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ABSTRACT -

-

The Role of Anti-Depressant Treatment : -

in an Animal Model of Anxiety
Shari Ruth Bodnoff
Clinical and anecdotal evidence indicates that anti-
4
depressants are effective in allev1at1ng certain sub-types

of anxiety, such as panic dlsorders and agoraphobla, and

suggesting that these drugs possess ;ntrinsic anxiolytic

properties. The purpose of the present experiments was to
compare the anxiolytic effects of anti-depressants with - -
those of drugs Xnown to have anti-anxiety effects. The

aqute and chronlc effects of these druqs were examined in an

animal model of anxiety. 1In this paradigm, rats were food- |

Heprived for 48 hours prior to being placed  in a novel

enVironment containing food. The rationale‘behlnd the
paradlgm was that the fear assoc1ated with the novel
environment would suppress consummatory behavior, and any
drug that was effective in alleviating the fear elicited by
novelty- would also reduce the latency to begin efting in the
novel environment relative ‘to rehicle controls.

Acute injectioris of diazepam or adinazolam, given one

. 3 ‘ . .
hour prior to behavioral testing, significantly reduced the

latency to begin eating. Desmethylimipramine and

amitriptyline, when administered chronically, but not

acutely, were effective'in reducing eating latencies,

—y
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Glthohgh the anxiolytic effect was moderate éompared to

diazepam and adinazolam. A time course stud} indicated that

£

desmethylimipramine orhamitriptyline,signifiqantly reduced

“the latencies to begin eating~on1y after treatment for 14 or

21 days. .

Ié a non-pharmacological manipulatién, pre-exposure to
the novel environment significantly reduced eating latencies
relative to controls, and the anxiogenic ligand, FG-714§, |
reversed phe effects of pre-exposure. These data suggest //
tﬁat benzodiazepines and' chronic anti—depresgants were
effective in the paradigmlfecause of their aEility to
reverse the inﬁibitory effects of n&velty. |

fhe findings are discussed in terms of possible common

~ mechanisms of action for the benzodiazepines and anti-

depressants.
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The Role of Anti<Depressant Treatment- - '
in an Animal Model of Anxiety v o

T~
o

According to the Diagnostic and Statistical ﬁﬁnual’of
7 .
Mental Disorders (DSM-III, American Psychiatric

Association, APA; "1980), there exists several diagnostic

 categories of anxiety. These categories irclude
_generalized anxiety disorder, panic disorder, and pnobio,

,disorder (which includes agoraphobia). Although the

ﬁreoipitating stimuli for these disorders differ, there
are several common behavioral and ohysiological symptoms,

such, as motor tension, autonomic hyperactivity,

apprehension, and vigilance. Another feature associated

with each ot these syndromes is the occurrance of mild

depressive symptoms (APA, 1980). Interestingly, feelings_

)

of anxiety, along with panic attacks and phobias, are also,

common symptoms in major deépressive disorder (APA, 1980)
There is a considerable amount of clinical ev1dence

for - the idea that the anxious and depressive states .may be

related (Stavrakaki and Vargo, 1986). Dealy, Ishiki,

Avery, Wilson, and Dunner (1981) found that 64% of

,patients with anxiety neuroses were also diagnosed with

secondary deoression éompared with ogzy 29% of patients

diagnosed as having anxiety neu oses ithout the secondary

dapression. similarly, Clancy, oyes, Hoenk, and Slymen

.(1999) found that- atter*a six year low-up, 44% of

<
! ' \(
<\ . N

<
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‘patients with amx initial diagnosis of primary anxiety were

eventually diagnosed as having secondary depression.

-

These clinical dhta suggest a link between the anxiety and

depression. i : ' /

.,

The close association bétween'anxiety and depression,
.~ along with the anecdotal evidence that anti-depreésants

' are effective in reducing both, anxiety and depression in

4

“these depressed patients, suggests that anti-depressants

PSS -

may have anxiolytic properties. 1In fact, the results of
L

' some clinical studies indicate that the tricyclic anti-
von, §

-

depressants apd monocamine oxidase inhibitors are actually
 more effective thaﬁ”?he benzodiazepines in gllevipting
panic attacks and agor&phogia (Kelly, }973)i Moreover,
recent research 5G§gests that imipramine may also- be
effective in the treatﬁ;nt of generalized anxiety )
disorders (Kahn; McNair, Lipman, COVi: Rickels, Downing,
Fisher, and Frankenthaler (1986). Although the Qnsef of
action of the anti-anxiety effects of %nti-depr;ssants is
approximately two weeks, éheré’ﬁave been fewer gepo;ts of
‘tolerance and witthawal that have been assoéiated ;ith
chronic use of the benzodiazepiﬁ%i. This research
suggéests that the anti-depressants/ﬁay serve';; a viable
*alternative to the benzodiazepines in the chronic
treatment of anxiety.
‘ )

“This thesis was designed tc assess the role of anti-

depressant ttatment in anxiety. 1In general,”ﬂthe o

C N
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\ ~
benzodiazepines are the drug of choice ip the treatment of
anxiety disofdefs. Unfortunately, there are several sub-
tyﬁes of anxiety, includ;ng panic disorders and
agdrgphobia, tpgt are non-responsive to such“drugs.
Moreovér, recent research i;dicates both the development
of tolerance to the anxiolytic properties of the .
benzodiazepines and the jncidence of seizures’followihg
sudden*wiphdfawal from protracted use of th; drugs. This
has led to interest in#developing,a singleiplass of arugs
that is capable of allévfgting all forms 'of anxiety

“

without producing tolerance or severe withdrawal

«

A

consequences. The literature offers evidence to suggest

[y

that the anti-depressants may well serve this function.
Ireatment of Anxiety
Many compounds, .including alcohol, barbiturates,

b,
meprobamate, and the benzodiazepines alleviate the _._
: y %

-symptoms of anxiety. The common feature among these anti-

€3

anxiety agents is their ability to depress central nervous
system activity (Haefely, 1978; -Skolnick and Paul,
198la). The class of drugs that has received the most

" attention is the 1,4-benzodiazepines,‘discovered by Leo H.

Sternbach in the 1950's (Sternbach, 1983). 'These drugs

.have four distinct properties. They are anxiolytic,

muscle-relaxant, sedative-hypnotic, and anti-convulsant

(Baete;y, 1978). The lowest, phérmacologically-active

~

-
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ese'of the benzodiazepines alleviates @ymptoms of
ikxiet-y, while inéreasing doses pgedQEe muscle-relaxation
and sedation (Haefely, 1978) b The sedative effects
usually occur dﬁring the early phase of treatment and
tolerance generally .develops to these effects, although
this is not always true for the anxidlytic effect_ '
(6reenblatt and shader, 1978; Ri,ckels, 1978) .

( The prevalence of gpxiety in today s.society is best
exemplifled by the number of prescriptions written each"

year‘for anxiolytlc.drugs. The benqulazeplnes,

’
L

~chlordiazepoxide‘(Libriuﬁ) and diazepam (Valium) are the

two most widely prescribed ankiol&tic drugs, accgunting
for greater thén“40% of 511 the prescriptions written.eiéh

¥ .
year (Hdlrister, 1978). In Canada, more than 10% of the ,

populatlon receives -a prescrlptlon for Enti-anxiety drugs

each year (Martin, 1982). The distribution of these drugs

in hospitals is even greater. Approx1mately 30% of all.

’
-

hospitalized patients receive anxiolytlcs (Ban, - Brown, Da
Silva, Gagnon, Lanmont, Leeman, Lowy, Ruedy, and Sellers,

B

1981)." T .

| 14

\

Yet, despite the%p widespread use, -there is
« a0 : ’ ' § .
considere?le'disag;eemeﬂt regarding the usefulness of the

+*

benEodiazébines in the iong-tefm.tréétment of chronic .

- anxiety. Originally, the early research éuggested that

the benzodiazepines had a low potential for abuse,

-.tolerance, toxicity, and withdrawal symptons (Bellantuono, .

o
<

‘.
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Rqui,-qunoni[ and Garattini, 1980; Marks, Ayd, Bowden,
Fisher, Laughren, Rickels, and Smith, 1981;. Rickels,
Case, Downing, and winokur, 1985), but this is now under

.question. Recently, seizures and psychotic reactions have

‘been observed fcllowing abrupt discontinuation of these

drugs. (Owens and~Tyrer; 1983). Other reports describe
milder manifestations of ithdrawalf including anxiety and
ins;mnia'(hshton, 1984; :\sto,CSeilers, Naranjo,)Cappell,
Sanchez-craig, and Sykora, 1986) . Thus, while the‘

benzodiazepines remain the treatment of choice in anxiety,

clinicians and researchers are’ being made increaSingl

o

aware of the problems associated with these drugs ‘and are

-

< the major inhibitorybneurotransmitter'infthelmammalian

presently searching for alternative methods of treatment

i s.va . .

for chronic anxiety.

4 .
- s -
. N N “ »
, .
i .
)

L Lol

Since the discovery of the benzodiazepines, research

has.focusseg upon their effects on most of the major N

neurotransmitter systens. Althaygh the\benzodiaaepines
have beén found to‘décrease’the syntnésis or turnover of

norepinephrine,,serotonin; and dopamine (Hoehn-Saric,

1982), their effects upon gamma aminobutyric acid (GABA),

central nervous system (Iversen and Bloom, 1972), have |

received the most attention. v,

~

’



There is considerable electrophysiological data to , -

Al

suggest a relationship between the benzodiazepines and
+ GABA. ,In'general, this research suggests that ‘ ’
benzodiazepines modulatebthe efficacy/éi GABA'ergic‘
transmission. Schmidt, Mohler, and Haefely, (1967)
\éemonstrateo that pre-synaptlc inhibitioﬁ:in the cat
spihal cord was mediated by GABA. The presence of GABA at
the cell membrane increased the permeability of the )
membrane to negatively-charged ch;oride ions, The influx

'-of chloride ions produced a greater negativé charge ‘inside

K the cell'and subseguent'hyperpolarization (éuidotti,
Baraldi Leon, and Costa, 1980) Therefore, GABA reduced
the probabillty of an actlon potent111$ In the spinal
. cord\preparation, the addition of djazepam to the
4preoaration increased this inhibition. Moreover, this “

-ﬁ-diaéepam-induced potentiation of pre-synaptic inhibition

"was blocked by the ‘GABA-receptor antagonist, bicucculine
4

(Polc, Mohler, ang,Haefely, 1974) suggesting that a

!

functional GABA'erglc system was necessary fo the

benzodlazeplne,potentlation of GABA's inhibit ry action

&

Another electrophysxo}oglcal technique used to study

~

the interactions‘between benzadiazepines and GABA involves

'

the stimulation of the dorsal root ganglion). Stimulation
. ® !

of the dorsal root ganglion erkes an anti~dromic
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mechanisms. The benzodiazepines might interact directly
with the GABA-ﬁeceptor, or might act through some specific
benzodiazepine site associated with the GABA-receptor.
Olsen, T;ciu, Van Ness, and Greenlee (1978) demonstrated
that the benzodiazepines were only weak inhibitors,of‘ i

[3H]GABA binding in mouse brain and therefore were not
P

'actiné as GABA agonists. Moreoverf‘Olsen et al. (1978)

demonstrated that the benzodiazepines did nct influence
the synthesis of GABA, nor as was shown by Iversen and
Johnston (1971), do the benzodlazeplnes enhance GABA'ergic
activity by inhibiting 1t5're-uptake. Rather, the
mechanisn by which the benzodiazepines do enhance GABA
functioning is by increasing the .affinity of GABA, and
GABA-mimetics, for the GABA receptor. In the presenge of
the benzodiazepines, the affinity of GABA for the GQFA
receptor increases from 120 nM to 20 nM (ch ano, Guidotti
and Costa, 1978). Tﬁereggre, the addition of
benzodiazepines potentiates the action of GABA at its
receptor. These data suggest‘a close, pharmacological
relationship between the benzodiasepines and GABA. ~

In 1977, two independent research groups discovered
benzodiazepine binding to specific sites in membrane .
preparations (Mohler and Okada, 1977; Squires and
Braestrup, 1977). Braestrup and Squires'(1977)vreported
saturable, specific high-affinity bindind of [3H]diazepam

in brain tissue, with an apparent binding aff;nity, or K4,
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of approximately 3 nM. The highest rédceptor densities

(approximately 1.0 pmol/mg protein) were foﬁnd-in cerebral

‘cortex, hippocampus, and cerebellum and the lowest-

densities (approximately 0.2 pmol/mg protein) were found
in the spinal cord and white matter. The hypotﬁelamus,

pons-medulla, corpus striatum, and midbrain contained .

______/‘ I

intermediate densities (approximately 0.4 pmol/mg protein)
of binding sites (Muller, 1982;;:Richarde and Mohler,
1984) . ' |

' Mohler and Okada (1978) reporﬁed a positive rank
order correlation (r = 0 83) between the affinity of 12
benzodlazepines for the in vitro [3H]d1azepam site in
cortical tissue and their average ekerapeutic dose in an
animal model of anxiety. This suggested a strong
relationship ﬁetween‘the binding affinity of the
benzodiazepines for the [3H]diazepam binding site end a
behavioral measure of anxiolytic potency. This finding
cleeriy implies the importance of [3H]diazepem binding
site in the clinical effects of the benzodiazepines.

Additionally, Mohler and Okada (1978) reported that

‘at low concentrations of .the [3H]diazepam (100 nM), there

was no uptake of the drug into rat cértical slices,

suggesting that the benzodiazepine's site of action was

localized on the cell surface rather than within the cell.

. *These findings were supported by fractionation studies,

bertormed by differential centrifugation\ The highest

.,'cm
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fjujdiazepam binding (ICgq = 2900 nﬁ).° In contrast, thé‘
therapeutically-inactive benzodiazepine, §0574864, was
found to be a poteht“displacer of [3H]diazepam binq}ng'in
. peripheral tissue (ICg, = 5-nM), wﬁe;eas it was rather
weak in brain (I€go > 0.1 mM). Third, fractionation
studies revealed that the grg#test éoncentration of
[3H]diazepam bindingiin peripheral tissue was associang'
with the P, or nuclear fraction, rather than the P,
fraction, suggesting different cellular localization for
the'twohginding sites. The fourth.difference between the
two binding‘sites w&é their distribution in the CNS. The
'highest densities of f3H]365-4864 binéing were found in
the olfactory bulb and pi£uit§ryawigﬁ the lowest densities
in the h{ppocampus, striatum, cortex, and cerebellum
(Schoemaker et al., 1983). Thus, the distribution of
[3H]R05-4864 binding in the CNS waé considerably different
from that seen with [3H]diazepam binding. . Although the
physiological relevance of the peripherAI benzodiazepines
. sites is still unknown, these sites are not conéidereq to
be directly involved in the anxiolytic properties of the
benzodiazepines (Schoemaker et al., 1983).
A Model of the Benzodjazepine-GABA Interaction
- h@tﬁough it was established that the behbodiaz;bines,

enhanted GABA'ergic -transmission by increasing the

affinity of GABA for its receptor, the exact relatibnship

. ~:' 11

N e

&
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between ben'zodi'azepines, GABA, and ,théir ré(spéctive( -
reéeptors rqmained' unclear. .Various research groupé

f,‘?‘ N
proposed models to “echpl.ain the nature of this relationship
\‘\‘.. N ’ ©

.
Ads

e . N
(Costa and Guidotti, 1979; Paul, Marangos, and Skolnick,
1981) . In general, the basic unit, the GABA-.
. benzodiazepine-chloride iénophore complex, located oh

1

'pbst-synaptic macromolecules, had three major recognithion
‘sites. They incluﬁeq a‘GABA-réceptor (GABA-R) that could
Jalteyr‘nate.‘between a hiéfx (Kd = 20 nM) and low (K4 = 120
X “hM) affinity :state (Toffano et al., 1978), a
benzodiazepine receptor, ‘and a picrotoxin site (which ‘yas
also the recognition site for the barbiturates) . These
sites mutually int&eractedowith each other and with a two-
state (open-closed) chloride ion channel (Paul et al.,
1981) . ‘ o

Baseud on tl;e GABA-benzodiazepine-chloride ionophore

L]

complei:, Braestrup, Schmiechén, Neff, Nielsen, and
Peterseﬁ (1982) proposed a boss‘ible mode of ‘action of othe
be'nzodiazepineg. In the ‘'ground state' of the complex,
the GA%A-R was in the low-affinity state (i.e unactivated)
and the chloride ion channel was close'd. This low-
affinity state for \the GABA-R was defined by the presence
of GABA-modulin, a thermostable, acidic protein with a
molecular weighi:' of 15,000 daltons (Tallman, Paul, '
',Skolnick, and Gallager, 1980; Toffano et al., 1978).

This endogenous inhibitor bound competitively/ to the
. ~ ‘ '

/
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benzodiazepine receptor (Costa, Guidotti and Toffano,.'
1978) , suggesting that the presence of (;ABA-modulin
prevented the occupation of the benzodiazep;lne receptor by
éha‘. benzodiazepines. It has been shown that if access to
the benzodiazepine receptor was blocked, the
5?nzodiazepines could not enhance the affinity of the GABA
receptor fox GABA and the receptor remained in the low-
affinity state (Mohlez; and Richards, 1981). These data
suggest that if access to' the Senzodiazepiné receptor is
blocked, functioning of the GABA'ergic systems is also
diminished. When GABA-modulin is di:splaced from the

benzodiazepine receptor —by\ benzodiazepines, the G#BA-R

' converts to the high affinity state, and GABA-and GABA

agonists such as muscimol can then bind to the receptor
Qittt a 'greatelr affinity. GABA-R binding then activates
the opening p‘f the chloride ionophore, enhances the flow
of the negatively charged chloride ions into the cell, and
subsequently hyperpolarizes the cell. '

The mechanism by which the benzodiazepines
potentiated GABA's inhibitory action involved the’ " -
conductance of chloride ions across the membrane. Study,

and Barker (1982) demohstrated that the benzodiazepines

" potentiated GABA's inhibitory action primarily by \\\

increasing the frequency of the chloride channel opening
with only a modest increase in the amount of time the

channel remained open. Thus, the increased- ionic

]



S 14

conductance.fo; chloride ions is due to an increase in the
opening of the chloride ion channels. ‘

- Although a functional GﬂBA'system must exist for the
benzodiazepines to ekeré a full anxiolytic effect, GABA
and GABA-mimetics are nof, in themselvgs, considered
‘effective anxioly@ics (Sanger, 1985). This finding is
easily explained within the proposed GABA-benzodiazepine-
chloride:ionophore complex. The binding of the
benzodiazepines to their receptors displaces GABA-modulin
and produces a conformational change in"tﬁe GABA-reééptor.
If the benzodiazepines are not present, or if acce;s to'
their receptors is blécked, GABA-modulin is not displaced
from tﬁe benz9diazepine receptor and the GABA4receptor
remains in the low-affinity state. As long as the GABA-
receptor remains in this state, GABA will not produce the-
iﬁcrease in i‘equency of opening of the chloride ion
channels. | '

In conclusion, the GABA-benzodiazépine—chloride
[ N N
ionophore complex represents a functionally-interacting
"unit that can explain the'potentiation of GABA'ergic

functioning by the benzodiazepines. ‘Moreover, each system

. must be fully functional, in order for the benzodiazepines

-'to’ exert their anxiolytic properties.
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 The efficacy of bonzodiazepinesiin the,treafment of
ahxioty/il well-established. Untortuna;ely, there are
several nub-type; of anxiety that do not respond '
succun-fhlly to bengodiazepine treaﬁment. These inqluQe
panic diéordersband ﬁﬂoraphobia. ggnsiderable evidence
;xists to suggest thai that these sub-types of anxiety
respond favorably to tricyclic anti-depressants. :

__'Klein (1964)'describéd a group of patiénts that were
referred for trahdhilizers because there wére ‘complaints
of spontaneous panic attacks. These s&bjects were not
‘résponding to psychétherapy or sedatives. Interestingly, .
although these patients were not agoraqg%g?ic,'they were
afraid of leaving the home envifonment'in case they weée
unablﬁ\to care for themselves. - Reports of helplessness, a
subjective state often associated with depression (i.e.
Maier and Seligman, 1976), along with apathy and
depression were freqﬁént ;;ongst these patients. The use
of anti-depressant therapy for the treafmept of these
panic attacks was initiated in responée to these reports
ot“dapréssion-like syﬁptoms. Imiprgéine, but not the
nonqpmine oxidase iﬁhibitogs, tranylcgpromine and

' phenelzine produced a cessati?n of the éanic attacks

within 3-14 days. 1In contrast, eléctroconvulsive therapy

(ECT), another mode of treatment for depre#sion, was .
igettactive in alleviating their panic attacks. The
’ r] N '

a “ ”'
“ ! . ’/
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subjects were taken off the medication only after the
attacks had been' absent for three months. In almost half
of the pi;}ents,qthere was a recurrence of the symptoms

within ong¢ month. Klein concluded that chronic anti- - #

depressant treatm ‘servedfa 'prophylactic' role in the
treatmént of panicfattacks agd that these drugs were not
effective in 'cufing‘ the patients of these panic’attacks.
Early behavioral techniques usgd in the treatment of
agoraphbia included systematic densensitization and !
flooding (Rohs and Noyes, 1978). Recently,
pharmacotherapy has been inﬁorporated into these
behavioral interventions. 1In congrast to the fihding of
Klein (1964), monoamine oxidase inhibitors were o
demonstrated to bé extremely effective in redu¢ing the
panic—ittacks thaf‘generaily accompany: the agoraphobic
syndrome (Kelly,Q1975). Moreover, the benzodiazepines
were considerably less effective in controliing these -
attacks (Kelly, 1973). Ba}lenger; Sheghan, and Jacobsen
(cited in Rohs and Noyes, 1978)\comparea the efficacy of
imipramine, phene}zinej and placebo in the treatment of
agoraphobia. Ninety-four.ﬁercenqkof phenelzine-treated
patients And 89 percent of imipfamine-treated patients
‘aere.rated as significantly improved. The drugs also

produced improvements that were significantly greater than

group therapy alone.



In conglusion; these data clearly indicate that
several sub-types of anxiety that are non-responsive to

benzodiazepine treatment, are extremely responsive to

anti—depressant and monoamine oxidase inhibitor therapy

Theae findings suggest that the symptoms of anxiety i .
occurring in panic attacks and agoraphobia are very
different from those anxiety states that are responsive to
benédﬁiazepine treatment. )
.While both tricyclics and MAO inhibitor had been
shgwn to be clinically effective in panic disorders and
agoraphobia, until recently, there had been nn documented
evidence for the efficacy of these drdgs in treating other
torms‘of anxiety. Recent qvidence'has suggested that éhe
;ricyclics.may also pe effective in treafing generalized

anxiety disorders. In a double-blind, placebo-controlled

study, Kahn et al. (1986) compared the efficacy of

chlordiazepoxide, imipramine, and placebo over an eight-

week period, in 242 patients diagnosed with anxiety

disorders. The findings suggested that by the second week

" of treatment, the anxiolytic effects of imipramine were

actually superior to those o% both'chlordiézepoxide and
placebo. Moreover, patients taking the anti-depressant
continued to imprové over the course of study,’while the
efficacy of benzodiazepine~£reatment'was limited to the
first few wqek; of treatment. These find{ngs are also

’

consistent with thosé of other research groups”which

r

J .



4 .
-
s

suggest that tolerance did develop té the anxiolytic
activity' of benzqqiazep;n;s with loné-term.us; (Shapiro,
Struening, Shapiro, and Milcarek, 1983). '

In conclusion, the clinical research strongly
suggests that anti-depressants are extremely effective in
alleviating anxiety of'varioué diagnostic categorieé.
Moreover, the difcovery that tolerance develops to the
anxiolytic effecgﬁ of benzodiazepines with long-term
usage, and that seizures might occur fdfi@ﬁing sudden
discontinuation of these drugs, indicate'that the
benzédiazepines should not necessarily be the\aufomatic

drug of choice in the treatment of anxiety.«

The efficacy of the anti-depressants in the
. .

alleviation of anxiety suggests that these drugs may have

inherent anxiolytic properties. Therefore, the next

]

question is whether the anti-depressants and the 4

énxiolytics share a common mechanism of action. *

The mechanism of action of anti-erressants has.
ggcugsed upon post-synaptic eventsL(Charnéy, Menkes, and
Heninger, 1981; ' Sulser, Vet;lani,kand yobley, 1978). In
genéral, chronic, but not aéute, anti-depressant treatment
produces a dowri-regulation of post-synaptic B-adrenergic

_receptors (Banarjee, Kung, Riggi, and Chandra, 1977; )
P y

-
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’Sellinger-Barnétte,ﬁMendels,'and Frazer, 1980) as well as

4

serctonin receptofs (Kellar, cascio, Butler; and Kurtzke,

1981; Peroutka and Snyder, 1980). Down-regulation of

\

- these receptors is considered a marker for increased..-

. noradrenergic and seqotonérgic functioning respectively

* Y
(Charney et al., 1981). The importance .of the down-
A , <

regulation of these receptors has come under scrutiny as‘ﬁ

“t

this effgcﬁ‘is not selgctive only to thoée clinically-
effective anti-depressants (Bénarjee, Sharma, Kung-éﬁeung;'j
Chandra, and Riggi. 1979). Moreover, spﬁe anti- Q
gepressants faii to down-regulate‘these receptoréaﬂ

(Peroutka and Snyder, 1980;=Suranyi;Cadotte, Dam, Boqnoffsq

.and Quirion, 1985). These data clearly suggest that -since

changes in either the B-receptor, or the serotonin - -
receptor are insufficient to explain,the efficacy of all

anti-depressants, these sysféms are unlikely to be the

common mechanism of action of the anxiolytics and the

-

p

anti—depréssantsl

One system that had received virtually no attentjiop
was the benzodiazepine receptor system. This y&sﬁquite
surpfising;based on the clinical evidence, présented (\
earlier, that anti-dePressants were e&éremely eﬁfeétivé in
thé treatmeht of anxiety disorders.. There have been
rela;ivelyifew attempts to examine if a common mechanism
of action existed between those drugs generally used for

the treatment of anxie;yr(i.e. benzodiazepines) and those
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A depressant activity), or vehgcle control., They . found a

.
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for‘depression.(i.e anti—depreesants); In a recent
attempt.to examine{this question, Suranyi-cadotte, Dam,
ano‘Quirion (1984)“treated animalé"for 21 days with a
range of anti-depressant. drugs, intluaing DMI (a selective
norepinephrine-uptake inhibitor), zimelidine (a selective
serotonin-uptake inhibitor), buproprion (a selective '

1nh1bitor offdopamine uptake) , and adinazolam (a
¥

triazolobenzodiazepine with both anxiolytic with‘anti-

51gn1ficant decrease in [3H]f1unit%azepam binding

(decrease in Bmax" w1thout any change in the KQ)~in'all

.
i

. groups relative to controls following chronicctﬁeatmenfl

-

~a

’iIn contrast, acute treatment with,anti%denressants had no

effect bn [3H]f1unitrazepam binding (Suranyi—&i&gtte,
unpublished data) . 'fhese researchers postulatéed a role .
for the benzodiazepiné/GABA system in the therapeutic
action of anti—depressants. Moreover, the down-regulation

of the receptors with chronic treatment correspon@ed to

- : . % -
the delayed onset of action of the anxiolytic properties

of ‘the anti-depressants - (Kahn et al., 1986). \\\\

A4 .
. «

al Mo ms i L -
_ The.data presented above suggest'that the
benzodiazepine receptor syEtem‘may'be~the common mechanism -
of action through which the anti-depressants exert their

anxiolytic activity. Unfortungtely, a.pharmacological .

L]
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-model such as the down-regulation of the benzodiazepine

receptors provides little information regarding function,

and the clinical importance of a change in receptor

density, is as yet unknown. Moreover, it represents the

<

state of the animal in a home-cage condition rather than
under conditions of stress or anxiety. '-Therefore, 1t’1s

imperative to address the issue of the role of anti-

| depressants in-anxiety in a behavioral model of anxiety.

Will these drugs have anxiolytic activity in such a

’

paradigm?- .
Geller and. Selfter (1960) developed a paradigm, the
Geller conflict test, that was found to reflect the
anxiolytic ef;edte of the benzodiazepines, barbiturates,
alcohol, and mep;obamate. Briefly, food-deprived rats
were trained to bar-press for the delivery of sweetened
p?nden;%d milk under a continuous reinforcement schedule

(CRF) dntil a steady rate of responding was achieved.

Once this baseline level was atpgined, a new condition was

introduced. In the presence of a discriminitive stimulus,

(tone) every bar-press produced both a reward and a mild

R Ny
footshock. This was described as a conflict situation and

under such conditions, (tone or shock) rats 'showed little

or no responding. Geller and Seifter found that

clinically effective anxiolytics, including

benzodiazepines, meprobamate, and barbiturates increased
o A

the number of responses made in the presence of the

. -

]
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discriminitive cue without producing anywéhangesiin the

ratg of unpuniéhed or baseline responding. Therefore, the
anxiolytics had v;ry selective effects. In the conflict _
sigpation, every reward was paired with punishment and the
tendency to avoid punishment was mucb stronger than the '
tendeﬁcy to receive both reward and puﬁisﬁment.'
Anxiolytics were assumed to decrease the anxiety or fear
associated-with this punishment without affecting
responding in the absence of the fear (unpunished
responding) .

Following these experiments, the first obvious
question raised was whether the anti-punishment effects of
the anxiolytics were due to‘the possible analgesic
properfies of thesef%rugs. Thié explanation was‘easily
ruled out. First, morphine, a conventional analgesic,
even ié given chronically, was ineffective in the Geller

conflict test. Second, in a tail-flick test, which is

extremely sensitive to conventional analgesics (i.e.

_morphire), bgnzodiazepines, meprobamate, and barbiturates

did not increase the latency of the tail-flick in response
to a heat sgimulus‘(Trgit{ 1985)  Finally, the anti-

conflict effect of anxiolytics had been demonstrated using
stimuli other than non-painful stimuli; guch as entry into

o

a novel, brightly-1it open-field (Crawley and Goodwin,

1980) . These data suggésted that it was not necessary to

»
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use analggg;n/as'a; explanatory concept for tﬁe mechsnism

_ef/iézian of anxiolytics in the confliqt paradigm.

A second problem that was raised concerned the
;bservatién that drugs such as the benzodiazepines'
prodhéed effects on food-motivated behavior that were
directionally simi}ar to their effects in the cénflict
situation. That is, diazepam increased feeding, the same
behavior being measured in the conflict test, in both
sated (Cooper, 1985), and foo?-deprived (Cole, 1983; .
Coopér, 1980) animals. There are data that suggest that
the'hnxiolytics influenced behavior in the conflict

paradigm rather than feeding. First, with the Geller

paradigm, if diazepam increased punished responding

"because of its effects upon feeding, there should also be

a similar incredse in feeding in fhe unpunished condition.

The increase in_responding for food, induced by diazepam, «

———

should not have had a selqctive effect on punished
]

responding. Second, since the anti-conflict effect gf ‘
diazepam haﬁ been demonstrated in non-food-mgtivated
‘behaviors, such as ex;loration (Crawley and Goeodwin,
1980), it is not nécessary to propose that benzodia;epine-
induced hyperphagia expl&ined the anti-conflict effect of
these drugs. The evidence suggests that the anti-

punishment effects of the benzodiazepines are not

associated with their effects upon feeding or anpalgesia.

M
1
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One cqmplaiht of the Geller paradigm is itsainability
to achieve construct validity:’ That is, the paradigm does
not reflect the clinical anxiety state. How relevant is
it to require a rat to endure shock to receive a food
reward? A good (or poor) example of this problem is
exemplified in a study by Meert and Colpaert (1986). 1In
this paradigm, a probe was inserted into the testing cage
ahd a baseline measure of physical contact with the probe
was guantified. When the probe was electrified, there was
a significant dectease in the amount of contact with the -
probe. Meert and Colpaert (1986) reported that the
~benzodiag9pines significantly increased the amount of
contact these animal made with the electrified probe.
Clearly, the administration af benzodiazepines in this

4

model is allowing the animal to behave maladaptively. N
This same example can be applied to fhe';iinical state of
anxiety. Benzodiazepines would never be prescribed to a
patient who complains that he is-afrai§ to place his hand
on a hot stove. This fear is highly adéptive for the
survival of this individual. On the other hand, if this
patient was agoraphobic, and afraid to leave the house,
this behavior would be classifled as maladaptive.
Clearly, the use of anxiolytics in this instance would be
appropriate. In an attempt to represent the clinical

anxiety statey it is imperative to select paradigms that

represent a maladaptive fear. Since the 1960's, many

-
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other paradigms were developed in a’n ‘attempt to address
the isgue of conflict or fear and the actions of
anxiolytics using clinicaily-relevant models. -
Crawley and Goodwin (1980) examined the- exploration
of mice between a brightly-1it open fieﬂld and darkened
"..enc]‘.osure. U_nde; beseline conditions, mice generally
avoided exploration of the novel environment and remained
in the darkened area. Crawley and Goodwin (1980) found
k’ that both clonazepam and chlordiazepoxide increased the‘ -
amount of active exploration of the open-field. Ro5-4864
(peripheral benzodiazepine receptor agonist), clorgyline
(an MAO inhibitor) and chlorpromazine (an anti-psychotic)
were ineffective in increasing exploration (Crawley,
1981) Interestingly, there was no drug effect in a
’ 5tandard open-field without the dark compartment
suggesting that the benzodiazepines increased explorat\ion
rather than simply producing an increase in overall
- behavioral activation. These data suggested that the
benzodiizepines function by decreasing the fear response &
:(i.e avoidance) elicited by the brightly-1lit open-field.
In a potentiated startle response (PSR) paradigm,
Davis (1979) presented rats with 45 ligbt-shock pairing to
determine the baseline startle response. Twenty-four
hours later, either an acoustic stimulus was presented

alone or the orig)inal light stimulus preceeded the tone,

o i :
and the startle (@sponee to the tone was measured. Davis
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found that the startle response to the tone was enhanced
or potentiated in those animals for which the light

. pééceeded the tone, .compared to those animals for which
the tone was presented alone;~ Davis also found that
diazepam decreased the potentiated startle response in a
' .dose~dependent manner without having an effect upon those
animal that had not received the light-tone pairings.

A final paradigm, designed by Britton and Tnatcher-.
Britton (1981) ingorporated the‘zoncept of conflict
between behaviors without using shock. In this
experiment, food-deprived rats were presented with a b
.single food pellet placed on a pedestal in the middle of a
novel open field. The rationale behiné thie design was
that in a situation where hunger conflicted yith the rat's
tendency "to avoid the centre of an open field, an%}olytics
should reduce the fear of the novel environment and
subsequently eliminate the conflict (increase feeding)

The experimenters measured the amount of food eaten per
15-minute sessiqn and found that diazepam increased this
response in a dose-débendent manner. There were similar
findirigs for ethanol and pentcbarbital, but morphine was
ineffective in this test. The experimenters also found
tnat diazepam did not increase food consumption in the
home cage (in the absence of novelty or conflict)

suggesting that the anxiolytic effect of diazepam could

not be explained by hyperphagia. The authors concluded
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that in this paradigm, anxiolytics reduce

associated, with a novel environment and thereby allowed
théqresblutipn of the conflict between novelty-relSted
behaviors and feeding. Moreover, the anxiolytic effect
was specific ta a fear-inducing situation in that tﬁe
anxiolytics did not increase feeding in a familiar
environmeﬁt (the home cage).

In summary, there are many animal quels available i
that are sensitive to the anxiolytic effects of the '
benzodiazepines (Treit, i984). The differences between
these paradigms exisé Qainly at the procedural-level. For
example, the Geller conflict paradigm requires and
extensive training to achieve stabilized baseline
responding, while exploration of a brightly-lit open-fiei&
requires no training or major-equipment. More important ‘
is the guestion of the validity of the paradigms. In
general, most models mee& the criteria necessary for faée :
validity. The tests are sensitive only to those drugs
known to be effective in alleviating anxiety clgnically,
while false-posigives are miqimized. Construct’ validity
is much more diffiocult to achieve. That is, do the
" paradigms measure what that are intended to measure,
anxicty? Regardless of whether a behavioral test is
sensitive to the effects of anxiply?ic drugs, this
pharmacological profile is less meaningful if the behavior

is not reflective of the anxious state. Thé’paradigm

s
4
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developed by Bfitton apd Thitcher-Britton_(lsal) .
fepresents a clinically-relgvant animal model of anxiety.’
It is important to bear in mind that these models &ttcmét
té mimic conditions of clinical anxiety: a situation
where a fear resﬁonsetthat has no adaptive Qalua is
interferring with\othér, desirable behaviors. In the
Britton and Thatcher-Britton paradigm, the henzodiazepihes
are found to reduce the'feig associated Yith the pgﬁter of
the novel, b@t innocuous environment. In this qit;htion,
the animal is not faced wity any threat and therefore it
is Pdaptive for the animal to suppress the fear r;sponse
and begin eating. In the other paradigms, the fear is. not
maladaptive; the animal is faced with a very réal threat.
The findings that the benzodiazeﬁines.are able to reduce
this adaptive béﬁavidr, is at best, interesting, but,lcs;-

!

obviously related to the clinical situitioq. The -
advantage of the paradigm by Britton and Thatcher-Britton
(1981) is .that it achieves both face and construct

validity.

v . A n.;.‘
There has‘beéh little systematic animal research into
ihe anxiolytic actions of anti-depressant treatment at the
behavioral level. This is someyhat surprising considerinq

the evidence presented earlier suggesting that anxiety is

a prominant feature of the depressive state and that

\
~

1
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While fear inhibits consummatory behaviors such as

1

feeding, it facilitates others. For example, when placed
into a novel envf;onment, the predominaﬂt behaviors will
be ambulation (Whimbey and Denenberg, 1967) or f;eezing
(Bolles, 1970). Based upon this evidence, a very hungry
rat, placed in a novel environment containing food, is an
ideal conflict‘paradigm. When a rat is exposed to a
- fearful situation, ambulation or freezing will
. predominatg. Either of thesé behaviors is incompatible

with fegdihg. Once the fear of novelty has.decreased, the
probability that a hungry animal will begin eating will
increase.~ It was this premise upon which the present
behavioral paradigm focussed. Animals were food-deprived

E for 48 hours prior to behavioral tesfing, ;hé}epy creating
a strong physiological requirement for food, and |

appetitive motivation towards food. Then, when placed

into a nowvel environment, two opposing incentive

(a8 N

\ N .
o motivational states should be apparent: One related to

rJ f novelty gnd the other to hunger. As mentioned earlier,
novelty-related behaviors would prg@ominate until the
fearrrelated\motivational state has~diminished. only then
would the animal begin to eat. \
This paradigm was quite similar to that of Britton
and Thatcher-Britton (1981). Thé’animals were simila;zy
'food~-deprived and éhen placq& into ; novel environment

containing food. There were two differences between the

1
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thekeby decrea;e the latency for the animals to begin
eating in an unfamiliar environment.

. To detefmine that the behavioral paradigm was
selective to ﬁnxiolytics, only those drugs found to
alleviate anxiety in humans. or animal models when given

acutely should be effective in reducing theflatency to

begin feeding. ’ Once it has been established that this
. P N

% .-
k\\Paradigm is a valid modeél of anxiety, it is then possible

to examine the anxiolytic action ofgchronic anti-
debressant treatment. Based upon the clinical aﬁd
aﬁecdotal evidence presented earlier, it was poétuiated
that chronic, but notJacute aﬁti-depressant treatment had
anti-anxiety properties. Therefore, like the
benzodiazepines, chqopié anti-depressants should reduce
the behavioral responses towards feargul stimuli and
étfectively reduce the latency to begin eating in a novel
environment. ' v oo R

T
[ 4

e

Experilxpent 1

The*exacf ronflict procedure used in the present
experiment had not been previously established in the
literature. Thefafore,ﬁin original testing, it was
important to determine that éhe paradigm was sensitive _to
diazepan, : prototypical benzodiazpine. Did diazepa@
decrease the 1a€ency to begin eating in a novel

8 - A ¢

»
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environment relative to vehicle controls? An anxiolytic
effect was defined as a significant decrease ‘in mean
latency t; begin eating compared with vehicle controls.
Diazepam consistcntl;.has been found to attenuate anxiety
in both human and animals and fhus was the drug of choice
i establishing the validity of a conflict paradigm. The
dosage chosen, 2'm§/kg, was shown to produce significant
anti-conflict effects in rats (File, 1986). ' -
Methods . L,

Subjects. Ten adult male Long Evans New Colony rats

. (Charles Rivers Breeding Laboratories, St. Constant,

Quebec) were used in the experiment. Their body weight.
upon arrival at the laboratory was between 275 and 300
grams. The animals were group-housed, six per cage. The
cages, 43 x 45 x 25 cm, were in a colony robm maintained
at 22°, with a 12:12 hour light:dark cycle (lights on at
0800 hours). With the exception of the food deprivation
period, standard Purina Lab Chow pellets' and water were
availab1; ad libitun. All animals weighed between’' 300 and
325 grams by the time of testing. Animals wereéhandled
daily for approximately one week prior to testing to allow
for adaptation to the new housing conditions. /

’ Apparatus. The testing apparatuﬁ consisted of ,

individual plexiglas cages, 54 x 28 x 21 cm; with
4

stainless steel grid lids. The floor of each, cage was
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.
Results and Discussion.
&

* Figure 1 represents the mean latency, in seconds, for

-each dgroup to begin eating. A single dose of’diezepam

produced an 81% decrease in eating latency relative to
controls. A t-test of independent means revealed that
this difference was highly significant (t .= 5. 27 df = 7,
p < .001). )

The conflict test appeared to be sensitive to the
effects of an'acute dose of,a benzédiazepine. ‘Diaiepem
produced a significant decrease in latency to begin ;ating
in ; novel environment and .suggested that this,parédigm
may be a.usefu} conflict model. i

. '
éxperiment 2

‘ Tne.purpoqe of this experiment was. to essess the role X
of the central-type versus the’peripheral-type
benzodiazepine receptor in mediating the enxiqutic effect
of diazepam in the:confliEt peiadigm. The effect of -
diazepam, an effective anxiolyéic in humans and animals,
which binds to the central benzodiazepiﬁe receptor, was
cpmpared'to R05-4864, the peripheral-type benzodiazepine
receptof agonist, in the conflict test. As discussed
eaflier, the peripheral receptor had not been implicated
in the mediation of the anxiolytic effects of the

benzodiazepines. It was hypothesized that only those
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Figure 1. Mean latency (sec) to begin é&ting,in a novel .
f environment following a single dose of either vehicle
control (CONT) or diazepam (DIAZ). An asterisk indicates

a mean/ that is significantly different from the control
group (p < .05). - , '
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drugs known to bind to éha central-~-type benzodiazepine

réceptor should be effective in reducing the latency for

animals to begin eating in the novel environment. * The

part cular dose of Ro5-4864 sglected for the experiment

was d termined by its affinity to the peripheral receptor
relativ to the affinity of diazepam for the central-type
receptor. Thhs{'since diazepam and Ro5-4864 have similar
affinities for their respective re;eptors, it-wes.
appropriate to use the same dosage -2 ng/kg) of each drug'

A

in the paradigm. e o —
Methods , .

Subjects, TWelve‘male Long Evan rats were used in (/
this experiment. All housing, handling, and feeding
conditions were identical to those outlined in Experiment
1. .

Aﬁpgxg;ngL The testing appgratus was the same as:

4

described in Experiment 1.

»

L)

ﬁ:uégL The désage of diazepam was 2 mg/kg, iéenticai

to Experiment 1. The Ro5-4864, 2 mg/kg, generously

supplied by Hoffmann=La Roche, Basel,GSWitzerland; was

dissolved in distilled water. and.one drop 6?_?ween180 S ——
-(Fisfer Scientific, Montreal, Canada) ng.s ml of Qafefy.
‘The vehicle was the same saline/prop?iehé'glycol sélution -
described in Experiment 1. S

-".:A‘A) *

A - ™
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zgggggg;gL The procedure was identical to that
described in Experiment 1. Forty-eight hour food-deprived ’
animals were injected yith either diazepam, Ro5-4864, or

vehicle. One hour later, 3dll animals were tested in the

. conflict paradigm and the la ency'to begin eating was
. \ - .

£

recorded.

‘Results d sc s

Figure 2 represents the mean latency, in seconds, for
the grouos to begin eating relatibe to vehicle controls.
An acute dose.of diazepam produced a 72% decrease, while
Ro5-4864 produced a 30% increase in mean latency to<;egin
eating. "A: one~way analysis of variance revealed a
51gn1ficant difference between the means (F = 8.16, df =
2,9, p < .01; see Table 1). Post-hoc Newman- Keuls
comparisons,-tested at the 5% level of significance,
revealed that the diazepam group ate significantly faster
than both the 'Ro5-4864 and control animals. The latter
two groups did not differ from each-other. »

The results of this experiment suggested that the g
central-type benzodiazepine receptor was important in
mediating the effects of thevbenzodiazepines in the
paradigm used here. Only diazepam, which has a ?igh
affinity for the‘central—type receptor, was effective in
decreasing the latency to begin eating. §05-4864 ‘yith a

very low affinity for the central-type receptor, did not
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Figure 2.. Mean laééncy (sec) to begin eating in a novel
environment following a single dose of vehicle control
(CONT) , diazepam (DIAZ), or Ro5-4864. An asterisk

indicates a mean that is significantly different from
control ( p < .05). . ’
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Source of Degrees of ' Sum of Mean F P
Variance Freedom - Squares Square
Between 2 '71780.66  35890.33 8.16 .010
Within 11 39564.25 4396.03

- Adjusted 13- 11244.90
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produga an anxiolytic effect. This £ ndi&g was not
surprising, considering that the peripheral-type receptor,
to vﬁig:h Ro5-4864, binds with high,affk.nity had not been

implicated in the mediation of the anxiolytic effects of )
-~ _ \

the benzodiazepines. .

Experiment 3 ) -

+

Drugs such as the benzodiazepines\have strong effects
. - i .
-on food-motivated behavior that were di\rectionglly the
same as their anxiolytic effect. Extensive research

|
indicated that diazepanm 'increased feediﬁ\g in sated rats

(Cooper an‘d Yex:bgry, 1986). It was poss\j.ble to separate
the hyperphagic and anxiolytic effects of the
benzodiazepines. As Lnentioned earlier, it was postulated
that the améioiyticq,were effective in th\‘ conflict
paé:adigx:i. because they were able to attenuate the fear
associated with the nove} env‘iiomnent. One téchnique
frequently used-to reduce the fear of a new apparatus is
pre-exposure. By/ /continually exposing an animal to an
innocuous environment, animals ‘no longer mlanifest
behaviors associated with fear (Britton and Thatcher-
"Britton, 1981). If diazepam was effective in the conflict
paradigm because of its tear-reduciné prolerties, rather
than simply increasing feeding beh“ﬁvior, then pre-exposure
should produce reqi::onses similar to those of diazepam.

LY

]

€
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' Cooper, 1986; Crawley, Ninan, Pickar, Cﬁrousos, Linnoila,

~5

Another issue of interest was the rolé of 4an.

anxiogenic substance in the conflict paradigm. The beta-

carboline, FG=7142, a partial "inverse agonist" of the

benzodiazepine receptor produced behavioral and
physiological responses associated with fear (Beck and

e

Skolnick, and Paui). In cats, a 10 mg/kg dose.of FG-7i42
produced an increased. startle response, increased, »
atgentien to the environment.fand piloerection (Ognini,
Barzaghi, and Marzanatti (1983). 1In man, a large dose of
this anxioqenic drug produced sudden'gtg;ckp of anxiety‘
approximately 50 minutes following administration,
feelings of intense inner strain and’excitation, coupled.,
witn‘an increase in heart rate and‘biooé pressure (Dorow,
Horowski, Paschelkg; and Amin (1983). Could pre-exposure.
reduce'fear-related behaviors and latency to bcgin'csting,'

and would the anxiogenic drug reinstate the aniiety or

fear that pre-e&posure had reduced?

-

Methods .

Subjects. Fifteen male'Long E#ans rats were used in '
this experiment. The housing, handling;.and feeding
conditions were the same as described in Experiment 1.

Apparatus. The apparatus was the same as dolcribcd‘

S e——

in Exﬁagiment 1.

1

\
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\M ?
Prugs. The dosage of FG-7142, 10 mg/kg, (Hoffmann-la.

-

Roche, Baicl, Switzerland) was selected because it'had .
been demonstrated to reduce punished drinking in rats .

(Petersen, Jensen, aqnorc,zaﬁd Braestrup, 1983). The dmug

was dissolved in the saline/propylene glycol solution and

sonicated until the drug went into su-pensioh. The

saline/propylene glycol solution was also used for the

~

vehicle control group.

Y
Procedure. Three groups were tested in the conflict

4

_paradigm. The vehicle control were handled on 4

("} B
consecutive days. On the third day, food was removed from’

the home cage and one hour prior to testing, each animal

-~

was given an i.p. injection of the vehicle. The pre-
exposure + vehicle animals were placed iﬁto the individual

. plexiglas cages §hat‘were sub;aagently used for behav@oral
testing, for one hour on 4 consecutive days. During these
sckhions, gll food was removed from the testing apparatus.'
Again, tgbd dep;iv;tion bogah’on the thira day and oh;

hour prior to behavioral testing, each animal receiveda
) §

. N\ -~
single injection of the vehicle. « The pre-exposure + FG-

7142 group was also exposed to the testing apparatus for 4

qonsccutive days and food-deprivation began on Day 3. One \ .

”

hour prior to testing, each animal refived a single i.p.

injection of FG-7142 (10 mg/kqg).
[] .

/

f
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Figure 3 represents the mean latency for each groug
to begin eating. TFour dqyﬁ of pre-exposure to the test
environment produced a 60% decrease in the nerﬁ-latancy &z
for animals‘to b?gin eating relative to vehicle controls.
Moreover, an acute dose oé fG-7142 was able to completely
reverse the effects of four days of habituation. A one

way anilysis of variance revealed a significant main

effect (F = 7.81, df = 2,11, p < .008; see Table 2).

Mewman &ggls tests revealed thatbrhe pre-exposure +

vehifle animals ate significantly faster than both the ‘

-vehicle control and pre-exposure + FG-7142 groups. The

-’

latter two groups did not differ significantly from each

- other.

Theigpdata clearly suggeséed that pre-exposure‘was
capable of decreasing the latency for animals to begin
eating in the testing a?paratus. Therefore, exposing an
animal to a novel environment over a period of .four days,

appérently reduced the fear associated with the test cage

and on test day, these animals ate significantly faster

than controls. Although they were not comgared in the

same experiment a single dose of diazepam (Experiments 1
and 2) produced a slightly greatgr mean decrease in eating
latency than 4 days of pre-exposure to the testing N

environmenpt. An earlier study by Britton and Thatcher- .

Britton (1981) found similar results, but a methodological

g 4
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Eigure 3. Mean latency (sec) to begin iating'in a novel

environment following a single dose of vehicle control
(CONT), .-four days of pre-efiposure to the testing apparatus
+ a single dose of vehicleWontrol (PRE-EXP + CONT), or
four days of pre-exposure to the testing apparatus + a -
single dose of FG-7142 (PRE-EXP + FG-7142). An asterisk

- indicates a nean that is significantly different from

control ( p < .05).
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change between the two studies could offer a possible
explanation for the difference in effectiveness between
the two conditions. These experimenters looked at the
amount of food eaten in aftestind environment%?ver 7
consecutiQe days; Obviously with each subsequent exposure
to the cage, the animals habituated to all the stimuli of
the testing condiqion including‘fhe food. 1In the present
experiment; animals were pre-exposed to the cages without
food being present. Therefore, when the actual conflict
behavior was measured, the'presence of the food produced
some fea;jarousing cues thereby increasing latencies to
begin eating. Also, the experiments of Britton and ' /
Thatcher-Britton,4(1981) indicated that at least seven
éays of pre-exposure was necessary to produce an

anxiolytic effect that was comparable to diazepan.

——Pesgpite thesegprocedural differences, pre-exposure to the
\

testing apparatus for four days did produce a strong

Al

apxiolytic effect.

Interestingly, a single dose of the anxiogenic drug,
FG-7142 is asle to reverse the effects of pre-exposure ip
that these animals were not significanfly different from'
controls. 'Since FG-7142 is an "inverse agonist" ‘t.Fh?\
benzodiazepine receptor (Braestrup, Nielsen[ Honore,
Jensen, and Petersen, 1983), if is possible that the
effects of pre-exposure to the testing apparatus were

related to the benzodiazepine receptor. This could be .



48

:dete;pined by . administering ﬁhe benzodiazepine receptor
antagonist, Rol5-1788 Prior to the injection of FG-7142.
If the benzodiazepine receptor is imp;rtant in mediating
the effects of pre-exposure, tﬁen Ro15~-1788 shbuld reverse
the effects of FG-7142. ‘

. Experiment 4

The‘?urpose of the present experiment was to examine
the effects of acute treatment with anti-depressants in
the conflict test. As mentioned at the outset, chroﬁic,
but not acute ;nti-depressant treatment down-regulated the
benzodiézepine receptor (Suranyi-Cadotte et al., 1984).
Moreover, in many animal models of anxiety, acute anti-
depressant treatment was found to be ineffeétive (Kilts,
Commissaris, and Rech, 1981; Marriott and Smith, 1972; *
Poschel, 1971). The drugs of iﬂfé?%s%—were: diazepam,
adinazolam, desmethylimipramine (DMI), amitriptyliné,
chlorpromazine (CPZ), and vehicle dhntrol.

Adinazolam, a triazolobenzodiazepine in the
development research phase, has been found to be a highly
effective anxiqutiglwith,anti-depressant activity
(Amsterdam, Kaplan, Potter, Bloom, and Rickels, 1986).

The. tricyclic antidepressants, DMI and AMI were chosen to
‘ assess the specificity of the conflict paradigm. Only
those drugs used in the alleviation of clinical anxiéty

should reduce the latenqx\gg,hﬁgi?_eating in the test. 1In

A\ \
F \
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general, acute anti-depressant treatment is without _ _
anxiolytic activity'(xilts, Commissaris, and Rech, 1981;
Poschel, 1971). Chlorpromazine,.an antiipsychotic witﬂ~
strong sedative effects, was chosen to assesé tﬁe nature
of the specificiti of the anxiolytics in the conflict
test.. That is, were the anti-conflict effects of the
benzodiazepines reflecting the aqxiolytic or the sedative
properties of these drugs? If the test was a sensitive
measure of anxiety, and the effectiveness of anti-anxiety

drugs, then CPZ_ should be ineffective.

: . . X

Subjects, Thiréy-six male Long Evans rats, were used
in tﬁis experiment. The housing and feeding schedules ‘
were identical to those described in Experiment 1.

Apparatus, The testing apparatus was the same as
described in Experisent 1. '

Drugs, The drugs used in the éxperiment were
diazepam, 2 mg/kg; CP2Z (Largactil 50, Rhone-Poulenc
Pharma Inc., Montreal, Canada, available in a

concentration of 25 mg/ml), 5 mg/kg):; adinazolam (Upjohn

- Pharmaceuticals, Kalamazoo, Michigan), 20 mg/kg; DMI -

(Merrell Dow Pharmaceuticals, Richmond Hill, Canada), 10
mg/kg; and amitriptyline, 10mg/kg (Merck, Sharp, and Dome
\

Pharmaceuticals, Kirkland, Canada). Adinazolam, DMI, and
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amitriptyline were dissolved in the saline/propylene
- glycol solution. \

\ R;Qgggg;gL The entire procedure for this experiment
was the same as described in Experiment 1. Briefly,
animals were food-deprived for 48)hour§. One hour prior
to behayioral testing, animals in each group rédeived a
single i.p: injection of the appropriate drug'ore;;ﬁiqle.

N

The mean latency to begin eating in the novel environment

{

was determined one hour later.

Results and Qiscussién -

Figure 4 represents the ‘mean latency to begin eating,
in seconds, for each treatment group. . Both diazepam and
adinazolam produced shorter e;:kng lgi;ncies relativ; to
‘controlg (8;3 and 72.5% decrease respectively. Second,
neither of the anti-depressants was effective in producing
an anxiolytic effect. DMI produced a 14% increase while
amitriptyline produced a.9% decrease in eating latencies

relative to the controls. CPZ producéd‘an 89% increase in

eating 1aténcy reiativg to controls. In fact, only one of

the six animals began eating within the 360-second time
limit. A one-way analysis of variance iﬁdicéted a
significant treatment effect (F = 15.35, df = 5,28, p <
:001: see Tah}e 3). Post hoc Newman-Keuls tests rqyealed
both diazepam and adinazolam groups ate significantly

faster than the controls, DMI, and amitriptyline groups.
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— (CONT), Adiazepam (DIAZ), adinazolam (ADIN),

.desmgthylimipramine (DMI), amitriptyline (AMI), or

chlo??romaz}ne (CPZ) .
is significantly different from control ( p < .05).
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Mean latency (sec) to begin eating in a govel
environment following a single dose of vehicle control

An asterisk indicates a mean that:
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(Vellucci and File, 1979) level, suggesting that the
anxﬁolytic effects of the benzodiazepines’diminished over
time. Thus, in this experiment, we compared the latency
to begin eating in animal treaj?d for 21 days with

diazepam, adinazolam, DMI, amitriptyline, CPZ, or vehicle

~ control. '
, | , o
u. chggﬁ . ‘ - . b .
\\~ Enbjgéﬁﬁ Forty-two male Long Evans rats were used .-

©in vthis experiment. Theothe beginning of the injections
’ the rats wéighed betweeﬁ 250-275 grams. lThe housing,
feéding, and handling regimes were identieal to those
descé&bed in Efperiment 1.
Apparatugs. The testing apparatus was the same as ?
describe@ in Experiment 1. *ﬁ
Drugs, nThe drugs and dosages were identical to those
describedQQn Experiment 4.
. Exgggénsz In pilot testing, the dosage of DMI used
was 20 Qg/kg. Unfortunately, two the the five animals
' died before ten days of iﬁjections were completed and the
remaining animals weighed between 150-180 grams at the
:/h\\\ time of testingf' It was therefore decided that the dosage
;hould be reduced to 16 mg/ig. At this dosage, the
\ ‘ mortality rate was 0%. Body weights were monitored during

the course of study and careful attention wds paid to the

heaiﬁh of the animals.
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Rats were injected daily for 21 consecutive days. On

‘
‘the 19th injection day, all food was removed from'the home .
cage and on the 21§t day,* the final injection was. given \
one hour prior to testingi The .conflict paradigm was

carried out in the manner d;scr}bed in Experiment 1. '

¢

Results and Discussion. v

\ The behavioral effects of chronic anxiolyticsior-
anti—psychotﬁc, and chronic anti-depressant administration
. were determined on two different days, with a control
group run on each day to control fon’daily va;iatloﬁs in
uncontrollable variables such as haquround noise.
Although the anxiolytics and anti-depressants cannet be
directly compared, a contrcl group was run on both days
and a common anxiolytic effect (exprasséd as a percentage’
of control values) could therefore be determined for each .
group. Figure 5 febresents the mean latency to begi;
eating tolléwing chronic Freatment of diazepanm,
adinazolam, CPZ, or vehicle control. These drugs produced
an 83%, 85%, and 30%, decrease respectively, relative to
the controls. A one-way ANOGA revealed a significant main
effect (F = 20.48, df = 3,19, p < .001; see Table 4). 4
Newman-Keuls tests revealed that both diazepam and

adinazolam produced significant anti-conflict effects.

The decrease in eating latency seen by CPZ was not
o .

iigniticant. “






’

$7

. . ' 4

. g ‘

. - .

Table %
- [N X ; .
- ’ ~. L ] ‘
L. ’ ' .'
. ! .

+ Source of Degrees of Sum of Mean . F
Variance Freedon Squares Square
Between 3 -161740.40(F 53913.48  20.48

a . ' . ’
H:thin 19° » 50014.87 2632.36 /
o - . -
Adjusted 22 © 211755.30 ,
Total Ly )
’ L]
.= ry R4
- (\'ﬁ Yo * ™
v ) 2 )
> - 4 / *. »
. | . )
R ' '\ - -~
‘ ¢ ” 'l
'R | ' \ '\\ }
* ® 1. ¢ : P
‘> * \ x .
. [ "
” " »? ‘: il
P » LY ’ )
. o : o
. ;\ﬁ' . , \ +®
- ) 7 . . ‘
‘ . L)
AQ" ki » L Y







59

300 - | o ~
g . 2
8. . R ' [}
W -
S . 200+ B |
3] v |
g A l [~ede ‘
g o
100‘ / ‘ ’ 1-.»’,. : Y \
, *
E { . - J\ v \ <
3 » .
] ] N 4
% —eonr oM a1 |
TREATMENT
V4 Figure Caption . :l /

{ o
- Mean latency (sec) to hegin eating in a novel
- environment following 21 days of treatment with either
vehicle control (CONT), desmethylimipramine (DMI), or
amitriptyline (AMI). An asterisk indicates a mean that is
significantly different from .control (p < .05). !
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Experiment 6

The data from Experiments 4 and 5 sugé;sted that the
anxiolytic action of the anti-depressants occurred °
sometime between 1 and 21 consecutive days of treatment.
As méhtioncd earlier, studies indicated th;; panic
attacks, treated with imipramine, ceased within 3-14 days’
of treatment (Klein, 1964). Moreover, Kahn et al. (1986)
'demonstrated that the anxiolytic‘properties of imipramine
occurred only after ag-leasf 14 days of treatment.
Therefore, the purpose of Experiment 6 was to determine
whether the time course 6; the development of thg
anxiolytic effect of anti;depressant administration
followqd the clinical l;terature. Another issue being
addressed here was the possible role of the benzodiazepine
receptor in mediating the anxiolytic effect of chronic
anti-depressant treatmenk. Suranyi-Cadotfe et al. (1984)
demonstrated a down-regulatibn of the benzodiazepine
receptor following chronic anti-depressant ‘therapy and
suggested that the ben;odiazepine receptor might be the
locus of actibn of the anxiolytié effects of these drugs.
At low doses (less thap 2 mg/kg), Ro15-1788, a BZR
antagonist, had no phhrmacological effect on its own, but
could block the anxiolytic activ}ty of the benzodiazepines
if the éwo drugs are admini;tered concurrently (Corda,

Blaker, Mendelson, Guidotti, and Costa 1983). At doses

greater than 8 mg/kg, the drug became anxiogenic in natd;e

< (
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and if administered alone, would decrease punished
drinking (Corda et al., 1983).. Ig chronic anti-
Aepressant treatment attenuated aﬁxiety in a manner.
similar\to that of diazepam ki.e. via the benzodiazepine
receptor), then it was expected that a single dose of
R0O15-1788 would similarly blgck the anxiolytic effect of
chronic DMI treatment. If the benzodiaﬁgpine receptor was
not the mechanism of action for the anxiolytic actibn of
the anti-depressants, then the receptor antagonist should

not block the anti-conflict effects of theée.drugs.

Methods,
. Subjects, Sixty male Long Evans rats were used in
this experiments. The housing, feeding, and handling

procedures were identical to those described in Experiment

1.

rd
LN

Apparatus. The testing apparatus was the same as
described in Experiment 1.

Prugs, The drugs used were didzepam, DMI,‘qnd
vehicle contrdl. The dosages were identical to those in
Experiment 4. A dosage of 1 mg/kg for Rol5-1788; was
chosen to ensure that the drug did not produce an
,anxiogenic effect (greater than 8 ﬁg/kg). RO15-1788 was
generously donated by Hoffmann-La Roche, Basel,
Switzerland. It was dissolved in distilled water and a

-+ drop of Tween 80 per 5ml of’water.'

/

/
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Procedure. Aﬁimals were injected with diazepam, DMI,
or vehicl for either 1, 7; 14, or 21 consecutive é;ys.
Food deprivation began 48 ﬁours prior to behavioral .
testing. Again, all animals were given a final injection
60 minutes prior to behavioral testing. For the final
injection in the 21-day treatment group, the procedure was
changed slightly. One hour prior to testing, half of the
animals i; each group received a preliminary injection of
Rol5- 1788 while the remaining animals received an initial
injection of the vehicle. Two minutes later, all animals

received a second injection of diazepam, DMI, or vehicle.

All animals were observed in the conflict paradigm one

hour later.

Figures 7, 8, 9, and 10 reprasent the four .
individual test days with each drug group being compared
to its control. Following 1, 7, 14 and 21 days of
diazepaﬁ treatment, ' there was a decrease of 85%, 84%,
79.6% and 64% decrg,pe in eating latency respectively. The
time course of DMI treatment produced an initial 31%

ingrease in eating iatenéy following an acute dose, while

| -~
7, 14, and 21 days treatment produced an 8%, 44% and 37%

dcfﬁase respectively. A one-way analysis of variance was
3
conducted for each treatment duration. There was a

significant main treatment effect following acute
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treatment (F = 7.43, df = 2,11, p < .009:' see Table 6).
The Newman-Keuls tests revéaled diazepam animals ate — —
significantly faster than DMI and control groups.

Moreover, DMI and control animals did not difter from each
other. The datiuieplicated the'tindings of Experiment 4.
Following 7 days of treatment, there was a significant
effect of treatment (F = 6. 21 af = 2, 11, p < .016; see

Table 7). Post hoc Newman-Keuls tests revealed that only

.the diazepam grouf ate significantly faster than the

‘controls. Seven days of DMI did not produce an anxiolytic

effect.

“’”f?Eurteen apd twenty-one days of treatment produced
significant main effects (Fy4 = 14.82, df = 2,12, p <
.001; see Table 8; Fpy = 6.51, df = 4,23, p < .001;
see Table 9).° Newman-Keuls tests snowed that following

either two.or three weeks of both diezepam and DMI

‘treatment, significant anxiolytic effects were. observed.

These data replicate the findings of Experimentxs.‘

The benzodiazepine receptor antagonist, Rol15-1788,"
reduced the latency to begin eating by 40% when givenprior
to the 21st injection of diazepam, and gy 30% when given
prior to DMI. The ANOVA determined above for 21 days

treatment included these 2 groups. The Ne&man-xeuls tests

L}

reveeled that Rol15-1788 was not successful in blocking the//

anxiolytic effects of chronic diazepam or DMI treatment.
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Figure 7. Mean latency (sec) to begin eating in a novel
environment following a single treatment with either
vehicle control (CONT), diazepam (DIAZ), or ,
desmethylimipramine (DMI). An asterisk indicates a mean
that is significantly different from control (p < .05).
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desmethylimipramine (DMI). An asterisk indicates a mean
that is signif@cantly different from control (p < .05).
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Figure Caption
Figure 9. Mean latency (sec) to begin eating in a novel
environment following 14 days of treatment with either
vehicle control (CONT), diazepam (DIAZ), or
desmethylimipramine (DMI). An asterisk indicates a mean
that is siqnificantly dittorent from control (p <. .05).
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Eigure 10. Mean latency (sec) to begin eating in a novel
environment following 21 days of treatment with either
vehicle control (CONT), diazepam (DIAZ) , diazepam + Rol5-
1788 (DIAZ + Rol15-1788), desmethylinmipranine (DMI), or .
desmethylimipramine + Rol15-1788 (DMI + Rol5~1788). An
asterisk indicates a mean that is significantly different
from eentrol (p < .05). .
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Clearly, the antagonist was able to partially bloeck the

‘anxiolytic effect of diazepam. The difference in mean

latency to begin eating between diazepam + Ro15-1788 and

diazepam alone was 24%. Interestingly, Rol5-1788, at a
- :

dose of 1mg/kg, was not ‘able to block the. anxiolytic

L

effect of chronic DMI treatment. . .

’;Thé data suggested that the development of the
agx&olytfc act{yity of the qnti-depressagt, DMI, closely
followed the time co;rﬁg established in the clinical
litergture. The literature consistentiy shoyed that a

- |
hinimum of two weeks of treatment with anti-depressants
-

was necessary for the alleviation of anxiety (Kahn et al.

1986). Acute and 7 days ofﬁtreatment produced similar
results. No anti-conflict etfect of the anti-depressant
was observed. In contrast, 14.§Pd 21 days of DMI ¢
ﬁ}oatneht produced a significant anxiolytic effect.
Interest{%gly, in contrast to the ti;dings of Experiment

5, the effectiveness of diazepam treatment decreased

progressively over time. Acute treatment resulted in an

73

85% decrease in eating latency to a 64% decrease following

chronic treatment. These data appeared to suggest that’

over time, diazepam may indead begin to lose some of its

etfécfiveﬁhss in the conflict paradigm. It was important

R .
to note that .diazepam was still an extremely potent

iﬁiiolytig in this test. , v : \
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Finally, aithough‘éhc particula; dosage of’Ro%S—l?GB
did not produce a full blockade of the anti-conflict
effect of diazepam, it ;i& partially attenuate the
anxiolytic effect of the benzodiazepine. 1In con£fast, the
benzodiazepine receptor antagonist was without effect when
given prior to the 21st injection of DMI. That is, both
DMI and DMI + Rol5<1788 producéd similar decreases in
eatlng latencies. 1In order to accurately assess the role
of the b;;zodiazepine receptor in mediating'the anxiolytic
effeet of chronic‘&nti‘iepressant treatment, it is
imperative to select a dose that fully blocks the effect
of diazepdm in the conflict paradigmr

4
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! . ‘ General Discussion
Y. 3
In a conflict ‘test that is sensitive to the ”
{anxiolytic cftecté ot'di;;cpan and adiﬁazolam, twg ueeks
| | of treatment with DHI‘and three weeks of treatment with -
) either DMI or amittiptyline significantly reduced the
latency for rats to begin eating in a novel environment. -

Acute or seven days of trhainent with these anti-

depressants was without effect. These data offer -

behavioral verification of the anxiolytic effects of
chronic, anti-depressant treatment.

. A second issue concerns the magnitude of the
anxiolytic effect of the agti-depressani treatment. In
comparison to diazepam and adinazolam, the anxiolytic
cfface\of chronic DMI or am%tfiptyline treatment could be

% considered as being moderate. Although ‘diazepam,

adinazolam, DMI, and amitriptyline all prodgced 0

e significant anxiolytic ettects, the percentage decrease in
latency to bcgin eating relative to controls, was greater
in the diazepam group. Chrpnic benzodiazepine treatment
produced a 64-85% decrease, whing,bhronic'anti-depréssant
treatment produced a 37-48% decrease in the latency to
\bcgin eating. The question here is whether anti-

‘ depressants could be as effective as diazepam in the

3

‘ conflict test. This could be gpsolved'by a dose-response
&

curve, mealuring latencies to begin eatihg following . .

s
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chronic administration with various doses of anti-
depressants. Relevant here, are the results of an initial
pilot study (see Experiment 5) using a 20 mg/kg dose of
DMI. Although this dosage resulted in severe decreases in
body weight over the 21 day injection period} the mean
percentage decrease in eating latencies relative’to
controls in the confli¢t pérpdigm was 75+10.6%, well

within the range of enzodiazepines. This finding

suggests that high doses of DMI might produce latencies

to begin eéting that ar combarable'ts those seen in
benzodiazepine-treated anigg;a,andwuo;::)underscore the
importance of a dose-response study.

The impetus foé this thesis was to asses; the role of
\;;ii—depressants in anxiety and to begin to address the
question of whether the anti-depressants and

benzodiﬁzepines reduced anxiety via the same mechanism.

As mentioned earlier, this question was not answered f-
adequately, since the results of the benzodiazepine
receptor antagonist, R01571788, were inconclusivé.
Althoggh the role of the benzodiazepine receptof as a
common mechanism of action between the benzodiazepines and
anti-depressants rema}ns to be clarified, the importance
of this receptor in the anxiolytic effects of anti-
depressants can still be addresséd. Suranyi-Cadotte et

al. (1984) demonst;a;ed a signiticqpt decrease in

benzodiazepine binding sites following chronic anti-

v .
. : : \
’
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agitation, heart raté, blood pressure, and plasma cortisol
levels. These findings were confifmed by Crawley, Ninan,
Pickar, Chrousos, Linnoila, Skolnick, and Paul (1985).
Moreover, these ;ffects were similar to those experienced
by héalthy males who had received a closely-related
analogue, FG-7142 (Dorow et al., 1983). The affinity of
B-CCE for the benzodii&zepine receptor (labelled by.
[3H]c19n;zepam) was approximately equal to that of .
clonazepam ¥ICgy = 1.6 vs 1.2 nM) (Insel et al., 1984).
Unfortunately, B-CCE has been found to be an artifactual
by-product of the extraction technique, fotmed non-
enzymatically from tryptophan-containing proteins that
were subjected to the specific extraction and purification
procedures used in these studies. The B-carbolines,
therefbré, do not appear to be the enﬁogenous anxiogenic
ligand (Braestrup and Nielsen, 1980). To date, the nature
of the endogenous ligand(s) remains an open quezlion.
Although the idea of anti-dcpressants‘reduciAg the-
availability of binding sites for an endogenous an§iogenic‘
ligand remains attractive, it is difficult to reconcile
with.;xisting data on two animal models. The'first\df
fhese models concerns two strains of rats selecti;ely bred
for fearfulness. The Maudsley reactive (MR) and the
Maudsley non-reactiye'(HNR) rats have.been selectivel&

bred for high and low fearfulness respectively in the open

field (Broadhurst, 1975). Thus, the MR rats show high

L
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levels of ambulation and defecation compared to the MNR
animals; Robertson, Martin, and Candy (1978) demonstrated’
significantly lower benzodiazep;ne binding (witheut a “
change in binding affinity) in the MR compared with the

MNR rats. These differences were most pronounced in the
hippocampus, hypothelamus, mid@ra;n, and medulla-pons. 3
These data suggest that low recebtor levels correspond to

high fearfulness in a noeel environment. B '

A similar result has been observed in a paradigm
involying the envi;onmental regulation.of benzodiazepine
receptors during development. Animals were either handled |
(H) or left undlsturggd (non-handled NH) dur;ng the first
21 days of life. At approximagely 90 days of age, males
from both groups were sacrificed and [3H]f1unitrazepaﬁ'
binding was measured in whole brain. {t was found that‘NH
animals had significantly lower concentrations of
benzodiazepine receptors relative to H animals (Boénof&,
Suranyi-Cadotte,.Quirion, anq Meaney, 1987). When tested
in the conflict paradigm described here, H animals ate
sigqiticantly’;eeter than did_NH aqimals (Bé&noff et al.,
~’1987). Taken/éegether, the data from the handling
manipulatiops!aqqin suggest(that a '‘decrease in
benzodiazepine ‘receptor concentrations is associated with
increased fear or anxiety in the conflict paradigm

Unfortungtely, the hypot?esis proposed earlier

.implied that decreased benzodiazepine receptors render an
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benzodiazepine receptor levels and their fearfulness in
the open-field and conflict test. Animals treated '
chronically with anti-depressant have decreased levels of

benzodiazepine receptors (a pharmacological manipﬁiatjon,

that would, in this case, mimic a normal, adaptive
regponse), but would otherwise be like the handled or non-
reactive animals (low levels of endogenous anxiogé;ic
ligand) . Therefore, in the conflict paradigm, these
aningls behave similarly to the non-anxious animals. The
receptor lév;ls could then be considered as being less

relevant {n anﬁ;als with low levels of the endogenous

'3
¢

aniiogen%p.

Since variations in benzodiazepine receptor densitieiu

\

‘- may be unrelated to the ankiolytic effects of chronic,
anti-depressant treatment in the conflict paradigm, it
becomes necessary to examine other systems through yhich
the\benzodiazepines and anti—depress#nés may exé?t their

. anxiolytic effects. The duestion, then, is whether the
benzodiaiepincs and anti-depressants share a common
mechanism of action in addition to any actions‘these drugs
may -have on the the q;BA-benzod;azapine—CI iopophore
complex.

. Of interest to the present discussion is the role of
'sorotonin in anxiety, and there is a significant body of
/ literature to implicate this neurotransmitter in anxiety
(Iversen, 1984). Gray (1982) proposed the importance gt

; ) -
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the ascending S;HT gystem in anxiety based upon its
innerv;tion of the septo-hippocampal system (see Figure
11). Serotonergic innervation c} limbic regions
originates in median raphe nuclei, with a smaller
contribution from thé dorsal raphe. Efferents from the
dorsal raphe innefvate the ventr?l hippocampus ana lateral
septum. Ascending fibres Trom the median raphe enter the
septum from the medial toxeb}ain bundle.and‘then reach the
dorsal hippocampus via either the fimbria-fornix or the
.cingulum bundle. Finally, the median raphe innervates the
medial septum via the medial fore?rain bundle (Gray,

1982) . '

The role of serotonin in animal models of anxiety has
been approached from s;vefhl perspectives. é%r example,
Soubrie, Thiebot, Jobert, Snd Hamon (1981) examined the
effects of microiontophorefic application of
chlordiazepoxide (¢DP) and 5-HT, in the conditioned
emotional response (CﬁR) paradigm. In the CER p;radigm,
animals are trained to bar-press for food. Once stable
baseline responding is achieved, an auditory stimulus is
introduced, and this éone is paired with the delivery of
shock. On subsequent trialg; the tone is presented in the
absence of the shock and the degree of behavioral
suppression (i.e. reduced bar-pressing for food)  is
measured in response to the tone. Soubrie et al. (1981)

found that injections'otNS-HT into the dorsal raphe

Y

o
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Figure Caption

Figure 11. Diagrammatic representation of the main
projections of the serotonin axons to the septo- .
hippocampal complex. AL, ansa lenticularis; CB, cingulum
bundle; D, dorssl and V, ventral hippoca*p\u: DR, dorsal
- raphe; DT, diagomal tract; 'F, fornix column; FI, -
fimbria: L, lateral and M, medial septal nuclei: MNFB,

medial forebrain bundle:; MR, wedian raphe; TSHT,
' uptohypothnhpif tract. (From Gray, 1982.) |
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produced an increase in rocpondinq that had prcviouuly
been suppressed by tha ton.. The application of S5-HT ;nto
the’ raphe produces a- decrease in serotonergic activity'at
limbic projection sites, perhaps duarto its fnhibitory
effects upon serotonin receptors. The stimulation of
these receptors by 5-HT or an aéonilt prpduce; a decrc&sc
in release and turﬁovar of 5-HT and &dgreascd serotgnerbic
activity in the s@ptum and hippoéampps ‘(Haigler and
Aghajanian, 19277). Therefore, if seroéonin is applied at
the level of the cell body, S-HT turno;pr is-decreased and,

»

there is a concomittant increase in responding that was

originally suppressed by a tone. In a similar CE o

+

paradignm, Harthann and Geller (1971) denonstrated that
systemzc admiJistration of p*ch}orophcnylalanina (PCPA)
reversed the behavioral suppression pfﬁduccd by the tone.
PCPA decreases 5-HT levels by blocking the acttvity of the
serotonin precursor, S-hydroxytVthophan (S-H?P) ({Feldman

and Quénzer, 1984). p ,

Another method of decreasing cantral 5-HT g?ﬁivity is

-

by injccting 5, 7-dihydroxytryptanin. (5, 7-DHT) into the
asccnding S-HT tibr.s. This neurotoxin srlqgtively
destroys the 5-HT fibres (Féldlap and Quenzer, 1984{.
Tye, Everitt and Iversen (1977) reported that 5,7-DHT
signiticantiy'ipcrza.ad bar-prosling thpi had previously

been suppressed by shock.

-~

<
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N Conversely, increasing central.geroéongrgic activﬁfy
produceé behavioral suppression. Aﬁ;lson and. Ferster
(1961) ;rained pigeons to key-peck for food~§hd' '
\ ,subseduently paired delivery of food with shock.
Iproni?zid (a monoamine o;idase inhibftor) and s-ﬁTP \
produced éignificanf decreases in responding when foad . o~
délivery was paired with shock. Moreover, Stqho and
gergé; (1973) using a Geller conflict pafadigm,\found that"ff\\’
ﬁfhe increase in punished responding produced by the |
benzodiazepine, oxazepam, was blocked by,an i.c.v.
injection of 5-HT. 0011ectivé1y, these data clearly

-

indicate that antagonism of serotonin produces an increase

-

in responding that was preGiously’suppréssed by
' \‘\’
ggnishment, while the enhancement of the serotonergic
< , 2 I

system Eépears to produce an anxiogenic effect.

. ?h% mechanism by which the benzodiazeéines~might .

produce their aﬁxiolytic effects through the serétonergic

system was examined by Wise, Berger, and Stein (1952).

Rats received'eitheg one\fapute) or six consecutive .
\\\\\treatments with oxazepam, and the effects ;pon serotonin
- .. and norepinephrine (NE) turnovgr'were subsequently
determined. Following an acute dose,’bofh 54T and NE
turnover were reduced. Interestinglf, following 6-days of
‘treatment with the benzodiazepine, only the serotoner;ic
turnover was still ﬁepressed., Tolerance had developed
towards/the effect upon norepinephrine. These findings
» :

\‘ J
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were also‘demonotrated‘at the pehevioral level. Using the
Q

Geller conflict test, Margules and Stein (1968)‘found that

/ ¥ :
o the initial response to a high dose of oxazepam was

Tedation. That is, the benzodiazepines decreased both ;
punished and unpunished responding.n Drug-sophisticated
rats (22-daily injections) demonstrated.a different

behavioral pattern. The decrease.in unpunished\-n d y S
reiponding, a measure reerctiJ%\if sedatioo, was absent,
whereas the inérease in punished responding was maxzmal._
These data suggest that the sedative effects of the
benzodiazepines pensist in drug-naive animals, while drug—‘
sophisticated animals have become tolerant to these
effects. These data,‘;n conjunction wito/wise et al.

61972) appear to attribute the anxiolytic action of'the'
benzodiazepines to. their continual suppressive effects

upon serotonin. Moreover, the tolerance measured in

norepinephrine turnover parallels the tolerance to the

observed sedative effects of the behzodiazepines.

All of these data appear to suggest that the,limbic‘
system, especially the seotum and hippocampus, plays an
important role- in the expression of anxiety and may
suggest a neurological site of action for-the anxiolytlc
drugs. Moreovér, serotonergic projectiqns from the raphe
to these brain regions also ‘appear to be implicated in

anxiety, which suggests that this neurotransmitter may )
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represent a second mechanism (in addition to GABA) upon
whlch the anx?é&ytics act. _

The_;qle of serotonin in'anxiety‘has received
considerable support. Interestingly, this T
neurotransmitter<has also been igblicated in the . ‘
deﬁressiie state. New anti-depressants such as
‘zimelidine, indalpine, and fluvaxamine, are relatively-
seleq@ive serotoqip uptake inhibitors (de Montigny andJ

A

Blier, 1984). Their effectiveness sugéests that loy '

‘ L4

ievels of -central serotonin may exacerbate the'depressive

¥

state. Undgréténdinq the mechanism of action of these
drugs has reéeived an increasing ampﬁnt of attenéionn
Presumably, administration of such drugs would produce an
immediate increase ih the availaﬁility of serotonin, yét
the clinical research demonstrates that treatm;nt must
persist for at least two to three’weeké before qn§ )
alleviation of depressive symptoﬁs is observabie. Thus,

it> is unlikely that the re-uptake effect is central to the

-anti-deprésgant action of these drugs. This is a

" phenomenon common to all anti-depregsants and the

explanation can be found at the level of the receptor.
Several research grdups have demonstrated that the
acute administration of tricyclic anti-depressants and MAO

inhibitors depress the firing rate of neurons in raphe

~nuclei (Sheard Zolovick, and Aghajanian, 1972). De

L4

Montigny and Blier (1984) examined the responses of dorsal

EE]

—~



raphe nuclei was determ;ned. Following acute treatment,

‘Thie finding replicates tho

.raphe neurons in anesthetized rats.folloﬁing acute

intraveneous injections of zimélidine or indalpine;' With

both drugs, there‘was a significant reduétjon of firing in

k-

these serotonin heurons ccmpared to baseline ¥firing rates.
\

-~ / 5
As discussed earlier, the decrease in firing is associated

with the activation of serotonérgic autoinhibition, which

subsequently produces a decrease in the amount of the _ !

- transmitter}availablq post-synaptically (i.e. lipgbic

structures). Moreover, animals were treated for giﬁher 2,
7, or 14 days with either,ziﬁelidiﬁe, inddlprne or

vehicle, and the spontaneous firing rate -of the:dorsal.

"the spontaneous f;ring rifezwas dramatically decreased, -

e of Sheard et -al. (1972). |

' seven days of treatment, the activity of the dorsal. raphe,‘

nuclei Rad increased significantly, but was still below

control values. Two weeks of treatment retgrned the

spontaneous firing of théée’nauréns to control vaiues,

indicating a progressive recovery of spontaneous flrrng
rate EL the raphe cells. This recovery process was
explained as a decreased sensitivity of the neurong to the
presencg‘of serotonin. This was demonstrated by'measuring B

A ]

the firing rate of these raphe neurons to an i.v.

—injection of 1SD in raps"that were treated for 14 days

with either indalpine or riﬁalidine. Dé ‘Montigny and
Blier found that the EDg, for LSD was: increased 2.5 fold

4

.
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in those animals that had been pre-treated with these
‘serotonergic uptake inhibitors. That is, significantly
‘more LSD was required‘in-the anti-depressant treated
animals‘to-produce a 50% decrease’in firing rate relative
to controls. These data suggested that the raph# neuron
was_ less sensitive to the inhibitory influences of

‘ serotonin. The densensit zation of the raphe is also @
observed following chronic treatment with tricyolic anti— -
depressants (DMI and AMI) and MAO inhibitors : i

o
'(tranylcypromine). ‘Three weeks treatment with.these drugs

produces a significant decrease in [3H]spiroberidbl
binding, which under the appropriate conditions, is a

Selective ligand for the S-HTZ receptor (Kellar, Cascio,

n———

Butler, and Kurtzke, 1980; Peroutka and Snyder, 1980)
This‘receptor down-regulation is not fodnd following acute
treatment.. Together, these data suggest that both the'\\\\
receptpr do&n-regulation and desensitization of these
raphe neurons correlates with the increase in central S-HT
1eve1s following chronic antifdepressant treatment.

‘ " The development of ‘the clinical anti-depreésqgt
effect of thege uptake inhibitorslclosely follows the

desensitization of the serotonergic raphe~neurons. Acute

‘.treatment with the drugs results in an increase in the

avaiiability of serotonin in the raphe nuclei due to
blockade of uptake of the transmitter. This produces a

\'significant decrease in the firing of the raphe neurons."

1

s

o
.
L4
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COntinned adminfstration of the uptake‘blockers resulfs in
the desensitization- of the raphe neurons and a subsequent
return to- normal firing rates of these neurons: Once the
autoregulatory function of the serotonin receptor has
become desensitizedy these drugs will increase'the '
atailabilit&.of serotonin and alleviate the symptons‘of,
depression. | ‘

4
The data from the serotonergic manipulations offer

‘another para ox in the present thesis. That is, chronic

anti-denre sant treatment, which increases central
seratoni levels, also produces an agxiolytic effect in

the tonflict paradigm. The evidence presented earlier

_____suggests that anti-anxiety effectsare produced by

blocking serotonin, and that levels of serotonin would

be anticipated for an anti-conflict effect. The only way
to address this issue is to suggest that the effects of o

* anti-depressants upon serotonin levels in a home-cage
' experiment differs markedly to the effects these drugs

1have under conditions of stress or anxiety That is, the‘

work by de Montigny and Blier demonstrates that chronic .
anti-depressants decrease raphe firing rates and thereby

increase serotonin levels. These experiments are
'\

.performed on anesthetized animals. Moreover, the observed

down-regulation of 5-HT, receptors following chronic anti-

depressant treatment is found in a home-cage situation. .

" Perhaps in an anxietybprovoking sitnation, serotonergic




~activity following chronic anti-deprossant troatmont is .

different frém that seen in home-cage or anesthetized
conditions. | _— /

Clearly, both the benzodiazepine recepto#/andx
serotonin data leave unresolved the question/;t hos\anti-

depressants exert.their anxiolytic activity/ Perhaos one

. approach is to reformulate thé question. : An addition to

examining a common méchanism of action between the

benzodiazepines and anti-depressants, it would also be
fruitful to examine whether there s a/common underlying
basis for anxiety' and depression. I anti-depressants are

effective in treating depression because of their ability ° .,

P —

to reduce anxiety, then one miqpt estion ﬁhether the

/

‘benzodiazepines might also be ef ective in the treatment ’ v

of depression. Schatzberg and Cole (1978) reviewed 20 ' AR
double-blind controlled studies in which a benzodiazepine

' and placebo, was compared with either a tricyclic aqti-' Ty

depressant or an MAO inhibitor in the treatment of

"deptression. In none of t/e studies was: the benzodiggggine\\
. ¢ / ) . ’ H

significantly superior So the?anti-depregsant'or‘plecebo: =
The authors suggested tﬁat although the benzodiazepines~

could lessen the anxigty associated with the depressive

_ state, these drugs ere ‘unable to alleviate the core

symptom of depress on. ‘ ‘ °
There is soﬁé exciting research that may provide ’ 5

insight into the role of anxiety in depression. It has
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been demonstratéﬁ in clinical studies that, the ’ b

.indicated that alprazolam was as effective as imipramine

92

ﬁfi;zolobenzodiazepine, alprazolam, is as effective as

\ " -

diazepam (Maletzky, 1980; Rickels, Csanalosi, Greismaﬁ,

kY

Cohen, Werblowsky, Ross,‘and Harris, 1983) or 1orazepam

o

(Ruiz, 1983) in the treatment of severe anxiety. The

advantages of alprazolam is that there have been no -
indieations of tolerance (Fawcett and Kravitz, 1982), a .
lower. incidence of side effects, including seddtion and

drowsihess_(maletzky,'1980;'lRickels et}él., 1983) and

.absence of seizures following withdrawal from the drug

(Fawcett and Kravitz, 1982).
Even more impressive than its efficacy in .the

treatnent of anxiety is'alprazélam}s potentiél as an anti-

R depxessaht. Aden (1983) reported upon the efficacy of

alpfazolam in treating, clinically anxious patients with

associated depressed mood. More intéresfing are the
. o A

controlled studies in which alprazolam was compared with - :
imipramine in the treating of major depressive disorders
(Fabre and McLendéﬁ, 1980; Rickels, Cohen, Csanalosi,

~

Harris, Koepke, and Werblowsky, 1982). Both studies

~in alleviating the depressive symptoms. Moreover, there

were héveral'important differences in favor of alprazolam

‘over: imipramine. First, in terms of mg/kg daily dosages,

L]

the mean alprazolam doégge was 2.6 mg/kg versus 128.4
' >

mg/kg for imigramine patients (Fabre and Mclendon, 1980).
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Second, the incidence of-anti-cholinergic side-effects
associated with tricyclics, such as dizziness and dry-
mouth were noticeably absent with alprazolam~(Fabre and’
McLendon, 1980; Rickels et al., 1982).  Finally,
alleviation of the depressive symptoms'by alprazolam
occurred much eariier in the treatment than with
imipramine. Significant inprovements on the Hamilton
Psychiatric Rating Scale for Depression were observed b§
the énd of the first week of treatment with alprazolam

(Fabre, 1976; - Fabre and Mclendon, 1980; Rickels et al.,

1982). Consistent with earlier literatgge, at least 24 "to

A2

21 days of treatment was necessary to observe any
’1mprovement with imipramine. '

The efficacy of alprazolam in the treatment of
depression, combined with the data suggesting that the
1,4-benzodiazepines are considered jneffective in these
disordefs, strongly suggest that alprazolam has anti-
depressant activity thét is independent Brom its
anxioiytic effects. Unfortunately, relatively little is
known about the mechanism of action of alprazolam. The
drug does'nbt'block reuptake of NE at the synaptic cleft,
inhibit monoamine oxidase, or affect 5-HT metabolism
(Fawcett and Kravitz, 1982),.suggesting that the mechanism
'of'action is different from other anti-depressants. . Ohce

the mechanism of action of this anxiolytic-anti-depressant

[
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. -common’ link,ﬁhtween anxiety and depression.

N~ 0N A

]

is datermingd,)it may provide further insight into a

There have been relatively few animal studies .
addressing this relationship between anxiety and

A 3

depression. An study. by Drugan, Maier, Skolnick, Paul,
and Crawley (1985) offers some interesting insigh% into
this issue. Rats received 80 inescapable tail-shocks and
724-hours later were tested for escape learning in a two- '’
way shufelebox. In general, previeps exposure to
inescapable shoek preguces a deficit in tne ability to
\learn thé appropriate behavioral response when escape
becomes possible (Maier and Seligman, 1976). Moreover,

this model has been considered analagous to the depressive

1

state (Maier .and Seligman, Another groqp'of rats

1976) .
received a single i.p. injection of the anxiogenic B-
carboline,‘FG-7142\and were similarly tested in the

. shuttle-box 24-hours later. Both inescapableushock and
FG-7142 produced marked deficits in escape learning
relative to controls. Interestingly, the bena§iora1
deficit was blocked by the benzodiazepine receptor

‘antagonist, Ro15-1788 suggesting the deficit was mediated
through this receptor. These data offer supporﬁ that

anxiety may predispose‘an animal to dieplay beHaviors

associated with depression when exposed to an inescapable,

stressful situation. f "

\ -

!
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In another study, Litt;e, Stanford,xénd Taylor
.demonstrated that a single dosg of FG-7142 produced a

sign;f;pant up-regulation of B-adrenergic receptors one -

week later. Increased B-;eceptors‘densities are a

. consistent marker of depression (Biegon, 1983) Again,

these data suggest a correlation between anxiety and .
depression. ‘ i | I

( For future.studies, it would be very important to.
addreég the issue of the predisposing influence of ﬁnxiety
oﬁ the deveiopment of depfzssion (Anisman and‘Zachérko,
1982). ;horeover, what are the behavioral effectsof
chronic anxiety. Does chronic anxiety produce behavioral

depressién?‘ If so, is that depression responsive to .

R

benzodiazepines or anti-depressant treatment?

]
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