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_indTcated that T binding Sttes were distinct from 5-HT receptors.
Tetrahydro-$-carboline, quipazine, PEA,-amphetaming,Agfchloroamphetamine
and meihamphetamine inhibited [3H]-T binding (Cascio and Kellar, 1983).
ﬂpod éﬁ al. (1984) further characterizéé;ﬁhe binding site and'reported°
‘on its stereospecificity. They also suggested that the T binding site
H may represent the T receptor in bratn. Cémpéunds derfved from T such as
trypto1;nes apbear“to be potent displacers of £3H]~T binding (Wood et
i 1984): Bruning: and Rommelspacher (1984) characterfzed T binding
sites in different organs of rat and Charlton et al. (1985) reported
'th?t kynuramine had high affinity for the [3H]—T binding site. Perry
(1986),h employing in vitro autoradiographic technfque&, examinsg the
distribution of [3H]-T binding sites in rat brain. He.obsg;ved a con-
ceniéZtion of T binding sites in forebrain and limbic struékures, with
the highest number of sites in choroid plexus and interpeduncular
nucleus. A binding site for [3H]-T in choroid p)exus (termed T-2) was
pharmacologically distinct from the rest ;1 the brain sites (termed T-1)
in that kynurémine and sevefal other compounds inhibited [3H]-T binding
at the T-1 site but not at the T-2 sfté. [3H]-5-Hydroxytryptam1ne also
exhibited a binding site in the choroid plexus but it was distinct from
the T-2 site of T. Usihg‘quantitative autoradiography, Kaulen et al.
(1986) studied the -distribution of [gh]-T binding sites 1in fpt‘brain and
observed the }-carbolines ﬁarmine and harmaline to be poteﬁt displacers,
while 5-HT as well as several 5-HT receptor antagonists such as methy-
sergide and metergoline were observed to be weak displacers of [3H]- T
binding. The pattern of distribution and displacement characterfstics
fndicated that [3H] T binding sﬂg$§ were uniquely distinct from 5-HT;,
5 -HT, and [3H] 1m1pram1ne binding sites (Kau1en et al., 11986).

s
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McCormack et al. (1986) employed quantitative dutoradiography to study

the distribution of [3H]-T binding sites in numerous brain regions of -

rat and dograpd observed highest Qensftfes of binding in more rostral
portions 6f.the brain. Altar et 21; (1986) reported thaf [3H]-T binds
té rat brain‘regions with up to 58% specificity (as de$erminedﬁ91th 10
M T as a displacer), with greatest binding in nucléLs'étcumbens and
claustrum. p-Methoxyphenylpropylamine, harmaline and'S—mefhy)tryptamine

displaced [3H]-T binding in the nanomolar range, whereas 5-HT caused

displacement 1in the micromolar range (Altar et al., 1986). - Chronic

administration of PAR to rats was reported to decrease [3H]-T binding in-

_cerebral_cortex, hfppdcampus, striatum and hypdtha]amus whereas neuro-
toxins such ag 6-hydroxydopamine and 5,7-dihydroxytryptamine ‘dfd not
affect [3H]-T binding, fndicating respectively that changes in T metabo-
1ism alter the [3H]-T binding and that the locations of bind{ng sites
werg—distInct from 5-HT and DA neurons (Cascio and Kellar, 1986)."At
the present time there are no aéonistsv or antagonists specific for

[3H]-T receptors (binding §1tes), Aa]though. several compounds exhibit

affinity for them. Thus the functional significance of T binding sites

rémains.unresolved. |

Because of the possible modulator or transmitter function of T in
brain, disturbances in synthesis and metabolism of T could contribute to
the pathophysioiogy of psychiatric disorders. Significant correlations
between [ggreaSed urinary T output and exacerbated symptoms in schizb;

phrenia (Brune and Hiﬁihich, 1961; Herkert and Keup, 1969) were noted,

and urinary T output has been reported to be altered in the general

e

<
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psychf'atric popu]ation (Stingsby J‘ and Boulton, 1976) Coppen et al.
(1965) observed decreased ur1nar)J T output in depressed patients with .
no correlation with 1nd01eacetic /acfd (IAA), the major tnetabo]ite of T.
Kuehl et al. (1968) 1indicated ’thot some Parkinsonfan patientsimay

N

excrete abnormally high arnount's of T 1n their urine. Howeverp Anderson
et al. (1984) recently studied central T turnover by measor’;ng IAA
levels in cerebrospinal f]uid (CSF) of norma]s schizophrenics anor-
ectics, manics and depressives and observed no s‘lgn1ffca@ Changes 1n T

turnover in these disorders. |

- - I

From the brief review presented above ft seems erly that the

p—

.trace amines (PEA and T) may Nay a role in the etiology of various af—

N

fective and‘ned’ro]ogic 1 disorders. To adequately study 'the functional

significance.of PEA an§ T, it shoufld be possible to selectfvely alter
their concentrations without Lffe"ctin‘g ehose‘o% other n'eurot.ransmitters
and modulators. Nonselective increases’ in these biogenic amines follow-
1ng‘the “a‘dministration of MAO inhibitors negate the use of these drugs
to elucidate the role of trace amines. . Rapid metkab;olism of the trace
amines themselves. preclude their use alone to ’selectively increase and
sustain brain PEA and T ’Ieve1s._ In the 1nvestigat1on lreported in this
;hesis; a numoer of N;alkylated analogs of PEA and.T were examined for
'thefr abilities to pincrease ond sustain_ the parent amfne levels. . The'
neurochemical conséquences ' of such an alteration n brain trace amines
nith the c‘oncomitant vpres‘encev of their prodrugs have alse been exomined
by measuiring the levels of putative neurotransm{tter‘amines and the{r
metabolites.  The 'r,esul'ts'of this work -are presented 1‘n subsequent sec-

e

tions.



. — | ) t “ 77
. \ ) .
@/ ‘« - ’ 8 v
. 4 - '

K. Analytical Techniques Y .

'During the course of these fnvektigations levels of arylalk 1amines
and their prodrugs were measured infra ‘brain, blood and liver gylana]_
ytical techniques that utilized'gaﬂ_ rOmatography‘with,elgctron—capture
detection (GC-ECD). The levels of the~putative°neurotranSmitter.amines {
NA, DA and 5-HT and the acid metabolites homovanillic acid (HVAl 3,4-

.dihydroxyphenylacetic acid (DOPAC) and 5-hydroxyindole-3- acetic acidl
(5- HIAA) were quantitated using a modification of a previously reported
high-preSSure liquid chromatography technique with electrochemical
detection (HPLC EC) (Saller and Salama 1984). Brief accounts of these

techniques are presented in subsequent sections. .

. o
-~
K.1 Gas chromatography

Gas chromatography (GC) is a vapour phase separation technique that s
‘ is used for both quantitative and qualitative purposes and it is in the
quantitative mode that . GC has .been used most.widely in neurochemistry

In common with many liquid chromatographic techniques, [ emplOys‘

R

stationary‘phases and mobile phases and separation is achieved by the
relative partition of various components of a mixture between these two
phasesl .In GC, the stationary'phase is generally a high boiling point
organic liquid which is either. polar or nonpolar depending upon the com-
pounds to be separated on it. Usualky—the stationary phase fs coated
.onto particles of a support material and these are packed into columns
'which are then housed in a ‘gas chromatographic oven. Numerous inert'

' gases such as helium argon, nitrogen and hydrogen have been used in GC

as carrier gases (mobile phases) In liquid chromatography, polarity of
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. the mobile phase ts altered to elute components in a mixture that are
separated by differential partition between stationary and mobile phases

and in, GC oven temperature programming 1{s. employed to effect the same.

The vapour carrier gas sweeps the components’ through the. column as they

separate on the basis: of vapour phase characteristics and theipolar ty
\\

.of the column. The oven temperature range used is gqyerned by the stab;

Cility of the stationary phase and that of the de'tector as we}l as

volatility of the components to be separated. Isothermal (oven temp ra-

fails to resolve closely eluting'peaks N l}
tii ‘ \
During the course of the present 1nvestigation all the gas chroma~

i

‘tographic separations were performed on high resolution fused silica
capillary columns. Such columns offer the resolution\‘hd degree of sep-fl
_ aration necessary for trace analysis." Extensive reviews on types of. gas
chromatographic columns available and their application to neurochem—\, o
istry, pharmacology and clinical biochemistry are available (Nalkerge; "
;l.,‘1977 Jennings 1980; Freeman, 1981; Baker et gl., 1982; Coutts et
gl., T98S; Jaeger, 1985). |

K.1.1 Detectors for GC

"The electron-capture detector (ECD) and 'the nitrogen-phosphorous
detector (NPD) are the two most widely employed detectors in analytiCal
neurochemistry, although flame ionization and thermal conductivity de~'
tectors are also used occasionally. For reviews on Gc detec&ors see.
Walker et al. (1977) Hall (1978) Baker et al. (1981 1982), Coutts and
Baker (1982%‘ and Coutts et al. (1985) The discussion here will be
Timited to the ECD and to the use of the mass spectrometer as’ a highly

re
y

Specialized detector.

E’ o "



o K.1.1.1 | Electron capture detector Lovelock and Lipsky

A

(1960) first introduced the ECD and since then it has undergone several

variations to attain the present day's selectivity and sensitivity The

detector comprises a source of continuous p particles such«as 3H or 63Ni

that will ionize the carrier gas molecules, generating a . number of

' secondary electrons.  Mutual .collisions of these secondary ~electrons '

generate Tow-energy thermal - electrons | TheSe thermal electrons are"‘

W

‘ collected at a positively charged plate (anode) and constitute the
'\standing current (baseline) ‘The introd ction of a sample c%gponent
jfrom the GC c6lumn which is capable of attractigg (or capturing) the
secondary electrons decreases the number of electrons collected by the
anode, hence p?bducing a decrease in standing current. Th@ decrease in

current is proportional to the concentration of the substance capturing

the electrons. The disturbance in baseline current, after ,suitable ¢

amplification and sign change, isgrecorded as a positive peak on the

-
o)

recorder. Coee - r-y , B
: ‘ ‘ -9

LS . . o ¢
The" ECD is commonly operated in either constant_voltage‘or;pulsed(

voltage mode " which differ'palmarily’in\the method of'thermal electron

:collection at the anbde " In the constant voltage mode . a fixed voltage
‘; is applied to the anode which constantly collects thermal electrons " As
| 'large amounts of electrophoric component elute from the GC column it may

qdeplete the thermal electnons and become negatively charged an@ compete
' with thermal electrons for- collection at the. anode,'thereby decreasing
the linearity of response and sensitivity One way of overcoming the
: problem is to apply short pulses (duration of 1 usec) of voltage “for
, relatively short time intervals (5 to 150 usec) to the anode. By

’careful adjustment of pulse width and pulse frequency one can extend the
' ) ‘ . v S @:‘.

S

!
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: dynamic range of the ECD from 200 (of constant voltage mode) to "1000.
(Baker et al., 1981) A third mode is the pulsed voltage and constant

L 3

current method as introduced by Maggs: et al. (1971); this type of ECD
has picomo]e sensitivity with a dynamic‘range extending up to 10, 000.
Most ECDs employ 63Ni as a p-emitter because of the- 1onger haif-iife (92
years) relative to that of 3H. The activities of the 3- sources vary
from 10-1000 mCi: in general “an fincrease’ in the -source activity’

'\ieads .to "an increase in the sensitivity and the 1inear dynamic response

K range hence 3H as a p-source provides greater sensitivity than 53Ni

K.2 Gas chromatography-massA;pectrometry (GC-MS)

Mass spectrometry (MS) is a unfque spectrometric technique capabie
of structurai e]uCidation (determination of - functionai groups and exactg
moiecuiar weight) as weii as quantitation In the present investigau_i;,
tion combined GC- MS was used for characterization of all derivativesi“

, formed during development of . novel methods for ana]ysis of the aminesﬁ
1‘and analogs of interest Int;:;acing MS with GC resuits in a powerfui;‘
tool. capable of separation characterization and quantitation of compiex

‘ 'mixtures In. this form, the mass spectrometer forms a highiy seiective ,

5and sensitive detector albeit a costiy one The eff]uent from the Gc

is enriched in content of the anaiyte by removing carrier gas- (or car-g-
ftrier gas + makeup gas) before passing the sampie into the mass spectro- .

' meter. In the mass spectrometer the anaiyte undergoes ionization either -

N

" due to. bombardment with high energy eiectrons (electron impact EI)<g
| “due. to coiiisions with an ionized reactant gas (chemicai ionization CI)
, such as methane, isobutane or ammonia, to generate positive, negative ‘f‘

: ﬁ_ and neutrai fragments, -a totai*ion current (TIC) profile of either posi- '

/ g.
/@ ‘
’ . f. U . . . : .
"’;. AN ; i
N Ty, ,/[ . . ‘® Q-
, . v S ~
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tive ions or negative ions can be recorded at\the detector In. the '
singie~ion-monitoring (SIM) mode one ion fcagment unique ,for theb‘

analyte can’ be monitored thus vastiy improving the sensitivty of. the )

mass fragmentogai

detector Use/of the SIu .

“6C-MS s widely tive purposes

‘raphy. ~In this mode ,

‘_whiie in the m tipie ion monitoring ide ,-MS is empioyed to confirm

the presencéCnf a compound in a mixture the EI-MS mode because of

the . high energy\eiectron bombardment ion fragmentation is quite exten-

Qsive and oftenia mo}ecu]ar ion “may not be" present and other fragments

IMay not’ be structuraily unique for the analyte In CI-MS, milder ioni-
zation usua]iy generates fewer fragments that carry the charge (posi ive
“or negative) These have high masses and are often structurai]y unique

for the anaiyte\ e;peciaiiy the quasimoiecular ion MH+ " Thus CI MS SIM

i

mode operation bay offbr greater sensitiVity for quantitative anaiysiSf

than does EI-MS SIM,
5

v The appiication of GC-MS to neurochemistry has been the subject of’
| a number of recent reviews (Geipi 1982 Fauli and Barchas 1983a;*;-"
‘Durden, 1985, Karoum, 1983,1985),“ |

v
-

K 3 Derivatization for Gc ECD

During the course of present work GC ECD was emp1oyed to anaiyze _“
"bioactive trace amines and their prodrugs and TCP and its anaiogs in

‘-body fluids and tissues of experimentai animals and some patient urinef;.

/ 'samples, hence the discussion of derivatization procedures is iimited to?* .

’b“;ftheir applications to GC-ECD.. Extensive reviews of derivatization tech- "i:

5xfniques are avai]abie (Ahuja, 1976 Biau and King, 1978 Knapp, 1979 >
| ‘VBaker et ai., 1981 Fauil and Barchas, 1983b Coutts et ai., 1985)

~ T
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_choice of, derivatiiating agents for ‘anaiysis is 'governedl by ‘severai

L factors o - | KJ | . | .

R type of. derivative formed (singie or muitipie) and its stabiiity
| during handiing and storage (511y1 and aikyi boronates are highiyd
Vwimoisture-sensitive) ,

72! vnature of the derivatizing”.agent its stability during storage

(silyi derivatizing agents are sensﬁﬁive to moisture). |

'——\ __/‘ |
3. conditions in which the derivatization reaction has to be conducted-gf

2

(aqueous or anhydrous) which in turn dictate sample preparation.

4. degree of voiatiiity imparted by derivatization (fiuorinatingﬂ-

—~— H

'agents do not generaily increase boiiing point whereas other haio-ﬂ'

genatedﬁ reagents markediy increase boiling point of the derivaT o

tive).” - . oL

5. degree of separation (empiricai predictions are often difficu]t o

!

make and separation is ‘a function of GC conditions in their*

‘.

eentirety, e. g., type of coiumn iength of co]umn, temperature pro-q.j

,gramming, etc ) | v .fﬂ ‘/"_; ‘ "j R f,} I
. SRR A

56.4"further use of the derivatized anaiyte (i e. whether derivative is f'*

“to be empioyed for GC-Ms- sxm or. not)
j Jl‘ s !

7§3;‘response on ECD. ©

'*'pDuring the course of investigations described in this thesis penta-:wfij

»

fiuorobenzoyi chloride (PFBC) and pentafiuorobenzenesuifonyi chioride,th:ﬁ

(PFBSC) have been extensiveiy used to derivatize aryia]kylamines andpjfﬁt

their prodrugs and detaiied techniques are presented in Chapter II

vAcid chiorides as acyiating agents form an important group of”fy?f

‘derivatizing agents because of their extreme reactivity towards phenolic‘fgi}

L img X.r-?‘-;
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hydroxyiic and amino - groups under both aqueous and anhydrous condi-

tions Tabie 7- shows some representative app]ications ofr PFBC(AM?BSC .

as derivatizing agents for various types of compoundsr o - Loe
From Tabie 7 it is evident that the eariier techniques have

. employed primarily nonaqueOUS derivatization conditions which require i
) .
the anaiytes to be in an organic soTvent or in a ury form. Extraction‘1

/-

of trace amines and drug moiecuies having muitiple functiohai groups.

A

from bioiogicai sampies has not aiways been satisfactory, It wouid be"

—

‘advantageOUS to combine extraction with a é&rivatization step to simp—;.
“iify the assay procedures ‘ During the course of the\ investigations '
reported 1n thiS thesis both PFBC and PFBSC have been anpioyed to
effect extractive derivatizatIOn under aqerus conditions Anotherg’
approach with which to increase extraction efficiencv of poiar organic;l
mo]ecuies containing amino and/or phenoiic funotionai groups into organ—'

ic soivents 1s ta convert them into nonpoiar derivatives under aqueoas
‘conditions by reaction w1th acetic “anhydride f0110wed by extraction

© this must then be foiiowed by reaction with & reagent that will provide’

- ”

eiectron capturing groups ifkﬁp ECD is to be used for anaiysis/ﬁ/lhe
‘appincabiiity of such ‘a technique has been extensiveiy reviewed in/Baker

,‘ et a1, (1981, 1982) and Coutts et ai ass). . e

\
.

o ' ' ‘ RN
' @4 High pressure ]iqu,id chromatogjpj (HPLC)

Conventionai coiumn chromatographic techniques empioyed gravity-fed L

Open column adsorbents such as siiica gel and a'iumina with fairiy ‘large'_f‘

: ]fparticie size resuiting in appreciabiesyand sp ead ng due to differ- jfi'“

‘.entiai mass transf‘er. DeveIOpment of peﬂicuiar a'_ ,‘ents‘;(3b—45 um ;

. o,

' R W

R ' P i .
““'\\. R o . B
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particle sfze) resu]ted ¥n more efficient separation with minimized band

spreading. NWith the deve1opment of efficient columns and Tow dead-

“volume detectors, HPLC became a routine technique for “the ana]ysis of

several bfoactfve amines. This tethnique combined with electrochemical
detection (HPLC-EC) 1s particularly well suited for the analysis of
catecholamines, {ndoleamines and their metabolites. Present day HPLC

co]umns{ for reverse-phase sepirati.on are usually made up of silica

'chemically bonded to efther octadecy“lsﬂane (Clg) or Cp2 hydrocarbon

.

avaﬂab]e in a partic]e size range of 5-10 wum. Goldberg (1982) compared ‘

‘N*
dif“ferent reverse-phase HPLC columns that are ¢ommercially available.

The bas1c mechamsm of separation invowes d1fferent1a] mass transfer of

ana1yte Ibetween statfonary phase and mobile phase. Depending upon the
nature of the mobﬂe phase, lHPLC' can be divided into two types: "(1)
Normal phase HPLC. In th1s technique the mobﬂe phase is nonpolar
(usua]]y organic) as is the stationary phase (2) Reversed—phase HPLC
(RP—HPLC) in which a .polar (aqueoq;) ‘mobile phase is employed. The
type oﬁ detection System and the natUre of analytes dictate the nature
of mobﬂe .phase that can be employed for electrochemica'l detection,

normal phase HPLC 1s unsuitable because of 1ow oxtdizabﬂity of neuro-

chemicals in organic solvents. For most HP-LC-..EC appHcatwns aqueous
mobile phases with reasonable 1on1c content (usually nillimolar concen--

;-trations) are wide‘ly used Many of the catecholamines indoleamines and

. 3

"their metaboﬂtes ‘are efther amphoteric or-too polar and elute very

quickty uith .the mobﬂe .phase; resolution of these compounds requires

fnodifftation of RP-HPLC. Majors (1980) identified six techniques 1in

.ngHPLc.,.v_namely (12 .regular, (2) 'ionizatign control, (3) ion suppres-

1 L
)
W

.
s
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sion, (4) fon pair, (§) secondary equaHbriumland (6). non-aqueous.
Among these six combinations of techniques (2)-f4) are in use fn RP-HPLC
to achieve an optimum degree of separation of mixtures of catecho1~
amineé, indoleamines and their metaboliftes. 'Recognitfon of the fact

that modification of the polarity of the analytes relative to the mobile

phase affects the mass transfer of ana]ytes (4.e. separation) led to the

employment of aqueous buffers with .(a) controlled pH to limit the
analyte's ionization, (b) organic modifiers to reduce surface tension
between the adsorbent and the mobile phase and to change the net polar-
ity of 'the mobile phase, and (c) .ion pairing agents to reduce the
analyte's po]arity. lBufters are prepared to contain the above comple-
mentary factors either a]one or in combination to suit the analysis
requirements. ' ~

Control of pH can be achieved by proper selection of buffer

reagents; in general; acetate, phosphate or citrate buffers are employed

in RP-HPLC in the pH range of 2-8. This pH range offers the best stab-.__

flity for the. adsorbent (HPLC column). Efficiency of separation and

column stability should be kept in mind when se1ect1ng an appropriate
buffer system. C1trate buffer has been reported to cause permanent

~deterioration of octadecylsi]ane (0DS) columns (Freed and Asmus, 1979),

whereas acetate buffers are reported to give low column efficiency,'

' possibly due to the -formation of nonpo%ar complexes with ana]yte mole-

cules” (Brown and Krstulovic, 1979). In potassium-containing buffers,

potassium has been reported to form an insoluble complex with;sodium'

dodecyIsulfate,ia commonly employed ion-pairing agent (Crombeen et al.,
1978). '

Addition of organic modifiers such as acetonitrile; methanol and

P
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tetrahydrofuran altgr the solvation power of the solvent, reduce surface’

"tension between mobile and stationary phases and decrease the polarity
of the eluents (Berendsen and De Galan, 1980); although thé exact
mechanisms 6f their influence are not clear. .1ncreasing concentr;fions
of organic modifiers generally decrease the retention time of polar
analytes on a HPLC column.

The pH value of the buffer determines tﬁe extent of {fonization or
fon suppression of biogenic amines. At acidic pﬁ values, the amino
groups of catecholamines, ind§1eam1nes and their .metabolites will be
completely ionized, whereas in alkaline pH the acidic functional groups
will be {onized. \hdd1tion of an anfonic soap (e. g alkyﬂ? Su1fates) to
the acidic mobile phases results in fon-pair formation with the amino
groups of. the neurochemicals. In the absence of such an ion-pairing
agent, sufffcienf separation is difficult to schieve. . Commercially
available 10n-pa&¥ing égents differ in’ their alkyl chain length; the
longer the alkyl éhain the longer would be the retention time of the
analyte undergoing ion-pairing (Deelder‘ et éi., 1979; Me]ander and
Horvath, 1980;'Knox and Hartwick, 1981) and the higher the concentrat1on-
‘of fon-pairing agent, the longer the retention time (Horvath et al.
1977; Deelder et al., 1979; Knox and Hartwick, 1981; Kontur et al.,
1984). because‘ of 1longer equilibration times fequired betgegn ‘the
stationary phase and the ion-pairing ‘agent (Michéud et al., 1981),,
: predictions of retention timés ate difficult to make. Under slightly
alkaline pH conditions, -alkyl borbnates could. be employed as
catechoj-specific fon-pairing agents (Jose;h. 1985). 'prma1ly the
.1on-pa1ring agents are added at- a concentration of 5‘to ld mM to the

mobile phasg, depending‘_upon the degree of resolution required.
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Detailed discussions regarding the use‘of 1oana1r1ng agents.in RP-HPLC
may be found-fn.Horvath et al. (1977), Deelder et al. (1979), Melander
and dorvath (1980), and Knqx and Hartwick (1981). |

Among the available detectors, the e]ectrochemica] detector 1s mostf
suftable for the analysis of catecholamines tndo]eamines and their
'metabolftes. Compounds containing pheno]ic groups or the 1odole struc- .
ture can be oxidized. _A typ1cal oxidation reaction for DA is presented
in Fig. 10. - o ' ‘ | |

Such reactions can be brought about electrochemicaii} since they
only reduire electron transfer processes; and the electrochemical proce-
dures are based on the measuremeut of the‘current‘(efther generated or
consumed) associated with a redox reaction of a electrochemically active
“analyte on the'surface of an electrode; the cuange in current is prop-
~ortional to the concentration'of analyte causing such ctanges. If ionic
.strength, pH ahd temperature of the buffer are kept constant, quantita;b
tive e]ectrochem1ca1.detect%ou‘is possible. Under 1deutica1 reqction
~ conditions ‘each electrochemically active anaiyte\exhibits a character-
istic "half uave potential“, a measure of feas1b11ity of electrochemiCa1"'
reactions, and. with a proper seTection of ox%dation'potent1a1, certain
compounds can be oxidized while excluding Others..

Commercially employed e1ectrochem1ca1 detectors can be divided into
.. two categories according to ceH design and e]ectrolytic efficien.
anperometric and coulometric. All amperometric detectors are compact in
size, with a cell surface ‘area < 0 5 cm? .and have -an electro1ytic
‘efficiency around 1-10% . Becausé of the small surface area. (the dead
volumes are typica1ly less than 10 ul) “the background-—current is

'usua11y Tow and the’ flow f1uctuations are ‘minimal. In contrast ' the

k3
L\l
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coulometric detectors have greater electrode surface area, which leads ,'

)

: to 1arge dead ,volumes 1in the eiectroanaiyticai ce]l and considerabie

¢ IS Lo

baseline noise The electrolytic effic ency approaches nearly 100%,'
o

‘ which meaps a marked increase in sensitivity compared to an amperometric

17

detector " In recent years coulometriqadetectors with <5 ul totai cell -

-

volume and 1ow background current noise have been made ayai]able

Eiectrochemicaiiy active ana]ytes enter the electrochemical ce 1 contin-

\x

uousiy as they are separated from the column are oxidized or reduced at

“the surface of working electrode and removed from the ce]] after contact
i

with reference amd auxiiiary eiectrodes’ )Glassy carbon electrodes are

A
| »

widely employed as the working electrodes because of their-rbbustness;-

whereas Ag/AgC] electrodes and stainless.steelfor platinum electrodes .

are employed as .reference and auxilliary ‘electrodes «respectiyeiy.

Foliowing are some compounds of neurochemical interest that can be;

ana]ysed by HPLC EC.

I. Tyrosine metaboiites

tyrosine (TYR) OA TA, synephrine hordenine,‘DA a-methyl- .

dopamine epinine A; NA aldomet NME metaneph_ine

- I, TryptOphan metabo]ites

.tryptophan~(TRP) S-HTP 5-HT, S-HIAA,_bufotenin, kynuramine, 3

. kynurenic acid xanthenuric acid

III. Pheny]pyruvic acids

4-hydroxypheny1pyruvic acid and 4-hydroxy-3 methyoxyphenyl-'

pyruvic acid.

";@
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R
Iv. Acidic and Neutrai Metaboli tes |
. HVA, protocatechuic acid a 4 hydroxymandeiic racid, 3,4-

dihydroxymandeiic acid (DOMA) vaniiiyimandelic acid (YyMA),
3-methoxy-4-hydroxyphenylethyiene., giycoi : (MHPG) ‘ 3,4-di-
hydroxyphenyiethylene' ‘giycol (DHPG), 3 4- dihydroxypheny]-

_ ethanol iDOPET) 3- methoxy-4 hydroxyphenyiethanol (MOPET) |

The catechoiamines;‘indoleamines-and their,metaboiitesﬂcan'be‘oxidJ
1zed (depending:upon'the fonic strength of mobile phase) at an applied
’voltage: of 0.75;0.9‘ v alainst kthe ‘reference‘ eiectrode whereas - amino E
acids such as TRP ‘and fYR are typically oxidized at somewhat higher

~

| voitages of 1.0-1.1 V. _
Compared to GC, HPLC- EC offers many advantages nameiy' (1).HPLC
is a liquid phase separation technique hence there is often no need to
extract analytes into organic solyents and ~perform derivatization
‘ reactions,, however' derivatiaation"is ‘aiso applied in HPLC for some
.‘amines and amino_acids that are difficuit to detect by HPLC-EC tech-
.l'~niques, (2)<?f prOper guard coiumns are emp]oyed sampie preparation is
virtuai]y straightforward and direct inJection of brain or tissue;
homogenates is practiced (3). HPLC EC is ideaiiy suited for anaiytes .
q'with suitabie redox properties and. which are thermoiabiie '(4) for many.'v
catechoiamines, indoieamines and their metabolites. HPLC EC offersi
sufficient sensitivity for regionai analysis in brain tissue (tissuef‘_
weights <50 mg), and such sensitivities are-equai to those obtained with¢:
[GC-MS, and (5) a1though GC techniques aiiow structurai eiucidation when-
b,combined with MS and afford unique sensitivity in the GC-MS SIM mnde o

- often mass spectrometric facilities are not within the. financiag reach'

of sma]i iaboratories. Recent deveiopments have Jed to the manufacture

.
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of . HPLC-MS on a. commerc1a1 -scale (albeit fexpensive) which could ‘be:

employed for structural e1ucidat1on A]though this ljst of comparisons.

and contrasts cou]d ‘be further elaborated suffice 1t to say that for

trace amines (and metabo]ites) GC technfques offer the best practical'

poss1bi11ties whereas for catecholamines, 1ndoleam1nes and the1n

' metabo]ites HPLC-EC f1s . the technique of choice. Comprehensive rev1ewsy

A of HPLC- EC theory and applicatfons to neurochemistry may be “found 1n

'3ﬁkarsh et a] 1982) Krstu1ov1c (1982) Hashimoto and Maruyama (1983)
',Kiss1nger (1983), and Mefford et al. (1983) |

L. Outline”of Research'Programme; Including Objectives and Hypotheses‘

The. reSearchtdescribed in this thesfs'deals with three areas rela<

hted to the use of ana]ogs of bioactlve am1nes to modify the brain leve]s
\and/or metabo]1sm of. these b1oactive amines

'.t 1., A major portien of the project was concerned with the testing of

the fo]]ow1ng ana1ogs of PEA as potentia] prodrugs of PEA N~r
\‘cyanoethyl PEA"- (CEPEA) N (3 ch]oropropyl) PEA - (CPPEA) N-prop-”

94

‘argyl PEA (PGPEA) and N N- diprOpargyl PEA (DPGPEA) These investi—i

_gations included stud1es on rat brain liver and blood concentra~§:

| h‘tions of the prodrugs and PEA at varfous times after admiuistrationff

. of each prodrug To. exam1ne possible fnteractions of the prodrug :

'5fand/or the PEA formed from it with putative neurotransmftter -

;amines brafn 1eve1s of DA NA 5 HT and the metaboIites DOPAC, HVAZ_"
;hand 5~ HIAA were also. neasured at the -Same. time 1ntervals after:
"vfinjection of the prbdrugs Since several of the prodrugs hadu

struéturaI simflar1t1e§ to known MAO 1nh1b1tors. MAO actfvity wasyj

i;a1so neasured 1n the«brain %amp1es CIn a 9ma11er, preliminary\-



‘ study, the N—cyanoethyi analog of tryptamine (CET) was also evaiu-‘

“ated as a. possible prodrug of T.-

It was hypothesized that intraperitonea] injection of the N-

"cyanoethyi N—(3-chlor0propy1) ‘ N-propargy1 and N N- dipropargy]

‘ana]ogs of PEA and the N- cyanoethy] analog of T would lead to

f eievated. sustained brain ieveis of the parent amine (PEA or T) in‘

question without elevating leveis of other biogenic amines ' Based

on literature reports on’ metabo]ism of amphetamine analogs, it was

o hypothesized that CEPEA ~would be a more effective prodrug than]‘
CPPEA and that PGPEA and DPGPEA wouid also be effectivé prodrugs of -

PEA but might also causé 1nh1bition of MAO. . RIS
Also investigated were N- aikylated and phenyi ring-subst‘tuted ana-

"logs of the MAO 1nhibiting antidepressant TCP This drug is struc-

.‘turaliy similar to amphetamine and PEA and 1ike those two amines,
‘L is rapidly cieared from the brain after intraperitoneal injection '
L .following attainment of high brain concentrations shortiy after
“injection Attempts were made to alter this ciearance from brain
. Fiﬁby preparing the 4- fluoro anaiog (FTCP) in which_pgrg—hydroxyiation
k -ﬁ' on . the ring wouid be. biocked and by preparing the N aikyiated ana-
ihnl;ﬁiog N-propargy1 TCP which might act as a prodrug of TCP The N-f"‘
"fhpropargyl anaiog/of PEA had proven to be an effective prodrug ofa _

RS

f,"f in Pharmacoiogicai studies were’ carried out in which levels of
G

P and FTCP or the N-aikyiatedfprodrug were anaiyzed in brain‘f
"'_ iver and b'lood of rats at various times after intraperitoneai‘_

einJection of FTCP or the prodrug Leveis of FTCP (or: TCP in the

jﬂcase of the prodrug) were compared to. ieveis of TCP attained inl.tv

*
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rats which had been injected with an equimoiar dose of TCP itseif
To examine further the neurochemical actions of TCP FTCP and the

prodrug, investigations were made of leveis of the neurotransmitt r

amines DA, NA and 5- HT in rat brain\g; the same time intervais
Based on previous know]edge about hydroxylation of ' TCP and

about’ propargy]\ anaiogs of amphetamine ‘and PEA the following

~hypotheses were made (a) FTCP would attain higher and .more pro—‘
ionged leveis in brain than TCP after 1ntnaperitonea1 injection of‘
an equimolar dose, (b) N—pr0pargyi-TCP (PGTCP) would be -an’ effec—‘.,'

.tive prodrug of TCP,. resu]ting in sustained Jevels of TCP in brain

and (c) PGTCP' wouid be a potent inhibitor of MAO.
In other experimentsiin this area, TCP, the. prodrug and FTCP.

as weil as severa1 other ana]ogs of TCP substituted on the phenyl

. ring or ‘on the amine group were examined for their MAO- inhibiting\
i

o

prOperties in vitro re]ative to TCP It was »hypothesized that

N substituted anaiogs of TCP would be weaker inhibitors of TCP ‘than
Gy |

TCP 1tse1f while the ring-substituted analogs and 2-(naphthy1)- :

\‘jcyclopropyiamine might be as potent as TCP

iIn order to carry out most of the studies described above it was_

necessary to deve]op ‘a. number of’ eiectron-capture gas chromato-

o graphic procedures for the analysis of both the bioactive amines\

and their respective analogs. This portion of - the work invoIved

~the testing of two sensitive derivatizing reagents nameiy PFBC and_? ‘

.;-PFBSC the seiection of suitab]e separation conditions,‘ and the f-u

confirmation of the structures of the final derivatives ‘(using

combined Gc MS) before—applying the assay procedures routine]y

»
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Based on preﬁfminaﬁy work that had been done with amphef%mjne

and a varie:y of secondany amines in the Neuroche fcal Research

Unit it was hypothesized that both reagents wou e suftable

' re—

L}
P . Ca
‘ . |
. " ".)‘ '
. e C
’ . ' A
P . ;
. N ’
) " .
!
N . »
n ’ , t
o . .
' B " I .
. . I *
\ .
N ' : . N
. . W . -
. ) . . :
C . N ‘
. . . T
cr . | -
B L . “ R .
o o ’ : :“ ;
- [ , \ N .
L 4 . ..
. ' : o . )

BT 9

'

Jderivatizing reaqsnts for PEA T and the drugs of 1nterest 1n this



I1. ‘MATERIALS AND METHODS

!
"

"A. Analytical Instrumentation and Apparatus

A.l Gas chromatography

Gas chromatographic anal yses were performed on . Hew]ett Packard
/

‘ (HP) gas chromatographs each equipped with a 15 mei 53Ni 1inear ECD.

. Two different gas chromatographs-were used l\

| 1. A HP 5880A gas chromatograph equipped with a 25 m long fused si1ica

’Cap1]]?hy co]umn (0 31 mm 1.D., 0.5 um‘figm of 5% phenyimethy]—

| ‘silicone as stationary phase Heﬁiett Packard. Co Paio 'Aito
U.S.A.) and. interfaced with .a HP 5880A (1eve1 4) integrator to

.‘ measure the peak heights ‘ ‘ ‘ )

2. A ‘HP 5890 GC equipped with a 15 m.long SE-54@ - fused silica Cap- ..

L il]ary column .(0.246 m 1.0., 0.25. um film of 5% phenylmethy]-‘~:

’ siiicone + 1% vinyl stationary phase d. & W. Scientific inc,,.

'Rancho Cordova, CA U.S.A. ) and_ interfaced with a HP 3392A inte- RN

bi
—

egratOh ‘
‘3‘:He11um at a flow rate of 2 mi/min was employed as a carrier gas and_3

57 methane in argon at a. fiow rate of 35 mi/min was enpioyed as. a makeup‘ .

o gas at - the detector on both gas chromatographs. : The injector port.’

,

temperature was 200 C but the detector temperature and oven temperature "“

uprogramming were changed depending upoﬁ the anaiytical requirements and o

“'~fare described in the individua1 -assay methods..

l“; Measurements of trace amines and drugs in tissue sampies were per- ‘

"formed by determining the peak height ratios of the anaiytes to the'»‘-,f

| . internai standard (IS) in the sample and using them in linear regressionf
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A

‘_eqUations of peak height ratioo of known amourits of anaTytes to a fixed

amount of . 1S (standard curve) . A standard curve. was. inc]uded in each
assay run and carried in paraiiel through the entire assay procedure
Suftable blanks were included 1n each assay run to correct for any

»

possible interfering peaks in the chromatograms

A2 Gas chromatography-mass Spectrometqy e

Gas“&hromatography -mass’ spectrometry was employed to determine the .

strucutures of the derivatives empTOyed in’ the GC- ECD assays These

GC-MS analyses were performed using the same column ‘that had "been

;empTOyed for GC- ECD anaTySis under identicai temperature programming

,conditions Two' types of GC-MS systems have been empioyed -

1. "A quadrupoie VG- 707OE mass spectrometer interfaced with a Vista-
6000 Series Varian GC was empioyed in the EI mode The operating

conditions of the g9as chromatograph were the same\as those empTOyed

Ne———

:in the GC ECD ana]ysis, the. operating conditions of the mass spec- .

‘trometer system were ' as fbilows ion source temperature 250°C

interface temperature,< 290°C; column pressure, 1. 035 bar (15 -

,‘p.s.i-) acceTerating voTtage 6 kv ionization voTtage 70 ev, I

) scan speed,‘,o 5 sec/decade, dweil time 0 5 sec A PDP- 11/73

computer was used to acquire the data.

.‘2;:'fA4HP 985A GC-MS system containing a quadrupole mass, spectrometer f

‘the foilowing conditions ion source temperature 200°C

i ftemperature 27s°c column pressure, 0 69 bar (10 p . i ) acceler-

c'f-ating voltage 2200 ev ionization vo]tage 70 ev' scan Speed 100 ;

= v .
i‘.y ; B

- was emplqyed‘ The GC operating conditions were thé\same as those

- t-:used ih GC ECD anaTysis. The mass spectrometer was dpera?ed\u:::r o
inter -

“

~

N
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amu/sec' and dwell time 200" mseq Hhen CI was emp]oyed methane

was used as the reactant gas at a pressure of 3x10 -4 Torr, the ac;l

_hand]ed by a HP 7620 dfsc drfve a HP ZIMX series E computer with a

- HP 2648 ‘graphics - termina? and a Hp 9676A prmter. o

i? . \‘
4 . K N

‘ A 3 ngh pressure 11qu1d chromatography with electrochemica] de—

Bra1n 1eve1s of catecholam1nes 5 HT and the metabo]ftes DOPAC HVA !

' and 5~ HIAA were determ1ned by reversed-phase HPLC EC (RP HPLC EC)

. The HPLC system Wa's composed of a model 510 so]vent de]ivery sys-

.ce1erating voltage was 2600 ev. " The spectrometric data were K

* .
N

—

tem a mode] 7108 sample inJector system (WISp, waters Assoc1ates) setm

tO

1nject 20 ,ﬂ of sample and a model 460 e]ectrochemfca] detector'.

2 (Haters Assoc1ates) The compounds of 1nterest were, electrochemica]ly '

ox1d1zed at a g]assy carbon eTectrode set against a Ag/AgCl reference‘x"

I

e]ectrode at a voltage of 0.75 V. A HP 3392A 1ntegrator or’ Waters 740

data moduTe linked to the HPLC system was employed to measure peak\

hefghtsk‘ A mobile phase composed of 55 mM NaHzPOq, 0 85 mM sodfum octyli”:?

' \sulfate 0 37 mM d1sod1um EDTA and 9% acetonitrile was prepared and the;‘ N

pH was adjusted to 3 0 with phosphorfc acid\ The mobile phase wasf}i’

"? f11tered through a type-HA filter (0 45 . pm Millipore) 1n -a Mi]liporew

7gf11tration system degassed and pumped at a f1ow rate of 1 ml/min‘~

;through a. EconoSphere-c13 (dimensions 4 6 mm x-250 mm S um partfclef*t !

mM disodium EDTA andeD ng/mi 3, 4-d1hydroxybenzylam1ne (DHBA) as an IS

P . : e
e N R I . . . Lot

:emp1oyed Brafn samp1es yere homogenized 1n a homogenizatfon so1ution*

' ”;;size Applied Science Labs Avonda]e PA U S A ) co?umn. A precolumn" .

"dicomposed of sama stationary phase as the ana!ytfcal coiumn was routinely“ih‘}

‘ “containmg 0.1 mh. perch]oric acid 01 - sodium metabismfite o 25
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Us1ng this System NA, DA, 5-HT, DOPAC, HVA and S-HIAA could be analysed

i

o 1n one' run.

.’fﬂ, A 4 LiLid scintillation sPectrometrj ‘ " ) ‘
| A Beckman LS 7500 (Beckman Co. FuHerton CA, U.S.A.) 1'1qu1;d.
“scintillation ‘spel‘ct.rjon‘veter interfaced with a Datamex. Model 43 priinter
was’ emp]oyed \‘v"“.Thet'lLS 7500 is a mfcroprocessor—contro] Ted, two or. three

‘ channel, 300- samp]e capacfty, ambient temperature, soft beta-counting
{spec’trometer,. It has the features of automatic quench compensation
o (AQC"). H- number quench monitor and 10 library programs with unalterable

;‘ memory; . A s¢intillation cocktaﬂ contajning 0.4% w/’v of buty]~PBb*1‘n a

mixture 'uf Triten X:100 and toluene (33:66 v/v) was employed in the

scintillation procedures.

AS Glasé’war’e‘ R

0 e ANl glla‘ssw.are was soaked in a. so1uton of/ Spark’leen® {(Fischer
. ‘ 4 f‘ .
Scientific Co.), placed in ultrasonic cleaner tler Efectronics) and

o

soniggted for 45 min in & solution of 2% Decaﬁgﬂ (BDH 'chetnicéls),.jn
water, Th'e glassware 'wa§ then washed in tau'water and cleaned in a .
Miele 'di"'sh'wash'lng machine (Miele Electronfc‘s‘ F.R.G.) in"a cold water-
hot wuter-distﬂled water wash and rinse cyc1é. Finally the QlasSwére

was air dried at 250°-300°C for 1 hr in a mechan‘ica'l convection oven

,,(Mode‘l 28 ‘Precision Scientific Group).

A. 6. Balances
, | Tfssue samples drugs and chemicals were weighed on either a Metler
L s .
. K‘EIGO or Sartorius 2003 MP1 electronic weighing balance with 0.1 mg

s@‘ sensw‘tivity‘ o _ o : , - 5
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A.7 Tissue homogenizer o ' 1

Tissue samples (brain, liver, lung, sp]eén, peart and kidney) for
GC'anaiysis were homogenized in ice-cold 0.1-0.4N perchloric acid (con--
taining the appropriate antioxfdants and IS) in a Tri-R Stir-R® (mode}

- S63C, Tii-é Instrumenfs, Rockville, NY,'U.S.A.) using a Teflon® pestle
and a glass mortar (with a clearance of 0.1-0.15 mm). The rotor shaft
has a maximum speed of 12000 rpm with a 10-speed setting. A s§ééd
setting of 8 was used routinely. In prepration for HPLC analysfs, brain
samples were homogenized 1in homogenizing solutions as  described in
Section II A.3. Blood samples were sonicated initially for 5 min 1n
ice~-cold 0.4N perchloric acid containing 10mg% disodium EDTA.

A.8 Centrifuges. ‘ .

A1l low-speed centrifugations (up to 1500 g) were performed on
either a Sorvall GLC-2B or a Sorvall GLC-1 benchtop centrifuge (DuPont
Instruments).r High speed cent{ifugations were performed in a Damon IEC
B-20 refrigerated centrifuge (Damon/IEC, Needham Hts., MA, U.S.A.) at
12000 g for 10-15 min ;t 0-4°C. For small-volume centrifugations, a MSE

Micro-Centaur bénchtog,centrffuge was employed at high speed;

A.9 Shaker-mixer L - -

A IKAJIBR_AX-VXRQ (Janke & Kunkel"GmbH, Sweden) tube shaker was

. empioyed for extraction purposes. This shaker-mixer has the capacity fo
hold 36 tubes. For mixing andeBrtéking individual tubes, a benchtop
Thérmolyne Maxi Mix 10 kSybron_ Instruments, Dubuque, IA, U.S.A;)

vortexer was employed.
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§j§% Chemicals
\. e following is a 1ist of the names of the chemicals employed in

this study and their respective suppliers or manufacturers.

i

Chemicals : . Suppliers or Manufacturers

2-Phenylethylamine (PEA) HC1, tryptamine
(T) HC1, benzylamine (BZA) HC1, p-chloro-
phenylethylamine* (CPEA), (t)-tranyl-
cypromine (TCP) HC]l, (-)-noradrenaline (NA)
. HC1, dopamine (DA) HCl 5-hydroxytryptamine
(5- HT) creatinine su]fate 3,4-dihydroxy-
phenylacetic acid (DOPAC), homovanilidc
acid (HVA), 5-hydroxyindole-3-acetic acid
(5-HIAA), 3 4- d1hydroxybenzy1am1ne (DHBA)
HC1, butyl-PBD, [2-(41- -tertbutylphenyl)-5-
(a1 1. -bipheny1)-1,2,3,-oxadiazole], di-(2-

ethylhexyl)-phosphate (DEHPA), pargyline Sigma Chemical Co.
(PAR) HCY A (St. Louis, MO, U.S.A.)
Pentafluorobenzoyl chloride (PFBC), penta-
fluorobenzenesul fonyl chloride (PFBSC), Aldrich Chemical Co.
octyl sodium sulfate (SOS) (Milwaukee, WI, U.S.A.)
Pentaf]ubropropionic anhydride (PFPA), Pierce Chemical Co.
trifluoroacetic anhydride (TFAA), (Rockville, IL, U.S.A.)
Triton X-100 - - Terochem Laboratories ~

. ‘ (Edmonton, Alta., Canada)
Chloroform (ACS), toluene (glass-dis-
tilled), ethyl acetate (glass-distilled), .
acetonitrile (HPLC grade), methanol (HPLC Caledon Labs .
grade) . (Georgetown, Ont., Canada)

Ammonium hydroxide, sodium carbonate .
potassium bicarbonate, potassium carbonate Fisher Scientific

perchloric acid (60%), hydrochloric acid (Fairlawn, NJ, U.S.A.)

\A

Hydroxytryptamine binoxalate, 5- [214C]
(sp. activity 55 mCi/mmol); phenylethyl-

amine HC1,.2-[ethy1-1-14¢] (sp activity New England Nuclear (NEN)

50.2 mCi/mmol] (Boston, MA, U.S.A.)
Sodium phosphate dibasic anhydrous ' " Amacham

sodium acid phosphate : ‘ : (Seattle, WA, U.S.A.)
Phenelzine (PLZ) sulfate | ICN Pharﬁaceutica1s

\

(Plainview, NY, U.S.A.)



” Chemicals -

‘Isopentane"(2-méthy1butanef

L3
" o

2,6-Dichlorophenoxypropy1amine

L

Sodium metabisul fite .

i

N- (2-Cyanoethy1)-2-phenylethylamine (CEPEA)

HC1, N-(3-chloropropyl)-2-phenylethylamine
(CPPEA) HC1, N-propargyl-2-phenylethylamine

(PGPEA) HC1, N,N-pro,argyl-2-phenylethylamine
(DPGPEA) HC1, N-methyl;N-propargyl-2-phenyl-

ethylamine (MPGPEA) HC1, N-(2-cyanoethyl)

. tryptamine (CET) HC1, p-fluorotranylcypromine

(FTCP) HCY,

-methoxytranylcypromine (MTCP)

HC1, 3,4-methylenedioxytranylcypromine
(MDTCP) HC1, 3-trifluoromethyltranylcypro-
mine (TTCP) HC1, N-acetyltranylcypromine
(ATCP), N-propargyltranylcypromine (PGTCP)
HC1, N-ethoxycarbonyltranylcypromine -

(ECTCP), N-isobutoxycarbonyltranylcypromine °

(ICTCP), 2-naphthylcyclopropylamine (NCP)
HC1, N-(2-cyanoethyl)tranylcypromin

(CETCP) HQ

*converted into HC1 salt by Dr. T.W. Hall

-
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‘Suppliers .

Eastman Kodak

(Rochester, NY, U.S.A.)

May & Baker Ltd.
(London, U.K.)

J.T. Baker & Co.

(Philipsburg, NJ, U.S.A.)

Drs. T. W. Hall, R. G.
Micetich and R. T. Goutts
Faculty of Pharmacy and
Pharmaceutical Sciences
University of Alberta
(Edmonton, Alta., Canada)
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CH,CH,NR1R2 '

t ;)
Ry=Rp=H - e PEA
Ry=H, Rp=CHgOizCN  CEPEA
Ri=H, Ry =CiyCHyCH,Cl .~ CPPEA
Ri=H, Rp=CipC=CH  PGPEA
R1=Ry = (HpCSCH | - DPGPEA_ -
Ry=CH3, Rp=CHpCZCH . MPGPEA.

m m O O W x>

1

AL _CHCHNHR, .
GoR=H T
COHORq=CHpGipn o CETO- T

N}

: " Fig. 11. Structures, of trace aminés‘ and their.prodkugs'."
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3, 2 | '~ o
R | '
¢®cn—cu—m{a2 -
RN .
1 s .. CH :
A, Rq= H Rp= H TCP
B.-  Ry=H Ry= COCHz  ATCP
C.. Ry=U-OHRy=H HICP
D Ry=4-F R=H -~ FTCP
E. -~ Rq=3-CFg, R=H | = TTCP
F. Ry=40CH3 R=H . mrcp
6. Ry=H Ry CHLECH  -PGTCP
Ho Ry = 3,4-(0-CHy0),Ry=H . MDTCP
L Ry =H. Ry= COOCHCH3 . ECTCP™
LRy =H Rp= COOCH(CH3)2 1cTCP
K 'R1 W' R2— mzcnzm o CETCPA‘.:’_.*
" CH-CH NH - Lo
cu, e |
RSV

,f Fi9} 124v Sthﬁéeres~bf;TCP‘én§1qgsﬂf’5‘
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B.1 Synthesis of‘prodrdgs of trace amines and analogsiof TCP

| Detailed synthetic methods and spectroscopic data on prodrugs of
h PEA and T are reported elsewhere (Coutts et al 1986c) A brief des-'
cription of the synthesis of structural analogs of TCP is given below.
Tranylcypromine and its analogs were synthesized from their corre-
sponding cinnamic acids by Trost s method as modified by Kaiser et al

1
(1965). The appropriate cinnamic acid was obtained either from Aldrichi‘

ot

‘Chemical Co‘ or synthesized from the corresponding benzaldehydes and '

) _malonic acid by the procedure described by wiley and Smith (1963) The ,

cinnamic - acid was converted to 1ts acid chloride by reaction with
jthionyl chloride in refluxing benzenet The " resultant ac1d chloride was
conVerted to . its tert-butyl'ester*byfreacting"with dry tert—butyl alco-_
hol and pyridine in\methylene chloride as solvent The tert‘butyl cin-
\namate ester ‘was then converted into ltS cyclopropyl ester by the react-
E'ing with the ylide generated from trimethylsulfox1n1um iodide and. sodium ;'
ﬂhydride in dry dimethyl sulfox1de The cyclopropyl tert butyl ester was
hydrolysed to its corresponding cyclopropane carboxylic ac1d in the pre-
a'sence of trifluoroacetic acid “and the acid was converted to a acid

kchloride by reacting with thionyl chloride in refluxing benzene ~ The .-

. acid chloride was converted to- its acylazide by reacting with sodium "

"]fazide in the presence of tetra-butylammonium bromide (Pfister and Hyman ‘

1983) The acylazide was converted into. a tert-butylcarbamate by a
‘]CUrtis rearrangement upon the addition of tert-butyl alcohol The carb-d.
Ln7amate was purified by recrystallization and hydrolysed by trifluoro;

-=;acetic acid to form the corresponding TCP analog The free base wasif:

o ‘converted to its HCl salt and purified by recrystallization. -



g

- N- Propargy] TCP (PGTCP) was prepared by reacting 1 mole of TCP in
' H'methyiene ch]oride with 1 mo]e of propargyi bromide (Popov et a]
>1967) The resuitant PGTCP was isolated from the reaction products by' ‘

‘.icolumn chromatography over siiica ge] o |

Al] structures were confirmed by 13C nuc]ear magnetic resonance,
“infrared spectroscopy and mass spectrometric ana]ysisq,
- —_ “ S W, ‘

Cf Animais v o . | |

Male Sprague Dawley rats (175 230 g) were obtained from Bio Science
Animai SerVices \Elierslie Aiberta Canada ﬁhe animais were housed int
plastic’ cages on cedar chip bedding in a temperature contro]]ed room
'(2111 c), w1th an aiternate 12 hr 1ight and dark scheduie Food .and ,f
"water were prov1ded ad iibitum ' Animais were fed with Lab B]ox Feed
(from . wayne Food DiVision Cont1nenta1 Grainv Co.,"Chigago U S A. )
‘composed of 4 0% crude fat (min ), 4.5t‘crude\tioref(maxl), and 24%
crude protein (min ) | ~ o | ; -

B3

- C.1 Administration of dr;gs e ”". "‘ ”“,.'

Groups of rats were administered intraperitonealiy with drugs (in
isotonic saijne) at a dose of 0’1 nmol/kg and were sacrificed at pre-.
| sdetermined time intervais (s, 15 30 60 90 120, 180 and 240 ﬁﬁn/dn |
the case of prodrugs of trace amines or trace amines (PEA T) tﬁem5~
‘selves and at 0. 5 1 5 3 0 6 0 12 0 16 0 and 24 0 hr in the case ofiluv
:'TC FTCP and" PGTCP) by cervical dislocation foiiowed by immediate;.

~decapitation.‘ Blood samples from the neck region of the decapitatedfd'

"animals were coliected in p}astic viais into which 100 ;ﬂ of saturatediflf

disodium EDTA soiution had been previousiy added the contents werej.p.~
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thoroughlx mixed and frozen solid’ by immersing in isopentane on solid_»
‘carbon dioxide Brains (meninges and pineal gland removed) and liver .

samples were rapidly dissected out and frozen solid in iSOpentane on

|

solid‘carbon‘dioxide All the tissue samples were stored at -60°C until
, the time of analysis _Analysis .of these samples was completed within "

2437weeks of‘tiSsue'cOllection.
D. ﬂnalysis of Trace Amines Prodrugs‘of“lrace Amines and MAO ‘Inhibi-
tors - h ‘ ; e

{ D.1 Analysis of. PEA = and N-(2-cyanoethyl)=2-phenylethylamine
{CEPEA) in rat- brain, blood and liverwby.extractive pentafTuoro-
‘ Benzojlation o ‘ ‘ ‘ .

. Analysis of PEA and CEPEA in brain blood and 1iver was carried out
by a modification of the method of Nazarali et al. (1986a) ‘ Partially
thawed tissues were weighed and homogenized 1n 5 volumes of 1ce cold 0.4
N perchloric ac1d : The homogenates were centrifuged at 10, 000 g for 15‘

min at 0-4 °C Aliquots (3 ml): of homogenates were transferred to a set"

"Lof test tubes and 2000 ng of the IS (2 6 dichlorOphenoxypropylamine) was

‘added to all tubes In the case of blood the samples were allowed to ‘ﬁ
;pthaw cunpletely and 1 g portions were weighed in polyethylene tubes 1nto
:.which 2 ml of 0 4N perchloric acid was added the tubes were sonicated
.T“for 5. min centrifuged at 1000 9 for 3 min and the entire ‘clear super-"”
R ‘natants were useds Simultaneously, a set of standards containing vary-
'ing amounts of PEA and CEPEA ‘and 2000 ng of the IS wasfalso included in

"a'each assay to be carried through the entire procedure Excess acid was

e neutralized By the addition ‘of solid. KHCO3 and the precipitate ofl'f

"',potassium perchlorate was removed by centrifugation (1000 g, 5 min)

‘EH‘The supernatants were adjusted to pH 7. 8 and extracted with 3 volumes of
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o
ch]oroform conta1n1ng DEHPA (2 S% v/v) by shaking vigorously for 3 m1n
'Following a brief centr1fugat10n the ~aqueous Tayers were aspirated off |
‘and the organic layers were transferred to cTean tubes and extracted for
2 min with equal voTumes of 0.5 N HCT After a brfef centrifugation
tthe aqueous Tayers were. removed and transferred to another set of cTean ‘
tubes The PEA CEPEA’ and IS were converted to their N pentafluoro-
benzoyT (PFB) der1vatives by basffy1ng the aqueous Tayer with soT1d
K2C03 and shaking vioorousTy for 15 min with 3 mt. of a mixture of
‘toluene aceton1tr11e PFBC (9 1:0.01 viviv). After centrifugation the
~organic layers were transferred to another set of‘tubes and taken.to'
dryness under a stream of nitrogen. The res1dues were dlssolved in 300
Wl of toluene and brlef]y washed with 500 ul of 1.0 N NH40H After a
brlef centr1fugat10n the . to]uene layers were transferred to microfuge |
tubes and al ,ﬂ aT1quot from each tube was fnjected onto the gas
’ chromatograph . , ‘_ “ ‘ ' ,
3 | The HP' 5880A gas chromatograph system (Section 11.A. 1) was. used
fuTth a detector temperature of 300 C ‘: The oven temperature was pro-

w vagrammed to increase from an’ initia] temperature “of 105°C. (her for 0. Sﬁa.

min) at a rate of 25° /min to 280 c (held for 10 mln)

-
—~
’

' AVD 2 AnaTysis of PEA “N- (3-ch10ropropy1) 2-pheny1ethy1am1ne (CPPEA)T

"uand N-propargyT-amphenylethyTamfne (PGPEA) in rat brain bTood and;u.

| ‘A‘vaer by extractive pentafluorobenzoyTation J.‘ o

“‘Levels of . PEA, CPPEA and PEPEA 1n rat brain, bTood and. Tiver were.r‘
determined by a sTight modification of the extractive pentafTuoro-:
'iebenzoylation method described in Section II D 1 The extraction step'jw

““T using DEHPA in chToroform was omftted and the rest of‘the procedure was f[

"’_,the same.
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.:The HP 5896;GC system- (Section IIcAtli'was empioyediwith a detector
ftemperature:ofa345°. The oven temperature QAs programmeditO'increase
from1105° (held for 0.5 min) at a_rate of 25°/min- to 300° (held for 10
min).‘ | | - r

'

'D 3 Anaiysis of PLZ in rat brain .and patient urine sampies by
aqueous pentafiuorobenzoyiation )

L

© The pentafiuorobenzoyiation procedures described above were modi—‘
’fied to provide an assay for PLZ a MAO fnhibitor which had proved
| difficuit to’ assay in the past (Rao et al. 1986c) |
Partiaiiy thawed brain samp]es were weighed cut: into smai] pieces

ahd homogenized in 5 voiumes of ice cold 0.4N perchioric acid containing.
10 mg% sodium EDTA The homogenates were centrifuged at 12, 000 g for 15
min at 0—4° A]iquots (3 m1) of. supernatants were transferred to a ‘'set’
of tubes and 500 ng of the.1S (CPEA) was added to. each tube. A set of
o standard tubes ‘each containing varying amounts of authentic PLZ and 500-
‘ng of CPEA in 3. 0 ml of 0. 4N perchioric aCid was aiso inciuded in each
" assay and carried through the entite’ procedure For the anaiysis of PLZ '
in urine sampies from human subjects, 3 nu urine sampies with added IS
R were inciuded'in the_assay Urine sampies were acidified with 100 ;ﬂ of i
‘hf 0. 4N HC104 with 10 mg% EDTA and centrifuged at. 1000 9 for 5 min to

remove suspended matter." The ciear supernatants were transferred to

‘ Kl‘another set of tubes Excess acid was neutraiized hy the. addition of

} . psoiid KHCO3, and the resuitant precipitate was removed by centrifugation |
_ yf(1000 g, 3 min) The clear supernatants were transferred to another set .7
ok of tubes,,l/lO the volume of 0 1 M phosphate buffer (pH 7. 8) was added
f:#; and the soiutions were extracted by shaking for 5 min with 3 ml of the i

1iquid ion-pairing agent DEHPA (2 S% v/v in chioroform) Foilouing a

&
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brief‘centrifugat$én the upper aqueous Tayers were aspirated off and
-the organic layers. were each: back- extracted with 2 > mi of 0.5N HCT
The sampies were. centrifuged briefly to separate the phases and the -
: Laqueous Tayers were transferred to another set of tubes and basified by
the addition of solid KHC03 (sufficient that a. smail excess remained on:
‘f the bottom of the tubes after shaking) A soiution (3:m1) of toluene:
fhnacetonitriie PFBC (9 1: 015 Vv v) was added to each tube and the tubesu
were shaken vigorousiy for 10 min. A further 2 ;ﬂ of PFBC in 20 ‘m of
‘toluene was added to each shaking was continued for 10 min %nd“the_

'“sampies were centrifuged The organic Tayers were transferred‘tolan-’

‘ other set of tubes and taken to dryness under a stream of nitrogen The'

i ’ reSIdues‘were each taken up in 300 | of toluene and washed rapidiy ‘with

500 ,ﬂ of 1.0N NH40H The toiuene Tayers were transferred to microfuge

tubes (400 pl. s1ze) and a'l @PJiLLquot of each was used for GC CD anai— j

ysis in each case. , »

" The’ Hewiett Packard (HP) 5890 GC system was empioyed with a detec-,
‘jtor temperature of . 345° o The oven temperature was programmed to -
increase from 105° (heid for 0.5 min) at a rate of 25°/min to 300 (heid |
(‘ for 10 min) o o . - |
. Quantitation was - carried out by determining the peak height

{
-ratios of PLZ toals in each sampie and comparing the ratios to vaiues on )‘

o\

4

- the caTibration curve obtained from the standards which were carried
‘ through in paraiiei with each assay run.. The caiibration curve con-
'x{»} sisted of . pTots of quantities of authentic PLZ standards versus the '

B corresponding PLZ/IS peak height ratios

vu‘; *"},.
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‘D.4. Ana]ysis of PEA 1n rat tfssues and body fTuids using aqueous ‘
pentafTuorobenzenesuTfonyTatTon _ .

A method to quantftate PEA leve]s 1n rat bra1n blood, vaer |
‘heart spleen Tung, kfdney and in human ur1ne samples has peen deve1~
oped (Baker et a] , 1986a),,yemp]oy1ng PFBSC as a novel kderivatizing
| agent | | o |

Analysis of . PEA in tissues of the rat. The method employed was.

essential]y the same@as that deSCribed under Section 11.D.2: except that

a 3 m m1xture of toTuene acetonitrile PFBSC was employed 1nstead of a

solvent mixture conta1ning PFBC. The reaction time was 11m1ted to 2
min. )

A

Ana]ysis of PEA 1n human urine samp]es After thaWing,’portions‘(4

mT) of urine were transferred to cTean tubrs The rs CPEA (500 ng) was
added to each tube and the samp]es were bas1f1ed by addition of solid lf
o KHCO3 and‘centrifuged or1ef1y at,IOOO.g for 3 min" The c]ear super;
natants were transferred to another sct of tubes 460 ul of‘sodium‘f
phosphate buffer (pH 7. 8) was added and the urines were extracted by

V; shaking with 4 mT of chToroform eonta1n1ng the Tiquid ion-pa1r1ng agent"

'.“DEHPA (2 5% v/v) Following a brief centrffugation ‘the " top aqueous

Tayers were aspirated off and the chloroform Tayers were vigorous]y
shaken with 2 5 mT of 0. 5N HC] for 5 min The aqueous acid Tayers were
| transferﬁﬁd'to_another set of tubes foTlowing a brief centrifugation o
. The subsequent derivatjzation procedure was the same as described fort"
| " ‘the anaTysis of PEA 1n the tissues of rat except‘ that 4 ml of the"*
derivatizing mixture was used - C IR |
The HP 5890 GC system was empToyed with a detector temperature of‘
300°C.: A two-level oven temperature programme was used the initia]ﬂh'

temperature of 105° was maintained for 0 5 min then the oven was heated'r'

S
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at 30°/min to 255°, at which temperature it was held for 1 min;. this was
fquoned'by an increase (atd25°/m1n) to 280°, and the ftnal temperature |

was maintainéd for 10 min.

o . ‘ . : S ‘ |
D.5 ., Analysis of TCP, and. para~f]uorotra_y]c1prom1ne (FTCP) by
aqueous QentaFTuorobenzenesulfoﬁj1ation ‘ ,

A rap1d and’ sens1tive method was deveToped for the anaTysis of TCP,
and FTCP in ‘rat t1ssues and bioTogfcaT f]uids empToy1ng reaction with

PFBSC under aqueous cond1tions (Rao et al. 1986a Coutts et a1

|
"

986a) The method 1nvo]ved the same procedures described under Seot1on .
11.D.4 for anaTys1s of PEA 1n rat t1ssuesq

The above procedure works we1] for the‘t1ssue and. blood samples . |
. 'f . K

:gescrmbed However if further cTeanup is’ requ1red (e. g urfne
A_sampTes) an add1t1ona1 pur1f1cation step may he added prior to derfva-
tization. Brieny th1s 1nvo]ves adJustment of. the pH of the sample to
7 8 and shaking for 5 min with 4 mT of. chToroform containing the 1iquid A
1on pa)ring compOund DEHPA (2 5% v/v) FoTTowing brief centrifugat@hn ,

the upper aqueous Tlayers are aspirated off and "the TCP s back- extrac-

ted from the chToroform Tayer by shaking for § min Wfth 0.5.M HC] (3:

'v_mT).h The acid Tayers are transferred to another set of tubes, and the

TCP they contain is derivatized usfng the procedure described above

Gas chromatography The HP 5890A GC system was used with a

temperature of, 800°“ The oven temperature was programmed to 1ncrease
from 105°‘(ma1nta1ned for 0.5 min) at-a rate of 30°/m1n to255°
(ma1nta1ned for 1 min) and then to increase at a rate of 25°/m1n to 280°:‘-

(maintained for 10 min)
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D.6 Analysis of T in rat brafn, blood and liver samples by aqueous
E¥ntafTuorobenzeneSulfonylatlon ~ g

' The rat braln and liver levels of T were determined by a modifica-
tion to earlier reported methods (Baker et al , 1986a; Coutts et al
1986a; Rao et al., 1986a) which employ GC-ECD for detection and quanti-
tatlon of the amfne after _aqueous derivatizatlon wi th PFBSC (Section
I1.0.4 and D. 5) 5 Methytryptamine (5-MT) (1000 ng) was employed as IS

- and the reaction time was extended to 5 min instead of the 2 min des-

cribed 1n Sections I11.D.4 and D.5.

D.7 S1multaneous analy51s of PEA, TCP FTCP and T by aqueous
// Agentafluorobenzenesquonylaf*on

Pentafluorobenzenesulfonyl chloride has been employed for the anal—

\i}> s1s of PEA (Baker et al. 1986a) TCP (Rao et al., 1986a), FTCP (Coutts

[RY o
N

et al., 1986a) and T individually. A single method for the simultaneous
‘analysls of PEA, T and TCP (or FTCP) can be achieved by extract1vely
derivatlzing alkallne tiSSue extracts for 5 min with a 3 m} mkéture of
toluene acetonitrile :PFBSC (9 1:0.01:v/v/v) as described ghove & The
amine CPEA i:aused as an IS. Subsequent methods and GC conditions are

same as those described under Sections I1.D.4, II.D.5 and I11.D.6.
. (. o

4
. .

D.8  Simultaneous analysis of T and N-(2-¢ anoeth 1)-tryptamine

(CE” in rat Bralln, 5'005 and Tiver SGME'ES 5! ag‘ UEOUS Eentagluoro-

enzenesu ony ation

f\lu

. Sy ' L
\ Simultaneous determination of T and CET, a compound designed as a

prodrug of T, can be performed usfng an extension of the. technique des-
' - :
cribed previously (Section 11.D.6) for analysvs of T.
The assqy procedure involved essentially the same steps as des-

cribe& in Sectlon IlLD 6 gxcept that the reaction time was extended to

.\..

,:‘ ) ‘ . )
. - , . &
. '/{i’ i . ' /

Ve
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r

10 min for complete derivatization of T and CET.. Subsequent methods and
- . / ' y ‘
GC conditions are the same as those described under Sections 11.D.6 and-
11.D.7. . L -
'Y

D.9 Simultaneous analysis of (PEA), TCP, N- gropargy]trany]clpro—
Tne (PGTCP]) and T by aqueous gentaf'l uorobenzenesul fonylat{on

N ~-Propargyl-TCP was examined as a prodrug of the MAQ 1nh1b1tor '
TCP. The aqueous pentafluorobenzenesulfonylation techn1que‘descr1bed
above was modified for the s1mu1taneous analysis of PEA, T, TCP and
@TCP. The der1vat1zatlon method was identical to the one descmbed in
Section 11.D.8 except that 1000 ng of BZA instead of 5-MT was employed

as IS and the reaction time was extended to 15 -min.

E. Estimation of MAQ Inhibition In Vitro 'and In Yivo

A mo&ification of the method of Wurtman and Axelrod (1963) was em-
ployed to determine iphibition (;f MAO in vitro and in yivo by various
%;;3. test compounds. For in vitro assays rat whole brafns were' employed as
the so(:rce of MAO. ‘Brainsﬁwer'e homogenized in 5 'vdlumes of ice-cold
isotonic KC1 solution in a homogenizer and 200 W portions were diluted
to 1000 1 with isotonic KC1; anqud;s (25 ul) of this dmted homogen-:
ate were emplo_yed 1n' an in vitro studies. Test compounds avaﬂabTe asr
HC] salts were directly dissolved in isotonic KC1, whereas the compounds
available as free bases or insoluble in isotonic KC1 were dissolved in
small vglumes of dimethyl sul foxide (DMSO) and diluted with isotonic KC!
(appropriate blanks were included in the assay). To tubes kept on 1pe
250 W phosphate buffer (pH 7.4) and 25 ul of tissue homégenate (25 ul

of fsotonic KC1 in blanks) were added. Dilutions of test compounds were

added to give the desired inhibitor concentration’(equal volumes . of 7
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appropriate solvents were added to blanks and .controls). The tubes were
preincubated for 10 min at 37°C after they were kept on ice for.S min.
Aliquots (25 1) of solutions of 18¢_5_y7 (selective substrate for_MAO-
A) or 14C-‘PEi\ (selective substrate for MAO-B) diluted suftably with res-
pective unlabelied compounds were added to each tuoe to give a final
'concentration of 35 M of substrate in each. The tubes were incubated
for 20 min at 37°C. After the incubation period, tubes were allowed. to -
cool on.ice and t eniyme reaotion was stopped by the addition of 200
"1 of 2M HC1. -Fhe acid metaboiites formed were extracted into 6 ml of
toluehe by vigprous‘shaking for 3 min. The tubes were centrifuged at
1000 .g for 5 min and kept at -70°C for 20 min or untii the bottom
aqueous iayers were frozen solid. The top toluene layers were trans-
“erred to plastic vials containing 9 ml of scintillation cocktail. The
vials were capped tight]y and vortexed to mix the contents thoroughly.
The radioactiv1ty in eacm*sampievwas measured by liquid scintillation

spectrometry in a LS 7500 Beckman Spectrometer The amount of radio-

activ1ty in blank tubes was subtracted from all samples and controis
were averaged The radidact1v1ty in the 'sample was divided by that in
"tontrois and the value mu]tip]ied by 100 to give % activity. Percent
inhibition was determined by subtracting b4 activ1ties from 100.

“The ICsg values (minimum inhibitor concentrations required to cause
50% inhibition of MAD) were determined by estimating MAO . inhibitions at
5 different’ concentrations of the inhibitor with each concentration

replicated 6 times.' Percentage inhibition data ‘were plotted against

" logarithmic inhibitor concentrations, from which ICsp vaiues were de-

termined. -
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‘\ In the case of in vivo inhibition assays, 25 ul aliquots of iso-
tonic KC1 homogenates of brain or-liver sampies of rats treated with ap-

Ay

propriate inhibitors were used instead of inhibitor solutions T0'the
’ \

controi tubes, homogenates of saline- treated rat tissues were added and

the preincubation step wa$ ‘omitted. In cases where MAD activity was

\

measured in the same brain samp]es used for anaiysis of PEA, TCP, T and

70 their respective predrugs, the brain samples were homogenized in ice-

cold isothnic KC1 solution and an a]iquot (200 W) was removed and dilu-

ted with KE1 solution for the MAO assay, to the remaining homogenate was

adaed suffi 1ent perchioric acid and EDTA to give the concentrations re-
.quired in the assay for the amines and prodrugs.

Strictiy‘speaking, these assays actua]ly‘represent ex vivo assays
since the tisshe involved is . removed from the rat before assaying for
MAO activity. 8 \ However, th i1l be referred to hereafter in this
thesis as in vivo assays to ::dj::}e that the drug was injeoted in vivo

~and to differentiate ‘them from in v1tro assays in which the drugs are
added to'the tissue\ after removal of the tissue from the animal.

Ay

. 'F._Determination of Rat Brain Levels of NA, DA, DOPAC, HVA, 5-HT

and 5-HIAA

Brain levels of NA, DA, DOPAC, HVA, 5-HT and 5-HIAA were analysed

by HPLC-EC. Brain halves (the other halves had been used for GC analy- |
sis and measurement of MA act1v1ty) were homogenized in 5 volumes of a
solution containing perchlpric acid (0.1 M) sodium metabisulfite (0.1
mM), disodium EDTAA(O;ZSZmM , and the IS DHBA (50 ng/mi) The homogen-
Qtes were centrifuged at 12000 g at 4° for 15 min and a 200 ui* a'liquot

of each of the clear supernatants was diluted to 600 or 1000 Hl, dependf

.
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1ng upon the conceqtratfon of the neUrotransmitters and metabo]ites in

the sample. An aliquot (20 1) of each was 1njected into the "HPLC

system described under Section 11.A.3.1.
s
G. Statistical Analyses

Data were analysed’by etther one-way or two-way analysjs of vari-
ance followed by independentlt—tests in thetcase ot siqgle pair compari-
sons (P_values fndicated in the text) and by the Newman-Keuls test in
. the case of multiple mean comparisons. A1l the probabilites are two—
tailed. A probability value P<O. 05 (i.e. ,_EP -05) was uspd to establish
stat1stica1 sign1f1cance Statistica] ana]yses were perfOrmed on a HP83
: microcompyj?r using a statistical software package (HP) or on a
Commodore VIC20 computer using statistical programs written by Dr. A.

Cd. Greenshaw, Department of Psychiatry, UniVersity of Albertal ‘

w

H. Pharmacokinetic-Calculations &

Concentrattons of analytes‘nere p1otted'on semi]og paper to deter-
mine the pharmacokinetio parameterst'cdhe techniqde of feathertng (or
strippThg or the method of -residuals) was app]ied to determine kinetic
constants’ of distribut?oh/and el ination (Giba1d1 and Perr§%r 1982)Q.“
'Essentfally, this involved extrapol tion of the Iinear tenminal portion-'
of the ‘curve towards the x-axis and subtraction of extrapolated concen-',
trations from the observed concentrations These differences or. residu-
,als were plotted on a semiIogarithmic scale to gfve a straight 1ine ‘with '
a s]ope of -K/2 303 ‘@From these s1opes the apparent first-order fast:;i
and . slow elimination rate constants 'a and p cou1d be characterized

‘These ca1cu1ations were: based-on the assumption that the kinetics exhib-

S
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it a twvo-'compartmen‘t 'modelv : Sometime§ it is necessary to ‘appl);“the
A met;hod of res1dua'ls more than once to characterize the fast e]iminaﬁon
phase “and this indicates that the kinetics 1nvolve fairly comp1ex
transfer processes. |

Estimations of areas under co;lcehtrat1on~t1me curves'.(AUCs) for -
each tiesue (brai'riv blood and liver) were required for pharmacokinetic
‘ana1ysis and were made using the trapezoidal ru]e (Gibaldi and- Perrier '

1982).
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“I11. RESULTS .

‘

A AnaTysis*o? Trace Amines,‘Prodrugs‘of Trace'nmines, TCP, TCP Analogs

and PLZ

Y

A.1  Simultaneous anaiysis‘of‘PEA and CEPEA by extractive penta-

f1uorobenzoy1ation and GC-ECD

Using the conditions described in Section II D 1 the retention
timés of derivatized PEA, CEPEA, and 1nterna1 standard were 7. 9 9.5 and"
12.6 min reSpectiveiy A typical GC trace: is presented in Fig 15. The
structures were confirmed by GE-MS (Figs 13 and 14) using the’system
described under Section 1§ A 2. 1. The - standard curves were 1inear in‘

the’ concentration range of 1- 2000 ng/3 ml with a correiation coefficient |

r> 0 99 and the PFB der1vat1Ves were stabie up to a month at -20°C.

A. 2 Simuitaneous anaiysis of ‘PEA and CPPEA or. PGPEA by extractive
pentafluorobenzoyiation -and GC ECD :

The extraction .and derivatization procedures were described in

Section II D. 2 Derivatized PEA PGPEA internal standard and CPPEA

. dispiayed retention times of 5. 2 5 4, 6 1 and 6. 4 min respectiveTy, and ;]
_'h typical GC traces of brain samp]es are presented in Figs. 16 and 17

The standard curves were linear in the range of 1 1000 ng/3 mi of PEA '

. and 10-3000 ng/m’l of PGPEA and CPPEA with correiation coefficients .‘

. r>0 99, The derivatives were stable up to\a month at -20°C Structures

'»; were confirmed by empIOying the GC-MS syst describ’d under Section'

II A. 2 2 and the proposed mass spectrai fragmentations are presented in |

S .

Figs. 18 and 19
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A GC trace of an extract of CEPEA treated (0 1 mo]/kg, .
'60,min) rat brain sample. fo]'lowing derivatization with PFgC
. The trace was recorded at. an attenuation value o <2410 from 6"
. to. 14 min. = 1S=2, 6~d1ch'lorophenoxypr0py1amine derivatized
_PEA Zaderlvatized CEPEA.- o o
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A.3 Analysis of PLZ by aqueous pentafluorobenzoylation

Details of the procedure were given in Section II1.D.3. Typtcal GC
traces are presented in Fig. 20. The retention times of mono- and di-
derivatiVes of PLZ and of the derivatized internal standard were 5.2,
6.7 and 5.8 min respectively. The standard curves were linear {in the

range of 5-1000 ng/3 ml with correlation coefficients r > 0;99. Struc-

tures of the fina] derivativel were confirmed by the GC-MS system‘des— ‘

cridbed under Section I1.A.2.2, and the mass spectral fragmentations are
presented in Figs. 21 and 22. |

Many alk;1hydrazines (or ary]a]kylhydrazines) during acylation or
alkylation generate two derivatives as a result of denivatfzation at

both the nitrogen atoms (Smith, 1983) Phene]zine also forms two deriv-

~

atives when reacted with PFBC, as evidenced by chromatographic peaks at

-

5.2.and 6.7 min, under the conditions described in Section II'D 3 (Fig

20); these peaks correspond to the mono- and diderivative respective]y

The tu\ipeaks are in the ratio of 5:95 using the conditions described 1n
3.

II1.D. The diderivative was ut11ized for ana]ysis and the response

“

(diderivative/interna] standard) was found ‘to be linear (correlation

coeffic1ent >.99) over the range 5-1000 ng PLZ ?ﬂ 3m of sample There‘”

was no interference from PEA, a metabolite of PLZ, since derivatized PEA

preceded, and was separable from, derivatized ﬁsg in the GC assay proce-

dure. .

ferent pH conditions and derivatization times (up to 1 hr) variOUS'con?

In order to drive the derivatization‘reaction to COmpletjon. dif--

, centrations of PFBC in the to]uene/acetonitrile mixture (1 5 ul/ml)- and

various solvents (ethyl acetate benzene, toluene, to1uene/aceton1tr11e)

were tested: with little success. Sequential addition of derivatizing
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agent largely so),ved the problem. Addition of 2 W of PFBC (in 20 Wl -

toluene) and shaking for a further 10 min after the initia) extractive "l

derivatization improved the peak ratio of mono- totdiderivative from .
5-95 to 0.7:99. 3. (The resul tant caiibration curves with‘the dideriva-
tive were linear over the ' concentration. range of 5~ 1000 ng in 3 m)‘
water) The peak ratio of the mono- and diderivatives to each other was

reiativeiy unaffected by a wide range of pH va)ues Samples containing

1100 ng of PLZ and 500 ng of internal standard in .3 m of water were

-adJusted to pH values of 8.2, 9.0, 10 O 11 0 or. 12 0. The-ratio of

mono- to diderivative was as fo)low5° 0.7:99.3 at pH ﬁhZ '1.7:98.3 at
pH 9.0; 1.0:99.0 at pH 10.0; 0.8; 99 2 at pH 11. 0 and 0. 8 99.2 at pH

12 0 For the routine derivatizatiqn of PLZ in tissue samp)es and body‘

fiuids a pH value of 8 2 was emp)oyed This was attained by .adding. a]'

small excess of solid KHC03 to the HC] layer after back extraction from :

DEHPA (see Section 11.D0.3).

ki

The recovery of 100 ng of PLZ standards in 3 ml of samp)e carried

'through the entire procedure was 37% (mean of 6 experiments) . By ekimi-

nating the purification step with the iiquid ion-pairing agent DEHPA

the mean extraction efficiency increased t0.79.7% (NFG) A)though the

fextraction efficiency through DEHPA and HC1 is low these steps werep(

necessary to ciean up urine smnples. Even with the re)ative)y Tow
-‘recoveries, recovery is direct)y prOportionai to PLZ concentration'“

' j(Beer 's Law is obeyed) and the diderivative provides sensitivity suffi-.v
)cient to ana)yze Tow nanogram quantities of PLZ in tissues and bio]ogic-_,f;

al f)uids.,»

The on-co)umn sensitivity" of the assay is <10 pg (corrected for"(;

T4

recovery) which couid be improved 3- 4 fo)d by reducing the volume ofl‘_
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toluene in which the derivative was finally dissolved (usually 300 W)
to about SO;IOO‘QT Intra~ and interassay coefficients of variation for:

100 ng PLZ. standards were determined to be 6.9% (N 22) and 8.7% (N=8)

"respectively o P | o ‘ | .

A4 Anaiysis of PEh‘usingfagyeousApentafluorobenzenesuifonylation7

The - techniques for extraction and anaiysis ‘were described in’
Section II D 4. The retention times of the derivatives of PEA and. the
interna1 standard were 5 1 and 5. 9 min .respectiveiy, and typica1 GC
Ma’traces are presented in Fig 230 The structure of the derivative was
determined by a GCeMS system as deSCribed under section II A.2.2; the
'proposed mass spectrai‘fragmentation is‘presented in’ Fig.<24. The stan-

dard cugves were linear in the concentration range of 1-1000 ng/3 ml .
. N

A.5 Analysis of TCP and FTCP by. aqueous pentafluorobenzene-
squonyTation | » .

| Detai]s of the procedures used for ana]ysis of TCP and its par —Q

l‘”fiuoro anaiog were presented in Section II D.5. A typica] GC trace isfy

. Shown in Fig. 25 The standard curves were linear in the range of 2~

v‘2000 ng/3 ml Although GG ECD was used for routine analysis the struc-,

o ture of the finai derivative was first confirmed by combined Gc-MS and.

“‘the mass spectral fragmentations are presented in Figs 26 and 27.

A 6 Analysis of T by aqueous pentafinrobenzenesuifonyTation

The procedures uti qvforugextraction ﬂandf,deriVatizatiOn_ovére4*_

-‘“given in Section’ II D. 6.9 The standard curves were. Tinear in the range:

frof 5~500 ng of 1/3 ml sampie, with a correlation coefficient of . r>0 99 |
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Typical GC traces from-PFBS-treated extracts “of (a) 0.1N per< . -
chioric-acid blank; (b) a control rat brain; and (c) a brain - .-
“.,from;d‘rat'ﬁfeated‘wfth»TCP,(0:1;mw01/k9;7f4p,,mo.5'hr);‘,1=‘v’f~_
o derivatized“PEA,‘2=def1yatized‘IS](CPEAg._ The portion corre- . -
e ?p?ndihg]toApeak 1 was‘run;at“an'attehuation»va]ue'pfqus:jn,a, ~
- -{a) and o e e T

(b) and 2474 (e).” O

Cw



Fig. 24

v —

. CH,=NHS0,CgF

- C H,CH CH, NHSO, -

' ceuscu=cu'21 .
o m/Zqu (100%)

L cn,cu,NHso,ce F;' W
. i o ‘ “ .
Ct ' c H
mtwzasy o S~ o

(absent)

m/z% e
(75.5%) )
© oW

- m/2260 (65.9%)

+ "s‘o’ - ot
CeFs so, —_—T Cefs

m/2231 1. 9%) W26 |

‘ b ' " m/z91 (83.9%)
m/z18u.(2.m BT _ L ,;

CHCHCH NHSO, L X
[ : . +

A m12183(98%)',‘:_,“ O ~ @
‘ , L Lo e

/265 (41.4%)

‘ . -H, . =
CH =NH, — C.H‘,CH,C=NH

c.H,c'H, : *
/2120 (3.8%) n/z118.(4.7%)

,‘ . —:]* |
- CH,CH,CN'" "OR  isomer
S omenzgan

CgHg CH,CH, OR

’ I+ "‘ o
CgHgCHCH, - ’

Wz 0511 .9%') -

PP

[

AN

o b ek

Probab‘le mass Spectral fragmentation of the‘ PFBS derivative of
PEAQL‘ ' o ; N . . R .

137



138

-—— -
-

P e—e

DETECTOR RESPONSE

02 4e g w0

T (min)

R Typ1ca1 GC traces of PFBSC treated extracts of (a) perch1or1C‘jg S
~ acid blank; (b) brain from. saline-treated rat; (c) braim from = -
. rat treated with TCP (0.1 mmol/kg, i.p., 1.5 hr). ~l=deriva-.. — . .
. tized TCP, 2=derivatized 1S (CPEA). " Peak 2 was also. present
»oedn (e)d The attenuation. values. atythe.positjgn correspondinguxuj,thQ
'ff-vto peak 1 are: 256 1n (a) and (b) and 2&9 1n (c). L

G =‘\—~—-.



\ Fig. 26

Probable mass spectra] fragmentation

TCP

. ' _14.
r______,.—_ cu_. cmmso,c(5 s

m* m/2363(a)sent) ‘

"o

" v’.CH C"’NH‘———_’. CQHN
' -HN -

wz 130 (uSZ)

m/zl32(38%)
._.cn CH on @cucn

“m/2106 (1(1%)

‘ 4 -HNC ‘
—> .CH . C=NH — 'CH:cm t
. ) 2

i m W23

‘.'.-> @cn cu 'CH At .4 \
1 ] .

m/z]l?(](l!)\, CowaNeE m/277 ey

| S-S0, v S
‘Cersor" > CgFs o

Y 75 06 I m/zl&’(l()%)

A

i

" 139

of the R?qS ﬂérivaﬁ{yg of -



A 'é@cn cmmso c6
S " /
/ \CH B
m/z 381 (1.2%)

)

Lo . - f /‘
i ) I
o . .
. ,
' \
,

C"NH
Q\ ‘
-H,

P ' - ‘ ' K o " ) ’ . ' - ‘
: B S CH— C=NH
‘ . ' ‘ - ‘@ \ / ‘ ’ .
| . -, —/ eny

N Lo :
m/z 150/(2.0%)

m/2135(2 &)

'
a
'
- +
. .
e ;
f
v
PUR . . . . K .
) S . Ct Coo T

Ao

‘F‘j‘i_g.-v:v‘27" Probable mass spectral fragmentation of the PFBS derivative of

FTCP.

1 B U F -
o Ny
’ ' . CH.

: ERNEEE N ' .CHECH N
S L rcu cn ==l r;ﬁn‘f
| l’ . R ..‘ R P I', - CH: ‘...‘ ‘,1 } “ W‘.v ,»

Cwnmem

W23 (3.8

/2121 (35.0%)

v

Y.

» ..
CH— C=NHS0,CgF,

' m/zma(]oom '- =N\ s
TN R pssses

. R . CH : B
Fcﬂzcm‘ '

i

\

e

=

140



141

}"M"‘ “ ——
—— F cr\« _/,C.NH* .H. \ Cé,"e"p? - “ |
—  cH S X
Co ' o | . M/Z147 (43.0%)
.o m/z149 (20.0%) C [
N . e |

CgHgN? ‘ "
wasaze
s T - . . ! N
CGH3 C‘8H5\ . ,
w275 (0.08 - wz100 (78.08) o

+

.."‘ , " . ‘ ) ‘ ,
Lo ' CgfsSO, Cefs . a B

. . M

w2231 (10.08). - Wz2167 (0.0 e

.
'
- “
N Pt
o .
v
N
L B R
] . , .
- Vs .
! -
- . ° ' ;
- . v ' . I
. " N L}
'
. . )
A w . . .
ot . ' ot
! . a
s , d . \
- o .
' Iy - . .
» 5, ! e N . “
N . v T
. ' A
Y DN LY
. , N
' b . Lo o e
P . . -
! - | ’ 1
B L PR
‘ N i, L.
! v t : B
. “ .
N . .
! i “ o . 1
‘aian’ " N o Y .
- N NN .
: o ) v
B ~ ~y ! '
+ . L A
» . 9
. Bl 2 o
a URETEE T " "



““’TmPsTcp are il?ustrated ’" Fig 31

142

'wpfheléé conditions were‘identieaJ‘to those nentioned‘in'Seot1ons 1. D.s
.‘and ‘II 0. 5 | and a txpica1 ‘GC trace is 111ustrated 1n Fig 28 Tne‘H
retent1on times of derivatized T and. 5-MT were 7.6 and 7.8 m1n respec-"
t1ve1y Comb1ned GC MS was used for 1dent1f1cation of the structure of
‘ the fina] derivative and .the proposed mass spectral fragmentations are
_presented in. F1g 29. - |
A 7 Simu]taneous ana]ysis of various comb1nat1ons of trace aminesl

o !

prodrugs TCP and TCP ana]ggs

o 3‘By mak1ng s]1ght modrf1cat1ons of the pentafluOrobenzenesu1fony]a- ‘
t1on techn1ques descr1bed prev1ousfy for PEA, T TCP and FTCP, it was
' v
t

A‘poss1b1e to ana]yze several comb1nat1ons of the |drugs and amines ‘These

modif1cat1ons were descr1bed in Sect1ons 11(6)7 ‘to II D 9. o
JARS

The ut111zat1on of CPEA as internal standard resulted in simultane-

-

“ous analysis “of PEA TCP (or FTCP) and T. Retent1on times were: °PEA

(5.1 min), TCP-(5.4“m1n) Fice (5.4 min), T (7.6 min). and CPEA, (5.9
Cming. As described 1n Sect1on II D 8 a]teration 1n'tﬁe derivatizatfon

gtime resu1ted in simultaneous ana]ys1s of T and’ CET (retention times of .

7. 6 and 9 4 min) In keeping with previous studies, GC-MS ana1ysis wasth.

‘used‘for confirmation of the structure of.. derfvatized CET; the proposed K

‘I/fmass fragmentation pattern is shown 1n Fig 30.
By changing the internal standard to BZA and 1ncreasing “the j‘
y ‘s'n\reaction time (Section II D 9). the pentafluorobenzenesu1$ony1atfon,]”x
| "fprocedure permitted simultaneOus ana]ysis of PEA T, TCP and PGTCP with
fretention t1mes of the derivatives befng 4 5 5 0 5 3, 5 6 and 7 5 mfnp“

Lt frespectively | Thexproposed mass spectral fragmentations for der1vatizedv
I ;L

f.;\,' : . «_ Vot “

Sy et B T T -
g - g . [ i . . ' .
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T (0.1 mmol/kg, i.p., 15 min){ The trace was recorded at an

attenuation value of 245 for phak .1 (derivatized T) and 247
for IS (derivatized 5-MT)., I
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A.e' Analysis of catecholamines 5-HT,  HVA, DOPAC and 5-HIAA :by
HPLC-EC '

DetaiIs of .the HPLC apparatus and mobi]e phases were presented in
P

Sectfon I1.A.3.1. A typica] HPLC trace obtained from a braiu extract s

B

shown‘inifjg. 32.

B. Rat Brain, Blood and Liver Levels of PEA and its Prodrugs

B. 1 Tissue levels of PEA after_administration of PEA
| The contro]~1eVels of EéA (mean t S.E.M., nab, ng{g)fin untreated
rat brain, b]ood“and‘l%ver were 2.1 t 0. 28 2 5-1 0.23 and 3.5 %t 0.16
‘reSpect{ve1y After 1ntraper1tonea1 adm1nistrat1on of PEA (0.1 mmo]/kgL
tissue 1eve]s of. PéA had 1ncreased dramatically. Peak lTevels of PEA 1n

oAl the ‘three t1ssues were observed at 5 min. In brain peak levels

were near1y 1000 times control levels and these levels decreased to f,

about 5 times control levels (<10 ng/g) by 15 min and to contro] levels =

o~

by 180 min (F1g 33). The concentrat1ons of PEA decreased 1n a biexpon-'
‘ential manner wlth ha1f—]1fe of dlstribution (u) and half—life of
.e11m1nation (P) values of 1.1 and 342 min respective]y More than_QQ%;‘
of fﬁr—ava1lab1e PEA in the brain was eliminated within 15 min. The ?EA’of
levels in blood a]so showed a similar profile (Fig .38). Peak leveis‘atﬂil
"5 min’ were near1y- 600 times control va1ues and these decreased‘ to -
"hearly 20 times controI values by 30 m1n and to contro1 va1ues by 180-
mjn._ The ha1f—11ves o and p were 3.0 and 69 min reSpectiver.k The
concentration-time profile 1n liver was markedTy different from those 1n-f1r
xbrain a;;'LIOOd (Fig. 35); Peak Tevels at' 5 min were only 120 tihesv'

higher than control values and these 1eve1s decreased monoexponentially:.f

' f with K half—]ife of 27 min. ;}r’ T ,“7,, e ‘*;?n
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Statisticai analysis of tissue PEA 1eve]s indicated significant ”
between-group differences at different times .(i.e.,. time-dependent
changes) .in brain [F(7,40)=S3;55;"P<0.001], biood ‘[?(7,38ie16;95,f2

' P<0.001] and liver [F(7,37)=52.39, P<0.001]. Multiple mean comparisons
by theiNewman;Keois test indicated thatleA levels in brain and blood at
5 min were significantiy different than those at other times Equiva-f
lent tests in liver indicated that PEA. ieveis were increased signifi‘\
cantiy at 5; 15 and 30 min re]ative to other times. A comparison of
peak 1eve]s of PEA in the "three tissues indicated no significant differ-
ence between brain and biood (P>0 2) there were, hOwever. significant
- .f differences between brain and liver (P<0 001) and between biood and
1iver (P<0 02) There were no differences in the avaiiabiiity of PEA

as measured by the AuC, between brain and liver, “brain- and b]ood, and

between ° biood ‘and iiver (P>0.1).v The, pharmacokinetic parameters are ., .-

)

‘summarized in Table ‘8. " o L C e

BA2 Tissue leveis of . PEA and N-(2- cyanoethyi) 2-phenyiethyiamine
(CEPEA) after administration of CEPEA"

/

' After administration of CEPEA (t%ssue levels of PEA increased
s]owiy in contrast to the transient increases seen after PEA inJection
In brain peak levels of neariy 140 times controi values were achieved

\

at 15 min and these decreased monoexponentiaiiy with a p-value of 22 5

- min (Fig 33) In biood peak ieveis (at" 15 min) were neariy 130 times “xh:

‘ controi vaiues and these decreased monoexponentiai]y with -a J-vaiue of o

27 min (Fig‘ 34) In contrast peak ievels in 1iver at 15 ‘min. were 3

e neariy 600 times controi vaiues and these decreased monoexponentiaiiy L
with a p-vaiue of 30 min (Fig 35):1 Peak leveis in iiver were signifi-.; _
cantiy higher than those in brain and blood (P<0 01) whereas there was j'ig

«\‘\ . o



no difference between brain and blood peak levels (P>0: 1) There were
sfgnificant- time~dependent changes in brain PEA levels fF(7 ,80)= 34. 11
‘P<O OObJ and the multiple mean comparisons revealed that the greatest

f"increases in PEA levels were at 15 min Levels at 5 30 and 60 min were’

also significantly higher than those observed at the ‘other time inter-ﬂj;_

! vals Levels of PEA in liver also exhibited time—dependent changes ‘

,[F(7 38) 53. 13 P<O 001] Levels at 15 min were higher than those at 5

"min which in ‘turn were higher than those at. 30 min and levels at these

- three times were significantly different from those at other times ln':,

blood significant time dependent changes iﬁ PEA levels were noted ‘

) 'h[F(7 39)=23 24, P<0 001] Multiple mean comparisons indicated that
'levels at 5 15 and 30 mih were significantly different from those at
.other times The availability of PEA as measured by AUC was sign1fi-

:; cantly different between liver and brain liver and blood (P<0 001) but
not between brain and blood (P>0 1) Inlquantitative terms the avail-

fvability in liVer was nearly 6 5. times higher than that in’ brain and 6 2

1wtimes higher than that in blood The pharmacokinetic parameters of PEA \.;d
;‘x,,after administration of CEPEA are presented in Table 8 R

Comparison of the overall availability of PEA after an equimolar f“';ff

‘ “fnfcantly higher PEA availability (nearly 7 times) in liver (P<0 001) but

: tnot in. brain or blood (P>0 1). As illustrated in Figs. 33 35 however

B "the pattern of increase in PEA in both brain and blood was different |
| ﬁfafter CEPEA administration than after PEA administration, with more con-t;;f'”‘u

";p?sistent relatively sustained elevations being attained

Levels of CEPEA in brain,‘blood and liver are presented in Fig

';ff36 Peak CEPEA levels in blood were attained at 5 min, and these levels L

v’.(

[

(ORI

. T ! . . * ) oyl "y L

*.

L dose Of PEA or CEPEA indicated ‘that CEPEA administrai:ion caused signifi- o
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'idecreased biexponentia]ly w1th ha]f—]fves .9, and } of 8 and 126 min res~"

| pectiyely Peak 1evels of CEPEA 1n bra)n Qere attained.at 15 min and

”r decreased bjexponential]y with a and p va1ues of 42 and 30 m1n respec-

‘tlvely The d1spos1¢ion of CEPEA in lfver was sfm1lar to that 1n brafn y

with peak ]evels attained at 15 min and ]evels decreasing wfth a and B -

_vaTues of - 4 5 and 35 m1n respectfve]y Peak levels of’ CEPEA 1n brain

" and 11ver were sfgn1ficant1y greater than those ‘in blood (P<0 001) but

L there was no d1fference between brain and ]iver (P>0 1) "There were

;s1gniffcant t1me~dependent changes n CEPEA levels in. bra1n [F(s, 35)- -

"‘50 24 P<0 0011, b]ood [F(s, 35) 41 36 P<O-O&@] and 11ver [F(S 34)~

44,98 , P<0. 001], The avallab1]1ty of CEPEA as measured by the AUC was

's1gn1f1cant1y d1fferent between brain and bTbod (P<O 001) brain andﬁ

‘ 11ver (P<0 005) and between blood and 1fver (P<Q‘001) The AUC of CEPEA

in 11Ver was 1 2 times that in. brawn and 3.1 tfmes greater than that in

b]ood The pharmacok1net1c parameters are summarfzéilin Table 8.

A pre11m1nary study was also conducted in wh1ch tissue ]evels of

b ’Lt_dé

PEA and CEPEA were deterrmned 90 mi fonomng 0.1, o 2 and 0. 4 mmol/kg o

(i p ) and the resu]ts are presented in Table 9 These levels in brain |

‘ b]ood and 11ver 1ndicated I}near increases corresponding to thed

“~increases in the deses adminlstered

; ,'g’ .
o

fhorudhy

“amine (CPPEA) after adminIStration of CPPEA

4 "i”rSQMi 1ogar1thm1c plots of tissue levels of PEA against time afterwe'”
‘_administration of CPPEA are presented 1n Fig 37 Statistfcal analysisfif‘

}°f tissue PEA levels following CPPEA adminfstration indfcated sfgnifimi B
cant tfme-dependent changes in brain Eﬁ(? 40)=41 65 P<0 001) blood‘},ﬁtf

‘:[FU 41)=35 17 p<o 001] and 1n 'Hver [F(? 40)=11 78 p<o 0013

8.3 Rat. tissue levels of . PEA and N (3 ch?oroprOpyl)-prhenylethyl-‘pv~ S
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Table 8. Pharmacokinetic‘ parameters of PEA and CEPEA in rat tissues
_following administration of PEA and CEPEA (0.1 nnp]/kg, i.p.)

‘ o Half-1ife Half-1ife |
Tissue AuCa of Distri- of Elimi- Cmax?
» (nmol/g.min)*  bution (a) natfon (}) ,
o (min) (min)
. Blood  102.1 tal0.2 1.1 342.0 1401 % 328.8b
' ; ¢ ' \
PEA  Brain® 123.0 t 12.6 = 3.0 69.0, 1775 t 245.1b
) iver 108.8 t 16.1 - 27.0 © 357.1% 22.7b
P - : . .
S Sopd:  105.5 ¢ 8.67. _ 27.0 262.5 + 45.5b
PEA * |. .- . I
after Bhain  116.4 t 7.6 - " 228 283.6 t 34.2b
C,EPEA Y ¢ ) N :
Liver . 768.4 t 48.3 - 30.00 1635 t 211.8b
LG ! . ’ Y
. Blood * 741.4 %t 55.8 8.0 126.0' 3.6+ 0.41C
CEPEA- Brain 1954'. t 148.8 . 4.3 30,0 14.4 t 1.42€
“ ) . 4.' ' ) o
PLiver 2329 [+ 517 . 4.5 35,00 - 12.2%  1.30¢
8=mean ¥ S.E.M., n=8-6 - " "
‘ Rb:nng' i ) .
C= pg/g . i
*=0-180 min ' o
: , s
- ]
- » 1 ) u '
. ’b ! ) \
;.“‘ ¢ e o {
e //
. L h -~
. e . :/
] - ‘\
:m' ) A ;,: . \\\
s '.‘ - \?" '. A
e SR . |
i S - O N o
. o I .

K
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Table 9. Rat brain, blood and liver PE
CEPEA administration.

158

A and CEPEA leyels 90 min after

Dose of - PEAQ CEPEAD
. CEPEA -
(mmel/kg) - Brain Blood Liver Brafn - Blood Liver
. , " 0 ) -
0.1 24.9 31.3 171.5 0.30 . 0.15 0.73
t 4.5 t 5.5 1 26.4 ,10.06 t0.02 10.09
0.2 61.5 56,0 363.8 0.86 0.31 1.4
' o 9, t 6.5 t27.4 t+ 0.06 t0.03 % 0.1
21 .
| 0.4 . 80.8 150.5 709.2 1.6 0.85 2.4
- t10.8 +21.9 t99.8 $0.31 %0.11 %0.5
' "
‘2=ng/g, mean t S.E.M.,n=5-6
b= g/g, mean t S.E.M., n=5-6 °
! . ﬂ\
' ¢
. ¥ 4
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results of the multiple mean comparisens are presented in Fig 37 Peak -

levels at 15 min in brain, blood and liver were 45 12 and 40 times the

respective control values and these levels decreased biexponentlally.
. The elimination half-1ife B in Tiver was hearly 5.1 times and 3.5 times

higher than those in blood and brain~respectively. Peak levels of PEA

in liver were ‘nearly 1.7 and 6 times higher than those in brain (P<0.02)

“and blood (P<0.001) respectively. The availability of PEA in liver as

measured by the AUC was almost 2. 5 and 6 times hlgher than those in

brain -(P<0.001) and blood (P<0 001) respectively The AUC of PEA in .

brain was in turn nearly 2.2 times h1gher than that in blood (P<0.01).
The pharmacoklnetlc parameters are summarized in Table 10.
A comparison of_the AUC of PEA in brain, blood and liven.after

administration of an equimolar'dose‘of PEA.and CPPEA revealed that the

. admlnistration of prodrug caused approximately 3 and 6 tlmes lower -

availability 1n brain (P<0. 001) and blOOd (P<0 001) whereas there were

no differences in Tiver after these two treatments (P>0.1).

Some intere&ting “differences 1n the dlstribution of CPPEA were

fobserved in the three tissues studled (Fig 38) There were significantw

time-dependent changes An  CPPEA levels “in brain [F(G 35)=22:36,

.P<0.001], blood [Fts, 35)=8,78 p<o oo1] and liver [F(s 35) 14, 68

'P<0 o01]. Peak levels of CPPEA Were observed in liver and blood at 5
min whekeas 1n Braln peak levels were observed at 15 min. Peak levels

4n Viver ‘were- 2 5 “times .and 18.5 times “higher than those in brain

(P<0 05) . and blood (P<0. 001) qespectively.. Tissue CPPEA levels o

, decreased biexponentially 1n all three tlssues and- 3 values ‘in these

»

| ‘»tlssues—were'? slmilér. N Measurements of AUC revealed no slgnificant '

Idl fferences between brain and liver‘ (P>0 1) but significant di fferences -

. . L . . -
Lot . : ¢ ool Coa . : . - L e

~
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Table '10. Pharmacokinetic parameters of .PEA and -CPPEA in rat tissues
‘ following administration of CPPEA (0.1 mmol/kg; f.p.)

o » " Half-life  Half-life . . =
Tissue .=~ AUC2 . of Distri-" of elimi- Cmax?
- (nmol/g.min)* ' bution (a) nation () ‘ :
g ~ {min) -~ (min)

] Y

L09 - 195 119.0 . 2500 .t 2.5b

o

Blood ~ 16.5
_PEA . o | 0 ,
after . Brain' 39.7¢ 2.6~ . 7.5.. 174.0 . 854 "t 12.6b
CPPEA -~ . .o - , R

© 0 Liver 99.1t ' 4.3 . 10.5 607.3 148.0"

1°13.2b

o Ary

o VT @ T S e
'Blood  383.0% 36.7 . 130 820 1.80t 0.65G% -

CPPEA  Brain 3117 ¥253.0°  12.5 - 60.0° 5 137 & 0.%0¢
Coliver 36880 £399.7 . 12.5 - 8.5  .33.2 t 7.8

f
dsmean ¥S.EM., n=sl6t L . A
b=ng/g o o L .
Cg/g - | S
© #=0-180 mfn B T AR RN
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o ,between brain and blood (P<0 001) ‘and between blood and liver (P<0 001) g‘f

were noted The pharmacokinetic parameters are summarized in Table 10

B.4 Rat. tissue levels of PEA and’ N-pr;pi;gyl-z phenylethylamine.‘
(PGPEA) after- administration of PGPEA

- Semilogarithmic plots of PEA levels in brain, blood .and. liver
¢ | against time are, presented in Figs -39 and 40. Statistical analysis of"l
tissue PEA levels indicated(%ignificant time—dependent changes in brain

' [F(8 42)= 14. 17 P<0. 001) blood [F(8 43) 15 35 P<0,001]- and in ‘Tiver f“
[F(8,43)=14. 11 P<0 001] the results of multiple meanﬂcfﬂpanisens are.
-‘presented in Figs a? and - 40 Administration of PGPEA caused marked;‘
' .increases in tissue PEA levels In brain, peak levels that were nearly

‘500 times control values Were attained at 30 min and these decreased to';

nearly 20 times control levels by 240 min Peak levels of 80 times con-

"trol levels were attained in blood at 30 min and these levels deereased“i-ll

to nearly 13 times control values by 240 min In liver peak levals at

o 30 min were nearly 1000 times control values an@‘these decreased to.:;. .

TR N
<~".

blood and liver were significantly higher than control values even 240dﬁ

2

\l i :\

‘”fif* f“ the randd de\reases in tissue PEA levels observed following an equimolar;3

R o, dose of PEA itself. The levels of PEA after administration of PG#EAf?

7{blood vwas the _slowest among the three tissues ;studied Th:?e‘ were._i

Msignificant differences in the peak levels ot.
»L blood (P<0.01) brain and liver (P<0 01) and
(e<q 001)! ".'Administration of PGPEA resul ted m greater"PEA availability?-'.:‘:

EA between 'brain andi

'Jﬂweeniblood and liver

Lapproximately 100 times control values by 240 nﬂn. v Levels in brain,_.;3'

| %;\ min after administration of PGPEA (P<0 05) and this was in contrast tod;@tg'

decreased biexponentia]l/ (Table 11) and the rate of: elimination fromﬁiikfﬁ
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.'f2 7 times that in brain (P<0. 001) which in turn was nearly 4 times the
avai]ability in. blood (P<0 001). .A, comparison of the availabi]ity of
' Pé§§1AUC from 0 180 min) foliowing the administration of equimolar doses
of PEA and PGPEA showed that PGPEA caused approximately 3. 75 times ‘
| greater PEA availabiiity in brain (P<0 01) and nearly 11.5 times greater L
availability in 1iver (P<0 001) than did PEA itse]f while there were no e
‘differences in blood (P>0 05) ' The pharmacokinetic, parameters -are
,summarized in Tabie 11. o - o ‘ _ | )
Leveis ‘of "PGPEA in brain biood and 1iver are presented in fig
’ d 43.- ‘There were 51gn1f1cant time dependent changes in PGPEA ievels 1n

’

brain b]ood and 11ver [F(? 36) 6. 42 P<0 001; F(7,38)=9. 52, P<0. 001 and

LR, 39)= 16.27, P<0. 001 respectiveiy 4 | Peak_ levels of&gom in Hver

4

,‘:were nearly 2.5 times higher than lose in brain (P>0 05) and 7. 5 times o

ﬁ‘\\\;’//

*T»higher than those 'in blood (P<0.01 ;, Leveis of PGPEA in ail the three'_‘

.‘tiSSue93decreased biexponentiaily and the haif—iife of eiimination in
,blood was’ 1onger than that in brain and 1iver (a similar trend was seen»k‘“
‘for its metaboiite PEA see Tabie 11) The avaiiability of PGPEA in ﬂiif
: liver was near]y twice the availability in brain (P<04001) and neariy 7i:
ftimes the availability in biood (P<0 001) Thé pharmadokinetioqfi

y ‘ . L S.\\;“\
B ) . . R .

: eters are summarized iﬁ Table

. '{, ) .‘

ﬁﬁyf?sented inﬁFig 42 There were significant time-dependent chang 3
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" Tabie 11. Pharmacokinetic parameters. of PEA and PGPEA in rat 'tissues
S after adm1n1stration of PGPEA (0 1 nmo]/kg, i:p. )

S
&) - : :

L B
‘. ' . v \ [ »

Peo e T . Half=life Ha]f—]ife

L, ue, Auca. of Distri-. of elimi- Cmax?r;y
B 3 v (nmol/g.min)*  bution (&) nation 6 B
. - . ‘ (min) ‘ (min) L v

LN

- "t" (,‘S‘ - - ‘ D : '
- Brafn  ~461.3% 49.2 . {13.5..  135.0 1026 % 201 3b

Liver 1245 t 67.9

TEAY : \ Voo ‘
~after  Blood - .109.5 %% .6.2.  ,10.0 .  467.0 a17. 2 t 24 3b
17!5' 1975 g937 t 2731

|

1

Braih 1769t 20.6 | fi7.5. 750 - 6.4t 2.1C .
PGPEA Biooa . s20.2t 67 1 12.5'“ O 130.00c2.2% 0s61C

f'Liver | 3535 .1;261,9 17.0° . 62.5  16.1.% 4.0C.

-« " ‘ .

_2smean t S. EwM., n=5-6:." . R o LT
g b—ng/g o o , C R : o
. S=ug/g S Yo

2 *=0- 180 min S CT R .
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’sTowTy but significantiy aboye the contro] Teve]s foilowing the admini—\
stration of" DPGPEA In. brain, peak Teveis of neariy 140 times controT

values were attained at 60 min and decreased monoexponential]y, by 4 hr;

- the Teve]s were approximateT}|15 times contro] values (Fig 42) Ini

' nbiood peak Teveis of nearly 35 times contro] vaTues uere attained at 30:-

- p"

min and these decreased monoexponentialiy to about 6 times controi_
vvaTues by 4 hr The peak PEA Teveis in Tiver were neariy 400 times con-
trol Teveis and were reaqhed at 60 min after drug administration thesealn
' decreased to neariy 70 times controilvalues‘by 4 hr There were sig*
SRR ~‘nificant differences in peak“PEA Tevels begween brain and Tiver
(P<0.001) brain - and’ biood (P<0. 01) and, between bTood and Tiverf
o}f?f‘f, (P<Q 001)  The eTimination rate of PEA from: blood and 11ver was about'
: 1“x.haif that in brain (Tab]e 12) There were significant differences in
-:the availabiiity of PEA (as measured by AUC) between brain and biood'”
(p<0. 001) brain and ﬂ\_y)r (p<0. 001) and between ‘blood 4&nd Tiver.

(P<0 001) The AUC of PEA in Tiver was near]y 4 times;higher than that o

,ﬁa,riaf:;tion of DPGPEA caused a. 2-f01d increase in PEA availabi]ity to brain )

;favailability estiméted after administration of an equimoiar dose of PEA"i

‘?i" brain and neariy 15 t1m95 hfgher than that. in blood The administra- e

W;QIP<0 001) ‘and a 9-fon increase in Tiver (P<O 001) reiative to- thef if‘}

. ‘j,;ﬂitse’lf whereas in biood the AUC of PEA after PEA administration wasif‘

'Lifsignificantiy higher (P<0 05) than that seep after DPGPEA injection. fjﬁi7;fl‘

""‘:"'f-iThe Tevels of a major N-deaiky“iated metaboTite of DPGPEA nameTy.:;

:;;__DPGPEA cou1

i There were, however','

’vanges¢inuthevTeveTsnoJﬂPGPEA in.brain,:blood and Jiver

a— .o

| ‘-PGPEA ;were a‘l 50 measur‘ed in these-: tissues iFig. 43) COncentrations of‘}.
notv be quantitated usi ng the i nstrumentation avai Table (see

.:signifieant?time_‘*“:n



: 'prodrugs in different tissues after administration of PEA a“d
-Qf‘tion of . PEA CEPEA CPPEA PGPEA and BPGPEA indicated si

"-fjfbiood [F(4 25)= 28 78 P<0.001]. and in TiVe‘t

"drugs AnaTySis of PEA avaiTabiTity (AUC 0- 180 min) av

'Vﬁferencesa between these treatments in brain [F

4 . - [ o ]
. N | .

”»

- [F(7,35)=35. 35 p<o 001 .,r(i 38) 32‘54 p<o 001 and F(7 39)=zo 75,
P<0.001" respective]y] and the muitip]e mean comparisons are preseni@d
in Fig 43., In~brain peak ‘Tevels of PGPEA were observed at 30 min and \

‘these decreased monoexponentiaTT " Peak TeveTs in blood and Tiver were ‘
v X !

h, v i

observed at 5 min and they also %ecreased monoexponentially (TabTe 12)

The peak PGPEA TeveTs in Tiver were near]y 5 times higher than those in

There were significant differences in “the avaiTabiTity of PGPEA as'
measured by the AUC between bTood and Tiver (P<0 001) bradn‘and D13

‘6\

‘.nearTy 8 times higher tﬂ@n thatsﬂitﬂood and nearTy twicelas highrasi

,

LA R R
‘ o -+ : . o S (S
] ‘e’ . “ [ . . = . ) N [

B 6 Comparison of tissue TeveTs of PEA and its prodrugs‘

A

Figures 44 and 45 show the comparative avaiTabiTity of PE

.u,i

ELIN

[F(4 25) 140421 P<0 001]

g

f'pfand the muTtipTe mean comparisons are presented in Fig 44. \Similar
| ‘.%anaTysas of the avaiTabiTity (AUC 0 180 min) of the,prodrugs indicated

- ; signiTicant differences brain [r(s*zo)-13 52.,.,P<0 01] bidbd -
' j001]e and in Tiver [F(3 20) 6. 07 p<o 005] the g t;‘}
- TR A

A and fts
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-

bJood (P<0 001) and neariy 3 times higher than those in. brain (P<0 001) @;

(P<O 001) and between brain and Tiver {P<0. 001) 5 The AUC for Tiver was;'

xuthat in brain The pharmacokinetic date are summarized in Table. 12' ;ﬁ ‘

nifica‘t'dif—’ffw |
) 49 60, p<o 001]"' o




X
()
u,
wi
[V
1]
<
1

D GH

A A - LUIVER
®——8 - BRAIN

e——@ ~» BLOOD

[ C
P ‘ . . A
N N - ~—7 /"
) 30 60 90 . 120 150 180 240
- TIME (min) . -
Fig. & Rat brain, blood and Tiver PEA levels (ng/g, mean t g .M.,

n=5-6) after administration of DPGPEA (0.1 mmol/kg, {.p.).
Superscripts A, B, C, D, E, F, G and H refer to significant
differences from levels at 5, 15, 30} 60, 90, 120, 180 and 240
min respectively (P<0.05).

.4

7




' 172
0 A |
10 7 . :
2= S S
OO ) r
[ T A\
O
x “w
rI (6] <
'S
S5 1 <
1x
o
('S
ad
'S)
. = Q
. (V]
- w
2\'4 o ?
@
< a
Y}
@
<
il 7 1
1 - x
T o
O
£z ° 8
(&) (¥
a @
©5 I <
< w
wt
o
L-
X
, 5
'S
o g —~
= <
=2
.11
A A wmep- LIVER
a8 ep BRAIN
! -
o0 e BLOOD
.
'01 T ‘Y B | T O v 1‘ .T B g
0 30 60 90 120 150 180 210 240

TIME (mip)

Fig. 43. Rat brain, blood and liver PGPEA levels (ug/g; mean t S.E.M.,
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Table 12. Pharmacokinetic parameters /of PEA and PGPEA 1in rat tissues
following administration of‘DPGPEA (0.1 mmol/kg, 1.p.)

/

/\ Half-11{fe :
Tissue “AUCa . of elimi- .. Cmax® ~ -
(nmol/g.min)* * natfon (3) 2o
‘ ¢ (min) B
. Brain: 263.2 t  12.5° 48.0 - 278.1 ¢ 40.1b
PEA . ’ Lo 5
after Blood 69.2 ¢t " 6.8 . 110.0 ‘ 91.8 t+ 30.3b
DPGPEA , | - fooo
Liver 1006 t @9.4_ 100.0 1177 t 147.4d
Rrain 1684 t 44.2 32.0 2.4t 0l40C
PGPEA te ’
fron  Blood 436 3 25.4 - 38.0 1.4.+ 0.11€
'DPGPEA . |- «

Liver 3357 t132.1]  61.5 6.9t 1.03C

oy -+
!

‘8=mean t S.E.M., n=5-6
b:ng/g

=wg/g -
*=0-180 min

N

L8
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- C. Inhibition of MAO #oilowing the Administration‘ofgg:odrugs ofiPtA'

'v::é\
ad
&

€.l In yivo and in‘vitro MAO inhibition after administration of
fEPEA ‘ ' » . ‘

In vivo MAO activity was determined in brain at 5, 15, 30, 60 -and

i 120 min folidWing the administration of CEPEA’ (0.k~nnmi/k9, i.p.) and

the resuits,are presented inJTabie 13. . From this data it is.clear that

CEPEA ' caused weak MAO inhibition; by 120 min the enzyme activitj

_retunned to control.levels. Enzyme activity at gBO min was not diffeét

ent from control-.activity. In a preliminary study in*vitro, the'drug
L - ‘ 2

. (at a concentration™f 10 M) caused 8.4 ¢ 1.6 and 7.9 t 1.5% fnhibition

. 4
of MAO-A and -B (mean % S.E.M., n=4-6) respectively. .

il

C.2 .In vivo and in vitro inhibition of MAO by PGPEA and DPGPEA

In vivo inhibition of MAO, using MAO- A- and MAO B- specific sub-

180 and 240 min following the admjnistration of PGPEA and DPGPEA and |

Py

@ﬁstrates in brain and liver was determined at 5, 15 30 60, 90, rgo -

the results are summarized in Tables 14 and 15. For comparative pur- -

ing ‘the administration of an equimoiar (0. 1 mmoi/kg, i Pp. ) dose of TCP,

‘inhibition of brain MAO in vitro by PGPEA and DPGPEA is shown in Tabie

f‘poses brain and iiver MAO activities were aiso determined 60 min foiiow-'_»

PAR and N-methyi N-propargyi Z-phenylethyiamine (MPGPEA) to other groupsb -
- of rats, and these data have also been inciuded in Tabig 14. . The

16. The in vitro ‘data indicated that PGPEA was nearly 3 times more.._

potent at inhibiting MAO- B than MAO-A whiie DPGPEA was neariy -5 times

'more potent towards MAO-B than towards MAO-A PGPEA was approximate'l y

-—

4. 7 and 30 times ‘more potent than DPGPEA at inhibiting MAO-A and MAO B i

activities respectively. ‘The in vivo da% indicated - that PGPEA admini- |

1
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K stration caused re]ative]y moré MAO-B 1nhibition than MAO-A 1n brain,

while " 1in 11ver the selectivity was much more pronounced The ' MAO

1ph1b1cory profile of DPGPEA fn vivo was similar to that of PGPEA.
. | .

D Brain and Liver T Levels Following the Administration of PGPEA’

The levels'of‘the trace amine T were determined in brain and 1iver
following the administratton of PGPEA, and the levels are presented in
Fig. 26. With the present assay method (aqueous “péntafluorobenzene-
sulfonylation) the control 1erels could not be accurately qoantttated,
out'the} were less than l‘ng/g Using'a high reso1dt10n mass spectro--
metric method Philfos’et al. (1974) ‘reported levels of 0.5 and 0.7 ng/g
“in brafn and liver reSpect1ve]y, and these were used as reference con--
‘tro1 va]ues in the present work. A]though T 1eve1s were well above con- .
‘trol levels, there were. no sign1ficant time- dependent changes 1n T %
'leveIS in brain and Tiver [F(7 29)=0.54, P>0. 1 and F(7 347'1 16 P>0 1

.respect1V‘1y]

4] .

'E. Levels-of NA, DA, DOPAC, HVA,"5-HT and 5-HIAA . L
E.l Levels of WA, DA DOPAC, HVA, 5- HT 5 HIAA following admini- o
" stration of PEA - -35

| In order to 1nvestigate the effects of the prodrugs and the

- altered levels of PEA on neurotransmitter amines, brain concentratfons

| .of NA, DA, 5 HT and the metabo11tes DOPACr HVA and 5- HIAA uere measured
1n the brains of the drug-treated rats The’results are shown ?n Figs,{é‘

. 47« 5? where the values of each neurotransmftter or metabolite 1§ :

4.‘3... expressed as a percentage of va]des obtained from brains of rats that

SR / . .
e R Y,
. e N
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Table 13. Inhibition of rat brain MAQ after administration of CEPEA (0.1
. mmol/g, 1.p.) (%inhibition, mean t S.E.M., n=5-6). ‘

" .3.1phibitfon .
MAFfK*ff:>%Cf:ero,B

J .. ‘l
4.8 8.9% 1.7

Time (min)

15 o o s3ltas 20tz
30 | . . 115166 19747

60" 0.50 £0.30 7.7+t 2.6

N

f20 R 3.8 £3.7  1.1%046

. o
L 8 LT
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: Tab]é 14.

TCP 60

In vivo -1nh{b1tioh‘ 6fx rat 1bra1h‘ and  11veE
‘administration of PGPEA, PAR, TCP and MPGPEA (0.1 mmol of
.each/kg, i.p.) L . ‘ S .

S

o Lo o Lo

_ . S T 9
' \ Y

[ ‘.\

)

MAO - following

e

Drug. Time
(min

)

MAO-A

. Brain

G 3
~ % Irhibitfond -

T'Liver

MAO-B . MAO-A_ . MAO-B

PGPEA 5

15
30
60
90
120

180
240

MPGPEA 60

PAR 60

33.3 ¢
38.2 ¢

4+

28.7°

[

23.7
40.0 t
35.5 ¥

38.5

36.6 % 2.

.

44.3 t 1.

93.1 %

3. ‘
2. -

.6

2

3.
1.

94,0 % 1.
f

: R

0

1

[« <28 (Vo SO0 o <) ~J

N

7977
. 95.6

98,14

0
S 1.8 . 4.8t2.1
5

1.7, ~ 1.4t0.8" 72.1 £ 3.0

t1.4 - 1.7t0.88 - 7681 1.5

0.1 t 0.1 711 4 1.3

77.3 £ 0.9
1.2 ¢ 1.2 71.9 4 3.1

£1.9 17309 . 79.4%2.9

$1.3 . 6.1%2.1 755 1 1.2

£0.7  50.1t2.4..  91.5%0.5

Lo
—
o

90.941.4 ' 94.2%0.9

[ Bt
o

[ ]

[y

9%.1t1.1°  9n7t0.2

=mean  S.E.M., n=5-6. ' '

’

O -

! }
/ o .
v [
"
-
oF 1:
I S *
3
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Table 15. Inhibition of rat brafn and 1iver MAO- in vivo fol1owing
. admfnistratfon of DPGPEA. (o 1 mol/kg, 1. p- T"
8

A

| . L .%lInh1b1t10has‘ Lo
- Time . o Brain e . Liver ‘
{min) © . MAO-A - MAO-B ©oMAO-A MAG-B

. . . * ' N ‘.\t;“‘. . . ‘ ! ‘
5 1 2.5%2.9 60. 3 t 3 7.0 01201 - 68.2%1.

H >

15 24.5%3.9 68.7f24 09108 - 72.8
30 36.8t4.9  _ 70.4t26 0.1:0.1 - <781¢t1.

+
‘ o
Lo sm N

60 278%33 . 67.9% 2.8 1.7%t0.9  783%t0.7
‘90 23.8 1(4,9“ TER: 2.2 5.4 2.2 | j9. 77.3 ¢ 2.1
120 9tan \H'7o}1.¢;1.4' 85115 7641 1.6

180 28.9 £ 7.9 64.5t2.8  3.2%1.4 71.2 1‘1:;
200 21.4t4.8 L '64;6.1‘2;0 - 06403 71,6 £ 0.8

":a-mean t S.EM., n=5-6." " S P .

B ‘ 3 S " . .
0 i. . N o ) -‘ . '

; ,
. .
)
)
g v
.
.
1 ' .
]
- z :
o .
. N A
Ly : N
» « .
N . e
. 9
N

[



5 " , ; | . - ‘- // N
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' Table 16. Inhibition of rat brain MAO/in vitro by PGREA and DPGPEA.
\ ‘ VA \ :
' /IC50' values (M)
MAO-A  © MAO-B

PGPEA B'8>9 x10-5 © . 2.6 x 106

. DPGPEA 4.2 x 10°% 7.8 x.10-5
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“Iiafter CEPEA treatment are iiiustrated in Figs 47 to 52 respectivei'i :
xg-Followi dministration of CEPEA there were. significant\time-dependené

7fi,'reéhective1y] the 1eve1s at 30 60 90 and 120 min were significantiy‘

ST e

had been 1njected with physiologicai saiine at the same time interva]s
”F0]]0w1ng PEA administration, there were significant time—dependent

changes in NA 1eveis [F(6 35)~4 19 P<0: 005] .and leveis at 30 and 60

~ min were significant]y beiow controi 1eveis (Fig 47) { There were no

)

. significant changes in DA 1eve1s [F(6 42)=1.82, P>0 1] (fig' 48).

[

Administration of PEA reSuited in 51gnificant time-dependent changes in-

: DOPAC 1evels [F(6 35)= 4. 35 P<0 005] with the 1evels at 15 ‘mig being

Signiflcantiy be]ow contro1 1evels (Fga 49) Concentrations of HVA
remained unchanged from respective saiine contro]s throughout the 3 hr'
period (F(G 34)=2 37 P>0. 05] (Fig. 50) Statisticai anaiysis indicatedh
no significant time- dependent changes in 5 HT . Tevels fo]]owing ?EA
‘treatment [F(6 39) 1.77, P>0 lj | There were however 'significant time-h

s

dependent .changes in 5- HIAA ieveis [F(6,40)= 6 1, P<0 001], with levels

.‘significantiy be]ow control va]ues at 5 and 15 min (Fig 52)

1,

E--é- -Leveis‘o"f NA, DA, DOPAC, HVA, 5-HT and 5:-HIAA after CEPEA

administration . f‘m ”ﬂ"\\ \

Leveis of the neurotransmitter amines and the acid metabolite//»

. n‘ﬁ;\"’

3

4'¢uchanges in NA and DA ievels [F(G 44) 2 56 P<0 05 F(G 39)-6 96 P<0 0015f

beiow controi values in each case Ihere were no. time-dependent changes{_

,rﬁin DOPAC ieveis [F(G 53) 1 76 P>0 ;J whi]e there were significanthg
‘ ‘7time-dependent changes in HVA Tevels [F(6 51) 3 56 P<o 01] Leveis of'
”;;HVA were significantiy increased'above controi values at 5 15 and 30 .

‘.‘”i‘an- Leve]s of S-HT decreased significantiy beiow control vaiues at 30

. A P i T B . N
. < :\‘ " - ‘ " t N N v, 1 \. .A v Y \\'
. N . ' ot ot - . . N e . .

o
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60, 90 and 120 min [F(6, 51) 3 53, P<0.01], There were also significant
changes in S5-HIAA 1eve]s [F(6 46) 2 38, P<0.05]. Mu]tip]e“mean compari-
sons did not revea] any sfgnificant between—group differences 1in the
case of STHIAA. Nevertheless, from the data presented in Fig. 52 it is
evident trat,the overall effect was attributable to fncreases in 5-HIAA
levels at 15, 120 ane 180'm1n. |

<

: : T
E.3 Lévels of NA, DA, DOPAC, HVA, 5-HT and 5-HIAA levels aftéé/

* adminfstration of CPPEA

Tﬁe 1evei§ of NA, DA, DOPAC, HVA, 5-HT end 5-HIAA after administra-
tion of CPPEA are shown in Figs. 53 to 55. Concentrations of NA
decreased sfgnificantly below control levels from 15-180 min after CPPEA
treatment [F(6,28)=16.96, P<0“001}—‘ahd even after 180  min they were
approximately  60% of control 1evels There were s1gnif1cant time-
‘dependent changes 1n DA 1eve]s [F(6 27)79 95, P<0.001] and levels at 15,
_.30 60 and 90 min were s1gn1f1cant}y be1ow contro] values. Stat1st1ca1
analysis 1nd1cated s1gnif1cant tfme-dependent changes in DOPAC levels
(F(6.28)—19.41,-P<0.001J,'yiFh?increases above cgntrol values at 15 min
<:ahd‘detreases beTow control values at 90, 120 and 180 hin; the levels at
180 min were apprOximater 70% of coﬁtroI values. ihere were sfgnifi-

" cant time-dependent changes in HVA levels [F(6,27)= =4,28, p<0. 005],
“signiffcant time-dependent changes were also observed in 5-HT levels
[F(s, 28)*9 32 P<0. 001] 5-HT levels increased only at 5 min, and tnis
was fo]lowed by a decrease from 18- 120 min. There wére significant
time-dependent changes in S-HIAA~f}évéls [F(6,28)=3.79, p<0.01], with

‘_ cinCreases above contro] values being observed at 60 min.
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E.4_ Llevels of NA, DA, DOPAC, VA, 5-HT and 5-HIAA after the

C ]

_administration of PGPEA - o AR B

Figures 56 to 61 iilustrate the brain NA, DA, DOPAC HVA 5- HT and
“S-HIAA 1evels respective@y fo]]owing the administration of PGPEA. "
There were significant time- gependent changes in NA levels after"PGPEA |
inJection [F(6 40) 4. 14, P<0 0051, and the 1eve1s at 5,. 30 60 90 and
120‘min were below control values. Foi]owing PGPEA administration DA KN
"leveis‘ decreased'ibeloW‘ contr01 values up to 120 min [F(s, 39) 7.19,
P<0. 001] and by . 180 min the leve]s had increased to control va]ues
There were significant time—dependent changes in DOPAC leveis [F(G 49)=
. 2.34,, P<0 05] with 1eveis at 30 and 180 min below contro] va]ues
Statistica] ana1y51s 1ndicated significant time-dependent changes in HVA
levels (F(s, 38) 12 65, <0.001]; the ievels increased .at'§ and 30 min
and decreased at 180 min t There were no time—dependent changes in 5-HT
L 1evels after PGPEA treatment [F(6 45) 1.13, P>0 11. However there were
significant time-dependent changes in 5 HIAA levels foi}owing 'PGPEA-
“w"treatment [F(5,47)=9.03, P<0,001], with levels ‘increased at 5,15, 120

e .
"

Hand180min' e

RS )Rat brain. leveis of KA, ‘DA, DOPAC HVA, S-HT and 5-HIAA
e following administration of DPGPEA Ll I

Figures 62. to 67 il‘lustrate the ieveis of NA DA DOPAC HVA BeHT
and 5 HIAA levels respectiveiy After DPGPEA treatment there were Sig_f‘ﬂ»‘
o nificant time-dependent changes in NA - 1evels [F(G 39)= 3 29, P<0 0025]

: with decreases be]ow contr01 ~a1ues at 5, 30 60, 90 and 120 min.

Leveis of DA decreased significant]y beiow control values from 5- 180 min :“““

| [F(G 51)*2 .i+—P<0 05] but multipie mean comparison tests revealed no/:“\

a



" significant between-group differences (ng 63), There were significant
time- dependent changes in DOPAC leveis [F(7, 59)=8. 35 P<0 001] levels
‘from 15 to 180 min were significantly below controis but multip]e mean

comparisons indicated no significant between group differences (Fig.

" 64) Leve]s of HVA increased above control va]ues at 5 and 15 min and‘

l
1

: decreased be]ow contro] ya]ues at 1200 and 180 min [F(6 38)=6 92, .

| -

P<0.001]. ANo changes in S-Hf ievels.were,apparentv[F(6;53)=1.43,'P>0;1]v
during thevtime—period of the study "There‘uere, however,‘significant:
time-dependent changes in 5-HIAA 1evels [F(6 58) 3. 78, P<0.005], and

fieveis 1ncreased at 120 and 180 min. o ’ 8 -

-

L4

.- F._Tissue Levels of T and CET

F.1  Rat brain, blood and 1iver 1eve]s of T fol]owingﬁthe admini-'
. stration of T .

The c0ntroi 1eVeis of T:in brain b]ood and liver could not- bef
L] .
' h'quantitated by - the present method (aqueous pentafiuorobenzoyiation, see -

lSection II D. 6) but based on the sen51tivity of the method they were

"o less than <1 ng/g Phiiips et al (1974) reported controi levels of“k

oO 5 0. 2 and 0. 7 ng/g respectiveiy in these tissues using high reso}u?{

. tion mass spectrometry, and these have been assumed to be the control

B @ 0

i‘.values in the present §tudy

Semi Iogarithmic piots of T 1eve1s in brain, b]ood and iiyer are”r'\
'presented in Figs 68, 69 and 70 reSpectively.‘ There were significant ‘f"
| time-dependent changes in'T. levels in brain, blood. and liver*[F(S 30)=I7h_

"45 03, P<0 001 F(5 27) 7. 76 P<0 001 and F(6 30) 31 41 p<0. 001 respeCm N

,‘\tively] and the multipie mean comparisons are presented in Figs. 58+f”

’.‘.,.



196

- -

o e o oL iy Bpoy aaged
$3d{a0s42dNS pue SUO(ILIOU [BOISFILIS UO4 /°G F £°G2C 94IM (G9=U" ‘*W°3I°'S § ueaw. .‘n\m:._ RO
‘SAUUEY JUBUBSSIP- 3B PID[J 4IRS S(0J4UOD "WOLS P3IL00d) S{IAI|. YN [0uaFu0] *(°d°}- .‘mx_\....oﬁ_. LT
- 1,0) V3494 40 uoljeJ3ysjuiwpe Jayje (21-G=u ...z..u.m ¥ ueduw ‘ 1043U00 %) SL3A3L WN- uredq ey ».m.mm.mru‘
- o , -7 (UTW) 3WIL T JEREEIE LT o ’ ’
e - . ost o 06 - 09 e - ev . e e e e

i
b=4
-
5

e T . 7 mwoaNeoms@Aa o o e

R - « : LTS



) - , : o E i ) S |
IRl . oL iy tBL4 o%udys4 syd(udsJadns .pue-suoijeiou "edtisyies - -
T 404, "g"8 F 2°GL9 949M- (G9=U "W'3'S § ueaw 6/buj) S(3A3| ¥Q "(043u0) . -(°d°yp ‘Gy/touwmw- - .
c 7T L 170) ¥3d9d 40 UOfIeAIS[ULWPR JAY4e (Z]-G=U “CUW13TS 3 uRAW - (0J3U0D 3).S[3A3| W@ ule4q 3By (G614
. o L T T (utw) 3WIL T T, e .um
e 7 o8F L 0. c06 0 09 R -} S N -S IR TN
’ - : . ] D N 7 X y a S ’ - 0t R B . . ,x 7 . ,,4
~ u - -‘ o - . S JO‘ y, - s N \: e - - - - r.A
. = S - R ) B N v S e
- ol , ¢ KX A - X = N. K o ST L o .
. , < 2%} S T o X . .
S B o X *EO s wme AKX A0 L e T :
. . _— -L , c%- . { : o se {08 - ER L
< _ - - K .\ ) ’ R % . P : ‘ . RS ot
T - 2 : - : e P2 R < B et ) . R T :
A ) - ) x . 4 Om \ .. s .”\ . ] .r% g
, o . e S B T o T B

\A
?
430758V
-
=

- S _ . : D PN UL PO A S
B S o T S0BIN0ORISIEATY O e
. l. ) - - s . N - - . .

- R o ) .
- - - P
~ - . s 2 - - - T
< . : A . R
| ¢ - - Q.

i . i ) =~ Tl s - . - . -

) : = T e * o z e

- . £ : oL . N 3
- - ~ -~



“ ,"VN . "
5 A )
1 :;"’.‘.-,n‘ .
oG -
<
. —— 8
" Q‘l fa—‘ &
. TS <
) N 8 &
R 0. 0. 9.0.9.9, w
| .
,a’& . LY .
AY v * . .* g
. -‘fﬂ[-k
o L XX KRR KRR
2 oo oot oo oot I 2
- 0a%099:90929.9:929.%.%: 9%\
S .
x®
“ ‘n
N E
> .
w A
- A 1 1 ] 1 1 4 2
(=3 © © (=4 (=4 (=] o [=3 (=4 o
N . o) 3=1 - © ~ 7] 2] < M
,
‘gf -
R : ‘
i .

., n=5-12) after administration of PGPEA

(% control, mean t S.E.M.

\ e

2.7,

b4

n=65) were 109.6

t S.E.M.,
47. ’

mean

ons and superscripts refer to fig.

Control DOPAC levels (ng/g,

w

~— -—

$ %
©

w’jz;

—

s
Q-
a ©
o
oo’-—

Q:‘a

v
SER
5 E*®

"

oy
LR S
oSO O
or ~ to
®
w0
o
—
(e



199

: ‘(p ‘bl4 0} 49334 mqugumgmazm pue suojjejou Pmmmemhumum‘
404" L1 T U'6L 943M (G9=u “"W'3'S g uedw ‘B/bu) S(IAd[ VAH (043u0)  c(°d*} “Bx/(Oumu ‘
1°0) ¥3d9d 4O uO(IeJISiujwpe Jalje (2[-G=u “CUHT3°S § ueAw ‘|04JU0D §) S|IAI| VAH ujeuaq ey .°6S ‘614

- 4

.

) (utw) IWIL
om“. om* om om. om m_ .m

" ov B
C A :
0K { os
XA _ ¢
%%% )
B 5%+ c
W o
e SRS
o = , Qmmv. R { oot {
z 2 ONOOQ. | ,
. =4 it i %%% 4 o1t
. H < -
- # . 1 { oz
- oM a n 1 -
[*a} e [ N -
@ .* 0E}
ovs

(ST0HLNOIX) ST13A3N

L L4



200

o ‘ “[p 614 03 43484 sydiudsaadns pue SUGLIBIOU [@D13S|e3S
404 "G'g 3 0'GEp 34M (G9=U ‘'W'3'S 3 uedw ‘6/bu) SAN|eA [H-G [04IUO) "(tdv} *6/ (0w
[°0) V3dId 40 uofled3ysjujwpe 4o3je (2[-G=u “**W'3'S 3 ueaw ‘(043u0d %) SLeA3| IH-G uteuaq 3ey ‘o9 614

. T (Utw) 3WIL
s, 0gt o2t 06 09 0€ St S

0t .

H. - . - o .. 4 oot

: { o1t -
R

oel

’ ) quomhzouagm4m>w4

.



201

) . , . Soly ‘b4 ou,uwmwg s3diadsaadns pue m:o*uwao:apouwwm*uwum ubu
Cgcp §1°982 343 (G9=U ‘W3S 7 uedw ‘6/6u) $(3A3| VVIH-G L043u0) *(°d°} ‘by/(ouw [°Q) :
V3d9d 40 uofjesysjuiwpe J4334e (21-g=u ....:.u.m § uesu $1043U00 g) S(3Ad| WVIH-G utedq ey - 19 614

. ‘ )

(Utw) INTIL

087 02+ 06 19 . s

09

H R . - X} 100}

1 01

948V

'@

o 1 oe
1 0ri S s

05t -

3009 =
i

0914



N

m S mI 03 42434 muatum..mn:m pue mco*umuoc pmu_um:mum :
- 404 /G § €£°B2C 9du4am Amo U “"W'3'S § uedw 6/6u) 2w>m~ YN - 1043U0] ¢ (°d:y . *6)/(oum_
1°0) v3d9dQ 40 cozmbﬂ:_svm 4914e (21-5= :;..z '3°S 7 ueaw. pob:ou 2 mpm?.: <z ugeuq umm Nw .mC
o SRR CHTET) S LT
. : o8y . 02 " .0 . _03 -~  of B A T I
, . o509 BRI
408
\ . ,, . 4 og
1 - 4 o¢
M - .—. ¢S X :
| - - 1 o8
. * A | T o
. 1 - k~. ) e« 106
. - - ) “
4 00t o
_ |
o -4 013 )
= m - . .
il T
. ., : S . .02t
(ST0ULNDIX) ST3A37




203

404  '£°8 3 2°GL9 943aM (59=u

o8t

ozt 06

(UTw) INIL
09

(v 614 03 49424 53d1405430NS PUP SUOJITIOU 1RDJISIIEIS
“‘W'3°S-3 ueaw °‘6/6u) S{aAd| V0. LO4IUOD b o
1°0) v3d9dQ j0 uojjeJ3siujupe 49340 (21-G=u’ ‘W3S 3 ueaw _.o,xﬂcou %) staadf va ,cu_.mga ey

T

v

. : o

.Mw,smwh.

- \“

B

-

L

R

—_—————— 8

99
9,
o

@

&
RS
XS

QH—

— @

i - v.on.w .
Jor -

,.,;‘.A .+ow; -

R e

4 .m o EEE

'

A . om Z .: ) w,f ~

- "

]

N N
o 4011
(S0BINOD%) S13A31



204

AR o 601 audm - amo-c “W'3'S F uedw “b/bu) s{aal Jvdoa [043u0]

[y 614 03 ..39_ muntumuoa:m pue mcoBSo: _.wu_umﬁwuu ..o.._

V34240 40 uUoi3es3sjujupe age (21 U 35+ ueau’

T oey .

ozt

£

06

{UTW) INTL

0 - -

0E

"1043U03 ') 'S12A91 IVdO0 U}eaq el

N1

“(dv} ‘By/poww 10) .
.vw,lm*u‘

w‘\,
3

.

]

1 001

011



205

404

-1°0) <unuao 0 co*umgummcpEvm 49148 Awﬁ mo: “TIWTIS H ueaw

<

u T % 1°6L 943M

n

Ly m*u 03 Lm¢mg mun*LUmLmnzm pue meo*uouoc pmu+um*umum

(59=u ‘...z 3°S § ueaw ‘6/6u) S[3A3| YAH |043u0)

Lo

"("d g ‘63%/(ouw

poggcou wv mpw>m~ <>z c,asa umm

B ST . ©(utw) IWIL . -
- 083 o2} 06 09 o€’ st S ..ow_«
9 1*
. [0
9
-k KX 10 i
X Annv ‘ SURNIA ,
RS K 0L T ow
v \ o ’. - .... I - .
Ne L Ve 08 .
-.—. LI { 0‘ oo
., : R 1z :
. > 54 106 -
> 0’ -
= = 3% qoor T
. ‘ -me N ! . ._. .H > -1 O«u X v, .
- : m . ;.:H - ON..«".
) ) 2 ‘h . > ;.onﬂ, ‘
- ¥ . s -
o - .10mtb-
m |
- o - .
o e 0583
. . - R S . :
. 1991
(ST0ULNODX) S13A3T



206

‘ u . ' : , \ .-
. ’ S - Ly mE 3 49j84 muatum.&n:m pue mco_uuuo.._m_.mu:mzoum
Saw% ww ﬂco_:bf&svm Lwtm ANH G=u ‘°W° m m ¥ cmms _,ogpcou .S 2m>w— ._.z m EPE us_

- -~

- | . S (11T S B
‘ . ‘ T ost LES .06 09 . CE. oG- g

‘ . X A : o
‘ 465
r | 7 _ X “ B ,..\ .
A » .
i - ¢ i - .°w
’ . - a 3 _’ ..,°h
. ; lﬁ : o ’ - OQ i

8 m:




207

£

.- z ) ' B PR : :
§ . . : e Lo .
o : o S ‘614 03 ..89_ muatum.&a:m pue m:o_uo»oc _.eu_.um—ucum go.... .

m v 3l omN UM Amw-cA..z 3'S ¥ ueaw ‘6/6u) s(anay VWIH-G -1043u0]  *(°d° L ‘6}/|ouwm. 1°Q)
<u&wao 40 co*gmgam,c*eem dage Amﬁ §=u ...z 3'S 3 updw FOLucoo 3) m,o>e, VVIH-§ =_~sa uu« hm m_u

R - -

(Utw) INIL

o8t . .02 6. . - 03 7 ° .0E s s

+—

. )
.94

1

(=4

p1

- 4H. u\M ! v . . :
) . ) . . o.- T . . - - 02t .
K2 O - } o ] - . k i
o - (5108INOOX) S13AZ1 -



Ca S ‘ , 208

i70 SoOn after intraperitonea] administration of T (0 1 mmoi/kg) brain.
ieve]s of T increased significanti) above the contro] Teve]s LeveTs at
5 min were\nearly 100 times controi Teveis These 'leve'ls decreased
biexponentiai]y, with a rapid decfine foHowed by a. slower elimination |
The ieveis at 120 min were nearly 5 times the contro] levels' and at 180
“min they were undetectable (1. e. <1ng/g). In blood, peak leveis of"
. near]y 1000 times. control vaiues _were obtained at 5 min and these
decreased biexponentia]iy to less than .1 ng/g by 180 min In Tiver
peak ievels offhearly 3200 times control- values: (assuming control levels
" of 07 ng/g) w}ere obtained at 5 .min and decreased biexponentially to
about 4 times controi levels by 180 min Peak leve]s 4n iiver were
aimost 45 times higher than those in brain (P<0 001) and neariy 10 timesv,
higher’ than those “in bTood (P<0 001) The rate of eTimination fromﬁ
liver was twice as slow as that in brain and biood The avaiiabiiity of

P

‘n', T -as measured by the AUC, in Tiver was near]y 15 times higher than thati‘

A

in brain (P<0 001) and neariy - times higher (P<0. .001) than that in:

biood. The AUC in biood was.. nearly twice that in brain (P<0 005)

pharmacokinetic parameters are summarized in Tab]e 17. -~

'

S0 F.2 Rat brain blood and 'liver leve]s of T and’ CET fonowi@ the -
Lo administration of CET R ﬂ?. | ‘ e

'Semfiogarithmic plots of T Teveis in brain biood and iiver against;h

§

time are presented in Figs. 63 70 There were significant time-depend;n

ent changes in T Teveis in brain, biood and Tiver [F(6 35) 6 91,

P<0 901 F(B 32) 10 57 P<0 001 and F(6 34) 10 73 P<0 001 respectiveiylf}'

.‘:igﬂ}f; and the mu1tipie mean comparisons are presented in Figs.'68-70., FoTTow-llrf~

(7"

ing the administration of CET (0 1 mmol/kg) T‘ieve]s”inmbrain, bioodr‘h'f
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_and 11ver increased s]ow]y “In brain, peak 1evels that were nearly 45 '’

'«times contro] 1evels were obtained at 15 min and they decreased to

‘A approximateiy 10 times controi 1eveis by 180 min The peak levels of T

following CET administration were about ha]f of those seen after an

equimo]ar dose of T (P<0. 05) In b]ood peak 1evels that were neariy _l

' 100 times contro] values were obtained at 15 min and these decreased to .

20 times contro] 1evels by 180. min (this was in contrast to’ 1eve1s <1
i"fng/g by 180 min after T administration) | Peak 1evels of T after CET:.
“?dministration were a]most 8 times 1ower than those seen after an equi-
“molar - dose of T (P<0 01) In Tiver, peak leve]s that were neariy 250
_times contro] 1evels were attained at 15 min and decreased to 9 times
lcontro] leveis by 180 min The peak leveis of T after CET injectionj‘
- were about 12 times 1ess than those seen after an equimolar ﬁose,of T
| : NSO ‘
‘(P<0 001) .
‘ After administration of CET the avaiiability of T (as measured by
‘ithe AUC) in 11ver was neariy 9 time;>higher than those in brain andfd
‘,vfbiood (P<0. 001) there was no difference between AUCs in brain and blood;
(P>0 2) No difference 1n the the AUC - of T in brain was observed fol-f'
| }éaiowing the injection of either T_ or CET ‘(P30 2), \vhi'le in biood andyi"
v1iver CET ad@inistration resuited in significant]y lower AUCs (P<0 05‘;
‘*:!fand P<0 02 respectively) In quantitative tenns the decreases in biood}
ijiand Iiver were near1y 2 times and 1 7. times respective]y The;pharmaco-‘ﬂ
| kinetic parameters are summarized in Tab]e 17 o | L H' "_i.‘." | u
Leveis of CET in brain blood and iiver are presented in Fig 715 ;
f'f:fPeak 1evels of CET in liver were neariy 3 times and 10 times higher than;;
o those in brain (P>0 1) and biood (P<0 05) respectively.l The eiiminationtf

“a,haif-lives in these tissues were simiiar to each othes; although CETJ,
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leve]s cou]d not be detected beyond 120 mfn 1n blood where?s they were
detectable even at 120. m1n 1n brain and 1iver. The availabi]ity of CEI‘
as measured by AUC was not different between any two tissues studied'
(P>0 05) a]though the levels of T formed from it was: different in these

tisSues Ihe pharmacokinetic parameters are sunnmr1zed in Tab]e 17

'G. In Vitro and In Vivo Inhibition of MAO by CET -

| In pre]fminary in vitro stud1es 1nh1b1t10ns of MAO~A and ~B (us1ng .
rat brafn homogenates as the source of MAO), ‘at a concentrat1on of. CET '
of 1X10- 51 were (mean-i S.E. M 'n=5-6) 60.2 t 7 0% and 22 3t 4. 1% res-

pective1y : These yhta\1nd1cate CET to ‘be a somewhat more se]ect1ve |

1nhibitor of MAO A than of MAO B, althOugh in both cases the effect 1s o

‘ re]atfvely weak Stud1es in bra1n 60 m1n fo]]ow1ng a 0.1 nmo1/kg (1 p )
dose of CET showed weak inhibiton of MAO with va1ues of 9 6 t 2 4% and
0% (mean t S E M n-4 6) be1ng obtained for MAO A and MAO B reSpec—

tively These data 1nd1cate rather weak MAO inhibitory act1v1ty in v1vo,‘f{

-

as well as 1n vitro S wa"ﬁf“ . ‘y o

~

’--'.

K Levels of A, oA, 5- HT, DOPAC, WVA and 5 HIAA FoI]owfng Administra;, _

tion of T and CET
. k } ';”‘ ) S N . . . S
There were significant time—dependent changes 1n NA levels after'

- fr*f administration of T. [Ff? 42) 2 63 P<0 05] and at. 60 |n1n levels hadn'*

T? . values [r(r 44)=o 68 p>o zJ (Flg. 72)

decreased below contro] values (Fig 72)w. F011owing the admfnistrat1onf‘ ,

of CET NA 1evels at different times remained unchanged from control
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Tabl&€ 17. Pharmacokinetic parameters of T and CET {in rat tissues follow-

3749 \\?. 1375

ing administration of T and CET (0.1 mmol/kg each, 1.p.)
: ‘
\ \ . Half-1ife Half-life .
Tissue AyCa of Distri- of elimi- Cmax?
} (nmol/g.min)*  bution («) nation (3)
\ .
/ \ {(min) (min)
\\
r | .
Brain - 7.4t  0.62 12.5 90** 49.5't 7.4b
T . ' .
from  Blood\  15.6 * 2.7 3.5 62 206.9 ¢+ '66.5b
. T ‘ . )
- ’Liver\ 113.9 ¢ 14.9 3.5 >180 2215 t 482.4b
Brain 7.8t  0.73 - 90 22.8¢+ 3.8b
T ‘ ‘ :
_ from  Blood . 8.11% 0.5 14.5 >180 25.1t 4.8b
CET \ o ' : '
Liver.  65.8t 3.8 - 27  .182.8't 48.7b
Brain 1554 % 474 - 15 13.3 ¢ 0.93€
CET  Blood 1525, % 184 - 12 67t 1c
Liver - L 17.5 442t 15.6C

3=mean t S.E.M., n=5-6

*=0-120 min ‘
**=based on brain ’levels up to 120 min
b—ng/g \ R

C=1ug/q

=
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There were.significant time—dependenthchanges in DA levels follow- .

fng T. administration over the time period of study [F(7,42)=14.08,
P<0.001], and levels were Significantiy beiow controi values at é;‘BO;

ﬂ60,590;“120 and 180 min (Fig. 73). Following CET administration there i

were ‘significant time;dependent changes- 1n DA ieveis'qu(7,4i)=5.53,

P<0.001] (Fig. 73); 1levels increased above controls up to 30'min and

' decreased thereafter, but none of these subsequent changes were signifi-

cantly different from controi values.

Foiiowing the administration of T there were ,significant tine—
dependent changes in DOPAC 1eveis [F(? 40) 7.86, P<0.0011], w1th signifi-‘
cant decreases from_S‘to 120 min; by 180 min levels had returned to con-
trol levels iFig. 74). -Foiiowing CET administration.there were also
significant time-dependent differences in DOPAC Tevels [F(7 44) 19. 23
P<0.001], with s1gnificant 1ncreases from 5-60 min and a returntthere-
after to control values (Fig. 78). |

. Administration of T resulted in significant time-dependent changes,
~in HVA ieveis [F(7 ,42)=10.76, P<0<001] they were increased signifi-

'cantiy above controis at 5 and 15 min and decreased thereafter At 120 |

min HVA ievels were significantly beiow contro] values aRd by 180 min;;l

) the trend’ to increase to control 1eveis was c1ear1y evident. Muitipiev‘

mean COmparisons are presented in Fig 75. Foliowing CET administra-'~;&

| tion, HVA ieveis remained unchanged from controi values throughout\the,
time. period of study [F(? 44)=3. 54, p<o0. 01] (Fig 75).

There were significant time-dependent changes in. 5 HT levels foi-,'

~iowing T administration [F(7, 41)= 3.36,, P<0 01] (Fig. 76), and ieveis at

60 min were beiow controi ieveis. Significant time-degendent changes in ‘

5- HT leveis were also . evident after CET administration [F(7 43) 6.04 ;l :
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,P<0.001]; ththis case S-HThleveis at S‘min here highef\than‘control

 values (F1g 76)

Concentrat1ons of 5- HIAA remained unchanged from contro1 valueo"y
from 5 180 min after administration of T [F(7 43) 1 12 P>0 1] There
were," however, significant time-dependent changes in 5-HIAA levels
" after the admin1stratfon of CET [F(7,44)-17.68 P<0.001], with 1evels

~ decreasing significant]y below contro1s"at‘ 5, 15 and 30 min Mandl

lincreasing significantly above control values at 180 min (Fig. 77). "ﬁ

' ’ ¢ *) ' ' .
I. In thro MAO Inh1b1tory Activities of Structural Ana1ggs of TCP

Several §tructura1 analogs of TcP were examined for their abilities
to inhfbit rat brain MAD-A and -8 in ‘vitro py'employing specificpshbr
strates for these'two enzymes. Thevresults-are'tabu1ated in Table 18.
From the data it is evident that (+)- TCcP was more - potent at 1nh1bit1ng
MAO- A than TCP and (-)-TCP, and (+) TCP was more potent than ( ) TCP at

inhibiting MAO-B. Among the analogs FTCP . was near'ly 10 times more'.'“‘-

potent ‘than TCP aga1nst MAO A and -B and 2-naphthy1cyc10propy1am1nef‘p"

*(NCP) was nearly 10 times more potent than TCP at 1nh1b1t1ng MAO A~'
‘cOmpounds such. as 3 4-methy1ened1oxytranylcypromine (MDTCP) 3- tr1-

h flnoromethyltrany1cypromine (TTCP),'and 4-methohyt§any1cypromjne«(MTCP) ':
| were equipotent to—TCP against MAO- A and <B. _N-Acyiation orN?aikyIa;-‘!-f
~ tion in general " decreased the potency,' although the degree of” this |

- effect was, variable depending upon the nature of ‘the sgﬁ@tituent
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"‘Table 18 Effects of TCP and some of its ana]ogues on 1nh1biton of MAO-!\

~in rat. brain in vitro o | y

N N \. o :ICSOH(M);

Drug T © o MAO-AC T MAO-B.
Y(2)-TCP R v U 7.6x10°8 7 9.0 x 10-8
C(+)-TCP ST %1009 6.7 x 108

. (=)-TeP ‘ 9.5 x 10~7 5.9 x 10-6
FTCP . | | S 9:1'x 10-2° " 9.5 x 10-9

N-(2- Cyanoethyl) tranyICypromfne }K%TCP) ‘5.8-;(\10‘7 9.0 x 10-7

3-Tr1fluoromethy1tranylcyprom1ne ( CP) “~f8.4fX'10‘8 7.9 x.10-8

4-HethoxytranyICyprom1ne (MTCP) ™ \\ ' \ 4.8 x 10-8 "7.1°x 10"

. 2-Napthylcyclopropylamine : (NCP) E;s.x_10-9 6.7 x,lO‘8
3,4-Methylenedioxytranylicypromine’ (MDTéP) 8.6 x:10-8 9,2 ;;‘10‘8
" N-Acetyltranylcypromine: (ATCP) . 7.2 x10°5. 1.6 x 10-%

N-Ethoxycarbonyltranylcypromine . (FCTCP) 8.7 x 10-3 S 1 x 10-3

N-Isobutoxycarbonyltranyloypromine. (ICTC ) 9.6‘x.10““ - 8.5 x 1074

N Propargy]trany]cyprom1ne (PGTCP) R \ ‘8,7,x540‘6;, 7.7/x 10-6

‘ . . LNy A\ L -

TN
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i

J. ComparatiVe‘Pharmacokinetic'and Neurochgmfca]‘Stud1es on Tcﬁ.and

Oy

J.1 Tissue levels of TCP and‘FTCP‘after adm1n1strat10n'0fwTCP and

FTCP | _ ‘
B Flgures 78 to 80 show the brain b]ood and 1iver 1eve]s of TCP and

FTCP Peak 1evels of both drugscin a11 “the tissues were observed at 0 5‘

‘hr and the 1evels decreased in a biexponential%manner Peak 1eve]s of.

TCP 1n Bra1n and 1iver were not significant]y different from each. other‘

(P>0 1) but they were each s1gn1f1cant1y h1gher (near1y 3 times) than

‘those in b1ood (P<0. 05)  Half-lives of elimination (}) of TCP 1n the
‘three tlssues ind1cated the fo]1ow1ng order in rates - of e11mfnation

‘.bra1n>1iver>b1ood The ava11ab111t1es of TCP as measured by the AUC E

were s1gn1f1cant]x\d1fferent between brain and b]ood (P<0 01) liver and

-b]ood (P<O 001) but not between brain and’ ]1ver (P>0 3). In quantfta-

t1ve terms“the AUCs of TCP in bra1n and 11ver were approximately 4 times,

;'h1gher than that 1n blood

" Peak levels of FTCP in bra1n and 11ver were not significantly dif-

fferent from each other (R>0 1) but they were significant]y h1gher

(near]y 5 times) than those in blood (p<o 01) E11m1nation of FTCP- frmn”

liver occurred at a sIower rate than in bra1n and blood The avaflabil-ﬂ‘

ity of FTCP as measured by the AUC was not different between brain andd

“fliver (P>0 25) but the AUC in each of these tissues was s1gn1ficant1y‘
°“higher than that in blood (P<0. 001) ! R | |

A comparison of . the tissue 1eve1$ of TCP and FTCP revea1ed that'
FTCP attained higher peak leveIS 1n brain and liver (P<o 01) but not 1nu

'blood (P>0 2) The avallabi11ty of FTCP was also higher 1n brain andl
't‘uliver than that of TCP (P<0 001) but not in blood (P>0 2) 'frqmdthe:
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- pharmacokinetic parameters sumﬁarized,fn Taolg 19, it {is evident that

‘FTCP was eliminated at a slower race than TCP from brain and liver, but
1n blood the rates of elimination of TCP and FTCP were nearly simi]ar

Levels of TCP and FTCP were also examined in spleen, k1dney, heart

and ]ungs at 30 min after administration of equimolar doses, and the

results are presented in Fig. 81. Significant]y higher tissue levels

of FTCP than of,TCP were attained in heart; iung and spleen, whereas in ‘

kidney levels of both drugs were similar (P>0.2).
: , y
J.2 Neurochemical effects of TCP and FTCP

;ﬂ ivo nhfbition of brain and liver MAO-A and -B was determined .
over a 24 hr period fo]lowing the adm1n1strat1on of FTCP and TCP, and
the résults are presented in Tab]es 20 and 21. More than 90b inhibition
of MAO-A and -B fonns was attained within 1.5 hr of administration of
each .drug,' and this remained more or less unchanged over the 24 hr
period .

‘ The: Tevels of PEA, T, NA, DA and 5-HT were alss measured to deter-’
,mfne neurochemica1 effects of TCP and FTCP. Brain, blood and liver
levels of PEA.are shown in ngs 82, 83, and 84. There were sign}ficant
time-dependent changes in brain PEA levels fol1ow1ng the admin1stration
of TCP and FTCP [F(7, 34)=6.53, P<0. 001 and F(7,39)=4.12, P<0.005 respec-
tively] Thesevlevels increased 25 fold over control values by 6 hr
after injection of TCP and had decreased to 3 ‘times controls by 24 hr
After FTCP administration, peak PEA levels of 40 times-controls we e
! obtained at 12 hr 4nd these concentrations decreased to 10 times cgn-

- @,

i»

'trol values by 24 hr.
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Table 191l Pharmatokinetic‘parametgr§ of Tcﬁ and'FTCP in rat tissues

Auca

Half—Tife of 'Half-life of

‘ ‘ Distribution Elimination. Cmax?®
Drug  Tissue (nmol.g-l hr) (a) (hr) -~ (3)hr) (nmol/g)
TP Blood  57.1 % 6.5 1.4 s 112 - 2.1 F 2.0
Brain 193.9 % 15.0 1.0 3.0 70.7 + 6.8
. CLiver 212.0t 24.1 1.0 7.7 64.7 t 4.4
'FTCP  Blood  58.3 t 9.3 0.80 . 94  19.2 t 6.2
 Brain  376.8 % 11.9 0.80 . .. 7.0 . 126.5 % 13.2
Liver 370:2 t 20.5 0.60 . 11.5. 947 % 7.9
(a = Mean t S.E.M., n=5-6)"
‘\"ﬁ:. i Q
.
s \ ‘u\‘»
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In v1vo inhibition of rat brain and 11ver MAO after injectfon'~:
_T FTCP (0 1 nmol/kg, g p ) - .

% Ihhibitionu(Mean t‘s;ELM.,

.n=6‘éxperimehts in each case)."

- . ‘~-B}a;h",vx | - - LﬁverH\
Time (hr) _ MAO-A —  MAO-B . _MAO-A T MAO-B’
0.5 807 3.8 95.9 0.5 . 97.3 2.4 .98.3 % 0.1
L5 . %0.6 t1.8 931 £0.8 954 t1.9 9.5 tiO.l
3.0 86.5 £2.2- 9.1 £1.0. | 96.1.10.5 | 98.3 £0.2
6.0 96.4.%1.1,°9.0 £1.3. 968 £0.5 97.0 0.1
120 90.0 t2.5 95.3 £1.2. - o4 t1.7 9.0 £0.5
16.0° 86,5 % 2.0 91,8 t 3.8 928 0.3 bzfsl.: 0.9
20.0  ‘B6.4 £3.9 868 .£4.2  82.8 £4.2 0.6 ti6
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‘C‘Tab1e 21. . In vivo 1nhib1t10n of ' rat brain and 11ver MAO after 1nject40neu‘ ‘
' ST TCF*(O 1 mmo1/kg, i.p-). | |

% Inhibition (Mean t S. E M., ‘n= 6 experiments in each’ case)

| B © .. Brain ‘ : Liver -
Time (hr) * MAO-A ' mAO-B MAO-A L MAO-B -
70.5, 84,9 $5.7 97.8 £0.3 | 91.2 £ 414, ; 97.2 0.5 |
15 7.4 32 954 107 {92t5'?¥|3;o 97.8 £0.3
3.0 . 92.0 £72.0 9.8 0.4 ' 93.8 t1.4 934 £2.6
6.0 9.3 $+1.3 958 0.7 . 955 £0.3 9.5 0.8
12.00 f93 2 t'd,s 94.0 £1.0 . 95.1 t0.5 96.5 & 0.3
16.0 as.g "£3.0. 916 0.3 836 % 113‘e 91.4 10.5
24.0 © 90.2 +3.7 934 t0.8 . 8.7 0.7 | 91.6 £ 0.6 -
-
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Significant time-dependent changes in biood PEA leveis ‘were
”,observed foiiowing the administration of TCP and FTCP [F(7, 26) 88 24 :
| v

P<0 001 and ‘F(7,38)=6.59, P<0. 001 respectiveiy] Foi]owing\TCP admini-_

stration PEA levels increased to neariy 30 times controi 1eve1s within'"

10 5 hr and decreased to about 4 times controi levels by 1 5 hr. and to "

approximateiy controi ievels by 12 hr (Fig 83) After FTCP administra-
' ~tion, blood PEA 1eveis increased gradua]iy, and peak ieveis near]y 20i

: times controi ieveis were attained by 3 hr even after 24 hr the ieveisp;.
were 6 times controi 1eveis (Fig 83) - _ |

- Significant time-dependent changes finl iiver PEA ieyeis were
| observed after the administrat\ion of TCP ér(7 34) 6.06, P<o‘ omj] Aahd. |
FTCP [F(7 35) 3 82; P<0 05] Detaiis are. given in Fig 84 | Peak PEA

ieveis that were neariy 20 times controi 1eveis were attained at 6 hr‘

, rafter TCP These decreased to neariy 6. times controi vaiues by 24 hr.

l hr‘ o l. I ‘w .“, : | ‘ “ . I.. . | ) \ | ."

. Peak PEA 1eveis after FTCP treatment were neariy 40 times controi vaiuesf

"'at 12 “hr and decreased to approx1mateiy 13 times controi vaiues by 24‘

\

Leveis of PEA in rat tissues 30 min after administration of TCP and‘w’

“5L“FTCP along with control\ieveis are presented in Tabie 22 ',inues for;,hf

i;ﬁPEA in controi tissues measured by TLC HRMS (Philips, 1984) are inciudedi E

‘ .,rin this tabie for comparative purposes.‘ There were marked increases in}tf;
‘ii;ruPEA concentrations in aii tissues after treatment with TCP and FTCP.. ‘}E “
. Leveis of T in brain and iiver are shown in Figs. 85 and 86.\ Thegupg

“"“percentage increases in T ieveis in comparison to controi vaiues were?

" higher- than with PEA leveis._ Hith the present method of anaiysis of T,

"iijifcontroi ieveis couid not be accurateiy quantitated in any organ but theyi;li

were <1 ng/g. The reported ieveis of T in rat brain and 1iver are 0 Sfjﬁg

¢ .
: Do Te e K et v : - B '
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. B ) '

‘ ‘and 0 7 ng/g respectiveiy using a. high resoiution GC- MS procedUre ‘

(Phi]ips 1974, 1984) ‘Peak 1evels that were near]y 200 - times these

: contro] leveis were attained in brain 1.5 hr after TCP administration o

These decreased to about 20 ‘times controi values by 12 hr after which'

vthere was & marked decrease in T 1evels At 16 and 24 hr T couid be-

| detected in only one brain in a group of 4-6. Aften FTCP‘administration' )

brain T 1eveis attained a peak at 3 hr (comparabie to peak levels. after

‘TCP), and by 24 hr the 1eveis were neariy 18 times contro] vaiues

The increase in ‘T 1evels in Tliver was more pronounced than in

“5Abra1n Significant time dependent changes in liver T 1evels following

| the administration of TCP and “FTCP were- demonstrated [F(6 27) =4. 69,
P<G 005 ~and F(6 33)= 6 37 P<0 001 respectiveiy] After TOP peak T
levels were near]y 285 times’ controi va1ues at 3 hr and decreased to

,nearly 18 times controi vaiues by 24 hr After FTCP, peak 1evels\repre-

‘senting a 180 foid increase over contro] levels were attained at 1. 5 ‘hr;

‘ by 24 hr these concentrations had decreased to- nearly 50 times controi. ’
‘ vaiues Because of the prob]ems with sensitivity and interfering peaks,h -

f"\'a comprehensive investigation of T in blood sampies was not possibie

Brain hA DA and 5 HT 1eveis are shown in Figs. 87 88 and 89; .

A‘There were significant time-dependent changes in NA leveis after therf

:;'administration of TCP and FTCP [F(7 32)=42 44 P<0 001 and F(7 46)-1fj

27 87 P<0 001 respectivelyl Following TCP administration NA levelsvl

S decreased beiow control 1eve1s at 0 5 and 1 .5 hr (P<0 05) but increaseddf@

‘significantiy above the contr01 leveis steadiiy after 3 hr (P<0 05)‘§§f

RN ff:by 24 hr the levels were about 1 6 times control 1evels After FTCPQTF

s
evt o

'=iinjection, NA 1eve1s increased significantly above control ievels only'il
“ffafter 6 hr and by 24 hr th?y were nearly 1 5 times controi 1eve1sfi-
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‘ S1gn1ficant time—dependent changes 1n brain DA leveTs after the admim‘- |
| stration of TCP and FTCP were noted [F(7 32)=25.44, P<0. 001 and F(7 46)-
- “.'8 09 P<0 001 respectively] FoTTowing TCP administration DA levelsf
'_1ncreased to nearly 2. 4 times contro] leve]s by 3 hr; by 24 hr controlt l
' "'Teve'ls were obie_rved Leve]s at’ 3, 6 and 12 hr were significant]y above"
contro]wvaTues After FTCP, peak DA levels at 0 5 hr were about 1.5
btimes‘ ’contr_o‘T'. Jevels and remained well ‘above the control .levels even
after 24 n‘r' (p<0.05). - e R
o There were sigm‘ﬁcant time dependent changes ‘in 5. HT 'leve15 after :
the admmistration of both drugs [r(7 32)=24.83, P<0.001 and F(7 46)= -
736 09 " P<0. 001 respectively] LeveTs of 5- HT 1ncreased to nearTy 3
" times control Tevels by 6 hr and had decreased to 1 7 times contro]
»'va1ues by 24 hr - after TCP treatment LeveTs of 5 HT over the entfre 24\?
hr period were sign1ficant1y above the controT vaTues (P<0 05) a Injec—
?tfon of FTCP caused 5- HT Tevels to increase much more slowly, peakﬁ; '
levels at 16 hr were near]y 2 5 times control vaTues and by. 24 hr the '

e ;j'levels were approx1mate1y 1 6 twmes contro] vaTues Leve]s from 6‘to 24;

'riifﬁ_”'arrhr were signif1cant1y h1gher than control values.‘.. R [354§9

| ﬂ%}K:,"Pharmacokinetic.andieurochemfcaJTStudies'bn:pchpdj'

Lo

The N propargy] analog of TCP i }xamined as a. possible prodrug of“f@ﬁ

_ ‘fit‘:the MAO-inhibiting antidepressant CP 4 ‘vitro data on 1nh1b1tfon °f\:;ﬁ
rvT“f?MAO (TabTe 18) indicated that PGTCP was approxfmately 100 times and 855ftr
';f}féfrtimes weaker an inhibitor of MAO-A and -B reSpectiveTy, than was TCP'g;gf
'Tjsfrﬁ”ifLevels of PGTCP and TCP were measured in rat brain,.blood and liver andi?h”
‘ "’“;nlpfthe effects of PGTCP adminfstration on Tevels of PEA NA DA and S-HTPfgl

RS
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Table 22.. Leve]s of PEAa in the tissue of control ‘rats and 1n rats
C treated 30 min previous1y witn TCP and FTCP (0 1 mmol/kg

1 p each)
.
. Control .
‘ " Levels
. oL R Using

Tissue . ‘Controls o TCP-Treated ‘FTCP-Trea;ed : TLC-HRMSP
Blood . . ‘2. 5 $0.31° 777t 7.8 11t 27 1.9
Brain 1.9t 0. 36 28.5t.2.9 54, o t 10. 9 . 1.8
Liver © . 3.2%0.48  54.6t 8.4 88.2 % 25.0 2.0

lung . S1tlez  203% 31 0 1491 2. 1 40
;'.Kidhey“_l}' 22.0 £ 1.6 ‘_4‘,“i41Qé $31.3% 46,i'¥ 2.8 205

Heart 34177 8t 25 206t 3.0 . 57

”splegn,_j‘ 3811 188t 13 st 33 47

. “Aa-ng/g, mean t S.E.M.,.n=4-8° ;. . -
- bzpata from Philips (1984) o I SO ‘
" *=different from FTCP-treated group, P<0.05 (significant differences 1n
brain, b]ood and liyer PEA Tevels between TCP— and’ FTCP treated groups
are presented in F1gs 82- 84). ,

w,w

- - -
; .
N
} ‘ o
£ o .
o
H»V' ‘..



[+ 0] - l— . - - ‘ ST z - - ,_f, »‘n . . - B ,ﬁv =z mw i e
S (sdnoss Buzb-gé 0Ky UdEMYBQ $92URIaY P 28:_&: a3eatpup’ so 05 dewns “100°03d=da
“60°0>d=«)  '(50°0=v9) A{3A}323dsau 44 0" 9c pue o 91 ‘0° Nﬂ ‘0° o ‘0°€ ‘ST “s 0.0 um S1aA9{ -
WOJ4 S3IUILISS P JuUed[JIUBLS Ijed|pur H pue 9 4 ‘3.0 %0 ‘8-v sadyaasaadng Amx\_.oEEa R
- 170) autq pue dil 4o coﬁmbm::svm Lmtm G m U w S 3 ueau .m\m_: mew>w~ <wa Em.s umx ,.Nm m£
- - : . o A . )
: oo ) aNIL o
: ©ooov@ 09 02F, 08 -T0€E . & g0 0 ‘.,‘o
. - 7, T B 705 el M S
‘ T4 \ \f Z ZEEZ L
. o \ \ \ \ PR
’ : \\ x “ Z BN LR
s B -] ‘om‘.
21| 7] .
\ : \a L - tor
. a5 \ \ qor.
\ ; y 3 - ] 1. =
: . sz Z 1 . 105 - -
- : ™ > N S
= , M . <1 09 : - . W
; : . Aas- T T
\/\w : L . 2(.. ] s
S - - 6. dIld H3LIV
s > 18.& ST VIE
.1/ - : - B AR s S
, N : Jorr Qo._. H3LAY .
\ < S <ma R
T o2t : .
/\ , a\ms .ﬁw>w._ .
S . M ‘. . ) ,w . w u,.v. .. _




239 .

Nm 614 03 .:c..t muatufoa:m pue m:o.SSoc ZuSmZSm 40 4

1 ov QUHu pue: au» 40 UOjIRAIS|ULWPR 4IYR (9-G=U ‘W 3'S

.
-

o
o

gmx\_9==
§ ueaw .m\mcv m.w>w_ <wa voo_a ey

&
[

>
@
9}
m
n
Q
I

. \\\

Q

NUINTERIRRRRRNRN

HOJ l

a>d

as
4
2

|
. aUFm mmpu< N_mu‘.

: “lcm CSTAI VAd L

106 4oy mwhu< ;n‘h\
m4m>m4\ama S

. ‘o v2
_ - M @
0.
| e
‘

3\

"

-.
& -
9
m
u)

mJu>w4°oﬂ.,_u SRR

= - zs P -
I3 -
N - - .
< v
- B _ F

‘mm mvu




240

I3

v

‘28 bid03 L&E,ﬂuiuf&_zm pue mco:wuop 18243513035 o4 *(6y/(omn . .. |
1°0) dJLd PUR.dOL 4O UO}IBISLULWPR 43348 (9-G=U ™ ‘‘W'3"S ¥ ueaw ‘6/BU) S|dA3| VId 49A4L IRY ‘$8 614

. o o : (JUL3WIL L
0°v2 . 0°9T o2t 0°9 0'e . . o . )
R T B . T RS : 6 . :
% \ \ . \ m o
- . B B 7 b
21 0o |
b b \ \ o 40S .
‘ & 7 {s¢ .
< » IF .
) , - : 1 6or
| T, | {set- .
\ : o5t "
- : “ ‘, - ymnﬂ‘ R STy
> . . ) Quhuﬂﬂm.ﬁud .‘ . o .
L g  Joge STIAITWIS
‘ - . - 2277 ,
B « - 1522 431 WALV -
q s3IV . .
. . (6760) 513ATY © a
\ y y .
e o . . :
. : N ] . ,



28 ‘614 03 Lmumgﬁmuupgumgmaam pu® SUOLIRIOU (BI}3S}30IS 404 *(63%/ouny

B

’

[°0) dJ14 Pue gJL 4O UO(IRJISLULWPR 43}4@ (9-G=U ‘°*W°3°S § ueaw ‘6/6u) s(aAa| | ujeaq 3eY- °6Q 614

&

L

0°ve

o -

09y

(4u) 3T L

0E - S S0 O

NANANNNNNN
N -

&
'——_—-—-——-
‘o
4

HO

HOd438
1

0

st

Sr
09

6L

06
50t B3
. ddild U314V - .
021 wa)MJ T . )
2274 :
SEV " dJl Y313V
e muw>w|_. .-
0s1 . o Ly

s



. 242

1°0) dJl3 Pue 43I 340

28 '614 03 43494 s3diuds4adns pue suoy
UO{IBJISLULWPR 4948 (9-G=U ‘'W°3"S

-
. e
- Pl -

1030u (€94354303S 404 * (6%/(ouw .

ueaw ‘6/6u) S(3Ad{ L 4aAp| ey ‘98 ‘644

) (W) 3WIL h |
i G0 0 . - .
o . q
= , qse ” g
S s , .
. B £ AR J
| 7 | o s
. 1l oor .
| . \ ) dgar - -
} - N T Ts ca ) * ’
- \ R 105t < . : .
. - e ”w ,
) { 002 , mmmmuw .
L ez 9313 H3LIV -
. SETER I o
- 052 Zzzz : L
- : {siz <31 w3Lav |
- - STE3AI AR
‘ (6760) 513A31 T



NN

()
%2

| £
HO4 (- o li’
N~ ~
HO4328YV
3 ?
HO4 .“ 0
, ‘ " uogaovF::Stkgb\» N~
’\6\ HQl:l : n
ED LRI NN\
gil ~ HD4H o
o R wnitt N\
3 R 3 a = &. ® =
o Q. « oLt B
>IN >a ,
FEINEE :
W o Tl .
. o .’

©

levels - after -

For statistical notations and superscripts

“mean t S.E.M.,
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refer to Fig. 82.
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’ fwere»nearly 4 times and 10 times higher than those in brain and blood_' :

3 ewere undetectabie beyond 12 hr.}, The AlC values indicated that that}ifi

’=7L1n Table 23

L \;"g}y-- N

'were"examined In vivo inhibition of MAD-A and -B in brain and Tiver

,over a 24- hr period was aiso studied

286

k.1 Levéls of PGTCP and. TCP. in rat brain blood ‘and liver\foliowﬁ .

*'ing the administration of PGTCP .

" Peak Tevels of PGTCP were observed at 0.5 hr in all three tissues' e

(Fig 90).  Peak levels in liver were nearly 25 times higher (P<D 001)°

and 8.5 times higher (P<0 001) than those in brain and blood. reSpec-

'tively Levels in all three tissues decreased monoexponentially and theﬂ
.elimination han-Tives in aT] the three tissues were similar (Table
23). Leve]s of’ PGTCP were not detectable beyond 16 hr after administra- o

- tion * The availability of PGTCP as measured by the " AUC was 51gn1f1-~'

cantiy different between brain and liver (P<0 001) brain and. biood‘ :

e

(P<0 005) and biood and Tiver (P<0 OOL) In quantitative terms the -
: availabi]ity in liver was nearly 18 times and 10 times higher than that
I"in brain and blood respective]y “.

The dealkyiated metabo]ite of PGTCP namely TCP, ‘was. also measured"
in these tissues and the Teveis are. presented in Fig 91 Peak Tevels :

iof TCP “in these tissues were observed at’ 0 S hr. The TeveTs in Tiver -

respectively-(P<0 05) Levels of TCP decreased with similar han—Tives .5

i ;pectiveiy. The AHC of TCP in brain was a]so significantiy higher than-?ﬁ

}in bnain b]ood and liver and In aTT three tissues the leveis of TCP;;ffe

»

’,'favailabiiity of TCP in 1iver after administration of PGTCP was near]y f~\?
_ 2’ times (P<0 001) and 5 times (P<0 001) that in brain and b'lood res-‘ , ,

‘”hrthat in blood (P<0 001) The pharmacokinetic parameters areﬁsummarizedi_ﬂ;;
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‘ chontroi vaiues

e

‘The in vivo inhibitich of MAO-A and -B in brain and liver after

\, RS , o
PGTCP treatment‘is‘presented'in‘Tablei24. In brain and liver nearly 85%

'inhibition.ofoAO-A and -B was attained by 3 hr (although'MAO'B'inactirA

~ation appeared - to. be faster) and by 24 hr nearly 75% of both MAO A and.”‘

-B remained inhibited in brain In. liver, inhibition of MAO A was

neariy 60% at 24 hr, with MAO B inhibition around 78% of ‘the contro]’

‘level at the same time interval.

)

K.2 Levels of PEA, NA, DA and 5-HT after PGTCP administration »

There WEre 51gn1f1cant time dependent changes in PEA leveis in,

2

" brain and Ttver [F(7,38)=39.87, P<0.001 and F(7, 39)=31.96, ) res

pectiveiy] ' Leveis of PEA in brain biood and iiver are presented in |

pR——

Fig 92 Peak 1eveis of PEA 1n brain at 1.5 hr were neariy 8 times the ‘

.....

| controi vaiues and had decreased to controi vaiues by 16 hr. Peak
;ieveis of near]y 14 times controi vaiues were observed in Tiver at 3 hr,
" and these decreased to cOntrol vaiues by 16 hr Blood concentrations of

'PEA after administration of PGTCP weée)not significant]y different from

-

of

The findings with NA DA and 5- HT are presented in Fig.v93 There

'were significant time-dependent changes in 1eveis of aT] three amines

[F(7 45) 78. 10 P<0 001 . F(7 44) 3. 44 P<0 025 and’ F(7 45)'34 48

’ “t’fcontroi leveis at aii time intervals from 1 5 to 24 hr whiie ievels Of

"=f‘increased to controi ieveis. Significant elevations of 5- I were

_g.,-

iihrfgobserved from 0 5-24 hr and peak ieveis were attained at 6 hr.i Leve}s

: N
,,of the trace amine T couid not be\ac:ggately measured because of sensi-
,7 e N . . P i . .
: f;,tivity probiems. AN R GENR o
- . TRELY B PR R

B N -

~ P<0. 001) respectiveiy] Leveis of NA were increased significantly above :

- DA decreased significantly beiow contr01 levels at 0 5 hr and thereafter .{
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. mean 't S.E. M.. n-5-6) after adnnnistrétion of PGTCP (0 -

N4

_‘ o

F'lg. 90 Rat brain (u)

mto'l/kg, f P) [P T AN Y




5000-

R
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' Tab]e‘23: Pharmécokineticjbaraméigrs'o?‘TCP‘ahd PGTCP:?n‘rét‘tissﬁesix

‘Dfug Tfssuéf

S Half-1ife of :
: Auca * Eliminatidn - Cmax?
(nmol.g=1 hr) .~ (3)(hr) - (nmo1/g)

. Bfajn
TCP
from . Blood

Liver

*“grain

“PGTCP Blood -

CLivert

7.6 ¢ q.és** B o200  ‘* 2§49 £ 0.41
i9t0em . 30 0.87£0.04
19.5% 19wk R X R 9.0 tj0.76 
a.8to0.42r 1.5, 1.9 £0.29
8.2 0.92% "Ld"‘ f'&m&q3§

Y885t 7.agx . al2 497 40

=mean't S.E.M.

*=0-16 hr

. **20-12 hr

1

- &
An=5-6) ‘

A
-y
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Tab]e‘24: Inhibition of rat brain and . 11ver MAO 1n v1vo after 1nJect10n
‘ - of PGTCP (O 1 nmo]/kg,‘1 -p. ) , .

% Inh1b1t1on (Mean t S E. M N= 6 experiments 1n each case)
o : Brain * : ; Liver. =
T1me (hr) K MAO-A ~ MAO- B . ) MAO A MAO-B

eo;s 731 £3.0 \93.6 LtiQ.Gl 7518 tvlia"‘ﬂgo}ef-t 0.50
1.5 4.8 2.2 . d0.1 t 1.1 S 83.3 ¢ 2.0 ,92-2 ¥ﬂo;23l
3.0 848 2.0 © 9.0 £043 8772020 9.3 0.2
© 6.0 891 t12 95.5 t 1.4 89.4 £ 0.9 93.4 0.0
12.0 : '85.1J‘tj;.o f 93.6 teoes.-f‘]‘ﬁeq,§‘ £0.80. 88.0 % 0.32
16.0  82.6 1.1 9.9 £ 1.0 ‘e“lze.i }1}3;v-e$.;t o;Aqli
24.0 . 75.2 t1.5 84.@, +1.4 '455,6' £1.5 . 78.0 % 0.83 B

o .ll .
i . .
' :’.'.,,v ‘ . N . .
M T g

“im
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L. Analysis of PLZ in Rat Brain and in Patient Urines’ by Extractive
PentafTuorobenzoylatioh

- [N

’; (\\‘ ! ' . “.\ ! ' \
£ .
N Rat brain 1eve1s of the MAO inhibitor PLZ 1, 2, 4 and 8 hr after

| -administraifon of 15 mg/kg PLZ were [ng/g, mean * S.E.M. Ln)] 45, 4 't

9.7 (5§, 35.6 % f 3(5), 27.1 ¢ 3.5 (9), and 15.8 2.7 (5)° r‘eSpec- |
-+ tively. Brain Tevels 4 hr after 30 or 60 mg/kg PLZ adminfstration (dose
based on freé base) were [ng/g, mean t S.EM., (n)] 73. 7 t 17.2 (5) and
-150.1 4 40 2 ﬂS) respectively. In 13 patients receiVing 15 mg of PLZ

sulfate t.f. J for 2 weeks, the mean extretion of PLZ in 24 hr urine |

samples was 1211 t 356 (mean % S.E.M.) g/24 hr urine. -
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IV. DISCUSSION

A. Rat brain, blood and 1iver levels of PEA and its prodrugs

o

As mentioned in the Introd&%tion (see Section 1I.L), one of the

primary objectives of the project was to investigate the use of analogs

of PEA and T as possible prodrugsfof these amines. It was hypothesized

that these N-alkylated analogs ' would result 1in elevated, 'sustalned

levels of PEA or‘T‘in brain wlthout elevating other blogenlc amines such.

as the catecholamines or 5- HT In order to provide a comprehensive

A

compar1son w1th the parent amines (PEA and T), these parent amines were

- inJected 1ntraper1toneally in other groups of rats and the levels of PEA

or T in brain, llyer and blood as well as,brain levels of the catechg}-
: ®
amlnes and 5-HT and their- metabolites were -compared to those found 1in

the rats wh1ch had been treated with the potential prodrugs.

\

-

A.l T1ssue levels of PEA after administratlon of PEA

Administrat1on of PEA resulted in marked 1ncreases in tissue levels

- of PEA, with peak levels in| all three tissues occurrlng aflS min (Flgs

"‘33-35 The profiles in blood and brain were simllar whereAS in l1ver'_

Al

peak levels were lower - than those in brafn and- blood and the rate of .

~‘decline of PEA levels was also much sléwer. Peak levels of PEA in braln

E at 5 min jndicate its rapid entny lnto the brain and 1ts ability tQ;‘

eecross the blood-brajn barrier with relative ease. ~ -Nakajima et al.

’1

(1964) observed that PEA lﬁvels 1n MAO 1nh1b1tor~treated rabbit brains «

.L exceeded the plasma levels %t 5 min following PEA’ 1nJection (10 méﬁfﬁ.‘ |
' . '_rmined the‘bratn uptake index (BUI) of PEA-'~

. e"‘ '
’P *3:' Ly . 'I, ‘u('.. B ‘;' ‘a

-~
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Al
Y

to be 67 compared to 100 for [3H]-H20,'1ndicat1n§ rapid penetration into

‘brafn. Significant levels of [14C]-PEA in brain at 15 sec following PEA

administration (intracarotid infusfon) were observed by Greenberg and

Whalley (1978). Wu and Boulton (1975) réported'peak levels of PEA at 5

. min fo11ow1ng-i.u. injection of PEA. In contrast tovthe above reports

1nd1cat1ngvrapfd entry into brain, Edwards and Antelman-(1978)_reported

‘peak ‘PEA levels in brain 20 min after PEA 1nject10n'(100 mg/kg, i.p.)

\ and Cohenﬁet al. (1974) found peak levels of PEA at 15 min in brain and

at 5. min. in blood and Tiver following PEA administration (40 mg/kg,

1.p.). These ' two reports are at 'variance with the known 1ipoph111c1ty

and rapid penetration of PEA across the blood brain barrier.

Following: a marked® trans1ent increase ‘PEA levels in brain -and

biood decreased very rapfd]y and at a slower rate in liver. It has been

reported sthat PEA {s.an excellent substrate for MAO-B .enzyme (Yang and

Neff 1973) ‘Wu. and Bou1ton (l975)'reported detection of bhenylacetic~

. acid (PAA) as a majpr metabo]ite of PEA in various tissues and urine

.  fo11ow1ng PEA administration without any MAO inhibitor pretreatment

-

'IM-’ rapid decline ‘in brain’ PEA 1ev cou'ld be due to rapid metaboHsm :

:

and/or redistributjon into‘uaridus’tissues ' Althaugh PEA elimindtion in

‘brain exhibited a slower e11m1nation phase (3 fo1low1ng a rapid elimi-

_nation phase (a) the f—phase would be of 11tt1e pharmacokinetic mpor-

f{,tance sinée ‘the rapid decline phase’ accounted for ‘more than 90% of the

"to’m pEA a‘vainmeto--brani. Cohen et"a'l-.'(1974) reported a ih‘a1f-nfe

of less than 15 min 1n brain blood and liver with no traces of- PEA in

{

these tissues at 30 min fol1owing a 40 mg/kg (i -Ps ) dose. In a study on}

Ff PEA levels *n rat tissues 30 min after‘an 1.v. inJection Hu and Bou1ton

5;(1975) reported recoverug§? PEA only after MAO inhibitor (PAR) pretreat-

G . B CoAN
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ment. Edwards and Antelman (1978) reported detection of small amounts

of PEA in caudate nucleus and the rest of the brain 60 min after injec-

tion of 100 mg/kg (f.p.). A first-order decline of PEA levels in brain

in the presence of PAR was found by Wu and_gguiton’(1975); there was a

seemingly multiexponential decline in thelabsence of PAR, and the half- .

1ives of PEA werevapproxihateiy 40 min in whole brain (assuming a linear:

decline), 1-5 min in different brain regions and 27 min. in liver.

Shannon et al. (1982) reported a half-1ife of 5 min for PEA in dog
piasma at a dose of 5.6-10. 0 mg/kg (i.v.). In the abové cited reports
PEA ieveis ‘were not monitored for 1onger times to characterize the

slower;;Jﬁmination phase as was done in the present investigation "The -

3 value of PEA obtained in liver agrees with that repgrted by Nu and(

kY

Boulton (1975).  Recently, Garcha et al. (1985) observed . roqte of

. s
administration-dependent elimination kinetics of PEA in cat Shandon et

(1982) reportéd an increase in half-1ife from nearly 6 min at a dose :

of 5.6 /kg (i.v. ) to 16 0 min at a’ »dose, of 17 5 mg/kg (1.v.) (P<f

ooon. . SRR S

A preiiminary investigation in our laboratories of rat brain and

a

1iver levels of PEA at 5 and 15 min after i.p.‘administration of 0. 05 .
mmol/kg of PEA showed peak leveis of PEA in brain and liver yhich were -
significantiy lower than those expected from the 0.1 nnnl]kg dose data.'f

These data ‘s‘gest that PEA exhibits noniinear kinetics as weH as route

. r

in’the present investigation and thbse repo

be due to differences n doses employed and lin ‘the route of administra-f»"

‘of administration-dependent kinetics.u The differencés in kinetics seenlifiﬁff

ﬂd earlier cobid possibiy S

FT ,»‘qbv-‘
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Interestingly, peak levels of PEA in 1fver were lower than those

seen in brain and b]ood (Figs 33735) Liver contaimﬁ quantitativeiy
higher MAO activity than brain (Gorkin 1983) :Nd PEA‘Lduld be expected
to be rapidly metabolized in liver. - Kinemuchi 't ai (1982) reported _ .
time-dependent MAO inhibition at high concentration; f PEA and this
“{nhibition was shown not to be due to any of the deaminated metabolites

of PEA. Very high ieveis of PEA available to 1iver after o admini-

sthation might saturate and/or inhibit MAD, leading to rapidﬁpassivé
diffusion of avaiiable PEA to other tissues The siower elimination of
PEA from 1iver despite the presence of higher MAQ activity and seemingiy
lower initiai PEA 1eveis (in contrast to- brainpand biood) suggests some
form of enzyme saturation and/or inhibition ‘ Despite the_ differences in'

: peak concentrations and rates of e]imination of PEA fr0m brain blood

I ~and liver in the present study, the totai overai] avai]ability over the...
R time course studied ‘as measured by AUC was not different between any
tyo tissues (Tabie 8) E S »,vf ' cfnsi .
’ A
.*ﬁé‘ o A 2 Tissue leveis of PEA and CEPEA after administration of CEPEA -
?fﬁ ‘y» - In contrast\to the transient increases ih PEA levels after adminis-,

p tration of PEA, CEPEA administration caused more gradual and sustained |
ﬁ'Y" increases in PEA leveis.» The PEA formed from CEPEA was eiiminated more
| i slowiy than PEA after PEA administration in brain and biood but not- in

'éiiver (Figs. 33 35 and Tab'le 8) AnaPysis of PEA ievels in brain aftgr.'.‘

f; administration of an equimolar dose of PEA and CEPEA indicated a signi-?;;'1f

CEPEA) [F(l 75)=18 64 P<0 001] and of time [F(7 75)=56 30 P<0. 001] and'uf

N 1
a .V) :
o “‘Ax‘. [4 R l ;
A I T RO e T T

ficant difference between effects of drug treatments (i e., PEA andﬂfff*}

a sianificant interaction between drug treatment and time (indicative:of'}w*;;



PEA administration provided higher ieveis than CEPEA treatment;
"(P<0 001) These statisticai significance tests were ampiy reflected in-

"<f:5ustained e]evations of PEA 1evei§ and/or decreased rate of eiimination;,'-‘

H,;fment with PEA. itseif cOmparing the overaii avaiiability of PEA inj

,'fﬂwnot in . brain or b]ood However, the pattern of the increase in PEA;§'”‘
w'“ieveis in brain and biood was much'different after CEPEA administration;ﬁ
' -with more consistent relativei

"‘.after *CEPEA than after PEA.
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“fdifferences in concentrationétime‘ profiTesi' (F(7, 75)=50 18, P?OJOOIJ

Administration of CEPEA gave significantiy higher PEA levels in brain‘
than did an equimolar dose of PEA at 15, 30 60,90 and’ 120 min (P<0 05),

and an opposite effect was seen at 5 min (P<0 001) In iiver equiva—

‘Tent anaiyses indicated a significant difference between effects of drug“i

treatments [F(l 80) 338 51 P<0 001] and of time [F(7 80)=83 05

-P<0 001] and ‘a significant interactjon between drug treatment and time

[F(7 80)=42 66, P<0. 001] Injection of CEPEA produced signf%icantiy :

‘higher PEA ieveis in Tiver from 5 180 min (P<0 001) than did an equiva-ﬂa;“

1ent dose of PEA.  In biood there was‘a significant difference in ‘

~effects of drug treatments [F(l 80) 5. 33 _P<0. 025),.a significant effect
“of time [F(7 80)‘21 54 p<0. 001) and a significant interaction between
'drug treatment and tine [F(7, 80) 14 83, P<0 oo1] ‘Administration of ~ -

'CEPEA resuited in significantiy higher PEA ieteis in biood than did an

equimoiar dose of PEA at 15,30, 60 and ?0 min (P<0 05) whereas at 5 min; L

“of the PEA formed from CEPEA in comparison to ievels seen after treat-ﬂ o

Nc.

brain blood and iiver after administration of an equimolar dose of PEA {ﬁ-f

' 3f‘and CEPEA CEPEA caused significantiy m0re PEA availabie in iiver but{;ﬁﬂ*

‘§}sustained eievations being attainedf?

- BOth the 1" V1t'° ‘“d ‘" V*VP MRO inhibition data"Tabie 13) indirn'mjﬁ’
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“”cated csptAi’to be & weak MAO inhibitor, and a’ contribution of MAD
inhibitiOn to the elevations of. PEA levels could be ruled out. ‘The.data
obtained indicate that CEPEA‘undergoes‘metaboliC‘N-dealkylation to‘yield ;A'
PEA, thus acting as a prodrug Such a dealkylation reaction for severali
" N- alkylated phenylethylamines has been shgwn to be mediated by the- cyto-
- chrome P-450 enzyme system (Duzfan et al. v1985), although dealkylation
: by MAO cannot be ruled out for certain Interesting differences were
observed in’ ‘thé amount of PEA formed from CEPEA in the three tissues
studied Assuming the ratio of the AUC of PEA formed from CEPEA to. thatf

.

of CEPEA as- an index of the extent of N- dealkylation in each tissue the"'

‘ percentage fractions were 6 3 34.3 and 13 8 in brain liver and blood

S Y~
@

"respectively Becaﬁke of the limited metabolic capacity of blood most_f
of the' PEA in. blood is presumably due to PEA formed from CEPEA in liver.§”

Preliminary studies in which CEPEA was administered to rats at’,'f‘
¢

doses of 0.1, 0.2'and o 4 mmol/kg (1.5 2), (Table 9) clearly indicated a .

1

fairly linear N-dealkylation following acute administration. ThlS would'f'f\"
v s

“Trdicate ‘the possibility of employing higher doses of CEPEA to eievatejﬂf%r*;

PEA levels wﬂthout saturating metaboliC~enzymes.‘5¢'~w~5“

faf ‘y5_f7;\§Th€ distribution of CEPEA into brain was fairly rapid and: the con-»5;f”iii
O & £ . ]
:;nj. centration-time?profiles in brain and liver were superimposable (Fig

WoLn e
NS

36) alth0ugh ‘the availability in liver was significantljihigher than fn#gﬂ,t*%

| h"brain.; In both organs. following a rapid decline phase, CEPEA. wastﬂi.s;ff
eliminated slowly Such a rapid distribution followe& by slower}pﬁf"dn"

911ml"°tl°" WGS °b5€rVeﬂsearlier for 2-N-phenylethylaminealkanenitriles:i

in-a scintigraphic study in dog GNinstead et al., 1978)
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A.3 Rat t1ssue 1eve1s of PEA and CPPEA after administration ofu.‘

”CPPEA

‘ ,*_-Statistical analysis of PEA levels'in brain (F1gs. 33 and 37) .fter'-,
an equimolar dose of PEA and CPPEA 1ndicated a signtficant difference
,between the effects of drug treatments (1. e PEA and CPPEA) [F(l 80)=
48. 76, P<0. 001], a significant effect, of t1me [F(7 80)=62 04, P<0 001]
and a significant 1nteraction between drug treatment and time [F(7 80)8“hv
61. 47 P<0. 0011 in b:a1n Adm1n1stration of CPPEA provided signifi-'
J’cant]y h1gher PEA levels “than did an equimo]ar dose of PEA at 15 30‘
| 60 90 and 180 m1n (P<0 05), whereas PEA treatment gave significant]y
‘higher 1eve1s than CPPEA treatment at 5 m1n (P<0 001) Eq%gva1ent ana]~~’
.‘ysis of PEA 1evels in b]ood (F1gs. 34 and 37) 1ndicated a significant[
' 4;r d1fference between the effects of treatments [F(l 80)= 20 01 . P<0. 001) a
s1gn1f1cant effect of time [F(7 80) 18 21. P<0 001] and a significant/’
l‘interaction between treatment and time [F(7 80) 17 74 P<0 001] Injec-'f wfbff
."‘tvon of CPPEA resulted 1n sign1f1cant1y h1gher b100d PEA 1evels than didrl;;?;ﬁi
.an equimolar dose of PEA from 60 180 min (P<0 05) whereas PEA treatment,v

L ~gave higher PEA 1evels at 5 and 15 m'ln than did CPPEA trea;,fentffi
SR LN e
‘*M’(P<0 01) Similar anaT?sis of PEA levels 1n liver (Figs 35 and 37);'59 o

‘ ‘-;‘indicated a signiffcant difference‘betweenythe effects of drug treatment‘”ﬁf*fia
: }ff‘[F(l 80)=zp 12 P<0 001], a significant effect of tfme [F(? 80)-62 51 RH e

‘~i15P<0 001] and a signifﬁcant;interaction between drug treatment andwfime13p

*‘v'_‘}[F(7 80)-12 67 P<0 001] Administration of CPPEA gave signfficant_yjj,
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‘ Fo]iowing the administration of CPPEA PEA ieveis increased weil‘”

B above contro]s and these ieveis were sustained for ionger times than‘“

seen after administration of. PEA itself (Fig. 33 35" and 37), aithough[“ )

\the leveis were, not as high as those seen after the administration of
”CEPEA In a]i three tissues studied PEA leveis decreased biexponen-uf
itia]iy and’ the half-1ives of distribution (a) and e]imination (3) were ‘
_higher than those seen after an equimoiar dose of PEA indicating-siower
eTimination due to ‘the prodrug effect of CPPEA From the overail avaii-’
abiiity point of view, CPPEA administration resuited in significantiy."
) 1ower avaiiabi]ity thanuthat from an equimoiar dose of PEA- in brain and .

'Pbiood whereas in 1iver there were no differences (Fig 44) Assuming

',ithe ratio of AUCs of»PEA to CPPEA as an index of in vivo N- dealkyiation

“the percentage ratios in brain 1iver and biood wene 1 3, 2.7 and 4 3fr~f

,respectively “In. Viewfof ‘the iimited metabolic capacity of the b]ood o

xcompartment the ratio in biood is of 1itt1e Significance and probabiy

‘ A;represents diffusion primari]y from iive[ These data indicate that{

df_iiiver was neariy twice as active ag brain 1n converting CPPEA to PEA ahd ijiij

L perhaps this contributes to the siuw eiimination of PEA from it inff;;.

“'ﬁcomparison to that in brain and biood (Table 10) when compared tof.ngt

J ff”lGEPEA metabolism to PEA (see Tabies g and 10) the extent of CPPEA s;5f7'f
“Pf*tconversion to PEA was iower, suggesting that CPPEA might be undergqingff;lhﬁ

':'}.,:other metabo'lic reactions besides N-dea'lkyiation. A ‘ated compound

~ff?;jN-(3"h1“r0propy1)amphetamine (PondinilO) was studied for its metaboiicf; L
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'

R reported that the amount of amphetamine formed aft r administration of
',Pond1n11® was significantly 1ower than. that aftei\:;?\eouimoiar (0 1

o mmoi/kg, i. p ) dose of N- (2 cyanoethyi)amphetamine It seems that a’

" simiiar situation ekists with _the corresponding anaiogs of PEA since thef

- g;'data in Fig 44 1ndicate that CEPEA administration gave a higher AUC for

: 'PEA in brain iiver and blood (P<0 05) than did an equimoiar dose of .
CPPEA | | | SR . |

- Distribution of CPPEA between brain and iiver (Tabie 10) indicated -

no preferentiai tissue iocaiizatlon despite significant differences in

‘peak 1evels between these tissues, which may be due to. 1ipophilicity of‘

\CPPEA Pondin11® was reported to be highiy ]ipophilic and 1ess than 1%;. g

of an administered dose in humans and in rats was excreted unchanged B

Tindicating extensive metaboiism (Caidweii 1976) Like Pondinii® CPPEA“
l’ | I._v- a

_might aiso be under901ng extensive metaboiism distribution studies in73"

other tissues as wei] as i urine wouid shed further 1ight on the extent"‘fi'

‘ A

”'of tissue 1ocaiization and metaboiism

A 4 Rat tissue leveis of PEAﬁand PGPEA after administration ofﬁ'gl

[ 4

'.:HiPGPEAJi{f”*
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- 1ack of -an overa]] significant drug treatment effect. « Administration of
T-PGPEA provided significantly higher PEA- 1evels than did an equinoiar
,dose of PEA from 15 min to 180 min- (P<0. 001) where as at § min PEA |

~treatment gave higher leveis than PGPEA treatment (P<0 001) Equivaient B
analysis of PEA ievels in b]ood (Figs. 34 and 39) revealed a significant |
B ‘difference betweem the effects “of drug treatments [F(l 78)= 7 38,
'P<0.01], a significant effect of time [F(7 78)= 19 30, (A 001] and a
significant interaction between drug treatment and time [F(7 78)= 14 87
: P<0 001] Treatment with PGPEA provided significant]y ‘higher biood PEA y_
ieveis than d1d an equimo]aridose of PEA from 30 to 180 min (P<0 01)
‘whereas at . 5 min the oppositegeffect was observed (P<0 001) Similar’df
anaiysissof PEA ievels (Figs 3§ and 40) in iiver indicated a signifi-
:cant difference between the effects of drug. treatments [F(l 76) 103. 93
l P<0 001] a s1gn1ficant effect of time [F(7 76)=15 74 P<0 001] and a
_'significant interaction between drug treatment and time [F(7 76) 10. 96
‘-‘P.P<0 001] Administration of PGPEA provided significantiy higher PEA
iefrieveis than did an equimoiar dose of PEA from 5- 180 min. (P<0 001) Peak
‘; ijieveis of PEA in brain and biood after administration of PGPEA,weret
iifsignificantiy below those after an equimoiar dose of PEA itseif (P<0 05)
Lfbut in liver PGPEA;administration gave higher'pe"krieveis than those |
b'lood and 'iiver 4 hr :7‘7. “

‘""fseen after PEA inb?bOl) Leveis of PEA in brai

"'ﬁf‘after”PGPEA treatment were approximately 10-30 times'controi vaiues:in ;f'
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?; similar‘fn ail‘tissues whereas the 3 va]ue in hlood was higher thann““
'5j those in bra1n .and 11ver 1ndicat1ng s]ower e11m1nation . L1ver con-f

ﬁ:‘ : tained quantitative]y higher levefs of PEA than did brain (ev1denced by Loe
: Q . a ‘r Auc) throughout/ the time per,iod studied 1nd1cat1ng a greater
Q,". degree of N- dea]kylat1on 1n liver than in brain Assuming the natio ijj- o

f the AUC of PEA to PGPEA as an index of in vivo N dea]ky1at10n the %'.

i » '

fract1ons in bra1n and ]1ver were. 26% and 35% reSpectively Administra—

tlon of PGPEA pronded a: greater amount of - PEA avaf1ab1e to brain and-”

~
llver than d1d an, equimo1ar dose of PEA and there were - no overa]] dif-

~,

'\$erences between these treatments‘ in blood Besides elevating thef‘ '*f*d

L

“'1evels of PEA PGPEA adm1nistration sUsta1ned them more favourabiy oven

-J 1ong per1gd of t1me i PEA levels shoqed ‘more consistent .and pro-
longed 1ncreases g 5 L _ ; H
' Severa1 N prOpargy1 analogs derlved from &ZA (Swett et al 1965)I_
:’and amphetam1ne (Kno]l et‘ a] 1965 1978) were demonstrated to beﬁ

r*“lepotent-MAO 1nhib1tors ‘ Mechanlst1c studies revealed that these prop;r'

. argy]am1nes act'as suic1dal‘substrates for the MAO enzyme causfng 1rre-.

..

‘ '”h vers1b1e 1néct1vat1on oy interact1ng with cysteiny] flavfn adenine-Tf‘

';dlhuc'leotide (cysteiny'l~FAD) the prosthetic group f°’ “Ao ‘5‘"9"'5.'«‘:
. :waa1ach et al., 1977 Fowler et a].,_1982).-‘Propaf'gyhm""es arefﬁ;
.;;sd“a]so known to 1nQthvate non-flavfn-debendent MAO (R°"d° and. ”a"e"°'ff
-‘-_;:I-“.ﬁi97'4)' wmiams, and Lawson (1974 1975) stud'led the mo-inhibitfng}.
.‘V-',,\_'i';p,.ope,ms of pGPEA and found it to be weak 1nh1b1tor of mo
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amine and methamphetamine foﬂowing the administration of depreny]f""-

(N -methyl, N-prOpargyiamphetamine) (Reynoids et. al., 1978 Karoum et al .

| ‘1978 Phiiips 1981 Coutts et a'l 1981 Karoum et al. 1982) and‘l
e .’ : !benzylamine and N- methyibenzy'lamine from PAR (N-methy] N-propargy]— ‘
benzyiamine) (Durden et ai , 1975; Pirisino et ai.,.}978 Coutts et a] .
1981; weii and Lindeke 1985, 1986) Thus PGPEA cont'a-ins the necessary‘

functionai groups ‘to render it an MAO inhibitor as’ weﬂ as a’ prodrug of;
o s \ )
During the course of the present‘ investigation, MAO inhibitory ‘

'.if‘”’.activity of PGPEA . against MAO A and -B -was determined using SpeC1f‘lC“

¢

substrates (see Table i4) and the resu]ts indicated re]atively seiective' .

MAO B, Mibition after PGPEA administration In vivo H- deaiky'lation‘ "

| ' (depropargyiation) ‘as we]i ‘as MAO- B 1nh1bition ma_y both contribute to
© the marked eievations in PEA ievels Lungs contain a mechanism for.‘
| active uptake of PEA Uy MAO -B f\Ben- Harare and Bakhle 1980) The pres-."g
\ ‘fenee of quantitativeiy higher Ao activity in iiver- (Gorkm 1983) asl

- ,we‘n as the existence of an uptake mechanism of PEA b_y 1ungs wou'ld prob-‘

; "’ab]y’mean that in untreated anima'lsv the amount of PEA formed in hver"q |

'__an_‘then entering the fbr:ain via biood circulation wou'ld be mihima'l

"',';-'Because of the MAO B inhibition observed in vivo after PGPEA treatment,;‘_

i ;@"it is possible that at Ieast a portion of the PEA formed from PGPEA iri”":f‘

enetrating abilities.- The physicochemical-‘:j-'1";'3":"

these dif'erences. The pKa
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‘ vaiue of ' PEA 1s reported to" be 9 64 (Nh}ﬂiams. 1974) whereas that of

i_d‘

, E-"’

| 44 63 P<0 001] and a stgnificant interaction between drug tr

N,

PGPEA is 7. 47 (Niiiiams and Lawson 1975) thus- under physiological con—gﬁk

ditions iess than - 1% of PEA wouid remain unionized whereas nearly 50% ﬂ

(N
'

. of PGPEA shou]d remain unionized © This factor shou]d improve tissué

v : »

%
distributiOn characteristics of PGPEA re]ative to PEA but the—~poor

hydrocarbon to-Water partition coefficient (wiiiiams and Lawson 1975)

(ind“cative of reiative lrpophiiicity) of PGPEA re]ative to PEA appears .

to iimit its penetratiOn across the biood brain barrier

'\ o y e
. 1
2
v

" A5 Rat tissue levels of PEA and PGPEA after administratiop of:

' LT . . d . .‘
. [ ! -, !
% - ¥ L o
bl ' . . . N i i
.

DPGPEA DR R | |
¥ - B « . ' ST ;q‘ '
JStatisticai ana1y51s of brain PEA 1eveis (O 180 min) foilowing ad-

ministration of equimoiar doses of PEA (Fig -33) and DPGPEA (Fig 42)

Fo n

1ndicated a«51gn1f1cant difference between effects of ° the drug treat-",“

“ments [F(1, 72) 5. 98 P<0 025] - significant effect of time (F(7, 72)=‘

time (indicative of differences *-in\ concentration time

[F(? 72) 49 74 P<0 001] Treatment with DPGPEA provided significantiy'
higher PEA levels than d1d an. eduimo]ar dose of PEA from 15-180 min j'h

(P<0 01) whereas at 5 min PEA administrationqgave higher peak levels
than DPGPEA treatment (P<0 001) Similar analysis of PEA ieveis in
biood (Figs 34 and 42) indicated a significant difference between
effects of drug treatments [m 73)= 11.17, p<o 001],,_"“”'sig,nificant

effect of time‘,[F(7__,‘,_)'.14 83, p<0. 001] apd 2 significant interaction

between drug treatment and time [Fl? 72)‘ =14, 77 p<o 001] Leve'ls of PEA ‘

after DPGPEA administration were highevig’an after PEA treatment from
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© (P<0.001) . In liver, statistical anaﬁys1s of PEA (Figs. 35 and 42)
revealed a signific;nt difference between effects of drug treatment
[F(1,7l)=162A98, P<O;001]; a significant effecf of time [F(7,71)=12.45,

P<0.001] and a significant interaction bgkween drug treatment and time
[F(7,71)=10.67, P<0.001]. Adm1nistrat10n of WPGPEA gave significant]y
higher PEA levels from 15-180 min (P<0.01) than did an equ1molar dose of

PEA.

Brain, blood and liver levels of PEAr}Fig. 42) were increased well

above fﬁe control PEA levels and these levels were sustained for up to 4
'hré(the iongest time interval studied). These'changes fn PEA levels
~ were in FOntraﬁt to the transient increase in PéA levels followed by
rapid elimination after PEA administration {itself. ,Adminfgtrat1oh of
DPGPEA ta1so ‘Q(o]onged the elimination of PEA from these tissues and
caused significantly greater PEA gyaf]ab]e overall in brain and “1iver
but not in b]ood bompared to the situatioﬁlafter injection of PEA ftself
(Fig. 44).

As DPGPEA contains no derivatizable functional groups, attempts
were made to quantitate DPGPEA by GC-NPD, but the sensitivity of DPGPEAy
for th;s type of detector was foﬁnd to be too low to enable a complete
pharﬁacokfnetic study to be performed. &AE a recourse, the levels of the
major dealky1ated metabolite of DPGPEA, namel}'PGPEA. were measured 1in
the hope that these levels would reflect the levels of 1ts‘preCursor.
Considering the ratiq of the AUC.of PEA to PGPEA as an index of N-
dealkylation, nearly 30%_of avai1a61e.PGPEA'was metabolized to PEA In
1iver, whereas in-brain the.value was only 16%, {indicating that l{ver
was'metabolicqlly moré acfive than‘bzain. Liver also contafned quanti-

s

tatively more PGPEA than brain, suggesting that a significant amount of

4

Qv
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DPGPEA is localized in the periphe?a] tissue compartment (Tgbie 12). As
with‘PGPEA; the physicochemical properties of DPGPEA might\inf]uence its
periphera] ioca]izationA %ompared to PE&{VDPGPEA wou]d expect to be
weaker base because of the electron-withdrawing abflities of theé prop- -
argyl groups. Until the present study, DPGPEA had nefther been synthe-
" sfzed nor its physicochemica]‘prOpqrties characterized. , A related com-
pound, N;N~dipropargy16ehzy1amiee, was reported'fo‘have a pKa of 4.6
(Martin et al., 1975). Assuming the pKa of DPGPEA to‘be‘in the same
range, nearly 99% of DPGPEA would be expected to remain enienized'under
physioioéica] conditions and this should facilitate its passive difiu~
sfon across 1ipoida] membranes. But PGPEA, the metabolite of DPGPEA,
was shown to have poor lipid so]ubi]ity (Williams end Lawson, 1975); if
DPGPEA also eihibiis poor 1ipid solubility this would reduce its’pene-
tratfon Aé}éss ihe blood-brain barrier and would mean tgzt tncblevels of
PGPEA observed ig brain and liver are probably mainly due to N-dealkyla-
“tion of DPGPEA‘:in respective tissues. The monoalkylated PGPEA can
further undergo N-dealkylation to form PEA, which, -because of its 1ipo-
philicity and because of 1nhibitioﬁ of MAO-B in these treated ahimais
can easily cross ‘the blood-brain barrier, diminishing the effects of
first-pass metabolism in liver and lung (see Section IV A. 4).

‘The dialkylated drug DPGPEA represents an Unique compound which
acts as a doudble Qrodrug i €., 2 prodrug of PEA and of an MAO inhibitor
(PGPEA) which itself is a prodrug of PEA. In the present study, DPGPEA
was also shown to be a weak but fairly seiectivebMAO-B inhibitor in its
own right, and these properties might contribute to the relativeiy sus-

tained elevations of PEA at 1ater time intervals compared to those seen

_after PGPEA (see Figs. 39, 40 and 42).
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Statistical analysis of brain PEA 1evels (0-240 min) aftee an equi*l
kmolar dose of PGPEA and DPGPEA (ngs 3N and 42)1nd1cated a significant
difference between the effects of treatment (1 e., PGPEA and DPGPEA)
[F(1,82)=19.97, P<0.001], a sign fieant effect of time'[F(8,82);17.43,
P<0.001] 9nd a significant interactfon between drug treatment and time
(F(8,82)=8.65, 0.001].. Similar analysis in blood (Figs. 39 aﬁ@342)
reveafed a signifitant difference between the effects of drug treatments
[F(1,83)=20. 43 P<0. 001], a significant effect of tfme (F(8, 83) =16. 01

P<O 001] and a significant interaction between drug treatment and time
J -

[F(8 83)=4.88, P<0.001]. S1m1]ar analysis in liver (Figs 40 and 42)
1nd1cated a s1gn1f1cant difference between the effect of drug treatments
[F(8,82)=12.89, P<0.001], a s1@n1f1cant effect of time,[F(8,82)=l6.93,
P<0.001] and.a‘significant intefaction between dreg treatment‘and time
[F(8,82)=6.93, P<0.001]. These differences were retiected in'signifi-
cantly higher peak ieve1s anﬂ[significant]y greater availability (AUC)
of PEA in brain, blood and liver after PGPEAeadministration'than after
an equimolar dose ef DPGPEA. Administration of DPGPEA resulted fn a’
: mdre gradua1.increase in PEA levels than that seen .after ﬁGPEA injec-

'

tion. S .

The overa11 avai]abi]ity of PGPEA after administration of PGPEA and
DPGPEA was not differentuinfeny tissue (P>0.05) (Fig. 45). Statistica]
ana1ysie of brain PGPﬁA levels (0-180 min) after administration of an .
' equimolar dose of PG?EA and DPGPEA kFig. 41 and‘h3) reveaIed'no,sfgnifie
cant ‘dtffenence .between the effects of treatments [F(1,77)=3.93,
P>0.05], a significant effect“of'time [r(7,57>=19.19;-p<o.001] and no
significant inte;aqtioﬁ beteeen drug treatments and tfme [F(7}77)¥2.21.
P>0.05). Equivalent analyses in blood iridicated no significant differ-

A

(Ceal
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’N ence between effects of drug treatments E/}A’??)'2‘98 P>0.05], but a
sfgnificant effect of time [F(7,72)= I;j: P<0.001] and a significant
sig

3: [F(7,72)=2.80, P<0.05). -
ficant difference betweegzil LY

effects of drug treétments [F(l,f>)=7.ﬁ_,, <0.01], a signffiiant effeét> K

. 1nteract1on between drug treatments an

Similar analysis in lver {ndicated

- of time [F(7,77)=22.62, P<0.001] and a significant interaction between

0

drug treatments and time EF(7,77)=6.42, P<0.001].

e

B. In Vvivo and In Vitro Inhibition of MAO by PGPEA and DPGPEA

- ’ R I3
' s i

In witro MAO 1nh1biiory data on PGPEA and DPGPEA (Table 16) indi-

cated that PGPEA was more potent than DPGPEA at inhibiting MAO-A and

MAO-B, whilenDPGREA Was more selective than PGPEA at.{nhibiting MAO-5 & -7
relative go MAO-A. Compared to clorgyline, deprenyl, TCP and PAR (wit@"
reported ICgg. values in the nanomolar orange), PGPEA and DPGPEA are
weaker 1nh1b1tgrsiiﬂ‘!izggs The in vivo inhibitory profile of PG;EA and
.DPGPEA indicated’ that they §§uSEd ﬁAO-B inhibition fairly selectively in

‘ Srain while in liver the se1ectivify'was more pronounced (Tgb}es 14 and

- 18) 1ip- that MAO-A 1nhib1tion after PGPEA and DPGPEA in brain ranged from
'20-40% while 1n liver it was 1- 6% with nearly 60- 70% MAO-B 1nh1bition
'>seen in both' tissies. The reasons  for such tissue~dependent inhfbitori
 se1ect1v1ty are not clear. Knoll et al. (1978)‘obsefved that several .

- (-)-deprenyl-derived inhibitors caused greater MAO-A inhibition in brain
than in 1iver and this phenomenon appeared to be- dose-dependent in that .
_(~)-depreny1 and U-1424‘[N-methy1. N-prOpargyl-(Z-furanyl-methyl)ethyl-
amine .HC1] exhibited such‘a selectivity at ‘a dose of }1}0 mg/kg H.p;')Q
wheréas -~ J-508 [N-rite‘thyl-N-propargyl-(1-1ndan_y1)amine.HC‘lj exhibited
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- sim11ar tissue- dependent MAO 1nh1bftion at a ddﬁe of 1.0 mg/kg (1.p. )

Route of adm1n1stration also appeared to .influence ttssue-dependent'
' inhibitfon of MAO. wa1dme1er et al. (1981) reported that {rreversible
inhibftors caused greater MAO inhibition 1n liver upon oral Ldministra-
tion, whereas greater 1nh1b?&10n‘was observed in brain upon'SUDEutaneOus
(s.c.) administration " This phenomenon was explatned in terms of
improved avai]abi]ity of 1nh1b1tor to liver upon oral adm1n1stration and
improved ava11abi]ity to brain upon s.c. administratfon ngntficantly‘
' greater availability of inhibiton<(PGPEA and DPGPEA) to ] Ver ‘than to
brain- would appea:\‘e negate such an’ explanat‘on in the present case,
Although literature reports indicate greater’tUrnover of MAO 1n 1iver
than in brain (Fe1ner and waTdmeier 1979) there is no evidence to
indicate that MAO A and -B 'differ from one’ another 1in their turnover
rates. Kno]l et al. (1978) reported that TZ-650 [N- -methy1-N- propargyl-
(2- pheny])ethy1am1ne HC1,. a potential prodrug of PEA] in 1n vitrof
studies was 5 t1mes more jotent at lnhibiting PEA metabolism 1n 11ver'
than 1n brain. During the present investigation MPGPEA (TZ-650) was
examined'ﬁ6F fts in vivo inhibitory activity, and theiresults indicate
_slightly higher MAO-B inhipition in Tiver than in brain at a dose‘ova.l
mmol/kgﬁ(i.p;); however, itspseTectivity was much less-marked than that
~of ﬁGPEA“and DPGPEA (Tables 14 and 15). If PGPEA" and DPGPEA are ‘also
more potent at inhibiting PEA- deamination in liver than in brain this .
might, in part, contribute to the ‘observed selectivfty in liver.
Further studies are required to elucidate the mechanisms under'l.ying»‘~
tissue-dependent MAO-A and -B inhibition. The frreversible MAO fnhib-
itor TCP and the MAO-stelective'1nh1bitor_PAR at a dose of 0.1 mmol/kg
(i.p.} almgsgftompletely‘jnhibited both MAD{h and -B .in brain and 11ver

<
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(iabie 14). It would be interesting to study whether PGPEA @nd DPGPEA“'
exhibit MAO- B seiectivity 1n a dose- dependent manner and upoo chronic
administration Despite the differences in 1n vitro MAOD inhibitory pro-
. fiies of PGPEA and DPGPEA the in vivo profiles indicate sdmilarities
between these fnhibitors; this may be.due to the metaboiic‘interreia-‘
tionships existing between these ‘two compounds. |

AT

C. Leveis of T in Brain and Liver Foliowing the Administration of
’PGPEA and DPGPEA :

A !
There.were significant increases'in brain and Tiver T levels com-
pa{ed to the conthol levels in these tissues foiiowing PGPEA@treatment
but there . were no differences between brain and ]iver 1eveis in the
treated animals. This was in contrast to marked differences 'in the
ieveis of .PEA in brain and liver after injection of PGPEA.. In,quantita—‘ '
tive tenns' increases in T ieveis were not'as high as those seen with‘
PEA . ieveis.”>Foiiowing DPGPEA treatment, T 1eveis couid not be déiected
in brain and liver. This cannot be explained in tenms of differences in

In. vivo MAO~ inhibitory potencies between PGPEA and DPGPEA and: further

,studies are required to examine the differences between PGPEA and

. - ‘9 .
“DPGPEA. . - - L -

@,

D. Levels of NA, DA, DOPAC, HVA, 5-HT and 5-HIAA in Rat Brain roi?ow-
Iﬂg Ell Iﬂminlsfrafion 0' FEK ané ‘ES Proar;g_ i

The interactions of elevated levels of PEA and its prodrugs with

-

'putative neurotransmitter amines have been examined by studying ‘the

fievels of NA, DA, 5- HT and some acid metabo]ites of the amines.: !n

l.

c‘)','
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order to controi possibievchanges in these néﬁ?othemicais duringrstorage
or due to circadian variations, a saiine treated group was inciuded in
each treatment. and the sampies were anaiysed within 3- 4 days after
| coilection | R set of standards was run with, each anaiysis and the
standard curves were iinear over the concentration range in which the
neurochemica]s were quantitated in brain samples. | |

Like TA PEA is an indirect acting sympathomimetic amine, i e., its
peripherai actions are thought to be mediated at 1east in part, by the
liberation of’ endogenous 'NA.  Because of 1{ts 1ipophi]icity§. PEA can
. cross the bioodfbrain barrier éasily and.produce central effects. Holtz
et al. (1947) observed signs of central excitation in guinea.pigsrafter
high doses of PEA (50-150 mg/kg). Atter pretreatment of rats with an.
MAO inhibitor, behavioral effects of PEA (10-40 mg/kg) were difficult to
distinguish "from -those of (t) amphetamine (Mantegazza and Riva, 1933)
AJonsson‘gt al. (1966) observed depietion of NA to nearly 502 of conérol
ieveis‘within-Bp min after administration of ?EA at a.dose_of-lOO mg/kgi

(i.m.); by 60 min NA ievels decreased*to‘nearly 35%'of‘con;;of values.”

A second injection of ‘the same. dose did not iower the NA 1eveis any fur-

ther In/a group of rats receiving 50 mg/kg (i.m ) of PEA every 15 min"

\(totai 400 mg/kg), NA ieveis in brain decreased to nearly 13% of control_-

) vaiues by 120 min (Jonsson et a]., 1966). and subceiiuiar distribution
studies. indicated preferentiai depietion from the particuiate fraction.
Fuxe et al. (1967) extended these studies by emplqying histochemicai

“techniques to visuaiize catechoiamine-containing neurons, ‘they observed

'depietion of both NA and DA fron their nerve tenminais by PEA. saAdmini-'j‘ S

- stration of PEA at a dose of 100 mg/kg (i.m ) caused neariy 508 deple-7 o

tion of NA whiie DA ieveis increased neariy 20% above controls at 60 min‘

s /

L w
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_‘after administration.. ‘ Pretreatment of‘ rats‘\(ith niaiamide Tan :MAQ, .

inhibitor) foiiowed by PEA. inJection (100 mg/kg,\i m. ) decreased brain

~

r'
NA 1eveis to neariy 35% of Tevels in brains of rats treated with nia]-

amide oniy, without significant]y ' Multiple admini-

‘ cting DA ievels

and DA brain 1eVe§s respective]y Jackson ‘and Smythe (1973).reported
significant dep]etions in whole brain NA and DA but not of 5- -HT, 60 min

fol]owing PEA adninistration (100 mg/kg, 1.p) while regional anaiysis:

indicated significant depletions of 5-HT ievels in midbrain and cortex L

These authors also reported depietion of NA, DA and 5- HT from mouse

brain by PEA and Jackson (1971) observed NA depletion in guinea pig‘

\

K brain foiJowing PEA injection (100 or 200 mg/kg. i.p.)h Jackson and

Iy

Smythe (1974) observed that PEA 1ncreased NA turnover without affectingir

_‘DA turnover Karoum et al (1982) found significant depietions of NA

"iieveis in hypotha]amus 20 min after a dose’ of PEA of 20 mg/kg (i v.);

leveis also decreased whi]e DOPAC ieveis were increased significantiy

above controls at 7 5 min and decreased below controls by 20 min In

4 uﬂcaudate nucleus, NA leveis were significantly higher than contr01 1evels

:‘by 20 min while DA levels decreased beiow controls at 7 5 min and
~‘increased above contr01 levels at 20 min; DQPAC levgls exhibited a
7diametrica11y opposite pattern to that seen for DA.. Sloviter et a]

7contr01s ieveis at 10 min- fo]lowing an acute dose of PEA {80 mg/kg;

f{(1980) reported decreases in NA 1eve1s in whole brain to neariy 82% of‘

A}

1. p ) this dose was without effect on DA and 5- HT concentrations.h

Chronic administration of PEA (100 mg/kg,“.p. twice daiiy for 10 days)

increased leveis of both NA and MHPG (the principai metaboiite of NA) inoﬁf"
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~hypothalamus. (Karoum et al. 1982). In vitro . synaptosomal dgta of

—

"_Raiter,i‘ et ‘a1‘ (1977) and recent e1ectrophysiologica1 data of Lundberg
h et al. (1986) indicate catecho]amfne releasing propertfes of PEA From
‘a Survey of the Hterature it is- evident Lthat ‘neurochemical effects of

“J
PEA on NA appear to be dependent upon dose frequency of . admin‘lstration :

pretreatment and time after. administration ‘as we11 as on region of the"“

brain studfed In the earlier studies c1ted above the doses emp1oyed .
were about ' 5 10" times higher than those in the present study and the‘.
levels of NA weg often measured at a sing}e4 time point uner the.
situation 1n the present investigatmn wher‘e\lQels were measured at‘
, ‘several different t1mes The decreases 1n’hA ]eve’ls seen in the present
1nvest1gatlon appear to be proporti'onal to the dose‘administered in the
. light of ‘earlier da'ta" These decreases were observed at 30 and 60 m1n )
after adm1n1stration of PEA (although there was a trend indicating a
.‘decrease in NA 1eve1s at. 15 min) by which time PEA 1evels in ‘whole‘
brain werF about 4-5 times contro‘l 1eve1s This points out 'that Ta'rge‘
increases‘ in PEA 1evels at 1n1t1a1 times did not produce 1mned1ate' :
marked changes 1n NA 'Ieve'ls | | . |
" Edwards and Ante'lman (1978) observed that striata1 HVA levels (an
| “index of activity of DA neurons in*striatum) decreased below controls at
5 min fol]owing 1njection of a dose of PEA of 100 mg/kg (1. p) and\
1ncreased above control Ieve’ls by 60’ min whereas DA 'leve'ls 1ncreased'
B '-significanﬂy above contro]s at 5 m1n and decreased to contr01 leve‘ls: :
,thereafter. Studies by Raiteri et a1. (~1977) Baker et aJ (;97{5.,"
- 1978), ‘Baker, and Yasensky *(1981), Roberts (1981, ‘Dyck (1983, 1984),
| Phﬂips and Robson (1983) Nieisen et al (1983), and McQuade and wood
2 ( 1983) have demonstrated the DA-re'leasing propertfes of PEA.‘ hcouade ,f ,

I T
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'and wood (1983) observed 1ncreases in DA levels in caudate bucleus 20

mfn after 1nJectfon of PEA (12 5 mg/kg, -s.c.) .and at 15 min after a 25

mg/kg dose these 1ncreases were assocfated wf%p 1ncreases 1n DOPAC and -

| HVA' levels 1nd1cat1ng stimulatlon of DA synthesls Smaller doses of
PEA fncrease DA- release without affecting 1ts reuptake whereas higher
doses of PEA not only 1ncrease release but alsq) 1nRAibit reuptake
(Roberts and Patrlck 1979; Nielsen et al. 1983) Increased release
'wfthOut reuptake blockade relieves tyrosfne hydroxylase enzyme from
feedback uinhfbitlon* leading to {increased DA Synthesfs whereas
increased. release coupled with reuptake blockade activates presynaptic
...receptor—medlated DA Synthesis 1nh1b1t10n (Roberts, 1981; Roberts and
© Patrick, 1979 Nlelsen et al., 1983) Roberts and Patrick (1979) sug-

gested that 1ncreased DA synthesis after low doses of PEA might also be-

dhe to increased jytyrosine uptake Increased DA and NA levels were

‘lnoted in the cerebrospinal flufd of awake prlmates followlng PEA admini-
stration (Perlow et al. 1980) . In the present investigaggzn DA and

HVA levels remalned unchanged- whereas DOPAC levels decreased 1nit1ally

_Aand then increased to control levels Despite the marked increase 1n )

PEA levels at 1nitial times PEA levels dec(eased rapidly, hence the n '

- neurochemical effects on the dopaminergic systems appear to be short-
M*l_yed o ‘ N |
| It has been reported that PEA 1s a weak 1nhlb1tor of S-HT uptake 1n

' ﬂhuman platelets lRichter and Smith 1974) as: well—as in rabbit platelets n
. ”(Tuomlsto et al., 1974) Jackson and Smythe (1973) reported decreases |

"7zfn S-HT levels in rat midbrafn' cortex and in mouse brain after 1njec-v-

-fﬁ.tfon of PEA (100 mg/kg, 1 p ) In rat striatal slices Dyck (1984) -: _

{{;‘;‘showed sigmficant release of tritiated 5-HT by PEA. - 'Anden et al.

LR o
oo

.;@ .
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| (1974) reported that some ha]]@cinogenic phenyiethyiamines decrease 5=-HT
synthesis through receptor interacéion The initial behaviora] effects
‘of PEA seem ‘to be more serot ninergic than dopaminergic in nature
. (Dourish, 1981, 198?), although PEA was a_weaker inhioitor of S-HT up-
take than of DA (Rafteri et/al..’1977) fn witro. Acute (Stoviter et
gl;, 1980; DoUrish 1981) 4nd chronic (Dourish, 1981) administration of
PEA resuited in a hyperreactivity Syndrome that seem to be mediated pre-‘
wdominantly by 5=HT mechanisms Systemic injection of PEA{(75 mg/kg,;
if.p., ‘g hr before saérifice) was reported to increase the concentration
,of brain tryptoph/n and. 5-HT synthesis in some brain regions (Snodgrass
E and Uretsky, 1978), .and chronic administration (75 mg/kg, i.p., once ;

#
dai]y for § days 12 hr before sacrifice) did not alter 5 HT synthesis

A igh concentrati ns PEA is -known to condense with pyridoxai at
phyAZo]ogicéi pH fﬁf—farm an aidimine (Schiff base) which inhibits
tryptophan decarboxyiase, an enzyme responsib]e for the biosynthesis of
5-HT 00 et ai .1978). . With the transient increases in brain PEA,
ieveis seen after PEA administration in the present study, inhibition ofh
‘5— T 'synthesis is likeiy not‘an important factor,‘ Decreases in 5- HIAA t

evels‘initially wou]drsuogest decreased deamination possibiy becauser

of reduced reuptake of reieased 5- HT o . e

A

Administration of CEPEA caused some changés‘in levels of neuro-.
; transmitters and their metaboiites (see Figs 47-52) Decreasesrin NA
ZDA and 5- HT 1eve1s occurred during 30 120 min and at these times PEA;

'1eveis in brain were significant]y elevated above controi levels '1n

‘.contrast to transient changes in neurotransmitter amines and their'“"l

metaboiites seen after administration of PEA alone effects after CEPEAf.‘;

.administration were more pronounced and iong-Iasting Fuxe et al al. -

. o o ‘ , . S o )



Y
-

(1967) observed marked depietion‘in rat braﬂn‘NA levels after PEA injec-

tion to MAO inhibitor-pretreated 'hts in comparison to an MAO inhibitor-

. pretreated contr01 group This wou]d suggest that sustained eievation

of PEA ieveis lead to marked NA depletion In contrast to the short«

1ived increases in brain PEA levels seen afteriPEA injection CEPEA .

‘ administration caused sustained e]evation of PEA ievels ‘ Statistical

‘anaiysis of NA leveis after PEA and CEPEA administration at. different

——

| times (5- 180 min) indicated a significant difference between the effects,

of drug treatments [F(l 80) 16.95, P<0 001] and a significant effect of‘

time. [F(6 80) 4. 96 2 P<0 0011, ‘but no significant overall interaction
between drug treatment and time [F(6 80)= 0 64 P>0. 2) was noted. ‘
Analysis of variance of DA ]eveis after PEA and CEPEA administra—
tion indicated a. significant difference between effects of drug treat—
ments [F(l 80) 21.98, P<0. OOIJ a Significant effect of time [F(6 80)—

3. 63, P<0 01] and a significant interaction between drug treatment and

time,[F(G 80) 2 26, P<0 025]. Equivaient anainis of DOPAC ieveis after}
PEA and CEPEA administration indicated no significant differenceS“

e

]between effects of drugrtreatments [F(l 88) 0 27 P>0. 2] but a‘sTgnifi-

" cant effect of time [F(s, 68)=2 76, P<0 0251 and a significant inter-rg”ﬂ* )

action, between time and drug treatment [F(G 88)=3.49, P<0<01] In the

.case of HVA ievels after PEA and CEPEA administration there were sig-‘b
‘\\‘nificant differences between effects of ‘drug treatments [F(l 85)= 14 42 tf'
¥P<0 001] A’ significant effect of time [F(G 85)-3 53 P<0 005] but noihn
‘}n“interaction between drug treatment and time [F(6 85) 1 39 P>0 2] »w;
“P~Changes in DA ieveis indicate that CEPEA administration mfght be. mimick-“
:°E”ing iarge dose, PEA admin+stration.“ Increased HVA 1eve1s, without o

nﬁgchanges—in DDPAC ieveis, coup]ed to persistent decreases in DA }eveis

e —
. .

coA
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sis of 5 HIAA 1eveis after PEA and CEPEA administration indicated a sig-

.a
. ) ~

. wouid suggest DA re]ease, uptake biockade metabo)ism of released DA via
" the COMT enzyme system and possib[y DA synthesis 1nh1bition Defining
DA turnover as the ratio of the(sum of DOPAC and HVA (% contro)s) ‘to DA !
(% controls) (defined base]ine va]ue would be . 2) " PEA administration was '

' ‘observed to decrease this ratio to;siightly below 2 at initia] times

(5 30 min) Administration of CEPEA_Caused this ratio ‘to 1ncrease to

1 h

"between 2. 2 2.6 up to 120 min indicating increased DA turnover

Anainis of variance, of 5- HT levels. after &gA and CEPEA adminfstra-

tion indicated a significant difference betweén the effects of drug

treatments [F(1,90)~8.85, P<0. 005] but no' 51gnificant effect of time
[F(6, 90) 2.11, P>0. 05) ‘and no 51gnif1cant ~4nteraction between. drug

‘,‘treatment and time [F 1 90) 1. 72 P>0 21 were noted. Statistica) analy-

gU:

‘nificant,difference between effects of drug'treatments [F(1u86)=13 14,

' P<0.001], a 51gnificant effect of time {F(6, 86) 5.15, P<O0. 001] ‘and a

significant 1nteract10n between drug treatment and time [F(6 86)= 2 73,

-P<0 05] Decreases in 5- HT levels with re)ative)y smal)er increases in

N

5- HIAA 1eve)s fo]iowing CEPEA administration woqu suggest incre d,f

|\

5- HT turnover In contrast to minor changes in §-HT turnover [defined»

-

‘ as ratio of S—HIAA to 5- HT (% controi)]“after PEA. treatment (valges from“

“.0 9 @1 15 at 5 180 min) CEPEA tréatment increased 5- HT turnoverv

":;(vaiues from 1 to 1. 6 during 5 180 min) |
| The administration of the prodrug caused more pronounced decreases ;
- ~1n NA, oA and 5 HT than did PEA although in both cases the effects were

t‘relativeiy weak and short-lived One has toéconsider the direct effect‘l
. of the prodrug itself on these-heurotransmitters and metabo11tes besides‘ﬁ"

"the effect of elevated PEA. A series of N-n-aikyiated ana]ogs of PEA“

.\\
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has been shown to be active at f{nhibiting 5-HT uptake mechanjisms
:(Suckiing et al., 1985), and other Nfaikyiated ana]ogs of phenylethyi-
amines are known to affect the uptake‘ and release of theseFﬂ)iogenic
amines (Koe, 1976; Baker et a1 , 1980a). Uptake and release experiments
o with CEPEA alone and 1n combination with PEA would indicate the abi]ity
‘of CFPEA to affect the neurotransmitters as well as any synergistic ef-
fect PEA might have on CEPEA :
The changes in levels of NA, DA 5- HT and the acid metabo]ites HVA,
DOPAC and 5-HIAA after the administrazion of CPPEA (Figs. 53-55) were
more marked than those observed ‘after CEPEA and PEA \administrations
(Figs 47552).‘ Anaiysis of NA 1evels (5-180 hin) after administration
of équimolar dosés of PEA or”CPPEA revealed a significant difference
between the effects of drug treatments [F(1,62)=201.77, P<0.001], a sig-
fnificant effect of time [F(6,623=15.72,: P<0;001] dnd a significant g
fnteraction between drug treatment and time [F‘C‘6,62~)=7.32, P<0.001]. In
| the case“of DA”]evels, there was a significant difference between the
effects of drug treatments [F(l 68) 50. 99 P<O 001] and a significant
effect of time [F(G 68) 8.67, P<0. 001] but . no significant interaction
> between drug treatments and time was: noted [F(6 68)=1. 92 P>0.1]. Anal-
”//'ysis of HVYA. ievels indicated no significant difference between effects
of drug treatments (F(1 61)=9 17, P>0.2], but.a significant effect of
etime (F(6, 61)=5 93 P<0, 001] and a significant interaction between drug
treatments and time“[F(Gtﬁl) =2. 45 P<0. 05] were noted . 'The results
‘,with DOPAC 1eveis revealed no significant difference between effects of
drug- treatments [F(1,62)=0.65, P>0. 2], but a significant effect of time
[F(6 62) 3.14, P<0. 025] and a significant interaqtion between time and

: drug treatments [F(6 62)=4 9, P<0.0013 were noted. Statistical analysis.
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Qf 5-HT concentrations revealed a significant difference between the
effects ofHdrug'treatment (F(1,67)=14.13, P<0.00i], a significant effect
~of time [F(6,67)=4.94, P<0.001] and a sighificanp,interaction between
drug treatments and time [F(6,67)=3.05, P<0.025]. With 5-HIAA levels.
thefﬁ was a significant dffférence between the effects of treatment
[F(1,68)=9.93; P<0.005], ﬂand no lsignificant ,effect-wof time [F(6,68)=
2.09, P>0.05], but a signiﬁfcant interaction between drug treatments and
time (F(6,68)=7.31, P<0.001) wézbnoted. Injection of CPPEA markedly
depleted NA, with smal]ér but significant-decregses observed for DA and
5-HT. Ca]gulations - revealed ﬂthat CPPEA administration markedly
increased DA turnover up to 90 min (from a baseline value of 2 to 3.3)
and decreased it slightly be]ow _the baseline. value at 120 min and 180
min. Simj]ar analysis for 5-HT (ratio of S-HIAA to 5-HT) a]so indicated
increased 5-HT turnover af@er CPPEA up to 120 min (from a baseline value
of-1 to 1.6) after drug administration. | \
Levels of PEA in brain after CPPEA administration were sfgnificant-
ly higher than contfo}.]evels, buf these fncreases were not as high as
those seen after administration of CEPEA. The effects of CPPEA admini-
stration on the néufotransmitter amines and- metabolites were much more
pronounced than those seen after CEPEA. This suggests that the effects.
éf CPPEA may be more predominant than those of altered PEA levels in
. affecting tﬁese neurot;ansmitters. It is a 1ipophilic compound, and its
léyels (AUC) in bréin-wefe highest among the four prodrugs examined
(Fig. 44); this ~ might influence the uptake and release .of
neurotransmittersA as other N-alkylated phenylefhylamines“ haQe‘ been/(/\
reported to dol(koe, 1976; Baker et al., 1980a; Suck]fnglgg‘gié, 1985); .

‘Following PGPEA. administration there were marked decreases in brain
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NA and DA levels wfthout significant changes in 5-HT levels, in contraét
to the changee‘seen after PEA treatment (see Figs. 56-61 and 47~Sé).
Comparisons of NA levels after administration: of an equimolar dose of
PEA and PGPEA revealed a stgnificant difference between the effects of
drug treatments [F(1;75)=41.90, P<0.00i], a significant effect of time
[F(6,75)=7.02, P<0.001] but no significant interaction between treat-
ments and time (F(6,75)=1.73, P»0.2]. Analysis of DA levels under the
same conditions indicated a significant‘difference between effects of
drug treatments [F(1,80)=50.75, P<0.001], a significant effect of time:

[F(6,80)=5,81, P<Q.001] but no significant interactien beteeen drug

treatment and tim:\}F(6,80)51.67, P>0.1]. In the case of DOPAC Tlevels,
there wa§ no significant difference between effeets of drug*treatment
[F(1,84)=3.25, P>0.1], but a significant effect of time.[F(6,84)=2;27,
P<0.05] and a sign1f1cant interaction between drug treatment and time
(F(6,84)=3.10, P<0 01] were noted Ana]ys1s of HVA 1evels indicated no
sfgn1ficant d1fference between effects of drug treatment (F(1,72)=0.34, |
P>0. 2] but a sign1f1cant effect of time [F(6,72)=4.09, P<0 005] and a
sign1f1cant interaction between drug treatment and time [F(6 72) 2.31,

P<0.05]. Calcnlations of DA turnover indicated an increase in DA turn-
over (in the range af 2.5-3.1 compared to baeeline value of 2.0) at

“inftial times. Changes in DA, DOPAC and HVA levels (Figs. 57-59)
suggest a release of DA and jnhibition of reuptake. Analysis of 5-HT
levels 1nd1cated no significant différences between the’effetts of énug
treatment [F(1,84)=1.63, P>0.1], no sign'ifﬁ:ant effect of time [F(6,84)=
'1.71, P50.1] and also no signfffcant %nteraction petween drug treatment
and time [F(6,84)=1.11, P>0.1]. Statistical analysis of 5-HIAA levels
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indicated a significant di%ference between,effectg of déug tréatment§
[F(1,87)=25. 17, P<0.001], a sigmficant effect of time [F(6,87)=5.54,
P<0.001) and a significant interaction between drug treatment and “time
[F(6,87)=8,62, P<0.001]. 0 o '

The observdtions of Fu*e et al. (1967) mentioned ear11e:~§uggested
that pharmacological manipulations tenddng to pro1ong\ dievated PEA
levels might resu1t‘1n marked decreasés in catecholamine levels. Admin-
istration of PGPEA‘nqp onlyve1evates PEAAleve1s but.qlso sustains them
and concomitantly causes inhibition of MAO-A and -B to Varying dégrees,
‘and thus in effecf mimics the conditions used in the study of Fuxe et
al, (1967). Administration of PGPEA caused nearly 20-30% ‘inhibition of
MAO-A and one wodld expéct small decreases in SQHIAA 1eveis but not
increases (Fig. 6i). The éhanges in 5-HT and 5-HIAA levels observed
you1d suégest enhanced Ye]dase of 5-HT without reuptake inhibition and,
imply predominanée of Lptake effects over.inhibition of MAO- A Besides

| the 1nteract10ns of PEA with NA, DA and 5-HT d1scussed earlier, one has
-to consider the poss1b1e effect of PGPEA itself on uptake and release of
these amines, Lai et' al. (1980) demonstrated that the selective MAO
~ ~inhibitors clorgyline and deprény], which are 'N-propargyl compounds
7respective1'y, in addition to inhibiting MAO also affect ;u‘ptake of ‘NA, DA
and 5-HT in rat brain synaptosomes. ‘Baker\ et al. (_19.78,  1’980b)v. also
,demoﬁ§trated;the$abi1ity of irreversible, nonselecfi?e'1nhbeto?§~such
.as PLZ, TCP and pﬁenipra*ine to afféct uptdke and relea§e of NA' Dd and
5-HT. Recent1y Dyck (1983 1984) reported the ab11ity of PLZ to release
DA . and 5 HT from rat striatum It is equa11y conceivable that PGPEA can

Vexert such actlons on these biogenic amines in {its own right
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Changes 1n levels of neurotransmitters and their‘metaboiites after
administration of DPGPEA were fairly similar to those seen after admin-
istratfon of PGPEA. Injection of DPGPEA caused more’ sustafned deple-
tions'indNA and DA (withoyt affecting‘S-HT levels) than those seen after
-an equimolar dose of PEA (see Figs. 62-67 and 47-52). : :

Statistica] -anaiysis of brain NA levels after administration of
equimolar doses of PEA or DPGPEA revealed a significant difference
between effects of drug treatments (F(1,74)=19.77, P<0.001], a signifi-
cant effect of time [F(6,74)=6.29, P<0.001] but‘nO'significant inter-
action between drug treatment and time‘tF(6,74)=l;29, P>0:1]. Similar
analysis for DA indicated a significant difference between effects of

‘drug treatment [F(l 92) 80.96, P<0.001] and a significant effect.of time
[F(6,92)=2.40, P<0.05] but no significant }interacticn between drug
treatment and time tF(6,72)=0.91, P50.2]:. For DOPAC, a significant dif-
ference between the effects of drug treatment [F(1,85)=37.97, P<0.001],
a significant eifect of time [(F(6,85)=2.26, P<0.05] and a significant
interaction'between drug treatment and time [F(G 85)=3. 42 P<O'01] were
gnoted Nith HVA, there was no significant difference between effects of

drug treatments [F(l 72) 2.64, P>0.4], but a significant effect'ef time

[F(6,72)=7. 49, . P<0. 001] and a significant ‘interaction between drug’

- treatment and time [F(6 72)=4. 48, P<0.001] were observed
Caiculations of DA turnover values. indicated that DPGPEA admini-

stration increased the turnover value of DA from a baseiine vaiue of 2.0

to about 2.5-3.0 up to 60 min followed by gradual decrease below base-

1ine value by 180 min. Persistent decreases in'ievels'of DA and DOPAC

levels from 5-180 min (Figs. 63-65) coupled with marked increases in HVA

leveis at initiai times suggest increased‘release of DA with reuptake

e
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P

fnhibition. Analysis of varfance of 5-HT levels indicated a significant
’ , . ! o

difference‘between effects of drug treatments [F(l 92)=8.33, P<0.025], a

sigrificant effect of time [F(6,92)=2.28, P<0 051, but no significant

interaction between drug treatment and %ﬁpe (F(e, 92) 0. }9 P>0.2].

Indiv1duai comparisons of 5-HT leveis at each time interva1 (5- 180 min)hJ

between PEA- and DPGPEA-treated groups were not significant Frmn~ther -

data in Figs 51 and 66 1t is, however,. apparent that the drug treatment

effect is attributable to overaii decreases in. 5 HT levels 4n e DPG{

N

PEA-treated group relative to those seen in the PEA-treated group

- Anaiysis of - 5-HIAA ieve]s reveaied a 51gnificant difference between‘
effects of drug treatments [F(1,97)=13.62, P<0.901], a significant

effect of time [F(6,97)=6.38, P<0.001] and a significant“interaction L

betWeen drug treatment and time [F(6,97)=2.36, P<0.05].. These changes
were reflected in higher increases (P<0. 05) in 5-HIAA levels at 5 and 15
min after DPGPEA treafment in comparison to those seen after PEA injec-

tign. Administration of DPGPEA increased the turnover index of 5-HT

‘1<_I‘
-"'}

(from & .baseline value of 1.0) up to 120 min to a va]ue in the range of

1.25-1.4. |
Sustained ~elevations in'brain PEA levels, MAO inhibition and pos-

sible abiiities ‘of DPGPEA to influence ‘the uptake and reiease of NA, DA, °

5-HT . .may be contributing to the. neurochemicai profile of DPGPEA

Because of metabolic interrelationships existing between DPGPEA and

PGPEA, it is. iikely that levels of PGPEA may also influence to the over-

4

al pharmacodynamic and neurochemicai profiie

—
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E. Discussion of Pharmacokinetic and Neurochemica] Effects of PEA and ‘

- Tt Prodrug

During ‘the course of. the present investigation pharmacokinetic and
neurochemicai properties of four potentia] PEA prodrugs namely CEPEA
CPPEA PGPEA and DPGPEA, have been examined and compared to those of PEA

. {tself. Sensitfve GC- ECD techniques have been deveiOped to quantitate "

levels of PEA and its prodrugs in brain b]ood and 1iver. Administra- o

., tion \of PEA itself caused marked increases in tissue PEA Tevels, but
these ievels’decreased“rapidly, probably due t0‘rapid deamination and/or
distribution. These.,results 1indicate t’hat PEA itself cannot be employed.
to elevate PEA levels. Repeated administration of PEA'-;Coui’d theoreti-
cally be employed, but rapid uctuations in tissue PEA levels would not
| reveal any meaningfui information as to the possib]e role of PEA in the
CNS. N~ A?Tkyiated prodrugs have been examined with a view that the_y‘
would undergo in viVo conversion to PEA to eievate and sustain the
. levels of PEA ’se@ectiveiy,ui.e. without affecting other neurotrans-
mitters or mo;du‘]ators-f Administration of drugs inhibiiﬂng MAO cou]d'

achieve: this objective albeit nonspecificany, ie.. there would be

| increases in ‘leve'ls of severa'l bioactive amines A‘ll the N alky'lated“- |

,vana'logs of PEA investigated were demonstrated to undergo in vivo N-'l

dealkylation generating PEA aithough there were differences in “the
changes i‘n.PEA. In vivo MAO inhibition data indicated CEPEA to be a
weak MAO inhibitor, whereas PGPEA and DPGPEA were. found to be fairiy "‘
selective MAO B inhibitors. | Aithough CPPEA was not examined for its in |
vivo inhibition ‘lack of structura’l features known to mpart MAO inh;ib-

iting propérties, and relativeiy sma'l'ler increases in PEA 1eve'ls in com-'j |

, ’. parison to—those—after administration of other prodrugs suggest a weaker
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MAO inhibitory activity, if any. Administration of CEPEA resulted in
gradual 1ncreases in brain PEA levels and these levels were sustained in.
comparison to the transient changes after treatment with PEA itself.

¥
Besides sustaining PEA levels CEPEA treatment was shown. to increase

availability of PEA to liver. Administration of CPPEA caused moderate

increases in PEA levels .and these levels were sustained for longer times-'“

than seen after 1nJection of PEA {tself, indicating delayed clearance of
PEA after‘CPPEA administration as well. 0verall availability of PEA in
\brain .was_lower after CPPEA administration than after PEA administra-
tion but this is somewhat misleading since a comparison of the actual
time response curves reveals that CPPEA produces smaller but more‘sus—
tained levels of PEA than does administration ‘of" PEA. Comparison‘of
present‘ experimental data with those of Nazarali et al. (1983) and
Coutts et al (1986b) suggests that there are differences between Cyano-'.'
ethyl and chloropropyl groups as alkyl groups with regarﬂ to in vivo
N~dealkylation Metabolic studies in amphetamine analogs indicated that'y
N cyanoethylamphetamine 1s rapidly N- dealkylated to generate the parentf

. ‘amine aMphetamine both in humans and in rats (Beckett and Shenoy,

1972 1973 Coutts et al., 1986b) the possible influence of the elec-‘

Q}ron-withdrawfng ability of the cyanoethyl grdup in rapid metabolit con— H‘-”_

- version has ‘béen proposed (Beckett and Shenoy, 1972 1973) N (3-

Chloropropy) amphetamine (Pondinil®) is structurally related to N-cyano- .V“

ethylamphetamine and metabolic studies revealed very little in vivoi"

"'_N dealkylation (Calwell 1976 Nazarali et al., 1983) and a preponder-';i((

- ance of aromatic hydroxylation (Caldwell 976) Comparisons of . convereE
j‘ifsions oﬁ CEPEA and CPPEA to PEA indicate that the cyanoethyl group was"

(‘more labile than the chlorOpropyl group to metabolic N-dealkylation,‘f
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simi]ar to the situation with the N- aikyiated amphetamines
- The propargyl ana]ogs PGPEA and DPGPEA are. interesting compounds in-

that they are weak but. fairiy seiective MAO B inhibitors as weli as pro—
drugs of PEA Both were shown to be more highly seiective inhibitors of'
MAO B in 1iver than in brain in vivo The dipropargyl compound DPGPEA
was found to be ‘a prodrug of PGPEA which in turn was shown to be a pro-
drug of PEA; thus DPGPEA represents a double prodrug of PEA The fact
that PGPEA and DPGPEA are MAO inhibitors in vivo raises the question as‘p

‘to the relative contributions of dn vivo MAO inhibition .and,N- dealkyia-‘ o

htion to the increases in PEA 1eveis "The observation that increasing
fPEA levels after PGPEA and DPGPEA were higher than those observed after'
administration of seiective or nonselective MAO inhibitors (Bouiton et
él;, 1973 Phiiips and Bouiton 1979 Axefrod and Saavedra 1974' Baker
et al. 1984a Phiiips 1984 ; Lauber and Na]dmeier 1984) would suggest
'?that N deaikyiation may be predominating over inhibition of MAO.‘ How—
R ever,,both effects are probabiy comp]ementary‘to each otheroin e]evating
. -and sustaining PEA ieveis These studies have also demonstrated that‘
- the N-propargy1 group is metaboiicai]y 1abi1e and this extends eariier“
'reports in which N-propargyl anaiogs of N-methyibenzyiamine and N-
bemethylamphetamine were shown to undergo in vivo N deaiky]ation (Durden--
. et ai.. 1975 Pirisino et ai.,,1978 Reynolds et a]., 1978 Phiiips
- 1981; Coutts et al., 19815 Karoun gt al. al., 1982 He‘li and. Lindeke, 1985,
:1986) = "; o 3 g N _r ;“”:]= 1," N .',v | ‘
Studies conducted so fan with N-cyanoethyi and N-propargyi anaiogs'

N rof phenylaikylamines wou]d suggest that these two groups represent agffeu"

\ ‘usefui means of extending the levels of;such amines in brain tissue

Comparative avaiiabilities (AUCs) of PEA after administration of[*]‘, L

R
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PEA and its prodrugs in biood brain and Tver: are . presented in Fig.

.44. The ranking of treatments, in- decreasing order "of AUC of PEA in .

brain 'was PGPEA>DPGPEA>>CEPEA PEA>CPPEA in biood the ranking order
PEA, CEPEA PGPEA>DPGPEA>CPPEA and in liver thet)anking was PGPEA>DPGPE
‘ CEPEA>>CPPEA>PEA Idea]iy a good prodrug shouid provide eievated leveis‘
,.‘ and sustain them this is as important as or more important than over-‘
all increased bioavaiiabiiity The .N- cyanoethy] analog CEPEA (a weak
. MAO 1nh1b1tor) is a better candidate than CPPEA in providing such fea—
tures : The dipropargyi anaidg DPGPEA (an MAO- irmgbiting prodrugi

I3

" elicits graduai sustaingd e]evations of PEA PGPEA (also an MAD inhib-
itor) resu}ted in an 1nitiai 'burst effect , but leveis we;; above con- -
5 trol values are‘maintained for a relatively 1ong period. of'time" The:
double prodrug feature of DPGPEA might contribute to these properties
Both PGPEA and DPGPEA are unique in that they represent novei MAO inhib—
itors that cause marked e]evations of PEA levels without marked]y
increasing concentrations of othenpimines | ' |
| Availabilities (AUCs) of the prodrugs of -PEA in brain b]ood and‘
' liver were summarized in Fig 45 In brain CPPEA had a greater AUC_

than the others whiie in 1iver QPPEA displayed a simiiar AUC to PGPEA‘
and DPGPEA., Simiiar AUC vaiues for CPPEA were observed in brain and‘

iiver whereas the AUC values of CEPEA PGPEA and DPGPEA in liver were’v :

;i higher than those in brain. However the concentrations of CEPEA indt
1iver were much Tess than ‘those of’ PGPEA and DPGPEA.' Despite this-’
peripherai tissue Iocaii;ation CEPEA PGPEA and DPGEA provided higher

“PEA 1eveis in brain than did CPPEA. ‘-‘)- .

The present investigation has ciearly demonstrated that it is7‘-h e

possible to seiectivity (i e. without increasing other amines) increase~

e
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-levels of PEA in the CNS without the use of the usual MAO inhibitors by

emplOying N alkylated analogs of PEA as prodrugs Levels of PEA n

brain after these prodrugs were similar to or markedly higher than those

3‘obtained after administratidb of MAO inhibitors Although PGPEA and

DPGEA were shown to be MAO inhibitors, they did cause marked inCreases-

in PEA levels which were larger than those expected from MAO inhib-

{tors. These prodrugs can thus be employed ‘as novel pharmacological

_tools with which to study the functional role of PEA‘Tn‘the CNS

1

In the present investigation levels of PEA ‘and its.prodrugs'have
been measured ih brain blood.and‘liver to help in characterization of

prodrug distribution _The‘detectionyof a drug and its metaboljte(sl in“

" the Cﬂs‘does not necessarily mean‘formation‘of theﬁmetabOlite occurs in
‘the .CNS. The metabolite could be formed in’ liver and be tranSported to

brain unless its physicochemical properties prevent or preclude such an

event But this observation should not: lead one to misconstrue that

lbrain lacks metabolic capacity for. exogeneous compounds (xenobiotics)

\Several studies have demonstrated the metabolic potential of brain ‘and,

to quote Gorrod (1978) "brain has conjugating systems present as well"'

as. those able to carry out Phase 1 metabolic pathways (Phase I .

ff5reactions include dealkylation deamination oxidation reduction,‘and'~

ihydrolysis)

The levels of PEA and its prodrugs have been neasured employing

‘f yGC-ECD following extractive derivatization with PFBC and in preliminary“‘f
- _studies PFBSC Was demonstrated to derivatize these prodrugs ‘under

vxiaqueous conditions. The concept of using perfluoroacylating agents for:‘

‘,',Aextractive derivatization is a nelatively recent one (see Table 7) "-.

'-This procedure combines extraction and derivatization in a single step,
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thereby reducingntbtal ana]ysis time” A modification of the method of

Nazarali® et al. (1986a) has been empToyed ‘for this purpose Leveis of
PEA; in untreated rat tissues were comparab]e to those reported earlier

empToying TLC—HRMS techniques (Philips 19840 The GC-ECD techniques

employed in present investigations offer simpie sensitive and repro-

duc1b1e assay procedures as a viab]e a]ternative to GC-MS techniques i

whdch require cost]y equipment as weil as highTy trained personneT
Effects'-f'administration of equimoiar doses of PEA and its pro-

drugs (0 1 mmoi/kg, .p;) on putative neurotransmitter amines were

examined by measurement of brain leveis of NA, DA, " 5- HTtaDOPAC ‘HVA and

- 5- HIAA at different times after administration In comparison to trans—

'ient 1ncreases in’ brain PEA levels produced by administration of PEA

1tse1f administration of - prodrugs caused sustained eTevations in PEA‘m*

levels. Differences in patterns of changes in neurotransmitters and

.‘their metabolites after .PEA and its prodrugs suggest possib]e neurochem—

icai effects of prodrugs such as abilities to affect“uptake and reiease

of neurotransmitters and to inhibit MAO (for PGPEA and DPGPEA) These

- neurochemicaT effects of - prodrugs cannot be unequivocaiiy deiineated
from those due to altered PEA TeveTs in in’ vivo situations. The results L

of in vitro uptake and release experiments with the prodrugs in. combina-‘

+

tion with in vivo experimenta] resuits as described here may help in

___‘_‘,.,

«clarifying this situation

Pl

F. Tissue Levels of T.and CETL,_;f

-

"oy

dedided to perfonm a preTiminany study with a potential prodrug of T “”

i .- . . o - v B .

Because of ‘the encouraging results with the prodrugs of PEA it wasf‘e
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"another'bioactive amfne hhich,hasngen proposed to be'invoTVedﬁin‘thej
"petfology of depressfon”and is‘known to be increase markedly in brajn

following adminfstration of MAO 1nhfb1tors (see Introduction Sectfon of
this thesis). The N- cyanoethyl anaTog of T was. chosen for this pre11m1~‘

»

nary 1nvestfgatfon . | .
| The TeveTs of T and CET after administration of T or CET were
determined by aqueous pentafTuorobenzenesulfbnyTation foTlowed by Gc-
- ECD. Using thfs‘technique TeveTs of.T in controT tfcsues coqu not beﬂ
‘accurately quantitated but they were less than 1 ng/g in each case and
- were assumed to be 0.5, 0 2 and 0.7 ng/g for ‘brain, b]ood and 11ver resj
pective]y, as found by Ph1]1ps (1984) using high resoTut1on MS. After
i p adm1nistration of 'T - levels of T in brain, ‘blood and T1ver
| increased s1gn1f1cant1y -above control Tevels but the increases were not
uniform. The fact that peak levels in brain -were’ nearly 4 times and 45
times Tower than those Tn bTood and liver (espectively suggests reduced
" penetration of T across the bTood brain b rrier relat1ve to PEA and/or

'existence of a first-pass metabolism in t e'perfphery. Because of its ©

lipophiTicity, T would be expected to enter rain rapidly, and Oldendorf

(1971) reported that T crosses the bToo -brain barrier reTativeTy?'
easily, aTthough in this case T was admin stered through the intra-

carotid artery. Peak TeveTs at 5 min in brain suggest rapid entry, but‘
w-the Tow Tevels reTative to those seen with PEA woqu Suggest that onTy a‘ﬂ.,
small fraction of the admfnistered dose. gains access to bra1n. Similar“ |
";conclusions were reached 1n a recent study (Dyck and BouTton i986)

"'eemplqying a highTy sensitive and specific TLc HRMS technique. Ing:PEEL;NN-

——

“Enevidence for Timited CNS absorption of 1ntraper1tonea11y administered T

.ﬁf“comes from ear]ier behavioraT studies 4n—uhich Tnelicited CNS stimulant‘

T“ -

‘-9"'
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effects at re]ative]y high doses approaching toxic doses or on]y uPonl'v
pretreatment with MAO 1nhibitors ‘(Green and Sawyer 1960 voge] and

| Cohen 1977 Luscombe et ai 1982) The patterns of decreases in T
.Teégis in brain, biood ard Tiver were simiiar to those observed by Dyck
and BouTton (1980) and Wu and Bou]ton (1973) in that there was a rapid
eiimination phase foiiowed by a siower eTimination phase | Hu andx
Bou]ton (1973) reported the ' ha]fpiife eiimination (}) vaiue for [3H] T “

in brain to be about 34 min (assuming ]inearity 1n T concentrations from ﬁ

10-60 "min)q, In the present investigation emp]oying the method: of f‘i“

‘residuais‘(Section 11. H)‘ two haif iives were observed (t1/2u-12.5 min,
01/24-90 min, Table 17). ” T
Anaiysis of b]ood T ieveis (5 120 min) after administration of T or.
CET (O 1 mmoi/kg, i.p.) 1ndicated -a 51gnificant difference betweenr :
effecti of drug treatments [F(1 55) 6.85, P<0. 0025] a significant

effect of time and a 51gn1ficant interaction between treatment and time N

[F(5,55)-8.31, P<0. oo1 and F(5, ,55)=6.65, P<0.001 respective]y] Simiiar S

anaiysis in brain indicated a significant difference between effects oftalﬁ

‘treatments a 51gnif1cant effect of time and a significant interaction e

'lbetween treatment and time [F(l 60) 7. 25, P<0 0025; F(5 50):44 75 R

“'ﬂp<0 001 and F(5 50) 16 84 P<° 001 respectively] Equivaient‘anaiysis
’,_in Tiver indicated a significantJ difference between effects of drug- o

‘;treatment, ‘a significant effect of time and a significant interact,ona‘v, 3

flbetween treatment ahd time [F(l 64)-25 13, "°P<0 001 F(6 64)¥47 24, "

“P<0 001 and F(G 64) 38 49 p<0»001 reSpectiveiyl After administrat10n;»-.‘f"

Lf.of CET T leveis increased siowiy and peak levels in brain,‘biood and\' '
_liven were ;ignificantly Tower than those observed after an equimoiarf.

| dose of T indicating that prndrug administration caused defdyed reiease :
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“The Jevels of T also decreased at a s]ower rate

B after CET administration than after T administration. Levels of T after
fgn creatment decreased rapidly dur1ng the a-phase ‘and this phase

C%%Ecunted for nearIy 80%-90% of avaflab]e T, whereas after CET tredtment

\

T 1eve1s in brain and ]1ver {(but not blood) decreased monoexponent1a11y

(Table 17). There was no change 1n overall T availability 1n brain

v

W after CET. and T treatments whereas in blood and liver, CET treatment’

resu1ted in decreased overa]l availability. Two reasons can be advanced

to explafn thfs observation
1. Metabo]fc N dealkylatfon of CET may not occur at a rate sufflcient'

. '

enough to susta1n T 1eve]s Tryptamane has been shown to have
ta a rapid turndver rate (Durden and .Philips, 1980) and it is a good
substrate for MAQ. If.N-dealky1ation of CET to T proceeds at a
rate s1o§er‘r}han deamination of " T by MAO, CET treatment would

result in reTatively small increases in T avaflability

2. ‘y, .The second poss1b111ty fs that CET might be elifmi ated rapidly so
ﬂﬁ’f

ﬂ
-that CET levels are insufficient to elicit a ug effect. Hdlf-

,4' J

life ca1CU1at10ns (Table 17) indicated that .CET was e11m1“afed

faster than T from brain b;cod and liver and thfs rapid elimina-

tion of CET might be responsible for the relatively weak prodrug
effect.

~In ig_xlxg;experiments, the extent of dealkylation is difficult to

deternfne. but;assunjng the ratio of the AUCS of T to .CET as an.index of

the exten;faffNidealkylation, about 0.5% of available CET was converted

.to T fn bra}n‘.while in liver the ratio was 3%. This indicates 1imited

,.in !;#3 conversion of CET to T compared to the conversion of the pro-

‘drugs of PEA to PEA Thus 11mi ted N-dealkyiation and.rapid elimination

' .
. KT - .
. ;‘{ 1 . . - . 4

¢
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of CET gight contribute to the relatively smail increases in brain 7

levels seen after CET treatment. But_tﬁese fncreases wefe sustained,

and détectab]e levels of T could be found in brain, blood and l{ver even

at 180 min after injection, whereas qfter T injection, levels of T were

detectable only at 120 min. In vitro studie§ indicated fairly potent”
‘{nhibition of MAO-A by CET relative to inhibition of MAO-B (Section

III.G{, but in vivo MAO inhibition data at 60 min after i.p. injection

of CET showed that MAO activity was nearly normal, suggesting that

inhibition by CET is rapidly reversible. |

A

G. Levels of NA, DA, DOPAC, HVA, 5-HT and 5-HIAA After Administration

of T and CET

~
1

Interactions of T ana CET with levels of neurotransmitter amines
and their metabolites were determineq‘employing HPLC-EC. Admiqistratioh
of T influenced DA, HVA, DOPAC, 5-HT levels without affecffng NA and
‘ STHIAA levels, while injection of CET altered DA, DOPAC, SQHT and S-HIAA‘
levels without affecting NA hpd1HVA levels (see Figs. 72-77).

Analysis of NA levels (5-180 min) éftér administration of T or CET
(each 0.1 mmol/kg, 1.p.) fndicéted no significant difference between
effects of treatdbn§§,‘no significant effectvof time and no significant
interaction between treatment and time [F(1,86)=07001l P>0.1; F(7,86)=
1,89, pP>0.1 and‘F(7,86)=0.93,'P>0.1 respectivelyl. Data in Fig. 72,<
clearly indicate thaf T and TET have 1imited effects on the NA system.

Stafistica] analysis of DA Tevels aftér,édministration of T or CET

indicated a significant diffénence between -effects of treatments, a sig-

'nificant éffect of time Snd a Significantlinteraction bétween tre&tment ‘

Y

2
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‘and tiﬁfﬁ}fF(l,Sﬁ)f87.43, P<0.001; F(7,86%=9.09, P<0.001 and F(7,86)=

) 4 .43, P<0.00]1 respective]y]. ' Simi]ar analysis of brain HVA levels
revealed a significant difference between effects cf treatments, a sig;
nificant effect of time and'a significant_interaction betwgen treatment
and. time [F(1,86)=61.71, P<0.001, F(7,86)=11.56, P<0.001 and F(7,86)=
7.15: P<0.001 respectiveiy]. Equivalent anainis of'DOPAC ]eveis indi-
cated a significant difference between effects of treatments, a signifi~‘
cant effect of time and a significant interaction between treatment and

_time [F(1,83)=306.62, P<0.001; F(7,83)=8.35, P<0.001 and F(7,83)=17.03
respectively]. Calculations of DA turnover [ratio. of sum ofIHOPAC and
an (% control) to DA (% control), baseline value of 2] indicated that T
acministration resulted in increased turnover values (in the range of
2.5-3.3) from 5-90 min;‘the turnover value decreased to the baseiine“
value by 180 min.. In contrast, CET administration reSuited‘in decréases
in DA turnoven, with values ranging from 1.06 to 1.5 between 5 to '120
min,'and the turnover incneased to the baseline value by 180 min. This
would indicate Opposite effects of T and CET en the dopaminergic system
(see Figs. 73- 75)

Analysis of 5-HT Tevels after J and CET treatments indicated a sig—
nificant difference between effects of treatments a significant effect
of time and a significant interaction between treatment and time

«[F(I‘EET‘EE"BE’ P<0. 001 F(7,84)=3.08, P<0.005 and. F(7 ,84)23.15, P<0. 005
respectively]. Equivaient analyses of 5-HIAA levels aisokindicateq a
significant diffce between'effects of treatments, a significant
effect of time and a significant interaction between treathent and time

[F(1,87)=84.87, P<0,001, F(7,87)=3.82, P<0.005 and F(7,87)=7.04, P<0.001

respectively]. Administnation‘n(<j; slightly increased 5-HT turnover
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[def1ned by the ratio of 5 HIAA to §- HT (% contro]s) baseline value of
1 0] in.the range of 1.1 to 1.34 from 5 180 m1n whereas CET admiqistra-
tion decreased 5-HT turnover (va]ues in the range of 0.5-0. 9) up to 120
min, after ;hich ;urnover 1ncreased to the base11ne value. These oppos—
ing'effects are demonstrated in Figs. >76 and 77. |
’ Administration of T to various experimental anima] species produces'
behavioral effects (reviewed in Jones, 1982) that appear to‘be mediated
through serotoninergic mechanisms or through a direct effect on recep-
tors for T as these actions were biocked by meth;sergide (Dewhurst and
‘Marley, 1965). The preseht study indicaces that T may also have strong
effects on DA_systems as well. Injectiqn of‘T’depleted DA levels and
~even at 180 min after T injection, DA lTevels were‘beIOw control leve]s:
Baker and Yasensky (1981) observed DA release from striatallprisrs
by T;.this was a weéker release than that.seen after p-TA and PEA.
'Squires et al. (1978) observed that DA antagonists ‘can block behavioral
effects of T, indicating dopaminergic involvement in addftfobu tc\ a
" serotoninergic role. Marsden (1980) suggested that although inftial
behavioral effects seen after cpmethyltryptamine were serotoninergic in
nature, later effects appear to be mediated by both DA and 5-HT sys-

a
tems. Decreases in DA levels accompanjed bylincreases in DOPAC and HVA

levels in“the present study strongly suggest an increase in DA turnover '

at initiall times. This may be due to the releasing<effects mentioned .

above”or due.to inhibiting effects of T on DA uptake (Heikkilla et al., ~

Baker and Yasensky,‘1981). Increases in DOPAC suggest that‘DAv
by T predominates over dptake 1nh1bft10n; In contrast, DA
levels after CET administration were not different from contr01 levels.

These were ascompanied"by marked decreases 1in DOPAC levels without

N
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changes 1n HVA; tﬁese changes taken together indicate a decrease in DA

turnover.. Decreases in DOPAC Tlevels without changes in DA suggest
possTbTe‘uptake 1nh1b1t10n, but -uptake bTockade with enhanced reTease
should increase HVA TeveTs. This might'be due to predom1nance of uptake
blockade over release aTthough the 1nteract10ns of CET with the DA sys-'
tem shou]d a]so be considered 1n addition to changes due to T (formed

from CET) 1tself
Levels of 5- HT after T treatment decreased below controTs only at

" 60 min, while 5-HIAA levels remained unchanged Treatrient with CET

' increased 5 HT levels onTy at 5 min while 5 HIAA Tevels decreased

initially and increased at later times. Horn (1973)‘and Baker et aT

(1977 '1980c¢) reported inhibition of 5-HT uptake by T in rat brain tis-

: sue preparat1ons, and Born et al. (1972) and Airaksinen et al. (1980)

k

‘reported 5 HT uptake inhibition by T in human pTateTets Baker et al.

(1977 .1980c¢) and Ennis‘and Cox (1982) also observed a,potent re)easing

:‘action of T on 5-HT from rat brain tissue preparatfons weak in vivo‘

1nh1b1t1on of MAO after CET despite reTativeTy potent MAO A inhibition‘"f

in vitro suggest the possibiTity of reversible in v1vo 1nh1bit1on ofu‘
MAO-A after CET This might account for' a small initiaT 1ncrease of
5-HT at 5 min after CET treatment and a decrease in S-HIAA Tevels up to

30 min. . Changes In T levels aTong with CET might aTso affect uptake and

release of S-HT In contrast to marked changes 1n the DA system foTTow-'

ing T treatment changes in 5-HT TeveTs were minimaT TrEatment with

CET appears to 1nf1uence both DA and 5-HT systems, to varying degrees. ‘

Further studies are requjred to delineate the effects'of prodrug from

- its. metabolite with regard to interactions with neu§~transm1tter amines.

In summary, T administration resuTted in: differential 1ncreases “in-
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tissue T levels, and the pharmacokinetic data suggest reduced ability of

T relative to PEA to cross the b]pod—brain barrier following i.p. adnin-

_istration and/or existence of a first-pass metabo]ism in' the per1phery

Administration of CET e]evated and susta1ned“T 1eve1s 1n tissues, 1n'
Icontrast to the rapid decreases in .T levels seen after T 1nject1onl
‘itself. The increases in T leve]s after CET were not as ‘'high as the
1noreases in PEA levels after CEPEA treatment.‘ The pharmaéokinetics of
CET might be responsible for such an observation. Neurochemical studies
suggested‘.fairly' potent effects on DA and 5-HT systems relative to,
effects on NA systems after T and CET 1njections,‘1ndicat1ng that the

prodrog itself may be neorochemica11y active.

H. in Vitrog}nhibition of‘MAO by Structural Ana]oos_ofiTranylcypromine :
(1cp) |

During. the course of the present‘investigatfon 1nhibftfon of MAO B
in vitro by ‘structural ‘analogs of TCP (see obJectives and hypotheses
Sectipn I.L 94- 97) has been examined using MAO-A- and -B- specific sub- ﬂ
strates (Rao et al 1986b) These studies revealed that some struc-
v Atural ana1ogs of TCP were equi-potent with or more potent than TCP 1tse1 f‘j

(Tab1e-18) Ear‘lier, Zirkle et al. (196.2—)’ using potentfation of T-

induced convu]sions as -an 1ndex of MAO inhibition potency In vivo,_,t o

- reported that e]ectron-withdrawing and e1ectron-donat1ng substituents"
_ did not 1ncrease MAO 1nh1b1tory aCtivity in TCP ana1ogs During the.

course of the present investigation, FTCP~ -and, naphthyIcyCIOpropyI-'

amine (NCP) were found to be more potent than TCP as MAO 1nh1b1tors..7 o

Several phenyl ring-substitued analogs of TCP name1y 3 4-meth1ened10xy-‘
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iCP (MDTCP), 4- methoxy ~TCP (MTCP) and 3- trifiuoromethyl ~-TCP (TTCP)
were equipotent with TCP at inhibiting MAO A and 'MAO-B in vitro | The

‘techniques employed by Zirkie et ai (1962) did not yieid information on
the inhibitory potential against MAO- A and -B. Since the. discovery of
muitipie forms of MAO, no further studies had ‘been conducted to" eiucid—

ate the inhibitory activity of the TCP analogs The’ present study con-~
firmed earlier reports indicating higher potency of (+)-TCP than ( )- CP

at inhibiting MAO activity (Zirkie et al., 1962 Fuentes et al., 1976

) 'Reynoids et al., 1980 Hampson et al., 1986), simiiar potencies had aiso

" been observed in in vivo studies (Fuentes et al. 1976 Reynolds et ai

1980; Hampson et al. 1986) N Acyiation or N- aikyiatiom/in genera]
resul ted in decreased in vitro activ1ty against MAO A and —B, al though
the extent varied. N- Acetyi-TCP (ATCP) was about 1000 to 10000 times
weaker than TCP as an inhibitor of the two forms of MAO in v1tro and
simiiar potencies were observed for carbamate anaiogs of - TCcpP [ethoxy-
’carbonyl TCP (ECTCP), ‘isobutoxycarbonyl- TCP (ICTCP) .see Fig. ' 12)].

Calveriey et- ab. . (1981) reported the presence of ATCP in rat brain
foiiowing TCP - administration but its MAO inhibitory activ1ty was not‘f'

| determined Kang and Young (1984a) identified ATCP: in rat urine and‘

Kang and Choi (1986) characterized its MAO inhibitory potentiai in - g

vivo.. These 1atter authors found that administration of a 0 4 mmoi/kg“
-,(i.p ) dose in rats resuited in a gradual increase in MAO inhibition‘»
’(determined by 5-HT deamination) from minima1 inhibition at 0 5 hr toﬂj
t‘about 90% inhibition between 6-12 hr~ 74% inhibition was still observedﬂ
_ :by 24 hr. A neariy 1000-foid weaker in vitro potency of ATCP in coms
: parison to TCP (Rao et ai., 1986b Kang and Choi 1986) and the graduale

increase in MAO inhibition in vivo suggests biotransformation to TCP‘E"



and/or some other active nmtabo]ite in vivo Kang and Choi suggested'
“that po]ymorpic N acetylation of TCP might be’ reSponsibie for differen_
‘tial side effect profiies as weil as therapeutic benefits in the patient
) p0pu1ation If in‘vivo N- deacety]ation of ATCP to TCP 1s a major meta-f
bo]ic process theg ATCP couid we]] be conceived as a prodrug of TCP.
B Carbamate anaiogs of phenylethyiamines have been shown to undergo\_
.in vivo N deaﬂkylation to generate parent amines (Verbiscar and\Abood |

1970 Baker et a1 1984b) .and Nazaraii (1984) demonstrated that ECTCP“

was metaboiized to TCP thus acting as a prodrug Zirkie et al. (1962),

observed that the N- benzy]carbamate derivative of- TCP Nas nearly twice”

as potent an MAO inhibitor as TCP in vivo and recentiy Kang and Young
(1984) demonstrated the biotransformation of this carbamate to TCP in
vivo It is 1ike1y that, ICTCP (Tabie 18) w0uid aiso be metaboiized ‘to
TCP 1n vivo Among the N- aikyi analogs of TCP CETCP the N cyanoethyi-'
anaiog of TCP was a poteht MAOD . inhibitor in its own right in vitro and
'f}it was demonstrated to be a good prodrug in vivo (Baker et al 1984d ’

1 Nazaraii et ;d ‘1986c);‘ N—PropargvifTCPcwas_found to be,a_weaker'MAQ‘

nhibitor than TCP in vitro “Pretreatmenttwith MAO«inhibitors attehu-'

ates the increase in brain ieveis of. GABA seen following the administra-"'

tion of PLZ and Popov et ai (1967) observed that in vivo inhibtgzgﬁl

potency  of MAO inhibitors~para11e1ed their abiiites to attenuate this. .

gincrease. Using such a pharmacologicai method P0pov et ai (1967) f(

| observed that PGTCP was. 1ess potent than TCP and the present investiga-”iivf*

tion confirms this eariier observatidn—- Encouraging resuits with N-i

propargyi anaiogs of PEA ied to the detaiied examination of PGTCP as aa';"*

possible prodrug of TCP in. vivo (see Section 1v. J) COmpounds with the

‘-N-propargyi moiety are known to inactivate MAO through 1rreversib1e:
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1nact1vation as weH as tﬂ undergo m vivo N- dealky1ation to generate
parent amines (see Sectfon. IV A 4) It was hoped t\hat PGTCP would be a“,
novel MAO 1nh1b1tor and a prodrug of a known MAO inhibitor '

-

I. Comparative Pharmacokinetic and Neurochemica] Stud1es on TCP and

B FIc
’ “In M‘Z test‘ls‘ 1ndioated thatﬂ‘FTC.!‘" was nearly 10.times “mo.re, potent
| “than TCP'at 1nhib1't1ng MAO and this_ prompted agcomparative‘neurochemica'lf"‘
| and pharmacokinetfc study on TCP .a’nd FTF;D A novel GC- ECD analyt1ca1
technique for the ana'lysis of TCP 1n rat tissues. (blood, bram hver,
| heart, kidney, lung, heart and‘spleen) was developed »(-Raoﬁ al., 1986a5
and this method(has‘ 'been _'employed_?“for ,the. analysis of' FTCP in these
‘tissues (Coutté'ggrgl;,h1986a). 'The method'employed'PFBSC (see objec-

ttves and hypbtheses ~$ect10n-1 L) as a novel reagent to extract andj

" ~derivatize TCP or FTCP under aqueous cond1tions.,, In prehminary

studfes, this method was also shown to be apphcable to the derivatua-‘ |

‘tion of TCP ana'logs such as MTCP MDTCP TTCP NCP CEICP and PGTCP (see

w-Fig._lz).

Several methods have been deve]ooed to ana]yse TCP in biologica]

” samples. Turner et a1 (1961) employed a ﬂuorometric method to deter—r

| ‘I_;_m'lne TCP e'l'lmination in human urine samp'les.. A radioehzymatic assay'

- :method was developed b_y Fuentes et a'l ( 1975) to quantitate TCP isomersQ
in rat. brain fo]lowing the administrat'lon of the individual isomers .‘

"'.‘Baselt et a'l (1977a) emp'loyed GC with ﬂame 1onization detection tov", |

t-, ana'lyze TCP 1n underivatized form in autopsy specimens., The same group :

';’(Baselt et a1., 1977b) also utﬂized anhydrous trich1oroacety1at’fonf“



* followed by‘GceECD to measure TCP Tevels in human plasma samples Lang

‘et'al (1978) utilized dansyl chloride to derivatize enantiomers of TCP L

this was followed by TLC separation and fluorometric measurement to

quantitate TCP isomer levels in human plasma and urine A GC-NPD tech-‘

nique was used by Bailey and Baron (1980) for the analysisvof TCPflevels

~dn human plasma and urine samples this followed extraction into an

organic solvent under alkaline pH ‘and anhydrous heptafluorobutyryla—

\‘"‘Mtion AqueOus acetylation followed by anhydrous pentafluoropriopionyla-

, R
tion or pentafluorobenzoylation ‘and - analysis by GC ECD have also been

“used for quantitation of TCP in brain and/or urine samples (Calverley et.

.EQ;JAIQSL Hampson et al al., 1984). ‘Baker et El; (1985) employed aqueous

l ‘trichloroacetylation follpwed by GCQECD- analysis' to quantitate TCP

V(

levels in rat brains AnalySis by GC ECD - has also been used for mea-
surement of . TCP in human plasma after derivatization with PFBC. under
anhydxous conditions (Youdim et al.; 1979;° Reynolds_gt.gl;, 1980). _In'a

recent report Edwands et al (1985) employed anhydrous pentafluoroprOp-

ionylation followed hy 2 GC- CI MS SIM technique for analysis of " TCP

 Mevels in human plasma o ‘L",' ‘* R S ;1 f

The aqueous pentafluorobenzensulfonylation\prqgedure developed (nf
‘ J.

o the present investigation combines extraction and derivatization into 2

single step and offers a rapid sensitive technique for the analysis of

' TCP in biological samples. This method can also be employed for the’l_“w
'hanalysis of TCP in urine samples (rat and human) 1s applicable to anal-'r

o ysis of PEA in brain and urine samples (Baker et al., 1986a) and has thef
vadded advantage of permitting simultanepus analysis of TCP PGTCP andgfyi re

' EQPEA in the same sample. -

As indicated in the Introduction (see Section I L) one of.the_

. »
—~ . . P . " s
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obJectives of the project was to study the pharmacokinetics and . neuro-
; chemistry of FTCP after intraperitonea] injection and to compare the .
)resuits to- those obtained with TCP after injection of an. equimo]ar o
,dose It was’ hypothesized that FTCP because of the presence‘ of 'a
fiuorine atom in thelpgr_ position of _the phenyi ring would be protected 1
from ring hydroxyﬂation and thus houid attain higher brain 1eveis than””
TC(:and be cieared from. the brain more s]ow]y than TCP .‘ w
After iqtraperitoneai administration TCP or FTCP peak levels of‘
each drug wer observed in all three tissues studied at 30 min after‘f-
‘ ]administratioi ‘(Figs. 78- 80) Higher peakwleveis'inibrain than in blood
| at this time suggest fairiyrrapid‘entny of TCP and FTCP into brain.
. Significantly greater AUCs of TCR”and‘FTCPfin brain and rivérvthan‘those
in'biood‘suggest considerabie diffusion into tissue'compartments from

‘biood Similar kinetic profiles in brain and iiver for TCP and FTCP

‘ "indicate a iack of preferentiai tissue 1ocaiization Reiative]y high

concentrations of FTCP and TCP were. observed in a variety of tissues atji

30 min The significantiy higher AUC of-FTCP compared to TCP in brain

" and 1iver suggests siower elimination of FTCP in comparison to TCP; andf""‘

| Y‘jthis is conf.rmed.by haif—life caicuiations (Table 19). |
Comparison of TCP and FTCP ievels in biood by two-way anaiysis of;

| uvvariance indicated -no significant difference between the effects of the

'“ﬂftwo drug treatments [F(l 54) 0.62; P>0 1] and a. significant effect of‘ij"‘

V"ftime [F(6 54)=21 06 P<0 001) but n@ significant interaction betweenim |

”f,;drug treatment and time (significant interaetions between drug treat- j“f

’ments and. time are indicative of differences in concentration-time prof,yfrl"t

'”*f'fﬂe between drugs) [F (6, 54)-10 74 p>o 1] n brain, similar ana]yses‘ '

)

. reveaied a significant difference between the effect of drug treatmenthé -

BETEY
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.[Fil 63)=34. 86- P<0. 001] ‘a significant effect of time [F(6 63)=97 92
P<0 001] and a significant interaction between drug treatment and time .
- [F{s, 63)=7.31; 'P<0.0017-. A comparison of TCP and FTCP levels 1n Tver
| indicated a Significant difference between the effects of drug treatment
[F(l 63)=21.80; P<0 001] a significant effect of time [F(6 63) 100 08 |
i P<0. 001] and a significant interaction between drug treatment and timeb

‘[F(6,63)=3.02; P<0.05]. These differences are refiected in the‘kinetic
profiles ii]ustrated in'Figs 78 80 and Tabie 19. FTCP attained -higher
'peak ieveis than TCP and was eiiminated at a siower rate than TCP from‘ﬁy
* brain and iiver but not from biood |
| Pharmacokinetic anainis of TCP and FTCP levels indicated biphasic
eiimination 1n brain biood and iiver with a fast decline phase [with aw‘
~half-= iife (t1/2) of O '9-1.4 hr for TCP ahd 0.6-0.8 hr for”FIEPl'and a
' slower ,decline phase (1/2 'of 3-11.0. hr TCP and 7- 11.5 hr for FTCP).
| These data are somewhat at variance with reporte¢”t1/2 values (}) of
" TeP. Youdim et al. (1979) reported anv\limination £1/2- (B} of 3.5 hr fn-
plasma frmn a patient overdosed with TCP and Base]t et al. (1976)_ ;

‘observed a serum t1/2 (#) of 1. 8~2 0. hr (based on serum concentrations"

b;-S hr post administration) ‘ Turner et ai (1967) found a p value of .

Y

1 sented therein) observed a p vaiue of about 2 0-2 1 hr in humans (cal-“\

.,duiated from ievels for 1- 8 hr- post administration) A ; value of 2 4f &

'”‘l,hr (from piasma ieveis l 10 hr post administration) was reported by_(}'

',"Edwards et a1 (1985) In a study in rat brain Hampson et al. (1986)1

2 7 hr in humans, whiie Neber et al (1984 caicuiated from data pre-ff" s

iobserved a p-vaiue of about 0. 76 hr for ( )-TGP and 1. 45 hr for (+)-TCP o

“i‘(from brain leveis at 0. 5-6 hr postinjection) Nazaraii (1984) observedpu.; .

a }-vaiue of L, 67 hr in rat brain (based on brain 1eveis from 2-4 hr)i“i
‘ . N R ‘_‘s‘ . # .
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a_In the reports c1ted above TCP levels were not monftored for 1onger
tfmes (up™ to 24 hr) as was done in. present: invest)gation the slower
eTimfnatfon (3) phase 1n fact was observed after 12 hr. By neg]ecting )
this slower e]imjnatfon phase (assuming Tinearity in . that range)

‘ ca]culations of t1/2 from 1eve1s of TCP (FTCP) in tissues between 0 5- 12

hr gave t1/2 values of TCP and FTCP in a]l three t1ssues between 2. 0 and :

3.5 hr; these values agree with the reports cited above. However
pharmacokinetic ana1ysis revea1s two distxnct phases of e11m1natfon
b,although near]y 90%- 95% of ava11ab1e TCcP (FTCP) angr adminfstration was "
elfmfnated during the a—phase the slower e1imination phase should not
be 1gnored altogether - AT “‘,",” B | . o
Recent metabo]ic stud1es on TCP 1nd1cated that it undergoes aro-
matic hydroxy]ation at the _pggg positvon (Baker et al. 1986b) .N{
| acetylation (Calverley et al 1981) and N- acétyQation and hydroxy]at]on o
combined (Kang and Young; 1984a;" Kang and Choi, 1986) ‘ Baker et al_
‘(1986b) reported - that pretreatment with known blockers of aromatic
"‘hydroxylation such as 1prindole chlorpromazine trif]uoroperazine and
: SKF-525A caused a marked increase 1n TCP brain 1evels (2 4 times) The
“presence of a fluorine atom at the pg:_ position of ‘the aromatic ringjﬁ'
should block the metabolic hydroxylation, and this was’ the reason for“
\npreparing FTCP It was hOped that FTCP whfch was shown eanlier in thts'-\
‘.1nvestdgation to be an extremeTy potent MAO 1nhibitor (see Section'l
'"m 1 of this’ thesis) would be. eHminated slower than TCP,‘from brain.-
x4

 From the AU éasurenents, 1t;'ls evident that, FTCP provides signfff-‘
-}jcantly greater adelabi1ity of TCP 1n brain and 11ver at the dose and

eﬁ]ftime interva?s used in this study. This marked 1ncrease in avai]abilityﬁ‘:"‘

'ff“could be due to blockade of metabolic hydroxylation.: Higher,cdncentraf;r’uff

N ",\ :
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"tionsJof FTC? .than of TCP 1n tissues after administration of equ1mo1ar
" doses slower e11m1nation of FTCP and the report by. Baker et a] (1986b)
‘ 1ndicat1ng a 2-4 fold increase 1n TCP 1evels f0110w1ng pretreatment with
drugs such as 1pr1nd01e ch?orpromazine tr1f1uor0perazine and SKF-SZSA
c1ear1y 1nd1cate that r1ng hydroxy]ation could be an 1mportant metabo11c
‘pathway for TCP in the rat. | L
The in vivo inhdbition o;vMthin brain‘and Tiver 1ndtcates that
xnear]y 85% 1nh1b1t1on of MAO-A and B was atta1ned withfn 0 5 hr of drug
adm1n1strat1on and the pattern of 1nh1b1t1on remained more or 1ess ' ?hrl
unchanged over a 24 hr per1od (Tab]es 20 and 21), suggesting 1rreversib-
111ty of enzyme 1nact1vat10n ' At the dose (0 1 mmol/kg, f,p.) emp]oyed.
there were no quantitat1ve d1fferences in HAO 1nh1b1tion in vivo by TCP
and FTCP. - 31,f - oo
~ As shown in Tab]e 18 FTCP was approx1mate]y 10 tiMes ‘more potent
' than TCP at inh1b1t1ng both MAO A and MAO B 1n vftro Although 1n Iin-

|

‘.!lEEQ stud1es 2- (4 fluorophenoxy)cyc]opropy1amine a compound c]ose1y ﬂ..“
‘related structura]ly to FTCP was found to be equ1potent to TCP with %ﬁv
regard to 1nh1b1t10n of MAO us1ng TA as a substrate (Fenke1ste1n et al.

‘ 1965) FTCP had- not been tested prev1ously for its MAO- 1nh1b1t1ng prop-
;terties. ' TranyICypromine is a. nonspecif1c suicidal inact1vator of MAO

.(S11verman 1983) A decrease 1n the pKa value by fluorine substitution

",‘-1n the allphatic SIde~cha1n has been reported to render some fluoro ana-

logs of PEA, and amphetamine better Substrates for and better 1nh1b1tors

:,. of MAO respectiveiy. than thEIF nonf]uorinated analogs (Fuller and

',Mo]]oy, 1976) Slnce FTCP and TCP have similar pKa values changesljn

.
i s
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A o
FTCP over TCP with regard to inhibition of M;\O—A ,‘anﬁd ~-B in .vitro.
Perhaps altered kinetics of enzyme;sub'strate 1nteraetions may be
responsible. - ,

APreHmfnary' studies were undertaken to determine the effects of
adminfstration of TCF and FTCP on the 1eve1‘s of two trace amines, PEA
and T.‘ and .on the 1levels of the neurotransmitter arnines.‘NA, DA and
5-HT. The levels of PFA and T in biological sanrp1es were quantified by

modifications to methods reported by Baker et al. (1986a) and Rao et

& (1986a).. This method employed aqueous pentafluorobenzenesul fonyla-

tion followed b;l GC-ECD toT‘quantitate these amines, and allowed quanti-
tation of PEA levels in control tissues in ‘a simple assayl procedure.
The resu1ts obta)ned w1th this techique were in close agreement w1th
those obtained from GC-MS. or WLC HRMS techniques (see Table 22); ‘The
procedure has also now been applied to the analys1s of free PEA 'in urme
samples of contro1 subJects.‘ Urinary excretion values (24 hr) in 12
healthy volunteers (6 males and 6 females) were 3.4 % (.35 u‘g/g' of
creatinine (mean t S.E.M.), and these values are in close a&egnbegt with
those reported using a TLC-HRMS me thod (Slingsby ‘and Boulton, 1986).
Thus the method has some advantages over another procedure (Martin and
Baker, 1977) used in our laboratories - The Martin, and Baker method,

which utilizes a'queous acetylation followed by pentahﬂ uoroprOpionyla‘tion

und§ anhydrous condltions-r works very well for analysis of PEA in

Pt o]
“JJ

brain " but does not provide for simultaneous analysis of the N- a] kylated

»prodrugs of PEA and gives urinary values of‘PEA that are somewhat higher

(Coutts et al., 1981) than .those found by mas's spectrometric procedures.

As mentioned in the Introduction section, there is considerable
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controversy in the literature about control va]ﬁes ofaT 1n bratn. How-
ever, the reported mass spectrometric methods (Ph{qips gi‘gl;. 1979;
Warsh et al., 1977; Artigas and.Gelpi, 1979; Gelpf and Ar;fgas, 1984),
which should be the most specific and sensitive, give values which are
in good agreement with one another, at abouf,O.S ng/q9. A previous GC-
ECD procedure u;ed in our 1aborat0riesl utilized aqueous acétylation
followed by reaction with pentafiuoropropionic anhydride for ana]ys%: of
T (Baker et al., 1979, 1981). This procedure had the advanfage of pfo~

viding for simultaneous quantitation of 5-HT in brain and urine (Baker
et al., ﬂé%o) and of PEA in brain (Baker et al., 1981); however, {ts
limit of sensitivity wa§ 1 ng/g, slightly too higﬁ to permit accurate
quantitatfon of T in control brain and liver, a]though 1t pefﬁ1tted
quantitation in these tissues fromiMAO 1nhfbi£or5treated rats and 1in
control urine from rats aﬁd-humans. In addition, thi; procedure did not

pfovide for simultaneous analysis of levels of CET. The pentafluoro-

banOy]ation method, utilized by Wong (1985) to analyze T in food prod—
v‘;\‘»‘-)\ s .
L

84 was not satisfactory in brain samples because of the presence of

interfering peaks. ' The aqueous pentaf]uorobenzenesulfony]aiion tech-
nique developed in the present project permitted simultaneous analysis
‘of T and CET, Waifalso applicable tolénalysis of PEA (Baker et al.,
1986), TCP (Rao et al., 1986a) and FTCP (Coutts et al., 1986a), and had
the same limig_bf-sensftiyity (1 ng/g) as the acetj1atfon/pentaf1uofo—
propionylation method. Thus it was‘possible to show that cénfrol-brain
'and liver levels of T were <1 ng/g and, for calculatjon purposes, and 1t
was assumed these 1evé1s wefe 0.5 and 0.7 ng/g respectfve1y; aé,indi-'
cated by hfgﬁdresolution mass spectrometric procedures..

‘There were marked increases in the levels of PEA in bréin, blood
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and 1liver after TCP and FTCP treatment. Statistical analysis of brain
PEA leve'ls foiiowing TCP ‘and FTCP administratfon indicated a significant
difference between the effects of the two  drug treatments [F(1 73)—
14'.31, P<0. 001] and a significant effect of time [F(7,73)=7.27,
P<0.001], but no significant interaction between cirug treatments and
time [F(7,73)=0,§7, P>0.1] was observed. The fluorinated analog FTCP
‘caused greater elevations§in brain PEA levels than did TCi’ at 0.5, 1.5,
16 and 24 hr (Fig. 82). - | |

Statisti_ca] anavl}sis of blood PEA levels ‘after the inje\ction of TCP
and .FTCP reveaied no significant overall difference between the effects.
of the two drug treatments on.PEA levels [F(1,6,4')=‘1.58, P>0.2], but a
significant effect of time [F(7,64)=22.65, P<(l).-001'] and a significant
interaction of time and drug treatments [F(7,64)=24.35, P<0.001] were
noted.‘ . The changes in dlood PEA levels were not as pronounced as they o
were 1in brain and 1liver. AdMinistration of TCP caused tranSient >
increases in b]ood PEA Tevels, whereas FTCP treatment resu] ted in gradual
| changes in PEA levels, indicating differences of the effects on PEA of *
the two drug treatments (Fig. 83). _ ' '

Transient'changes in“B1ood PEA levels after TCP may have some func-
tional significance since PEA is a sympathomimetic amine and is known to :
release NA from its stores in the .periphery. This might contribute to
. tne side effect profile of TCP whereas gradual. increases .in PEA levels
after FTCP might reduce such probiems it would berinteresting to study
the effects of these analogs in other peripheral organs in addition to

'the liver (e g. heart). |
Increases in 1iver PEA levels were greater than those in brain and

blood. Statistical analysis of liver PEA levels fbllowing the admini-
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strat\\ion of TCP and FTCP indicated a sfgnifjcant difference between
| effects of the two drug treatments [F(l 69)=15.04, P<0.001], and a stg-
n1f1cant effect of time [F(7, 69)—6 09, P<0 001] but no significant |
1nteract10n between drug treatment and t1me [F(7 69)=1.27, P>0. 05]
Administratwn of FTCP fncreased PEA levels above those seen after TCP
(Fig. 84)§\ |

\ .
Levels of T, another.trace amine, were also measured in brafn and -

‘ liver. Bec\ause of the presence of an as yet unidentified interfering
. peak }n bloo fo]]owmg administration of the drugs, a detailed analysis
of blood T Tlevels could not be carried out. Statistical analysi's of
brain T Hlevels\‘fo]lowing admin;‘stration of TCP and FTCP 1nd1‘cated a sig-
nificant'différ‘ence between. the effects of the two drug treatments
[F(1,46)=4.87, P<0.005] and a significant effect of time [F(d,‘46)='3.9é,
P<0.05], but no si\gnificant interaction‘ between drug treatments and time

- [F(4,46)=2.09, P>0. 05] The relative increases in T levels. over control

]evels in brain after TCP and FTCP administration were greater than. -

those of PEA. The overall increases in T "levels in brain after TCP
‘administration were greater than t!;ose after FTCP (.Rig.l‘8'5-‘).w Peak
levels of T after TCP\ygrg seén at‘ earlier times than aftev; F‘fCP;
although the peak levels\attained in Eoth cases were comparaSle. ' By.16
“hr T could be quantitafed \in only.‘one rat brain fn 2 group of 5-6 in the

TCP'-treatgd group, whereas \after FTCP treatment T could-be ﬁeasureq even

Ad
v

at 24 hr. ) |

' Statiéti'ca‘l anaiysis of T levels 1n 'Hver fol]owing the administra-
tion of TCP and FTCP 1ndicate no significant difference 1n effects of
_the dr‘ag treatments [F(1,60)=3. 8, P>0.05], a significant effect of tfmg

LI

[F(6,60)=8.08, P<0.001], and a| significant {interaction between drug

L
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treatments and time [F(6,60)=2.7§; P<0.025].“Administration‘of‘TcP and
FTCP caused greater T increases 1n liver than in brain (Fig. 86). Peak
Nevels after TCP were higher than those after FTCP (P>O0. 053 bgt‘by|24
hr, T levels were higher in the FTCP-treated group than ifn the TCP—
treated animals.
The levels of PEA and T were markedly increased after TCP and FTCP
treatment. 2-Pheny1ethy1amine s .an- excellent ,substrate‘ for MAO-B,
J'whereas T appears ‘to oe metabolized predominantly by‘ MAO-A [aithough
there 1s some controversyvin this regard (see Section ItJ.2)]. These
trace amines have been.proposed to fnnction as. neuromodulators and'their
functional deficiencies have been implicated in the etiology of affec-
tive disorders (Dewhurst, 1968, 1984, Booiton, 1976a, 1976b,, 1984, see
Section I.J). " Earlier studies'in which levels of these trace amines
have beehh measured after MAO inhibitor treatment (Dewhorst, 1968;
Boniton et al., "1973; Axelrod and Saavedra, 1974{-Pnilips and Boulton,
1979; .Philips et al. 1‘980'*Beker et-.al., 198%a; Philips, 1984) indi-
cated marked increases in the levels of these trace amines in’ comparison
to increases in 'NA, DA and 5-HT, and theSe infteases have been proposed
to contribute in part to the therapeutic efficacy of this class of drugs
: (D_ewhorst, 1968; Bouiton, 1973). There were differences in the relat¥ve
increases in ‘the levels of PEA and T after TCP and :FTCP treatment.
While TCP was more potent at increasing overal'l T leve’ls, FTCP was more .
,‘potent at 1increasing overall PEA. Tevels. (see above discussion) Both
PEA'and T are-Hpophilic compounds and the 1eve'ls of these amines
depends upon the avai’lability@of precursors in brain as well as an MAO
inhibition in brain and periphery. Lung contains an active uptake

mechanism for 'PEA. by MAO-B (Ben-Harare and Bakh'le, %1980) and liver"
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. contains.quantitativeiy greater‘MAO activity than brain (Gorkinl 1983);
-these mechanisms might reduce transport .of PEA from periphera1 tissues
to brainr‘,Recent evidence (Dyck and Boulton, 1986 present investiga—
‘tion, Section IlllF 1) 1indicated that intraperitoneaiiy'administered T
did not cross the blood-brain barrier as effectively as PEA, which mayv
be due to the existence of first—pass metabo]ism in . the periphery.
Administration of MAO inhibitors might resuit in inhibition of these
metabolic sink" mechanisms, thereby greatiy improving avaiiabi]ity of

amines to. brain from the periphery in addition to decreasing their

degradation in brain Grahame Smith (1971) and Tabakoff et ai (1971)

u,‘

have reported increases in Tevels of tryptoph%n the precursor for T _in
rodent brain after TCP administration. The mechanism of the increase is
not clear, but it might'be due to facilitation of tryptophan tranSport
intopbrain by iCP since other MAO inhibitors have been reported to
1nf1uence transport of amino acids (Rafaelson, 1976). Jnterestingiy, in
. studies with individual TCP enantiomers Smith and*beterson (1982) did
not find an increase in tryptOphan levels in rat brain Chronic admini-
stration of TCP has been reported to induce AADC activity (Robinson et
al. 1979) which facilitates conversion of tryptOphan to T. Aithough
acute studies were not conducted to determine this enzyme S activity,
faciiitated transport of precursor amino acid aiong with diffusion of T;_
formed in the periphery -into the brain might contribute\;o the observed
ievels in brain. Differences inT ieveis after TCP and FfCP treatments
~may therefore .be due in part to di fferences in the abiiities f the twoi
drugs to affect “amino’ acid transport into brain and thei:Lzmskibiv
infiuences on brain AADC activity .Further studies are‘required:}o,'

-~

eiucidate the underiying mechanisms.
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In. the present study, HPLC EC was employed to measure the 1eveisﬂof
‘NA‘ DA and 5- HT in brain and determine the effects of TCP and FTCP on.
those ieveis..‘Statisticai analysis of NA ]eveis after TCPvand FTCP
‘administration;reveaied no significantidifference between effects of the
drug ‘treatments‘ [F(l;i8)F3.15, P$u.051;1 a significant effect of. time
- [F-(7,78)=5a._76, P<0.0011, and a significant interaction between time and’
drug treatments [F(7,78)=10.06, P<0.001]. ‘Administration of TCP
‘_ resulted' in. marked decreases in 'NA levelsr at -initial times, but the
ieveis increased above controi levels. after 3 0 hr. 'In contrast FTCP
f]administration resuited in a graduai 1ncrease in NA levels (Fig. 87).
Anaiysis of DA ieveis fo]iowing administration of TCP and FTCP indicated
a significant difference between effects of the drug treatments
(F(1,78]= 14. 93, P<0. 001], a significant effect of time [F(7 78)=19.14,
P<0 001] and a significant interactidn between drug treatment and time
[F(? 78)=10. 16 P<0. 001] After TCP administration DA ieveis markediy
increased above those seen after FTCP at initiai times ~while FTCP
caused more graduai increases in DA ieveis above the controi 1eveis up
to 24 hr (Fig. 88). R | o
‘ Statisticai ana]ysis of 5 HT . 1eve1s after TCP and FTCP inJection
'”‘indicated a significant difference in effects of the two drug treatments
IR, 78)»59 62, P<0. oo1], a significant effect of time [F(T 78) =31. 59,
i-P<0 001]*and a significant interaction between drug treatments and timef
[F(7 78)=15 76 P<0. 001] Administration of - TCP caused more marked;'
increases in 5-HT levels _than those seen after FTCP up to the 12 hr B
‘ period after administration (Fig 89) increases in 5- HT ieveis appeared"
fmore siowiy after treatment with FTCP " ;,t ‘.}:, S ' fr; f““
| Thus the two drugs differ in their neurochemicai effects on NA DAJf‘”‘

'



“and S-HT, ‘ Tnanylcypromine exists as a. racemate of (+) and (-)- TCP‘
enantiomers in equal proportions The (+) enantiomer has been shown to
be more _potent than (-)-TCP at inhibiting MAO (Zirkle et al 1962~
: Fuentes, 1976; Reynolds et al. 1980' Hampson et al. 1986 present
investigation Table 11), whereas ( )-TCP has been demonstrated to be_’
. more °ffective than (*) TCP as an inhibitor of uptake of catecholamineso
(Horn and Snyder 19’3) It appears that the (-) enantiomer enters the‘
.brain faster‘than (+)—TCP but is cleared from“brain atla faster rate
~ than (+) -TCcPp (Fuentes et al., 1976; Lang et aig:‘l979;rweber Eﬁ‘él;y
1985 Hampson et al., 1986).. Thus it can be concluded'that'the initial
effects of TCP (l e.; the t-forml on neurotransmitters are probably due
to both enantiomers whereas neurochemical effects at later times are
predominantly, if . not excluSively, due to the more slowly eliminated‘ﬁ
(+) enantiomer of TCP | " The almost 2 times slower elimination rate of
(+) TCP compared to (=)-TCP (Hampson et al. 1986) lends support to this:
. proposal ‘ Administration of TCP initially caused marked decreases»in NA ‘

levels and this may reflect the ability .of TCP to affect release and'

reuptake of NA at nerve terminals (Hendley and Snyder 1968

Schildkraut 1970 Baker et al 1978) ‘, Mckim et al. " (1979) reported‘,,".‘,

that decreases in NA. levels in bra jn at"initial times after TCP admini- "f:"

stration were accompanied by increases in levels of normetanephrine g

PR

(NME) a metabolite of NA., It was proposed that both effects were due’"l

in part to the effects of TCP on NA transport at the nerve terminal

- contrast in the present investigation FTCP did not cause an initial’f"'*~‘

tl decrease in NA levels, fﬁis suggests differences in the relative‘i

abilities of TCP and FTCP to affe t uptake and release of NA It should»f:fffw

be noted that in the present study FTCP was also a. racemate, andzthat nopujugfe

N
A
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attempt was made to separate and quantitate the individual enantiomers L
"‘in tissues or blood following administration of the racemate ’ B

Increases in DA levels after TCP injection were, different from
f Qrose seen after FTCP It has been observed that TCP is a moderate.
”Ereleaser of DA from rat striatal slices in vitrg (Baker et al. 1978)_

. and Azzaro and Demarest (1982) reported DA uptake inhibition by TCP in a

‘rat forebrain synaptosomal preparation these data are’ consistent with K

L'the report of Hendley and Snyder (1968) on effects ‘of TCP on catechol- ‘

‘;amine' uptake systems : Since 'there is not an 1nitial decrease but"
‘rather an increase, in DA levels follouing TCP injection it seems un-
~‘Alikely that TCP's effects on uptake and release are having much influ-‘n
Mtence on the DA. levels observed and differences in the pattern of DA

A}

increases observed between the two drugs are difficult to explain at

- this time

Interactions of TCP with the serotoni ergic system have been “'
‘] studied extensively (Tuomisto and Walaszek 1974 Green and Kelly, 1976

ﬁ;"Holman ;? al., 1976 Gentil et al., 1978 Baker et al., 1980b smith: and
“'-Petersen 1982 Smith 1983 - Marley and WOzniak 1983 Tuomisto and“ ‘

) '?x.,smith 1986) ’It has been reported that TCP .can affect both uptake and;w”';

,'f; release of S-HT (Tuomisto and walaszek 1974 Baker et al., 1978). and X
j*Smith (1983) suggested that (+) TCP predominantly influences serotonih-f

:nergic while ( )- TCP influences catecholaminergic systems,‘ based on

\

.rbehavioral and biochemical data.. The (+)-enantiomer was more potent at .

»ﬁlgffpotentiating T-induced convulsions than was ( ) TCP., Only after (+)-TCP§

“‘ffniection did reserpinized nialamide-pretreated rats show a behavioral‘.

| ’]p~syndrome commonly attributed to serotoninergic processes. Antagonists

'#’”'Ffof S-HT blocked this behavioural syndrome induced by (*)-TCP Recentlyf :



fy Price et ai (1985) reported enhancement of serotoninergic function in‘

N significant increases in.5- HT brain Tevels -even. at . 50% inhibition of

- Simiiar (>85% inhibition over 24 hr period) the differences in 5 HT .

o

(
\
T
d f

" be related to the therapeutic benefit In contrast to eariier reportsv'
(Green et al R 1977) suggesting nearly. 80- 90% inhibition of MAO A as a

o prerequisite to eTevating 5- HT Tevels Hampson et al. (1986) observed_.

MAO A Since in vivo MAO A 1nhibition patterns after TCP and FTCP uere'

R levels after TCP and FTCP treatments are probab]y not due to MAO inhibi-

‘: as actions on uptake and reiease of 5 HT, -on uptake of tryptophan (the‘

tion but pOSSIb]y due to effects mentioned ear]ier in this thesis, such |

precursor of 5-HT) into the brain and/or effects on . synthetic enzymesj‘
" such as AADC. - N | . |
During the present 1nvestigation neurochemicaT effects and pharma-
cokinetic pr0perties of TCP and FTCP were compared and contrasted i
These studies indicated that FTCP was a more potent MAO inhibitor than
| TCP dn vitro Changes in TeveTs of neurotransmitter amines and traceﬁ{

amines suggest differences in neurochemicai profiTes of TCP and FTCP o

istics (higher more sustained leveis after administratiQn of an. equi-
"molar dose) shoqu enabTe use of FTCP at a smai]er dose than TCP which

.would Tikeiy aTso result in reduced side effects Studies on individuai

which might infTuence FTCP s neurochemica] and pharmacokinetic profiie.

B The pharmacokinetic studies*of FTCP and TCP conducted in the present

ﬁi”;-investigation also give further support to previous proposais that

aromatic hydroxyiation may be. an important metaboTic pathway for TCP in

krat. o
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‘ depressed patients rece1v1ng TCP treatment and suggested that this may L

' Higher MAO-inhibiting potency and favorabie pharmacokinetic character5_17"°

N

A

:penantiomers would indicate possibie differences between FTCP and TCP _n5‘3'
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J. Pharmacokinetic and Neurochemical Studies on PGTCP © . </ 3

After i p. administration of ~ the N- propargyiated compound PGTCP,

f‘peak ieveis in brain b]ood and ]iver were observed at 0 5 hr- (Fig.

: 90) Significantiy higher PGTCP 1eveis i

i3

; reiativeiy inefficient entry via the biood-brain barrier This waskin

contrast to a fairiy simiiar distribution of . TCP . between brain and

liver and it thus appears that the introduction of ‘a propargyl group'

. may infiuengp 2§Es‘b d{ﬁtribution and transport across the biood brgin,

. barrier i‘T gf -!:ftion half- 11fe (}) 1ndicates rapid ciearance from

: brain biood and 'Hver; interestingiy,athe B value of PGTCP was faster

~_than that of the TCP formed from it (Table 23). Introduction of the-
. electron withdrawing propargyi group wouid render PGTCP a weaker base‘
‘ than TCP (a decrease in pKa) and this factor may have some - influence on

.its ciearance. Examination of AUC va]ues (Tab]e 23) indicates a smai]er i

extent of N- dea]ky]ation in. iiver than in brain Interestingly, the - AUC

: “;of TCP 00-12 hr) in brain was near1y 1 6. times higher than the corre-
“};‘sponding AUC of PGTCP ih brain, suggesting considerabie TCP transport‘
«”hfrom the periphery (1iver) . In brain biood and iiver"TCP was elimi-fui

3 m’nated mmnoexponentially with a p-vaiue of 2 3 hr- these vaiues agree',-7i‘

o zbbiphasic eiimination of TCP in these tissues after administration of TCP“]Z;D L

fiiver than in bra1n suggest )

with reported vaiues (see Section Iv. I) and this was- in’ contrast to theg;:r )

: itself After PGTCP administration TCP ieveis couid not be detected”rg:"9

ff~1beyond 12 hr (see ng- 91), whereas after an equimoiar dose of TCPJi"
“f?izitseif detectabie 1eveis of TCP were observed at 24 hr.- Comparison of”iv'
"L the availability. of TCP (AUC, 0-12 hr) after administration of TCP and
'“nyGTCP (each at a dose of O 1 nmoi/kg, i p ) indicated that TCP admtni-i‘ﬁ‘:fjv

£
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stration itse]f caused neariy 14, 26 and 10 times more TCP avai]ab‘le in
‘. biood, brain ‘and 1iver respectively than did the administration ofw
‘ PGTCP. This wou]d suggest that. PGTCP did 'not improve the elimination ‘
characteristics of - TCP Three possibie explanations couid be put |
forward fon ' the. laclo of sustained TCP- 1eve'|s after administration of
PGTCP: | N ) -
1. The prodrug itseif was eiiminated at a faster rate than TCP andY

hence could not achieve the desired effect in any tissue ’
Zt ‘Unfavorabie transport characteristics -across; the; blood brain
wbarrier d1d not permit e]evated prodrug levels, in brain
3. It is 11ke1y that PGTCP might -undergo other metaboiic reactions
such as “aromatic hydroxy]ation /@hich if they exceeded N- deprop-b
“argyi-atior wou]d also result in\de.creased levels of PGTCP and TCP.
Leve]s of 1he trace ‘amine PEA were measured in b]ood brain and
.liver after injection of PGTCP Levels of PEA in biood after- PGTCP‘

;treatment were not different from. c0ntr01 values and this was in conr

trast to marked changes in blood PEA ieveis after administration ofl

. j TCP; : A comparison 'of PEA levels in brain blood and- iiver with those '

"seen after.an equimoiar dose of PGTCP (Figs. 82 83 84 and 92) 1ndiéd 1:,'

"*icates that PGTCP treatment was not as effective.as 4CP treatment 1nf

' ‘increasing PEA 1eveis In contrast to the neariy 25-30 foid increases

1':in PEA 1evels after TCP treatment PGTCP treatment caused only 8-15 foldﬁriif‘.‘

. increases in the brain and liver S ’fg .‘“;g,gﬁl 3 ,‘u ]~f. : 34{

The in vitro MAO inhibition data 1ndicate that PGTCP was a weakerga

s inhibitor of MAO-A and B (about 90 fo]d) thanuTCP (Tab'le 18) Intro- S

‘duction of the N-propargy1 group onto N-methylamphetamine resuited in ,fﬁf~t

“;'formation of a potent Mho inhibitor (deprenyi) whereas the same func-iV‘j,

s g , R Lo C | - o ) v . ) . S [ v
S L Cox , o s : oo
L " . . . N t " N . . s R



"7Alternatively, the observed MAO inhibition might be restricted
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\\\

tional group on TCP rendered PGTCP a weaker MAO inhibitor than TCP

o {tself. It fs conceivaole that ‘the - N- prOpargyl group on TCP might

hinder optimum interaction of\TCP with the active site of MAO for effec~. -

PR el
D

Ctive a0 inhibition In Viv‘o'inhibition/bata indicate nearly 80%

inhibition of MAO in brain up to 24 hr after’PGTCP administration (Table

‘ 1
23). 1In vitro data. did not predict this/gn vivo potency, but it is

' '7.probably due primarily to the TCP formed in. this situation Although

\

TCP levels in brain were lower tha after administration of TCP alone

'the levels obtained would be similar to those expected after administra--
\

tion of 1 2 mg/kg TCP. .. Recent studies (Hampson et al 1986a) have
‘ demonstrated that. low dose TCP adminis\kation can, cause marked MAO
‘inhibitiong these workers observed nearly 96%\inhibi\lon of MAO A and -B

‘ \
in brain 1. 5 Hw: after administration of TCP ( mg/kg, \ p. ). In addiA

- tién, metabolites of PGTCP other than TCce might\@rise due to aromatic

f‘hydroxylation or aromatic hydroxylation followed lb N depropargylation a'"‘

- and contribute to the in vivo MAO inhibitory profile..‘ o '\ \
Despite relatively marked MAO inhibition, the levels ostEA were..

. not increased proportionately One possible explanation might be that

the residUal MAOQ actiVity is sufficient enough to cause considerable L

metabolism of PEA an excellent substrate with high affinity fo\oMAOaB..

nly to
turnover rate relatively unaffected The existence of such‘bbols was
B .-proposed by Maitre et al (1976) Changes in the levels of precursor

‘ :::influence PEA levels,in brain.

‘

o

-

\

“'ﬁfy*amino acid and the activity of synthetic enzymes such as AADC might also e

o\

Levels of NA DA and s-u'r after administration of psrcp were deter- 'j'.‘ '

o 'an MAO pool with a slow turnover,‘leaving the MAO pool with the‘faster ﬂyu‘f}'

-
vy \\
N
-
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-,

mined‘by HPLC-EC'(Fig 93) - The increases 1in these biogenic émines were

simiiar ‘to those seen after TCcP administratiog‘ aithough there were some

differences Anaiysis of NA ieveis (0 24\\r) fter TCP and PGTCP tre:t— f

ments (Figs. 87 and 93) indicated a significant difference between o

effects of treatments [F(l 71)=61.84, P<0. 001] ‘a significant effect of‘
time [F(7, 71)=95. 61 P<0. 001] and a significant interaction between drug’

treatmeni and time [F(7 71)=8. ze P<0.001]. snniiar a‘r)aiyses of DA

Tevels . (iigs 88 and 93) indicated a significant difference between .

effects of treatmentsl a signficant effect of time and a significant
interaction between treatment and time [F(l 76) 174.14, ° p<0. 001
(7 76) 21 00, P<0 001 and F(7 76) 14 60 P<O 001 respectively] Equiv-ﬂ
aient analyses’ of 5-HT. (Figs, 89 and 93)ieveis aiso indicated a signifi—
cant difference between effects of treatment a significant effect of"
time and a Significant interaction between drug treatment and time
[F(l 77)=123. 37 ‘ P<0. 001 - F(7, 77) 88 21, P<0.001 nd F(7,77)é17.43,

P<0 001 respective]y]

In contrast to the marked decreases in NA 1evels foiiowed by‘f C

increases seen after TCP treatment PGTCP treatment resulted in gradua1

increases Am NA 1eveis These differences are probabiy due to differ- :

ences between TCP and PGTCP in affecting uptake and re]ease of NA in o

ﬂ" nerve terminais. Administration of PGTCP caused relativeiy smalier i‘

| f perhaps indicating reiease of. DA by PGTCP \\green et ai (1977) proposed;‘ L

[ O

increases in DA leveis relative to increases observed in NA and S-HT

Leveis of DA at 0. 5 hr were significantiy iower than control ieveis..

' that inhibition of ‘MAD-A and '-B of at 1east 80% was essentiaJ to” L

increase DA and 5 HT functionai activity, ud pite sug " | ibition'fi

observed in the present study, brain DA _ieve : re‘:not"ma;‘edﬁy o
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1ncreased;' This rafses‘a'ser1ous question as to the ro]e of MAO inhibt~
tion in the 1ncrease tn functional acé1v1ty of biogenic amines. Philips
und BOulton (1979) conducted a comprehensive time dose study -on a number
_ of MAO 1nh1bftors andCBespite the near]y 1002 inhibitfon of MAO-A and
MAO- B expected at the high doses ,employed, many of the drugs tested pro-
'duced'quite different patterns in fncreases of trace amine 1evels._ No
"such comparative studies were conducted .with the classical neurotrans-
mitter amines, ‘althouoh ‘1t is likel} that ‘a‘ similar sftuation also
ex1sts for these classes of b1ogen1c amines. This would suggest that tn
.. future studies on MAO 1nﬁ1b1tors the role of MAD inhibition should be
cons1dered a]ong with effects on uptake and release, availability of
precursors for the amines, activity of synthetic (and other degradative)
enzymes as well as levels and metabolism of the drug concerned The
re]ative 1ncreases in 5-HT levels were higher than those seen for NA and
DA. This is similar to effects that were observed after administration
~of TOP 1tse1f in the present study (Fig. 89) and those reported by
others . after chronic administration of high (Baker et al., 1984c) and
Tow (Hamnson_gt-gl;J 1986a) ‘doses of TCP. It is also worthy of mention
at this time that at -any given time two enantioners of TCP and PGTCP
would be present 1n brain and the .observed neurochemical changys are

;,conceivably due to 1nteractions of these four isomers with the neuro-

L

transmitter systems.
1t would be advantageous to have MAO inhibition localized to brain
in order to\'m{nimjse ‘unpleasant side effects ‘due to peripheral MAD

;innibition,.and,currently such MAO inhibitors are being developed (se¢

Section I.G). Preferential Tocalization of PGTCP in periphery and

tad
Y,

relatively small extent of biotransformation to. TCP would indicate hat
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either. the N-propargyl group on TCP was metabo]ical]j relatively non-
labile or conferred upon the drug unfavorable physfcochemical prop-
‘erties. However, PGTCmeay present an useful TCP analog with which to

study metabolism'and dispositon of N-alkylated cyclopropylamines.

K. Analysis of PLZ in Rat Brain and Patient Urine Samples by Extractive
PentafTuorobenzoyTation . -

!

--Phenelzine is a hydrazine—tybe MAO~1nhib1tingvantidepressant which
has proved to be «useful in‘the treatment of nonendogenous depression and
phobic disorders (Robinson et al., 1978). Despite its widespreaﬁ thera-

- peutic use, few studies have been conducted on thenpharmacokiﬁét3c§ and
rmetabolism of this &rug in brain tissue. Recent fnvestigations {n the
%Prain (Baker et al., 1982; Dyck et al., 1985) indicate that PLZ under-
goes metabolism to PEA, the functi?nal(xdeficien¢y _of which has been
implicated in the etiology of depressive disorders. It has heen"
reported that PLi can alter the uptake and release of putative n;uro—g
transmitter amines .in brain tissue (Hendley and Snyder;vi§68;_§§ker éih
al., 1978, 1980b; Dyck, 1983, 1984), and bécause‘of this‘it is jmportaht
to know-the‘concentrations of the drug in the brain. lf ”“
There 1is 'a paucity of reports on PLZ anal}sis in the 11teratafe.”
One é%s‘ chromatographjc method involved fbrmation of the hyd;azone ’
deriQative with'acetone under.aIkaline conditions and‘extréqtfon df the:
derivative followed by GC ana1y;fs (Caddy et al., i976).‘ The procedure
was not applied to brain samples. Cooper et al. Clé?é), in a stqdyudn
PLZ in plasma, have used extraction 1ﬁto an organic solvent mixture at
pH 6.8. followed by derivatf_é.‘;iiod with heptafluonobutyriq'anhydride

under anhydrous conditions and reported picompIe ‘sens{tivity._‘ The
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method is rather lengthy and was not used for analysis in brain tissue.
Jindal et al. (1980) have_use@)pentafiuorobenzaidehyde to derivatize PLZ

under aqueous conditions (pH 6.7), extracted the derivative into organic

soivent,‘taken‘the«extract to dryness and guantitated the derivative by
GC-MS with single ion monitoring (GC-MS-SIM); a sensitivity of 2 ng/mi
was attafned. Dyck (1984) has reported the use of combined TLC MS-SIM

assay methodology to quantitate PLZ as its danSyiated acetonepheny]-

ethyihydrazone derivative 1n rat tissue samples. Such mass spectro~ N

v

metric techniques provide a high degree of specificity, but are lengthy

and there are high costs invoived with equipment purchase and mainten-

ance. \ | | o . ¢

w

Caddy et -ail. (1976) reported that extraction of\PLZ into organic

" ”sois(pts’//\hr\basified aqueous soiutions was 'reiativeiy -poor,” thus~

f

necessitating extraction and derivatization to‘be combihed in one singie

step. In the present investigation, PLZ anainis was performed by

'aque0us pentafiuorobenzoyiation which simiiariy combines ‘extraction

and derivatization in a singie step and affords a simpie rapid and

Ky

sensitive anaiyticai technique. ,

The use of pentafiuorobenzoyiation under‘aqueous conditions means
that derivatization and extraction are combined which saves time and
also provides dprivatization under reiativeiy mild conditions.

Pheneizine is reported to be susceptibie to auto—oxidation’ and

I

»decomposition under aikaiine conditions (Eberson et al., 1962 Schiitt

[

et al., 1967) However during the deveiopment of the present assay

methodoiogy a wide range of aikaiine pH values was studied aﬁd no- evi-

_dence of instabi]ity was observed under the conditions described in the

'Section 0.3, T

°

¥
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A hydrazine such as benzylhydrazine mignt be consideredl a more

»

appropriate internal standard than CPEA to use for an-assay’for'PLZ.

However, benzylhydrazine, 1ike PLZ, forms two derivatives, and this:

presents the problem of adequately separating all four derfivatives.
Derivatized 2-(4-ch10ropheny1)-ethylamine (CPEA) separated readily from

both derivatfves of PLZ .and provided a lipear ca]ibration curve and was

o therefore adopted as the internal standard

Dyck (1984), utt]izing a mass spectrometric procedure reported

Ieve]s of PLZ of 500 ng/g in rat striatum 2 hriafter injection of a dose

of PLZ equivalent to approximately 60 mg of free ;base/kg. The who1e

brain levels of PLZ in’ the present studyb(Sectfon III K) were in close

agreement with. her results. In 13 pat1ents receiving 15 mg of PLi

sulfate t.i.d. for ® weeks the mean exdretion of PLZ 1n 24 hr urine

samp1es was 1211 f 356 (nman t S.E.M.) ug. - This appears to be. in

reasonable agreement with the f1ndings of Johnstone (1976) and Caddy et
al. (1976) who reported values of 698 t 124 (n=15) and 1575 1 299 "(n=12)

ug/24 hr 1n fast and slow acetylators respectfve]y after these - patients

had been receivfng 30 _mg phenelzine t. i d for 13 days The patients

studied in the present 1nvestigaoion were not divided 1pto slow and fast

acetyTators, R °3ﬁﬂf' R f

e

* 7 In summary, a novél rapid -and relative]y 1nexpensive ana1yt1ca1:

procedure was developed for studylng neurochemical and pharmacokinetic
properties of PLZ. A1though the deve10pment of iyfs. assay “did not

E represent a major portion of the . study reported in

bl

G

his thesis. 1t did

‘serve to demonstrate theQut11ity of one of the assay techniques (dn this"_"

case aqueous pentafluorobenzoylation) deveIOped during the course of the ,'

study and provided a technfque for analysis‘of an. 1mportant drug which

L)

had previously proven difficult to measure. " ‘ o
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tONCLUSIONS AND' RECOMMENDATIONS
fhe foi]owing conclusfons resuit from the studies described above:
"Administration of‘CPPEA,'CfﬁEA. PG#FA or DPGPEA results in'sus-
tained eievations of ' brain PEAlleve]s, indicating tﬁEE"?EEEe"N-
alkyiated analogs act as prodrugs in vivo. | |
Based on their abilities .to cause eievated; sustained levels of PEA
in brain, the order of effectiveness of ‘the prodrugs- is PGPEA>"
DPGPEA>CEPEA>CPPEA. - “

Unlike MAO inhibitors the PEA prodrugs elevate PEA without causing

. {
“dramatic increases 1in brain 1evels of T, the catecholamines (NA and

DA) and 5-HT, aithough a]l four drugs do cagse some significant,

but transient, changes in brain levels of. the catechoiamines 5-HT
and their metabolites; these effects are most marked with CPPEA

The N-prOpargyi analogs of PEA (PGPEA and DPGPEA) are weak inhib-
itors of MAD in vitro with moderate selectivity towards ‘MAO-B.
.Both drugs also show a preference for ‘inhibition of MAO-B in vivo,
and this seiectivity is more marked in liver than in brain. The’
dipropargy1 campound DPGPEA is actua]]y a double\ prodrug, being
.converted to both PGPEA and PEA. “'(

Tryptamine may undergo a significant first-pass metabolism in 'the
periphery since intraperitonea1 administration resu]ts in oniy
‘moderate increases in brain T levels.

stratjon. of CET causes eievated, sustained 1eveis of T but

: CE?‘- s some disadvantages as a prodrug of T

' ‘A number of's ructural _analogs of TCP name1y TTCP MDTGP MTCP and

NCP are equipotent to or more potent than TCP itself at. inhibiting

- .
-

MAO . in vitro. , -

07
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8. The ring-f]uorinated compound FTCP 1s 10 times more potent as a MAO
inhibitor than TCP in vitro and exhibits more favorable pharmaco~
kinetic properties in vivo than TCP. Aromatic hydroxylation‘may be‘
an important metabolic pathway for TCP. At the dose studied, FTCP
and ‘TCP do not differ in their iﬂ-vivg MAO inhibitingppotencies,w
although they differ in their neurochemical effects on levels of.'

| ‘trace amines and neurotransmitter amines in brain. T

9. The propargyl anaiog PGTCP is a weaker MAO inhibitor in vitro than

| ‘TCP. Biotransformation to TCP and/or other potent MAO inhibitors
is probab]y respon51b1e for the relatively strong MAO iqgibition‘
observed 1n vivo after administration of PGTCP. - Since PGTCP
exhibits marked’ periphera] tissue iocaiization rapid clearance and
1imi ted biotransformation to. TCP, it may not represent a good pro-
drug of TCP but might be of help in designing better prpdrugs of
TCP in future ‘

iO. Aqueous pentaf]uorobenzoy]ation and aqueous pentafluorobenzene-
suifonylation foliowed hy GC-ECD anaiysis are extremeiy“ usefuT

.‘techniques which have provided for analysis of PEA, TP, T and-
their analogs under investigation in this study but which should

'a]so have application to. anaiysis of a wide variety of bioactive

amines inciud1ng drugs

During the course of the investigations that are described in this“"°
thesis, it became apparent that much of this research shoqu be extendedf
Fin the future. In-my opinion future research along the fo]lowing 1ines
wouid do- much to increase our understanding of the mechanisms of actionfr "

- e to

‘Lof the prodrugs of amines and of the TCP analogs-
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In order to learn more about the localization of the prodrugs in

‘ brain and possible locations of their metabolism it would be

fadvisable to dissect out discrete brain areas: and also to prepare

ubcellular fractions from brain areas and to investigate the con-'

centrations of . both the prodrug and the amine formed from it in

‘.those areas and in the subcellular fractions ,

During the course of the present investigation administration of

. ‘prodrugs of trace amines was shown to alter levels of neurotrans—

”'} required for antidepres”

' 7'<situation) Such studte

.'mitter amines and their metabolites It is possible that the pro- . =~
.Qrugs influence the uptake and release of these neurotransmitters‘
‘as otffer phenylalkylamines-have been reported to do (Koe, 1976;
.Baker, 15805} Suckling, 1985). It is. now ‘necessary‘ to . studyi

~effects?of the prodrugs on in vitro uptake and release of neuro-

transmitters alone and in combination with theCJespective trace

amines Such experimental data would be of help'in delineatingi

,”neurochemical effects of prodrugs from the trace amines formed from
-‘“them. ‘These studies, coupled with in vivo measurements of - the
“-0~methylated metabolites NME MHPG and 3 methoxytyramine would giVe |

lfurther information about the effects of the prodrugs (and . amines

:formed from them) on turnover and thus help characterize the nature

“of the interaction with the neurotransmitter amines
“;Chronic studies should now be carried out: in which the prodrugs ori;

E TCP analogs are . administered over a 2- 4 week period (the time B

to show efficacy An the clinical,.‘

{should include monitoring during thisi

‘period of a behavioral component known to be related to antidepres?

- sant activity, and at the end of the period the brain tissue shOuldf‘

ol
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be anaiyzed for 1eveis of the prodrug or anaiog, the amine of

interest and 1eveis of neurotransmitter amines and their metabo.
1ites It would aiso be. of interest to carry out similar chronic

experiments in other sets of animais and to study in them changes

in number and affinity of adrenergic and serotoninergic receptors ‘
since severai antidepressants have been, reported to aiter sensitiv-i

ity of subciasses of these receptors after chronic but not-acute.‘"

administration (review Biier and DeMontigny, 1985)

In addition to FTCP, severai other anaiogs of TCP dispiayed potent.

- MAD- 1rn11b1tory properties It would seem worthwhi]e to conduct

pharmacokinetic and neurochemicai studies on these.drugs as well.

Because the findings on FTCP were so promising, it would be impor-

tant to carry out .comprehensive dose-response studies on fts MAO-

inhibiting propertie i viVo to determine the nﬁnimunr dose at

which 86% inhibiton of brain MAO is- obtained this is a ievei of

'inhibitfon at which it has been proposed there is a generai eleva—
Ation of brain monoamines (Ravaris et ai., 1976) and is aiso a levei
“(based on piateiet MAO activity) at which there is ciinicai
iimprovement in a high percentage of patients (Robinson et ai
1978) Such studies are now. being carried out An the Neurochemicaii
Research Unit by others and wii] be foiiowed by investigations of”
-chronic administration of this drug at that dosage ievei

1 Tranyicypromine, FTCP and the other analogs of TCP are racemates,';
'iand it wouid be of interest to’ study in brain the ieveis of thei~

' .separate enantiomers after acute and chronic administration of -he.f

7

racemic drugs.‘ This is an area of bioiogicai psychiatry that has

. e

been much negiected despite the fact that many psychiatric drugs-: :
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}.are racemic in nature. ‘The marked‘differences in'pharmacoiogica]
and ﬁeurochemitai properties'of”the“individuai'enantiomers of‘TCP
| hreported by other researchers (see Introduction of‘ﬁhis thesis)

ertain]y emphasize the importance of performin;lanaiysis on the
”separate {somers. - Separation and ana]ysis of these enantiomers can

be achieved using chirai capillary columns or chiral derivatizing

‘agents and GC and should prove to be/an exciting area of research

Future studies on the prodrugs and the TCP ana]ogs shouid also

inciude an investigation in heart of the leveis of ‘the drugs, the
bioactive amines formed from them (in the case of prodrugs)

potentiaiiy active metaboiites (such as ring hydroxylated metabo-

iites) Trany]cypromine iS\knOWn to cause some 51de,effects which,i

finvolve the cardiovascular system (Ba]dessarini 1980), and PEA and

fT; like TA can cause re]ease of putative neurotransmitter amines‘
from cardiac tissue (Paton 1976) ~Recent studies in our 1abora-

tories have shown that ‘the. 1evels of CETCP (a prodrug of TCP) TCP,_»'

"‘and one of its metabolites HTCP “are markediy different in heart

'and brain Nazara]i et al 1986c) foiiowing intraperitoneai
J'injection of the prodrug,‘and it appears that further studies inV’&
‘77fi;this area are certainly warranted | | R |
In summary, the investigations described in this thesis have demon-~"

‘;strated that several N-aIkylated anaiogs of PEA can serve as useful pro-‘u"

1schronic basis and combined with behaviorai experiments, they shouid}

&

(;I

Y

AN
‘

ptained leveis of PEA in brain. Hhen these drugs are administered on a ]”‘

Ty

J

frdrugs with which to attain eievated and reiativeiy consistent and sus-,“j;ffg?

.dyieid important information about the roie of PEA in the CNS and in theffiﬁ,iig



action of antidepressant drugs It is a]so conceivagie that some of'

these prodrugs might be effective antidepressanth particuiariy if there -

is a functional deficiency of PEA in certain subtypes of depression,‘ In
.any case it certainiy appears that they wiil be effective pharmaco-

logical tools with which wwmg metabolism. The 4-f1uoro

‘derivat1Ve of TCP studied in these investigations has stronger MAO- |

' inhibiting properties than TCP and aiso appears to have more favorabie"'

_pharmacokinetic properties than TCP; - this drug is currentiy being

investigated further in combined behaviorai/neurochemical studies in the‘“

'Neurochemical Research Unit _Seyera] other TCP ana]ogs studied a]so had

strong MAO 1nhib1t1ng properties in vitro “and will be ‘investigated

further by other researchers in the Unit"‘ Studies of the pharmato-

kinetics of the prodrugs and TCP ana]ogs were made possibie by the

\development of senSitive eieCtron capture gas chromatographic proce-

dures and this became an’ important component of the research described’

in this theSis Such anaiyses will be used or modified by others who

wi]i extend this work
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