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Approximately 20% of depressed patients are rera orwentional
therapy, but some treatment strategies (e.g. high-dose tranwicypi unwre (TOP): TCP
fluoxetine (FLU)] have been shown to be relatively effectve :n the westment of these
nfnelaryaoprm-dpmnh Chronic studies were pasie--ne<: :0 nvestigate some

smical changes that occurred in rats treatechwh *~=es novel trestments.
WMTCP(ESMQI@)MWMM&&W:&:
and serotonin (5-HT) in brain and a greater and more rapid decrease
ryptamine binding in striatum and hippocampus, respectively, than did the
lowdm(osmydm Furthermore, the high, but not the low, dose resulted
ina Juiation of cortical 5-HT2 receptors. When the combination of AMI (3.5
mg/kqldty)mTCF(o Smlkgldw)wnmmﬂmm an additive
Mm&ﬂgmdﬁﬂyhmmmmmmm
5-HT2 receptors but had no effect on NA and 5-HT levels in brain. In the combination
an elevation of NA and 5-HT and a down-reguistion of 5-HTp receptors were
than when the drugs were sdministered alone. DM! slone down-reguisted 5-HT,
and [3-adrenergic receptors in cortex, but FLU alone had no effect on the density
combination appeers 10 be m for the m m of

down-regulating the 5-HT2 receptor.
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1 INTRODUCTION

Lifetime prevaience of major depression has been reported to be between 3.7
and 6.7 percent in the general population (Robins ef o/, 1984). Furthermore,
upwards of 21 percent of patients with major depression who seek treatment have
not recovered after two years of treatment (Keller et a/. 1984). This high non-
response rate represents a substantial proportion of the depressed population, and
many strategies have been used in the treatment of these refractory depressives,
treatment regimes which are not obeerved with traditional treatments may give
meaningful insights into the biochemical deficits present in refractory depression.

1.1 DEPRESSION
mmmumdmwmmbynm
mm.mmmmngnunmmmm
ation published the Diagnostic and Statistical Manual of Mental Disorders (DSM)
in 1962. This manual was ister updated in 1968, 1980, and 1987. The latest
version is a revieed version of the third printing and is thus called DSM-M-R. In
the DSM-M-R, depression is placed in the category of mood disorders. The
disorders listed in this category are identified in Table 1. Mood disorders are
the criteria for depression with no history of mania then thet patient is Claseified
@s having a Depressive Disorder. Depressive disorder is further divided into
Mejor Depression or Dysthymia. Dysthymia is considered a milder, but more




Table 1. MOOD DISORDERS

BIPOLAR DISORDERS

Bipolar Disorder

Bipolar Disorder Not Otherwise Specified

(Based on the classification scheme of The Diagnostic and Statistical Manual ¢
Mental Disorders, Third Edition, Revised, Washington, D.C., American




single episode. The criteria used to diagnose a Major Depressive Episode are
isted in Table 2. A Major Depressive Episode can be further characterized as:
1ma(m-mmmmdmdm-ﬂmu)2ma(m
pairment somewhere mmmm)ammm
M(mmhmdmwmmmmm
WWMMM)JMW pod-congruent pe

in full remission); 7. in full remission (no significant symptoms over the last 6
months), mmmu-mmmmm

for chronic, melancha

Theee trestments are often augmented with thyroid hormones, tryptophan, or

mmmmhnmgrmmmm




Table 2. DIAGNOSTIC CRITERIA FOR A MAJOR DEPRESSIVE EPISODE

functioning; at least one of the symptoms is either (1) depressed
2. markedly diminished interest or pleasure in all, or aimost all, acti-
vities most of the day, nearly every day

3. significant loss or gain in weight when not dieting

8. psychomotor retardation or agitation nearly every day

6. fatigue or loss of energy nearly every day

7.feelings of worthiessness Or excessive or inappropriate guilt nearly
8. diminished ability to think or concentrate, or indecisiveness, nearly
9. recurrent thoughts of deeth, recurrent suicical ideation

2. The disturbance is not a normal reaction to the death of a loved
one.

At no time duwring the distwrbance have thers been delusions or




Table 3. SUBCLASSIFICATION OF A MAJOR DEPRESSIVE EPISODE

Ghrmlc Cunﬂophodohnlﬂ.dlongwhmmwhym
without a period of two months or more during which there were no

Melancholic: The presence of at least five of the following:

1. loss of interest or pleasure in all, or aimost all, activities

2. lack of reactivity to usually pleasurabie stimuli

3. depression regularly worse in the morning

4. oﬁymnhgimkm

5. psychomotor retardation or agitation

6. ﬂgﬁﬁciummarmmm

7. mwmmmmmw

eempbh arnuﬂyeorrplﬁc rcenvay
9. previous good response to specific and adequate somatic anti-
dﬁpfmmlﬁv
of Recurrent Major Depression and a perticular 60 day period of the
C. There have been at least three episodes of mood disturbance in
rddandt nmmanmmm

ﬁmmmmmmm-Udmm Third

on, D.C., American Psychistric Association, 1987.)




1.2 TRICYCLIC ANTIDEPRESSANTS

appiications. imipramine, a derivative of chiorpromazine, was found to be
ineffective in quisting agitated psychotic patients but was of great benefit to the
depressed patients of the study (Kuhn, 1857). There are nine compounds
structurally related to imipramine currently being used as antidepre 5,
desipramine (DM), amitriptyiine (AM), clomipramine mipfyﬁw danph tri-
apine.

The major routes of metabolism of the TCAs are: 1. N-cler )
hydroxyiation of the ring aliphatic and phenyl components; 3. glucuronide for-
mation at hydroxyistion sites (Gram, 1974); and 4. side chain N-Oxidatic
(Crammer etal., 1960). Giucuronide formation is the major inactivatiorve
mechaniem (Potter et al., 1964). mmmmmm
ot al., 1979).

Most metaboliem of the TCAs occurs in the liver, and ac ,
mmmwmnhnmamummm
kinson and Shand, 1975). Alcohol (lber, 1977), tobacco (Vahakangas et &/.,
1983), barbitustes (Gllstte, 1971), and anticorvusants (Eichelbaum et o/., 1975)
mmmmmhwmmanm
TCAs when these drugs are acministered concomit pe (Gram,
1977), methyiphenidate (Wharton et o)., Im).mtlﬁmﬂiﬁﬁ.




19684), and oral contraceptives (O'Maliey et a/., 1972) are metabolized by the
same liver enzymes as the TCAs, and when administered in combination this
metabolic competition can result in elevated levels of both drugs. Factors which
influence TCA levels may have an important impact on the clinical efficacy of
treatment with these antidepressants.

Most of the classical TCAs potentiate the action of the neurotransmitter
amines noradrenaline (NA) and/or S-hydroxytryptamine (5-HT) by inhibiting the
uptake of these amines from the synaptic cleft into the presynaptic neuron
(Carlsson et al., 1000a, b; Shaskan and Snyder, 1970; Lidbrink et 8/., 1671; Ross
ot 8l., 1972), the primary mechanism of their inactivation (iversen, 1971).
However, the TCAs possess different uptake inhibition profies. The tertiary
smines (Imipramine, amitripyline, and clomipramine) inhibit both NA and 5-HT
but are relatively more potent at inhibiting 5-HT uptake. The secondary amine
metabolites (DMI, nortripyline, and desmethyiciomipramine) sre much more
potent than the corresponding tertiary amines at inhibiting NA uptake (Baker
and Greenshaw, 1988).

The effects of the TCAs are not limited 10 their actions on the uptake of 5-HT
and NA. Many are potent 5-HT2 receptor antagonists (Baker and Greenshaw,
19088), a factor which may contribute 10 their overall eficacy (Deakin, 1901). Side
offects commonly seen due 10 muscerinic cholinergic receptor blockade are
blurred vision, constipation, urinary retention, dry mouth, and excessive swesling
(Snyder and Yamemura, 1977). ag-Adrenergic receptor biockade can ceuse
tachycardia, hypo/hypertension, arrythmiss, and sedstion (Idsin et al., 1980;
Snyder and Peroutia, 1084), and Hy-histaminergic receptor blockade Can cause



jon and hypotension (Snyder and Peroutka, 1964; Paul ot a/., 1985
Richelson, 1973) &hr“mmmmwmmwmm
1.3 MAO INHIBITORS

discovered serendipitously. The anti rculosis drug iproniazid was found to
have mood elevating effects in depressed tuberculosis patients (Selikoff et a/.,
phenelzine, wwmcrcm nislamide, and pheniprazine. The two most
1H‘n Bﬂiﬂmmﬂm mmm\nnmm
and mociobemide are selective, reversible inhibitors of MAO-A (Delini-Stula ef
ol., 1988).

m\UHWbM“MCd 1937). Tl‘-mm
was introduced by Zeller in 1961 who categorized the amine oxideses into
MAO-8 according 10 the afinity of these isozymes for certain subsirates. MAO-A
preferentially oxicizes 5-HT and 10 & lssser extent NA and adrenaline, wherees




henethylamine (Murphy et a/.,

] ,,,,,,",,ammm-gmmmmm
mmm While most tissuss contain both MAO-A and -B, regional
BrOnces are present. In the brain, MAO-A is preferentially located in areas

Saura Marti ot a/., 1m)mm&3hmuGthrmﬁ§1h
5-HT-containing cell bodies (Saura Marti et al., 1990), astrocytes and radial glia
found in placental tissue (Salach and Detmer, 1979) and only MAO-B is found
in platelets (Donnelly and Murphy, 1977) and lymphocytes (Bond and Dundall,
mmmﬁmﬂﬂﬁ

wmwam-lm) wamm&aﬁmhm:
(Mann et a/., 1980), but has been shown o0 have some eficacy in depressive
disorders at higher doses where both MAO-B and MAO-A are inhibited (Mann
and Gershon, 1980; Mendis of o/., 1981; Mann ¢ o/., 1982; Mendiewizz and
Youdim, 1983; Quitkin of o/, 1984; Mann et o/., 1980; McGrath ef o/., 1988).
MHlmmhﬁMdmmm

Jolic ﬂnmﬂd.. Imm-td 1087). increased




rotransmitter being released upon neuronal stimulation, ultimately leading to a
taking foods containing sympathomimetic amines and led to the expulsion of
mmmnmﬁ-mmathnﬁM(m

mmmdMMﬁmmmmh
brain levels of these amines (3-phene , OCt

mine, and N-methythists ,)Mﬂm 1979; Philipe ot o/., 1980;
Baker ot 8/, 1905). Tyramine can be especially dengerous as high levels of this
bitor clorgyline all evoke an increased seneitivity 10 tyramine in healthy volurteers.

-10-



gerous effects can result from the ingestion tyramine-rich foods (aged cheese,
red wine, chocolate, pickied or smoked meat or fish, faba beans, and yeest
MAOis. Proper distary considerations can effectively eliminate the occurrence
effects are a possibility, they ocour very rarely (Nies, 1963; Raskin, 1972; Laux,
1863) and that overall side effect incidence for MAOIs is similar to that of the
TCAs (Robinson et a/., 1978; Nies, 19893).

(Himmelhoch et ¢/., 1982, 1901; Thase ot &/., 155&)uvinlhauuhlh-klﬂialayi1
mmn—mwanmnmanm&m
moming) (Sovner, 1981; Murphy et a/., 1987). Arudety, penic, anergie, and
hysteroid dysphoria can also be present in “stypical depression” (Sargent, 1962,
Kelly, 1973; Himmeihoch et al., 1982).

MAOls have also been proposed to be effective in the treatment of other
peychistric disorders such as: seasonal aflective disorder (Rosenthal ef &/,
1987); cbesssive compuisive disorder (Jenike ef a/., 1983); phobic disorders
general ardety (Sargant and Dally, 1082; Sheshan, 1984); bulimia (Waish et o).,
1804); and migraine (Anthony and Lance, 1989).

11.



1.4 SELECTIVE 8-HT UPTAKE INHIBITORS

The mounting evidence supporting decressed 8-HT function in depression
mmnmmmnhhm&mmm
(clomipramine, imipramine, and AMI cannot be considered selective because
their major metaboiites are NA uptake inhibitors). it was taken off the market in
1983 due to a high incidence of hyperseneitivity reactions (Bech, 1968). Many
S§SUls are currently being marketed or are still under clinical investigation, such
as: fluoxetine (FLU). luvoxamine, paroxstine, sertraline citalopram and femox-
etine (Feighner and Boyer, 1991, Warrington, 1902; Gram et &/, 1903). Theee
mmmmmmnmm Nbiting TCAs in
that neither they nor their metabolites (/.e. the N-demet od metabolite of FLU,
norflucxstine (NFLU), is also a selective 5-HT uptake inhibitor) have an appre-
Clable effect on NA uptake (Wong et a/., 1974; Classeen ef /., 1978; Squires,
1974; Hywel, 1982). The popularity of thess agents rests not only in their clinicel
mmnﬁMMdﬁMf* ington, 100Q).
1.8 NOVEL ANTIORF
of neurciranemitter amines or MAO aciivity appreciably, yet are eflective in

an. A lower incidence of anticholinergic sicle eflects and car-




: PRrOSsants currently being marketed.
mmmummmmwm:ﬂwm
of novel antideores

ormhnatd:m mhauhmnmmmﬁwﬁb
achieve their results by a variety of mechaniems. Refractory depression hes
been defined as a depressive epieode which has falled t0 respond 10 two 4-week
akhough others have suggested that a longer duration of treatment is necessary
before a drug trial can be considered 1o ineflective (Quitiin of a/., 1988). The
mm-mmammﬁﬁf nation of
T&ﬁMhﬁmﬁm Hﬁimﬂm(iﬂi)
CBees, i'volving more or lses severe adverse reactions experienced by




generally preceding the publication of large clinical series on the outoome of
such trestment, and preceding the publication of guidelines for ts uee.
Therefore, k remains unclear what manner of common clinical practios gave

mbinations has continued, particularly in England, whereas case reports
with TCAs (Davidlson et ¢/., 1978; Gander and Lond, 1985; Razani et a/., 1983;
Schmauss of o/., 1988; Sethna, 1974; White et &/., 1980; Young et a/., 1979).

Davideon et a/. (1978) compared the efficacy of a phenelzine-AMI
dose in the drug combination was 71 mg of AMI and 34 mg of phenelzine

therapy. Only one of patients in the drug group improved enough 10 be

was far superior 10 the drug combination. However, & can be argued thet
the dose of TCA wes inadequate.



Sethna (1974) studied 12 patients who had not responded, or who had
coneistently relapsed after MAOI, TCA, and ECT treatment sione. The patients
were ftreated with a combination of AMI (78mg/day) and phenelzine
(48mg/day). Of the 12, 9 became virtually free of depressive symptoms.

Gander and Lond (1965) presented a paper in which 90 patients who,
in the last year, had not responded to antidepressant trestment (MAO!, TCA,
ECT, or psychotherapy). The patients were treated with a variety of combi-
nations. The three most common combinations were: 1. phenelzine and AMI
(45 patients); 2. isocarboxazid and AMI (18); and 3. ipronazid and AMI (12).
The average dose, athough not specified, was stated to be just siightly less
than the individual therapeutic dosage, /.. 150 mg/day for AMI and 45mg/dey
for phenelzine. Of the patients, 46 showed considerabie 10 compiete reso-
iution, 13 showed some improvement, and 28 showed no improvement.

The moet robust study on TCA-MAO! combination therapy in refractory
depression was conducted by Schmauss et &/. (1988). A total of 94 petients
were given one of nine TCA-tranyicypromine (TCP) combinations. The
patients had previously not responded 10 two TCA trisls of three 10 four weeks
each. The three most common TCAs used were AMI (37 patients), imipramine
(20 petients), and dibenzepine (14 patients). The TCA was administered for
at lsast three weeks and then TCP was started at 10mg/dey up 10 8 maximum
of 30mg/day. The TCA dosage remeined constant throughout the study. The
average doses were AMI (180mg/day), imipramine (222mg/dey), dibenzepine
(487mg/day), and TCP (13mg/day). Of the patients, 31% demonstrated very
good improvement (no depressive symplomatology) and 37% demonsirated



treatment. ThnAM—Tchmmbihbﬁtm

mmMMm“hWMHMﬁm
had to satisfy criterion for refractory depression. MAO! trestment was added
to an ongoing TCA treatment and a period when the patients received only

Of theee four studies, the combination of a MAOI and a TCA was con-
uﬂyh%ﬁMMm“(ﬁvﬁﬁnﬂd i!m)m
inaclequate dose of the TCA was used. & appears thet augm of
Tﬂm(ﬁﬁﬁﬂnﬂﬁnwﬂﬁthim
therapy in the trestment of refractory depreesion,

in the three other studies on the TCA-MAOI combination (Razani ef o/,
1983; White et &/., 1980; Young et al., 1979), the patient sampies did not,
unfortunately, have 10 meet a criterion for refractory depression; however, in
each study groups receiving only a TCA, only a MAO! and both a TCA and




drugs alone in the general depressed patient population. The combination
of the antidepressants is not commonly used until the drugs alone prove t0
be ineffective.

MAOis and TCAs operate by two different mechanisms at the bio-
chemical level. MAOls inhibit the metaboiic breakdown of amines, while TCAs
inhibit the uptake of these amines (most commonly NA and 8-HT) into the
presynaptic neuron. Athough different mechanistically, the action of the two
drug classes is to enhance those processes that result from the action of
these amines on the postsynaptic neuron. When a MAO! and a TCA are
administered together there is both inhibition of biogenic amine uptake and
higher biogenic amine concentrations. There is also evidence thet the
combination of AMI with TCP may actually decrease the tyramine preseor
response ocbeerved when TCP is administered to healthy volunteers (Pare ef
8l., 1982). The ability of TCAs t0 act as antagonists at 5-HT2 receptors (Baker
and Greenshaw, 1988) is often overicoked and may be an important con-
tributing factor in the eficacy of the above-mentioned combination.

Much of the lerature has been concerned with the side effects seen
when the antidepressants are used in combination. In the three studies in
which patients received one of the drugs used in the drug combination alone
or the combination of these drugs (/.e. the drug combination was compered
o suitabie controls), no signifigant difference in side effects between the drugs
alone and the combination was cbeerved (Razani et /., 1963; White et a/.,
1980; Young et &l., 1978). inthe other studiss, 4/94 patients in the Schmauss
ot al. (1988) study, 0/8 in the Davideon et &l. (1978) study, 7/80 in the Gander



and Lond (1985) study, and 0/12 in the Sethna (1974) study discontinued
treatment due to side effects, In no instance were the side effects considered
ie-threatening.

WWWUNMMAOI—TCA!WMM
delirium, often progressing to coma, generalized hypertonicity, seizures,
hyperpyrexia, and variabie elevation of puise and respiratory rate. This pattern
is non-specific and can readily result from overdosage of either type of drug
slone.* (White and Simpeon, 1981).

1.6.2 THE COMBINATION OF TCAs AND SSUle

@ 88Ul and a TCA in depression (Weilburg et a/., 1986b; Neleon et a/., 1991);
several case reports (Seth et a/., 1962; Schrami et o/, 1980; Downs ef o/.,
1980; Bell and Cole, 1988; de Maso and Hunter, 1990; Eison, 1980) are also
present in the iterature.

The Wellburg et al. (1986b) study invoived the addition of FLU to
found thet 28 of 30 patients improved with the combination. The study was
when the TCA was discontinued in 12 of the 26 responders, 8 relapeed; thess
8 recovered when the TCA wes reinstated.

Seth et al. (1902) reported 8 case studies in which the combination of
& predominantly NA uptake inhibiting TCA (nortriptyline) with a SSUI (ser-
wraline or FLU) proved more effective than either drug alone. Overall, the other
Case reports a good therapeulic response with the drug combination.



The lag between initiation of antidepressant treatment and therapeutic
mmmmmmmbmlliﬂmmm
compliance. A study by Neison ef a/. (1991) examines this issue. The
combination of FLU and DM! was compared to DM! sione. Decreases in
furthermore, the decrease in depression scores seen at week 1 in the

inhibition of biogenic amine uptake is considered to be the major bio-
chemical effect of TCA treatment, and often the potency of TCAs as 8-HTz
disorder proposed by Deakin et a/. (1901) suggests thet a successhul anti-
depressant has to enhance 5-HT 14 receptor-mediated effects and/or inhibit
S-HT2 receptor-mediated effects. Drugs which increase 5-HT levels in the
receptors than most other 5-HT receptors. To inhibit 5-HT2 neurctranemis-
sion a drug must be an antagonist at that site or create chronically high
Most of the TCAs have been shown t0 be potent 5-HT2 antagonists (Baker
and Greenshew, 1988). Therelore the combination of DMI or nortriptyline
with a 88Ul should act synergistically, the former by inhibiting 5-HT2 medisted
mmnmqmm,mm This




1.6.3 LITHIUM AUGMENTATION OF ANTIDEPRESSANT TREATMENT
Lithium continues to be one of the most studied drugs used in psychiatry.
There are many studies which explore the augmentation of TCA treatment
de Montigny e¢ a/., 1085; Heninger ef al., 1983; Lingiserde et a/., 1974) are
depressive and had previously not responded to TCA treatment. Lithium
(900-1500mg/day) was added to ongoing TCA treatment, with blood ithium
AMI, DMI, or mianserin. Of thess patients, 15 proved to be refractory. These
15 were then trested in a double biind manner with either ithium or placebo.
Significant decreases in depression scores were seen on days 1 and 2 and
group and the response was identical 10 that of the original Ithium group.
De Montigny et o/. (1986) studied 7 patients from an original sample of
30. Theee 7 had not responded 10 iprindole trestment. Lithium was added
(meen serum level of 0.74meq/Mer). All 7 patients showed mariced decreases




The study by Lingjaerdie et a/. (1974) invoived 46 patients from § hospitals
who were refractory to TCA trestment. The patients were given either ithium
or piacebo in adidition to the TCA. The results were inconciusive and ithium
enhancement of TCA treatment, i present, was siight.

The augmentation of TCA treatment with ithium is definitely effective in
turning some TCA-nonresponders into responders. Smaller studies and case
reports (reviews: de Montigny et a/., 1988; Schopt, 1989) also suggest that
ihium is effective in augmenting TCA trestment.

There are many reports of ithium augmentation of MAO! trestment (Fein
ot al., 1988; Himmelhoch et al., 1972; Joyoe et o/, 1983; Loule and Meltzer,
1984; Madiakasira, 1988; Nelson and Byck, 1962; Price of o/., 1985; Tariot et
al., 1988; Zall, 1971). While meny of these are case studies or collections of
C88e studies, two are major studies (Himmelhoch et al., 1972 and Price et
al., 1988). These two groups studied patients that had proven 10 be TCA
nonresponders. in both studies TCP was added 10 ongoing ithium trestment,
but was never given alone. In the Himmelhoch ef o/, (1972) report, 11/21
patients had compiste remission, and 8/21 showed substantial improvement.
in the Price et o!. (1986) study, 11/12 showed improvement. We do not know
whether the results ocbisined were due 10 the combination, or if the MAO!
wouid have given a similer responee on its own.

Collectively, the cther 7 papers cite 15 case reports. Of theee cases, 14
showed improvement. Elsven had not responded 10 the MAOI sione, 3 were
not given the MAO! alone, and one did not respond 10 the addiiion of ihium.



1.6.4 TRYPTOPHAN AUGMENTATION OF ANTIDEPRESSANT TREAT-
MENT
Mnmmmmmnmaww
TCAs (Lopez-ibor et al., 1973; Shaw et al., 1972; Walinder et o/, 1976), but
mmmwmmmmmmqm.
Lopez-ibor et &l. (1973) and Shaw et o, (1972) both found that tryptophan
wmwmmmmdmrmm.
Walinder et o/, (1976) reported thet the tryptophan-treated group showed a
74mthMMNmMM
only a 48 percent decrease. The TCA used in the Shaw et o/, (1972) and
Walinder et al. (1976) studies was clomipramine. ¥ augmentation of TCAs
OCCUrs with trypiophan, one would expect 10 9ee it with clomipramine, a potent
S-HT uptake inhibitor. However, the two reports are confiicting and it is uniikely
Mhtmmmuhﬁlhmmmd
depression. Reports of this combination in the trestment of refractory
depression have yet 10 be published, 80 its eMcacy in this ares is unknown.
There are four papers on the eficacy of the MAOI-tryptophen combi-
nation in refraciory depression (Coppen et o/., 1983; Pare, 1963; Glassmen
and Platmen, 1989; Gutierrez and Lopez-ibor, 1971). Coppen et ol. (1683)
wnmmammmmm+mu
TCP + (DL)-wryptophen. The average dosages were 30 %0 50mg of TCP in
mmmmmwmmamm The
combination produced a 72 percent improvement in depression rating,
wheress the MAO! alone produced only a 38 percent improvement. Pare



(1963) treated 14 patients. Six patients had to be discontinued due to adverse
side-effects, and of the 8 remaining patients, 6 showed marked improvement
along with 7.5-15 grame of tryptophan daily. Giassman and Pistman (1906)
(12-18g/day) or piacebo. Sixty percent of those patients receiving tryptophan
and Lopez-bbor (1971) studied 30 patients. These patients received one of
two treatments: Nialamide (500mg) + tryptophan (6g). or nislamide (500mg)
nislamide alone was successful in only 33%.

in all four of these papers the patients were selected on the basis that
they had previously not responded to antidepressant trestment
monly TCAs. All four of the papers reported & positive responee 10 the addition
of tryptophan to MAOI trestment.

depression led 10 the addition of thyroid hormone 10 the drug regimen of
patients not responding 10 their current antidepressant therapy. There are
severai reports in the ierature on the potentiation of TCAS by thyroid hormone
(Nierenberg and White, 1960 and Jofie, 1990). Three reports are speciic 10
TCA-resistant depression (Earle, 1970; Goodwin et o/, 1982; Jole ef .,
1083). Earie (1970) reported & 61% responee rate in AMI nonresponders,



Goodwin et al. (1882) reported a 50% responee rate in AMI nonresponders
and an 88% response rate in imipramine norvesponders, and Joffe of a/.
(1m)ﬁpaﬁlmmmﬂhwmumm
1.6.6 HIGH DOSE TRANYLC MINE
Mmmmaumdmrcﬂmhﬂmu

1087; P!ﬁh'ﬁi 1087, m. 1083). Amsterdam and Berwish (1m
reporied on the use of high dose TCP in the treatment of refractory depression
in & controlied study involiving 7 patients. All patients had falled to respond
10 ot lsast three prior trestment regimes. The 7 patients were treated with
TCP at doses ranging from 90 to 170 mg/day (compared 1o the conventional
dose of 20-30 mg/day), the average doee being 112 mg/day. Four of the 7
and 2 were nonresponders. The patients were kept at their maximum dose
for a minimum of 2 weeks and a maxdmum of 4 months. Two of the patients
mnmmmnm One gained 28 pounds,
reactions wes | Mening. mnammaalmm
dMﬂlpﬂimbiﬁmﬂfﬁmaﬁm
had falled. MWHMM“M&EEIH“

Rk would ssem ikely thet st such a high dose the action of TCP is not
marely the inhibilion of MAQ, as 80-80 percent inhibliion is abtsined at normel



therapeutic doses of approximately 30 mg/day (Robinson et a/., 1978). k has
been shown that the (-)-enantiomer inhibits the uptake of NA (Baker ef a/.,
1980; Hampeon e¢ a/., 1000).
1.7 5-HT AND DEPRESSION
8-HT has been impiicated in depression since the discovery that iproniazid
(Brodie et a/., 1956). Later, TCAs were found to inhibit neuronal uptake of 5-HT
depression, became questionable as a common eticlogical factor in antide-
pressant eficacy. The following data implicated a more pivotal role of 8-NT in
depression: 1. precursors to 5-HT were reported 1o have mood elevating eflects
(Coppen et o/., 1983; Pare, 1063; Glassman and Pistman, 1980: Gutierrez and
Lopez-bor, 1971); 2. pare-chiorophenylsianine (PCPA), a compound known 10
depiste 5-HT, wﬁﬂMﬁmhMMEw
and TCP (Shopein et al., 1978, 1976); 3. compounds which selectively inhibited
8-HT uptake were discovered (Wong et o/., 1974) and later found 10 be eflective
antidepressants (Benfield of o/, 1008); 4. electrophysiological reports of
increased sensitivity of postsynapiic neurons 10 5-HT following chronic antide-
pressant reatment (de Montigny and Aghajanian, 1878); and 5. receptor binding
studiies reporiing & down-regulation of 5-HT2 receptors produced by chronic
ressents (Peroutks and Snyder, 1980). The search for
nmmﬁmﬁﬂj[} ts shiled more towerds




action (Oidendor!, 1970a,b). In the brain tryptophan is hydroxylated in the §
position to §-hydroxytryptophan by tryptophan hydroxylase and then decar-
Wﬂ&ﬁﬁ“ﬂnﬂmm 16860).
Neuronal 8-HT exists in two pools, one for storage and one which is functionally
active (Muider, 1982). mummnmﬂmm
depolerization of the cell membrane by a celcium-dependent mechaniem, anc
mnmmmmﬁmmnmmw:m
transporter. mdmmhmmnnmm
b“mﬂh“sbﬂ@ﬂb 5-hydroxyindole-3-acetic acic
andfree forms in the urine. 5-HT elicits its responees on the posteynaptic neuron
by interacting with a veriety of 5-HT receptors, and these responses can either
be inhibory or excitatory depending on the type of receptors present.

There are two distinct subdivisions of 5-HT neuronal pethways; a rostral
and the caudal division hes ocsll bodiss in the raphé nuciel of the medulla




(Lamina IX) (Tork, 1960).

There are now proposed to be seven pharmacologically distinct families of
§-HT receptors (Shen et a/., 1963). Theee “families” have been designated 5-HT
to 5-HT7. Aithough st least 7 familles are proposed to exist, the majority of
§-HT4 family of receptors (8-HT1,, 5-HT¢p. and 5-HT4p) exhibits the highest
CAMP formation and opening of K+ channels). The 5-HTa receptor family
(8-HT1C, 5-HT24, and 5-HT2g) hes a lower afinity (UM range) for S-HT (except
for 5-HT¢C receptors which exhibit a nanomolar aMinity for 8-HT) and elick
of K+ channels). S-HT has a mid-range affinity for the S-HT3 receptor (250nM).
lerization of the membrane. 8-HT¢ and 8-HT2 receptors are inked 10 G proteins
fink. The two 5-HT receptor systems which are believed 10 play mejor rolss in
the eticlogy of depression at this time are the 5-HT¢4 and 8-HTg. The pher-
macoiogy of thess receptors is subsequently discussed. An indepth review of

The highest density of 8-HT1 4 receptors is in imbic aress (hippocampus,
isteral septum, frontal and entorhinal cortex and the central amygdela) and in




the dorsal and raphé nuclel (Marcinkiewicz ef a/., 1984; Pazos and Palacios,
1988; Verge of o/, 1988). The 5-HT(p receptor is belleved to be a somato-
dendritic autoreceptor in the brain stem (Lanfumey et a/., 1980; Goodwin ef a/.,
al., 1988; Verge et al., 1988). This receptor is coupled to two effector systems
through G proteins. One coupling involves inhibition of adenyiate cyciase (De
a K+ channel (Andrade et a/., 1988; innis ot a/., 1988). The regulation of the
8-HT 1 A receptor has been studied using three different methods: 1. radioligand
mz.,,, nent of adenyiate cyciase activity; and 3. electrophysiologic

When the fact that the Km value for 5-HT for the synaptic uptake ske is 47
nM (Baker and Gresnshaw, 1988) is combined with the fact thet the affinity for
8-HT ot the 6-HT 4z receptor is 1-8 NM (Hamon et /., 1990) and thet the ECsg
for 5-HT-inhibited forskolin-stimulsted adenyiste cyciase is 20 nM (Peroutka,
1909), nmmm spior can be assumed *nmmwm'* oly

mmmnmnm;mﬁQanmmm
reguiation, but should result in an increased or prolonged response. In fact, k
has been shown that chronic administration of the 5-HT4 4 agonist ipsapirone
umﬁﬂﬂﬁmﬁrﬁ-ﬁQd-‘mdﬂndmmm
Oyciase activity 24h ister (Hamon et &/, 1990), suQQesting that postsynaptic
s-mmﬁmﬁnmaqu—ﬂnmmmwm
agonist activity. Receptor binding studies following antidepressant i pr




support this finding. Mwmmaﬂm
resulted in cortical 5-HT 4 5 receptors being down-re ' b recept

reguiated in 3/16; Whi?/wmmhihcm Out of
7 studies in the dorsal raphé nucieus, 5-HT4 5 receptor number was not changed
in 6 of them and down-reguiated in one (Newman et a/., 1993). Antidepressant
however postsynaptically the activity of 5-HTq A-mediated adenyiste cyclese in
the hippocampus has been reported to be attenuated in 10/14 studies and
The 5-HT1A receptor system is compiicated in that theee recepiors are
expressed both pre- and post-synaptically and they appeer to be reguisted
resulted in somatodendritic and terminal autoreceptors in the raphé nucieus
being desensitized afer 14 days, pertially desenshized after 7 deys and not at
all sher 2days. Posteynaptic cells in the hippocampus showed no enhancem
of response with direct microiontophoric application of 5-HT, but did show
enhancement when the afferent 5-HT neuron was excited (de Montigny et /.,
(Bller ot al., 1904), paronstine (de Montigny et a/., 1980), and FLU (Bller of o).,




(de Montigny et o/., 1980; Blier et a/., 1984). This effect has been challenged by
latter study were, however, antagonized by the 8-HTp antagonist ketaneerin,
whnch raiess doubts as to whether the cell recordings in this study were mea-

Theincresss in K+ cunductance following activation of the S-HT 4 A receptor
is moet likely the responee measured in electrop! siclogic axperiments (Hamon
otal., 1980). Tmmmmmnnmqmm
with 88Uls or MAOls (de Montigny ef a/., 1980), but following chronic TCA
centrations of 5-HT reach sufficient concentrations 10 elict a responee (5-HT hes
an affinkty for the 5-HT2 receptor in the M range). The deneity of this receptor
would be expecied to be more dependient on the amount of stimulation it receives
than the 5-HT1 5 receptor becsuse k is less active. Antidepressants of all clasees
have been shown 1o decrease 8-HT2 denelty and/or decrease the frequency of
mmmﬂﬁﬁi»himﬁdmﬂﬁﬁf@ﬁ
mmn-m(ﬁaﬁhmmah&m}




Goodwin et /., 1964; Sherry-McKenna ef al., 1902, Mousseau et a/., 1902).
for their ability to decrease 5-HT2-mediated behavior, but TCAs, which act as
with elther DSP4 or 5,7-DHT (Eison et a/., 1991).

8-HT2 agonists and antagonists have been shown to down-reguiste 1
8-HT2 site by a similar degree (Leysen and Pauwels, 1960). However, the
mamwmnmmmm
tissus), and the agonist, 34-1-(2,5-dim -an
MGmmam).damm mmmma‘;m
erogensity in the 5-HT2 receptor, with SH-ketaneerin labeling one receptor
(3-HT2g) and 3H-DOB ancther one (8-HT2,) (Peroutka, 1963).

The 5-HT2 receptor family is linked 10 the stimulation of phosphe
mwmmmimmmhnm
of two important second messengers: inositol triphosphate (IP3) and diacyig-

hycrolysis of P leads 1o many intraceliler effects, the magnitudies of which are
unknown. The 5-HTg receptor has also been shown 10 be linked 10 K+ con-
ductance in & manner opposite 10 thet of 5-HT4 receptors. Activation of the




5-HT2p receptor results in a siow depolarization by decreasing the resting
membrane conductance to K+ (Vandermasien and Aghajanian, 1960, 1982).
This effect is biocked by the 5-HT2 antagonist ritanserin (Leyson et a/., 1988)

There are many receptors on the cell membrane of a neuron, and it is the
summation of the activities at these receptors which determines whether or not
the neuron will send an impuise. Neurons postsynaptic to ascending 8-HT
receptors inhibit the propags d:m@h@yﬁmm

mmhhﬁnﬁuﬁwmmx*mﬁmwﬂ
(Ven " and Aghsjanian, 1980, 1982). The balance in activity between
m,;amammmmhmﬁmm
ﬂmmmmnmmmmﬁ
affective disorder, which states that depression is the result of a function

mﬂmmmnmmmimm
' rﬂammmmmmmafm

mmmmim mm:wm:ﬂmuﬂm
processss which these amines mediate are undeniably allered in depression,



but these alterations may not be due to imbalances in their levels, but to
m ' hvamﬁg antidepressant action invoive 5-HT. Unwﬁm’ n g 5-HT-

these systems. W@ﬂmmmﬂmmhﬁ
8-HT4 A and/or inhibiting 5-HT2 function. The data which support this proposal
are:

Datsynaptic 5-HT ¢ 5 function (de
Maimiul 1960, 1m3h-ﬂﬂ-w 1985; Newman of o/.,

&Hfgmmmmm 1980; Eison et o/., 1901)
3. 5-HT1 agonists are effective antidepressants (Robineon ef o/, 1080;
Schwelzer et ol., 1908)
Feighner e¢ o., 1983)




1. Symptomes of ardety and depression usually coexist (Goidberg et a/.,

2. Drugs effective st treating depression are aiso effective at treating anxiety

(Kiein, 1964; Khan et a/., 1986; Bodnoff ef a/., 1968, 1980).

There is growing evidence that changes in neuroendocrine function may
be predisposing factors responsible for the occurrence of a depressive episode.
in femaies the occurrence of depressive episodes are § '
periods in which levels of estrogen & 0. |
§-HT2 binding at the beginning or end of the menstrual cycle (when estrogen is
the lowest) is double that in mid cycle (when estrogen levels are the highest)
otal., 1980; McKeith et 8., 1987) studies have shown that 5-HT2 receptor number
reported 10 result in decreased 5-HTa-medisted behavior (Dickineon ef a/.,
1905; Bagdy ¢ /., 1980), decreased 3H-5-HT receptor binding (Biegon et /.,
1988; Do Kiost et /., 1980), and an increase in 5-HT2-mediated behavior (Buckett
and Luscombe, 1684). immobilization siress results in elevated corticosterons
lovels (less ot &/, 1990) and upreguiates 5-MHT2 receptor number (M. Meaney,
unpublished cbeervations). ¥ an imbelance in S-HT receptor funclion is
sponel ,;h:mmm“-ﬁlarhmm
. slerone may be the erwiromental factors which trigger a




jepressive epiecde in males, and these factors as well as periods of low estrogen
may be the triggering factors in females. This endocrine difference may also
lack of effect of SSUls on [3-adrenergic receptors (Mishra et a/., 1979; Magg ot
8l., 1980; Snyder and Peroutka, 1962; Fuxe ef o/, 1963; Stolz et 8/., 1983; Wong
nishes reguiation of this receptor system as a common etiological factor in
DSP4, 5-HT2-mediated head shakes increesed in frequency 10 150% of non-
lesioned control values (Eison et o/, 1901), suggesting that NA influences
8-HT2-mediated behavior. Furthermore the integrity of the presynaptic
mnmamummmm
m-rd 1979) 10 inhibit the frequency of 5-HTy receptor-mediated
sad-shakes. An 84% decrease in the head-shake frequency is cbeerved in
non-lesioned rats which received nomilensine clwonically, but only a 21%
decreass is cbeerved in DSP4-lssioned rats treated chronically with nomilensine
(Elson et ol., 1991). Flercbutercl, a B-adrenccepior agonist, may enhance 8-HT
wrmission, when administered chronically, by incressing the amount of
mmmmmmnim pibutes!




and clenbuterol, (3 adrenoceptor agonists, have been reported to increase 5-HT
synthesis in rat brain (Waidmeler, 1981) and potentiste the

S-hydroxytryptophan-induced 5-HT syndrome in rats (Ortmann et a/., 1981).
1.9 TRYPTAMINE AND 8-HT FUNCTION

Tryptamine and S-hydroxytryptamine (5-HT) are both derived from the
amino acid tryptophan and both amines have been implicated in the etiology of
depression (Mousseau, 1883; Coppen and Doogan, 1688). Only trace amounts
of tryptamine (approximately 0.5 ng/g in whole brain) are normally found in rat
brain (Philips ot a/., 1974). However, animais treated with MAO inhibitors
demonestrate large increases in tryptamine concentrations (Philips and Boulton,
1979; Philips ot /., 1980; Baker of a/., 1984). Large increases in urinary tryp-
tamine levels have also been cbeerved in patients receiving MAO inhibitors
(Dewhurst, 1968; Bieck et o/., 1904; Baker ot a/., 1986; McKenna et o/., 1062).
Tryptamine is structurally reiated 10 5-HT and aiso has marked effects on 5-HT
systems. In adition 10 affecting uptake and release of 5-HT (Baker et a/., 1977),
rypamine has been reported 10 inhibit excitatory and potentiate inhibitory eflects
of 8-HT in electrophysiclogical studiies in rat brain (Jones and Boulton, 1981).

Dewhurst (1988) suggested thet ryptamine is a neurctranemitter in its own
right, and, on the basis of behavioral studies in chicks (Dewhurst and Marley,
1908), proposed the existence of ryptamine receptors. The existence of specific
vyptamine recepiors has been confirmed using in Wiro recepior binding studies
(Wellar and Cascio, 1982; Bruning and Rommeispacher, 1984; Van Nguyen ef
ol., 1980) and autorediographic experiments (Perry et al., 1982; Altar etel., 1088;
Kaulen et al., 1988; McKormack ef &/., 1988; Perry, 1988).



Drugs that inhibkt MAO activity have been shown to decrease [3H)-
tryptamine binding sites in rat brain (Keltar and Cascio, 1988; Martin et o/., 1987
Van Nguyen and Juorio, 1980; Mouseesu et &/, 1962; Goodnough ef o/., 1993).
1.10 ADAPTIVE CHANGES WITH CHRONIC ANTIDEPRESSANT TREAT-
MENT
mmammmmmumh
1. Inhibition of NA-stimulated adenylate cyciase (Vetulani and Sulser, 1978); 2.
Decreased number of -adrenoceptors (Vetulani ef a/., 1978 Peroutka and
Snyder, 1960); 3. Decreased number of 5-HT2 receptors (Peroutka and Snyder,
1980); 4. Decressed accumulation of inositol phosphate resulting from 8-HT-
8-HT2-mediated head-shake response (Eison et &/, 1901); 6. incressed
seneltivity of postsynaptic neurons t0 5-HT (de Montigny, 1981); 7. Decressed
: ,,',,f"ﬁmmmmdd 1")0.
mo-, and D2 receptor number (Kiimek and Nisison, 19887); 10. Upre-
Quiation of GABA-B receptors (Lioyd of o/, 1986). The upreguistion of the

mnmmbuthenﬁmmuﬂu.




can be applied to some of the ten points mentioned above with regard to their
FLU has low affinity and controversial effects on those receptor systems (5-HTz
and [3-adrenergic) believed to be of primary importance in the mechaniems of
FLU and other antidepressants: 1. inhibition of 5-HTo-mediated head shake
responee (Eison et a/., 1991); and 2. Increased sensitivity of postsynaptic neu-
rons to 5-HT (de Montigny, 1981; de Montigny et a/., 1986). This consistency
supports the 5-HT hypothesis of depreesion, a focus of this study.

1.11 INTRODUCTORY SUMMARY

shown 10 respond 10 antidepressants better than others. Meny reports have
review see Leonard, 1688), yet not enough is known 10 be abie 10 conclusively

ol., 1901) attempts 10 satisfy the results of the mass of data accrued over the
respond 10 tradilional antidepreseant therapy may have a more severe imbelance
and require suppementation 10 the current therapy.



1.12 OBJECTIVES OF THIS STUDY

dnﬁmmmmmuun-mahmwm
are more effective than traditional therapy. The drugs or drug combinations
a) TCP and AMI: the effect of combined trestment of these agents was compared
to the druge alone on 5-HT2 receptor density and affinity, MAO inhibition, and
b) TCP, high vs. low dose: the effects on 5-HT2 receptor density and afinity,
receptor density and affinity were compared to the sffects cbeerved when the




2.1 LIST OF CHEMICALS USED IN THE DESCRIBED STUDIES

MM‘
acetonitrie-HPLC grade?
siprenoiol HCP
amitriptyine HCH4




mmmm-sd-)ﬂ
sodium bicarbonated
mmmamﬂ
mmm‘o
(=)my|eyprmna3

Tris (hydroxymethyl) aminomethane?
tryptamine HCI3

[3H)-tryptamine

L-tryptophant1

hw-(amuo)%u-augy(&m&n E'l-'i-h-r (Ed-
As)ﬂmmmmumom7memm

ﬂa-dummmm (Edem.AB).WAlm&Fhrhn'l(Tmm
&mmm (Edmonton, AB); 12EN Lity Laboratories (Mississaugs,

-41-



5800 instrument (HP, Palo Alto, mmmmupmm
sampier and an electron-capture detector with a radioactive source of 15mCi
L) mmﬂmm-ﬁmmmmmx
0.32 mm i.d.) coated with a 0.52 .um film thickness of 5% pher
(HP Co., Palo Aito, CA). mmmmm-wmm
grator. Helium gas was used as carrier Gas at a flow rate of 2 mi/min and 5%
methane in argon was used as detector makeup gas at a flow rate of 36
2. FLU, NFLU, AMI, and DI levels were analysed with a HP 5800
equipped with a nitrogen-phosphorus detector. The column and integrator
were of the same type as that mentioned directly above. The carrier gas was
hellum set for a flow rate of 30 m/min. The detector was purged with hydrogen
at 3.5 mimin mixed with dry air at 80 mi/min. Temperature programs were
using reverse-phase HPLC with an electrochemical detection. The speciic
components included a Waters WISP 7108 sutomated sampiler with a 154
injection volume (Miord, MA), @ Waters 810 pump, Econcephere-Cqg
(4.6mm x 250mm; Gum perticle size) column (Applied Science Labs (Avon-




dale, PA)], mobile phase containing 56mM NaHPO4H20, 0.85mM sodium
sfayette, IN)] or a Waters M480 detector, and either a HP 3302A integrator,
or a Waters 740 data module.
activity: a Beckman LS 7500 (Fullerton, CA) equipped with a Dstamex 43
Determination of the protein content present in the binding assays was
accomplished with a Unicam (Pye-Unicam, Cambridge, U.K.) SP1700 set at
performed with a GC-MS systern (slectron impect, Ef) consisting of a HPS840A
meeo.




2.3 APPARATUS
2.3.1 Glessware
h in 8 2-5% solution of Contrad-70 (Baxter/Caniab, Mississauga, ON), and
rinsed in the abovementioned dishwasher with Sparkieen soap (Fisher
Scientific, Fairlawn, NJ). Radioactive gisssware was allowed to soak for a
minimum of 24 h in a 2-5% solution of Contrad-70 (see above), and then
cleaned as mentioned above. All giassware was air-dried at 250-300 ©C in
one of two Precision Scientific Group convection ovens (model 18EM or 28).
2.3.2 Homogenizer
enizer equipped with a Teflon pestie and a giass mortar/tube.
2.3.3 Shaker-Mixers
2.3.4 pH Meter
(Fairlewn, NJ) Accumet 610 pH meter.




Ow-8peed centrifugation (up to 1500 g) was done with a Sorvall GLC-28
or GLC-1 (Dupemhwm Wiimington, DE) benchtop centrifuge.
High-speed centrifugation (up to 40,000 g) was done with a Beckman L7585
(PﬂaAlte cmmwmdmwmmmm:us&mm-
2.3.6 Filtration
2.3.7 Weighing Balance

2.4 ANIMALS
2.4.1 Strain
Male § o-Dawiey rats (Bicecience Animal Services, Ellersiie, AB)
mmmmmndw
2 10C with & 12 h dey/night cycle.
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in one of two ways. 1. Alzet 2ML2 and 2ML4
5 minipumpe were implanted subcutaneously in the dorsal thoracic
tions were carried out under aseptic conditions. Pumps were loaded to
injection.

2.4.8 Ehical Considerations
Al proocsdures in this thesis invoiving the use of animals were approved



2.5 ANALYSIS OF 8-HT AND NA CONCENTRATIONS

The rest of brain (whoie brain minus cortex, hippocampus, and striatum)
was homogenized in ice-coid 0.1N perchioric acid and centrifuged to remove
the protein precipitate. Portions (150 ui) of the supernatant were placed in tubes
in the WISP tray and aliquots (18 ui) of the supernatent were then injected onto
a HPLC equipped with an electrochemical detector with the reference electrode
set at 0.8 voit as described by Baker ef a/. (1987). Amine concentrations were
determined by comparing peak heights obtained with the sampies to a standard
curve obtained using concentrations of NA and 5-HT ranging from 25-1000 ng.
The standard curve was made up in 0.1N perchioric acid and run in paraliel to
2.6 [3H])-TRYPTAMINE BINDING

The assay for [3H)-tryptamine binding was identical to the procedure of
Kellar and Cascio (1962) as modified by Mousseau et a/. (1962). Cortical tissue
was homogenized in 10 vol of ice-cold 50 mM TRIS buffer (washing buffer, pH
7.4). The homogenates were centrifuged (40,000xg for 10 min, 40C). The
supernatant was discarded and the resultant peliet was quickly re-homogern
in the same volume of TRIS, and re-centrifuged. The final peliet was suspended
in 10 vois of 50 mM TRIS buffer (iIncubation buffer, pH 7.4, containing the MAO
inhibitor pargyline (iOM:ﬂdﬁM’ m-ﬁa(sgmun Thie
Nations usINg & CONCENtratios dmmnazonummh
paraliel sets (each set in tripicate) of tubes in which a fxed amount of tissue
homogenste (in a final volume of 1 mi) was incubsted for 1 h at 0-4 OC with the
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difference between total and non-specific binding at each concentration. The
counting vials. Five mi of scintitation cocktall (Reacly SafeTM) were added to
2.7 [3H)-KETANSERIN BINDING

The 5-HT2 binding sssay described here is a8 modification of the assay
described by Schotte et a/. (1983). Rat cortex was homogenized in 10 volumes
of ice-coid TRIS-HCI buffer, 50 mM, pH 7.5, and centrifuged twice at 40,0009 for
10 min. The final tissue pellet was resuspended in 10 volumes as per original
weight and used for binding. mm(}m)mmm
the 8-HT2 antagonist, 3H-ketanserin (Leysen et o/, 1982), at concentrat
between 0.1 and 8.0 nM. The membrane prepearation was incubated at 370C
for 18 min after which it was filtered rapidly through poly(ethenimine)-pretrested
Whatman GF/B filter paper (using a Brandel cell harvester) and washed with §
mi ice-cold TRIS bufier. Dispiaceabie 3H-ketaneerin binding (specific binding)
mmmnmmmmmmhﬁ




2.8 [4)-COP 12177 BINDING

The (>adrenergic binding decribed here is a modification of the assay
developed by Riva and Creese (1960). Rat cortex was homogenized in 10
volumes of Tris-HC! buffer, 50 mM pH 7.8, and centrifuged twice at 40,0009 for
10 min. The final tissue peiet was resuspended in 10 volumes as per original
concentrations of 3H-CGP 12177 between 0.08 and 2.0 nM. The membrane
Preparation was incubated at 25°C for 120 min after which it was fitered rapidly
three times with § mi ice-cold Tris buffer. Displaceable 3H-CGP 12177 binding
presence of 10.:M aiprenciol (Pastsch and Greenshaw, 1903).

Protein content was determined by the method of Lowry ef &/, (1951) for
each of the three binding assays decribed above (see section 2.11).
2.9 MAO ACTIVITY

Monoamine oxidese activily was determined using & modification of the
procedure of Wurtmen and Axeirod (1983). ﬁﬁm“mm
in 6 volumes of distiied water. A portion (1004) of this homogens |
nmuﬁmmmmmmauﬂﬁm
homogenate was added 10 each tube (for blank controls 25 14 of potassium
Chioricle was added instead). All tubes were placed on iCe; 10 eech was added
2504 0.5 M sodium phosphate bufler (pH=7.4). Aliquots (25 14) of sohsions of
[14C]-8HT (substrate for MAO-A) or [14C)-phenyisthylamine (subsirate for




to room temperature, 2 M HC! (200 i) was added to stop the reaction. Toluene
(6 mi) was added to all tubes and the mixtures were vortexed for 5 min. After a
brief centrifugation, the tubes were piaced at -80°C until the aqueous layer was
frozen (st least 1h). The toluene layer was decanted into a vial containing 9 mi
of scintilstion fluid. The mixtures were shaken thoroughly and radioactivity
counted by liquid scintillation spectrometry. The amount of radioactivity in blank
controls averaged. The radioactivity in the sampie was divided by that in controls
and the value multipied by 100 t0 give % activity. Percent inhibition was

mwmxmvmmm

2.10 LEVELS OF AN
2.10.1 AMI
A modification of the procedure of Drebit et a/. (1988) was used. Rat
mmﬂmﬂwhsmi-ﬂgf“fmﬁcpaﬁn
M(im@mmﬁbﬂmmwmﬁ
procedure. Acstylation was then carried out on the homogenate using the
mammm(im mmmw
for 10 min on a vortex mixer. ARer a 5 min centrifugation at 1,000 x g, the
organic phase was transferred 10 another set of tubes and evaporated 10
addhion of tolusne (2004). A portion (1 14) of this sohution was injected onto




a gas chvomatograph equipped with a fused silica capilary column (see
Section 2.2.1) and a nitrogen-phosph detector. Chromatographic
operating parameters were as follows: initial temperature 105°C; initial time
0.5 min; rate 25°C/min; final temperature 295°C; final time 5 min. A calibration
Curve was run in paraiiel to sampies on each assay day and contained 25-1000
ng of AMI dissoived in brain homogenates obtained from untreated rat brain.
2.10.2 FLU, NFLU, and DMI

mmdamﬁmas—mgmcmmam

wmwmmmnm The homogenats
was basified with K2CO3 (25% w/v) and extracted with 4 mi of ethyi acetate.
After centrifugation to seperate the phases, the organic layer was collected
and taken to dryness using & Savant Speed Vac (model 8C 110, Farmingdale
(QM)MWMMOWM mnsmmmmxg
the organic phase was transferred 10 ancther set of tubes and evaporate

10 drynees using the Savent Speed Vac. ﬁmmmq
the addition of toluene (10014). A portion (1 1.4) of this solution was injected
& nitrogen-phosphorus detector. A calibration Curve wes run in paraliel 10
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sampies on each assay day and contained 26-1000 ng of FLU, DMI, and
NFLU dissoived in brain homogenates obtained from untreated rat brain (see
section 2.2.1 for running parameters).
2.10.3 Trenylcypromine
A modification of the procedure reported by Nazarali et a/. (1087) was

used for the determination of TCP. Rat tissue was homogenized in § volumes
of distilled water. Aln\lmummam\numﬁbr
determination. The internal standerd (100ng), p-chiorophentermine, w
added at the beginning of the assay. Calibration curves were run on each
8888y dey in paraliel with the sampie tubes. Perchioric acid (0.4 M, 2 mi) wae
of 1eet tubes and besified with K2CO3 (25% w/v) and extracied with 4 mi of
solution containing 300 ;4 of toluene and 2 4 of pentafiuorobenzoyl chioride
(PFBC) for 1 h at 60 OC. Aher derivitization was compiete, the 10luene layer
was collected and an aliquot injected 0o a gas chromatograph equipped
with a fused silica column and an electron capture detecior. A oalibration
CuUrve was run in paraliel 1o sampies on each assay dey and contained 8-1000
ng of TCP disscived in brain homogenates obtained from unirested rat brain.

2.11 PROTEIN CONTENT

according 10 Lowry et &/. (1881). To an aliquot (50.1) of brain homogenate were




added 7504 distited water and 200 J of membrane digestor (1:1 v/v 1 N sodium
hydroxide and 1% sodium deoxycholate). The mixture was vortexed and
incubated at room temperature for 10 min, and 8 mi of reagent A (1/.01/.01 viviv
reagent (1:1 viv 2 N folin and distiled water) [S00 4] was then added, and the

2.12 STATISTICAL ANALYS!IS
for the Social Sciences (8PS8S). All other analyses used perametric ANOVA
were considered 10 be significantly different wiien p<0.08.



IRESULTS
3.1 HIGH V8. LOW DOSE TCP
311 *-Tm.mhw——“ —

TCPMIWMEI tarmine binding after 10 and
28 days (Figure 1), but only the high-dose of TCP had a significant effect after
wqmamamwm4mnwm
n-reguistion at day 10 compared to day 4. The high dose resulted in a
wmn’i ryptamine binding between 4 and 28 days and
between 10 and 28 days.
3.1.2 34-Tryptamine Binding in Sirletum

Uniikke the hippocampus, 3-tryptamine binding in the striatum wes
mwmmiiﬁmma Furthermore, the

high-cose is grester at 28 days then at 4 days, and the low-dose showed a
grester recduction at 28 days then st 4 or 10 days.
3.1.3 5-HT2 Receptor Density and Afinity

A typicel isotherm and Scatcherd piot of 3H-ketanserin binding in rat
cortex are lustrated in Figures 3 and 4, respectively. The low (0.8 mg/Acg/day)
dose of TCP did not resul in a signiicent down-reguiation of the 5-HT»
recepior site &t any ime interval. The high (2.5 mg/g/day) dose of TCP
procuced & down-regulstion after 10 and 38 deys of chronic treatment, but
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Figure 1. 3H-Tryptamine binding In rat hippocampus following chronic
treatment with high (2.8 mg/kg/day)- and low (0.5 mg/kg/day)-dose TCP.

vaiuss cbtained in rats treated with vehicie for the same number of days.

Control (vehicie-treated) veluss = 3,783 = 279 dpmymg protein. *
dencies significant cilerence (p<0.08) from vehicle-trested controls.



-

3H-TRYPTAMINE BINDING IN STRIATUM _

180

1“- s e v e e b rra s g sk r it R s g i’iil!liij

XN
O
O

LX)
‘..:..
LI M M )

%
/
?

|
:
Ssetele
L M A

T
',‘H

LXK J
()
...‘.
L J
]
ote’

) 3
5
'ﬂl

/ .
O]
DO
U
DO .
oo AR
DO
ole?
/oo

L
kN

| VA
a6 10
Ovenicis @Arer o.0) Bver 2.8)

U
..‘
|

»
»
L ]

represert meens = SEM (n=8-10) and are expressed as % of values




- Total Binding ~+ Nonspecific Binding
% Specific Binding
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B-Ketaneerin] (nM)

Figure 3. Typical binding isctherm for 3H-ketanserin binding 10 rat corsiosl
IWI-, ]Ei 7‘-7 7,
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PMguwre 4. Typical Scatchard pict for -letanserin binding 10 ret corticel
membranes.



rosent meen + 8EM (n=8-10). * dencies significant d¥-




not after only 4 days (Table 4). A significant change in the sfinity (Kd) of
time interval. 8-HT2 receptor density in vehicle treated controls was elevated

20.
3.1.4 MAO Activity

Akhough both doses of TCP produced significant MAO inhibition, the
high-close of TCP inhibited MAO 10 a greater extent than the low-cose st alf
time intervels (Figures S and 6).
3.1.8 Lovele of Neurotranemitter Amines
signiicantly higher than those cbesrved in animels receiving the low-dose
$.1.6 Theoue and Pluld Lovels of TCP
(Tabie &) st the 10-dey interval. Levels of TCP were significantly higher in the
high-dose than in the low-dose animals. Levels of TCP in animals receiving
the low dose were below the detectable Iimit (30ng/g) in brain remeinder.
Typical GC traces of derivatized TCP and p-chiorophent '® are shown in
Figure 8.
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ACTIVITY OF MAO-B IN RAT BRAIN
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Vailues represent means = SEM (n=§-10) and are expressed as % of
vailues in rats treated with vehicle for the same number of days. Doses




LEVELS OF 5-HT IN RAT BRAIN
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Figure 7. Levels of 8-HT in rat whole brain minus corex, hippocampus and
Valuss represent means = SEM (n=8-10) and are expressed as % of
values in rats treated with vehicle for the same number of days. Doses
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Figuwe 8. Lavels of NA in rat whole brain minus cortex, hippocampus and

values in rats treated with vehicle for the same number of days. Doses
n=28.






mlmﬂlmmhﬁmm
of TCP (A) and p-¢ mine (internal standard, B). “1° repre-
m-mmmnmammmn-
*Z' represents & irace obtained from a brain tiseus sampie from an animal
Mﬁnﬂm Tﬁ:ﬂbﬂiﬂim m hﬂhﬂnﬂiﬂ

mmammmmmm m
munmmmmwma J2min (B). iincicates a



3.2.1 Residual AMI Levels in B-MHT2 Binding Assay
Following the previously described tissue preparation for 5-HT2 binding
(Section 2.7) the concentration of AMI still remaining in the incubation medium
was found to be 86 = 10 nM. Typical GC traces for AMI and derivatized MAP
are shown in Figure 10.
the AMI-TCP combination inhibited MAO-A and -B by a similar degree at sl
time intervais (Figures 11 and 12). MAOQ inhibition with the combination st 28
ﬁnﬂWMMMmiﬁdmmﬂym
Treatment with AMI slone had no effect on levels of 5-HT or NA in rat
Mﬂmmmnmmwfﬁfmiamw

Down-reguiation of the 6-HTg receptor she was obeerved at sl time
Table 6 incicates that although a small but significant difference between the
AMI-TCP combinetion and AMI slone was cbeerved at the 10 dey intervel,
this eflect was not 0bserved at the 4 or 28 day interval. The average Kd value
for the vehicle-reated animals over the three time intervals was 0.51 nM.




Figure 10. R ted
MMmemm ﬂ'm:
trece obtained from the analysis of a pure standerds; ‘2" represen
mmm-mmmm:wmmm
received AMI and 10 which internal standard had been added; and “¥
animal 10 which intemael standard had been added. Retention times for
the peais were 18.28 min (A) and 26.67 min (B). 4 indicates a change
in attenuation.
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Figure 11. Activity of MAO-A in rat whole brain minus cortex, hippocampus

of days. Doses: AMI, 3.5 mg/g/dey; TCP, 0.5 mg/kg/dey. * dencies
+ TCP was not significantly diferent between days 4 and 10, but at day
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NUMBER OF DRUG TREATMENT DAYS

Figure 12. Activity of MAO-8 in rat whole brain minus cortex, hippocampus
and stristum. Vaiues represert means = SEM (n=8-10) and are
expressed as % of vaiues in rats treated with vehicle for the same number
of days. Doses: AMI, 3.8 mg/kg/day; TCP, 0.6 mg/g/day. * dencies
20 inhiblion was greater than that at the other two time intervals.
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Figure 14. Levels of NA in rat rest of brain. Values represent means = SEM
(n=8-10) and are axpressed as % of values in rats treated with vehicle
for the same number of days. Doses are expressed as mg/g/dey. *
denotes significant diNerence (p<0.08) from control. Control values (in
nQ/p tissus): 362 = 21, N=gP.



Teble 6. 5-HTg Meceptor Denelty and AMinity Following Chronio
Trestment with AMI, TCP, or AMI + TCP
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Those animals receiving AMI or the AMI-TCP combination had an average
Kd of 1.04 nM. 5-HT2 receptor density in vehicle-treated controls was siightly
313

The three doses of DMI (8, 10, and 15 mg/kg/day) each resuited in a
FLU (10 mg/kg/day) nor the combination of FLU (10 mg/kg/day) and DMI (8
Kﬂvﬁs)ﬂ"' anser ﬁh&ﬁfgﬁmﬂ“dm

m_mmmmmmﬂu(m
mg/kg/day) or DMI (3 mg/g/day). This effect may be due 10 a residusl
presence of FLL, NFLU or DI in the tissue preparation, as has been reported
with AMI (Goodnough and Baker, 193¢ and section 3.2.4 of this theels).
Ammm-mm *ﬁad&-i-earizmm

ﬂmmm-ﬁwmﬁnwﬂmﬂmuom
and DMI (5 mg/kg/day) resulted in a signiicant m of the
A-adrenergic receptor sihe in rat conex. DMI (10, 15 mg/kg/de




Table 7. 5-HTa Receplor Denesity and Affinity Following Chronic
Treatment with FLU, DM, or FLU + DMI (Administration vis Osmotic

25088

200 = 11 *

DMI (10 mg/kg/day) 190 = 14°*

DMI (18 mg/kg/day) 1712 118
286+ 178

2461198

Valuss represent meen Oeu’(n-ig). * dencles
diference 0.08) from vehicle. significant
(p<0.08) tg‘ oaon"(s mg/kg/dey)
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Figure 18. Typical binding isotherm for 3H-CGP 12177 binding 10 rat corticel
membranes.
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significantly greater down-re maﬁdﬂﬂl(smwdny)(rﬁha)
FLU (10 mg/kg/day) had no effect. There was no significant change in affinity
The greater mmnmmm
bally the result of greater levels of DM in theee animais. Principal compones
MdFLU NFLU, DMI, and Bmax extracted two factors: 1. FLU and
-.103 and -.0355 and with factor 2 by .84 and -.808 respectively. These
findings indicate that there is a very strong relstionship between DMI levels
between FLU/NFLLU and Bmax. A graphical representation of the relationshig
between DMI levels and Bmax is shown in Figure 17. Hlmlhlpahtaaﬁ-
mnnmmmmhnmmm
-trested groups and vehicle.
mﬁqm
quantitate FLU, NFLU, and DMI simultanssusly, enabling reseerchers 0
reacily study the eflects of combined FLU and DMI treatment on the levels of




Chronic Trestment with FLU, DMI, or PLU + DMI (Adminiet

7432168

82427

433:19*8 |0

435:18+8

712+ 28% |0133 2 .013

480 = 208 | 0.12¢4 = .008
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Figure 17. Graphical representation of the relationship betwe~1 DM levels
in cortex and the density of 3-adrenergic receptors in cortex. The figure
on the ekt shows this relationship for animals receiving vehicle or DM!;
the figure on the right shows this relationship for animels receiving
vehicle, DMI, or the combination of DMI and FLU. Point #1 - Vehicle;
Point #2 - DMI (5 mg/kg/day); Point #3 - DMI (10 mg/kg/day); Point #4
- DMI (S mg/kg/day) + FLU (10 mg/kg/dey). Boxes represent SEM for
both Bmax and drug levels (horizontal and vertical portions, respec-

tively).



Figure 18. Representative gas chromatographic traces for the acetylated
derivatives of NFLU (A), FLU (8), DMI (C), and meprotiine (internel
standiard, D). *1" represents a trace obtained from pure standards; 2*
represents a race obtained from the anelysis of a brain tissue sample
from @ vehicle-treated animel 10 which intemal standard had been added
and *S’ represents a trace cbtained from the analysis of a brain tissue
sample from an animal which hed received the combination of FLU and
DML Rstention times for the pesics were 14.27 min (A), 14.67 min (B),
18.60 min (C), and 19.00 min (D). A indicates & change in attenuation.
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Figure 18. Proposed electron impect mess spectrometric fragrnentation
pattern for the acetylated derivative of FLU. Valuss in perentheses
represent percent relative sbundence of thet ion as compered 10 the
most prominant ion (100%).
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The procedure is rapid and results in derivatives with excelient chro-
matographic properties (Figure 18). The structures of the derivatives, as
confirmed by mass spectrometry, are shown in Figures 19-21. Calibration
curves were linear, with correlation coefficients of > 0.99 and y-intercepts
near zero obtained routinely. Mean recoveries (n=10) for the three derivatives
were as foliows: FLU, 87; NFLU, 91; DMI, 68% with coefficients of variation
< 10%. The procedure has been applied to liver and brain tissue taken from
rats treated with FLU, DMI, or FLU + DMifor 14 days. The results are described
below.

3.3.3.1 Cortex

Leveis of DMI were significantly increased as the dose of DMI
increased from 5 mg/kg/day to 15 mg/kg/day. The combination of FLU
and DMI produced significantly greater levels of DMI than did DMI (5
mg/kg/day) sione (Table 8). Both FLU and NFLU levels were significantly
elevated in the combination-treated rats compared to those in the FLU-
treated rats (Table 9).
3.3.3.2 Rest of Brain

The relationship between drug levels in animals treated with the drugs
singly and in combination was similar in the rest of brain and cortex. NFLU
levels were trinied in the rest of brain, but only doubled in the cortex (Table
10) by administration of the drug combination.
3.3.3.3 Liver

The combination of FLU and DMI resulted in DMI levels being
increased 10 approximately 2.5 times those cbeerved when DM wes



TABLE 9. Leveis of DMI, FLU, and NPLYy » Corten mentes/g + SEM,
n=10) Following Chronic Treatment W = . 0wt ¢ FLU + DMI
(Administration via Osmotic Minipuiipe)

DMI (S mg/kg/day)

DMI (10 mg/kg/day)

DMI (15 mg/kg/day)

FLU (10 mg/kg/day)

SI“Q gmmH 80.7 = 17.0

) were administered for 14 days. v&‘:ao m“mzseu
= . lovels wm <Q. combination
t(rnomod) wog:ugm hﬂ.\o.u Qroups receiving a single treatment.



TABLE 10. Levels of DMI, FLU, and NFLU in Rest of Brain (nmoles/g
+ SEM, n=8-7) Foliowing Chronic Treatment With FLU, DMI, or FLU

OMi (5 mg/kg/day)

FLU (10 mg/kg/day)

472+ 82

Sl

81.1 = 18.1




TABLE 11. Levels of DMI, FLU, and NFLU in Liver (nmoles/g = SEM,
n=8-7) Foliowing Chronic Treatment With FLU, DMI, or FLU + DM!
(Administration vis Osmotic Minipumps)

VMrmm:SEM




were doubled in the combination as compared to those in animals treated

with FLU only (Table 11).

3.4 FLU AND DMI V8. THE DRUGS ALONE (Administration by L.p. Injec-
tion)

Since Baron et al. (1968) did not find an effect of DMI on 5-HT2 binding in
their study, a study was conducted to determine if route of drug administration
DMI (5 mg/kg/day), FLU (10 mg/kg/day) or the combination, as described
previously in section 2.4.3,

3.4.1 mgmmnymm

d&mpmmmmm This effect was markedly
mnmmmmmamwm)-ﬂswuo
mg/kg/day). FLU-treated and combin treated animals showed a
mmamhnmgmﬁmm Theee effects
are similer to those obeerved using csmotic mini-pumps for drug delivery

(Section 3.3.1).




Table 12. 5-HT2 Receptor Density and Affinity Following Chronic
Treatment With FLU, DMI, or FLU + DMI (Administration via L.p.

277+ 158

DMI (5 mg/kg/day) 217 = 14*
FLU (10 mg/kg/day) 277 = 19

FLU (10 mg/Xg/day) 258 + 17 *8
+DMI (5 mg/kg/day)

Vduurgmnunun SEM (n=8). * denotes significant cil-
(<5 g/da;)“m denotes significant difference (p <0.05)



4 DISCUSSION

4.1 HIGH V8. LOW-DOSE TCP

The low (0.5 mg/kg/day) dose of TCP is similar, on a mg/kg basis, to that
used in the clinical setting and has been demonstrated to cause down-regulation
of 3-adrenergic (Sherry-McKenna ef. a/., 1992), a -adrenergic (Greenshaw ef,
al., 1888), and tryptamine receptors (Mousseau et. a/., 1982) in brain tissue after
chronic administration to rats. In the resuits reported in this thesis, the high (2.5
mg/kg/day) dose of TCP produced a significantly greater reduction of 3H-
tryptamine binding than that cbserved at the low-dose at each time interval in
the striatum. In the hippocampus, the high dose resulted in a significant reduction
by day 4, an effect not observed with the low-dose. Tryptamine has been
impiicated in the etiology and pharmacotherapy of depression (review: Mous-
seau, 1803), and i is possible that the more rapid hippocampal and/or greater
stristal decrease in 3H-tryptamine binding observed with the high-dose may be
contributing factors in the effectiveness of this treatment in refractory depression.

Down-reguiation of the 5-HT2 receptor occurs after chronic trestment with
many antidepressants (review: Baker and Greenshaw, 1969). TCP, at the 0.5
mg/kg/day dose used in this thesis, produced a level of inhibition of brain MAO
thought t0 be required for antidepressant efficacy in the clinical situation (Ferris
ot al., 1975; Robineon et. al., 1978; Giller and Lieb, 1980; Glller e¢ a/., 1962) but
did not result in a significant down-reguiation of the 5-HT2 site at 4, 10, or 28
days. The same dose of TCP given for the same time interval had been shown
previously 10 cause a down-reguistion of -adrenergic recepiors (Sherry-
Mciienna et a/., 1962). The high dose of TCP caused a significantly grester



inhibition of MAO-A and -B than did the low dose, resulting in levels of 5-HT that
are aimoet twice those seen at the low dose. The high dose of TCP had less of
an effect on NA leveis (approximately 20% more NA is seen at the high dose
than at the low dose). The dramatic increase in 5-HT seen with the high dose
relative to that seen at the low dose probably accounts for the 5-HTo down-
reguiation seen at 10 and 28 days. S5-HT2 receptor density was elevated in
vehicie-treated controis at Jays 4 and 28. A vehicle-treated control was present
for each time interval of the study and although variance may occur between
studies the presence of a proper control group for each time interval diminishes
variability within the study.

TCP has been shown to possess neurochemical properties other than MAO
inhibition (Keck et a/., 1901; Baker ef a/., 1962). In addition to being & potent
MAO inhibitor, TCP has modaerate to strong effects on the uptake and release
1970; Baker ot a/., 1978; Baker of 8/, 1980; Reigle ot /., 1980). Malinger and
therapeutic response to TCP and the plasma levels of the drug. Theee
researchers found that mean orthostatic drop of systemic blood pressure and
rise of puise rate correlated with mean plasma TCP concentrations (Mallinger ef
al., 1988). & was aleo reported that plasma levels of TCP S hours afer dosing

al., 1900). Keck et al. (1901), in a study with TCP in 13 depressed patients,



the drug itself on o-adrenergic receptors. Following administration of the 2.5
mg/kg/day dose, leveis of TCP in the present study were found to be approxi-
mately 1 1M after 4 days and approximately 1.25 .M siter 10 and 28 days in rest
of brain. At this conoentration TCP should have significant effects on NA and
mm-(eumnd@, 1'979). R is unclear at this time If these effects on

4.2 AMI V8. AMI + TCP

many antidepressants (Baker and Greenshaw, 1969). The overall effect of AMI
combined with TCP on 5-HT2 receptor density over that of AMI alone is minimal
at the doses used in the study reported here. & is of importance to note that the
ciifferent from 4 to 28 days, indicating & rapid and sustained effect on the 5-HT2
receptor system. mgmmnmmmm
elevated at day 10 compared 10 the densities obeerved in the vehicle-treatec
controls for days 4 and 28. A“anﬂhﬁﬁﬁvm
low-dose TCP study. The reason for this is not clear, but emphasizes the
importance of running vehicle controls with drug-treated animals at all time
intervals in chronic studies.
mmaﬂmwunmmmmm
change but had no eflect on the Bmax. AMI has an Ki value for the 3H-ketanserin




binding site of 4.2 nM (Leysen et a/., 1982). AMI is also very strongly protein-
bound and levels of AMI in the actual incubation mixture (/.e. after preparation
and washing of the membrane fragment) were found in the present study to be
56 nM. Thus, there is sufficient AMI present to compete with 3H-ketanserin for
the 5-HT2 site, resulting in a change in siope (/.. Kd) of the Scatchard analysis.
Competition of this nature has no effect on Bmax values (Peroutka and Snyder,
with the analysis of residual AMI in the membrane peliet shouid clarify this situ-
ation. TCP at the dose used in this study had no effect on Kd values for 3H-
ketanserin binding after 4, 10, or 28 days of administration (Goodnough and

The increase in brain levels of 5-HT and NA and the inhibition of MAO-A
and -B in those animals which received the AMI-TCP combination was expected
and comparable to previous work done in our laboratory with animals treated
with the above dose of TCP sione (Sections 3.2.2 and 3.2.3; Goodnough and
Baker, 1993a; Sherry-McKenna et o/, 1962; Hampeon et a/., 1988; Baker et a/.,
4.3 SIMULTANEOUS DETERMINATION OF FLU, NFLU, AND DMI

the past for seperation of secondary amine TCAs (e.g. DMI) from their parent



soivents and after a series of extractions and back-extractions (Jorgenson, 19785;
conditions with amines (Chattaway, 1031; Weish, 1858; Sharman, 1900), the
ot al., 1988). This methodology has been appiied to extraction of 8 number of
otal., 1982; Durden et a/., 1901; Baker ot 8/., 1063), and as shown in the present
thesis, works well for simultaneous extraction and quantification of DMI, FLU,
and NFLU.
4.4 FLU OR DMI V8. FLU + DMI

The down-reguiation of 8-HT2 receptors following chronic DM! treatment
Snyder, 1980; Eison et a/., 1901). The lack of effect of FLU on 5-HT2 receptor
Snyder, 1980; Fuxe et a/., 1983; Baron et al., 1988; Todd et a/., 1983). The 1968
study by Baron et &. is the only other report, 10 our knowledge, thet compered
fonsal injections once dally. Aer 14 days of administration they found thet no
drug group was significantly cifferent from control. In contrast 10 the lerature
reports mentioned above and 10 our results, Baron ef /. did not find an effect




of DMI on 8-HT2 binding. This difference does Not appeer to be a resukt of the
different routes of administration since other studies in our lsboratories on 8-HTz
binding in rats receiving /.p. injections of DM! (S mg/kg/day), FLU (10 mg/kg/day)
or the combination show similar results as were achieved with pumps (Sectione
3.4.1)
d&memmimwmmmmmmmw
in fact led to a reversal of the 5-HT2 receptor down-regulation produced by DI
ththﬂlﬁnthmMnm
A mechanism by which DMI down-reguistes 5-HT2 receptors has been sug-
gested by Lafaile of ¢/. (1991) and invoives an enhancement of noradrenergic
transmiseion to the dorsal raphé nucieus. This would result in an increase in
raphé cell firing and a concomitant increase in 5-HT released in cortical brain
regions. After chronic use a subsensitivity, characterized by a decrease in 5-HTg
DMI's ability 1o down-reguiste 5-HT3 receptor number and function (Eison et /.,
Affinkty values (Ki) of 78 and 160 nM of DMI for the 3+-ketaneerin binding
site have been reported by Leysen et o/. (1962) and Thomes ef o. (1“7)
respeciively. in a comparison of the afinkies of several anticlepressants 1c
&Hfgﬂﬂﬁﬁ.%“dﬂbrﬂ.ﬂiﬂﬂﬁ“hm
and FLU, respeciively (Baidesserini, 1988). The average cortioal concentra
Hﬁlﬂﬂ#hrﬁiﬁﬂﬂﬂ“hﬁmﬁ




were approximately 4.5 and 20 .M, respectively. These leveis indicate that both
druges are present in concentrations sufficient to be interacting with the 8-HT2
site. FLU (10 mg/kg/day) resulted in an average FLU concentration of
imately 101:4M, a level at which the 5-HT2 site shouid be virtually saturated.
nmmamemmm-ﬁm but had no
effect on 5-HTg density (Eison et al.,, 1991). FLU may block the down-reguiation
amgmmmmmmmmmmﬁs-mg
concentration of tissue in the binding assay is diluted by 10 a large proportion
of the FLU and DMI may stil be carried over to the incubation medium. The
antrations of FLU and DMI could still be at levels (/.e. around 400nM for DMI
mmmmwﬂm:m:*ii”;;;'mmum
8-HT2 binding site may ocour. ﬁﬁwd%hﬂnﬂmm
injections (DM levels 24 hrs after the last |.p. injection are below measureabie
M)ﬁanuthmmmmm mink

mmmm(mw-ﬁi.p injections), and at the 10
and 18 mg/kg/dey doses of DMI (cemotic minipumps). The higher concentra-
hmhﬂ“miﬂp injected animais.

Principal components anelysis of all reatment groups with the concen-
trations of DML, FLU, and NFLU and 3-acirenergic receptor deneity (Bmex) trested




DMI concentration. There was no significant correlation between FLU or NFLU
is probably a result of higher DMi ieveis and not due to the presence of FLU or
NFLU.

Rk has been reported that FLU is an inhibitor of cytochrome P450IID6
(CYP2D6) (Brosen and Skjeibo, 1991; Otton et a/., 1983). This isozyme is thought
to be responsible for hydroxylation of several tricyciic antidepressants (Coutts,
in clinical studies and in studies in rats (Aranow et a/., 1969; Fuller and Perry,
1980; Weilburg et a/., 1980a,b; Vandel et a/., 1902; Wilens et a/., 1962; Bergstrom
otal., 1962). Theresuits of the study reported in this thesis support these findings.
There is, however a paucity of information on the effects of DM on FLU and
combination in the present study raise important questions pertaining %0 FLU
and NFLU metaboliem, as DMI is & known inhibitor of ring hydrosdyation (Fresman
and Sulser, 1972) and a substrate for CYP2D8 (Otto et o/, 1903). Ring

henol has been identited ss a metabolite of FLU by Lily
| oh ratories (Benfield of a/., 1988). This metabolite would be formed
mmm-mmmmhnmdmm-

vethorphen (Schmid et &/, 1988). Since this isozyme is aleo invoived in
mmnnmnmmammnmwﬁm




for a cytochrome P450 isozyme. Aspesiet of a/. (1983), in our laboratories, has
demonastrated that the combination of iprindole, @ known inhibitor of CYP2D8,
and FLU results in an increase in brain leveis of FLU in rats over those observed
when FLU is administered alone. At present, it is not clear if the increased levels
dNFMWhhmm“Qanmdhm
by DMI or simply the result of increased FLU available for N-demethyls
mmmfmhmmmmwmmgmm
drugs are getting to the brain after administration by pumps or injection and aid
in determining If the drugs levels are appropriate for the study of the neuro-
transmitter systems of interest. Determining drug levels aiso allows the
researcher to determine K the obeerved effects of combined drug administratic
are likely due to metaboiic interactions. FLUSiOantyhnm
commonly used in the iterature to study the effects of FLU in rats (Baron et e/,
1988, Eison of o/, 1901; Torok-Both et 8/, 1982). The brain levels of FLU
observed at this dose may be sufficient for FLU to interact with NA and DA uptake
8-HT2 receptors (Baldessarini 1ﬂ.Thamu¢ul 1987). thrlyﬂﬁdﬁn
may be inappropriste, and lower doses should be studied in future investios
wmnl:mﬁ Mﬁﬂnnrﬁwmwmmhh
roc cal Research Unk. R will also be of interest to conduct future studies
e of DMI with a 88Ul which does not interact metabolically wil




4.8 SUMMARY
possibly the causal factors in depression is hindered by the variety of actions
prove or disprove any of the many theories which have arisen in an attempt to
receptor imbalance theory of affective iiness introduced by Deakin et a/. (1991)
different classes of antidepressants and attempts to identify possible enviro-

The balance between the post-synaptic activiies of the 5-HT 4 and 5-HT,
receptor systems can be altered by changes to either system alone or by both
enough to result in the appropriate change is attained) and specificity of action
pressants of differing mechaniems or using doses in which the antidepressant
has a less specific mechaniem are methods which can be used 10 more greatly
influence this balance. Indeed, these actions may be nessessary 10 alleviste
more severs cases of depression.

The combination of AMI and TCP results in an elevation of 5-HT and NA
levels and a down-reguistion of 3H-tryptamine recepiors. Theee are biochemicel




by the actions of TCP. 5-HT2 receptors are aiso down-reguisted by the
alone, but which is produced by # . The 5-HT2 antagonistic and 5-HT uptake
inhibition properties of AMI combined with the 5-HT- and NA-slevating properties
dTCPmmmmmmhmmdm

Treatment of rats with high-dose TCP resuits in higher 5-HT and NA ievels
and a greater down-reguistion of 3H-tryptamine receptors as compared to those
produced by the low dose and aiso results in a down-regul of 8-HTp
below the reported levels of TCP necessary to interact with these systems. Clearly
several biochemical factors are present at the high dose of TCP which are not
present or are present t0 a lssser degree than at the low dose and may be
contributing to the efficacy of this treatment in refractory depression.

The combination of FLU and DMI results in higher concentrations of DI,
FLU, and NFLU in brain as compared 10 the situation when DMI or FLU are
aciministered alone. mmmmntfﬁ;:j ne of FLU high
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enough to compete with DMI for the 5-HTg receptor. At the doses studied in
Wmﬂmmdmmm Rather the blockade of
5-HT2 receptor down-regulati

theory. nbmﬂmmmnmdﬂummuﬁhm
kerature (10 mg/kg/day) is 25 times the dose needed to inhibit 5-HT uptake by
50% (0.4 mg/kg, Fuller and Wong, 1985) in the rat. Doses of FLU in the 1-2
centration of FLU necessary for maximal inhibition of S-HT uptake.

FLU, and NFLU and | was able t0 show that not only did FLU inhibit DMI's
the metal *'*,",dmmwmmmmmnm




outto determine routes of FLU metabolism other than the demethyiation to NFLU.
Seventy percent of the metabolism of FLU is stil unaccounted for (Lemberger
of al., 1988).

As we continue to dissect the receptor classes into more subtypes and as
specific igands and antagonists for these subtypes are developed, w-b-qlntn
on these systems. It is hopeful that as a result of this increased knowledge, drug
of today are only as vaiid as the data they are based upon. We question the
specificity of assays deveioped over a decade ago as will researchers question
the specificity of the assays utiized in this thesis a decade from now.




8 CONCLUSIONS
 comparison of high-dose TCP (similar to that used in refractory depression)
to low-cose TCP (similar to the usual clinical dose) revealed that the former
inhibited MAO-A and B and increased NA and 5-HT levels to a grester extent
than the Istter in rat brain.
2. Theratio of TCP levels, as measured at 10 days in various body tissues, between
the two doses reflects quite Closely the ratio of the administered doses.
3 Th-dnmmﬁvmpmmmmenmmmmm
with the high dose resulting in a faster down

ﬁﬁmmmmhwdﬁi
5. AMIin combination with TCP did not result in a greater down-¢

receptors compared to that observed with AMI treatment alone.
6. AMI in combination with TCP did not enhance the ability of TCP to elevate 5-HT
7. Residual carry-over of highly protein bound drugs such as AMI may be suMicient
t0 affect the obeerved receptor affinity in the radioligand binding assay for
8. Rapid and sensitive quantification of FLU, NFLU, and DMI simultaneously is
mmmmmmmmm




8. FLU and/or NFLU inhibit the metabolism of DMI, resulting in elevated brain levels
of DMI when FLU and DM! are administered in combination.
10. DM inhibits the metabolism of FLU and increases brain levels of FLU and NFLU.

11. The increased down-reguiation of [3-adrenergic receptors following combined
treatment with FLU and DMI appears t0 be the result of increased levels of
DMI.

12. FLU and/or NFLU biock the down-reguiation of 5-HT2 receptors caused by
DMI and have no effect on 5-HT2 receptor density on their own.
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