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CHAPTER I
INTRODUCTION

The pharmacologlcal properties of the chemiocally
homogenous group of phenothiazine compounds differ widely.‘
Phenothiazine (fig. 1), the parent compound possessing the basio
structure of this group, had been synthesized in 1883 and had
been introduced as an antihelmintie primarily in veterinary
medicine about 1933. Its oliniocal use in man has been restric-
tive because of its hemolytic setion. The phenothiazines re-
¢elved renewed interest as therapeutie agents within the past
two decades from two separate research groups. In the United
States the search for more potent antimalarials during World War
IT led to the synthesis of various homologs of phenothiazine
{(l«3). The 1l0~dialkylaminoalkyl phencthiazines, the olosely
related homologs of ohlorpromazine (CPZ), were first synthe-
sized in 194} by Gilman and coworkers (1,2). The pharmacological
 properties of these compounds were not inveatigated since theses
phenothiazine derivatives falled to satiafy the antimalarial -
interests of these researchers. Independently, the second group,
headed by Halpern in France, linterested in the phenothiaszines
as drugs exhibiting potent antihistaminia'aetivity with lesser
side effeots ;r toxleity than the known antihistaminles, also
synthesized some 1l0-dlalkylaminoalkyl phenothiazines (4,5).

1




Figure 1

Structural Formulae of Phenothiazine,
Promethazine and Chlorpromazine
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These derivatives, for example, promethazine (phenergan, fig. 1)
were found superior to the other known antihistaminie drugs.

During the clinical trials of the antihistaminioe
phenothiazine derivatives, for example, promethazine, marked
hypnotic effeots were noted., Halpern et al., (6) reporting on
the local anesthetic sction of various antihistamine drugs obe~
served that certain of the phenothiazine derivatives exhibited
a distinotive type of central action., Winter also recognized a
"sentral™ component of astion of a phenothiazine compound, proe-
methazine, from his study of drugs causing the potentiation of
hexobarblital sleeping time in mice (7) and the depression of
the conditioned reflex in rats (8).

- A chemical ocongener of prémethazine which would exhib;t
more potent central astion was sought. It was during this seareh
that the synthesis of 10-(3~dimethylaminopropyl)~-2-chloropheno~
thiazine (R.P. }4560) was accomplished in 1950 at Rhone-Poulens
Specis Research Laborgtories and reported by Charpentier et al.
(9) in 1952, The generic name of chlorpromazine (CPZ) was
proposed by the French group (9). Prior to the publiocation of
the synthesis of (CPZ by Charpentier studies of the\pharmaco-
loglcal propertiea had been in progress (10) and reports of
olinical trials of R.P. 4560 had been published (11-16). The
drug had been introduced (17) by various trade names in different
sountries, for example, Thorazine (United States), Largactil

(France, England, and Canada), Megaphén (Germany), Hibernal




(Sweden), Amplistil (Brazil), Aminiazine (Russia), and
Ampliactil (Argentina). |
Courvolsier et al., (10) reported in detall on the
pharmacodynamic properties of R.P, 4560 (CPZ), a new compound
utillzable to potentiate anesthesia and artificial hibernation.
Promethazine and CPZ were used in Europe as components for the
"eooktall lytique", a mixture used for the production of artifie-
e¢lal hibernation during surgery. This mixture usually consisted
of an analgesic, a parasympatholytioc, an antlhistaminie, and a
hypothermlsc agent, and was administered as = pre-anesthetic
preparation., Promethazine and OPZ were used in the preparation
t0 produse the latter two effeocts. Courvoisier and her assogi-
ates demonstrated that CPZ enhanced the astion of general
anestheties, analgesios, and narcotiec drugs, and exhibited
sympatholytic, spasmolytio, hypotensive, hypothermio, sedative,
hypnotic, antlconvulsant, anti-emetis, antifibrillstory and
analeptic astivitles, Taue drug was cavable of exerting a de-
pressive aoction on the econditioned reflex aativity and of sup~
pressing the psychomotor activity of the alcoholic; it reduced
sapillary permeabllity, exerted soms protective action against
hemorrhagle and traumatic shook; and 1% prevented blood coagula=~
tion, but at a conocentration not attained in therapy; CPZ was
found to be prastically devold of antihistaminio activity., Howe
ever, CPZ was introduced Into medisine as an antiemetis and

preanesthetic agent.
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In addition to the introduotion of CPZ as a useful

potent anti-emetlic agent (18,19) capable of blocking the action
of apomorphine on the chemoreceptive emetic trigger zsone (20-22),
and as an agent useful in the potentiation of anestheties (15,
23, 2i4) analgesios (25,26), and hypnotios (15), early oclinical
reports (13, 16, 27, 28) made it evident that CPZ exerted a non-
hypnotic depressant action on the central nervous system,

Animals given CPZ dlaplayed a calming or docilizing effest; they
beoame lethargle and motionless (10). Thus, the usefulness of
CPZ 1in alleviating anxiety, agltatlion and hyperactive motor
states in psychotle and psychoneurotliec individuals became sppar-
ent. Patlents suffering from simple or neurotioe dgprossiona and
sertain melancholias responded well to CPZ treatment (28). The
anxlety and tension of neurotics were reducsed (27-30). Agitated
behavior was calmed wlthout the production of narcosis. The
cbacrved calmmess experienced differed from that followiné the
use of sedatives. The somnolent patient could readily be
aroused without axhibitiag the stuporous astate usually displayed
by sedatives. A new term was 1lnéroduced to deseribe the pharma-
cologioal action of CPZ -«"trancuilization", and the era of
tranquilizers was introduced with the advent of CPZ. The
introdustion of CPZ as a useful agent in this fileld of medicine
has done mush to revolutionize conoepts of mental health. The
ugefulness of CPZ as an anti-emetlo and presnesthetioc agent was

overshadowsd by its greater usefulness in psychiatry.
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The effectiveness of CPZ in 1ts applieation in psy=
ohlatry was reviewed by Viaud (31) in 1954, less than two yaars
following the report of the synthesis of this opmpound. Since
that time the literature pertaining to the application of CPZ
in mental health and psyochlatric treatment grew continually and
is, at present, voluminous. The drug has found spplication in
the treatment of severe aglitation, acute and chronie schlzophre=
nia, manie states, depression, where anxlety and agitation pre-
dominate, psychoneuroses and payochosomatic disorders, addiction
to alaoholic and narootic drugs, and delusional, belligerant and
anxlety reactions in organic mental disorders (32). CPZ has been
used successfully as an antiemetic and a pre-anesthetic agent.

Several review articles pertaining to the pharmacolog-
ical and tranquilizing actions of CPZ are available (33-38), A
rather thorough comprehensive review, containing 6800 references,
on the chemlistry and pharmacology of CPZ and related phenothia~
zlne tranquilizers was presented recently by Schenker and Herbat
(38). Killam and Killam (34,35) oite the available evidence
indiecating the involvement of tha reticular aystem as a site for
CPZ action. Domino (33) reviewed the data on ths mode and sites
of CPZ action. Involvement of the hypothalamus and limbie system
in the action of CPZ has also been indicated. Considering the
multifacet pharmasological responses prodused by CPZ2 administrae
tlon, it appears that the mechaniam of aetion of CPZ may be

complex,
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Tissue distribution of CPZ following its administration
in vivo has been reported for dogs (39,40), mice (41), ravbits
(4LO)y rats (L4O,42), and monkeys (42). However, there anvears %o
be a lack of agreement among these investigators as to the dis-
trivution of CPZ within the tissues, particularly as to its
locallzation within the brain., Wechsler and Roizin (42) stated
that after the administration of massive doses (100 miorogm. per
gm.) of CPZ, only traces of this compound could be found in the
brain. Low concentrations of 835 CPZ in brain were also reported
by Fyodorov (40), whereas Salzman and Brodie (39) reported that
CPZ amocumulates in the brain. Their findings essentially agreed
with those of Christensen and Wase (41). Other differences exist:
between that data obtained by Salzman and Brodie and those
obtalned by Yasuda and Aoki (43).

Methods have appeared in the litsraturé pertaining to
the chemical analysis of CPZ from blological fluids (44-47) and
from tissues (39,48). 'The proocedures describing the quantitative
determination of CPZ In biologlcal tissues present certain dis-
advantages, Salzman and Brodie's procedure (39), based on an
extraotion of CPZ from an slkalinized bilologleal solution into an
isoamyl alcohol-heptans mixture, and subsequent re-extraction
into dllute hydrochloric acild, requires an ultraviolet spectro-
photometer for the determination of CPZ. Thus, a correotion for
tissue blanks 1s necessary because the blanks read high in the

ultraviolet 1light. Moreover, they report that by their method,
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only L4O% of CPZ was recovered after the addition of the drug to
braln homogenate. Weochsler and Forrest (48) modified the
Salzman and Brodle method; they changed the composition of the
organic extraction mixture, substituted glacial acetic acid for
the hydrochloris acid, and added hydrogen peroxide. They olaimed
95% CPZ recoveries from brain tissue. However, utilizing the
modifled procedure, Wechsler and Rolzin (42) reported very low
soncentrations of CPZ in the brains of monkeys and rats following‘
massive doses of the drug. The data of Wechsler and Roizin
suggest that their recovery of CPZ from tissues, in vivo, was

incomplete,




CHAPTER II
PURPOSES AND APPROACHES TO THE PROBLEM

The methods avallable for CPZ analysis from blologloeal
tissues appear inadequate, primarily because of insuffioient
recovery and of the necesslty of correactions for the high tissue
blanks. One of the purposes of the research described here is
to present a chemlical procedure which can eliminate these incone
venlences.

The chemlcal procedure based upon the oxidation of CPZ
with sulfuriec acid, previously described by Duboat and Pascal
(4Ll) for the determination of CPZ in biologleal fluids, consti-
tuted the basls for the present method. However, the oxldation
was performed in the presence of ferrisc ion. This procedure
provided the advantages of obtaining speatrophotometric readings
in the visible range and eliminating the necessity of correoting
for tissue blanks and for inadequate recoveries, The average
resovery of CPZ added to brain homogenates was about 90%.

Drugs are usually distributed throughout the body once
they are administered into the system. Certain tissues can
exhibit definite affinities for that compound and ean scoumulate
the drug elther in high or significant eoncentrations. Informa-
tion about the distribution of a particular drug may provide
some insight pertaining to the site of action for that drug.

Often the localization of the drug in an organ or tissue may be
*]
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associated with the concept of the target site of action, that
13, the organ characterized by high concentrations of drug is,
at the same time, responsible for the pharmacologleal effect.
The accumulation of iodine 1in the thyroid gland for the treat-
ment of golter (49) may be clted as an example. Congentration
of a drug in a particular tissue is not always a necassary ori-
terion for the site ol drug asction. A drug may concentrate in
large amounts in some organs or tissueavandApreduca no therapeu~
tio or pharmacological aoctivity. The dapoaition of high éoncen-
trations of thiopental in the fat, ls marked even after tbe
animal has recovered from the hypnotlic effect of the drug (50-52)/
It becomes apparent then that the fat serves as storage sites
rather than the site of aotion; Digitalis, a drug whose effeot
is dirsotly on the myooardium, also does not selectively
localize in heart muscle (L9).

Pharmacologlo effeat of a drug may often be related to
| its oconcentration in plasma (52-5l;) as well as to its deposition
or accumulation ln the tissues. That both these factors play a |
role in drug action would be little disputed. Brodie et al.
(50,51) interpreted the deposition of thiopental in%o body fat
a3 belng related to the termination of i1ts anesthetic activity.
Almost a decade later, Goldstein and Aronow (52) extended the
earlier expsrliments and showed that the termination of thinpental
astivity could he more correotly assoclated with a oriticsl

concentration presented in the areas of the brain affected.
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In this conslderation, the questlon arisaes whether
the drug action 1s associated with the target organ or with a
receptor site or sites on that particular organ. That is, a
drug may be selective in 1ts action. It may affect a specifis
tissue or a speoific site on that tisasue, perhaps a single cell
o» group of cells which are highly specialized or sensitive to
that partlcular drug. These may be considered as receptor cells,
Furthermore, the sensitivity of that receptor cell or group of
cells to the drug may be limited to a small area looated on the
surface or the interior of the oell, that is,. some specific site
of the cell., Since A.J. Clark foocused attention upon the impor-
tance of the molecular organization of the cell, present concepts
imply that molecules of compounds, or drugs, do not reast with
the ocell as a whole, but with other molecules of which the cell
may be composed or which it contains. These cellular molecular
components become of ilmportance once the site of action for that
particular drug is determined.

Distribution studies often help provide some indlaestion
of the drug aetivity. If not from the aspeot of site of astion,
these studles may provide the necessary information of absorption,]
storage, metabolism, excretion patterns, toxicity, usefulness in
therapy, and perhaps dosage requirements in relation to effects.

Since the reports of tissue distribution of (P2
following 1ts administration to animals appear inoconolusive, it

was of interest to study tissue distribution of OPZ in ocats. In
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view of the paucity of data on the fate of CPZ in animal tissues,
1ts distribution was traced for forty-eight hours after its
administration, Certain behsvioral and pharmacologic observations|
were correlated with tissue levels of CPZ.

From the observations obtalned in vivo, 1t was conside
ered interesting to study whoether significant uptake of CPZ by
the tissue can occour in vitro, Many methods (54-56) are aveil=
able for studylng proteln interaction with relatively small ions,
such aavdruga. Goldstelin (5l) olassified the techniqueé employed |
in vitro under three baslioc prineiples: 1) Those processes which
study protein interactions based upon the reduction of the
thermodynamle aotivity of the drug wheraby the consentration and
the blologlecal action of the drug may be raduced; 2) Those proc-
essas which measure alteration of drug properties, for example,
solubility, diffusion, stablilization. Reduction of thermodynamic
activity may slso explain some of these afrqctl; and 3) Those
processes which observe changes in thas properties and behsvior
of the protein.

The Tirst two principles, thus, deal with techniques
which involve changes in the interacting molecule, that 1s, the
druz. Equilibrium dialysis, sn axample of the first group,
results in a reduction in thermodynamic activity of the smaller
molecule. Osborne (57), almost sixty years ago, demonstrated
the usefulness of this technique for nroteln interactions with
salts. The applioation of the equilibrium dielysis teohnique %o
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the study of organic ions was made by Klotz, Walker, and Pivan
(58) who reported om the binding of sulfonate anions of methyl
orange and azosulfathiazole by bovine aserum albumin. Sincs then,
many signiflcant equilibrium dialysis studies with organie com-
pounds have been reported (5,596l ). Most of the inveatigations'
utilizing this technique have been on purified proteins, for
example, bovine serum albumin and globulin.

The equilibiium dialysis teahnique in the following
experiments was performed with CPZ dilalyzed against the btissue
homogenate. The primary purpose of the study utiliszing the
equilibrium dialysis procedures was to determine whether intere
aotion of CPZ with tlssue homogenateas san ocour and whether vari-
ous tlssues in this system would exhiblt differences in uptake
of CPZ somewhat simllar to that observed in vivo, Thus competi-
tion by the tlssues for the uptake of CPZ in vitro was investi-
gated., 3ome preliminary experiments pertaining to the astrength,
or affinity, of the tissue binding of CPZ were made.

Interactlons of amall molecules, for example, drugs,
with maoromolecules, the aellular constituents, are of interest
in pharmacology from the standpoint of drug action, storage,
metabollsm, exoretion, and transport. Of the many avallable
methods for studying small ion interaetion with proteins, in
vitro, the equilibrium dialysis technique was selested because it
1z felt that the results obtained by this technique may be used

to provide some information for the meschanism of CPZ action.
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These results may be consldered preliminary work toward the sone
siderationa of CPZ action at the molescular and possibly the
"receptor" level, Investigations of the obaracearizatién of the
celluler component or components involved in the interastion with
CPZ wore‘not pursued in ths present work,

From the application of the law of mass action to the
multiple equilibria involved in ion-protein interactions, results
obtained from the equilibrium dialysis teschnique employing puri-
Tfled proteins can be extended for the calculation of the energy
of assoclation of each successive ion t0o a protein as well as %o
the number of sites avallable for the binding of the ion (55).
While this application 1s beyond the scope of the present experi-

ments, it would indeed be of interest for a future inveatigation.




CHAPTER III
MATERIALS AND METHODS

Principle of the Chlorpromazine Method

The chemlcal procedure based upon the oxidatlon of CPZ
with sulfurle acid, previously described by Dubost and Pascal
(4}4) for the determination of CPZ in blologieal fluids, consti-
tuted the basis for the present method., However, the oxidation
was performed 1ln the presence of ferric ion. This proocedure
provided the advantage of obtaining results from apeetrophoto-
metric readingas in the vlisible range.

CPZ was extracted by diethyl ether from alkalinized
solutions of tissue homogenates or of whole blood., The drug was
then extrasted from the ether into 2N sulfuric acld., An aliquot
of this aqueous iayer, to which ferrlic ion had been added was
mixed with an equal volume of oconceuntrsted sulfuriec acld to pro-
duce a cherry-red color whioch showed an absorpiion maximum
between 620 and 530 mi (Fig. 2) in the Beokman B spectrophoto-
meter., Maximum absorption in the ultraviolet range at about
275 mu 18 shown in figuro 3.

The intensity of color read at 530 mu depended upon the
concentration of sulfuriec asld and of ferrie ion. Figure |}
denotes the relation between sulfuric acld conocentration and
color development at two concentrations of CPAZ. In the absence

of ferric ion, little color was produced even at 30 microgm./ml

15
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Figure 2: Upper Half, Absorption spectrum in visible rangs for
ohlorpromazine. Abscissas wavelength (A) in mu. Ordinate:

optical density (0.D.). Beckman B spectrophotometer was employed ¢
Chlorpromazine ooncentration, 20 microgm. per ml.
Pigure 3t Lower Half, Absorptlon spectrum in ultravioclet range /
for echlorpromazine. Abscissa: wavelength (X) In muk. Ordinates |
optical density (0.D.). Beckman DU spectrophotometer was em- |

ployed. Chlorpromazine concentration, 10 miorogm./ml.
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Pigure lj: Effect of sulfuric acid concentration upon color ree
action of chlorpromazine in presence and in absence of ferriec
ion. 8Solid lines represent color development in presence of
ferric ilonj broken lines refer to color development in absence

of ferric ion., Cilrcles and triangles denote 20 and 30 miorogm.
per ml,, respectively, of chlorpromszine, Abscissa: molarity of

final sulfurioc acld oconecentration. Ordinate: optical density
at 530 mL.
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of CPZ in the final reaction mixture, and the difference in opti-
cal denslty between 20 and 30 microgm./ml of CPZ was insufficient
to lend 1itself for an analytical procedure. In the presence of
ferrlic ammonium sulfate (200 mierogm./ml), intense color was
produced by stronger (from L to 9 M) eoncentrations of sulfurie
acid; color intensity seemed to approaech avplateau with 8-9 M
congentrations of sulfuric acid., Figure l; also shows the de-
pendence of the color upon ferric ion in the presence of sulfuric
acld,

Pigure 5 shows the effeot on color development when
ferrlo ion congentration was varied and the concentration of CPZ
was 20 mlorogm./ml in the final reaction mixture. In the absence
of sulfurie acid, the color was slight even when concentrations
of ferric ammonium sulfate were as great as 1000 niorogm./ml.
Purthermore, the color was unstable, and it faded to a turbid
orange within ten minutes. The presence of sulfuric acid
(Plg. 5) both intensified and stabilized the color,

Thus ferric ion alone, or sulfuric acid in the absenae
of ferria lon, were not satisfactory for quantitative analysis of
CPZ. For concentrations of ferris ion and sulfuric acid employed
in the procedure, the relationship between CPZ concentration and
opticel density followed Beer-Lambertts Law over the oconaentra=-
tion range of from 1 to 35 miorogm./ml of CPZ (Fig. 6).

Oxldation to the red chromophore did not ocsoeur with

the euprie, mercuric, zine, molybdate, cobsltie, manganic, or
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Pigure 5: Oxidation of chlorpromazine by ferric ion in the
presence of sulfuric acid, The two curves refer to coler devele
opment with increasing concentrations of ferric ion in L.5 and

9 M HZEOH. Each point represents: one experiment, duplicate
readings, in the case of 4.5 M HpS0); two experiments with dupli-
eate readings 1n.tha cagse of 9 M Hasou {(vertical bars represent
range ¢f optical densitles). Abscissas mM Fet**, Ordinate:
optical density at 530 mk.
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Figure 6: Oxidation of chlorpromazine to a cherry-color chromo- ’
phere in the presence of sulfuric acid and ferric ion. Abscissa: |
concentration of chlorpromazine, microgm. per ml, Ordinate:
optical density at 530 mie From two to four experiments per
chlorpromazine concentration Indicated; each experimental point

represents duplicate readings.
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chromic lons, nor did 1t ocour when the ferric ion was complexed
as in ferrieyanide or ferrocyanide. The ceric ion, however, was

found as effective aa the ferric ilon (65).

Determination of CPZ in Blood and Other Tissues

Homogenates of brain, liver, muscle and other tissues
were prepared in a ratioc of 1.0 gm of fissue to 2.0 ml water,
Whole blood, or 1,0 ml of whole blood diluted with water to 3.0
ml, was used. To 3 ml of the homogenate or of the blood sample,
20 ml of anhydrous diethyl ether was added, followed by 2 ml of
5 N sodium hydroxide. The mixture, in & tightly stoppered bottle
was shaken mechanically for thirty minutes., The agueocus layer
was discarded and the ether layer was washed once with 5.0 ml of
water, CPZ was then extracted from the ethsr by shaking for
sixty seconds with three separate portions of 3.0 ml of 2 N (4 M)
sulfurioc acrid, The traces of ether trapped in sulfuric amocid
Wwere removed overnight in an air oven at 50-55°9C, Subsequonély,
0.2 ml of 2 per cent (0.0415 M) ferric ammonium sulfate was
added, the volume adjusted to 10 ml with 0,1 N (0.2 M) sulfurie
acid, and a 5,0 ml aliquot of this solution was mixed with an
equal volume of ooncentrated sulfuric acid cooled in an i1ce bath.
After recooling, the mixture was permlitted to equilibrate for
thirty minutes in the dark at room temperature and then read at
530 m4 in the Beokman Model B Speatrophotometer. A blank, gone
sisting o: 3.0 ml of distilled water, as well as astandard solu~-

tions containing 50. 100, or 200 miorogm. of CPZ hydroghlorlide,
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were carried through the entire procedure.

Methods Employed for Animal Procedures

Fresh aqueous 2 per cent solutions of (CPZ hydrochloride
were employed for the intravenous injection into the saphenous
or femoral vein of adult cats, The doses were [0 microgm. per
gm, (30 cats) and 20 wmierozm. per gm. (2 cats),

Repld Intravenous injectlon of L0 mierogm. per gm. of
CPZ 1s usually fatal within two minutes. Slow and rapld adminis-
tratlon was, therefore, emploved to determine tissue levels of
CPZ after prolonged time intervals and immedlately after its ad-
ministration, respeotively. 1In the former case, injesction inter~
vals of five to lifteen minutes were used., Tissue levels of (PZ
were determined at intervals timed from the start of the injec-
tion until the animal was sacrificed by intravenous injection of
air (27 ocats). Tissue samples were then removed as rapldly as
posslible. Blood levels of CPZ were determined immediately; other
tissues were frozen on dry ice, and stored until analyszed.

To -determine CPZ eoneentrations in whole blood and in
other tissues immediately following its administration, poly-
ethylene cannulae were inserted at least one week before CPZ in-
jestion. Cannulae, inserted while the animals were under ether
anosihesia. were placed into the right femoral vein for rapid
(15 second) injestion of CPZ and into the left femoral artery for
rapid withdrawals of blood (3 eats). All blood samples were

collected in heparinized svyringes.
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Rectal temperature, reaction to pain, righting reflex,
puplllary diameter, and the nictitating membrane were observed
in seventeen animals. In the course of preliminary experiments
on the hypothermiec action of OPZ, it was noticed that immobiliza-
tion resulted in a fall in body temperature even in unmedicated
animals., To distinguish between the hypothermie asctions ocaused
by the drug and by immobilization, the following procedure was
employed: five oats were restrained in a supine poaltion for
two to twenty-four hours, and thelr rectai temperatures measured,
After permitting at least four days for recovery, CPZ was admine
istered (40 microgm. per gm., Intravenously), the cats were raee
strained agaln for various time intervals, and rectal tempera«~
tures were recorded hourly for forty-eight hours. Analgesis was
measured by observing the reaction of the cat to pain produced by
applying a hemostat clamp on the tall or the toe pad for fifteen

seoonds.,

Principle of Equilibrium Dialysis

In essence, in the equilibrium dialysis technique, two
compartments are established by the rresence of a membrane, per-
meable to smaller lons but impermeable to larger molecules such
as protelns and varlous structural cell components. Tissue
homogenates, prepared in a sultable buffer, constituted the inner
compartment; known cangentrations of CPZ in the same buffer werse

in the outer compartment. Several variants of this basic proce=

dure are described below
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which the penetration of CPZ through the membrane may oocour,
aliquots were analyzed for CPZ content. Interacsction or CPZ with
¢ellular components of the tissue homogenate may be oconsidered
o have ocgurred 1f, at equlllibrium, the amount of CPZ per unit
volume found in the inner chamber was gresater than the concentra-
tion of CPZ in the outer chamber, However, 1f CPZ concentrations
in both chambers, at equilibrium, were approximately equal, it
may be assumed that interaction of CPZ with cellular components
was negliglble,

Two inherent sources of error in the equilibrium die
alysis method have been recognized (55). For one, there may be
asymmetry In the distribution of the small moleeule, if it 1ia
lonic, as a consequence of ths Donnan membrane effeot. Fither
corrections can be employed to minimize any discrepanaies 1in
distribution due to the Donnan effeat, or it can be reduced %o
negligible proportions by ithe additionvof an innocuous electro-~
lyte (66). The assymmetric distribution of the small iona due
to the Donnan effect may also be eliminated 1f the pH seleated is
at the isocelestrisc point. 1In the present experlments, the phose
phate buffer was cocnsidered as providing an innocuous elegtro-
lyte. Secondly, absorption of the small mclecule (CPZ) to the
membrane may oscur. Correstlon cr po8slbly elimination of this
souroe of error can be made by employing & sontrol dialysis, in
which the buffer solution replaced the homogenate in the inner

chamber and CPZ i1s measured in both compartments, This procedure
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was adapted in these. experiments.

Foi meaningful equlilibrium dlalysis results, the vol~
umes of the two chambers should remain constant, Oamotic prese
sure effests may affeet the experimental results obtained from
equilibrium dialysis by causing shifts in the volume of water
between the two compartments. Low concentrations of homogenate
or of the test drug tend to minimlize or eliminate osmotic pres-
sure effects, To ascertain that oamotic pressure effeots d4did not
enter as a variable during these exporimeﬁts, volume mesasurements
of the inner compartment were performed periodleally:. No signi-
ficant ohanges in volume of the inner compartments were observed

with the concentrations of homogenate or of drug employed.

Solutions Employed for Equilibrium Dialysils

CPZ Stook Solutlons

Stock solutions of 500 mg. CPZ hydrochloride per 50 ml
water were prepared and kept refrigerahedﬂin the dark until used.
Aliquots were removed and diluted with phosphate buffer on the
day of use.

Thimerosal Solution

A commercial preparatiém of thimerosal (E1i Lilly and
Co.)y 121000 solution, was employed. 1 ml of the stock solution
was dilutod‘to 10 ml with water., 0.5 ml of the thimerosal dilu-
tion was added %o easch 30 ml of buffered CPZ solution,
Phosphate Buffer Solutions

Sodium monohydrogen phosphate, RagﬂPOh, Flsher
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Soientific, A.R. (Lot #720607), F.W. 141,965 was used. 9.48 gnms,
per liter of water was prepared as stock solutionas. ‘

Potassium dihydrogen phosphate, KHgPOh, Flsher Solen-
tifiae, A.R. (Lot #722191), F.W. 136.091 was used. 9.08 gms, per
liter of water was prepared as stock solutions,

Designated prdportions of each were mixed to prepare thel

phosphate buffer employed in the experiments (see appendix),

Preparation of Tissue Homogenates

The initial experiments were performed with the inner
chambers containing homogenates prepared in a ratio of 1.0 gm. of
tissue to 2.0 ml of phosphate buffer (that 1s, 1:3 tissue homow
genates similar to that described in the previous section for the
analysls of tlissue distrivution of CPZ in vivo). The 1:3 homo-
genate dilutlion had been seleoted for the analysis of tissues ob-
tained from the cat which had been administered CPZ because of
convenience of volumes since at instances CPZ might be present in
conocentrations insufficient to be snalyzed from less than 1 gm.
of tigsue, Thia homogenate preparation, 1l:3, was undesirable for
the dialysis procedure because the tismsue was too concentrated.
Furthermore, the 1:3 homogenate preparation exhibited an uptake
of CPZ during equilibrium dialysils whioh required high dilutions
for the analysls of CPZ. The level of {PZ in the inner comparte
ment when homogenates of 1:10 or 1:100 tissue dilution were

employed was at a sufficlent concentration for convenient analysisal
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utilizing the tissue homogenates prepared as 1:10 dilutions (1
gm. of tissue plus 9,0 ml solutlon) or 1:100 dilutions in the
phosphate buffer used for that partioular experiment, The prepw
aration of the latter dilution was effected by diluting aliquots
of the 1:10 tissue homogenate to the appropriate volume with the

phosphate buffer.

Boiled Homogenatse

Tissue homogenate (1:100) prepared as described above
was placed on 2 hot water bath at 90 °C for two hours. The tubes
were covered with glass condensation bulbs during this procedure,
After goollng to room temperature, suitable aliquots were pipet-
ted into the dialysis bag.

Aged Tissue Homogenate

Aged tlssue refers to tlssue homogenate (13:100) whigh
had been prepared as described above, stored in stoppered con-

tainers at 0«4 °C for a period of two %o four weeks.

Preparation of the Dialysis Tubing

For equilibrium dialysis, the membrane should be per-
meavle to water and the drug under investigation, and impermeable
to the binding substance such as, the protein, or, in this in~
stance, the non-diffusible constituents of the tissue homogenate.
Cellophane dialysia tubing appeared to be sultable. The tubing
wWas s seamlese product prepared from regenerated cellulose by a

viscose process., Beslde cellulose, the manufacturer states that
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the tubing may contain glycerine, water and traces of sulfupr
compounds (approximately 0.1 per cent). Apparently th;s small
quantity of sulfur left from the manufacture of the easing can
interfere during binding studles of various metallie lons, Ine
terference in studies of protein somplexes of some metals by the
sulfur left in the casings has been reported (55). Therefore the
removal of sulfur prior to the use of the tubing 1s indieated.

The mothod suggested by Hughes and Xlo%z (SS) for the
preparatlon of tubing for equilibrium dlalysis oansﬁituted the
basic proocedure used in these experiments, Langtha'of ahout ten
Inches of tha aellophane casing were immersed in a beaker of dis-
tilled‘wator, and heated in a bolling water bath at 86°C for
45-60 minutes; the strips were transferrad to fresh distili;d
water and the heating period was repested. The strips wore then
transferred through several washings of distllled weter st room
temperature and kept in distilled water until resdy for use, A
sufficient number of strips were removed from the distilled water
and soaked overnight in the appropriate phosphate buffer used for
the equilibrium dialysis broceduras,

Excess buffer was removed by pulling the strip between
the fingers three or four times. A double knot was tied on one
end and the tissue homogenate in the approprlate buffer, or, when
used for controls, the buffer solution alone was pipetted inte
the dialysis bag., ‘The top was then tied into a double knot, and
the tipe of the bag were cut close to the knots at both enda, A
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thread, permitting for fresdom of motion of the bag, was tied to
one end in order to faclllitate sasy removal of the dialysis bag
from the test tube,

Dialysls Procedurs

Thirty ml allquots of the phosphate buffered CPZ asolue
tion were pipetted into 40 ml polyethylene tubes, Thimeroaal
(0.5 ml1 of 1:10,000 solution) was added to eliminate bacterial
growth during the experimental intervale A dlalysis baz containe
ing 10 ml of the tissue homoéenate propared as desaorlbed above
was ilmmersed Inteo the CPZ solution. Parafilm layered beneath the
rubber stopper was used to tightly stopper the tube, The inner
compartmont of the control aaaemblies contained 10 ml of bﬁffor
solutlon but no homogenate., Allguots of both coﬁpartmants&wer§
analyzed for CPZ. Control dlialysis assemblies wers prepared %o
assure that sufflclent time to attain aquilibrium ¢lapsed and to
provide a cheok sgeinst errors due to absorption of CPZ enté the
oollulose dislysis tublng. Equilibrium was determined by emplpy~
ing & serlies of similar chembers from which at varylng intervals
samples were removed for analysis of CPZ. Thus, equilibrium waa
asgertalined whan\the conoentration of CPZ of the chambers showed
no further shanges or for control, CPZ concentration in one inner
and outer chamber were approximstely equal,

Acoording to Hughes and Klotz (55) adequate stirring

should be maintained to hasten the equilibrium time. Mixing
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method, a magnetic stirring bar was placed in the outer comparte
ment; consequently, the tissue homogenate settled during the
dialysis procedure. The questlion was raised that the settling
of the homogenate may reduce the surface area of the tissue com-
ponents exposed to the CPZ molesuls, In the other teshnique
therefore, the whole assembly was pluced onto the Eberbach shak=-
ing machine. No settling of nomogenate ocacurred in this latter
case, Both mixing prooedures were performed so that the tubes
were enclosed in a darkened contalnmer in order to reduse the pro-
dustion of oxldation products formed by CPZ from exposure to
light,

At the designated intervals which constituted the son-
clusion of the experiment for that partisular assembly, the diw
alysis bag was removed and blotted dry with tisaue paper. One
end of the bag was cut just below the knot and the contents poured|
into a test tube, In the situations where settling of the homo-
genate occurred, the bag was inverted severai times to assure
adequate resuspension of the homogenste prior to removing the
aliguot for analysis of CPZ.

At the termination of the experiment the pH of ths
buffer, the buffered CPZ solutions, and the solutions of the
outer campartmqnt of each reaction mixture were read on a Beokman
Zeromatle pH instrument. Changes in pH were not observed in any
reaction vessel even forty~eight hours after the start of the

experiment,
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PThree approsches of the equilibrium dlalysls prosedure
were designed to study the uptake, affinity, and competition
between the tissues,

1) For the measurement of uptake of CPZ, the procedurs
as desoribed above was employed, that 18, CPZ In the outer solu-~
tion was dlalyzed against the tliasue homogénate.

2) Similar experiments were performed using a single
outer shamber and two or more tissues In separate dlalysis bags
to show whether competition for CPZ would ocour between tlsasues,
In these latter experiments, the ratio of total homogenate vole~
umes in the inner compartments to that of the buffered CPZ volume
in the o ter compartment was ldentical wlth the ratlo which obe-
tained in the measurement of uptake. For example, when four
homogenates of cerebrum, heart, liver, and lung, were used to
observe whether sompetition would ooccur between these tiasues,
8.0 ml of esach homogenate in separate dialysls bags were suspend-
ed in 96 ml of buffered CPZ solution} or 2.5 ml homogenates of
esoh tissue were suspended in 30 ml of solution. Eonoe B oOne
stancy of a 1:3 ratio of inner to outer compartment volumes was
maintained in the systems. In some instances, only two tissues
were employved for competition experiments. Again the 1l:3 ratile
of combined inner to outer chamber volume was utilized.

3) For an indloation of the affinity of CPZ for the
tissue, two experiments were carried out,. a) A dialyslas bag was

carried through the prooedure 1 for uptake. After equllibrium,
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the bag was removed, blotted dry with tissue paper, and transe
ferred to a fresh chamber containing only the buffer. Dilalysis
exoeeding the egullibtrium time period was repeated. b) A tissue
with know CPZ content obtained from an animal administered CPZ,

was dlalyzed against the buffer, and alse against a buffered CPZ

solution.




CHAPTER IV
RESULTS

Recovery of Chlorpromazine from Biologlical Tissues

The extent of recovery of CPZ inoubated with brain
homogenates was investigated. CP3Z,250 microgm. (13 experiments)
and 25 miorogm. (8 experiments), was incubated in 1.0 gm of brain
homogenate. The average resoverles wers 87.6 * 10.8 and 86,95 +

6.51 per cen$%, respectively (Table 1),

Specificity of CPZ Method

This ochemloal procedure was reported in this laboratory
as belng specific for the intaot molecule of CPZ and its sulfoxe
ide (67). More extensive atudies of speeificlty were carried
out at present. The method proved specific for the intact pheno-
thiazine ring with the chlorine atom in the number 2 position,
and for the sorresponding sulfoxides (Table 2). Alterations in
the 10-dimethylanminopropane side chain did not alter the colored
roaatién product, The method did not dlstinguish between CPZ,
shlorpromazine-N-oxide (CPZ~N0O), secondary (Nory CPZ, monomethyl-
chlorpromazine) and primary amine (Nora CPZ) analogs of CPZ, proe
shlorperazine, perphenazine, and thiopropazate (Table 2). The
earllier results (67) suggest that sulfoxides of these compounds
would react in a similar manner.

Absorption spectra of several phenothiazines were ine

vestigated over ultraviolet (F;E. 2,7) and visible (Figs. 8,9)




Table I

Recoveries of Chlorpromazine from Brain Homogenates

(CPZ was added to brain homogenates 1l:3 for analysis)

CPZ CPZ % Mean ¥
added regovereds | recovered recovered
{miorogm.) {miorogm.) * s.D.
250 225 90,0
250 221 88.2
250 159 63.8
250 192 76.7
250 239 95.9
250 234 93.9
250 215 86.0 87.6 £10.8
250 215 86,0
250 236 94 .5
250 262 105.6
250 232 92.9
250 229 91.5
250 186 Th.2
25 20 80.0
25 22,8 91.9
25 21.1 84.5 86,95 6.51
25 22.8 91.1
25 22.2 89.0
25 23.1 92.4
25 23. 92,5

#Values are averages of duplicate determinations




TABLE 2 COLOR FORMATION BY 10-SUBSTITUTED PHENOTHIAZINES AND RELATED COMPOUNDS IN PRESENCE O}

H,SO, anD Fe+ + +

S 4.
Secs
N

Drug

"Chlorpromazine
Chlorpromazine 2° Amine
(SKF 4514 A, Nor, CPZ)

Chlorpromazine-N-oxide
maleate
SKF 6100 A

Prochlorperazine

Perphenazine

Thiopropazate

Chlorprothixenet

Imipramine HC1*
2-Hydroxypromazine maleate
Methoxypromazine maleate
Promazine

Triflupromazine

Fluphenazine

Thioridazine

SKF 5915

R
Ejq0 values read at 10 to 20 microgm/ml.

o ) R - R Color Eso
(CH;);NMe, 2-Cl - Cherry-red 1-096 x 10*
(CH,),NHMe 2-C1  Cherry-red 1-208 x 10

(o]

(CH,),IIMe, 2C1  Cherry-red 1-092x 10¢
(CH,).NMe, 2-Cl Cherry-red 1-079 < 104
{(CH):N 2-Cl Cherry-red 0-927 x 10¢

Sz
e
(CH,),N 2-C1  Cherry-red 1192>104
/

(CH,);N N(CH,),0COMe 2-Ct Cherry-red 1-177 x10¢
—CH(CHp):NMe, 2.C1  Orange-  0-206x10¢
(CHy);NMe, H Colorless 00
(CHy);NMe, 2-OH Rust 0-754 x 104
(CH;);NMe, 2-OCH;, Purple 0419 x 10¢
(CH,);NMe, — Orange 0-404 x 10¢
(CH.);NMe, 2-CF, Orange 0247 < 10¢
(CH,),)N 2-CF, Salmon 0-226 <104
(CHn)x—\/ > 2-S-CH; Purple 1-005 x 10¢

N—
}
Me
(CH_);NMe, 3-C1 S1 Purple 1-142x 104

“tIn the case of chlorprothixene, C replaces N.

*1n the case of imipramine, a CH;-CH, group replaces S.

a7
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Pigure 7: Absorption spestra in ultraviolet range for some
phenothiaziness A. 'rhio:prépazateg B« Perphenazine. Absaissa:
wavelength (A) in mL. Ordinate: optical density (0.D.). Beckman
DU speoctrophotometer was employed. Drug eoncentrations, 20

microgm,. per ml,
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Figure é; (Abéééytion spectra in viaible range for some phenothiaw
zinest A, 2-Methoxypromazine; B. 2-Hydroxypromazine; C. Thioridas
zine; D. Fluphenazine; E. Imipramine. Absoissas wavelength (A)
in mu. Ordinates optical density (0.D.). Beckman B spesctropho-

tometer was oniployod. Drug concentrations, 20 microgm. per wml.
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Filgure 91 Absorption spestra in visible range for some pheno=-
thiszines: A. Chlorpromazine-N-oxide; B. Thlopropazate; C. 3KF
4514A. Abselssas wavelength (A) in mu., Ordinate: optical
density (0.D.)., Beokman B Speotrophotometer was employed. Drug

concentrations, 20 microgm. per ml,
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wave range (350-650 mi). CPZ-NO, thiopropazate, SKF }51L-A
(Nory CPZ) and perphenazine (Figs. 7,8) whioh differ from CPZ
only in substitutions on the N~alkyl chain (Table 2) exhibited
spectra similar to that of CPZ (Fig. 2); their colored reaotion
products were ldentical, by visusl observations, with the cherry-
red chromophore of CPZ, Figures 9A and 9B show absorption spec-
tra for two phenothiazinas, whioch while having the 10-dimethyl-
aminopropyl group as the side chain on the ring nitrogen, differ-
" od from CPZ in that the ohlorine atom in the 2 position is replac-
ed by either a methoxy or hydroxy group. It ls apparent that the
respective sbsorption spestra differed in the visibles range.
Other substitutions for the ohlorine atom in the 2 position salso
resulted in differently colored reastion produscts. For example,
thioridazine (PFig. 90) yielded a purple color, while promazine,
fluphenazine (Fig. 9D), and triflupromazine produced various
shades of orange (Table 2), Also, substitutions of chlorine else-
where in the phenothlazine nuo}eus led to reaction products dif-
fering in color from CPZ (Table 2). Finally, alterations in the
molecular structure of the mhenothiazine nucleus, such as removal
of either nitrogen or sulfur atom, altered the chromophore.
Chlorprothixene produced orange color. Imipramine (Flg. 9E) re-
mained cclorless in the procedure (Table 2), and 1ts presence did
not interfere in the determination of CPZ.

Since it sppeared that the method was specific for 2-

chlorophenothlazines with a Njyg=side ohain (2-CPN), this method
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eould be expected, in vivo, to assay CPZ and some metabolites
structurally related to 1t. Accordingly, pertinent data pertalne
ing to the tlssue distribution are expressed in terms of 2-CPN,
rather than CPZ, even when under sertaln conditlons, only the CP2Z
could be expected to be present,

The results indloate also that the extraction and
analyals method descoribed here ocan lend itself, after suiltable
studies, to differential anslysis of clinically important pheno-
thiazines other than CPZ,

Tissue Distribution of Chlorpromszine

Thirty seconds after rapid intravenous injeotion of
CPZ, 49 miorogm. per gm., 2-~CPN ooncentrations in whole blood
varled betwean 300 and 500 microgm. per ml (Fig, 10). Ninety
seoconds later, conﬁentrafidns were reduoéd‘to 120«140 miorogm.
per ml (Flg., 10). Respiratory and cardiaoc arrest cacurred about
this time. In the case of aats given CPZ by slow injection, the
lavels of 2«-CP¥ in the blood deoreased to 1020 microgm. per ml
within seven minutes after 1%s administration (Fig. 11). This
level of 2-CPN in the blood remained essentially unchanged during
the subsequent forty=eight hours (Fig. 11).

The earliest analysis of brain {eerebrum), heart, liver,
and lung was earried out fifty seconds after rapid administration
of CPZ., High oconscentrations (0.8 and 1.1 mg, respectively) of
2-CPN were found in the heart and in the lung, where 2-CPN was

pressnt in amounts greater than 108 md &
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Figure 10: Blood levels of CPZ after rapid intravenous in jeation
of {0 miorogm. por gm. Absolssa: time in seconds; ordinate:
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two readings obtained in a third animal, which died 50 sec. after
medicaticn, were in line with those lllustrated in this figure, |
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time (Table 3)., Liver and cerebrum exhibited levsls of 2«CPN of
6l and 168 miorogm. per gm. respectively (Table 3); these levels
were lower than those found at fifty seconds in the blood. A%
four and six winutes, 2-CPN levels in the cerebrum (Table 3) and
other parts of the brain (Table 3) were much higher than in bloodx
thus, 2-CPN aontent of the blood, present in the tissues investi~
. gated, oould not appreciably contribute to the total 2-CPN found
in the tissues. The level of 2-CPN in the cerebrum exhibited a
transitory decrease from 168 miorogm: per gm, at fifty seconds to
111 microgm. per gm. at four to five minutes (Tabie 3, Pig. 11).
Maximum concentration of 2-CPN for the cerebrum appeared at about
forty-five minutes, Thereafter, 2-CPN content of the cerebrum
declined slowly. At twenty-four and fartjweight hours, concen-
trations of 2-CPN in brain were about 70 miocrogm. per gm. and
30 miorogm. per gm, respectively.

~Besldes ocerebrum, several other brain areas were ana-
| 1ysod for 2-CPN at various time intervals following CPZ adminis-
tration (Table ). The cerebrum, hippocampus and various brain
stem areas had oconslstently higher CPZ concentrations than the
cerebellum; the differences, while statistically significant,
never exceeded 50 per cent, and generally, were much less (Table
)3 the differences between cerebrum, brain stem and hippoaampus
Were even less marked.® Also, the general pattern of the slow

decrease of 2-CPN levsl, following its 30-60 minute peak, was

# 3ee appendix




TaBLE 3 TissUE LEVELS OF 2-CPN AT VARIOUS TIMES AFTER ADMINISTRATION OF 40 uG/GM oF CPZ

Chlorpromazine distribution in the cat
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Average values in ug/gm. Numbers of cats per determination in parenihesis. Determinations carried out

in duplicate.

Min Hr
Tissue 083 4-6 15 30 45 60 132 160 8 12 18 24 48
Cerebrum 168 111 157 164 182 151 140 116 83 81 67 32
(1) 2 W 3 O Q QO O ) 2) 2) 2)
Heart 779 459 426 129 96 69 58 80 36 39 44 25 8
) 2 @ 3 u @O @ WO ) 2 Q2
Lung 1122 420 448 258 128 160 101 1€  242* 181 210 182
m @ o & O O O W )] (2) Q) (2)
Liver 64 34 120 170 194 162 185 205 190 210 113 68
4)) 2 ) @ O Q) O O 2) 2) Q2 2
Kidney 83 199 86 102 83 25
() (2) (VN V)] m 2)
Fat 18 48 22 11 96 145 30 94 54 48 25
O MM QA Q) 2 U9 T € ) R V) B 3]
Spleen 53 128 87 34
(n @ @ 2)
Pancreas 131
)
Testes 80 66
. ) W)
Sciatic
Nerve 48 59
(2) )
Diaphragm
Muscle™ 116 66
4y )

*An additional cat showed an unexpectedly low (40 pg/gm) lung content of 2-CPN. Values for its other
tissues were as expected and are included in this table.
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TARLE 4. BRAIN LEVELS OF 2-CPN AT VARIOUS TIMES AFTER ADMINISTRATION OF 40 1G/GM OF CPZ (in H1G/GM)
All values represent duplicate determinations in single cats. Values for the cerebrum contribute to averages
in Table 3, except for the 85 min value.

Min Hr

Tissue 4 6 30 60 85 132 160 24 48
Cerebrum 112 110 171 154 130 171 184 146 116 63 29
Cerebellum 67 71 120 119 96 102 45 27
Brain Stem 85 77 131 103 47

Mesencephalon 166 148

Pons : 126

118
Medulla 108

Hippocampus and
Thalamus 116 132 40
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similar for the féur braln areas investigated.

A high level of 2-CPN persisted in the heart for fif-
teen minutes after CPZ injection (Table 3). This level dropped
abruptly after thirty minutes (from more than 400 to about 130
miorogm. per gm.) and more slowly thereafter (Fig. 11). After
forty~-elght hours, 2-CPN content of the heart was 18 miorognm.
per gm. (Table 3, Fig. 11). .

hung, like heart, exhibited very high levels of 2-CPN
immediately after its administration (1.1 mg/gm). The 19?01 was
still very high f%en minutes later; it desreased abruptly to the
level of about 100 miorogm. per zm, witbin the next two hoursa.
However, unlike in the heart, this decline was reversed; the
level of sbout 200 mierogm. per gm., reached at about 160 minutes§
remained essentlally unchanged for the subsequent forty~eight
hours (Fig. 11, Table 3).

Comparatively little 2-CPN appeared in the liver during
the first six minutes after CP3Z intravenous administration (Table
3). Subsequently, the liver content of 2-0PN increased to a peak
whioh was some si# times higher than the six minute value (Table
3, Fig. 11). After one hour, the level of 2-CPN in the liver
was as high as that in the cerebrum or lung. It remained rela-
tively constant during the subsequent twelve hours; as 2-CPN
levels 1n cerebrum declined during that time interval, the liver
became, at twelve hours, the organ with the highest 2-CPN eontentq

Thereafter, the amount of 2-CPN in liver deoreased rapidly; the
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forty-eight hour value was approximately 70 microgm. per I8
(Fig. 11, Table 3).

During the first forty-five minutes after CPZ adminis-
tration, fat levels of 2-CPN were relatively low (Table 3),.
Higher levels were recorded thereafter; a peak value of 1L§
microgm. per gm. was reached after two hours, Then the fa% con-
tent of 2«CPN deglined; the values of 4B and 25 microgm. per gm,
were recorded at twenty-four and forty-eigsht hours, respectively
(Table 3j.

Further analysis demonstrated that 2-CPN was distri-
buted to preotically svery tissue (Table 3). The spleen contained
128 miorogm. per zm. after two houra, and the kidney contained
.almost 200 microgm. per gm. after thirty minutes (Table 3).
After forty-elight hours both these tissues showed levels of CPZ
of about 30 microgm, per gm,

" The relative level of 2«CPN in tissue may depend on
the dose of CPZ; this possibility deserved spesial sttention in
view of the fact that the dose of L0 microgm. per gm. would eor-
respond to the total dose of about 2.8 gm. in the human, which ia-
high for a single dose in a human. Levels of 2«-CPN were measured
in two oats, one hour after the Intravenous administration of 20
microgm. per gm. of CPZ. The average 2-CPN conceniration in
various tissues was (in miorogm. per gm.): 1lung, 12l; liver, 97;
kidney, 75; heart, L9; blood, 10; inguinal fat, 1ly; cerebrum, 94;

cerebellum, 91; midbrain and pons, 763 medulla, 63. These levels
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were generally somewhat higher than those that could be expected
on the basis of pesults obtained wlth the larger dose. The gen=
eral trend was similar with both dosesy 2~CPN acaumulated in the
lung, liver, kidney and the brain after the smaller dose as it
did after the larger dosse. Cerebrum exhiblted the hizhest 2-CPN
level among the parts of the brain inveatigated; as in the case
of 40 microgm, per gm. dose of CPZ the differences were not

marked,

Pharmacologlc Pindings

Tne gross pharmacologlec effects were observad in
thirteen catas. Shortly after the start of the injeotlon of CPZ,
40 miorogm. per gm., the animals became relaxed, the respiration
depressed, and the pupils dilated. Application of the hemostab
clamp onto the tail or the toe pad produced no responss. Thus,
the animals resembled those in plane 2 or 3, stage III, of ether
anesthesla. Twelve hours after CPZ administration, painful stim-
ull caused no immediate response. Upon repeated stimulation a
delayed reaponse osecurred; the cat withdrew the paw or the tall,
and emltted a weak cry., Even thirty hours after CPZ administra-
tion, the cat 8till responded to pain stimull with a characteris-.
tic 3-5 second delay. Forty~eight hours after CPZ administratianﬁ
the response was lmmediate, but the slight ory and atteampt Lo
move the affliscted limb were not acoompanied by aggression,

Co-ordinated motor activity was absent ten to eleven
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hours following the injection of CPZ. The righting reflex was
poor or absent for approximately twenty-four hours. However, at
twelve hours, two of the thirteen cats made attempts to lap milk
or %o walk., Interest in these acts waned rapidly. Food placed
into the cage usually was not eaten forty hours after the injed-
tion of CPZ., &ven forty-eight hours safter recelving medication,

the animals exhiblted no sustained motor aetivity, and mainly
rested or slept; agression and resistance to Pough manipulations
or handling were absent. Relaxatlion of the nictitating membrane
was apparent for more than forty-eight hours.

In the study of the hypothermic aoction of 8PZ, four
unmedicated cats, restrained for seven to twenty-four hours, re-
vealed maximal reduction in rectal temperature of 4.2 ¥ 0.9 P,
(Fig. 12), whioh oceurred af*ter immobilization of about four.
hours, Immedlately upon their relesse, the temperature rose.
Levels recorded prior to the restralnt were attained in about an
hour. CPZ, 40 microgm, per gm. intraVQnéusly, was administered
to these animals restrained in a harness. The cats were released
from the harness two hours (1 animal), eizht hours (2 animals),
and forty-eight haurs (1 animal) after medication (Fig. 12).
Maximal hypothermia was 8.6 £ 1.06 PF; 1t oscurred independently
of the time of the termination of the restiraint, eight to twselve
hours after medication. Altogether, foi:bA hypothermia was about
double that produced of restraint; since at the end of hypothermic
effeats (24«32 hours after medloation) the cats, while motile,
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were still sedated, 1t 1s difficult to say whether or not hypo~

thermla was secondary to sedation.,

Equilibrium Dialysis Study of Tissue Binding of CPZ

For purpos;s of clarlification pertaining to the obsere-
vations obtained by equilibrium dialysis it is necessary to de=
fine the terms "unbound", "bound", and "uptake". Unbound drug
refers to the drug whiah'haé not entered into a complex with
elther the tissue homogenate proteins, enzymes, or cellular oom-
ponents, or the cellulose casing employed in these experiments,
Unbowmd drug concentrations are those found from analysis of the
outer compartmeﬂt. The usage of the term "unbound" drug as op-
posed to "bound" drug shall be employed in this text. The term
"bound" drug shall refer to the difference in ooncentration
(miorogm. per ml) of the drug in the inner and outer compart-
ments, providing of course, that the inner chamber exhiblts a
higher conoentration than the outer chamber. This applies only
1f equilibrium has been attained. The per cent bound drug will
refer to the ratio of the amount of bound drug to the amount of
drug found in the inner compartment at the end of the sxperiment.,
The term "uptake™ employed in the text refers to the amount of
CPZ, bound and unbound, which had baoﬁ found inside the dialysis

bag at the termination of that particular experiment,

Efrecta-gz Thimerosal

Aliquots plated from the preliminary equilibrium
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dialysis experiments revealed a number of bacterial oultures
whioh grew 1n the outer chamber of the reaction vessels, Identi-
figation of these bacterlia was not attempted. Since bacterial
growth can lntroduce unknown factors and may result in the metabe
olism or oxldation of the CPZ moleoule, 1t wss deemed advisable
to seleot some sultable substanee or technique to eliminate pose
sible bacterial interference. Performance of experiments at low
temperatures reduces the rate of baoterial growth., However, the
inacoeasibllity of cold-room facilities required the utilization
of other technliques. The introduction of thimerosal at the final
concentration of 0.16 mg # (0.00016%) eliminated bacterial growth
in these experiments. Table 5 shows that full recovery of CPZ
was effeoted in the presence of thimerosal, Teats for bacterial
growth after the introduction of thimerosal solution in the re-
actlon veasel were negative. Therefore, bacterial plating was
not performed routinely, |
Thus, thimerosal did not change recovery as shown in
table 1. The lower CPZ recovery from the experiments lacking
thimerosal (Table 5) may possibly be suggestive that CPZ may bé
metabollized in the presence of baoterial strains. This inference
must be interpreted with caution since no attempt was made to
pursue this obaservation; furthermore, phenothiazines have been
known to reduce bscterial growth (68). Recoveries observed in
the presence of bacterial growth (Table 5) were not significantly

different from the lower limits of the recovery recorded in
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table 1.

Table 5

The Effect of Thimerosal on the Recovery of Chlorpromszine
during Equilibrium Dialysis

Brain homogenates (1:3) were dialyzed for 20 hours at roonm
temperature, pH 6.8. Volume of solution in outer chamber,
30.5 mlj} inner chamber volume ;.5 ml, Initlal CPZ content,
8790 miorogm.

Thimerosal | CPZ Regovered (Lg) % Recovered
Inner Outer Total
Chamber | Chambasr
(ml) (a) (B) (A+B)
NONE 3shé 3360 6906 78.6
0.5 58 | 3812 | 8960 101.9

Binding to Dialysis Bag

Consideration was given whethsr CPZ would bind signifi-
cantly to the dlalysls bag. To ascertain the error which may be
introduced by the binding of CPZ to the cellophane bag, deter-
minationa of CPZ from both, the inner and outer, chambers were
performed, total CPZ estimated and the recovery calculated.

Table 6 shows that the recoveries obtsined by analysis of both
inner and outer solutions from a series of experiments averaged
98,57 per oent. This indicated that the binding of CPZ to the

collulose ocasings was negligible or reversible.
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Recovery of CPZ Following Equilibrium Dialysis

Brain homogenates 1:10 were dislyzed for varying time perilods
Volumes of solution in outer
chambers equal 30,5 ml.; inner chambers volumes, 8.0 ml.

at room temperaturs; pH 7.12.

Initial CPZ oontent 10560 microgm. in each tube. Mixing
produced by magnetic stilrrer.
Dialysis| CPZ Recovered (misrogms) Difference
Duration| Outer Inner Total | from initial |Difference
(Hours) Chamber [ Chamber coneentration
(a) (B) (A+B)
1 8889 1381 | 10,270 =290 2.7k
2 8697 2130 | 10,827 267 2,53
L 6780 362y | 10,404 -156 ~1.48
é 6039 4512 | 10,551 - 9 - .08
8 3718 6372 | 10,087 473 -l 8
16 3556 6657 | 10,213 «2,31

=247
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Effeat of Varying CPZ Concentrations

High initial concentrations of the drug ecould establish
an equilibrium whioh would saturate the inner homogenate solution
to the extent that the existence of binding would not be re-
flected. The effect of increases of the CPZ concentration oﬁ the
binding by cerebrum homogenates (1:100 dllution) resulted in a
linesw inorease in uptske at four hours (Fiz, 13A) and at six
hours (Fig. 13B) for CPZ concentrations investigated. No experie
ments were ¢arried out im whieh the initial CPZ concentration was
inereased to the level at which further increments resulted in
no greater uptake of CPZ by that particular homogenate congentra-
tion. Sinoce s concentration of 1 mM did not appear %o be near
the limiting concoatration for CPZ uptake, this concentration

was employed in subsequent sxperiments,

Effeet of Different Mixing Techniques

Equilibrium in the control experiments was attained at
approximately six hours when the magnetis stirring bar (Fig. 14A)
or the Eberbach shaker (Fis. 1;B) constituted the method for
mixing. Comparison of the two shaking methods for the binding of
CPZ, employlng 1:100 brain homogenates, revealed that a slight
difference osourred in the time to attain equilibrium (Pigs. 1h4aA,
B). ' By means of the magnetic stirring mechanism theluptako pPro=
ceeded somewhat slower than that obtained by the Eberbach shaker.
Almoet elght hours were required to attain equilibrium by the
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Figure 13: Effeat oi?ﬁarious<ch concéntrationa on uptake by
cerebrun homogenatos.(lxlOQ). A. Uptake at l} hrs. (pre~equilibe
rium). B. Uptake at 6 hrs. (equilibrium). The eurv;a represent
controls [J and homogenate O , Room temperature, pH 7.12.
Absoissat Initial CPZ .oncentration in mM. Ordinate: Uptake,

miorogm, CPZ per ml innsr compartment,
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Pigure 1lii: Uptake of CPZ by cerebrum homogenates: A. Room temw
perature, mixing by magnetioc stirring bar; B. Room temperature,

mixing by Eberbash shaker; €. At Ol © Cs mixing by Eberbach shak-
er. The curves represent control assemblies 0, homogenates 13100

®, and homogenates 1:;10 X, at PH 7.l2., Absoissa: Duration in

hours; Ordinate: Uptake; miorogm, CPZ Dapr ml innar 0ompantmen e
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former technique whereas oquilibri@m was attalned within six
hours using the latter shaking mechanism, From examination of
figures 1LA and 14B, 1t may appear that the magnetle stirring
technique resulted in a greater upteke of CPZ; however, this
difference was within the range of varlabllity of the analytical

method employed,

Erfopt of Temperature on CPZ Uptake

The seleetlion of lower teﬁperatures to perform equilibe
rium dlalysis by most investigators stems from the knowledge that
lower temperatures tend to limlt or reduce protein hydrolysis and
- denaturation or enzyme destruction. The uptake of CPZ by tissue
(cerebrum) homogenates was measured in the presence of thimerosal
at O=4 °C and at 24«26 °C (room temperature).

Appropriate controls were performed in both experiments
The controls at the two temperatures attained equillibrium at
spproximately the same time, Equilibrium for cerebrum homogene
ates (1:100) ococurred at about eight hours at 0=l ° ¢ (Fig. ¢),
and within six hours at 24~26° ¢ (FPig. 14B). Little difference
in the uptake of CPZ at ecullibrium was evident at these two
temperatures (Figs. 14B and 1i4C), although the period to attain
equilibrium was longer at the lower temperature. Somewhat simie
lar effects of temperature upon the binding of other organic
compounds had been reported by Klcotz et al, (53) and Davisom and

Smith (60). Evaluation of the kinetlss of temperature effect was

.ot attemplod,
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Effect gg»Tissua Hbmogenato Concentration

An increase 1ln the tissue homogenate concentration in
the inner chamber resultsd in a greater uptake of CPZ (Table 7).
A ten~fold increass of homogenate concentration resulted in an
uptake that was almost doubled. Thus, cerebrum homogenates,
1:10, exhibited a mean uptake of 773 ¥ 53.5 mlorogm. CPZ per ml
4s compared to [j07.3 ¥ 21.6 microgm. CPZ per ml for cerebrum
homogenates 1:100, The per cent bobnd CPZ also increased at
higher concentrations of tissue within the homogenate. Thus,
1:10 cersbrum homogenate dilutions exhibited approximately 87.2 &
2.95 per cent bound CPZ as compared with 55.1 % 2,02 per cent for

1:100 serebrum homogenates (Table 7).

Effeot of Aged and Bolled Cerebrum Homogenates

Cerebrum homogenestes of two cats which had been sub-
Jeoted to heating at 90 °C revealed no apparent difference in the
uptake of CPZ compared to unheated homogenates (Table 8). Also,
gerebrum homogenates aged from two to four wesks exhibited uptake
of CPZ essentially similar to that of the freshly prepared homoge
enates (Table 8),

Effect Exhibited by Various Tissue Homogenates

Uptake of CPZ cocurred for all the tissues studled,
including blood. It was found with the present experimental
oonditions that 1:100 homogenates of liver, brain, heart, and

lung were capable of interacting with CPZ to approximately the
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The Effect of Varying Concentrations of Tissue Homogenate
Preparatlion Upon the Uptake of CPZ

Outer solution volumes 30.5 ml; inner solution volume 10.0

mly pH 7.12. Cerebrums from two cats were used. Fach
dialysis duration exseeds the equilibrium period.
% Homogenate Dlalyseis | CPZ concentrations 3
} Coneentration Duratlon | mlerogm. per ml Bound
v - - CPZ
Dilution | gm. wet wgt. Outer Inner
tissue/ml Chambey| Chamber
(Uptake)
1:10 0.1 6 109 716 8.8
1:10 0.1 8 122 792 8L.7
1:10 0.1 8 73 717 89,8
1:10 . 0.1 8 73 808 91
1:10 0.1 16 o 117 832 85.9
— ! e
| MEAN I s.D. 773%53.5|87.2%c2.95
e : ‘ ,
I 13100 0.01 8 C19, 1o 52.5
1:100 0.01 16 Y - 390 56
1:100 0.01 18 L1715 399 56.1
1:100 0.01 2k - 175 Lo3 56.4
1:10¢C 0,01 2l o192 45k 57.7
1:100 0.01 2y, 1719 | 3%.5 S4.7 |
‘« MEAN £ 3.D.  LO7¥21.6 |55.1%2,02

§

¥Bach figure 1s the average of duplicate CPZ analysis
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Table 8

Uptake of CPZ by Cerebrum Homogenatea Subjectead to Various
Treatment '

Brain homogenates 1:100 were used. Outer solution volumes,
30,5 ml; inner solution volumes, 10.0 ml; pH 7.12. Initial
CPZ counventratiocn averaged 34,6 microgm. per nl.

Source of Experiment Conditions Uptakse of (P2
Homogenate | Duration of ' mierogm/ml *
(Hours) Experiment !
Temp,. | Stirring
Cat #1 ‘
Fresh 6 Rocwm | Magnetic 30 3
Aged 6 Room | Magnetic 32h 27
Boilad é Room | Magnetio . 386
Cat #1 | :
Fresh 2L Room | Magnetle hoh * 1
Boilled 2l Room Magnatioz 70 * 1
Cat #2 ‘ |
Presh 2 Room | Eberbach | 264 t 5
Boiled 2 Room Eberbaohj 238 *
Cat #2 '
Fresh L Room | Eberbaoh 358 + 2
Bolled L Room | Eberbach 371
Cat #2 |
Fresh 6 Room | Eberbach , yor *t 9
Boiled 6 Room | Eberbach o2
Ccat #2
Prash 2l 0«4°C | Eberbach Y171 + 2
Boiled | 2l 0-4°C | Bberbash y22

*Pigures inolude average ¥ range (a minimum of 2
analyses for sach fipure).
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same extent (Figs. 14C, 15A, B, C). With all tissues, the maxi~-
mum uptake at room temperature occurred at about six to eight
hours., |

Whole blood, diluted 1:10, which contsalned heparin as
the antlooagulant, exhibited an uptake of CPZ whigh differed
from that observed with the other tissues. Table 9 compares the
uptake and the ner cent bound (PZ df the blood obtained from one
cat to that of cerebrum 1:10 and cerebrum 1:100 homogenates prag
pared from another cat. Wwhen whole blood, diluted 1:10, oonstii
tuted the inner modium, blood exhibited an uptake less than that
found for a simller 1:10 dilution for brain homogenate. A much
lower uptake was antlcipated, because of the results in vivo,
indlcating that little CPZ was retained in blood. The uptake and
per cent hound CPZ observed in blood, dilutadﬁlzlo. in vitro, may
be comparable to the lower dilution (1:100) of the tilssue honog=
enates (Table 9).

One experiment was pertormed whereby undiluied heparine
ized blood, to whiéh CPZ was added, constituted the solution of
the oﬁter chamber. The design of the uxperiment was similar to
that desoribed for competition between the tissues for CPZ, that
1s, four tissue homogensates constituted the inner ohambers. Thus
10.0 ml homogzenates (1:100) of cerebruam, heart, liver, and lung
were suspended 1ln separate dlalyais bazs in 96 ml of the heparine
1zed blood. For esch tissue, ths uptake per ml of homogenate

(Pable 13) was, in this experiment, approximately 10 per cent of
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Plgure 15: Uptake of CPZ by tissue homogenates lzlbﬂ; 4. Lung;
B. Liver; C. Heart, Mixing effected by Eberbach variable apeed
shaker. Room temperature, pH 7.1l2. Abacissa: Duration in

hoursjy Ordinate: Uptake; microgme. CPZ per ml inner compartnment.




Table 9
Uptake of CPZ by blood in somparison to cerebrum homogenate

Quter sovlution volumes, 30.5 wml; inner solution volumes,
10 ml. pH 7.12, 1Initial CPZ concentration 350 miorogm.
per ml, Mixing by msgnetic stirring bar.

M| e e | L |
(Hours) CPZ
Controel (Equilibrium) 6. 232 ¥ 13
Whole blood 1:10 6 33y * 18 L7.4
Cerebrum 1:10 é 56 + 18 6h.3
Cerebrum 1:100 & 350 ¥ 3 Lo.4
Whole blood 1:10 18 wrl 3 60.3
Cerebrum 1:10 16 - 832 85.9
Cerebrum 1:100 18 399 £ 10 56.1

¥rilgures include average % range (2 analyses per each
figurse).
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the initial CPZ eonsentration of the blood--a level far less than
that expected from the ocomparison of the results obtained in vivo
where very liutle CPZ was found in the blood because the tissues
exhibitod significant uptake (see results p. L4). Phus, CPZ was
not bound by(the tissues when undiluted whole blood constituted

the outer medlum of the equlilibrium dislysis chamber.

Table 10

Uptake of CPZ by Various Tissue Homogenates in the Presence of
Blood

Quter aolution containing 368 ¥ 7 mlorogm. CPZ per ml cdénsisted

of 96,0 ml hepariniszed whole blood plus 2.0 ml thimerosal. The

dialysis bags ocontained 10.0 ml of the respeotive tissue homog-

enates (1:100) in phosphate buffer, pH 7.12. Duration of exper-
iment 6 hours at room temperature. Mixing effected by magnetia

stirring bar.

| Tissue , Pinal CPZ Concentraiions |
Homogenate e {mi@rogm,. per ml) ;
Outer Uptake
Solution
312
Cerebrum 37.2
Heart 33.0
Liver hO oh
Lung 32.0
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Sinoce 1 mM concentrations of CPZ precipitated in
phosphate buftgr at pH 7.4, CPZ may have proeipitatod in the
blood (pH 7.4), an effeat whieh would affect the results. Howe
ever, under the expsrimental conditions, the pH of the blood at

the termination of the experiment was 7.2.

Effest of Competition of Tissues

To deberrilne whether compatition between the various
tissues occurred in vitro, dilalysils bags containing the. tissue
homogenate were suspended in a beaker of buffered CPZ solution
80 that the ratio 1:3 total homogenates to buffered CPZ prevalled
8 in the uptake experiments (see Mothods, p. 33). At the des~
1gnated}intervaln allquots were analyzed as desoribed uudor Pro=
cedures. Tho results of these experiments are shown in Table 11,
Uptake of CP7 by each of ‘these tissues appeared tp be similar.
Further experimentation is necessary to determine whether the
8lightly larger uptake of CPZ exhlbited by liver homogenates is
_ statistioally significant. Thus, in Shese experiments, the dife

ferences in tissue ubtake observed in vive did not ogour,

Affinity of Cerebrum Homogenates for CPZ

To test for affinity of the tissue for CPZ, duplicate
equilibrium dialysis assemblies were preparsd. One assembly
aaived 28 s control. The baga_wure removed at the same time;
one of the bags was blotted dry on tissue paper and resuspended
in a chamber of fresh nhosphate buffer lacking CPZ. This new




69
Table 1l

Uptaka of CPZ by Various Tissue Homogenates in Competition
with eaoll other

All tissues were prepared as 1:100 homogenates. Buffered CPZ
solution, pH 7.12, conshituzad the outer chamber (see methods).

Tissue ‘ Rxperiment Cone'n of CPZ (microgm/ml)*
Homogenate Wuratlon Quter Medium | Inner
Initlal Final Chamber
Zxpt. 1 6 325 197 £ 1
Cerebrum . “ By s 2
Heart - 358 t 2
Liver , 1 & 16
Lung N 3y £ 32
Expt. 2 ‘ 6 336 t 8 178 £ )
Gerebrum 316
Heart 384y * 6
Liver 398 £ 2
Lung 362 T 1
Expt. 3 18 372t 6 168
Cerebrum hsi ¥
Heart : 462
Liver j 566 L 26
Lung 7 ¥ s
Expt. I 18 372 + 6 172 £ 1
Cerebrum ' 458 T 21
Heart bkl ¥ 25
Expt. 5 .20 33 + 8 163 % 3
Cerebrum uo%
Heart i1
Liver 430 - L
Lung 334 f
Expt. 6 20 336 £ 8 168
Cerebrum 99 £ 5
Heart 02t 5
Liver ; ot 3
Lung 374 Z 10

*Figures include average I range (results for 2 analyses
per each rigure).
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assembly was dialyzed for another period (see table 12), Buffer
control assemblies, that is, the inner compartments contalining
buffer soclution only, were subjected to the same procedure. The
buffer control sghowed the establishment of a second eguilibrium
following the initlal uptake experiment. This indicated that the
dlalyslis bag wes not damaged by the prooedure whioch may have re-
sultad 'n an interferensce with the movement of the CPZ outward
from the bag.

The results of four experiments containing cerebrum
homogenatvs sre shown in table 12. PFrom these assemblies it was
observed that the unbound CPZ, present in the physical s-lution
of the tlsasue homogenate, which constituted the amount of CPZ in
equilibrium with that of ths outer solution of the first assembly
moved across the membrane of the dialysis bag to reestablish an
equilibrium. The remainder of the CPZ within the confines of the
tissue compartment, that 1s, the bound CPZ (Table 12, column D)
must have exhiblted an affinity to the tissue (Table 12, column
H). Otherwise, since a consentration gradient was evident, equal
amounts of CPZ should have been found in the inner and ocuter
solution of the second dlalysis assemblies. The latter did not
oogur (Table 12, compare columna F and G).

Furthermore, when the inner compartment composad of a
homogenate (1:10) prepared from the cerebrum of a cat given CPZ
in vivo was dialyzed ageinst phospheate buiffer in the outer come

partment, it was observed that the already bound CPZ was not




TABLE 12

AFFINITY OF CEREBRUM HOMOGENATES FOR CPZ.
OUTER SOLUTION VOLUMES OF BOTH ASSEMBLIES WERE 30,5 ml.;
INNER HOMOGENATE VOLUMES WERE 10,0 ml, ROOM TEMPERATURE, pH 7.12

71

I INITIAL DIALYSIS SECOND DIALYSIS
CPZ CONC'N. (ug/ml) CPZ CONC'N (ug/ml) TOTAL AMTS OF CPZ (ug)
DIALYSIS ey — ;
co:;gms Dt’:ggg’; INNER | ®OUTER | BOUND D?:ggég»; %INNER | *QUTER | BOUND INNER OUTER
CHAMBER | CHAMBER | CPZ CHAMBER |CHAMBER | CPZ CHAMBER | CHAMBER
(a) (B) (c) (D) (E) (F) (6) (H) [£)) (K)
Cerebrum | *##&y 358
1:100 | %4y 357 193 164 16 172 60.6 111 1720 1848
Cerebrum 6 3u4,5| 231.5 | 113
1:100 6 #5362 235 127 16 176 61 115 1760 1860
Cerebrum 6 345.5| 205.8 | 140
1:100 6 #%352,6| 203 150 16 188 53.8 134 1880 l641.1
6 #%351.3( 204 147 18 188 53.7 134 1880 1638
Cerebrum | 18 #1408 169.7 | 238 6 257 49.7 207 2570 1512
1:100
Buffer 6 *£230 234 -- 16 53.3 | 52,4
i

* Each figure includes the average of two analysis for CPZ.
** These figures are estimated from analysis of inner and outer chambers of the second dialysis assembly.

These figures multiplied by 10 (the total volume of the

of the respective experiments.
*%% This experiment was terminated prior to equilibrium,

inner chamber) are equal to columns J plus K
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released 1nto the outer compartment (Table 13). This particular
gersbrum contalned pharmaoological signifiornt smounts of nPZ3
that 1s, 104 milorogm. CPZ per gm. was found following the intra-
venous injection of CPZ (analysis of the homogenate, 1110, pre-
pared from this tissue, indicated 10.2 miorogm. CPZ per ml of
homoganate)., Thls cerebrum was also oapable of further concen=~
tration of CFPZ, in vitro (Table 13). The uptake of CPZ after
éwnnty-rour houra‘or dlalysis was 791 mierogm. per mi. It appcarQ
ed that the e&mhinationakxormed by ¢¥Z and the %issue ware

rather firm,

Table 13

Dialysis of Cerebrum from Cat which had been Administered
Intravenous CPZ

Quter solution volumes were 30,5 ml; inner solution volumes
of homogenates, 1110, were 10,0 ml. pH 7.1l2, room temperature.

Source Dialysis _Duter Mediunm 0PZ Cone'n
Duration Gontents Initia Inner
(Rours) Cone'n Solution
(miorogm (microgm
per ml) per ml)
Cerebrum 16 Buffered CPZ 352 832
¥Cerebrunm 24 Buffered QPZ 3hi 791
*Cerebrum 2l Buffer 0 10.1

*Inisial CPZ content 104 miorogm. per gm. Analysis of
tissue homogenate, 10,2 miorogm. per ml,




CHAPTER V
DISCUSSION

Specifiocity of the CPZ Method

Recoverics of CPZ of slmost 90 per cent were obtained
by means of the daéoribed procedure for the quantitative analysis
of CPZ from blologzlcal tissues based upon the extraction of CPZ
from alkalinized ether and the subsequent oxidation of CPZ by
ferric ion in the presence of sulfurie acid. The advantages of
this proocedure were: 1) spestrophotometric readings may be obe
talned in the vislble range, thereby eliminating the sorrections
for tissue blanks wﬁieh are required 1ln the ultraviolet methods
2) recoveries of CPZ from animal tissues, especially brain, were
greater than those previously reported (39,48).

The procedure appeared specifioc for CPZ and other 2
chlorophenothiazines possessing a side ahaln on the ring nitrogon’
One polint to be olarified is whether or not the material referred
to 1n the RESULTS as 2~ohlorophenothiszine with a Nlo-side ohain
(2-CPN) may represent chlorpromazine itself, or include also the
metabolites of CPZ.

Metabollism of CPZ has not been fully clarified. Sulf=
oxides (69); aompounds altered in the N1o-alkyl ohain (70-72) and
and N-oxide of CPZ (73); monophenols (74,75) and conjugated mater-
tals (47,74,76) were identified as metabolites of CPZ. These come

pounds represent, depending on spesies, from 22 to 35 per sent

3
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of administered CPZ (77,78). Relatively little CPZ 1is excreted
unchanged (77,78)s the fate éf from 60 to 80 per aent of CPZ is
not known.

The method employed reveals, besides CPZ, ochlorinated
phenothiazines differing from CPZ in the N chain, as well as
their sulfoxides; it does not assay compounds with major changes
in the phenothiazine ring, with substitution for chlorine in the
2 position, or with chlorine present elsewhere in the ring. Thusy
the assay may have measured, besides CPZ, the metabolites deseribd
ed above and perhaps unidentified CPZ metabolites, provided they
are close analeogs of CPZ.

\ 3ince glucuronide conjugation does not cocur in the ocat
(79,80), the presence of CPZ-gluouronides in these analyses is
uniikoly. Reduced pharmacolo:ical activity exhlbited by some of
the CPZ metasbolites have been reported. The sulfoxidation prod-
ucta of CPZ exhiblted decreased pharmacologloal astivity (81-8L).
Nor,CPZ showed only slightly lesser astivity than CPZ, but the
primary amine analog, NoroCPZ, exhibited pharmacologic action
about equal to that of CPZ. CPZ-NO was found less effeative
pharmgoologiaally than Hor,CP2 (83,8&). Sinoe reduced pharmaco-
logio effects may be antioipated from some of these derivatives,
there appears less likelihood for their presence,

| On the other hand, metabolites generally do not remain

in the tissues for long and they can be expected to appear raplde

ly in the blood. The fact that only low levels of 2-CPN were
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found in the blood, suggests relative absence of such metabo-
lites., Furthermore, there 1s no indication %that CPZ is metabo-
11zed in the brain, musele, or lung. Altogether, 1t is likely
that the 2-CPN fizures reported here for blood, brain, muscle or
lung, refer mostly to CPZ, Thls ssems certainly true for short
time Intervals after the adminiatratien of CPZ, Admittedly re-
sults referring to liver may bear a differsnt oconnotation, since

liver constitutes the major site of CPZ metabolism (39, 85-87).

Tissue Diatrlbutioﬁ of CPZ

» It is interesting that these data indlcate rapld transge
for of intravenously administered (PZ from the blood to other
tissues. Within ten minutes the blood levels of CPZ were con=
slstently low and did not fefleét ths levels of the compound in
other tissues., It should be stressed that immediately after in-
Jeotion very high levels of 2-CPN were found in the heart and in
the lung. However, this asoumulation wss only temporary, and
subsequently heart and other musole exhlblted relatively low
levels of 2-CPN, whlle 2-CPN concentrations in the lung levelled
off at a high plateau.

Data on the ooneentrations of CPZ in the brain after in
vivo administration vary extensively (39-43, 88-90). This varia-
tion may be due to the fact that, as in the cmse of the present

method, methods employed may mot have besn speaific for CPZ, even

though the data were expressed in terms of the latter. On the
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(39), who used an ultraviolet spectrophotometrio method for CPZ
determination in dogs, and with those of Christensen and Wase
(41), who emplayed 535 CPZ 1n mioce; both these groups reported
agcumulatlon and concentration of CPZ in the brain.

On the other hand Fyodorov (40) who employed 835 ¢rz
in rabblts, rats and dogs; Wechsler and Roilgzin (42) who used an
ultraviolet speatrophotometric method for rats and monkeysj and
Yasuda and Aokl (43) using rata‘and a speatrophotometric teshni~
que, obtained low levels of CPZ in the brain. In fact, Wechsler
and Roizin (42) reported "trecea" of CPZ following intramusoular
administration of 100 miorogm. per gm. of this compound to rats,
Weohsler and her associates (L42,48) suggested that the results of
-3alzman and Brodie (39) oan be explained by inadeguate recovery
obtained by these investigators; this argument cannot hold with
regard to our results, since CPZ was quantitatively recovered
from the brain by the present method. Furthermore, deJaramillo
and guth (88) found recoveries from the Weshsler and Forrest
method were about 50 per cent from the brain,

34111 another problem arises with regard to distribution
of CPZ within the brain, Wwase et al. (89), using the radioisotope
method reported great differences between CPZ ccnoentrations in
various brain areas, with the highest levels found in the thslamus
after single administration. A 300-fold difference was found

between conscentrations in the thalamus and the cortex, and a 3-

| fold differense between those in the thalamus and the cerebellum.
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Guth and deJaramillo (90) reported in a preliminary study that
the levels of CPZ in the hypothalamus and in the medulla of dogs _
were 7«10 times higher than those in the oerebellum. deJaramillo
and Guth (88) also reported negligible amounts of CPZ in the teme
poral and frontal cortex of dogs forty~five minutes following CPZ
injection intravenously, However, Weohsler and Roizin (42) ad-
ministered 150 microgm, per gm. of GPZ$to monkeys and found little
difference in CPZ conoentrations in the basal ganglia and in the
cortex, and only traces of CPZ in the cerebellum and pona. In
the present study, no such pronounced differences were found bew
| tween CPZ concentrations in the braln stem, cerebrum, hippoaam-
| pus and cerebellum, although the brain stem and the hippoocempus
‘retained 2-CPN (or CPZ) somewhat better than the other parts of
the brain,

A pﬁrtioularly interesting facet of this study is that
tissue levels of CPZ of 2-CPN were measured over a fortye-sight
hour period; this 1s a longer time period than that covered by
earlier investigations, In several tissues 2-CPN was retained
for a long time. After it amcoumulsted in the brain 4«5 fold in
one hour, its level decreased slowly; even at forty-eight hours
it did not fall significantly below that ocorresponding to the
dose administered (40 microgm. per gm.). Retention of 2-CPN in
the liver was even more pronounced; moreover, the rattern of the

disappearance of 2-CPN from the liver was different from that

observed in the brain. After a high level of 2-0PN was maintainoﬂ
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in the liver for twelve hours after its administration, it de~
creased subsequently. While Fyodorov (40) and Salzman and
Brodie (39) also found high levels of CPZ in the liver, they re=
ported that liver CPZ ocontent decreased rapidly in rabbits, rats,
and dogs within three hours of 1ts administration,

The third tissue which accunulated and stored CPZ (or
2-CPN) was the lung, The lung differed from Lraln and liver by
acoumulating 2-CPN more extensively, and retaining it for a
longer perlod, Indeed, in the lung, there was no deorease in
2-CPN conaentration from its peak at three hours till forty-elight
hours after its administration.

Altogether, contrary to the earllest inveatigatlons,
(39,43) this study indicated that the 2-CFN coneentrations do not
dearease uniformly in all tissues. Any tissue, therefore, might
exhibit the highest CPZ or 2-CPN ooneentration at any specifia
time.

No explanation for these shifts can be given at proaont;
8ince the liver is implicated in the metabollism of CPZ by in
vitro studies (47, 85«87) it may be speculated that CPZ metabo-
lism may be indueed in the liver after a latent period. Another
faotor may be the relsase of CPZ or 2-CPN from various tissues,
and 1ts storage in fat, where 1ts level 1s high in one and %two
hours. However, fat does not seem as lmportant a storage site

for CPZ as for thiopental and pentobarcisal (50-52, 91).
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Correlates of Pharmacologic Aotiyity and Brain CPZ Levels

An attempt was made in the course of this study to
sorrelate the changes in concentrations of 2-CPN in brain whisch
ogsur with time with the intenslity of %he pharmacologic action
,of CPZ, It should be stressed, first of all, that the levels of
CPZ 1in whole blood could not be used ﬁa rrediot the pharmacologié
astions of this compound aince blood concentrations remsined low’
and relatively oonstani from seven minutes to forty-eight hours
after the administration of CPZ, The temperatures of (PZetreated
cats rose above those of restrained controls after twenty=four to
thirty-two hours, while cerebrum oconcentrations of 2-CPN decreas-
ed to about 60 miorogm., per gm., and thus was two or three times
lower than the peak level., At that time the analgesic actlon of
CPZ, ascribed to the depression of the midbrain retiocular formae
tion (92), was stlll evident, but the righting reflex had largely |
recovered. The analgesic effeet of CP2, tranquilization, and
anorexia persisted even when the level of 2«CPN in the cerebrum
decreansed to 30 miorogm. per gm. This, too, suggests that mease
urements of 2-CPN in the brain actually refer to CPZ itmelf, or
less probably, to an equipotent, unidentified, metsbolite of CPZ.
Thus, not 21l neuropharmacologic actions of CPZ are terminated
simultaneously., This could be explained if not all brain parts
lost CPZ~-or 2-CPN--equally rapidly; 1t may be suggested that
tranquilization at forty-eight hours depends upon relatively
high levels of CPZ at that time in the brain stem and the hippo~
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sampus, since the latter was associated with emotional behavior
(93). This suggestion is all the more speculative since the be«

havioral signifiocance of various brain areas 1s stlll obscure,

Interaction of CPZ with Tissue Homogenatea

Interaction of CPZ with homogenates of different tis-
sues was observed by means of the equllibrium dialysis technique
utilizing a phosphate buffer system. The preferential uptake
shown by the tissues in the intact animsl was not evident by
equilibrium dialysis in the buffer system employed. Homogenates
of each tissue, cerébrum, heart, liver, snd lung, prepared in
dilutions of 1 :m. wet weight tissue per 100 ml exhivited res-
pectively similar uptakes at equilibrium of about 40O microgm.
CPZ per ml of homogenate. Approximately 225 microgm. of this
CPZ or 55 per aent was bound;tc the tlasue.

Employing cerebrum hrmogenate as a representative of
these tisasues, an inacrease of the homogenate concentration to
1:10 reflected in a greater uptake éf CPZ by the tlssue to more
than 800 miorogm. CPZ per ml of homogenate at squilibrium, Of
this CPZ uptake, almost 700 microgm. or 87 per cent was bound
CPZ. Whether 1:10 or 1:100 homogenates were used during equili-
brium dialysias, the bound CPZ far exeeeded the concentrations of
CPZ found in the animal tissues in vivo.

It was observed from the competition exreriments, thab

is, those experiments in whioh single dilalysis asaemblies con-
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that eaoh of these tissues, scerebrum, heart, liver, and lung,
exhiblted essentlally simllar uptakes of CPZ and thus, each tis-
sue displayed similar binding of (PZ. These experiments provided
support that the differential uptake of the tissues in vivo was
not evident by the teschnique employed in vitro.

Since similar uptake and binding of CPZ by equilibrium
dialysis in the phosphate buffer system were exhibited by the
four tissues, cerebrum was selected as a representative tiasue
to investlgate some characteristics of this system for the CPZ
interastion with tissue howogenates, Varying the initisl CPZ
soncentration of the outer ohamber frém 0«1 to 1,0 mM resulted in
& linear inerease of the uptake of the CPZ by the gsrebrum homog-
enates (1:100). The 1 mM CPZ oconsentration did nob appear to be
at the limiting level for the CPZ uptake. Neglizible effeats by
temperature changes were observed on the equilibrium level of CPZ
uptake by the cerebrum homogenates (1:100)--similar uptakes were
exhibited at 0«4 ° ¢ and 2426 ° ¢, aithough the lower temperature
prolonged the period to attain equllibrium, oceurring st about
eight hours as compared to six hours at room temperature. Heat-
ing the tissue homogenste at 90 °C for two hours or the ageing of
the homoganaﬁo also showed no significant vasiations of the up-
take or the amount of bound CPZ at equilibrium,

The combination of CPZ with the tissue homogenate ap-
peared firm. Transfer of the dialysis bag to another assembly

after an uptake of CPZ in the first dialysis assembly was
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entablished, or the performance of the dlalysis experiment upon
cerebrum homogenates prepared from an animal administered CPZ,
resulted in very little loss of the bound CPZ (See results seg-
tion Table 12, compare columns D and H; also Table 13). Thus,
gerebrum exhibited a rather strong affinity for the bound CPZ.

Many factors may have ocntributed to the difference of
the results obtained in vitro as compared to the preferential
uptake of CPZ exhibited by the tissue in vivo. Firatly, the
blood flow to the various organs investigated differs markedly
(94,95). Blood flows through the heart and lungs and then the
blood is distributed inm varicus percentages to the orzsns. In
normal human subjeets at rest the blood flow has been estimated
(94) in per cent of cardiac output as follows: cerebrsl, 13,
esoronary, lj, splanechnlio, 2, and renal, 19, Estimates availsble
for the deg (95) indiecate that the bloed flow to the heart, liveryd
and kidneys in percentage of cardlae output was 5.2, 30,0, and
11.1, respeotively. Thus, different amounts of CPZ are delivered#
in unit time, to sach tissue. During equilibrium dialysis, the
external medium of the phosphate buffer exposed the same amount
of CPZ to each of the tissue homogenates.

Secondly, some structural componasats or the eellular
oompartmentalization which may be responsible for the differen-
tial uptake and the binding of CPZ in the tissue in vivo may have

been destroyed during the homogenization proeedure. The presence

of a blood brain barrlier (96) or other membranes (97) has besn
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involved in the movement of drugs into and out of an organ.
Freeman and Sprites (98) have shown that human erythrooytes oan
oomhiné wlth CP2 and they have attfibuted CPZ effects to alter-
ations of membrane permeability. Perhaps these alterations play
a role, in vivo, preventing the further influx or outflow of CPZ;
the membranes are disrupted during the homogenizati&n procedure
and thus do not partioipéto in vertinent processea, In the ab-
sence of these slements various blochemically identified, or as
yot unidentified, uinits 6f the o0ell present in the he@ogsﬂaﬁe
may then bind indiscriminantly\with CPZ.

3everal cellular substances or components have been
reported as capeble of interastion with CPZ, in vitro (98-103).
Harris, Salfer and Volk (100) reported CPZ bound signifioantly %o
the ganglioside strandin, and also to ohrondroitin sulfurio =mcid
and heparin., Yagl et al, (101) reported a complex formation hew-
tween CPZ, at a c¢onoentrasion of 10~3 M, and the isoalloxazine
component of flavins. Dingell et al., (102) reported that CPZ was
bound primarily to the particulate matter of eells. Mitochondria
isoclated from brain were found to azhibit greater affinity than
liver mitochondria for CPZ (103)., The type of combination of
CPZ with a gellular aonstituent sppeared to be firm. The resunlts
obtained from these experiments indicated that the tiasu@s had a
strong affinity for CPZ. In the absence of the strustural com-
ponents and differential blood flow pressnt in vive the cellular

somponents may be capabls of interacting in vitro to a different
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extent than that seen in vive.

Ehrenpreis (99) had reported that CPZ exhiblted binding
capablilities to the protein he lsolated by fractionation with
ammonium sulfate and which at first (61) was considered as a
"recaptor" for acetyloholine tut later (104) as the "drug binding
component of conducting membrane only". Histochemical results
obtained by Ehrenpreis (104) indleated that the "receptor" pro-
teln was present in close proximity to, or a part of, the mem~ 4
brane. He suggests the possibility that this protein may be of
membranous origin, Spirtes and coworkers (98, 105-107) have also
implied that CPZ effeets were related to alterations of membrane
permeability, The location of CPZ aetivity on the membrane may
be related to the fact that cell membranes are somposed primarily
of lipid, that is, phospholipid,

Some physloal and chemical charasteristios desoribed by
Ehrenprels (104) for the drug-binding protein were that it did
not gel on heating and that 1t ocontained a signifioant amount of
phospholipid. In the equilibrium dilalysis experiments reported
at present, brain homogenatea heated in phosphate buffer at pH
7«1 showed no spparent alterations of the binding of CPZ. Per-
haps the esllular struoturé described by Ehrenpreis may be implie
cated in the binding of CPZ in the present experiments,

Some consideration may also be given that GPZ, a lipoe
phillec compound, may have beaome bound to the lipoproteins or to

the sphingolipids, for example, the cerebroaides or gangliosides,
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Cerebrosides and gangliosides oceur in tissues other than in
brain. The gangliosides have been found in most parenohymatous
tissues, for example, apleen and erythrocytes. However, the tis-
sues investligated e:hiblt different ganglioside concentrations;
on the basis of phosphorus per 100 gm, fresh tissue, rat liver
sontaingd one~-half the smount of sphingomyelin found in rat hears
and about one-thirthleth that of cat brain (108). Therefore, it
is unlikely that the binding sffeets in vitro may be attributed
solely to the binding to gangliosides.

‘An sxplanation offered by Harris et al, (100) for the
signifiecant binding of CPZ %o strandin, a rather specifis ganglie~
oside from the brain, was that the reaction osccurred between the
sarboxyl group of the neuraminic acld in the ganglioside and the
overall positive charge of CPZ. The view that Negcetyl neura-
minie acid may be involved in the role of the gangliosidie binde
ing of CPZ 1a possibly supported by the work reported by Irwin
ot al. (109). These investigators found that gangliosides pre-
vented the bloeking activity of CPZ on acetyloholine stimulated
frog reotus muscle. Partlal destruotion of the ganglioside so-
tivity against the CFZ aoction oceurred when N-asetylneuraminio
acld was removed by acld hydrolysis from the ganglioside.

When the role of mucopolysaccharides, for example,
hyaluronioc acld, heparin, and the chondroitin sulfates, whish |
oonstitute integral components of the mueoproteins, is elusidated,

perhaps the indisoriminate binding exhibited by the tlssues in
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vitro may be clarified. Chondroitin sulfate has been found pre=
sent in the heart valves, the skin, the cartiage, tendons and
bones, Heparin is also present in various animal tissues (110).
The homogenization procedure may release these substances from
sertain forces existing in vivo whioh exert a differentiating
effect for the comblnation of CPZ wlth thst partiscular organ.

The results obtained with blood in vitro could possibly|
be extrapolated with the results obtained in vivo., Uptake and
binding of CPZ by blood, when whole blood (1:10) sonstituted the
inner compartment during equilibrium dialysis, was much less than
that exhibited by comparative amounts of the other tissues. Thus&
the low uptake of CPZ by blood in vitro may be considered as
favorably comparing with that rfound in vive.

However, when undiluted blood containing CPZ oconstitu~ |
ted the outer compartment whioh was used against tissue homogen~ |
ates as the inner ochamber; very little CPZ penetrated the dialyuiﬁ
bag-~that 12, not even the equilibrium ooneentration in the inner
compartments was attained. This 1s unlike the findings in vivo,
in whioh the tlssues dlsplayed a rapid uptake of CPZ from the
bloocd. CPZ may have been, however, precipitated by the blood and
this would prevent dlalysis of CPZ from the outer to 1nnor‘ohnm-
ber. (P2, at 10=3 M, was prealpitated in phosphate buffar at pH
Tsly==the approximate normal pH of blood. The white erystalline
precipitation of CPZ was not observed in the blood, in vitro.

A% the termination of the experiment the blood had a pH of 7.2--
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a pH at which CPZ is soluble. Furthermore, CPZ has a pKa of
8.2 (111).' Thug, even at pH 7.4 enough CPZ should have been
ionized to effeot an inward migration to the binding sites of the
tissues, |

It 18 conceiveble then that the whole blood, in vitro,
could bind the CPZ, if CPZ were presented to 1t first,‘and if the
factors present in vivo, which induce the releass of GCPZ from the
blood to the tissues, were not active in visro., 1In vivo, blood
was capable of initlally soncentrating approximately 300 mieregn.
CPZ per ml (see Fig. 10, Results), even though for a short dura~
tion.

Also, 1t should be remembered that in vitro, undiluted
whole blood eontaining CPZ was dialyzed against tissues at 1:100
dilution. This tissue concentration difference nay in itself
acoount for the failure of the blood to release CPZ in vitre snd
may be a factor wh&éh could be reconciled by comparing blood son~-
centration versus tissue coneetration in vivo,

The blood used in theses experiménts oontained heparin
whioh had been added to prevent its coagulation, The binding of
CPZ by heparin has besen reported by Harris et al. (100). Perhaps
the presence of heparin may explain some of the effects toward
the uptak§ and binding of CPZ by the blood in vitro, However, a
eonclusive interpretation of the heparin effeat on the blood-CPZ
interaction 1s precluded by the influence whiash may be exerted by

the following observations: ::




88

Firstly, the gradual loss of anticoagulant and anti-
somplementary activities of heparin inocubated with a washed red
blood cell suspension was considered as indicative of s dlsappeare
ance and possible absorption of hoparin (112). Thus, the binding
of CPZ observed in these experiments with the blood may not have
been influenced by the presence of heparin.

Sedondly, heparin i1s normally found in varying concene
trations in the liver, lung, spleen, muscle, heart, and other
tilssue, expsolally the mast cells (110). The dnstruotion of the
mast oell by CPZ reported by LeBlano (113) may cause the release
of a rich supply of heparin. But, homogenates of liver and lung,
both known to contain large amounts of heparin (110), exhibited
simlilar uptake and per cent bound CPZ as that obtained by the
other tissuea whioh contain lesser amounts of hsparih. This con~
sideration tends to minimize the influence that the endogencusly
preduced heparin may have had toward the effect of the binding of
CPZ by the blood or the tissue.

Thirdly, although under normal conditions, heparin is
not in the free atate in the body, it 1s known that free heparin
mey appear in some abnormal conditions. Dogs in anaphylaotio
shook can release heparin from the liver (110)., The withdrawal
of the large volume (about 110 ml) of blood from the sat, a small
animal, produced severe shook. Conseivahly, heparin may have

been released from the liver of the cat so as to attain a signifi-

oantly high titer in the blood., ThLe levels of the endogenocusly
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produced heparin plus that added to prevent the soagulation of
the blocd may have been significantly high so that the binding of
CPZ by the blood may be attributed to the preaeﬁoe of heparin in
these experiments.

Further interest in binding effests of CPZ with heparin
oould possibly center on the gluouronie ﬁoid or other aclid moie~
ties present in heparin. Since in these experiments, homogenates,
and not purified blochemloally indentified oconstituents were eme
ployed, perhbaps an explanation for the indisoriminate in vitro
binding abloivod here may bhe due to the amction of sarboxyl groups
of various ocompounds such as the N-acetylneuramic acld, and the
glueuronle aclds of heparin, hyalurénie acid and the chandroitin
sulfates which may combine with the overall pa#itivo charge of
chZ; these groups may be indisoriminately distributed in all tise
sues studled. i

Another consideration pertaining to the in vitro study
of blood 18 that CPZ can, in vitro, combine with the red blood
colls and alter the»oamotic permeability of the erythroeytlic meme
brane (98). Perhaps, ocnoe the red blood cells have taken up cP2Z,
the al tered osmotis parmeabllity prevented the release of (PZ to
the tissue homogenates, The explanation of the binding of CPZ by
the erythrooytes in vitro merit further investigation.

Thus, many questions are presented from the results obe
talned, in vitro. It is interesting to attempt to ldentify the

component or aomponents that exist in vitro and in vive whioch
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bind CPZ. Extension of results obtalned from equilibrium dialy~
sls upon purified proteins isolated from the tissue could pro-
vide information to calculate the energy of association of eagh
ion a3 well as the number of sitee available for the binding of
the ion, Approaches through the combination of CPZ with purified
substences have been reported (100). The attempt to isolate the
CPZ-»receptor by fractionation of the CPZ bBound tissue pressnts
many difficultles, perhaps the most important is that through
means of chemlcal differentistion the CPZ may separate from 1its
regeptor component. Some preliminary experiments have been at~

tempted in this direation.




CHAPTER VI
SUMMARY

"ls A speotrophotometric proocedure for the guantitative
analysia of CPZ from biologlo tissues based upon the extraction
of CPZ into alkaline ether and subseguent oxidation by ferric ion
in the presence of concentrated sulfuric acid i1s descrided, Re~-
eoveries of CPZ from brain by means of this method amounted, in
vitro, to 86.6 ¥ 6,6 per sent.,

2. The prosedure was specifio for CPZ and other 2-
ehlorophenothiazines poasessing a side ohain on the ring nitrogend
Changes in the phenothiszine nuoleus or subastitutions for chlor-
ine in position 2 resulted in colors which differed from the
cherry-red chromophore. Spootrg for many of these compounds were
established, Thus, besldes CPZ, other related compounds oan be
analyzed &n tissues by means of this method.. |

3. Tissue levels of CPZ following its intravenous
injeotion into cats were determined by this method., Immedlately
following the administration of CPZ, LO miorogm. per gm., levels
near 1 mg. per gm. could be determined in the heart and in the
lung. There was a rapid shift of CPZ from the blood to other
tissues,

o i. CPZ oconcentrated four or five fold in the lung,
llver, and brain at one hour after its administrationi at whioch
91
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time the content of the heart and other tissues was relatively
low, CPZ content remained high in the liver and in the lung
for twelve and forty-elght hours respeotively.

5. Phermacclogical actions of chlorpromazine did not
terminate aimﬁltanaously. Hypothermia and analgesia seemed ase
sociated with the 30«50 miorogm. per gm. CPZ levels in various
parts of the brain; tranquiliszation appeared to require less
CPZ,

6. Utilizing equilibrium dialysis, the interasction of
CPZ with the various tissue homogenates ossurred in a phosphate
buffer system.. The preferentlial uptake f6r CPZ exhibited by the
tissues in vivo was not evident in vitro, and dialysis of the
four tissues in single assemblies dld not show competition for
CPZ uptake.

7. Cersbrum uomogenates exhibited a strong affinity
for the CPZ. Negligible amounts of the baund CPZ were released
from the tlssues when cersebrum homogenates contalning CPZ were
dialyred against phosphate hurfor.

8. A discussion of the various ssrustural somponents

to which CPZ may bind was presented,
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APPENDIX I

Preparation of Phosphate Buffer Solutions Used for the
Equilibrium Dislysis Experiments

Stock solutions of the sodlum monohydrogen phosphate
(HazﬁPOQ) and potasaium dihydrogen phosphate (KH PO),
prevared as desoribed in the taxt were mixed in %ho;
proporticns indloated below. Th pH of the resulting
solution was checked on the Beckman Zerowailc pH meter,

s |y |
" 9,00 1.00 7.648
8.00 2.00 T.347
7,00 3.00 7.146
6.00 .00 6.976
5.00 5.00 6.613

This table ia a portion of that found in Gortner, R.A.
and Gortner, W.A.: Outlines of Biochemiatry, 3rd Ed.,
John Wiley & Sons, Inc., Hew York, 1949.
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APPENDIX II
The differsnces, for all time periods investligated, between the
gerebrum and the serebellum, and between variocus brain stem areas
and the hippoecampus on one hand, and the cerebellum on the ather,’

were found signifiocant at p > 0.05 level.,
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