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CHAPTER I
INTRODUCTION

Chlorpromazine, an amine derivative of phenothiazine, was synthe-
sized by Charpentier of the Rhone-Poulenc Research Laboratories in
France in 1950 (1). This compound, N,N-dimethylaminopropyl chloro-
phenothiazine, was found to exert a number of pharmacological effects
involving the central and autonomic nervous systems. Its possible
pharmacological activities attracted widespread interest and Courvoisier
et al. (2) published an extensive report on the pharmacological activity
of chlorpromazines in animals. The most striking aspect of this drug
was its therapeutic value in patients with certain emotional disturb-
ances. This discovery provided the initial stimulus for the develop-
ment and use of phenothiazine drugs in psychiatric practice.

A large amount of research has been conducted on the metabolism
of chlorpromazine. The results present a picture for the site of action
of chlorpromazine and the drugs metabolic fate. Domino (3) indicated
that in low dosages chlorpromazine appears to have negligible effects
on the ce}ebral cortex and specific relay nuclei of the thalamus, and
a slight depressant effect upon the hypothalamus and limbic system. An
interesting and apparently unique effect of chlorpromazine is that of
increasing the inhibitory effects of the activating system on sensory
input. Large doses of chlorpromazine produce very mild mixed depres-

sant and stimulant actions on the cerebral cortex, and also a depressant



effect on the hypothalamus (3). In very large toxic doses, chlorpro-
mazine appears to have a direct stimulant effect upon the limbic system.
This does not appear to be essential for its tranquilizing properties,
but is related to toxic manifestations. Extensive work has been per-
formed on the relationship of chlorpromazine action to concentration of
production of brain amines, oxidative metabolism, ACTH, and cell mem-
brenes. What these findings mean in terms of an explanation of the
therapeutic action of these agents and their derivatives, is still not
clear. Some of these studies reflect a genuinely creative attempt to
gain some insight into the mechanism of action of the tranquilizers.

The determination of the complete metabolic fate of chlorpromazine
is an unsolved problem. Reports have suggested that more than 20
metabolites are formed, and there is the further complication that the
bile is as important a chammel of excretion as the urine (4). The
important metabolic pathways of chlorpromazine so far reported are
sulfoxidation, hydroxylation, and demethylation; any combination of
these reactions could occur. No evidence for either thioether cleavage
in vivo or cleavage of the phenothiazine ring in metabolic studies have
been reported (5, 6).

In this study the attempt was made to identify specific non-
phenothiazine metabolites of chlorpromazine that are produced in vivo
and in vitro. A study was also made of the conjugation system of

hydroxymetabolites of chlorpromazine.



CHAPTER II
REVIEW OF LITERATURE

Consideration of the structure of chlorpromazine suggests several
possibilities for this drugs metabolic fate. It has been shown (6)
that the phenothiazine nucleus of chlorpromazine is susceptible to
sulfoxidation and hydroxylation, while the N,N-dimethylaminopropyl side
chain can be either partially or completely demethylated, or converted
to the N-oxide. Any combination of these reactions mey occur. It is
of interest that evidence for cleavage of the phenothiazine ring has
not been found (6). Structures of some reported metabolites of chlor-
promazine are shown in Figure 1.

Thioethers are not usually cleaved EE.EEEE.(s)’ but are oxidized
to the corresponding sulfoxide derivatives. Liver is one of the major
tissues which metabolizes the phenothiszines. Salzman 23-513 (7) re-
ported in 1966 that chlorpromazine was metabolized to a sulfoxide in
dog and man. The sulfoxide was therefore & major metabolite that
could undergo further metabolic change in vitro (8, 9). Sulfoxides
have been found to be the principal metabolic products of chlorpro-
mezine in the mouse. Upon administration of 55S-chlorpromazine to mice,
the radioactivity in the urine was found in the forms of free sulfate
(3-5%), “combined sulfate" (23-48%), end the sulfoxide of chlorpro-
mazine (49-73%) (11). However, using 9°S-chlorpromazine in rats,

Emmerson et al. (10) have reported that the urine contained negligible
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amounts of radioactive inorganic sulfate, and this suggested that, at
least as far as the rat is concerned, the ring system in chlorpromazine
is biologically stable{ The use of 35$—chlorpromazina has shown that
in rats 40-50% of single doses are excreted in the urine and an equiv-
alent amount in the feces, the excretion of radioactivity being complete
in 72 hours (10). About one half of the urinary radicactivity was made
up of four compounds, the main one (12% of the dose) being unmetabolized
chlorpromazine. The other three were the sulfoxides of chlorpromazine
and its mono-demethylated and di-demethylated derivatives. An enzyme
located in a liver microsomal fraction is responsible for the sulfoxid-
ation of phenothiazine (8). Of the various tissues of the guinea pig
examined, only liver showed activity. The oxidative conversion of
chlorpromazine to sulfoxides requires NADPH and oxygen in addition to
the enzyme preparation. Gillette et al. (12) showed in 1957 that micro-
somes contain a NADPH oxidizing system which gave rise to hydrogen
peroxide. It was attractive to speculate that the hydrogen peroxide

so produced may serve as the source of "active hydroxyl" in the oxi-
dative reaction. The enzyme is probably not a peroxidase. At this
time it is not known whether chlorpromazine sulfoxide is further oxi-
dized to the sulfone (6) but Rose and Spinks (13) have shown that

me thylthioaniline is oxidized to the corresponding sulfone by mice.

It has been reported that chlorpromezine sulfoxide but not sulfone is
reduced to chlorpromazine by guinea pig liver homogenates under an-
aerobic conditions, and chlorpromazine sulfone is rapidly metabolized®
to products of unknown structure by liver mitocondria (9). Moran

et al. (14) reported that the pharmacological actions of the sulfoxide

metabolite differed qualitatively and quaptitativély from the parent



drug.

The key reaction of chlorpromazine hydroxylation may be related,
by mode of action, to the well established tryptophan hydroxylase in
brain (15). Lin EE Elf (16) believe that hydroxylation constitutes an
important aspect of chlorpromazine metabolism in man. The hydroxylated
compounds (17), referred to as "phenols", are excreted in three iden-
tifiable forms, i.e., unconjugated or conjugated to glucuronic acid or
to sulfuric acid. A result of this conjugation is the production of
more polar compounds than the parent compounds. From chromatographic
studies, Posner (18) had proposed and Huang and Kurland (19, 20) also
reported, that glucuronides are the major excretory products in men
rather than sulfoxides. The degree of glucuronide conjugate formation
varies with individuals. A higher degree of conjugation was recognized
in patients receiving higher doses of the drug. Dutton et al. (21)
found that glucuronide synthesis by way of enzymatic transfer of glu-
curonic acid from UDP-glucuronic acid is not restricted to the liver,
but could occur in the renal cortex, gastrointestinal mucosa and skin.
Treatment of human urine with B-glucuronidase has been shown to re-
lease the hydroxylated metabolites of chlorpromazine (18, 22, 23).
Evidence has been obtained to show that glucuronide and hydroxy deri-
vatives can occur with the products of demethylation (24). The situ-
ation is further complicated by possible dihydroxylation and hydro-
xylation of the nucleus at a number of isomeric positions. The major
site of hydroxylation was reported to be at the 7 position (17).
Hydroxylation reactions perform important roles in many biosynthetic
and catabolic processes. Unfortunately, the mechanism of this enzy-

matic reaction is not known. A monooxygenase, salicylate hydroxylase,



was isolated from a soil bacterium by Katagiric et al. (25). This
enzyme catalyzes the stoichiometric formation of catechol from sali-
cylate and reduced pyridine nucleotide in the presence of FAD as a
specific cofactor. FAD apparently protects the enzyme from inactiva-
tion (26).

Chlorpromazine-N-oxide was not a major metabolite of chlorpro-
mazine as it accounted for less than 1% of the dose (27). An alky-
larylamine oxygenase is probably involved in the formation of the
N-oxide (28).

Demethylation has been proved to be an important process in the
rat. Labeled chlorpromazine with 140 in one of the methyl groups
showed that as much as 17% of the isotope was exhaled as carbon dioxide
in six hours (29). In man both methyl groups may be removed from the
dimethylamino group of chlorpromazine; the monc-methyl and the com-
pletely demethylated sulfoxide derivatives have been stated to be the
major metabolites, but quantitative data are lacking (30). Removal of
the entire dimethylaminopropyl group apparently does not occur in dogs
(31). Ross et al. (29) have shown the mono or complete demethylation
of chlorpromazine in vitro. Fishman et al. (30) noted that demethylated
derivatives were found to account for at least two of the sulfoxide
metabolites. Additional evidence was given in a later report to sub-
stantiate the formation of the desmethyl and desdimethyl sulfoxide
metabolites of chlorpromazine (32).

The formation of free radicals from chlorpromazine and its meta-
bolites in vivo has been considered to occur. The work of the Forrests
et al. (33) indicated that free radical intermediates of chlorpromazine

appear in the urine of patients under medication, and mey be of



pharmacological significance.

The enzyme systems concerned in the metabolic pathways of drugs,
i.e., deamination, dealkylation, hydroxylation etc., are located
principally in liver microsomes and have the remarkable requirement
for both reduced NADP and oxygen (12). In 1955, Axelrod (34) reported
that upon fractionations of rabbit whole liver, the microsomes alone
could metabolize amphetamine, but a very slow rate. Addition of the
soluble fraction greatly increased the microsomal activities. This
suggests that the microsomal activities are NADPH dependent, as the
soluble fraction contained glucose-6-phosphate and glucose-6-phosphate
dehydrogenase which serves as a NADPH generating system. When this
system lacks NADPH, the microsomal activities are limitgd. Gaudette
et al. (35) have studied the dealkylation of a series of foreign and
endogenous alkylamines. They show that only those compounds exhibiting
& high chloroform/water partition ratio at physiological pHs are de-
alkylated by the microsomal system. It is of interest that the endo-
genous substrates studied exhibit extremely low partition and are not
metabolized. This suggests (30) that the microsomal enzymes are pro-
tected by a lipid barrier which is impermeable to polar compou;ds.
Bousquet (36) summarizes cofactor requirements for the microsomal
enzymes carrying out oxidative reactions as follows; they are quite
similar for hydroxylation, ether cleavage, dealkylation, and deamin-
ation. The pH optima are also similar, varying only slightly from pH
7.0 to 8.5, depending on the particular substrate. NADPH is a general
requirement for all of these reactions, as is molecular oxygen. NADH
can not replace NADPH in the oxidative reactions. Nicotinamide is

++

frequently added to homogenates to protect NADP, and Mg~ is a required



ion, Glucose-6-phosphate and glucose-6-phosphate dehydrogenase are
‘required td.maintain ﬁADP.in.the reduced staté.v‘ :
Consideration has been givén to the literature associated with

the metabolism of chlorpromazine. Several important.metaﬁolic pathways
have been elucidated for this type drug. 'A'partiéularly charactéristic
reaction is sulfoxidation; Others include hydroxylation, deme thylation,
N-oxide formation, and éonjuggtion-of the phenois with glucuronic acid.
Evidence indicates that arbmatic hydroxYlation followed By conjugation
‘with glucuronic acid is the dominant metabolic pathway for the pheno-
thiazine drugs in man; and does not necessarily result in lqss'of
pharmacologicalvactivity. In‘view of the number of known and theoret-
ical meﬁabolites of chlorprdmﬁzine;‘and the inherent lability of the
phenothiazine ﬁucléus, one shouldfoonclude_that»the progress in eluci-
datingviﬁé metaidlic fate of chlorpromazine has.been quite remarkable.
Hdwever,kﬁuch work remains to be done, since no single metabolite

identified to date accounts for more than 8~10% of the dose (1).



CHAPTER III
'EXPERIMENTAL
‘Animals and Tissues

Male albino rats {300 to 460 gm) obtained from'Holtzﬁan Company
-were used for the in vivo ‘experiments. The rats were not fasted be-
fore expcriments; and following the intrcperitoneai administration of
SH_chlo;promazihe, or_saline so1ution for control, the rats were placed'
in urine collection cages. They received water for the duration of the
expefiment. | |

Fresh pig livers were pqrchéseo ffombRalph's Packiogvco.,.Perkins,
Oklahoma. A4s sooﬁ as they wo;e removed_from pig, theyiwere sectioned‘

end chilled with ice.
Reagents

’SH-chlorpromazine. 20‘mg dlssolved in 2 ml saline solution (9
gmn/1.). soufcez Randomly labeled by the Wilzbach method (37) Bio-,
chemistry Dept., Oklahoma State- Unlversity, Stillwater, Oklahoma.

Chlorpromazine hydrochloride. RSO#GGSOS Smi th, Kline and
French Labs., Phlladelphla, Pennsylvania.

Orthanlllc acid. K and K Laboratorles, Inc ,» Plainview, New York.

Eastman Chromagram Sheet, type;KSOlRZ.. Slllca Gel, without

fluorescent indicator. . Eastman Kodak Co., Rochester; New York.

- 10
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Silica Gel G. acc. to Stahl. Brinkman Instruments Inc., Cantiague
Road Westbury, L.I., New York.

POPOP (1,4-bis-2-5-phenyloxazolyl-benzene), PPO (2,5-diphenylo-
xazole). Scintillation Grade, Packard Instrument Company, Inc., Box
428, LaGrange, Illinois.

B -Glucuronidase/Aryl Sulfatase. B grade, Calbiochem, Los
Angeles, California.

Glucose-6-phosphate dehydrogenase, type VI. Sigma Chemical
Compan&, 3600 Dekalb St., St. Louis 18, Missouri.

Ethylene gljcol. Fisher Scientific Company, 4102 Greenbriar
Drive, Houston, Texas.

Diethylamine. Matheson Coleman and Bell, East Rutherford, New
Jersey.

Toluene, para-chleorobenzenesulfonic acid, naphthalene. Eastman
Organic Chemicals, Rochester 3, New York.

Chloroform, ceric ammonium nitrate, ethyl acetate, methanol.

J. T. Baker Chemical Co., Phillipsburg, New Jersey.
Collection and Preparation of Urine

After the intraperitoneal administration of 3H-chlorpromazine, or
saline solution for control, each rat's urine was collected in an
Erlenmeyer flask containing 5 ml of toluene at each period of 24 hours
(23). Any feces were filtered out, and the filtrate was acidified to
pH 2 with 6 N HC1l, and separated into a volatile and solid portion with
a rotary evaporator. Both portions separated were used as part of a

balance study and for the identification of specific metabolites.
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Preparation of Tissue Subcellular Fractions

Subceilular ffactioﬁs were pfepared'acéording to the.method
described by Gillette and co-workers (12). Four hundred.ngVOf‘liver .
were sectioned into small pieées,vﬁhén 1260 ml 6f‘l;15% isotonic KCl
solﬁtion‘containing 8.0 ml of 0.02 M K,CO; was added. This mixture was
imhediately‘homogenized for 2 minutes in a large size Wéring biender‘at'
full speed to obtain the homogenate. Four ml of the homogenate was
equivaleht to 1 gm of liver. The homsgenatg was centrifugéd in a re-
frigerated centrifuge, Model RC-2, Ivan Sorvail, Inc., at 10,000 X G
(7,500-8,000 rpm) for 30 minutes, A vélume of: 1200 ml of,supefnatant
‘was obtained byiriltration through glass wool. This served as the
microsomal and soluble fractibns. This supérnatant was recentrifuged
‘to separate the microsomal fréction. ‘A Beckmah'Model-L Ultracentrifugé‘
was used at 27,000 rpm for one and half hﬁurs. The sdpernatant was
decanted and the microsomel fraction was suspenaed in isotonic KC1
solution to make a final volume of 400 m;. "One ml of li&er microsomal
fraction suépension was equivalent to 1 gm of liver. All operations
‘were conducted in a cola room, and all cell.fractiéns prepared were
kept frozen for up to 6 months without apﬁreciable_losé of the éctivi-

ties of N-oxidase and N-demethylase enzymes.

Balence Study

.Substraté Preparation for. Incubation with Liver Microsomal Fraction _

Five jmoles 6f 3H-chlorpromazirie_were used in the incubation mix-
ture in the in vitro balance étudy. .SH—chlorpromgzinb was dissolved in

95% ethanol to make a 0.02 M solution and then diluted to 0.01 M with
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0.2 M phosphate buffer pH 7.4.

Incubation of Liver Microsomes with 3H40hlorpromazine

The assay oyStem'described by Mueller 23_525‘(38) éno Shuster

. EE.El’ (38) was followed. Two_ml portions of liver microsomal fraction,
lml equivalént to 1 gm of liver;.was inoubated'witﬁ 0.5 ml of 0.01 M
3H-ohlorpromazine, 0.2 ml of 0.004 M NADP,IO.Z ml of 0.1 M magnesium
chloride, 0.5 ml of 0.1 M niootinamido, 0.5 ml of 0.05 M dipotassium ‘

' glocose-s-bhosphate, 0.2 ml‘ofvglucose-6—phosphate dehydrogenase.(z
units), 0.1 ml_of 0.25 M neutralized semicarbazide, and i.O ml of 0.2
M éhosphate buffer pH 7.4, to mgke‘a final volumo of 5.3 ml. The mix-
ture ﬁasvthon incuboted in a shaking ﬁater bath at 37°C undor an oxygen
otmosphore. After one hour the mixturo wos‘hoaféd to 70°C for 5 min-
utes to_dehétufe the enzymeoand fhe dehétured_protein was removed by

centrifugation. This incubated solution was then treated in the same

p——

menner as the urine collected from the in vivo experiments.

Fractionation of Metsbolites

Both urino samples andvmicrosomol f;actions‘(inoubated solution)
were'adjusted to pH 13 witﬁ i N NaOH. Chlorpromazine N-oxide, sul-
foxide; dealkylatod‘products, and'unmetabo;izedvohlorpromézine wefe
removed by extraction of the pH 13 so1ution twioeiwifh'three volumeé
of chloroform. Thevfesidual‘oolution'was titrated to pH 9.5 with 1 X

.HCI and fhe'"free" pheoolic me tabolites of chlorpromaiine.wero ex-
tracted from this solution with two extractions of three volumes of
ohloroform. The residue solution was titrated again‘to ava of 4.5

and after incubation with e-glucufonidase/oryl sulfatase, the :
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liberated phénolic metabolites were extracted twice with three volumesv
of chloroform at pH 9.5. BEach chloroform solution was concentrated to

a volume of about 3 ml.

Incubation with G-glucuronidase/hryl Sulfatase

A procedure developed by Talalay et al. (40) in 1946 for @-glu-
cufonidase/hryl sulfatase release of products formed by donjugation of
_phenolic metabolites and arylbsulfonic acid was uéed; Two ml of pH 4.5
metaboiié fraction end urine were mixed with equal volumes of acetate
buffer pH 4.5. After addition of 0.05-0.1 ml of e-glucuronidase/hryl
sulfatase (10,000 units/hl), the hixture was incubated in a shaking

water bath for 18 hours at 37°C.

Liquid Scintillation Speotrometry"

The total'radioactivity of eadh fraction of either Chlorofofm
soluble phése or agueous phase,'which was obtained as described above,
- was determined in a‘Liquid Scintillatioh Spectrometer; Tri-Carb Model
"527, Packard Instrument Co, A scintillation solvent systemideveloped
by Bray (41) was used in this study.‘ One tenth or one ml of sample ﬁas
-added to 15 ml of Bray solvenf-in the-liguid scintillation counting.
The Bray:sqlvent was prépared by dissolving 60 gm 6f naphthalene, 4 gm
of Pro ‘and 200 mg of POPOP in 106 ml of methano'l, 20 ml of efhylene
glyecol and par;-dioxane to make 1 liter. A‘quenching'corréctipn factor
Wﬁs determined by recounting all samples after adding 1 ml of Sp-
. chlorpromazine solution which contained 2.5 mg ofvSH-chlorpromazine in
‘100 ml of Bray solvent.- Thisvsolutién waé added so that the fadio-

activity of the blank was increased to about 1,000 cpm. In this study,



15
.the urine cblleqted from_control rats was used as a blank.
'Identification of Metabolites

An»attemét was made to determine whether fhere was & cleavage'at
the position of the'ring N and/or the §. If fhis process occurred, it
was proposed that tbere'would be orthaﬁilic acid; aromatic amines and

. their derivatives,'and sulfonic acids present as mefaﬁolites. A quan-
titétive determination was also déviéed for unmetabolized chlorpro-

mazine and hydroxylated chlorpromazine.

Thin-Layer Chromatography

In this study, the thin-layer plates were prepared by adding 61
ml of water to 30 gm of Silica Gel G. The layer thickness was 50 n.

‘Eastmen Kodak thin-layer chromégram sheets were also used in this study.
-Solvents

Chromatograms were dévelopéd in two solvent systems‘By an ascend-
ing technique. Other solveﬁt systems weré used, buﬁbtheﬁe two systems
 were the best. Solvent l; et&ylacet&té:methﬁnol?diethylamine (14:4:5)
(17). Solvent 2=v nqbutanol:acetic‘écidswater (40:10:50). Solvent 1
was adeqﬁate for the-geparatibn bf non-polar métabolites, while aromatic

amines and other compounds gave an acceptable separation in solvent 2.

“Spray Rq&gents

Chlorpromazine and its derivatives can be detected by a spray
reagenf consisting of sulfuric acid :water : 95% ethanol (1l:1:8) (23);

the spots were a pink or purple color.
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Aromatic amines cen be detectedlat concentrations,as low as Q.1

pmoles in a test tube color reaétion'by e method described by Hearn

: 33.2&' (42). This reagent can also be used as a spray and the‘sensi-
tivity is'stillkvery good for detecting concentfatiqns as low as 0.01
)nnoles on’thin;layer chromatogramsf One other advanfage of thisvre-
agent is that each amiﬁe has its own oharacteristic color, and this
changés to a fihalistﬁble color after werming from 30 seconds to 1
minute. This reagent was'pfeparediby dissolving 10 gm of aﬁmonium
‘ceric nitrate in 100 mi of 5% nitric acid. Other reagents were tried,
but none were as sensitive and simple gs this reagent. A dichromate-
sulfuric acid sélution,'in‘which 5 gm ?ofassium‘dichromate was dis-
solved invldo ml,ofv40%vaqueous‘sulfuric‘acid, was also valuable for
identifyiﬁg primary, secbndary,_and fertiary amines by varioqs ooiors
(43). Primary amines ga#e a blue color immediateiy; secondary smines
gave a yeliow color which changed té blue after 10 minutes, while
tértiary émines gave light yellow colors. Sulfoxidés, sulfones, and'
sulfonic aéids'wgre detected és purple spots on thin~layer chromato-
grams under ultréviolet lighf. No suitabie spfay feﬁgeht‘was found

" for sulfoxides and sulfonic acids; Howefer sulfones can be detecfed
by‘an iodine sprﬁy solution (44). This réagent was prepared by dis-
éolving 0.3 gm of iodiné in 100 ml of agqueous 5% potassiuﬁ iodide

solution.

Preparatidns_g£ Samples for Detection of»Non—Phenothiazine Metabolites

The urine collected on the first and second days from three rats
.administrated'3chhlorpromazine was pooied for each rat and concentrat-

- ed with ‘a rotary evaporator until a volume of about 3 ml was obtained.
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Two extracfions with 3 volumes of chloroform at pH 11 (frﬁction 4) were
ﬁade1 Fraction‘A'woﬁld contain frée.aroﬁatic amines. Cbﬁcentrated HCI
was addedlﬁo the agqueous phase (fraction B) until a concentration of

- 20% HCL was obtained, and then hydrolysis with refluxing was conducted
for one and half hours. The resulting solution Was,efapofated to dry-
ness under reduced pressure and 50 ml of deionized water was added.
This was evaporated to dryness again to remove most of the HCl. The
‘feSidue was'dissolfed and transferred, with a small amount of water,
into‘g‘beaker. After adjustment of the pH to 11, the liberated aro-
matic amines (fraction C) from conjugation wés extracted twice with 3
volumgs of chloroform. This residue (fraction D) was adjusted to pH 5.
All three fractions were ﬁhen dried aﬁd_O.Z ml of methanol was added

,0 o fréctions Band D. ‘A éystem

2

of color tests was arranged and thin-layervchromatography was utilized

to fractions A and C and'O.S ml of H

‘for qualitative identification of metabolites.

Preparatidns of Semples for Assay of Phenothiazine Metabolites

Both urine which was collected on the first, second, and third
deys and liver microsohal incubated-solutioﬁs were used for the_iden-
tification study of phenothiazine metabolites. Thé progedu£es were
hthe‘séme as‘that described in the balance.studj. Samplés of pheno-
thiazine metabolites were obtained.ihlthe three chloroform extracts at
pH 13, at pﬁ 9.5 and at'pHv9;5_aftef:ih§@bation with ,B—giucuronidase/ v
aryl sulfétase.v The chlorofoérm eifraéts of samplés were evaéorated to
dryness by passing dry air over the liquid surface. Two tenths ml of
CHGl5 was added to each sample residue and these extfacfs were used for

qualitétive identification and qdantitative studies.
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Identification gg.Non-Phenothiazine and Phenothiaiine Metabolites

Non-phenothiazine mefaboiites were identified by ¢olor tests in
test tube reactions and by thin-layer chromstographic techniques. 'In
the thin-layer chroﬁatography studies, orthanilic acid, chlorobenzene-
sulfonic acid, and other ardmaticlamines'which wére considéred to be
possible metabolites were used as references. On thé‘other hand, in
the phenothiazine identification studies, the compounds ysed for ref-
erences were. the 7-hydroxychlorpromaéine, chlorpromazine, and chlor-
promazine N-oxide. Since the interest iﬁ this study was on the hydro-
xylated metabolites and the non-phenothiazine metabolites other pheno-

-~ thiazine unknown spots were not identified.
Quantitative Studies

Street (45) found that the coibred‘solutidn formed‘by chlor-
prbmazine.in 50% sulfurig acid éxhibited_a.characteristic ultréviolet
absorption'specfra. Based on fhis'obserfation,Kuriand et 3&.'(46)
vdevelqped a quantitative assay for chlorpromaziné} In.this:study,
their methbd was followed and a staﬁdard curve was ?fepared for chlor-
.promazine ana 7ehydro#ycﬁlorpromazihé;‘then the ‘unchanged chlorpré—!

. mazine and the 7-hydroxychlorpfomazine formed was determined. - The
procedure for this study was i ‘all the samples were dried,.a volume
bvof 0.1 ml of chloroform was addéd'and 25450‘X.§f each sample was spot- -
ted on thin-layer chromatographic sheets. The sheets were developed

iﬁ a solvent system consisting of ethylacetate : methanol : diethyla-
ﬁihe (14 : 4 Sj by ap'ascendiné téchniquef Chlorpromazine and 7-

hydroxychlorpromezine were detected by sprﬁying_with the sulfuric acid
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reagent, and they produced a pink and purple color respectively. All
‘the'coloredbarea of'this spot weas fempvéd and the color was extractéd ‘
with 3.5 ml of 50% sulfuric acid. Centrifugatioﬁ was used to remove

the silida'gel. Thé absorbancy of the célored acid extract was deter-
mined in a Beckmamnn D. U. Spectrophotometer. A soiution.of 50% Sﬁlfuric
gcid was usedias the blank. .The Cary 14 Recording Spectrophotometer

was used to determine the absorption spectra of reference coﬁpounds and |

isolated metabolites.



CHAPTER IV
RESULTS AND DISCUSSION
Balance Study

' Ae has been indicated in the 1iterature review the metabolic modi-
ficatione of chlorpromazine are manifold and include sulfoxidation,
demethylation, ring hydtoxylation and conjugation, and oxidation at the
terminal nitrogeﬁ of tﬁe side chain. Sipce any combination of these
regctions may occur, & theereticelly'large number of metabolites could

'result.. No single ﬁetabolite identified to date accounts for more than
8-10% of the dose (1). Emmereon'et al. (iO) have shown that approxi-
mately 40% of the administered radioactlvlty was excreted hy the rat in
the urine when. 55S-chlorpromaz:me was administered In this study,
when the rat was administered 3H-chlorpromazine,»results similar to
those reported by EmmerSon EE.El' were ebtained}/*About»35 te.4o% of
the adminietered radioactivity appeeredfin the urinevﬁithin five days
(Table I). It is shown in Table I andbll'that the majof'portion of
administered radioactivity was in the solids of urine, while the vola-
_-tlle phase, which might contain 3H o, R-cH® 0, etc. accounted for only
0.1% of the H-chlorpromaaine. As stated the major part of the radio-.
activity was excreted by the'rat'durieg'the first day, while after the
fourth day less than 2% wes excreted. It ie‘of ihterest'that in this
fstudy, although half of the dose was adﬁinietefed on the first dey and

the remaihder on the next day, an accumulation of radiosctivity on the

- 20



TARLE I

RADIOACTIVITY IN URINE EXCRETION FROM RATS

7 b . Activity Observed Total
e Body CPZ" Day o "Activity _
Rat Weight Dose Collected 1 2 '3 4 5 - Obgerved Recovery
© gms muc o " muc . muc  mpc. muc muc mae %
1 452 . 690 Solid’ - 158.0 - 34.3  32.9 9.6 5.6 242.8 . 35.2
Liquid . 0.7 0.6 . 0.4 0.4 0.4
2 487 764.6 Solid 199.8 80.9 15.9 2.7 3.3 305.4 40.0
: ' Liquid 0.6 0.6 0.6 0.5 0.5 '
3 ) 350 298 - Solid 73T 20.7 13.6 2.6 112.0  37.6
' - Liquid © 0.7 0.3 0.2 0.2 |
4 340 298 Solid . 70.2 19.5 9.2 1.4 | 101.5  34.1
: o - . - Liquid 0.7 0.3 0.1 0.1
5 . 360 410 Solid . = 105.7 32.3 12.0 6.2 . 157.2. - 38.4

a‘Ra,t'l_,. 2, were injected with half of therdOSe, on the first day, and the remainder on the next day.

PRat 3, 4, 5, were given the entire dose on first day. |

12



PERCENTAGE OF RADIOACTIVITY® EXCRETED IN SOLID PHASE OF URINE FOR BACH DAY

TABLE II

_ Tofal
Radioactivity : Day
Rat : Observed ' 1 2 3 4 5
omo 7 % % % % %
Y - 242.8 5.2 14.1 13.5 4.0 2.3
2 305.4 . 65.5 26.5 5.2 0.9 0.1
s 12,0 - 65.6 18.5 12.0 2.3
4 . 1015 69.2 19.2 9.1 l.4
20.5 7.6 3.9

5 - 157.2 67.2

®Based on total,radioactivify observed.

27
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second»day‘in excreted urine was not observed (Table II).

| Posnen.(18) had observed that glueurenides.were'the majer excre tory
products in m@h rather than sulfoxides. ;In this study ﬁith SH-chlor-
‘promazine; it'may be'seenbfrom Table III that fhis is not the ease with
‘the rat. Fractionatlon of urine from rats rece1v1ng chlorpromazlne,
‘based on radioactivity of each day observed, showed over 50% of the
admlnlstered radloactlvlty was in the chloroform_extracts of‘urlne at
pH 13, while less than 7% was in the:chloroform.extrectsbof urine at
pH 9.5 before and after incubation with e-glucuronidase/nryl sulfatase.
As shown in Table IiI, the amount‘of "free" and conjugafed»phenolic
metabolites were increased on the_second day, although the radioactivity
in this fraction was low. In spite of the small amount of "free" and
- conjugated phenolic metabolites, it is of interest that beth fractions.
are elmestveqnal, and the degree-ef glucuronide“conjugation was in-
dependenthof the day after drug.administretien. ‘Thie suégests that
there may exist an equilibrium between "free" and conJugated metabo-
lites, and the equlllbrium eonstant is close- to unlty

1f we look at the radloact1v1ty of the agueous urine re51due
(Table IITI), which is obtalned after. 1ncubat1ng w1th B-glucuronldase
,/eryl sulfatase, the actlvlty of %y was almost negllglble. These re- -
| sults are quite different from that of mice rece1v1ng 35S—ehlorpro-
mazine. Which Chrlstensen EE al. (ll) found w1th mice 3-5% adminis-
trated radicactivity ﬁas in the-fofm ofvfneebsulfate,‘and 23-48% in the
"combined sulfate" form. This indicates that fhe phenothiaeine ring in
_chlorpromaz1ne is possibly more stable in rats than in mice.
As descrlbed in the llterature review, Gillette et al. (12)

observed that llver microsomes had ‘meny enzyme Systems concerned'with
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TABLE III

RADIOACTIVITY OF URINE CHLOROFORM EXTRACTS AND RESIDUE

Distribution of Radioactivity

Enzyme® Incubated

_ - pH 13 pH 9.5 PH 9.5
: Day : Total CHCls , CHCl5 CHCl3 Water
Rat Collected Activity Extracts ~Extracts Extracts Residue
mue - mpe mpuc mpe mue
1 1 158.0 109.6 7.0 10.1 1.4
2 34.3 16.5 5.3 7.4 1.9
3 32.9 - 17.4 3.1 2,0 0.8
2 1 199.8 . 139.0 13.9 14.1 5.0
2 80.9 48.3 6.5 8.4 5.7
3 15,9 9.3 N 1.1 2.0 0.5
DistributionP of Radicactivity as, Percent of Total Per Day
% % % %
1 1 69.4 4.9 6.3 0.9
: 2 48.1- 15,5 21.6 6.5
3 53.0 9.4 6.1 2.4
2 1 69.§ 6.9 7.0 2.5 .
2 68.9 . 8.0 10.4 7.1
3 - B8.5 6.9 12.6 3.1

& Q—Glucuronidase/hryi sulfatase.

bCalculation based on total radidactivity excreted of each day
observed. ' ' :
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‘thé.metabolism of drugs, and these enzyme systems had the remarkable
réquiremenf for both réduced»NADf‘and éxygen. In the in vitro expefi-
ments in this study, glucose-6-phosphate and glucoSe-6~§hosphate dehy-
drogeﬁase were added to microsomal fractions tovserve as a NADPH
generating system.  Thé NADPH generating s&stem was not required with
the l0,000 X’G supernatant and the homogenate. As in‘the method de=-
scribed by Gillette et al. (12), nicotinamidevwas added tobprotect
NADP gnd Mg** was a required ion. The enzyme>asséy system fér chlor-
promazine oxidase is shown in Table IV.

When 3H~chlorpromazine was incubated with pig liver microsomes,
the radioactivity distributio# from the fréctionation of the incubated
solution was similar to that of urine; except wifh the conjugated
metabolites. “As shown in Table V, chloroform gxtrabts at pHd 13 still
containedlthe majorvportion‘of the admiﬁistered radioactivify. Ihe
| rad10act1v1ty in the aqueous phase after 1ncubat10n with ﬁ glucur-
'onldase/hryl sulfatase was negligible. Wlth.the p1g l1ver mlqrosomal
fractlon, the degree of glucuronlde conjﬁgatioﬁ was greatly'decfeased
and was approxlmately one tenth of that of free phenollc metabolites.
»It mlght be p0531ble that there exlsts ‘a slow step in the conjugation
‘reaction so that a one hpur‘incub&tion wes not enough time for a - com~
vplete"reaﬁtion. There mlght also be a lack of the enzyme system or
cofactors for this reactlon 1n pig llver mlcrosomes, or the reaction
may bccur in another tlssue. _Gomparlng Table V w1th Table III, it is
evident that the sum of:free end éonjggat§d phenolic metabolites»in
 tHe in vitro study ﬁith pig liver and thevfirst days rat urine are
similar. Although the degree‘of glucuyonidé conjugation was different

between these two experiments, the rate of hydroxylation might be the
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TABLE IV

 CHLORPROMAZINE OXIDASE® ASSAY SYSTEM

: Supernat&ntb
Item | — Homogepatéb , 10,000 x G , Microsoméb
' ymoles jmoles Jmoles
Chlorpromazinev o B | 5 5
NADP S R 0.8 0.8
Mgll, | B 20 20 20
Micotinamide 50 s 50
Gluoose;G-phosphate 3 _: B v25' '» i : 26 . 25
Glucose—G-phosphate dehydrogenase . - -}_} ﬂ ' 2 units
Neutralized semicarbazide 28 2 25
0.2 M phosphate buffer.pﬁ 7.4 ' ""i m olml 1 ml

®Ring hydroxylation at the 7npositlon of the phenothlazlne
~nucleus. o .

bA volume of tissue preparatlon equlvalent to O, 5 g ‘of fresh
‘liver was added, & volume of water added to each mlxture to make the
volume up to 6.8 ml. S :
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CTABLE V

RADIOACTIVITY OF CHLOROFORM EXTRACTS OF PIG LIVER -
MICROSOMES INCUBATED WITH SH-CHLORPROMAZINE

Residue Incubated
. S | With Enzyme®
 Total = pH 13 pH 9.5 = pH 9.5 Residue
Activity CHCly -  CHCl, _CHCl5 Aqueous
- _Extracts  Extracts Extracts Phase

| me  mme  mie omie o
vRadioacbtive o N o e EEE
Distribution 242 181.3  29.8 3.0 4.2
ok F & %
Distribution 75123 La 1.7

& Qv-Gluduronidas’e/aryl_sulfa.ta.se.
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same. The compérison of rat urine métabolites with pig liver microsome

metabolites'may not be valid.
Motabolite Identification Study

Although no evidence has béen obtainéd that'fherQ is a cieavagé
of the phénofhiazine ring in chlprprbmaziné mefabolism, this might
occur as shown in Figure 2. in Table I, II, and I1I, there is only
about 1.2% of administered rgdioactifiﬁy left'in the aqueous urine |
residue. In other wordﬁ, when thieé raf»urines were pooled (Table I),
there was an amount of compognd'in the water residue equivalent to 1
pmble or ébout 0.36 mg of chlorpromazine. These concentrations are
within the detectable range of color tests gndvthin;layer‘chromatogw
raphy. Howeyer, as éhoﬁn in Table VI,'the‘suspectgd compéunds were not
deteéted. The aromafic amines, drthani1ic aéids, chlor@benzenesulfonic
acid énd other sulfopic acids tests were negative. These resulté do
ﬁét prove'thét fing cleavﬁgejdoeS“not occur as & high salt concgntratﬂnl
in the éamples and other.techﬁiqﬁé broblems were pfésent; On the other
hand, thére‘may be so.many.differentjkinds‘of cdmpoﬁnds prgsent that
f‘each compound could oniy be'preSenfjin g‘concenfration to low for de-
tection. | | |

7-Hydroxychlqrpr0mazine ﬁnd'unmetabolizéd dhlqrpromazine ﬁere-
identified in both‘fat‘urinévgnd ingufaﬁed pig liver subcellular fraq¥
tiogs, but as shown in‘Table‘VII, the pattern for other meﬁabolites
appgars to be-differeﬂt; 'Iﬁ chioroform extrégfs At:pH 13, there was
a pihk unidentifiéd spot‘afin'0%7211n'rat‘urine,IWhilé the solution
viﬁcubatea with pig iiﬁer sub#éliular‘frﬁctiops failed to show this

'.metabolife, but did show & pink spot of‘chldrpromazine N-oxide at R,



SO5H
+
NH,

' Orthanilic Acid
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Amines or
Conjugates -

Chlorpromazine

Sulfonic Acid
or Conjugates

Figure 2. 'Proposed Ring Cleavage of Ghlorpromazihe With Products
, ' That May Result From This Process

82



TABLE VI

NON-PHENO THIAZINE METABOLITES IN RAT URINE: TESTS FOR AROMATIC AMINES,
ORTHANILIC ACID, PARA-CHLOROBENZENESULFONIC ACID

, o pH Chloro- pH 11 Re Value of
- pH11 - pH 11 form Extracts Aqueous Reference compd
Chloroform Aqueous = After Acid Phase After Solvent Solvent
Extracts Phase Hydrolysis Hydrolysis 1% IIP
Aromatic Amine _ Negative : N;gative Negative -Negative
Orthanilic Acid® Negative Negative Negative Negativei _ 0.15 0.27
Para-chlorobenzene-4 : o : '
Sulfonic Acid Negative Negative =  Negative Negative 0.33 0.44

830lvent I: ethylacetate : methanol :_diethylamine (14:4:8).
bgolvent II: n-butanol : acetic acid Héo (40:10:50).
°Detécted by spraying with ammoniun ceric nitrete in 5% nitric acid, pale ofange—brown (final

dDetected under ultraviolet light (short frequency).

color).

og
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TABLE VII

- IDENTIFICATION OF CHLORPROMAZINE METABOLITES IN RAT URINE
AND INCUBATED SUBCELLULAR FRACTIONS FROM PIG LIVER

First Chloroform Extract at pH 13

R, ColorP Probable Identity®
With H,S0, ‘
Reagent
Urine (lst. day) 1 0.82 pink Cpz®
0.72 pink | unknown
Subcellulard 0.81 pink CPZ
Fractions
0.26 - pink : CPZ-N-oxide

0.1 _ pink unknown

Second Chloroform Extract at pH 9,5 Before Incubation
With ®-Glucuronidase/Aryl Sulfatase

Urine
first day 0.85 pink unknown
: ‘ 0.67 - purple 7~hydroxy CPZ
second day 0.86 pink unknown
0.66 purple 7-hydroxy CPZ
0.21 pink unknown
0.09 - pink ’ unknown
Microsomes | 0.67 ' purple 7-hydroxy CPZ
. 0.58 yellow ' unknown
0.21 pink unknown

0.10 pink unknown




TABLE VII (CONTINUED)
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Third Chloroform Extract at pH 9.5 After Incubation With
@-Glucuronldase/hryl Sulfatase

Rf Caler Probable Identity
With H SO4 :
Reagent
Urine
first day 0.80 purple unknown
0.66 purple 7-hydroxy CPZ
0.10 pink unknown
second day 0.82 purple unknown
0.66 purple 7-hydroxy CPZ
0.10 pink unknown
Miorosome 0.66 yellow/purple suspected
’ 7-hydroxy CPZ
0.10 pink unknown

®Bastman Chromagram Sheets
msthanolzdlethylamlne (14: 4:5)

szso zwater:957 ethanol (l:l: 8)

®Chlorpromazine and 7-hydroxychlorpromezine as references.

dMlcrosomes, homogenate, end supernatant (10,000XG) all show the

same pattern.

®CPZ = chlorpromezine.

were used, developed in ethylacetate:
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0.26 and an unidentified pink spot at Rf 0.10. A mére complicated
pattern was observed in chloroform extracts in the second days urine

at pH 9.5. Two metabolites in the first days urine in the nonconju-
géted form, and three metabolites in the conjugated form were observed.
Both extracts before and after incubation, conteined 7;hydroxychlor—
promaziﬁe, the other unknown metabolites showed a different color and
Rf value. The second days urine showed two more unknown metabolitgs
with pink colors in nonconjugeted forms‘and the same for conjugated
metabolites. However microsomes showed a similar result relative to
the second. days urine sample with nonconjugated metabolites, but showed
vonly two spots for conjugated metabolites. It is of interest that
microsomes did not show the unknown spot with R, 0.8-0.86 as seen in
urine withbnonconjugated and conjugated metabolites. 7-Hydroxychlor-
* promazine was positively identified in rat urine and in the solution
incubated ﬁith pig liver subcellular fractions in both nonconjugated
and conjugated. Thisisuggests that 7-hydroxychlorpromazine is an im-

portant metabolite and may be the major one.
Quentitative Study

Ultraviolqt and visible spectra were made for chlorpromazine and
7-hydroxychlorpromazine in 50% sulfuric acid (see Experimental),
which were shown in Figures 3 and 4. The wave length of maximum ab-
sorption was determined. As shown in Figure 5, the standard curve was
made at 560 millimicrons for the quantitative determination of both
unme tabolized chlorpromazine and 7-hydroxychlorpromazine.

The results of a quantitative determination are shown in Table

VIII. To confirm these quantitative results, it is necessary to compare
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——— Chlorpromazine
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Figure 3. The Ultraviolet Spectra of Chlorpromaszine and
7-Hydroxychlorpromazine
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Figure 4. The Visible Spectra of Chlorpromazine and
7-Hydroxychlorpromazine
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Figure &.
‘ " chlorpromazine
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‘TABLE VIII

QUANTITATIVE DETERMINATION OF UNMETABOLIZED CHLORPROMAZINE AND
7-HYDROXYCHLORPROMAZINE FROM RAT URINE AND PIG LIVER
SUBCELLULAR FRACTIONS

Unme tabolized 7-Hydroxy-
Chlorpromazine® Chlorpromazine
% g
Urine® ‘d
first day ‘ 10.9 AT 0.38
| pd 0.19
second day : trace A 0,14
, B 0.11
third day ' undetectable - A undetectable
‘ B undetectable
Homogenate® ‘ 45.0 -
Supernatant® ‘ 46.6 -
(10,000XG) : -
Microsomesg o ~ 67.0 A 1.5

undetectable

8First chloroform extracts at pH 13 were exemined.
bgecond and third chloroform extracts at pH 9.5.

©9-10 mg of chlorpromazine was injected to rat, an average value
was teken from two rats.

dA‘and B represent the chloroform extracts at pH 9.5 before and
after incubated with. @-glucuronidase/éryl sulfatase, respectively.

®1.78 mg of chlorpromazine was incubated for 1 hour.
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this data in Table ViII with Table III and V. The‘ﬁnmetabolized‘

" chlorpromazine accounted for 45-67% of the meﬁabolites from pig liver
subcellular-ffactions. Since fhe métabolism of .chlorpromazine seems,to
‘ be incomplete for microsomes this suggests that added glucose-6-phos-
phate and glucose-s-phosphate dehydrogenease weré.not sufficiépt to
replace tﬁe soluble fraction cofactors. Also, the one—hpur incubation
may not permit cémplete reaction, sincé with the in vivo study in the
rat (Table VIII), unmetabolized chlérpromazine represented only il% of
the adﬁinistered dose.

As shown in Table VIiI, the results of the quantitative deter-
mination agree with the distribution of ddministered radioactivity in
chioroform extracts at pH l3vin'the balance studies (Tables III and V),
especially for microsomes. Thesa_reéults suggeSté that'fhere are some
imporfaﬁt métabélites other than unmetabolized chlorpromazine in the
‘chloroform extracts at pH 13, especially with rat irise.

‘There was a highér concentration of 7-hydroxychlorpromazine in the
free form than in the conjugated form in the first daYs urine.- However,
inbthe‘balancé #tudy conjugated metabolites héd about the same radio-
| activity as‘thatbof free metabolites. Thié indicates that thgre were
- other iﬁportantjm§taﬁolites for coﬁjﬁgation. The thin-layer chrbma-
tographic results provided evidence for this point (Table VII). The
percentagés of 7-hydroxychlorpromazine found‘in the second day urine
dgrees with the results shown in Table IIIX énd‘VII (Table VIII, iine 2).

- When 3SS-Chlorpromézine wes given'fé the rat, Emmersdn EE.Ei‘ (10)
were able to account for 12% of the dose in urine as unmetabolized
drug. In this study, it was shown that 11% of the‘unmetabo;ized chlor-

promaziné was excreted in the first deys urine while only traces were
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observed in -the second day, and it was undetectable in the third day.



CHAPTER V
SUMMARY

The metabolic fate of administerec SH-chlorpromazine hes been
.studied in the rat andvpig. Urinary ﬁecabcliteS'from the rat wefe
examinedvto_establish the relative importance of the 7-hydroxychlor-
promazine metabolic pathwaj. These samples were also analyzed for
ﬁetabolites which would result from cleavage of the phenothiazine ring.
EE,IEEEQ studies included incubation‘of‘the‘tritium labeled drug with
"rat and pig liver homogenates and pig livef microsomes. Glﬁcuronide
complexes of chlorpromazlne metabolltes were isolated as a group after
incubation of urine samples w1th @—glucuronldase. An sssay system for
‘the enzyme which hydroxylates the phenothiazihe ring of chlorpromazine
has been dev1sed . | |

- From 35-40% of admlnlstered radloactiv1ty appeared in the urine
within '§ days. On the basis of total excreted 3H,.65% was excreted on
:the first day while after the fourth less than 2% was observed. The
sollds of urine contalned the magor portion of the rad10act1v1ty while
the volatile SH metabolites contained less than 1% of the total activ-
~ity. Extraction of urine semples at adjusted pH values gave the fol-
lowing results: Firsﬁ‘extractieh with chloroform at pH 13 showed
56-69% of.the total Sﬁ‘wae prese#t.as‘qnchagged»chlorpromezine, chlor-
promaziﬁewN?oiide and the sulfoxide, chloroferm excrecfion‘atléH 9;5

before and after incubation with B—glﬁcuronideSe (at pH 4,.5) showed

40
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“the nencopjugated and eonjugated phenolic‘metabelites were about equal
in conCentration for each daye urine sample; the activity remaining in
the ufine residue after the three extraotione desc:ibed above was negli-
‘gible} 7-Hydroxychlorpromazine was identified as thevphenolic_metabo;
lite in rat»urine. It was present'in both»eonjugate.and nonconjuéafe
forﬁs. | | | |

Plg liver microsomes showed . most of the act1v1ty 1n the chloroform
| extracts from samples adJusted to pH 13. Thln layer chromatography of
the pH 9.5 chloroform extracts of this same sample revealed the pre-
sence of _hydroxychlorpromazine. These samples contained less than 2%
of “the drug as the conjugated derivative. The aqueous residue of the
mlcrosomal fraction after the extraotlons described above contalned |
about 27 of the Sy actlvity..

No»evidence was obtained to supbOrt thevexistance-of a pheno—
thiazine ring cleavage metabolic system in the rat. The teste for
'aromatlc amines and their conJugates, sulfonlc aclds and orthanlllc
acld were negatlve. |

An assay system for the xﬁi‘crosomal enzyme ﬁhich catalyes the ring
‘hydroxylation of chlorpromazine has beeﬁ develeped by adaptation of a

‘method proposed by other WQrkersffof‘the N-oxidase eniyme.



lo.

11..

12.

13.

- 14,
- .15,
16.

17,

LITERATURE CITED

Emmerson, J. L., and Miya, T. S.,'i. Pharm. Sci.;'gg, 411 (1963).

Gdurvoisiér, S., Fournel, J., Ducrot, R., Kolsky, M., and
Koetschet, P., Arch. Intern. Pharmacodyn., 92, 305 (1953).

Domino, E. F., Ann. Rev. Pharm., 2, 245 (1962),

Cooper,‘J. R., Ann. Rev. Pharm., 4, 9 (1964).

Brodie, B. B., Glllette, J. R., and La Du, B. N., Ann. Rev.
Biochem., 27, 430 (1958).

Carr, C. J., Amn. N. Y. Acad. Sci., 96, 170 (1962).

Salzmen, N. P., and Brodie, B. B., J. Pharmacol. Exptl. Therap.,
1lis, 46 (1956)

Gillette, J. R., and Kamm, J. dJd., J Pharmacol Exptl Therap.,
130, (1960)

Kamm, J. J., Gillette, J. R., and Brodie, B. B., Federation Proc.,
17, 382 (1958). ‘ T ‘

Emmerson, J. L., and Miya, T. 8., J. Pharm. Exptl. Therap., 137,

148 (1962).

Christensen, J;, end Wase, 4. W., Federation Proc., 15, 410 (1956).

AGlllette, J. R., Brodie, B. B,, and La Du, B. N., J Pharm.

Exptl. Therap., 119, 552 (1957).

Rose, F. L., and Spinks, A., Biochem;‘J;, 43, vii (1948).

Moran, N. C., and Butler,'w. M.; g_ Pharmacol. Exptl Therap.,
118, 46 (1956).

Nekamura, 8., Ichiyama, A., and Hayalshl, 0., Federatlon Proc.,
24, 324 (1965). ,

Lln, T. H., Reynolds, L. W, Rondlsh I, M., and Van Loon, B. J.,
Proo. Exptl. Biol. Med., 102, 602 (1959)

Goldenberg, H., and Fishman, V., Biochem. Biophys. Res. Commu.,
14, 404 (1964) i ‘ ‘

42



18.

19,

20.

21'

22,

23.

24,

25.
26.
27.
28.
29.
30,
3l.
52,
33.
34.
35,

36.

37.

43

Posner, H. S., Am. Chem. Soc. Abstr., 136th meeting, 1959, P. 8lc.

Hueng, C. L., Sanda, F. L., and Kurland, A. A., Clin. Chem., 7,
573 (1961). . -

Huang, C. L., and Kurlend, A. A., Am. J. Psychiat., 118, 428 (1961).

Dutton, G. J., and Stevenson, I. H., Biochim. Biophys. Acta., B8,
633 (1962). A A _

Nedeau, G., and Sobolewski, G., Can. Med. Assoc. J., 80, 826 (1959).

Posner, H. S., Culpan, R., and Levine, J., if'Pharmacol. Exptl.
Therap., 141, 377 (1963). . . '

Herrmamn, B., and Pulver, R., Arch. Intern. Pharmacody., 126, 454
~ (1960). ' ” ‘

Katagiri, M., Yamemoto, S., and Hayaishi, 0., J. Biol. Chem. 237,
202413 (1962). A

Yamamoto, S., Katagiri, M., Maeno, H., and Haysishi, O., J. Biol.
Chem. 240, 340g (1965).

Fishman, V., Heaton, A., and Goldenberg, H., Proc. Soc. Exptl.
Biol. Med., 109, 6§48 (1962).

Ziegler, D, M., Pettit, F. H., and, Orme-Johnson, Ww. H., Federatlon
Proc., 24, 324 (1965). :

Ross, J. J,, Young, R. L., end Maass, A. R., Science, 128, 1279
(1958). | : ‘

Fishman, V., and Goldenberg, H., Proc. Soc. Exptl Blol Med. 104,
99 (1960).

Walkenstein, S. S., and Seifter, J., J. Pharmacol, Exptl. Therap.,
125, 283 (1959). .

Goldenberg, H., and Flshman, V,, Proc. Soc. Exptl. Biol. Med., 108,
178 (1961) ' -7 ”

Forrest, I. 8., Forrest, F. M., end Berger, M., Blochhm Blophys.
Acta., 29, 441 (1958).

Axelrod, J., J. Biol. Chem., 214, 753 (1955).

Gaudette, L. BE., and Brodie, B. B., Biochem. Pharmacol., 2; 89
(1959). ‘ B . - '

Bousquet, W. F., J. Pharm. Sci., 51, 297 (1962).

Wilzbach, K. E., J. Amer. Chem, Soc. 79, 1013 (1957).




38.

39.

40.

41,

T 42,

43.

44.
45,

46,

44

Mueller, G. C., end Miller, J. A., J. Biol. Chem, 202, 579 (1953).

Shuster, L., and Hennam, R. V., Can, J. Biochem., 43, 899 (1965).

,Talalay, P., Flshman,‘WL H., and Hugglns, C.s J. Biol. Chem., 166,

757 (1946)

Bray, G. A., Angl. Blochem., 1, 279 (1960)

Hearn, W. E., and Klnghorn, R., Analyst, 85, 766 (1960).

Waldi, D., Stehl, E. (editor), "Thin-Layer Ohromatography", 1965,
v Academlc Press Inc., New York, p- 488.

Waldi, D., ibid., p. 493. |
Stréer, H. V., Chem. Ind,, 1501 (1962).

Kurland, A. A., Huang, C, L., Hallam, K. J., and Hanlon, T. BE.,
d. Psychiat, Res. 3, 27 (1965)




VITA
Chiong~ying Lin Chen
Candidate for thé Degree of

Mester of,Sciénce

- Thesis: METABOLISM OF CHLORPROMAZINE: NON-PHENOTHIAZINE AND HYDROXY
METABOLITES :

Major Field: Chemistry (Biochemistry)
Biographical:

Personal Data: Born in Pingtung, Taiwan, Republic of China,
August 11, 1939, the daughter of Mr. and Mrs. C. S. Lin.

Education: Bachelor of Science Degree, Taiwan Provincial
‘Chung-Hsing University, Taichung, Taiwan, Republic of China,
1958~1962. - : o

Professional experience: Served as Chemistry and Mathematic
teacher, Pingtung Girl's School, September, 1962 to July,



