump. Both
methods have been used for extraction, over 24 hours, of volumes

of urine up to three litres.

(3) Praparation of Plates.

Chromatography was carriad out on 20 x 20 cmn glass plates
coated with a 25qP layer of MN Kieselgel (SUQp for preparative
work) . The plates were activated by heating for 30 minutes at
lDUOC, anc stored in a desiccator until required. 2-10 aliquots
of extracls were spotted and the plates wers developsd to a
height of 15 cm. In order to obtsin a qualitative picture of
metabolism over prolonged periods (Pg. 198 layers uwere diuidéd
into 1 om strips and 10\ =aliquots of extracts from successive B

hour samples were spoltted on consecutive strips.

(4) Solvent Systems.
| Each metabolic fraction from promazine or chlorpromazine
was run in three solvent systems, For the unconjugated fraction
the systems used were:
1 Methanol - Acetic Acid - Water (5#3:2)
11 Ethanol - Acetic Acid (1:1)
111l  Chloroform - Acetone - Diethylamine (2:7:1) (Goldenberg
et al., 1965).
Far both conjugated fractions the systems were:

1 Acetone - isopropanol - 1% ammonia (9:7:4) (Goldenberg
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et al.y1965).
11 Ethyl BAcetate -~ Methanol -~ Diethylamine (7:2:1)
111 Methanol - Acetic Acid - Weter (5:3:2)

In the case of acepromazine and propionylpromazine only two
solvent systems wers used since so few reference comupounds were
available. Unconjugated extracts were developed in the methanol.-
acetic acid-water system and the conjugated fraction in the system
acetone-isopropancl-1% ammonia (8:7:5),

H

All diagrams of chromatogramns shown in Chapter VI unless

otharwise stated, were recorded after running in methanol-acetic

acid~water (5:3:3) for unconjugated mstabolites, and in acetonce

isopropanal-1% ammonia (9:7:4) for the conjugated fractions,

(5) Location of letabolites.

(1) Due to their fluorescent properties, metabolites were
first visuzlised under ultra violet light {254 m};)t This method
of location was also used when elution of spots was required,as
the short pz=riods of irradiation did not appear to alter their
molecular structures,

(;1) Metabolites were also located by spraying with 50% Y /v
sulphuric acid as descriEed by Salzman and Brodie (1956). This
is a general reagent for phenothiazine derivatives detecting both
sulphides and sulphoxides.

(111) | Ferric chloride was used for location of sulphide
derivatives. Thesoray consisted of a 13 “/v solution of ferric
chloride (Fe Cl;.6H,0) in 2.5 N HUO,.

(1v)  In addition to the sulphuric acid spray, periodate



was used for the detection of hydroxylated metabolites (1 aqueous
sodium metaperiodate).

(V) Ninhydrin was used for location of didemethylated
derivatives. The spray consisted of a 1% “/v solution of ninhydrin
in 10% v/v aguecus acetic acid. After spraying, the plate was
heated at 100°C for 10 minutes.

(VI) Nitroprusside was used to identify monodemethylated
derivatives, The reagent consisted of two solutions, A apd B,
which were mixed in equal proportions immediately befors use.

A was a 3% solution of sodium nitroprusside in 10% agqueous
acetaldehyde, and B was a 2% aqueous solution of sodium carbonate.

All spray reagents'uere used on @ single plate. This was
achisved by dividing the laver into 1 cm strips as previously
described and spotting equal aliquots (10A ) of the extract on
each strip, After development, three consecutive strips were
sprayed with each reageat, two uncoated glass plates being used
to shield the layer on either side. When a spray produced no
coloration, further plates were snotted with progressively larger
aliquots of extract (up to 50A ) to confimm that no reaction had
taken placs. |

(6) Elution of metabolites, .

For elution purposes, 0.5 ml aliquots of extract were
streaked on 20 x 20 cm layers 0.5 mm in thickness, The aliquots
were applied using a pasteur_pipette, with a plug of cotton woal
fitted at the tip, to avoid damage to the layer and control the

flow of extract. After development the streaks were either

visualised under ultra violet light, or locates by spraying the



end strips of the plate with 50% sulphuric acid, the middle portion
being protected by a glass plate. In both ceses the position of
streaks were outlined using a metal marker.
Each area of silica containing a phenothiazine derivative was
then scraped off, and corresponding areas from different plates
were combined in conical flasks. The minimum amount of solvent
necessary for extraction (5-10 ml) was added to each flask, and
the mixtures placed for 1 hour on an automatic shaker. After
shaking, the mixture was centrifuged and the supernatant sluate decante
Individual metabolites were eluted for ultra violet spectroscopy
using 0.IN hydrochloric acid. Ueing reference compounds it was
found that the minimum amounts of metabolites which would give
interpretable ultra violet spectra on elution into 5 ml of aecid
ranged betwsen 5 and 20 pg. Sulphide derivatives of chlorpromazine
could be detected down to 5 pg, whereas both hydroxylated and
sulphoxide derivatives were not detectable below B‘yg. The
corresponding figures for promazine were B.Fg and 12 ng. The
minimum amount of acepromazine and its sulphoxide were 10 and 2Q
Mg reépectively. Attempted elution with organic solvents proved

unsuccessful, although small quantities were occasionally eluted

by methanol. The difficulties are considered in the discussion

(Pge 262)



Fe Gas Liquid Chromatography.

(1) Packing of Columns,

Appropriate amounts of SE-30 (1% or 5%) and Chromosorb W
were weighed out and the 5E.-30 dissolved in toluene. When
colunn coating was reéuired Epicote 1001 was also added to the
toluene in 10% concentration, The Chromosorb was then added to
this solution and the toluene allowad to evaporats. The packing
was drauwn into the chromatographic column by suction from a
vacuum pump,'the column being constantly shaken to ensure
uniformity of packing. Fach column was preconditioned by
" heating for 24 hours at a temperaturs 50°C above the normal
oparating temperature.

(2) Operating GConditions.

The optimum operating temperature for the stainless steel
colunns packed with 5% SE-30 was 250°C. The conditions uwere:
Colunn - 5 x %" o.,d. stainless steel; Stationary Phase - 5%
SE-30; Support - Chromosorb W (50-80 mesh); Column Temperature
250°E; Injector Tempsrature 27500;. Detector Temperature 27500;
Carrier Gas Flow Rate - 40 ml/minute., Such columns were also
used over a range of températures between 150 and SDUOC, and in
each case injector and detector temperatures were 25C°  above
@hat of ths column,

The optimum operating temperature for the glass columns
packed with 1% SE-30 was 200°C. The conditions were: Column-

5' x " o.d.,glass; Stationary phase - 1% SE-30; Support-Chromosorb

W (50-80 mesh); Column Temperature 200°C; Injector Temperature

22500; Detector Temperature 225°C; Carrier Gas flow Rate-
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30 ml/minute,
The L.K.B. gas chromatograph-mass spectrometer was also
fitted with glass columns (8' x ") packed with 1% 5E-~30.  The

cporating temperatures ranged from 150 - 300°C.

Ge Miscellansous Procedures,

(1) Oxidation of Propionylpromazine to Pronionylpromazine

Sulnhoxide.

Since samples of propionylpremazine sulphoxide were unavailable
this compound was synthesised from the comnercially available sulphide
in order to determine its spectral and cﬁromatngraphic properties.
The method employed was based on that af Kano and Fujimoto (1957)
for oxidation of chlorpromazine to its sulphoxide.

50 ml propionylpromazine phasphate injectable sclution,
(Combelen -~ 10 mg/ml),uas adjusted to pH 9.5 using N ammonia solution
and extracted with 3 x 10 ml ethylene dichloride, The extract
was then evaporated lto dryness under reducsd pressure and tﬁe
residue taken up in 5 ml ethanol. 3 drops of 30% hydrogen peraxide
were added and the solution stirred,

This solution was then refluxed for 4 hours, and the solvent
was evaporated off, The residue was recrystallised thres times
from acetone and subssguently used for ultra violet spectroscopy
and thin_layer chromatography. The yield =f sulphoxide was less
than 109,

Attempﬁs at oxidation of some of the standard reference compounds

(e.g. demethylated and hydroxylated derivatives) were unsuccessful,
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This was probably due to the small amounts of such compounds
available, and the low yield cobtained from tha reaction.

(2) Determination of B.glucuronidase activity in horse urine.

Two samples of urine, a test and a control, {(Iml), were
centrifuged, the urine decanted, and adjusted to pH 4.5 using
1.1 ml acetate buffer.¥ 0.1 ml 0,011 phenolphthaleinglucuronic
acid substrate was added to the tesl sample and both were incubated
at 37°C for 24 hours. 1 ml 103 aqueaus sodium carbonate més then

v
added to both samples, followed by 1 ml substrats to the control.
Each was made up of 10 ml with distilled water and the absorbance
of the test at SSGQP read against the control,

The glucuronidase activity was read from a calibration graph
of absorbance v activity, This was preparsd by adding different
volumes of phenolphthalein (0,05, 0.1 & 0.2 ml) to 1 ml urine and
1 ml sodium carbonate, meking up tc 10 ml with water, and reading
the absorbance égainst a urins blank, One unit of activity was

defined as the amount of enzyme liberating l}Jg phenolphthalein

under the conditions of the sxperiment.

¥  3.25ml acetie acid and 5.79 om sodium acetate were made up to
450 ml water, the pH was adjusted to 4.5 and the volume made up

to 500 ml.
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V. STORAGE AND  HANDLING OF HORSE URINE,

A, Precipitate from Alkaline Uring.

As previously described (Pg,103) a white precipitate is
obtained on rendering horse urine alkaline. The compound was
isolated after centrifuging, washad with water, and dried in a
desiceator, The resulting white pouwder did not burn and was
thus presumed to be imorganic. It was inscluble in organic
solvents, water, 0.IN ammonia, and 0,IN hydrochloric acid.

Infra reé spectroscopy showed very strong peaks at 1450 and
BBDcm"l which suggested that a carbonaée was present. This was
confirmed by production of carbon dioxide on reaction with chremic
acid. Group separation and a subsequent Tlame test showed the
presencs of calcium. This was also confimmed by a white precipitate
with ammonium oxalate.

Microscopic examination of the precipitate showed mostly
tha crystal forms of calcium carbonate, amorphous calcium carbonate,
and calcium phosphate although traces of oxalats crystals were
also present. Biochemical analysis of electrolytes before and
after centrifuging also showed a large decrease in calciun levels
(180mg/100m1 to 6 mg/100ml). Thus the major constitusnt of the

precipitate was calcium carbonate.

B, Interfering compounds in urine.

(1) Introduction.

During preliminary quantitative experiments it was noted



that an additional peak appeared on the ultra violet spectra of
some extracts of urine stored at 4°C. This peak at times appeared
within 24 hours of sample collection, and aluways ap?eared within
one week, theresafter increasing in intensity with length of storane
of the urine. Since the maximum occurred at 278 WF it tended to
interfere with the ultra violet determination of metabolites by
masking the phenothiazine peaks. Figure 14 shows a t:pical spactrus
of this contaminant superimposed on the spectrum of pronazine
sulphoxide. '

Due to the gradual increase in intensity of this peak with
time it was postulated either that some organism, dormant in the
urine, was slowly producing a compound responsible for the absorbancs,
or that microbial organisms from the air, or sample containers,
ware acting on a substrate in-ths urine giving rise to thes
contaminant., On the other hand it could be caused by slow reaction
betwesen sndogenous compeounds in the urine, The theory df
bacterial action was supported by the fact that incubatioﬁ of
control urine. at 37°C for 24 hours, immediately after collection,
always produced a very intense absorbance at 278 mM e

It was also noted tha£ there is an increase in Pnglucuronidése
activity with time in urine stored at 4°c. Figure 15 shows a
typical increass in such activity in a control urine sample, and
increase in tha absorbance of its extract, over a period of 1 month,
For the first 15 days the‘ualues follow each other closely, after

which the glucurconidase activity falls off rapidly, the absorba&nce



ot

B P L]

- . 1o
N g e - oL LW A e [ 4 ‘gE‘f-..-
P P L S e o b
v - S B EX T T

' o A LY B T e - PR 2R N

R R
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FIGURE 15,

GLUCURONIDASE ACTIVITY (units/100ml.)
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remaining at .a fairly constant level. It has also been found
after incubation of control urines at 37BC that p-glucuronidase
levels usually exceed 40 units/100 ml.,having been negligible
before incubation,

It was at first thought that this build us in activity
resulted in the hydrolysis of endogenous unidentified glucuronide
conjugates, giving rise to a graduall§ increasing'interference on
spectra of extracts. After two to three wesks this interferencs
reached a ma;imum either dus toc the glucurDAide'aubstratc being
exhausted, to the fall off invactiuity, or to a2 combination of |
both, However, if such substrates are present they would be hydroly:s
during the nofmal P»glucuronidase incubation after sterilisaticn
(Pg.104), Thus the rise in activity seems to be a coincidence.

The process, however, does reach a point o% exhaustion. This can
be seen from the fact that corntrol samples stored at 37DC, extracted
by procedure 1, then subsequently incubated witrnﬁwglucuronidase,

show very little interfering absorbance (Pg,133),

(2) Treatmant of Urine,

Since prolonged incubation procedures are involved in the
assay of conjugated metabolites it was attempted either to remove
the interfering compound when formed, to eliminate the organism by
sterilisation, or to inhibit its action by more scophisticated methads
of storage,

(a) Effects of Ion Exchangs Resins.

Initially, attempts were made at removing the contaminant,

. Eiduson and Wallace (1958), whilst determining phenothiazine



derivatives in human urine, removed 95% of the phenothiazine
content from standard samples using a caticn exchange resin,
Amberlite IRCS50,. An anion exchange resin, Dowex AG3X4, was used
by Forrest et al. {1960) to remove indican and various contaminants
fron human urine,

This suggested the possibility of uging one of these resins
to selectively remove either the drug and its metabolites, or the
interfering compound, from samples of horse urine, A series of
preliminary dxperiments was carrisd out to evaluate their ussfulness.

Standard solutions of promazine hydrochloride (~6mg/l) and
promazine sulphoxide (e~ 12mg/1) were made up in a series of
phosphate buffers (pH 6.0, 7.1 and 803), and a borate buffer
(pH 9.3)c  The ultra violet spectrum of each slution was then
recorded.

1.5 gm. Amberlite IRCSO resin was added to 50 ml of each
standard promazine solution, and the mixture was shaken for 4 hours.
After filtering, the ultra violet spectrum of each sample was run
using the appropriate buffer as reference. The loss in phengo-
thiazine content was then measured from the percentage decrease in
absorbance of the major peak. The same procedure was carried out
Qith 50 ml samples of the standard promazine sulphoxide solutions.
A similar procedure was alsoc adopted using Dowex resin, 1 gm of
this compcund being added to esach of the standard solutions.

The experiment wasalso carried out on a sample of control

urine which showed the interfering absorbance on the ultra violet
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spectra of its extracts, It was dividgd into four portions
which were then adjusted to pHG, 7.1, 8.3 and 9.3 respectively.,
1,5 gn amberlite IRCS50 resin was added to a 50 ml aliquot of each
portion. The mixture was shaken for four hours, filtered, extracted
by Procedure 1 (Pg.l10l), and the ultra violet spectrum recorded.
The same process was repsated for each of the four portions using
1 gn Dowex resin and any loss in absorbance was recorded,

The results of the experiment (Table 3), show that over the
pH range exaﬁined, aithough the Dowex resin is ver§ efficient in
removing the interfering compound, it is even more efficient at
remaoving promazine and promnazine sulphoxide. The Amberlite resin,
especially at alkaline pH, does not remove a great amount of
promazine or promazine sulphoxide, but at the same time, is not
vary effective ié removing the interfering compound.

Since these initial experiments did not produce the desired
results, and since it seemed much time consuning work would be
involved in finding a selective resin, it was decided to investigate

sterilisation procedures.

(b) Effects of Filtration.

The passibility of sterilising the urine using a Seitz filter
was investigated., A sample of control urine was extracted by
_Procedure‘l, the ultra violet spectrum of the exXtract was recorded,
and no interfering peaks were found. The remaining urine was
divided into 2 portions., One half was filtered through a 14 cm
HB/EKS Carlson-Ford bacterial filter pad, then stored under sterile

conditions at 4°C in a refrigerator., The other portion was put
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straight into storage. An aliquot.of each was submitted for
bacterial examination by attempting culture on Blood Agar, The
filtered sample proved to be completely sterile, whereas the
unfiltered one showed most of the conmon microbes found in any
contaminated medium.

Samples of each portion were extracted by Procedure 1 and 2
at randon intervals, over a period of six weeks, and ultra violet
spectra were recorded. The sférilised fraction showed no abnormal
absorbance over this period using either procedure. The other
fraction gave an abnormal peak when treated by Proceduré 1 which
gradually increased'in intensity throughout the experiment. When
treated by Procedurs 2 this portion produced a very intense
absorbance in every sample. These results suggested that Seitz
filtration might be of use in preventing interference,due to
contamination,on the ultra violet spectra. Howevar, the possibility
that the drug and its metabolites might be removed by the filter
had alsc to be investigated.

Proma,ine hydrochloride was added to a control sample of
urine to give a concentration of ~ 6mg/l, and the sample was
divided into two portions. One portion was filtered through ths
Seitz filter and the gther was used as a control. Both fractions
were extracted by Procedure 1 and theilr ultra violet spectra
recorded. On comparing the absofbance of each portion it was
found that approximately 807 of the promazine had been removed by

the Seitz filter. On repeating the experiment using promazine



sulphoxide (~12mg/l), approximately the same amount was removed.
This ruled out the possibility of using this method of sterilisation
to remove the contaminant.

A duplicate set of experiments was also carried out using
a millipore filter instead of the Seitz filter. ARgain no signs
of interfering absorbance were noted in extracts over 6 weeks from

the filtered urine, but approximately 50% of the added promazine
P

-
-

or promaziner sulphoxide was rsmoved.

(¢) Effects of storaas.

Various metths of storage were also investigated in an
attempt to inhibit formation of the contaminant. A pocled sample
of control urine was divided into 100ml aliquots in sterile bottles.
Groups of six samples were then treatsd and stored as described,
Each group was stored in the dark to avoid the possibility of
photochemical reactions,

Group 1, Samples were stored at-doc in stoppered bottles.

Group 1). Nitrogen was bubbled through the urine for 15 minutes,
the bottles were then stoppered and stored at 402.

Group 111. Samwples were adjusted to pHl.l, (the pH of 0,1NHC1),
using concentrated HCl., The bottles were then stopperesd

" and stored at 4°C.

Group 1lV. Samples were stored in an incubator at 37°C in stoppered
bottleg.

. Group V, Samples were storad in sealed polythene bags at -20°¢

in a deep freeze.



Group V1. Samples were stored under & layer of toluene at 4°C
in stoppered bottles,

GroupVll, Samples were heated in a boiling water bath for
five minutes, coocled and stored at 4°¢ in stoppered
bottlaes,

Immediately after collection a 100ml samplé/;F tha pooled
uring was assayed by Procedure 1 to ensure no interfering compound
had been ori?inally present, One sample from each treated group
was then assayed at weekly intervals by Procadures 1 and 2.

Results are shown in Table 4, After analysis by Procedurs
1, the concentration of the interfering compound gradually incressed
in four of the groups,i.e. that stored at 406, that stored under
toluene, that stored under nitrogen, and that storad at pH 1l.1.

In addition, the group stored at 3708, produced a very intense
absorbance in svery case. Thus these five methods of storage
would not eliminate the formation of the interfering compound and
were not further considered. Cn the other hand, by the end of
three weeks, neither the group stored at —QDUC, nor the heated
group,produced any absorbance when assayed by Procedure 1, Thus
it was decided to adopt one of these methods of storage.

On considering samples assayed by Procedure 2, it was found
that every sample, with the exception of the group stored at
37DC, gave an intense peak at 278my showing that incubation
accelerates production of caontaminants, Also since those samples
which had been stored at 370C, after extraction by Procedure 1

gave very weak absorbance on further incubation, it was assumed
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that the source of the interfering compound had been exhausted
during the initial storage period. However, the peaks were not
so weak as to render this method of storage applicable.

(d) Sterilisation for Procedurs 2,

Although samples which had been treated either by Heating or
by deep freezing could now be assayed by Procedure 1 without |
interferénce, the incubation stags for conjugated metabolites still
gave rise to interfering absorbance. Thus further experiments
were carried ouf in an attempt to eliminate contaminants in assays
by Procedure 2. This involved more stringant sterilisation of
the uvrine; and afterwards carrying out the procedure under completely
sterile conditions,.

A 100 ml aliquot of contrel urine was assayed by Procedurs
1 and was found to have no abnormal absorbance. The residual urine
was then extracted by Procedure 2, and produced a pesak at 278 my
so confirming the presence of organisms capable of producing the
contaminants, Three 100 ml aliquots of thz same urine were then
analysed under sterile conditions by Procedure 2. The first
sample was extractsd without any previous treatment, the second
was first heated for 15 minutes at lUDQC, and the third was ficrst
heated for 10 minutes at 100°C at three successive 24 hour intervals.
The first sample showed interfering absorbance at 278 My and the
second still showed the presence of the impurity,aithough the
intensity of the absorbance had halved. In the third sample only
a trace of the interfering compound was found. Thus it sesmed

that the secono, more rigorous method of sterilisation would



— e

prevent the formation of contamipants during the prolonged
incubation step,

To ascertain the applicability of this technique to the
assay of urine samples containing phenothiazine metabolites,
standard urinary solutions of promazine (6mq/l) and promazine
sulphoxide (12 mg/l) were made up. Two 100 ml aliguots of each .~
soclution were extracted by Procedure 1 firstly without treatment,.
and secondly after heating for 10 minutes at 3 successive 24 hour
intervals, 'The resulting spectra showed that the heating had
no noticeable effect on the concentration of either promazine or
its sulphokidea

It was thus decided to store samples at -20°C when any length
of time would be involved betuween cellection and analysis. Also

when analysis of conjugated metabolites was required the residual

urine from Procedure 1 was first sterilissd repeatedly as described,




LEGEND FOR DIAGRAMS

Unless otherwise stated the symbols employed in graphs and

diagrams are as follows:

(a) Quantitative Studies

® == Total metabolites
O = Unconjugated sulphoxides
A = Glucuronide sulphoxidses
( O = Glucuronide sulphides
M = Sulphate conjugated sulphides

(b)  Thin layar chromatography

(i) Solvent systems.,

Unconjugated metabolites{~ HMethanol-acetic acid-
water (5:3:2)

Conjugated metabolitesi~ Acetone - isopropanol -
1% ammonia (9:7:4)

(ii) Spray reagent - 50% sulphuric acid

(iii) Colour formation

. Purple
% Raeddish pink

Bluish purple

Yellowish brown
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A, Effects of Druags.

After administration of sach drug, any visible effects on
the animal were noted. With the larger dosss wused Tor guantitative
studies (Pg. 99) the usual signs already described after
tranquilliser administration (Carey and Sanford, 1963) were again
noted for every drug. Such effects included lowering of the head,
drooping of eya/l%%% lower lip, resting the hind leg, yamning,
snoring, sliéht unsteadiness when standing, and a general dopey
appearance. In geldings the penis was relaxed.

After intramuscular administration, reaction te the drug wvas
usually first noted between 23 and 40 minutes after injection, the
drug having maximun effect over the first 4 to B hours. However
effects were still noticeable after 12 hours, and occasionally up
to 24 hours. After oral administration, usually one hour elapsed
before the drug showed a noticeable affect, which was most marked
for a furthar 3 to 6 hours, Signs of tranquillisation had
usually disappeared by 18 hours after administration,

Every drug caused a lowering in rectal temperature, usually
of the arder of 1 - 2F° over the first 4 hours after administration.
Howsver, on one occasion, (Horse 2 - Promazine I.M. - 5 mg/Kg), a
drop of 4F° was recorded within 3 hours. The temperaturs had
usually returned to normal by 12 hours after administration.

Administration of sach drug also usually gave rise to a slight

tachycardia, the increase in pulse rate being approximately



5 - 10 beats/minute. However, on one occasion, (Horse 2 - Promazine
I.M. - 5 mg/Kg.), an increase of 2B beats/minute was recorded at

6 hours after injection. In every case the rate had returned to
normal by 12 hours., Effects on respiration were variable and
unpredictable. In some cases no difference was noted, whereas on
other occasions srall rises or falls were recorded, unrelated to

the drug or route of administration.

The excitement reaction already described did not ocrur, but
untoward reactions were noted on two occésions. On the first
occasion,; after intramuscular administration of chlorpromazine
(2mg/Kg) to horse 4, the animal appeared to react normally to the
drug. Thus, after 4 hours, a bar, mhich had been placed across
the top half of the loose box door in case of abnormal reactiong
was removed, Within 2 hours the animal tried to leap the door
but was caught by the hind legs in the process causing considerable
cuts and grazing. 0n the only occasion that propionylpromazine
was administered (Intramuscular - 0.5 mg/Kg), the horse (7) at first
showed slight signs of tranquillisation., However, at 15 minutes
after injection it rapidly became very dopsy, unsteady on its fest
and pawed the ground, and within 3 minutes went down anaesthetised.
Four hours elapsed before the horse returned unsteadily to its feet,
and it still appeared rather groggy after a further 12 hours.,

The period of anaesthesia més accompanied by a fall in rectal
temperaturerF 5F°.

After administration of the smaller doses of each drug used

for limit of detection studies (Pgs;ggéfggg), visible signs were
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only noted after the largest of the three doses and anly to a

slight extent.

B. Quantitative studies of metabolism.

Initially quantitative studies were carried ocut on each urine
sample passed. However, results obtained using this methcd ware
difficult to analyse due to large variations in concentration
over short periods of time,and the difference in time intervals
between succéssive samples. In addition, investigation of every
urine sample meant analysis of a large number of samples, which wes
later found unnecessary. Typical graphs obtained using this
procedure. and the method subsequently adopted are shown in Figure
16, It can be seen in the former case that the interxrval between
samples differs considerably, and larqge cifferences occur in the
amounts excreted from sampie to sample, making the results very
different to interpret. In the latter case, with larger reqular
intervals betwsen samples, the variations in the amounts excretad
in successive samples are not so pronounced.

The method adopted was to pocl samples obtained over fixed
consecutive periocds of time, analysis being carried out on an
aliquot from each pooled sample as previously described (Pgd0l )
Periods of 8 hours were chosen since this seemed to give the most
uniform results, The concentration of total metabolites, and their
concentration in individual metabolic fractions, was determined

for sach pooled sample, The amount excreted over succsssive 8
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hour intervals was then calculated by multiplying this concentration
by the urinary volumne for the period, and the rate of excration
(ng/hr) was obtained by dividing each amount by 8. fhis rate was
plotted aéainst time for successive pooled samples to give an
excretion pattern.

Such graphs were plotted for each drug. The doses and
methods of administration employed are described on page &9 ,
Metabolites were analysed as previously described in six groups
dependant on éheir chemical structure, i.e. sulphoxide derivatives,
(811 metabolites having a sulphoxide grouping), and sulphide
derivatives, (all metabolites in which the ring sulphur atom is
unoxidised, including N-oxides), of the uncenjugated, glucuronide
conjugated and sulphate conjugated fractions. Rates of excretion
were plotted for each group, and combined to give the total rate
of excretion,

(1) Promazine.

(a) Intramuscular Administration,

Rates of excretion were plotted for six experiments (Horses
1, 2, 4, 7, 5a & Sb) after intramuscular administration of promazine
hydrochlorids (Smg/Kg as a 5% solution), It was noted that the
patterns for the rate of excretion of total metabolites fell into
two groups. A graph depicting the average of these rates for each
group is shown in Figure 17, In the first group, noted in three
experiments, excretion rapidly reached a maximum ( A~ 12mg/hr) wihin
8 hours of injection, then tailed off gradually anﬂ irreqularly,

whersas in the sscond group the maximum (~ Smg/hr) was not attainesd
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until between 24 and 32 hours., In the latter case ratas of
excretion over the first 16 hours wsre low, and after 32 hours

they again diminished gradually and irregularly. In both cases
metabolites could still be detected at 96 hours after administratiorn.

For each horse, excretion of individual metabolic groups aver
successive samples was irregular,and continusd in at least one of
the groups for the duration of the experiment. Unconjugated
metabolites cccurred almost completsly in the sulphoxice form.
Their rate of excrétion was low and did not exceed 2.5 mg/hr for
any horse, the average rate boing approxinately 0.5 mg/hr oven
the 96 hoqr periocd. Unconjugated sulphide derivatives were
detected in small quantity in only one case, {(Horse 4), from
approximately 32 hours after J'.r'wjectionc On averagp2, unconjugated
metabolites accounted for less than 2} of the dose.

Excretion of glucuronide conjugated sulphoxide derivatives
also continued for at least 96 hours in five experiments, but one
horse (7) showed no trace of such metabolites. Their averaqe
rate of excretion over 98 hours was less than 2mg/hr, Glucurocnide
conjugated sulphide metabolites were much more abundant.

However, horse 5 which was dosed twice, only showed trace amounts
-of such derivatives. The other four horses excreted variable
amounts over sach experiment and in no case were they detected by
80 hours after injection. Glucuronide conjugates, on average,
accounted for approxinately 9% of the dose,

+

Sulphate econjugated metabolites were only detected occasionally
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~in trace amounts as sulphides after this route of administration.
Typical examples of sxcretion of individual groups of metabolites
for the two total types of excretion are shown in Figures 18 and
19,

The percentage of the dose excreted, and values for the
separate metabqlic fractions are given in Table 5, Glucuronide
conjugates predominated in every case, their average ratio to
unconjugated metabolites being approximately 5:1. Tha percentage
of dose excreted was low for every horse, the average value being
approximately 11%.

(b)  Oral Administration

Rates of excretion were plotted for three horses (4, 5, 8)
after oral administration of promazine hydrochloride (10 mg/Kg,
given as crushed tablets in treacle). The two total excretion
patterns described after intramuscular administration were again
noted. In one horse, {4)ya maximum rate (~ 55 mg/hr) was attained
within 8 hours, which then decreas=d rapidly but regularly,
excretion being complete by 48 hours. For the other two horses
excretion started at a low level and increased gradually to a much
less marked maximum (~ 25 mg/hr) between 16 and 24 hours after
dosing, It then fell off rapidly and irregularly and was complete
by around: 48 and 72 hours respectively. Patterns of excretion
of individual metabolic groups gre shown in Figurss 20, 21 and 22,

Unconjugéted metabolites were again excreted almost entiraly

as sulphoxides although trace amounts of sulphide derivatives were
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found from one horse, (4) during the first 24 hours after
administration., The.parcentaga of the dose reco&ermd in this
fraction was low (~1%), as were the rates of excretion (<6 mg/hr).
Excretion of such metabolites was complete by 55 hours for horse-

B, and by 48 hours for horses 4 and S.

Each horse excretsd glucuronide conjugates metabolites
almost entirely as sulphides, although traces of sulphoxide
derivatives were noted in one experiment (Horse 4). Their rate

‘
of excretion was also so high compared to the other two fractions
that it determined the shape of the tetal excretion pattern.
Horse 4 attained a maximum rate (~45 mg/hr) within the first 8
hours, whereas maxima were not observed for hcrses 5 and8 until
between 16 and 24 hours after administration. Glucuronide
conjugated metabolites, on average, accounted for abproximately
'7.5% of the dose and werc detected until betwsen 40 and 56 hours
after dosing.

Sulphates were excreted in similar amounts to unconjugated
metabolites, as sulphide derivatives, after this route of
administration, although small amounts of the sulphoxide form were
excreted by horse 8 betuween 56 and 72 hours. Their rate remained
at a low level and attained 2.5 mg/hr in only three semples during
the three experiments., They accounted for approximately 1.5%
of the doss.

The percentage urinary excretion, and values for each

metabolic fraction are given in Table 5. Glucuronide conjugated
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reached a maximum ( ~Img/hr) betwsesn 16 and 24 hours after

injection, and was complete by 40 hours,

Much smaller amounts of sulphate conjugated metabolites were
detected accounting for approximately 1% of the dose, They exiétea
almost entirsly as sulphide derivatives, although tracaes of the
sulphoxide form were excreted during the first 8 hours. Their
excretion was complete by 32 hours after injection.

(d)  Summary.

(i) After oral and intramuscular administration of promazine
total rates of excretion either rapidly attained a maximum value
within 8 hours, or slouly rose to a smallsr maximum between 24 and
32 hours, diminishing gradually and irregularly in both cases.
Intravenous administration,which was carried out only once,produced
a maximum rate miﬁhin the first 8 hours,

(ii) The percentage of dose excreted after all three routes
was low, being approximately 10%. Excretion of metabolites was
most.prolongad after intramuscular administration (> 96 hr.) compared
to an average duration of 56 hours for both oral and intravenous
routes. Rates of excretion in successive samples were irregular
after oral and intramuscular administration, but were more regular
after the intravenous route,

(iii) Glucuronide conjugated metabolites predominated after
both aoral and intramuscular administration, but were present in
approximately equal amounts to the unconjugated fraction after the
intravenous route, Sulphate conjugated metabolites were detected

in only small amcunts after all three routes. After oral and
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intravenous administration they accounted for approximately 1%
of the dose,; whareas intramuscular injection predvced only trace
amounts.

(iv) Unconjugated metabolites wers delected almost
entirely aé sulphoxides, irrespective of route,. Conjugated
metabolites on the other hand, consisted predominantly of sulphide
derivatives,

(2) Chlorpromazine

(a) Intramuscular Adninistration,

Rates of excretion over three experiments, (Horses 4, 5a, 5b),
vere plotted éfter intramuscular administration of chlorpromazine
hydrochloride (2mg/Kg as a 5% solutinn). However, nsither of the
total excretion patterns noted after intremuscular administration
of promazine (Pg.l4l) was immediately obvious, On both occasions
horse 5 attained a slight maximum rate between 24 and 40 hours
after injection; (1,5 mg/hr between 24 and 32 hours for horse 5a
and 2 mg/hr between 32 and 40 hours for horse 5b) and metabolites
were detected until ~ 64 hours. Horse 4 attained a much higher
rate of excretion, It rose to a maximum of 5.7 mg/hr between 16
and 24 hours after administration, and excretion was not complete
until 96 hours.

Glucurcnide conjugated metabolites egain appeared in greatest
concentration, and-mere the biggest contributing factor to the
total excretion pattern. Horse 5, on both occasions, excreted this
fraction almost entirely as sulphoxide derivatives, although traces

of sulphide metabolites were also detected. It excreted
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glucuronides until A 64 hours after injection, and, with the
exception of one sample, their rate did not exceed 1 mg/hr.

Horse 4, on the other hand, excreted glucuronides entirely in the
sulphide form up to 96 hours after injection. The rate attained
two maxima, of the order of 6 mg/hr, between 16 and 48 hours.
Glucuronide conjugated metabolites on average accounted for
approximately 8% of the dose.

Unconjugated metabolites were excreted entirely as sulphoxida
derivatives, and in all three experiments their rate of excretion
‘was less than 0.5 mqg/hr., This fraction was detected from horse 4
for the durzation of the experiment, uhereas they were not excreted
by horse 5 after 64 hours, Samples voided by horse 5a during the
first 16 hours contained no tracé of unconjugated metabolites, but
they were subéequently detected until 56 hours after administration.
Such derivatives were responsible for approximately 1.2% of the
doss,

In all three experiments only trace amo;n%s of sulphate
conjugatad metabolites were found almost entirely es sulphides,
Excretion patterns of individual metabolites are éhown in Figures
24, 25 and 26.

Table 6 shows percentages of dose excreted as individual
metabolic groups and once more bears out the predominance of
glucuronide conjugates. Tﬁeir average ratio to unconjugated
metabolites was approximately 7:1. The total percentage excreted
was also lew at 10%. An interesting feature of the results is

the considerably higher rate of excretion of glucuronides by horse
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4 compered to the othar animals,which was also noted after
adninistration of promaziney, (Pg.146)

I'4 . 3 .
(b) Orel Administratioir,

Chlorpromazine hydrochloride, (5 mg/Kg, given as crushed tablets
in treacle), was administered orally to horses 5 and 7, the latter
being dosed twice, and sxecretion of mpetaholites was followed over
96 hours, Two types of total excretion were ohtained similar to
those experienced with prgmazine‘ Horse 5 attained a maximum
rate (~A35 mg/br) within 8 hours which then fell off gradually and
Cirrpegulariy, and no metabolites were detected after 80 hours.

Horse 7, on the first occasion, attained a maximum rate (31.6 mg/ht)
between 8 and 16 hours after administration, with a second maximum
(~ 30 mo/hr) betusen 24 and 32 hours. In the second expariment
the maximum also occufred betwsen 24 and 32 hours but was much
smaller (14.8 mg/hr). For this horse tha lengths of excretion
were S6 and 80 hours respectively, Individual excretion patterns
for each of the experiments are shown in Figures 27, 28 and 29,

Glucuronide conjugated metaholites, again forming ths main
fraction, were the‘deciding factor in the shape of thz total excretion
pattern., They wers present almost entirely in the sulphide form
although syall amounts of sulphoxide derivatives were detected
from horse b, For all three experiments glucuronides were excreted
for longer than any other grﬁup (80-96hr) and, on average, accounted
for 23% of the dose,

The unconjugated F?action were excreted almost entirely as

sulphoxides, although small amounts of sulphide derivatives were
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FIGURE 28,
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HORSE 7b

CHLORPROMAZINE (ORAL-5mg/kg)

FIGURE 29,
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detected from horse 7 between 48 and 64 hours, Their rate of
excretion nsver exceeded 3 mg/hr and they were not found after 72
hours from either horse,

Sulphate conjugated metabolites were present in amounts
similar-to the unconjugated fraction, ( ~ 1.5%), almost entirely
as sulphides, although small amounts of sulphoxide derivatives were
occasionally detected, With the exception of one sample their
rate of excretion was less than 2.5 mg/hr, and was complete by
between 72 ané 80 hours.,

Table 6 shows the percentages of dose excreted as individuaal
~metabolic groups. Glucuronide conjugated metabolites again fommed
the major fraction having a ratio to the other groups of approximately
18:1:1. A greater percentage of dose was recovefed after this
route than after intramuscular administration of chlorpromazine,
“accounting for approximataly 273,

(c) Summary

(i) Both types of total excretion pattern noted after
administration of promazine were noted after oral administration
of chlorpromazine. However only the sscond type was found after
the intramuscular route. The percentage of the dose excreted was
low being approximately 10% after intramuscular injection, and 27%
for thé oral route.

(ii) Glucuronide conjugated metabolites were the predominating
fraction occurring mostly as sulphide derivatives. In one horse

this group was excreted predominantly in sulphoxide form, but this

seems to be a metabolic abnormality peculiar to the horse (Pg. 187).
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Sulphate conjugated metabolites alsoc were found almest entirely

gs sulphides and unconjugated metabolites as sulphoxides. Only
trace amounts of sulphates were detected after intramuscular
administration, whereas they accounted for approximately 1.5% of
the dose after the oral route, The ratios of glucuronides to
sulphates to unconjugated metabolites after oral and intramuscular
“administration were 18:1:1 and 7:0:1 respectively.

(iii) As with promazine, excretion of chlorpromazine was

prolonged and irregular, lasting up to 96 hours after oral

administration and 64 hours after the intramuscular routs.

(3) Acepromazine and Propionylpromazine.

As previously described, (Pgl05) phenothiazine derivatives
having a ketone group in conjugation with the aromatic ring, (i.e.
acepromazine and propionylpromazine), have different ultra violet
spectra to those of derivatives lacking this combination, (i.e.
promazine, chlorpromazine, etc.) The former compounds have two
absorbance maxima at approximately 240 and 280 my, and their
corresponding sulphoxides produce two peaks at ar 250 and 310 @p.
The latter, on the other hand,absorb at ~ 250 and 300 QP, and their
sulphdxides produce four peaks at approximately 230, 270, 300 and
34D_TF.

During initial studies on acepromazine, extracts of metabolites
produced neither of the spectra described for derivatives of this
compound, but unconjugatsd metabolites had ultra violet spectra
with féuy peaks at 230, 270, 300 and 340 ﬁp'corresponding to ﬁhat

of sulphoxide derivatives of promazine (Figure 30). This suggested

s



FIGURE 30,

U.V. SPECTRA

————— — UNCONJUGATED ACETYLPROMAZINE

METABOLITES
1+6 J ‘\ l \
foo ] \ ACETYLPROMAZINE
‘\\ I \ SULPHOXIDE
/ ! \
woaof M
Q 121 l/ \
<Z: \
5 //‘\ \\
\
< 0-8 < \\ \
\ \
\ ’
L \\
N
0.4. |,‘ ” ‘\ /l’\\‘
\ f \ /
1 ;) \\_\/ \\ Ren
\\\ l}! \_/ P 4—\' ‘\\///
\\/\\_/
260 300 340

WAVELENGTH



that such derivstivas havs
2t the Z-noniticn coaplataly, or
radugad hn the conrosnandine zen
casz by ovidation to thin sulnhoxd
such oroiucts 202
R
|
/”\l,)\I \/ N CH(OH)Me
ii !
N
S s/\/f”
!
0
3inea both thaal eoaroun’s o
to nromazinn sulphoeid it wmas
matabolites of se-nremazina fo sul
resulis wara sabasquantly obiaing
pronicnyvlann .azing, -mich wera al
Ultr= vielst enactra of th2 conjn
res2 hled nailthar thooe of proas
successiv: extrzobs nrodanaed raxd

typics

Ead

1.

¢l

praauc

SEACTE

£ ol situation

t of acanm

neavin

ca yarittions in tho
Du2 to this, conjuiated T
of thelir reshictive ox

~uric acid (Po. 104).
1S o coteaatration alatos

.
SRTES N pT=]

nllﬂ.& Lo

 f

50

[HER

usly

or

unconitnen

-

tdate

o

¥)

S

The

[a g o

bt )

of

PAined

Yy

. L.
L FAN B
".r._'-l_

oo
)

]

aon

5

Hn

RN

b

wworonce st
icvrited (P,

i

sul " 10N

ceEniod

ot hza bhiewn

in =it

aral

foranlae

aulre

L

conjrnotad

zinm, Siailoyr
P b - : .
cotauclitzs ofr

in salution

SRR T LN

froo, the vizidl
oroation with
a0 Tros sbtan:
srznanyl foeac oo

of

"—"\j("‘l on
= T

1
Y=
\

Lty .,

)



visible spectra of standard solutions of acepromazine treated with
sulphuric acid. Conjugated metabolites of proplonylpromazine were
also assayed in this mannsr.

(a) Intramuscular Administration,

Excretion pattsrns were plotted after intramuscular administratis
of acepromazine maleate, (0.5 mg/Kg as a 1% solution), to horses
4, 5 and 8. Also, to confirm that the excretion data, and
metabolic roytes found for acepromazine were typicai of phenothiazine
derivatives with a conjugated ketone grouping, a similar dose of
propionylpromazine (as the phosphate) was subsequently administered
té horse 7. Urine collections in this case were made twice daily
for 5 days after injection, and 100 ml aliquots from each sample
ware analysed,. |

'For both drugs, unconjugated metabolites predominated in the
form of sulphoxide derivatives of promazine. The rates of
excretion after administration of acepromazine were low, being less
than 0.25 mg/hr throughout the three expesriments, and were not so
irregular as with promazine or chlorpromazine. Two types of total
excretion pattern were again obtained. Horses 4 and 8 attained a
maximum rate (~ 0.2 mg/hr) within 8 hours of injection, whereas for
horse 5 the rate rose to a slight maximum (0.25 mg/hr) between 8
and 16 hours., In all three cases excretion then tailed off
gradually and was complete by 32 hours. Excretion patterns for
the three horses are shown in figure 31. ﬂetaboliﬁes of
propionylpromazine, almost enfirely as unconjugated derivatives,

were readily detected up to 54 hours after injection and were
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(b)  Grel Ad-inistration,
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adninistration (Pn, 141) was notad, with slight waxina of hetwson

0.5 and 1 mo/hr during tha first 8 hours. Houevsr, both tyans
of excratlon wera found Tor unconjulated met=zbolites; which anzin
praedoninated, - In this {raction horses SGrand 8 attalnad maximusa
rates, (~ 0.8 and 0.4 mg/hr resrectivelv), hatyesn & and 16 houwrs
whareas horse 55 achiavad a slioht maxinum (~0,4 mg/hr) within

8 hours., Excretion patterns for individual groups of metabolites
are showun in Ficures 32, 335 and 34,
The unconjiuqztad fraction was zna2in excrated as sulnhoxics

derivativas of prowazine and, with the excuaticn ¢f ona sanpla,

their rata difd not 2xcand 0.5 moar throoshoul ths tores exoeriaen
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They were detected up to 40 hours after administration and accounted
for approximately 2% of the dose, Sulphate and glucuronide conjugatt
metabolites, on the other hand, were found only during the first

32 hours after dosing, representing 1.,1% and 0.8% of the dose
respectively,.

Table 8 shows the percentage of the dose of acepromazine
exéreted as the different metabolic groups in individual experiments.
Of interest are the low percentage total excretion (~4%), the
presence of ;Liphate conjugated metabolites after this route of
administration (~1%), and the predominance of unconjugated
. metabolites (~2%). The average ratio of unconjugated to

conjugated metabolites was approximately 1l:1.

(c) Metabolism of Acepromazine by the Dog,

Since an extensive literature survey rsvealed no previous
reports on the metabolism and excretion of acepromazine or
propionylpromazine; it was decided to investigate whether the
routes of metabolism found for such ketonic derivatives are peculiar
to the horse or are found in other species., Thus a series of
experiments was undertaken to study the metabolism and excretion
of acepromazins by the dog.

Acepromazine maleate was administered sither orally (0.5 mo/Kg
given iﬁ tablet form), or intramuscularly (L mg/Kg as a 1% solution)
to a series of 6 dogs, comprising 3 greyhounds and 3 mongrel breeds.
Dogs were housed in a metabolism cage to allow collection of urine
over 24 hours, 500 ml aliquots from each 24 hour sample were

analysed for the six metabolic groups as described for the horse, (Pg.pg,
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it was Tound bhet mebtabolites wereaxcreted in small

concantration arter eithnr routa of adninistration, Unconjucated
maetabolites ware dataciad ss sulphoxida derivatives of pronazins

and both conjuoaited fractions produced ultra vinlzt spectra with
maxima varying from sample to sample as experiencod with thea horse.
Thus netabolisn of acepromazing anpears to be sinilar for both ths

horse and tha dog.

(G) Sl_u ACJ‘V.

(i) Acepronazine and propionylpromazine undergo two majon
routes of metabolism, They either lose the sids chain ketorne group
at the Zeposition and are not further conjunsated or rotain Uhis groun
and are conjuneted with glucureonic or sulnhuric acid, Sulphouxide
formation tzakes place in the unconjunated fraction which predoninates.

(ii) After in- rTamuscular adninistration of acepronazineg,
both tynas of total excration nattern chtzinasd with promazine
vers noticed, whersas only the first tvoe was svident after the

-~

aoral route. In bobth cages the fail of in excreticn was much

mors reaular than for the other compounds investigated, and no

metabolites wzte detectaed after 40 hours.

v

(iii) Unconjuoated derivatives acrountad for almost all

-

retabolites detected after inktramuscular administration 1.3}
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on the substituents on the nucleus, Thus promazine and chlor-
promazine, and presumably other derivatives in which there is no
ketone grouping in conjugation with the aromatic ring, are excreted
predominantly as glucuronide conjugates. When promazine or
chlorpromazine was administered intramuscularly the average ratio
of dlucuronides to unconjugated metabolites was approximately 5:1,
and after oral administration the corresponding ratio was
approximately 10:1, Acepromazine and propionylpromazine on the

~ other hand, are metabolissd and excreted predominantly in the
unconjugated form as sulphoxide derivatives of pronazine. After
iﬁtramuscular adninistration of acepromazine the conjugated
fractions were found in only trace amounts, and after oral dosing
the ratio of glucuronides to sulphates to unconjugated metabolites
was 3:4:8.

(b) Percentage of dose excreted,

The percentage of dose excreted also varied from compound to
compound, metabolites of chlorpromazine being detected in greatest
ampunté. After oral administration ofAthis drug approximately
27% of the dose was excreted, compared to 10% for promazine and
4% for acepromazine, and after intremuscular dosing thé corresponding
figurqs were 10%, 11% and 1.,3%. This order for the percentage of
each drug excreted, (i.e. chlorpromazine > promazine > acepromazine),
cannot be related to the size of dose administered, since this
'déereases in the order promazine >chlorpromazine > acepromazine,

the ratio‘being approximately 10:5:1, The percentage also takes

into account differences in the size of dose.



(c) Duration of Excretion.

The duration of excretion of the different drugs was found to
decrease in the order promazine > chlorpnromazine >» acepromazine,
and this may possibly be related to dose. The determination of
lengths of excretion is governed by the limits of detection of the
procedure used. Using the more sensitive methods of thin layer
chromateograchy it has been shown that metabolites can be detected
for approximately 24 hours longer thamn by ultra violet analysis,
(pg.198), and length of excretion again appears to be related to
dose.

After intramuscular administraticn of promazine, excretion
lasted at least 26 hours in every experiment, whereas metabolites
of chlorpromazine were only detected for this length of time on
one occasion, and no evidence of acepromazine derivatives was
found after 32 hours. After oral administration, excretion of
promazine and chlorpromazine lasted betueen 72 and 96 hours and

acepromazine metabolites were detected up to 40 hours.

(d) Total Excretion Rates,

) Total rates of excretion of acepromazine metabolites with
one exception, (Horse 5 after intramuscular administration), attained
a maximum within 8 hours, aﬁd thereafter fell off reqularly as would
normaliy be expacted; After administration of chlorpromazine
this tfﬁe of excretion was only noted on one occasion, (Horse 5 after
oral administration), and the fall off was much more irregular,
Instead, the rate tended to rise slowly and irregularly to a maximum
between 16 and 40 hours, diminishing in a similar fashion. Tﬁo

distinct types of excretion were noted for promazine, the first



carresponding to that found for acepromazine, but with a much
more irregular fall, and the second rising slouwly to a maximum
between 16 and 32 hours then decreasing irregularly.

5. Effects of route of administration on excretion.

The presence of measurable quantities of sulphate conjugated
metabolites after oral administration appears to be the most important
difference between this route and intramuscular injection. Following
oral administration of promazine,sulphate conjugated metabolites
represented approximately 1.4% of the dose, and corresponding
percentages for chlorpromaziné and acepromazine were 1.3% and 1,1%.
After intramuscular administration, in every case, sulphate conjugated
metabolites were found in only trace amounts. This fraction
accounted for 1.2% of the dose after intravenous administration of
promazine., This will be discussed later (Pg. 269).

A further d ifference betuween oral and intramuscular
administration was the much larger proportion of the dose excreted
after the oral route. This was most noticeable for chlorpromazine
Or acepromazine. For chlorpromazine there was a clear difference,
the total percentages excreted being 27% after oral administration
and 10% by the intramuscular route. Corresponding percentages for
aceproma;ine were 4% and 1.3%. With promazine, however, the
average percentages of the dose excreted were approximately the
same for both routes, being 107 after oral, and 11% after intramuscular
-administration.

Figures 35, 36 and 37 show the percentages of dose esxcreted

over successive 8 hour intervals after different routes of administration



of promazine, chlorprosazine, or acspromazine., For all three
drugs metabolites were excreted in greater amounts after oral
administration during the first 32 hours than after intramuscular
injection, Thereafter the rate was epproximately the same for
both routes. After intravenous administration of promazine rates
of excretion were of the same order over the first 32 hours as
for oral administration.

ther differences noted were in the lengths of excretion after
the differen; routes, After intramuscular administration of
promazine, metabolites were detected for at least 96 hours in every
experiment, whereas after oral dosing excretion was complete by
64 hours, The corresponding length of excretion after intravenous
adninistration, determined in a single experiment,was 43 hours.
For chlorpromazine,excretion lasted betueen 80 and 96 hours after
sral, and, with one exception, for 64 hours after intramuscular
administratiaon, The length of excretion of metabolitez of
acépromaéine was approximately the same for both routes of
administration, being 40 hours after oral dosing and 32 hours after
intramuscular injection.

6. Comparison of Individual Horses.

The amounts and types of metabolites excreted during these
experiments could neither be related to the age nor the sex of the
horses. Hémever peculiarities were occasionally noted for
individual animals.

(a) Excretion by Horse 4.

Horse 4 excreted metabolites in much greater amounts than
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other horses. ' After intramuscular administration of promazine
urinary metabolites acaounted‘for approximately 22% of the dose
which was more than twice the percentage excrsted by other horses.
Similarly, after oral administration of promazine it excreted
13.6% of the dose, whereas horses 5 and 8 excrgted 9,3% and 7.4%
raspectively. Corresponding percentages after intramuscular
administration of chlorpromazine were 18.5% for horse 4 compared
to 5.5% and 4.6% for horse S.

The larger percentages appear to be due to a larger excretion
of the glucurcnide conjugated fractions by this horse. After
intramuscular administration of promazine it excreted 18,1% of the
dose in this form compared to an average of 7.4% for the other
five experiments (9.6%, 7.8%,7.5%, 6.1 and 5,9%). The
corresponding figures after intramuscular chlorpromazine were
17.2% compared to 4.8% and 3%, and after oral administration of
promazine were 11.2% compared to 5.2¥ and 6%. Percantages excreted
in the unconjugéted form ware of the same order within each series
of expsriments, as was the case for. the sulphate fraction.

After intramuscular administration of chlorcpromazine, horse
4 excreted metabolites for at least 96 hours wherzas no metabolites
were detected from the other two horses after 64 hours. However
after both routes of administration of promazine the length of excrstio
by all horses (including horse 4) was of the same order within each
series of experiments (96 hours after in:ramuscular and 64 hours
after oral administration). Thus the larger amounts of metabolites

excreted by horse 4 must be due to a greater rate of metabolism and
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not to prolonged excretion of metabolites.

Unconjugated metabolites of promazine and chlerpromazine were
excreted by most horses entirely as sulphoxide derivatives. Horse
4 however once mare proved an exception. After intramuscular adminis-

tration of proma@zine it also sxcreted this fraction in the sulphide

form from 32 hours after injection until the end of the expsriment,
and after oral administration such derivatives were detected during
the Tirst 24 hours. However, the la;ger percentages of metabolites
excereted by this horse were not a reflection on the presence of
these sulphide derivatives. Unconjugated sulphide metabolites

were also excreted in trace amounts by Horse 7 from 48 to 72 hours
after oral administration of chlorpromazine.

(b) Execretion of conjugasted metabolites.

Glucuronide conjugated metabolites of promazine or chlorpromazine,
as a rule, were excreted almost entirely as sulphide derivatives,
Horse 5,however, after intramuscular administration of chlorpromazine
excreted this fraction predominantly in thez sulphoxide form, only
trace amounts of sulphide derivatives being detected. It also
excreted glucuronide conjugated sulphoxide metabolites after oral
administration of promazine or chlorpromazine, and after intra-
muscular administration of promazine,

Similarly, although sulphate conjugated metabolites of
promazine or chlorpromazine were normally excreted almost entirely
in the sulphide form, small amounts of sulnhoxide derivatives were
occasionally detected, They were excreted by horses 5 and 7

between 40 and 64 hours aftar oral administration of chlorpromazine



and were also found towards the end of excretion of the sulphate
fraction after oral administration of promazine to horse 8 (56 to
72 hours after dosing,)

(c) Consistency of excretion patterns for individual horses,

The consistency of patterns of metabolism and urinary excretion
for individual horses was investigated on threse occasions by repetitio
of experiments. Comparison of results from such duplicate
experiments showed that, for the most part, metabolism and excretion
proceeded along similar lines.

Horse 5 received promazine intramuscularly on two occasions.

The respective percentages of doss excreted were similar, (9.13% and
7.1%), but the ratio of the glucuronide fraction to the other two
fractions combined was considerably different.. On the first
occasion this was ~ 2:1,whereas on the second occasion, the figure
was nr6:1, In both experiments unconjugated metabolites were
excreted as sulphoxides up to 896 hours, However traces of sulphide
derivatives, absent in the first experiment, were detected during
the first 40 hours on the second occasion. In both cases glucuronide
conjugated sulphoxides were excreted over 96 hours although traces
of sulphide derivatives were also found during the first 32 hours of
the second experiment, Sulphate conjugated metabolites were found
in only trace amounts on both occasions.

This horse also received chlorpromazine intramuscularly on two
occasions. Again the total percentages excreted (5.5% and 4.6%)

were similar, whereas some difference existed in the ratio of

glucuronidss to the other fractions (7:1 and 2:1). In both cases



unconjugated metabolites were excreted entirely in sulphoxide
form although, in the first experiment,samples collected during
the first 16 hours contained no trace of this fraction. Similarly
glucuronide conjugated metabolites were excreted on both occasions
as sulphoxides up to 56 hours after injection, The corresponding
sulphide derivatives were found in only trace amounts. As already
described, excretion of glucuronide cunjuga%es in the sulphoxide
form seems to be a peculiarity of this horse (Pg. 187).

Horse 7rreceiued chlorpromasine orally on two occasionsc
In this case the percentages of the dosz excreted differed
considerably, being 39,5% and 15.6%. However, the ratio of
glucuronide to unconjugated metabolites was similar (~ 22:1 and 16:1).
In both cases unconjugated metabolites were excreted in the
sulphoxide form for approximately 72 hours, although traces of
unconjugated sulphides were found during the first experiment
between 43 and 72 hours of dosing. Glucuranide conjugated
metabolites were excretsd entirely as sulphides over 80 hours on
both occasions, Sulohates were excreted predominantly as sulphide
‘derivatives for 56 hours on the first occasion and for 72 hours
in the second experiment, ‘However, in both cases trace amounts
of sulphoxides were also detected when excretion of this fraction
was alﬁOSt complete. These results are summarised in Table 9,

Te Initiation and Termination of Excretion.

In addition to pooling urine samples over 8 hour periods,
100 ml aliquots from the first sample voided after drug administration

were analysed in an attempt to determine how soon metabolites were



TABLE 9.

Experiment| Horse Drug Route J. Excreted [ Ratio* | Unconjugated|Glucuronides | Sulphates
L 5 Promazine I.M. 9.1 2:1 S0 S0 Trace
2 7.1 63l S0 S0 Trace
L 5 Chlorpromazine I.M, 23 7:1 SO S0 Trace
2 4.6 231 50 S0 Trace
L 7 Chlorpromazine Oral 39,3 18:1 S0 8 S
2 15.6 831 SO S SR
* Denotes ratio of glucuronides to other two fractions, SO = Sulphoxides. § = Sulphides,

Table 9. Comparison of Duplicate Experiments on Individual Horses.
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excreted. Also, in experiments where excretion had previously
been found to last for at least 96 hours, collection was continued
up till 102 hours and thereafter at 24 hour intervals until
metabolites were no_ longer detected.

Such experimehts have shown that, for the most part, excretion
~ of metabolites does not commence until between 2 and 4 hours after
administration. Atter intramuscular administration of chlorpromazine
to horse 5, no metabolites were found in the first two pooled eight
hour samples,rwhereas on the second ocrcasion they were detected
within 3 hours in the first semple voided. Initiation of.excretion
for the other horse (4) dosed in this manner was within 4 hours of
injection,

During all three experiments after oral administration of
chlorpromazine, metabolites were detected in the urine within 4
hours of dosing., The first sample obtained from horse 7 on each
occaéioh, at 30 miﬁutes and 1 hour respectively after administration!
contained no metabolites.

After oral, intramuscular, or initravenous administration of
promazine, excretion of metabolites did not commence until between
2 and 4 hours. A sample was obtained from horse 5 within 40
" minutes of oral administration but it contained no metabolites,
Howeveg, on both occasions that this horse received an intramuscular
dose of promazine, excretion tad commenced in samples collected 90
minutes after administration,

Metabolites of acepromazine, with one exception, were dstected

within 3 hours of administration. No urine was voided by horse

4 until 16 hours after intramuscular injection, but the first sample



had a strong concentration of metapolites. Also a sample
collected from horse 5 within 90 minutes of intramuscular
administration, contained measurable amaunts of metabolites,

In experiments where metabolites were excreted over ©6
hours, (i.e. intramuscular injection of promazine or chlorpromazine),
they were still detectable at 102 hours after administration, but,
in every case, sxcretion was complete aftef-a further 24 hour
period,

8, Urinary.Uolume and pH,

As previously described,both urinary volume and pH were
measured for each samplé passed., 0n average, samples were
obtained every 3 hours. However, occasionally two samples were
obtained within 1 hour , and, on one occasion 16 hours elapsed before
the first sample was passed. Also urine was excreted much more
frequently betwsen 10 p.m. and 10 a.m., but this did not result
in an increase in urinary volume over the period.

Volumes of urine collected over successive 8 hour intervals
ranged between 1000 and 2500ml, and the average volume voided was
‘approximately 1600 ml, Individual samples ranged in volume from
200 to 1500 ml, However, on severai occasions volumes of less
than 100 ml were obtained, and on one occasion 2500 ml was voided.
There was no relation between frequency of excrstion and the
volume of urine passed,

On several occasions it was noted that the fraquency of
excretion was much less during the first 24 hours after drug

administration than for the remainder of the experiment. It was



thought that this might be due to an antidiuretic effect of such
drugs on the horse. To clarify the situation urine collections
were made from three horses for 24 hours before drug administration,
and volumes were compared with those subsequently péssed. As can
be seen from Figure 38, there is a decrease in urinary volume in
every case during the first 24 hours. Howsver, tﬁis could be due

to a decrease in water intake during the maximum effects of the
drug.

Urinary volumes were also compared after oral and
intramuscular administration of each drug to investigate any
relationship between them and the greater percentages of dose
excreted after oral administration, Figure 39 shows the average
urinary volumes passed over successive 8 hour intervals after oral
or intramuscular administration of chlorpromazine. However, no
obvious difference can b2 seen between the volumes voided after
sach route. This was also true for acepromazine and promazine,

The pH of urine samples, varied between 7.0 and 8.5. However,
occasibnally it varied between 5 °and 7 over a whole experiment,

"but was not related to an incrEﬁse in amounts of metabolites

excreted, Table 10 shows the volume, oH, and rates of excretion for
sqccessive 8 hour ;amples over the first 48 hours after administration
of chlorpromazine. As can be seen there is no obvious relationship
between the rates and the volume or pH of the samples. This was

alsb true for promazine and acepromazine., After intramuscular

administration, several samples frem horse 4 had a.pH of less than

7 and rates of excretion were greater than in corresponding samples
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from horse 5. However, samples with a pH of more than 7 also

produced greater rates of excretion than horse 5. As previously

described (Pg.1lB2) greater rates of excretion than normal at pH

values above 7 were a noticeable feature of metabolism by Horse 4.

Thus the increased rates must be attributed to some other aspect

af metabolism by the horse, and not to the écidic pH of its urine.
8. Summary.

(i) Tuwo,types of excretion were noted. In the first the rate
reached a maximum within 8 hours of administration, whereas the
sacond type rose slowly to a maximum between 16 and 40 hours.
Acepromazine, folloued the first course, whereas both patterns
were noted after administraetion of promazine or chlorprowazine,

(ii) Percentages of dose recoversd were low, being
approximately 19% for chlorpromazine, 10% for promazine, and 3%
for acepromazine. Excretion of promazine and chlorpromazine was
also prolonged, in certain cases lasting more than 96 hours. Mo
metabolites of acepronazine were detected after 40 hours,

(iii) Using promazine or chlorpromazine-conjugated metabolites
predominated, whereas, after administration of acepromazine or
propionylpromazine, the unconjugated fraction was in greatest
evidence. Sulphate conjugated derivatives of each druq were
present in small amounts and were only detected in trace quantities
after intramuscular administration.

(iv) Unconjugated matabolites of promazine and chlorpromazine

were mostly in the sulphoxide form, whereas glucuronides and sulphates
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wer e excreted as sulphides. 0On the other hand, acepromazine
~and propionylpromazine were metabolised in the unconjugated
fraction as sulphoxide derivatives of promazine and in the
conjugated fractions as a mixture of sulphide and sulphoxide
metabolites of the parent drug.

(v) The percentage of dose excreted decreased in the order
chlorpromazine > promazine > acepromazine,whareas the duraﬁion
of excretion fell off in the order promazine > chlorpromazine>
acepromazine,

(vi) Larger percentages were recovered after oral
administration than after intramuscular injection.

(vii) No relation was found between amounts or types of
metabolites excreted and the age or sex of the animals.
In duplicate experiments on individual horses metabolism and
sxcretion proceeded along similar lines although several differences
were noted.

(viii) Excretion of metabolites commenced between 2 and 4
hours éfter adninistration,and when excretion lasted longer than
96 hours no metabolites were detected by 126 hours. No correlation
was found batwsen uripary volume, pH and amounts of metabolites

excreted,

C. flualitative Studies of {Mfetabolism,

Excretion of metabolites was also followad over successive 8

~ hour intervals using thin layer chromatography. This technique



provided separation of individual metabolites for subseguent structur
determination., 300 ml aliquots from sach 8 hour sampls were
extracted for chromatography as previous'y described (Pg.llz),and
spotted on consecutive 1 cm. strips of a chromatography plate,
Development and subsequent colour formation gave a qualitative
picture of excretion of individual metabolites, The residual urine
was pooled, and used for further structural deterxmination.

(1) Metabolism of Promazina.

(a) Unconjuoated fletabolites,

Figure 40 ghows a typical chromatogram of unconjugated
metabolites extracted after intramuscular administration of pronazine
hydrochloride. Marked variations exist in the concentration and |
number of metabolites detected in successive samples., In some
cases eaven larger variaﬁions in intensity were notedr occasionally
to such an extent that a metabolite excreted during the initial
stages of an egperiment was not detected in a few subsequent samples,
but later reappeared. This was specially true of metabolites Pl
and §3, and was noticed once for P2. In addition, trace amounts
‘of metabolites other than those recorded were occasionally detected.
The most commonlonccurring had Rf values of 0.73 (Ql) (i.e. between
Ml and P5) and 0.23 (Q2) (between Pl and P2) in the methanol/acetic
acid/water system,and gave a reddish pink colour with sulphuric acid.

At least seven unconjuéated metabolites were detected by
the}r colour reaction with 50% sulphuric acid, and their fluorescence
under ultra violet light. Fu?ther investigation of their

structure was carried out by comparison with known standards in three
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solvent  systems, the use of épecific spray reagents, and elution
techniques (Pg.116). A summary of the results is shown in Table 11,
Of ths seven metabolites detected, three have been positively
identified, P2 had the same Rf values as promazine sulphoxide,
(0.39, 0,03 and 0.61), in each solvent system and, on elution
with 0.1N hydrochloric acid, its ultra violet spectrum corresponded
~to that of a sulphoxide derivative of promazine. It had a pink
colour reaction with 50% sulphuric acid, and no reaction was
observed using the periodate spray, confirming the absence of a
hydroxyl fuﬁction. No colpur was observed with the ferric chloride
solution, confirming the oxidation of the ring sulphur to the
sulphoxide form, and tests for demethylation of the side chain usinj
ninhydrin or nitroprusside sprays were also nagative. It was thus
concluded that this metabolite was promazine sulphoxide.,

Spot P4 yas identified as the parent drug. Both compounds ran
to ths same'heights in the systems used and, on elution, this
derivative had an ultra violet spectrum identical to that of
promazine, A reddish pink reaction with sulphuric acid, and no
reaction with sodium periodate, indicated that hydroxylation had
not occurred., A reddish pink reaction to the ferric chloride spray
cdnfirméd that the ring sulphur atom was unoxidisesd, and tests for
demethylation using ninhydrin or nitroprusside both proved negative,

The Rf values for M1, (0.63, 0.14, and 0.93) were almost
‘identical to those of 3-hydroxy promazina, (0.61, 0.15, 0.93),
and its ultra violet spectrum correspond to that of a sulphide

derivative of promazine. The presence of a hydroxyl function was



confirmed with both 50% sulphuric acid and sodium metaperiodate,
There was no evidence of deméthylation using eithér of tha specific
amine spray reagents, and a reddish pink coloration with the
ferric chlorida spray confirmed that the compound was unoxidised
at the sulphur gtom. Thus M1 was identified as 3-hydroxy promazine.

Due to a lack of reference standards the other four metabolites
were not completely identified. Spots Pl,; P3 and PS5 produced a
pink coloration with sulphuric acid, and their ultra violet
spectra were typical of sulphoxide derivatives, This was
confirmed by a lack of resaction with the ferric chloride spray.
There was no evidence of demethylation or hydroxylation. Spot
12, on the other hand, had a purple reaction with both sulphuric
acid and periodate iﬁdicating that it was hydroxylated, It had
a reddish pink reaction with the ferric chloride spray, and its
vltra violet spectrum was typical of a sulphide derivative, There
was no eﬁidence of demethylation.

Thus the unconjugated urinary metabolites of promazine in
the horse are promazine sulphoxide (P2), 3-hydroxpromazine (M1),
the parent drug (P4), three sulphoxide derivatives which do not
appear to be demethylated or hydroxylaﬁed (P1, P3, P5), and a
hydroxylated derivative occurring in the sulphide form (M2),

{b) Glucurcnids Conjugated Fetabolites.,

Figure 41 shows a typical chromatogram of glucuronide
conjugated metabolites of promazine excreted over successive 8

hour intervals after intramuscular administration. The
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metabolitos chown orn nob tha sctuzl canjunates Tovme, hubt their
gening obtained after hydrelysis with f-alucuronidase. As with
the unconjunaced metabolites, oxocratinn was still detectable =4
98 hours, althnunh varietions in intensity and nuabers of spots

fron saupla to samnl=2 werz nobt so marvked,

At least 11 wmotabolites wera delected using the sulphuric acid

spray and fluorescence undor ultra violet lighit, six of which, (X1 - XG),
constituted tha major frachtion. Spots X1 « X5 reacted bhoth with

sulphuric acid and parindate indicalting that hydroxylation had

a

occurrad,  XO,0n the obhar hand, snowed no evidence of hydroxylation.
ffona of the wmetabolitas showed any reaction with ninhydrin

or nitroprusside sprays. fach spot was eluted with Q.10
hydrochloric acid a2nd the ultra violet sn=ctra of the slustes ware
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the sulphoxida form, Thair reaction; or lack of reaction, with

o o
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s> of oxidstion,
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372 mple Tha rzaction wra 2lso avtenntag with tha ohhar Tivs

vetabolites buet it vee innossibla

Thue, afisr adniniscration of pronazine hydrophlorida oo the
horss, At least 11 matalolites are excreted conjugataes with
qlucurenic acid. 3ix of thosa, XL ~ X6,wara detected In syarny
samnle anclysad, X5 was idantifiad as 3-hydooxy nronazine and

lo -

corragsponcds i snob 11 in the unceriugated Fraction, Snots XL - X4

0
—
-2
€T
0]

also nydroxylated but due to a lack of refarance standards,

and difficulty in elution, thz exzet positinn of hydeooxylation in

X2 and X4 are sulphid»

darivatives, whareas X3 is in the salphoxida fomn, and none of than

apnearas to bo dxmathylated, The rrsaining matabolite, (X&),

shows no 2vidence of demathylation, and is in the sulphoxide form.
onjugation couls taka nlacs through e side choin hydroxyl avaun which

wnuld hava no reaction with Lha nsriodsta spray, The athar

natabolites only a9nzarsd censsicomally =2nd tended tao civa =2 hlus

colaur2iinn with sulnhuric acid compared to the purnla spots ol
tho hydroxylate ! derivativas already rscarcad. Tha chenical,
spacceral and chrosatooranhic pronertias af tha qlucuronid:
metaboli-as are shovn in Tedla 12,
(e)  Sulahabs eenlunzied nsbebolites.
Sulahatz cenjugatard natebolites wars detacted in only snall
aaounts arfter intranusculss asinistralion, durinn the Firpst &0 bours,
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obtained after hydrolysis of the glucuronide conjugates. From
the size and intensity of the spots they appeared to be present

in equal concentration.

(d) Oral Administration.

Similar metabolic patterns were obtained in each fraction after
oral administration. fetabolites Pl -~ P5, i1l and 12 were again
detected in the unconjugated fraction, and spots X1 -~ X6 were
detected in tba glucuronide fraction, but in both cases they were
only found up to 80 hours after administration. The sulphate
éonjugated group were found in much greater anounts than after
intramuscular administration and were also detected up to 80
hours. In this case five sulphate conjugates were found which,
from their chemical, spectral, and chromatographic ﬁehaviour, were
identified as compounds X2 - X6. Further experiments using
continuous extraction of 2 litre volumes of urine showed that
compound X1 is also present conjugated with sulphuric acid.

The results for both routes of administration suggest that
the maiq.pathmay of metabolism of promazine in the horse is
hydraxyiation followed by conjugation, predominantly with glucuronic
acid, and to a lesser extent with sulphuric acid. A summary of the

main metabolic products of pronazine in the horse is given in Figure 42

(2) m™Metabolism of Chlorpromazine.

(a) Uncenjugated metabolites.

Marked variations in the intensity and number of spots were

again noted from sample to sample, and certain metabolites uwere
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found to disappear for a number of samples, only to reappear later.
Figure 43 shows a typical chromatogram of unconjugated metabolites
excreted over successive 8 hour intervals after intramuscular
administration of chlorpromazine hydrochloride, In addition to
the derivatives recorded trace amounts of unconjujated metabolites
were found with Rf values of 0.83, (CQl), (between metabolite Hl
and the urinary pigments), and 0.50, (CQ2),(attached to the top

of metabolite CP3), The former gave a reddish pink reaction with
sulphuric aéid, and the latter a purple colour, No reaction

was observed with any of the other spray reagents and, due to

the small amounts excreted, no interpretable uvltra violel spectra
were obtained on elution.

Five unconjugated metabolites were detected by their colour
reaction with sulphuric acid, and their fluorescence under ultra
violet light. Their chemical, spectral and chromatooraphic
properties are summarised in Table 13. Four, (CPl-4), had a
reddish pink reaction with'BD% sulphuric acid. The fifth (H1) had
a purple reaction with both this reagent and sodium metaperiodate
indicating that hydroxylation had taken place.

Spot CP3 ran to the same height as chlorpromazine sulphoxide
in each solveﬁt system, and their ultra violet spectra were
identical. No reaction was observed with niAhydrin, nitroprusside,
periodate or ferric chloride confirming that the compound is a
sulphoxide derivative in which neither hydroxylation nor demethylation
has taken placse. Thus spot CP3 was identified as chlorpromazine

sulphoxide.



FIGURE 43,

UNCONJUGATED METABOLITES OF
CHLORPROMAZINE
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The ultra violet spectrum and Rf values of CP4 in each solvent
system were identical to those of chlorpromazine. A positive
reaction with the ferric chloride reagent confirmed that the ring
sulphur atom was unoxidisad,and there was no evidence of
demethylation or hydroxylation, It was thus concludsd that CPR4A
represented the parent compound. The other two compounds, (cp1,
CP2,) were not fully identified. Both had ultra violet spectra
corresponding to sulphoxide derivatives, and no reaction was observed

'
with ferric chloride, periodate, ninhydrin or nitroprusside,

The remaining unconjugated metabolite, (H1), had a purple
colour reaction with the sulphuric acid and pericdate sprays,
indicating hydroxylation had taken place. Its Rf values in the
systems used, (0.73, 0.28, 0.87), corresponded to thoses of 7-hydroxy
chlorpraomazineg, (0.73, 0.30, 0.87) as did its ultra violet spectrum.
No reaction was noted with the ninhydrin or nitroprusside sprays,

Hl was therefore identified as 7-hydroxy chlorpromazine.

Thus the major unconjugated metabolites of chlorpromazine in
the horsg are chlorpromazine sulphoxide, (CP3), 7-hydroxy chlorpromazine,
(H1), the parent compound, {CP4), and two sulphoxide derivatives,
(cP1, CP2), in which neither hydroxylation nor demethylation take
place. Two other metabolites were detected in trace amounts, one

of which was hydroxylated,

(b) Glucuronids Conjuoated fetabolites,

Figure 44 shows a typical chromatogram following excretion of

glucuronide conjugated metabolites after intramuscular administration
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FIGURE 44,

GLUCURONIDE CONJUGATED METABOLITES OF
CHLORPROMAZINE
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of chlorpro-azine, Ao with prenazine, thn snots reprasent the
genins obtain=d by enzynatle bhydrolyeis of tha conjuoated
foms, Sevan metabolites wers found in this fraction, Spots

Y1, Y3, Y4, Y5 and Y . ction with

had 2 nurple coloun rea

both

sulphuric acir and neviodate indicating that they wers hydroxylated,
Y2 and Y7, on tha2 other hand, showed no evidance of hydroxylation.
Only ane of thase derivatives was fully identified, Spot Y3
ran to th=2 sanz height in tha solvent systes used; and had an
identical ultrs violet snectuum in 8.7N hydrochloric ecid to
7-hydroxy chlovoroazinag, Tner2 was no reaction wich nintydrin

or or nitropruesida, but 5 reddish pini colonration was

by b
[ RV

ferric chiorida, Thus this metaholite was ldentified es 7T-hyvdroxs
chlorpronazineg Of the pemainino hydroxylaled compornds,; Y1, Y4 =nd
Yo had ultra violet spectra corresnonding Lo sulnhids derivetivas
of chlernrgmazinz, and had 2 pink colour veacticn with ferric
chloride solution, Howaver, 2y had no reaction with ninhydei
or nitreprussida,.  Using the sarme techninuas it wa2s cencludsz
that soHnt Y3 correspandad to 2 sulnhoxide darivativae of chloror 73

Coapounds Y2 ard Y7 had ulf viclet snectra typical of
sulphmxide derivatives of ehlorpro ezine bnt thers w2s no =vieocs
of hydroxylatior or d:a-mathyl-ation. ds wit pro-azina metabnlice
Xh,coniupntinn in fhase cornounds could taks plsc» tho o ugis a alao
chezin hydroxyl ovoup which vould Hava na rerchion willh the s -ingsne
snray, A gurmozry of the vasults is given in Tebls 14,

(c) Sniataga Ton atatef Terabaiibog,
Sul-hata tonjusihad matobeiiizss otz Foynt Inogaly 3ol
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th= Tivet 48 hours after intersmusceulsr

adninistration, Cnly Tour catobolitas wors debechsd in each
eample which corrzs-onrnd . d in chenicel, spzehtenl and chrotateoronhic

erties to coapcunds Y2, Y3, Y5 and Y7 Tound in tha alucurconids
fraction, Furcihner analysis af sulohates using 2 litre volumaes
of pooled urinz showsed that cornouads corvresponcding to Y4 2nd Y& wers

also preszant,

~~
ol
-
3
!

21l Artrinistration,

——— - i

Gral adwinistration pave sinilar metaholic patterns to those
ohtaincd after irtrzrusculay injection, although a areater a2bundonca
of maltahnlites wos noted in the sulphote fraction, lpst sanples
containad five suzh me%abulitas corrasponding in chewiczl,
spactral ang chrowatographic proneriies to Y2, Y3, Y4,Y5 and Y7,
Furtha- analysis using lavger s=mples of urine showzd that all

Iy

the genins obtainzug in the glucuranide friction were 2lsao

iar af chlor-romazine

s
-—

as sulonete conjunates, A sutrniary of metad

by thz horsa is given in Figura 45,

(3) Tetaholisn af Acenrosazine,

—— e e L T

(a) Lnconivnated metabalites,

Grly onz najcr retabalite, (12), waoe Found in Shz uncanjuagated

U

Fracticn, npresent until 50 hours after in renuscular adiinistraiion,

(AL, AR), wers occesicnally found in s:2ll emourts, Tr3
chronatogranhic, cheuical and snrctral crensriiss of the
uncarjuzabsd fracticn ave recondad In Teplz 15,

5zac A2, 0a 2lullco, Trooueced e uliv: winl=hozazchon



FIGURE 46.

METABOLITES OF ACEPROMAZINE.,
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corresponding to a sulphoxide derivative of promazine. It had

a pink colour reaction with sulphuric acid, but no reaction was
observed with ninhydrin, nitroprusside, pericdate or ferric
chloride, It was thus identified as a sulphoxide derivative of
promazine in which neither hydroxylation nor demethylation had

taken place. Its Rf values in the solvent systems used were not
comparable to those of promazine sulphoxide itself and due to the
lack of standard reference compounds it was not further identified,
Metabolites Al and A3 had ult%a vioclet spectra typical of sulphoxidg
derivatives of promazine.

They also produced a pink colour with 50% sulphuric acid, and
no reaction with ferric chloride confirmed that they were in the
sulphoxide form. MNeither ninhydrin, nitroprusside nor pericdate
sprays produced any evidence of demethylation or hydroxylation,

Four metabolites, (Bl - B4), wers detected in both the
glucuronide and sulphate fractions up to 40 hours after administratior
Their chemical, spectral and chromatographic properties are summarisec
in Table 15, Each had a purple colour reaction with sulphuric
acid and metaperiodate, indicating that hydroxylation had taken
place. On elution, the ultra violet spectra of Bl1, B3 and B4 corres-
ponded to that of acaﬁfomazine, showing that no oxidation of the
nuclear sulphur atom had occurred, whersas that of B2 was typical
of a sulphoxide derivative of acepromazine. This was confirmed
using the ferric chloride spray, and the specific amine reagents
showed no evidence of demethylation.

Thus acepromazine is metabolised by the horse to three
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unconjugated (Al, A2, A3) and four conjugated derivatives (Bl - B4)
cccurring both as glucuronides and sulphates. Al, A2 and A3 are
sulphoxide dsrivatives of promazine. Bl. B3 and B4 are hydroxylated
sulphide derivatives of acepromazins, whereas B2 is a hydroxyiated
sulphoxide. These routes of metabolism were also found in the

dog. A chromatogram of the individual metabolites is shown in
Figure 46,

(4) Metabolism of Propionylpromazine,

The major metabolites of propionylpromazine in the horse
are shown in Figure 47. Tuwo metabolites, (PR1, PR2), were found
in the unconjugated fraction,which; on elution with 0.1N hydro-
chloric acid, produced ultra violet spectra corresponding to sulpho%j
derivatives of promazine. They produced a reddish pink colouration
with 50% sulphuric acid, but no reaction was observed with any
of the other specific reagents.,

Each conjugated fraction also contained two metabolitses,
(PH1, PH2), but neither could be eluted in sufficient amounts to
produce an interpretable ultra violet spectrum. They had positive
reactions with both sulphuric acid and pericdate, and no evidence
of demethylation was observed. Only PH2 had a positive reaction
with the ferric chloride spray, showing that its nuclear sulphur
atom was unoxidised.

The major metabolites of propionylpromazine in the horse
are therefore two unconjugated sulphoxide derivatives of
promazine which are neither hydroxylated nor demethylated, (PRl,PR2),

and two hydroxylated metabolites, conjugated to either glucurcnic



FIGURE 47,
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or sulphuric acid, one of which, (PH2), is a sulphide and the other,
(PH1), a sulphoxide,

D Limits of Detection of Urinary fietabolites,

Intramuscular doses of each drug, approximating to the
minimum amount necessary to produce a noticeable effect, were
administered over periods of 2 to 3 weeks to determine whether
they were detectable at such levels. Details of the doses
administered, volumes analysed, periods of collectioen, and

metabolites detected are given for esach drug.

(1) Promazine,

Promazine hydrechloride, (0.3, 0.5 or 0.7 mg/Kg as a 5%
solution), was administered intramuscularly on nine days over a
two wesk period. On the remaining days the horses received a
control injection of saline. Urine was collected and pooled for
approximately 6 hours after injection and separate aliquots of 300 ml
were used for qualitative and quantitative analysis. From initial
studies this was found to be the smallest volume from which
metabolites could be detected using the spectroscopic technique.
Detéils of the doses administered and results obtained using ultra
violet and visible speétroscopy are shown in Table 16,

After injection of 0.5 or 0.7 mg/Kg. the unconjugéted fraction
was just detectable by ultra violet spectroscopy but they wsre not
always detectable from the visible spectrum after reaction with
sulphuric acid. No unconjugated metabolites were fougd using either
form 6f spec£roscopy after the 0.3 mg/Kg dose. Sulphate conjugates

were found anly occasionally in trace amounts,
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Glucuronide conjugated metabolites were only detected
occasionally in small concenération as sulphide derivatives. Howeve
their appearance was not dependent on the dose adminisfered. For
example, after an initial dose of 0.5 mg/Kg. ho glucuronides
were detected, whereas doses of 0.7 mg/Kg and 0.3 mg/Kg on days
2 and 3 gave rise to weak ultra vi?let spectra typical of sulphide
derivatives of promazine, This seemed to indicate & build up of
metabolites.after successive daily dosage, but since their concen-
trations were so close to the limits of detection for the technique-
this could not be fully established,

Representations of thin layer chromatograms following
excretion of individual metabolites after such doses are shown in
Figures 48, 49 and 50. The greater sensifivity of this technique
allowed detection of metabolites in most samples, The uncenjugated
fraction was found in every samnple, but only three metabolites were
detected corresponding in chemical, spectral, and chromnatographic
properties to Pl, P2 (promazins sulphoxids) and P3 (Pg.pqgz). Pl
and P2 occurred in most samples, but P3 was only detscted on one
occasion {Day 7).

Five glucuronide conjugated metabolites, corresponding to
compounds X1 ~ X5 were detected in small concentration on days 10
and 11l. However, over the rest of the experiment the number
appearing was variable, ranging from 4 on the second day to none
;n day 8 (Figure 49).

Sulphates were detected in small concentration througho@t

the experiment, Six metabolites were detected on days 10 and 11,



FIGURE 48,

PROMAZINE.UNCONJUGATED METABOLITES
DETECTED AFTER LOW DOSAGE
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FIGURE 49,

PROMAZINE. GLUCURONIDE CONJUGATED METABOLITES
DETECTED AFTER LOW DOSAGE
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FIGURE 50,

PROMAZINE.SULPHATE CONJUGATED METABOLITES
DETECTED AFTER LOW DOSAGE
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five-of which produced a purple colouration with sulphuric acid,
and corresponded in physical and chemical properties to compounds
Xl -~ X5, The sixth compound, (Rf = 0.65), had a reddish pink
reaction with ths sulphuric acid spray. Its ultra vioclet spectrum
was typical of a sulphoxide'derivative of promazine, and no ceolour
was observed using periodate, ferric chloride, ninhydrin or
nitrobrusside solutions., It was thus concluded that this compound
represented a sulphate derivative of promazine conjugated through
nitrogen. It was detected on days 2, 3, 7, 9, 10 and 11. Apart
from days 10 and 11, ths number of sulphate conjupated metabolites
found in any one sample varied between 2 and 4, Spots X1 and X2

were detected in every sample (Figure 50).

(2) Chlorpromazine,

A similar experiment was carried out after intramuscular
administration of chlorpromazine hydrochloride, (0.1, 0.3 or 0.5 mg/Kg
as a 5% solution). As for promazine 300 ml was found to be the
smallest volume necessary for detection of metabolites by
spectroscopy. The doses administered and results obtained by ultra
violet and visible spectroscopy are shown in Table 17.

Eonﬁantrations of metabolites were again on thd limits of
detection. No unconjugated derivatives were found after doses of
0.1 mg/Kg and, with the exception of the initial dose (0.5 mg/Kg),
where there was no svidence of metabolites, only small amounts were
detected after the 0.3 or 0.5 mg/Kg doses. No sulphates were
detected by this technique and glucuronide derivatives were only

found in the first three samples, (0.5, 0.3, 0.1 mg/Kg respectively). J



TABLE 17,

paoutelqo wniloods oy = -~ paurelqo uni3o3ds STQISTA = +

wnijoods sprydins = § unajoads sprxoyding = QS

- - + - - 0s €°0 11
- - + - - 0s £°0 01
- - + - - 0s G¢*o 6
- - - - - - €0 8
- - - - - - 1°0 L
- - - - - - 0 ki
+ - - S - - 1°0 €
+ - + S - oS £°0 [4
- - - S - - G0 T
sspruoanonTs | seyeyding | poie3nfuooup | sepruoanonys | sajeydins | pe3re3nluodup (34/3u)asoq Aeq

uni3oads 9TqISTIA 19TOTIA B3N

*aurzewoidioTyo JO SI8SOpP TJEwWS JO UOTIBIFSTUTUPE
IBINoSnweIlul I93Je 30BIIXd JO BI3Dads 9TQISTA PuUB 3I9TOTA BIFIIN WOAJ S3TNsSay

LT @198l



Chromatograms of individual wmetabolites are shown in Figures
51, 52 and 53. Only two unconjugated metabolites were found
corresponding in;chemical, spectral and chromatogrephic properties
ta compounds CP3 (chlorpromazine sulphoxide) and CP4 (the parent
drug). Either one or the other was nrasent iﬁ most samples,
but they were only found together on days 2, 10 and 11 (0.3 mo/Kg
doses in each case).

Glucuroqide conjugated metabolites wers present in all
samples. A maximun of four was detected on days 1, 2, 3, 10 and
11 corresnonding in physical and chemical properties to conpounds
Y3, Y4, Y5 (7-hydroxychlororonazine) and Y6, For the rest of
the experiment the nunber of metabolites detscted in each sanple
varied betuwesn 1 and 3. As in the unconjugated fraction the
number of spots was nect rzlated to dose,

Six metabolites were Found<in the sulphate conjugated fractiaon.
However, not more than four wer= detected in any onz sample,
and on three days (4, 7 and 11 ) no metabolitss were present.
Thres spots had a purple cclour reaction with sulphuric acid and
corresponded chronatograshically and c-emically to compounds Y4,
Y5 (7-hydroxy chlorpromazina), and Y6, The others, (21, 22, 23)
produced a reddish pink eolour with t+is reagent, having RT
values of 0,07, 0,17 and 0.33 respectively, and from their
reaction with specific sprays appeared to be nonhydroxylated
sulphoxide derivatives. 71 was present in three samples (2, 3 and 9),

whereas 22 and 23 were only found on davs 10 and 1 respectively.



FIGURE B1,

CHLORPROMAZINE .UNCONJUGATED METABOLITES
DETECTED AFTER LOW DOSAGE
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_FIGURE _52.

CHLORPROMAZINE.GLUCURONIDE CONJUGATED METABOLITES
EXCRETED AFTER LOW DOSAGE
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FIGURE 53,

CHLORPROMAZINE . SULPHATE CONJUGATED METABOLITES
DETECTED AFTER SMALL DOSAGE
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The chromatogram of sulphate conjugated metabolites is shown in
Figure 53. )

Thus for chlorpromazina, as with promazine, metabolites
obtained from 300 ml of urire after such low doses were on the
limits of detection of the spectroscopic and chrognatogranhic
procedures employed, The individual metabolites corresponded to
those obtained after higher doses; although spots were much less
intense. Small quantities of additional metabolites, which

appeared to be nonhydroxylated sulphoxides, were occasionally

found in the sulphate fraction.

(3) Acepromazine.

Intramuscular doses of acspromazine maleate, (0.02, 0.04 and
0.08 mn/Kg as a 1% solution), were administered to horse 6 on 7
days over a two wesk period. Salinz was injected on control days
Urinelmas collected and pooled over 6 hours after injectiongand
in this case 500 ml aliquots were used for qualitative and ‘
quantitative analysis. Ultra violet and visible spectra of
extracts using this volume showed no evidence of phenathiazine
derivatives, although spaots wers detected by thin layer chromatography
However, using 1 litre of urine after doses of 0.08 mg/Kg,weak ultra
violet spectra typical of sulphoxide derivatives of promazine
were obtained from the unconjugated fraction,

Figures 54 énd 55 show chromatograms following excretion of
individual metabolites. Only one derivative was found in small

amounts in the unconjugated fraction, which corresponded in



FIGURE 54,

ACEPROMAZINE. UNCONJUGATED FRACTION
DETECTED AT LOW DOSE LEVELS
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FIGURE 50.

ACEPROMAZINE.GLUCURONIDE FRACTION
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.éhysical and chemical properties to metabolite Al, All four
metabolites, found after larger doses (Bl - B4) were present in

the glucuronide fraction, However, only Bl - B3 were detected

after doses of 0.02 mg/Kq and no metabolites were detected after
saline administration. Bl - B4 were also found in the sulphate
fraction. [Metabolites were detected in all three fractions on every
day that the drug was adninistered.,

Ee Summary of Qualitative Results.

r
(1) Promazine.

o 3

In addition to the parent drug 30 metabolites were detected,
nine of which were unconjugated derivatives., P2 was identified
as promazine sulphoxide, P4 as the parent drug, and [Nl as
3-hydroxypromazine. PL, P3 and P5 were sulbhoxide derivatives
showing no svidence of hydrogylatiun or dewnethylation and Ml and
M2 were hydroxylated sulphide derivatives., Two other unconjugated
metabolites, (Ql, Q2), appeared occasionally in small concentration
and were not hydroxylated. 11 metabolites were detected in both
glucuronide and sulphate fractions. X5 was identified as
3-hydroxy promazine, X1, X2 and X4 were hydroxylatead sulphides,
X3 was a hydroxylated sulphoxide, and X6 was a non-hydroxylated
sulphoxide. No evidence of demethylation was found in any of the
derivatives.,. The other five metabolites in each fraction (Pg,.205
appeared only occasionally in small concantration.

(11) Chlororomazine.

20 metabolites were detectad in addition to the parent drug,

gach fraction accounting for 7 derivatives. In the unconjugated



fraction CP3 was identified as chlorpromazine sulphoxide, CP4 as
the parent drug, HI as 7-hydroxy chlorpromazine, and Cbl and CP2
as sulphoxide derivatives which were neither hydroxylated nor
demethylated. The other two unconjugated metabolites, (CQl, €Q2),
appeared only occasionally in small concentration. CQ2 appeared
to be hydroxylated. In the glucuronide and sulphate fractions

Y5 was identified as 7-hydroxy chlorpromazine, Y1, Y4 and Y6 were
hydroxylated sulphides, and Y3 a hydroxylated sulphoxide,

r

On thz2 other hand Y2 and Y7 showad no evidence of hydrox&lation.

(111) Acepromazine and Pronicnylpromazine.

3 unconjugated metabolites (Al, A2, A3) were detected as
sulphoxide derivatives of promazine in which neither hydroxylation
nor demethylation had taken place, Four metabolites were found
in both the glucuronide and sulohate fractions;, Bl, B3 and B4
were hydroxylated sulphidas and 82 a hydroxylated sulphoxide
derivative of acepromazine. |

Six metabolites of propionylpromazinz wera detected, two in
each fraction. The unconjugatad derivatives, (PRl, PR2),uwere
sulphoxids derivatives of oromazine, and compounaslPHl and PH2,
obtained after hydrolysis of either conjugated fraction were
both hydroxylated., PH1 was in the sulphoxide form whereas PH2Z
was unoxidised.

Using small déses sufficient to produce an affect,
metabolites could ijust be detected from 300 ml of urine, In the
case of acepromazine, 1 litre of urine was required before

metabolites could be detected by spectroscopy.



Fe Gas Chromatography and Mass Snectroscopv.

Since many metabolites were not fully identified using thin

layer chromatog;aphy with specific sprsy reagents and ultra violet
spectroscopy, the possibility of using the much more sensitive
techniques of gas liquid chromatography and mass spectroscopy for
further structural determination was investigated,

(1) Stainless Steel Columns.
Initial studies were carried out on the series of

reference compounds available using stainless steel columns.
Optimum workfing temperatures were decided upon from a series of
preliminary expariments, (Pg. 12&, Howsvenr, each compound
produced more than one peak which was thought to be due to thermal
decomposition catalysad by the metal walls of the column (Pg. 83) .,
On injecting 0.25 pl of a solution of promazine hydrochloride
in methamol (7.5 mg/ml) at a column temperature of 250°C, two
peaks were obtained with retention times of 0.8 and 1.7 minutes.
Since chlorpromazine had previously been reported to decompose to
2-chloro-phenothiazine during gas chromatography (Gudzinowicz,
Martin and Driscoll, 1964), it was assumed that ths peaks wers
due to partial thermal decomposition of promazine to phenothiazinas,
(i.e. loss of the nitrogen side chain). This was confirmed by
chromatography of the solution under the same conditions after
addition of a few milligrams of phenothiazine. Two peaks appeared
corresponding to those obtazined from the promazine hydrochloride
solution alone, but the first (Rt = 0.8 minutes) was greatly
enlarged. The identity of the decomposition product was later

confirmed by mass spectrometry (Pg.247). By comparison of
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the area under each peak, th2 extent of decomposition was found to
be approximately 20 over the rangs of operating temperatures
studied (150 - 300°C).

Injection of 0.5 pl of promazine sulphoxide,(? mg/ml in
methanol) under the same conditions, gave rise to five chromatographic
peaks with retention times of 0.3, 1.6, 1.7, 3.9 and 5.0 minutes.
That at 0.8 minutes corresponded to the retention tine of
phenothiazine,rand addition of a few milligrams of promazine
hydrochloride to the sulphoxide solution caused an enlargement in
the peaks at 0.8 and 1.7 minutes, Thus promazine sulphoxide was
broken down tharmall? to 4 decomposition products on steel column,
two of which were identified as proaazine and phenothiazine.

This was later confirmed by mass spactromeéry, Decomposition was
approximately 50 ovar the range of temperatures studied, (150-300°C).

Chlorpromazine and its sulphoxide were also thermally
dégraded on metal column, Usino the same chromatographic
conditions as for promazine the parent drug produced two peaks,
(Rt = 1.2 and 2.4 minutes), which, as was later confirmed by mass
spectrometry, corresponded to 2~-chloro phenothiazine and chlor-
promazine respectively. Decomposition was of the order of 203
over the temperature range 150 - 300°C, Three peaks (Rt = 1.2,
2.4 and 6.3 minutes) were obtained from the sulphoxide, the first
twa corresponding to 2-chloro phenothiazine and chlorpromazine
respactively. This was also confirmed by mass spectroscopy. As
with promazine sulphoxidg the extent of decompositiqn was

approximately 507 ovar the temperaturs range studied.
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Other derivatives of prdmazina and chlorpraomazine were also
thérmally degraded over this rangs. Chlorpromazine N~oxida |
produced two peaks (Rt = 1.2 and 2.6) at 250°C, the first
corresponding in retention time to 2-chloro phenothiazine., Both
monodenethylated promazine and chlorpromazine wers also decompased.
Desmonomethyl promazine had peaks at 0.9 and 2.0 minutes, and the
corresponding chlorpromazine derivetive at 1.4 and 2.7 minutes,

As with the parent drugs decomposition was of the order of 20:7.
However, in n;ither case did the peaks correspond to phenothiazine,
or its 2-chloro derivative,

No satisfactory peaks were obtained from 3-hydroxy promazine
or 7-hydroxy chlorpromazine on metzal celumns under such conditions.
Instead tailing peaks were obtained at 0.8 and 1.2 minutes
respectively, corresponding to p-enothiazine and 2-chloro phenothiazine.
Dacomposition, in this case, anpearad to be 100%.

| Chromatography of acepromazine and its sulphoxide més also
investigated on metal coluans, and decomposition was again noted.
0.5 pl acepromazine (7 mg/ml in methanol) was injected at 250°C and
two peaks (Rt = 2.9 and 5.0 minutes) were obtainsd, It was
later shown using mass spectroscopy that the peak at 2.9 minutes
corresponded to 2-acetyl phenothiazine. Chromatography of acepromazine
sulphoxide under- the sams cénditions gave rise to four peaks
(Rt = 1.8, 2.9, 5,0 and 6.3 minutes), those at 2.9 minutes and 5.0
minutes corressonding to 2-acatyl phenothiazine and acepromazine

respectively. For the parent drug the degree of decomposition was

approximately 30% and, for the sulphoxide of the order of 509,
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By successive dilution of solutions of standard reference
compounds, it was found that their limits of chromatographic
detention for the conditions described were of the order of 1 FOe

(2) Epicote Treated Columns,

The degrez of decomposition using metal columns would not
allow a suitable separation, or identificationgof individual
metabolites extracted from bioiugical fluids, It was thus
attempted to prevent such reactions by coating the columns with a
compound that would not catalyse decomposition, The compound
employed was Epicote 1001 resin and the method of preparing the
columns is described.on Pags 120,

However, on chromatocgraphing the standard referance compounds,
the resin was found to inhibit decomposition to only a samall
extent. The same number of peaks were found with approximately the
same retention times for each cowpound as when using the untreated
columns, but there was an overall decreass in th= percentage
decomposition, Approximately 129 of the parent drugs, chlorpromazine
N-oxida, and the demethylated derivyatives were decomposed.
However, the extent of decomposition of the sulphoxides (~ 50;1) and
of the hydroxylated derivatives ( ar 100::) remained of the same ordar.

(3) Glass Columns and Mass Soectraoscooy.,

Since it was not possible to obtain single chromatographic
peaks using either mstal columns or their pre~treated analogues,
further experiments were initiated using an all glass systsm. Each

standard reference compound was chromatogranhed using 5' x 3"
p grap g ]



glass o-lumns nacked with 170 SE-30 at 2 terperature of 200 €, wvhich

fron preliminary exnariments was Found to ho the ontimunm

L.
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temperature for this sys Details of the conditions ewployed
and prepavction of the columns are described on Bance 120, Using
this system each compound produced only on2 pezk.

Since only single peaks wers cbiained using glass coluans in
tha Varian dsrogragh instrunent, the possibility of abtaining
similar resulis using the glass cnluns of the LKR Gas Chromatonranii-
flass Spectromater was alse investiozted. This would alloy
detevnination of the molecular weight of individual metabolitas and
complenant structural elucidation by wltra violst, thin laysar
chrometographic and chenical techniques, Dateils of the operating

I~

cenditions of the instru-ent are described on Pange 121,
Each solution, having beesn run using glass coluans on the gas

chronatograph 2lone, was therefore subsequantly run on ths gas

chromatograph=naszs snectrometer, and, wvith the excapltion of sulphoxicsz

,_.v.

devivativas, single peaks wera obtzined for esch coanound,

o

() Promzzins,

-

The mass snzctrun of prouvazipe obtaine:! in this mannar shouzd

a molecular waight of 284, The rmass nunbars af the major brazk-
down fragnents wecs 238, 225, 212, 198, 180, 167, A line diagram

of the sosctrun is snovn in Figura 56,

Deemoncnethyl--rowazing alsc gave enly orae nesk on th2 pas
chroma ranh-"ass3 snzeoronater, corresnoncing to a congound of
nelacular yeioht 270, The major breawdoun frazrants acsain

ennarvsg a2t 238, 2725, 212, 192, 130, 147, Th2 spactrur is
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3w-hydroxy promazins showad a molzcular weight of 300,
Tha mass numbers of tha breakdown products in this c2s2 yare
exacltly 16 mass units craster than thz corr=sronding products

From promarinsg beingy 255, 241, 228, 215, 196 and 183,

In th2 case of promazing sulphmddde threo peaks wera obtalned
0

and the instrunent was teaperature pregrasted from 150 to 200°C at

l

0/ . . .
a rate of § /minute to nive adenuste senavetion, The mass

LU

spactrun of the first peak, (Rt = 5.6 win), shouzad a nmaleculaw
weight of 199 and a major breakdown product at 167, corrasponding
to tha spectrun of phennthiazing (Finura 57).  The sogond pes!
(Rt = 7.3 minutes), showed a moleculzr weinhit of 264 and mzjor
denradation products wizh nass nunbers of 23%, 225, 212, 1€%, 1a9

167 corresnonding to the breakdown pattern of nremazine (Fiours

56a). Tha rcrnaining pask (2t = 8.7 minutas) hod a molacular wrinht
of 300 and the main products of daqgredation had mess numbars of

284, 255, 239, 2206, 212, 185, 180, 147, uhich corvascond21 to the
mass spactrua ‘of prowazine sulphexide (Fiours 53), Dzcomnesitinn

prohanly tonk place in the aclecular senzprtor babu=an the too

renresentation of the coroounds invelved, 18 e noetulztied thal

ronazine is bhroven doon by aronrvzascive dagratztion of the sl
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chain to giva nhonnthizzine (B), or loses tha ring sulnhu

oive conpound O, (380) 3 and D thaen lose the sulshur at

. . .

renainder of the sidz2 chain resnectively, qiving compound

which further desconnosne to compaund 3, (152).

Dasmonerethyloromezina and, (hy analeay with desdin=t

chlorpronszine), desdirethylinronzzipse follou exactly the
breakdown pettern, Pronazine sulphoxida is deg
and therasfter to the nrovazine derivyatives T,0,F,G,H,1,

Hovevar, tha oxynen aton can alc<o renain durine the first
of the side chain aivin

to giva F (239). This the mainn darivatives found on th

anechrum of prorzzine sulphovide haye rass nuabhers 300

2

225, 2172, 199, 182, 107, 3~hydroxy nro:zzin., on the ot
daes nobt apoaar to leose the hydroxyl qroun until it is br

down to caompound H, Dna to tha hydrovyl aroun, cormaounds

corvesnonding proaazine fracwents, Tha r2s~ nuabers of

breakdown products of the hydrnxy devivative =ars 303, 25

characteristic patinrms af thair nass sozcira, fe will
(Pa. 2583), tha2 mzin hindrancss fo usicrg tha cos chrocaton

U S s . ) -
of sulechoxi-ies, and Zifficulity in aunificzbti-n of kikz 22
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Chlorprenmzine has a nass spechtrus shawing a moleculer wadi

of 318, and the -asses of the major brszakrown producnts 2r2 273, 259,
246, 233, 214 and 1G4, By subtracting 34 mass units frow each of

those numbers, (as would be the case if the chlorinz was raplaced

by hydranzn), the sattern would hz 234, 239, 225, 212, 199 and 180

whicih correspond to prosazine dorivatives 8,F,1,C0,6 and D. Thus
the breakdown of chlornromazing in the mass spectroneber proc=aids
in a similar fashion to prowaziney, (Finure 60).

The respective molgcular weights obtained for desqonoasthyl-

and dasdimethylehlorproesezine wavse 304 and 200, and in both cazses

the mass nunbers of tha major deqradation derivatives ware 273, 253,
246, 233, 214 and 189,

Chlorpromazine Mwoxids had a mnass soechrum with breaidown
fragments of mass nuabars 334, 318, 273, 259, Z3Z, 214 and 189,

As with 3-hydroxy promazinz,; 7-hydroxyvchlorpromazin: 21so

]

appeared to retz2in Lhe hydroxyl functicn during vost of the

{

degrardation nraczss, Darivatives in th2 brazkdown pattern had

2] 240

L.t\

mass nuabers aof 334, 235, 275, 2f y 230 and 201,

J

Thres peaks wera obtzined on the chronetnersa of chlorpronzzin:g

L3 Y O 1 s hd ~
sulshoxid=s, At 2507C thelr reoneantion tises wera 0,8, 1.3 and
2.9 minutes The Tirst nesik reprsssntad a compound af nelecular

weinht 233, with a major Jearadation product of —asgs nunper 201, This
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corrospondad to tho nolazular weioht of Z-chlorvo-phonothiazine

and by analoay with LYh» other chloro-cariy

-
)
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& coupound would giva 2 Jerivativ= of rasg 201, Thus
although no ra2ferencs compound was 2vailable, the first peak wzs
assured to reprasent 2-chlaro-phanothiazine, The peak &t 1.3
minutas corresnonded in malecular woionhh and braakdoun pattern
to chlornronazinag., The third peak showad & moleculer woioht of
334 and major degradation products at maes nuabars 3106, 289, 273,
258, 246, 214, 193 and 167, cnrreshonding to tha spechoun of

chlovnromazin: sulphoxide,

Thus chlarnranzzine suinhoxide is nanti

..1-,
__,
._l

~z

deom-nosad in Hha
pgas chromatogrann-masas spectroseter to ohlororon2z7ine antl 2-
chlorcphnnothiazine, This adds sunnort to thaz conclusion thatl
these ara thz m=ajicr products of dacoconosition on mehol celeans
(Pg. 242), Also the breakdown nroducts of cohl
derivativas in the mass s-ectronetar correzns-d to th: bHrozkidown cer
shoun for nrorazine (Figure 59), excap: that tha chlarino aicr is

not bhroken from the nuclzus,
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(¢) Ac=vonaz

f b

Acenrom=zinz and its zuol-hoxids ware 2leo ryn oo the cas
chromategraph-nzss gpactromatar,  The macs coschbrus o aceptonaz’ =g

showad 2 molacular veight of 226 and tha

cdearadation proch wers 231, 267, 284, 241, 222 =ng 210, Trass
mess numners, «ich the exeeption of 210, corrastory to fhesz foro
the brankdown of arenzzine wiih §2 noes unlts zoded, (i,=2, =he
incrarse in —ass on zdditicn of za oo-tyl -noosl, Mzss comZar
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C)e Thue anegprorazinae is denroded in the nass spectronetier in
the sare manner as proarine, the ac2iyl group ramaining atteche
ta the nuclevs until fragherts of rass number less than 220 arz
obtainad, (Finurs 61),
Acepromazine sulphoxide, like tha other tuo sulphoxides,

PRI - I I R 14 t‘rn‘ . 2 - I e
produced thres chronatonranhic peaks. AL 200 C their retention
times wer2 1.3, 2.8 and 4.8 minutes, The peaik at 1.3 minutes

shavad a molecular weight of 241 which would zorrgspond to 2.acetyl

th thn mechanism of

=0

phencothiazirz,. Thus, by analeoagy, u

decompasition of tha othesr two sulnhoxides, although no re

compound was available, the first peak was idantifiad as 2w.ocetby

nhenathiazine, The malacular weianht and hreakdown pattern of ths
second nesk was identical to that of acenromazine, Thn neak
occurring at 4,5 minutes showad a molecular wainht of 342 and had

derivetivas of delradation of wmas~ 3206, 207, 281, 287, 254, 241 =nd
222 corvresponding to th2 mass spectrum of acsoroazazing sulphoxids,
3a

t was thus concluded that scepromazine sulohoxida bad besan thoan2l)

J e,

decomposed in the qos chromatograph-mass eneetrometer to aczrromazins

and Z-acetyl pheonnthiazire,

The characteristic fingernrint patia-n and clasrly definzd

molecular w
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(d) Studies on Urine. Extracts.

To determine the best operating parameters, urine extracts
were first chromatbgraphed on glass columns, (17SE 30), using thé
gas chromatograph alone. The samples were then run on the opas
chrémétograph—mass spectroneter, and spectra were recorded at
each peak., Preliminary experiments were carried out on "promazine"
extracts, a series of increasingly concentrated samples (10:1 - 400:1)
being chromatographed{

In each case a large nunber of peaks were recorded (ovar 30 for
the most concentrated samples)., This was especially true for
"conjugated" extracts, However, on examnination of their mass
spectra, only one or two at the most Trom each extract reserbled those
of phenothiazine derivatives. The others, due to contaminants
extracted from the urine, had molecular weights ranging from 150 to
400, They often had cracking patterns showing intermediatss
which could have been breakdown products of phenothiazine derivativss,
suggesting that separation was not complets. However, further
attempts at separation by temperature progreamming between 150 and
250°C were unsuccessful, The parent drug (Figure 62), promazine
sulphoxide and a hydroxylated derivative were occasionally detected
by this method using the more concentrated extracts.

Thus, due to contaminants this technique is not so applicable
to separation and identification of urinary mecabolites of
promazine as was at first anticipated, Similar results were obtained
using chlorpromazine and acspromazine., fMetabolites may be detected

occasionally, but the chances are much grester that they will be
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masked by contaminants, The method would be of much greater use
if extracts could be more thoroughly purified. Elution of spots
from thin layer plates was attempted but no "phenothiazine" spectra
were obtained,probably due to the ;Dw recoveries of such compounds
from plates using organic solvents (Pg.llg).

At present the method is to some extent a matter of trial and
error since so many peaks must be investigated but is of use in
indicating, by cracking patterns, that "phenothiazines" have been

14
administered,



DISCUSSION
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vIT DISCUSSION

Detailed studies of drug metabolism and excretiocn in the horse ars
rare. [Most investigations have been aimed primarily at the detection
of potential doping substances rather than at quantitative evaluation
of their metabolic routes, and the methods published are not aluways
sensitive or specific. Schubert (1267) invéstigated mathods of detection
of a series of drugs and their metabolites after administration to this
species, These'included salicylic acid, phenylbutazone, caffeine,
amphetamine and chlorpromazine. >However, the studies were mostly
qualitative in nature, and the reports were not detailed, HNicholson
(1868) investigated the metabolism and length of urinary excration of
phenobarbitona, pentobarbitone and their metabolites, and determined the
percentages of dose excrated. He also studied the metabolisn of
@pfédrine by'the horse, but only semiquantitative results were reported
(Nicholson, 1969),

Compared with the mass of informaticn on metabolism of the
phenothiazine trangquillisers by man, dogs and rats (Chapter II) little
has been reported on such processes in the horse. Carey and Sanford
(1963) detected the presence of 7 metabolites of promazine in horse
urine, but did not identify them. Schubert detected 4 metabolites of
éhlorpromazine one of which was identified as the sulphoxids. He
found that only a small percentage of the dose was excreted, althcugh
excretion lasted for several days.

Nearly all reports on the excretion of phenothiazine tranquillisers

have been concerned with pooled 24 or 48 hour urine samples and



quantitative excretion patterns have only occasionally been investigated
over smaller time intervals, Since so little information was available
on this subject the present study was designed to Foliom metabolism and
excretion of the trancuillisers more commonly used in squine practice
in detail over such small time intervals. Due to the large number of
biotransformations of such compounds found in other species, excretion
of metatolites was followad continuously in six major groups (Pg. 141).
This gave a pattern of variations in rates of excretion of individual
14

metabolic groups over successive 8 hour intervals until excretion had
reached the limits of detec%ion of the technigue. Since such compounds
are wusually administered to horses in a single dose, compared to the
repeated daily administration to hunans, and since only a very small
percentage of the ﬁeriuétives r=zcoverad is unchanged drua, a knowledge
of such metabolic patterns is of the utmost importance in dealing with
cases where administration of tranquillisers to horses is susnected,

Carr (1962) reviewed the metabolism and excretion of psychoactive
drugs and summarised the complexity of such processes in the following
words, "The phenothiazinz derivatives that are used in the treatment
of psychiatric states pose many atypical problems in psychophermacology.
Not the least of these are their unusual metabolic patterns and individual
excretion differences»that vary with the different drugs and different
patients”, The present study has shown that such processes are also
complex and irregular in the horse. 30 urinary matabolites of
chlorpromazine, 20 of promazine, 11 of acepromazine and 6 of pronionyl-
promazine have been detected. The number and amounts of individual

metabolites of each druj were also found to vary considerably over

i a1 T




successive 8 hour intorvals, which weuld explain the irrequlazs

excration pattonns of welzsbolic groups obtainsd by spectroscony
Sevaral metaboelites were not fully identified dua to a lack

of suitabls rafsrance standards, and chemical modification, (e.q.

sulohoxide forsation), of those aveilable couled not be accomslished due

to limited suoplied (Pg.121). Thus saveral analytbical technicues ware

|_h

used for structural determination including a series of specific sproy

s

reagents ond elution Tolleouwsd by spechroscopy. Daterineotion of ths

position of substitution of hydroxylated derivocives was also atteanta-

using the eneciroscopic method of Beckett et al. (1543). Houwzver, in
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mo casas irsufficient meterial could be eluted to nive 2 eacisfaetor

-!- 2

spgctrun,  This seems to b2 due to a conbination of thz swell emaount

axcretad and strong binding of the phanothiazine derivatives to the
silica nal cozting of the thin laver plate,
Sulphoxide formation and hydroxylation, major mabtabolic rovtes in

i

other snzcies (Fhawcnr 11), were bokh deteckzd. The latter was ths

major rouite fer prosarzinn and chlo-wnreiizing and was followzsd by

conjunation, predoninantly with glucuronie acid an to a2 lesscen extznh

4

3

with sulohuric acid, 0On the other hand, sulnheride forwmatieon,
accorpanied by loss of th2 side chaln ka2tonz nrouping at thoe Ze-positinr

was the m2jor routa for acenrcorazing and areoplonylaotanazine,

Daznethylation, wilch hes began widalv renorted in othet sozoles
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preliminary experiments on standard demethylated "ohencthiazines™ it
is clear that the success of these reactions deprends to & great extent
an the conditions enployed, the o-timum conditions varying from compounc
to cowpound. Thus on spraying standarg spots of desdimethyloromazine
and desdim=thylchlorpromazine with the ninhydrin reagent (Pg. 118)
the former produced a colour reaction within 5 minutes of heating,
whereas the latter oroduced only a faint colouration after 10 minutes.
Increasing the concentration of the ninhydrin solution did not result
in a corresponding increase in the intensity of colouration. It uaé
also noted that the nitroprusside spray (Pg. 118) did not always
produce a colour reaction with desmethylc-lornronazine or desmethyl-
promazine, The reason for this is not spparent, but could be due to
small differences in the length of time betuween wixing the two
solutions and suhbssquent spraying, or to the amounts of reagent sprayed.
Thus some of the metabolites detected using the more sensitive
sulphuric acid reagent may be demethylated, but either dQe to the small
amounts excreted or failure of the derivatives to reach, the
transformation wss not detected.

Two spectraoscopic technigues were used for quantitative analysis
(ultra violet spectroscopy and visible spectroscopy after reaction
with sulphuric eacid), the latter being used to corroborate the results
of the former. There was good agreement in every case. However, in
preliminary experiments a build up of contaminants was noted in urine
stored at 4°C which tended to mask the ahsorbance of phenothiazine
derivatives in extracts (Chapter V). Since the rate of formation of
contaminants increased considsrably an incubation of the nrine at 37°C

and since their formation could he inhibited by sterilisation of the



urine, the interference was attributed to bacterial action. In
addition, a build up of B-glucuronidase activity was noted in urine
stored at 4°C which could also be inhibited by storage at - 20°C or
sterilisation, but this did not appear to be the cause of the build up
of contaminants (Pg.127). In view of these facts, storage at ~2008,
thorough washing of extracts, and, in the case of conjugated metabolites,
strict sterilisation (Pg.138 should be adhsred to in the analysis of
phenothiazine derivatives in horse urine.

Quantitatiua'exoretion patterns were variable and irreqular (Pg.141),
Eiduson et al.(1963) reported variable rates of excretion of thioridazine
over successive short time intervals after oral administration to man.
They also found that there was a correlation factor of 0.73 betueen
amounts excreted and urinary volume, but, since they could find no such
relationship after administration of chlorpromazine, they assumed this’
type of correlation was peculiar to thioridazine. Fisher et al. (1249)
studied the urinary excretion of baffeine in several species and reported
that amounts excreted were dependent on urinary volume. In the present
study however, nc correlation could be found between the amounts
excreted ar the irregular excrétian patterns and urinary volume.

Several workers have reported relationships between amounts of drugs
excreted and urinary pH (Weiner and Mudge, 1964), Salicylic acid is
_excreted at a much greater rate ip alkaline urine (Smith et al., 1946;
Cumming et al., 1964), The urinary excretion of amphetamine by humans
is also dependent on pH,greater amounts being excreted in acidic urine
4(Beckett and Ro@land, 1564).  During studies into the metabolism of

ephedrine by the horse, Nicholson (1369) noted that much greater amounts



of norephedrine were excreted in acidic urine than in alkaline urine.

In the present study the urinarty pH,; in the majority of cases,varied
only slightly between 7 and 8.5, and the slight variations obsarved could
neither be related to ;mounts excreted nor the irregular excretion
patterns. Occasionally Horses excrated acidic urine (pH 5.0 - 7) over
a whole experiment but this was not accompanied by a corresponding
increase in gmounts of metabolites excreted, The occurrence of low pH
values was not velated to the age or sex of the animals and, since all
feeds wers standardised (Pg. 97),could not be related to diet, Neither
could it be related to the feeding habits of the animal while at grass,
since at least three days were allowsd to elapss before starting any
experiment, during which the aninal was fed the standard diet., This time
interval also allowed for a decrease in urinary'uolumes to much more
manageable amounts (Pg.97). Racehorses have been renorted to excrete
acidic urine (down to oH d.B),uhich was assumed to bs due to the
increased exercise which these animals undergo (Chapman, 1969). Thus
the pH of urine collected during the present studies may be related to
the activity of the animal before and during experiments,

The variable rates of excretion over successive 8 hour intervals did
not appear to be related to urinary volume or pH, On the other hand,
extensive localisation of phenothiazine derivatives has been reported
in wrious organs and tissues (Salzman and Brodie, 1956; Fyodorcv, 19583
Walkenstein and Seifter, 1959). Variable rates of release of metabolites
from such organs (lung, liver, kianey, spleen) over successiva intervals
of time could give rise to the variable rates of excretion of metabolites.

In addition to the irregular sxcretion patterns of individual

metabolic groups, two types of excretion pattern of total metabolites was



noted, In the first the rate reached a maximum within 8 hours of dosing,

whereas in the second the rate rose to a much smaller maximum at

approximately 24 hours after administration. Both types wusre noted
yp

i

after administration of hromazine or chlorpromazine; whereas only the
first type was noted after acepromazine adninistration. The patterns
were neither related to the age nor the sex of the animals, but in
duplicate experiments on the same animal, similar types of pattern were
obtained. Naither was the tvpe of pattern obtained related to the

L
route of administration.

The animals wers equally tranquillised whzn either pattern uwas
recorded, and so presumably had epproximately similar brain concantrations
of the drug. lWalkenstein and Seifter (1959), on the basis of tissue
distribution studies using 355 promazine, suogested that the parent
phenothiazine derivativas have a lower blood-brain barrier than their
metabolites and, as a result, the drugs ere highly localised in the brain,
whereas the metabolites are more highly concentrated in other organs (lung,
liver, kidney, splesn, etc. ) Thus, if brain concentrations are similar,
the type of pattern obtained must depend on the concentration of
circulating metabolites in the blood.

If mé assume the exponential pzttern the type normally to be
expec?ed there are several possible explanations for the much slowsr
second type. Firstly, the delay in reaching a maxi-um rate cculd bes due
to an inability of the animal to metabolise the drug. However, very
little unchanged drug was found in the urine and there was no pralon-ation
of ‘action when the second pattern was noted. Thus this explanation

must be discounted, Another possible explanation could be poor urinary



excretion of metabolites, but volumes of urine voidad and pH were
similar in each type of pattern. Similarly failure of the kidneys in
certain animals to excrete metabolites would be another possible
explanation, On the other hand the second excretion pattern could

be due to localisation of metabolites in various 6rgans° If different
animals had different capacities for binding metaholites then this
would sxplain the two types of pattern.

The latter two explanations ssem the most feasible, Houever, such
hypotheses cannot'be proved until much more information is available
correlating blood concentrations, tissue distribution, metabolism,
excretion and pharmacological activity of such compounds.

The percentage of dose excreted in every éase vas low. After
oral administration 27% of the dose of chlorpromazine, 10¥% of promazine
and 4% of acepromazine was excreted, The corresponding percentages
after intramuscular administration were 10%, 11 and 1.3%. This is in
agreement with work carried out in other species,although individual
reports vary considerably (Emmerson and Miya, 1963). Nadeau and Sobolewski
(1959) recovered 5 - 209 of daily oral doses of chlorpromazine from human
urine over 48 hours. Dubost and Paséal (1953) recovered 7% of a dose
~of chlorpromazine .from a 24 hour sample of rabbit urine. Beckett et
al, (1963) also recovered 7% of an oral dose of chlorpromazine from humans
over 48 hours,

The latter workers postulated the low recovery was either due to
predéminantly biliary excretion of metabolites, or to poor absorption

of the drug from the alimentary tract, or to poor reabsorpticn of



metabolites excreted in the bile. However, in the present study
recovery was lou after parenteral as well as oral administration and
thus cannot be attributed to poor absorption from the intestine. Alsa
approximate pK valuesAmeasurad for the parent drugs were betwzen 6 and 8
(Promazine hydrochloridz, 7.2; chlorpromazine hydrochloride, 6.5), which
would not hinder their absorption from the intestine,

Biliary excretion and poor reabsorption would lead to high concentratic
of metabolites in the faces. Faecal excretion of phénothiazina
metabolites has be?n reported by several warkers (Fyodeorov and Shnol,
195635 Emmerson and Riya, 18633 Eiduson and Geller, 1963).  Thay
measured radiocactivity in the faeces after administration of 355 labelled
éranquillisers and assumed this was dus to phenothiazine metabolites.
However, no metabolites have been detected in faeces using spectroscopic
or colorimetric techniques. Thus the activity measured in the facsces
may be due to "non phenothiazine" metabolites; This would alse account
for the much larger percentages of dose detected in urine using labelling
techniques. During the present study examination of faeces using the
spectroscopic techniques describsd showed no: evidence of phenothiazine
derivatives. Thus the low percentages of dose recovered in the urine
do not appear to be due to predominantly biliary excretion of meta—olites.

On the other hand the extensive localisation of such compecunds in
different organs and tissues previocusly described could account for the
low percentages of dose recovered, Slow release from such sites of |
localisation would also account for the prolonged excretion observed,which
has also been noted in other species (Berti and Cima, 1956; Forrest et
al, 19593 Walkenstein and Seifter, 1959; Huang et al,, 1961; Emmerson

and Miya, 1962),
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Much larger percentapes of dose were excreted after oral dosing
than after intramuscular administration in the present study, especially
over the first 32 hours after administration (Pg.181). Also, on the
one occasioﬁ that promazine was adninistered intravenously the
percentage of dose excreted over the first 32 hours was comparable with
that after oral adninistration. Berti and Cima (1956) while studying
the metabolism and excretion of chlorpromazine by the rabbit also noted
that the percentage dose excreted was much greater after the oral route
than after subcutdneous or intramusculay injection. Similar observations
were reported by Burns et al. (1953) who studied the metabolism
distribution and excretion of phenylbutazone in man. The latter
workers believed the drug to be absorbed rapidly after oral administration
but that, after the intramuscular route, precipitation or conjuoation |
at the site of injection took place.

Fyodorov (1958) studied the metabolism,distribution and excretion
of promazine, chlorpromazine and chlormepazine in rabbits, rats and
dogs after different routes of administration, They found extensive
localisation of the drugs at the site of injection after intramuscular,
intraperitoneal and subcutansous administration,whereas they were
rapidly absorbed after the oral route. They postulated that the binding
was duz to a combination of inflammation of the tissue at the site of
administration and alkaline hydrolysis of the salt form of the drug
to the free base., They also reported that different drugs haa different
capacities for binding to tissues, which would explain the different
percentages of dose obtained for ths drugs studied in the present work,

It is thus postulated that phenothiazine derivatives are alsé

localised in muscle tissuss at the sites of injection after intra-



muscular administration to the horse, followed by slow release from
these sites. 0On the other hand, after oral administration,; such
compounds are rapidly absorbed. Also the fraction of drug not bound
at the sites of injection would not be so rapidly metabolised as after
oral administration. The low blood-brain barrier for unchanged drug
compared to its metabolites (Walkenstein and Seifter, 1959) would

thus account for the similar degree of pharmacological effect noted
after both routes of administration. However, due to the scarcity
and value of the ékperimental animals employad, it was not possible to
test this hypothesis by slaughter and subsequent analysis of tissues
at the sites of intramuscular injection,

The conjugated fraction was assayed spectroscopically after
enzymic hydrolysis of the conjugates. Enzymic incubation was emploved
rather than chemical hydrolysis for several reasons, Firstly the use
of specific anzymes allowed analysis of individual conjugated fractions
which is not possible by chemical hydrolysis. Also it has been renorted
that sulphoxide defiuatiues of such drugs are reduced to the corresponding
sulphide on heating with hydrochloric acid (Schmalz and Burger, 1954).
Thus this type of hydrolysis would not give a true representation of
the metabolites present. Strong alkali has also been reported to
decrease the intensity of ultra violet spectra of chlorprowazine (Fels,~
Kaufman and Karczmar, 1958), which would also produce misleading
quantitative results.

Glucuronide conjugated metabolite of promazine and chlorprdmazine
predominated which is in agreenent with findings in aother species.‘

Beckett et al. (1963), after oral administration of chlorpromazinejto
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man reported the ratio of glucuronide teo unconjugated to sulohate
conjugated metabolites as 12:5:4. Flanagan et al, (1853) found, after
intraduodenal administration of chlorpromazine to dogs that the ratio

of the "bound" (conjugated) to the "free" (unconjugated) fraction in

the urine was approximately 3:1., Nadeau and Sobolewski (195%9) reported
that 50 - 98% of metabolites of levomenromazine or chlovpromazine
excreted after oral adninistration to man wers glucuronide conjugates.
in the present study the ratios of glucuronide to unconjugated metabolites
after intramusculgr administration of nromazins or chlorpromazine were
5:1 and 7:1 respectively, The corresponding ratios after orzl
administration were 6:1 and 18:1,

Sulphate conjugated metabolites were detected in only trace amounts
after intramuscular injection but were found in much greater guantity
after oral adninistration (~ 1.3% for each drug), Sulphate conjugated
metabolites of chlorpromazine, accounting for approximately 1,37 of the
dose were recovered from human urine by Beckett et al. (1963). Ethereal
sulphates of promazine have also bsen reported in the urine of rabbits,
rats and man. In man they accounted for approximately 3% of the dose
(Goldenberg et al. 1964). Howsver, both groups of workers studied only
oral.administration. Posner et al. (1563) failed to detect any sulphate
conjugated metabolites of chlorpromazine in human urine after sulphatase
incubation, but did not specify the route of administration. No
reports of detection of sulphate conjugated metabaolites after intramuscular
administration of these drugs have been found.

During the present work preliminary in vitro studies using rat

liver homogenates have shown that all three metabolic fractions examined
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are formed in the liver. Since both glucuronide and sulphate
conjugation occurs in the liver and since glucuronides are excreted in
measurable amounts after intramuscular admipistration,; it is postulated
that a concentration barrier may exist for the tormation of sulphate
conjugates, If drugs were localisad at the site of intramuscular
ddministration this could prevant a high enough concentration being
attained in the liver for sulphate conjugation to take place, 0n the
other hand the required concentration would be reached after ths oral
roﬁte, when most of the drug absorbed passes through the portal
cirpulation. This would explain the lack of sulghate cdnjugates after
intramuscular administration.

There have been no previous reports on the metabolism of acepromeaine
or propionylpronazine in any species, which is surprising, especially
in view of the widespread use of the forner compound in veterinary
medicine, The present work has shown that unlike the other compounds
studied they are not conjugated to any great extent. It has alsc been
reported that thioridazine does not undergo conjugation to any great
extent (Eiduson and Geller, 1963) but no reascns were given. Instead
of conjugation acepromazine and propionylpromazine undergo sulphoxidation
and loss of the nuclear ketone grouping. A small percentage of the
dose does retain thé latter group, is hydroxylatgd and further conjugated
as glucuronides or sulphates, These metabolic routes have been found
to apply to both horses and dogs.

There is the possibility that sulphoxidation of phenothiazine
derivatives may precede hydroxylation in the body, or that the two ‘
processes take place independently at different enzymic sites. .Beckett

et al, (1963) suggested that the latter mechanism operated followed by



partial rearrangement of the sulphoxide to the 3-hydroxy derivative as
described by Craig and Tate (1561) (#igure 3). This would explain

the presence of conjugated metabolites of promazine and chlorpromazine
predomipantly as sulphide derivatives as oppossd to the sulphoxide

forms of the unconjugated fraction, It would also explain the
predominance of conjugated meiabolites of thess drugs over the unconjugated
fraction.

In the cass qf acepromazine and proplonylpromazine it is postulated
that sulphoxide formation and hydroxylation again take place independently
but that rearranéement of the sulohoxide is largely inhibited by the
electron withdrawing ketone group in conjugation with the beanzene ring.
This would account for the much smaller proportions of conjugated
metabeli£es of these drugs obtained, It is further postulated that
the ketone grouping is subsenusntly cleared from the sulphoxide derivatives,
but not from the hydroxylated formms giving riss to the characteristic
spectra and high percentages excreted in the unconjugated fraction.

The amounts and types of metabolites excreted were neither related
to the age of the sex of the animals but, in duplicate experiments using
the same horse metabolism and excretion were found te proceed along
similar lines. Certain abnormalities inconsistent with the expscted
excretion patterns were found for individual animals., Horse 4 excreted
much larger percentages of dose than other animals undergoing similar
experiments (Pg,182. This was attributed to a much greater capacity
of this horse for formation of glucuronide conjugated metabolites,

Also, although most horses excreted glucuronide conjugated metabol%tes
predominantly in thes sulphide form, horse 7 excreted this fraction

almost entirely as sulphoxide derivatives on every occasion. This



seems to be a peculiarity of this horse for which there is no obvious
explanation,

After administration of small doses of each drug sufficient to
slow the animals in a 200 metre ogallop test (Pg.224) metabolites were
Just on the limits of detection of the spectroscopic techniques employed.
In some cases only unconjunated metabolites were detected whereas in
other cases only the conjugated fraction was noted. However, using
thin layer chromatography, metabolites were detected sven after the
lowest effective doses of acepromazine, Thus in cases where adninistratior
of phenothiazine derivatives is suspected all three metabolic fractions
should be investigated by both technigues. The characteristic
breakdown patterns of the phenothiazine derivatives in the mass
spectrometer (Pg.246) may also prove invaluable in cases of suspected
doping by these compounds.

In conclusion, the present study has borne out the complex and
irregular metabolism and excretion of the phenothiazine tranquillisers
experienced in other species. It has also shown the different metabolic
routes of acepromazine and propionylpromazine compared to other members
of the series. Since at least one of the megabolic fractions of such
derivatives can be detected by the methods of analysis employed, these

methaods should prove of value in cases where their illegal administration

is suspected,



L S N R

CCNmin=qpse

P s L P b i et e B

1.

Tha follouinng conclucsinns hayn been reachzd regavding

netabolisn ano excretion of phanothiazine tranouillisers by the horsa.

(1) Excreertion of individual matabolites =znd netebolic grouss

is irreqular, an! rates of excratieon ovar successive tiae
intervals can be divided into two patbarns, onn attzining 2
maximum rabte alwost immediately, and tha other rising slouly
to a maxim @ gt anroxirately 24 houvs after adainistretion.

2 Rates of exerction srs nobt depzndent on uripapy volume or nl,

(3) The percentagns of each dosa datectad as upinary mstatolitas
ara low end sxecretion is prolongszd, lacting & to 7 dave for
AL TLN G,

(4) esults sunoest a hinh dooree of

in various tissues and onasne,

f‘

~~~
N
.~

Unooajugated ngtaholites ars axcrated ~radovinsntly as

p]

suinhnxice ZJgrivitivas whanoas conjunatzd pratzbe)

(6) Glucur

]
=
‘.Jn
s
(I

~

D

tze of provzzine and chlerprosazing
praconinato, wharsze acenrvesazina and arotionvlpronzazin? ere
o

excratad mostly in unnonjuozatad fornn as sulphoxide derivatives

(7) Sul-tate conjunated metatolibes rre axcrebad in only traea

arounte aftter iniracsusculst ad-ipistration bus 217 npozant in
munh orzataer quentity aftzr tha -r=l routs,

(8% indiviiun) execrotion diffarencss vors notol For 2iffeoong
norses, Touezs of odeiInletootlon ang drucg,



(9) Metabolism is complex, a large nunter of bictransformations
taking place for each drug.
(10) The methods of analysis described are sufficiently sensitive

to allow detection of doping by such derivatives,
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