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-GENERAL‘INTRODUCTION' '

ITricyclic antidepressants are but ‘the ﬁBst reéent
development. in the long, and as yet-unfﬁifilled. sea:qp.ior '
a drug that is cbmpleﬁely effective and safe in,the treat-

. ment of-eﬁdogenous‘depressidn.c\lt first;.only certain '
features of depression, e.g., 1nsomn1a. anxiety and aglta-
tlon, and so forth, could be treated using ‘'such drugs as

- -‘ L barblturates, éhloral hydrate or bromides,. Then, in the -

| | latg nineteen;thirties. amphetamines were int}oduced for

the symptoﬁatic felief of mild deprgggiye_states (1i).‘ Un-
fortunately, these central nerYoué sysfém (CNS) stimulants

.had'only a transient éffgct on.depression and sometimes re--

. sulted injaddiction (9%). In 1938-40, electroconvulsive

therapy't;CT) proved useful in the t;eatmeﬁt 6f gény severe
‘depressions (90). However, ECT has the disadvantaé; of

)

inherent dangers and psychorganic side effects (e.g,, loss

an

with repetition (94). In the late nineteenﬁfiftigf, the

monoamine ‘oxidase (MAO) inhibitors and the tridyclic anti-

depressant, imipramine, were introduced almost simultaneously.'

Certaln observatlons linked, on the one hand,
the antldepressant and euphorlant effect of the MAO 1nh1b1—

tor, 1pron1a21d with a large increase in the brain levels
1

A . ' [N

, of memory). Moreover, the efficacy of ECT tends to diminish ~

N
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of‘serotonin and noradrenaline and, 'en the other hand, the
depressant effect of reserplne with a pronounced decrease in
the braln levels of these mediators. . This led Kline, in
1957 (192), to suggest that depression could be due to an
imbalance in brain neurochemical transmitters. This idea
was expressed by Schildkraut (150a) as the "catecholamine
hypothesis of effective dlsorders," which proposes that
some, if not all, depressions are associated with an abso—
1ute or relative deficiency of catecholamlnes. particularly

noradrenallneﬂkat functlonally important adrenerglc recep-

tor sites in the brain. Elation, on the other hand, may be

associated with an excess of such amines.

Since the side effects of the MAO inhibitors wers -

50 numefous and dangerous. their cllnlcal use gradually di-

mlnlshed in favour of imipramine, which “had been first intro-

duced for treatment of depressive states by Kuhn (94). This

drug has been shown to preduce rem1851ons in 60% to 70% of

cases and is halled as being the’ broadest spectrum ‘and best

tolerated of the antidepressant agents (46). In keepiné

x
with the "éatecholamine hypothesis" of endogenous /depression,

it has been postulated that the action of imipramine as an
+antidepressant maylbe linked to its action of blo king the

reuptake of catecholamines and serotonin (77),

\
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As the usefulness of imipramine as a specifie

antidepressant drﬁg became apparent, théfe followed the
- synthesis and investigation of .a humberaof itslcongeners
coiloctively known as tricyclic antidepressants, including
desipramine, trlmeprlmlne, amitriptyline, nortrlptyllne,
protriptyline, doxepln and others.» The chemlcal structure,
dosage, pharmacology, clinical effects and toxicity of
these compounds are 80 similar that they are commonly con- -
51derod together (177). Since the early nineteen-sixties,
the use of these drugs has increased steadily., For ex-
amole, under the National Health Service in Creat Britain,
whereas in 1962, the cogbinéd totallof prescriptions writ-
ten for amitriptyline and imipramin; was about 900,000,

in 1965, this figure surpassed 2,000,000.

The widespread use of these drugs to treat de-
preésivesf many of whom by definition have suicidal tenden-
cles, makes these drugs likely to be taken in overdose,

Not surprlslngly then, along.with the increase in the use
of these drugs, has been an/increase in occurrence of in-
tentional and accidental poisonings. TFor example, the
intensive care unit of one Australian hospital reporté that,
of thé%poisonings treated over the years 1968 and 1969, 12%
involvod overdose with tricyclic antidepressants, but by

1972, tﬁis.figure had increased to 20% (56).

{
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As reported to ﬁoison control centres across
Canada, the number of poisonings due to imipramine and
amitripfyline almost d;ubied in two years, from 272 in 1970,
to 495 in 1972. During the same period, the total number of
reported poisonikgs from all agents, including among others,
household chemicals and "strget dfugs," increased from
12,274 40 18,241 (an increaéz of iess than SO%i.

But, it %s.not just suicide attempts that account
for overdoses of tricyclic antidepressants. After the intro-
duction, in the mid-nineteen-sixties, of the use of these
drugs for childhood enuresis, the rate of poisonings: in
children also began %o cllmb rapidly. A recent report (63):
concerning cases of p01son1ng treated at a particular .
children's hospital indicates that, of 60 children admitted
between January, 1966, and July, 1973 - a perioﬁ of' seven-
and-a-half years - half were admltted in the last year~and—
a-half, and 60% of these patlents had been Prescribed |
tricyelic antldepressants for nocturnal enuresis.

| In severe poisoning with imipraminénlike anti-
depressants, the triad of coma, convulsions and cardiac -
disturbances is the cardinal feature. Ultimately, the most

critical aspect of this "unholy trinity" is cardiae func-

tion. In a survey of 97 cases of poisoning with tricyclic

|
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anﬁidepresSants, conducted by Hall in 1970 (68), it is
noted that in all the fatal cases in which the ECG was moni-
tored, cardiac abnormalities were observed.

Evidence that extracardiac load may increase'the’
cardiotoxicity of tricyclic antidepressants has been demon-
strated by Cairncross and Gershon (27), who found that ‘

smaller doses of imipramine were required for cardiotoxic

effects in dogs rendered hypertensive. In poisoning with

Amipramine-like agents, seizure activity is a source of

added strain on a heart whose function is already severely

impaired. For this reason, a number of authors have

stressed the importance of controlling the convulsions (177},

(61). At present, such treatment is mainly symptomatic,
beiﬁg aimed at reducing convulsions without depressing key
physiological parameters. In recent years, the most fre-
quently used drugs to treat tricyclic antidepressant-induced
convulsions include diazepam (142), (208), (53), (84), (56),
(63), barbviturates (177), (100), (84) and dipheiilhydantoin
(26), (181), (65), (132).

As yet, however, no definitive experimental work
has been done to establish the superiority of any one of

these compounds, not oniy in relieving convulsions, but

also in caﬁéing the least exacerbation of the other adverse

7
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effécts o;curring after an overdose of tricyclic anti-
depressants. In view of this, an attempt is made to answer
the following questions:

(1) Of the anticonvulsants, diazepam, phenobarbifal and
dilantin, which is most efficacious in preventipg imipramine-
induced convulsions in rats? " -

(2) What effect does a toxic dose of imiprémine have on
respiration, blood pressure, he?pt rate and body temperature
in the unanaesthetized rat?

(3) 1f given in effective (therapeutic) doses, does the
anticonvulsant found most useful in preventing imipramine-
induced convulsions adversely affect blood preésure, heart
rate, or body temperature, when administered in conjunction
with toxic doses of imipramine? -
It is hoped that the answers to these questions-

might eventually contribute to the clinical management of

tricyclic antidepressant poisoning.

MERT 0 v e o = ¢ e
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A. PHARMACOLOGY OF TRICYCLIC ANTIDEPRESSANTS

1. Potentiation of Adrenergic Mechanisms

Probably the most important pharmacological effect
of fhe triq§c1ic antidepréssants, and iﬁiprémine in parti-
cular, is their'ability to potentiate adrenergic mechanisms.
This may occur both peripherally and centrally. In 1959,

Sigg showed that imipramine (but not the phenothiazines)

-potentiates the actions of catecholamin;zlon the cat nic-

titating membrane (161). Similar potentfiation of the effect
of noradrenaline by tricyclic antidepressants was‘féund in
the isolated vas deferens of the rat {191), (18), though

this effect appears to be biphasic, with concentrapibns above
10_7 M antagonizing the response (201). Other peripheral
effects of catecholamines which have been found to be poten-
tiated by imipramine include the response in isolated guinea
pig tracheal "chains" to noradrenaline (52) and inhibition

of transmigsion in the superior cervical ganglion of the cat
by noradrenaline (102).

In the cardiovascular system, although they do not
appear to have direct effecf, the tricyclic antidepressants
have been found to enhance and prolong a number of responses
due to exogenous noradre;aiine. Among these are the vaso-

pressor responses in such animals as the dog {26), (85), (86},

e e it o T 2t e i s T 2
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the cat (161), (154), the rat (150) and the rabbit (111),
(42), (194). The tricychics also potentiate the positive
inotropic and chronotropic effects that s&mpathomimetic
amines have on isolated heart preparations (15), (10),
(36), (118)./

The effects of endogenously released noradrena-
line also are potentiated, as seen iﬂ the cat nictitating
membran (145), (26) and hypogasiric-nerve urlnary bladder
preparation (164). Ty contrast, 1m1pram1ne inhibits blood

pressure rises produced by the indirectly acting vaso-

pressor amines, such as tyramine and amphetaﬁine (161).

This effect is believed to be due to the inhibition of the
uptake of these latter amines by sympathetic nerve
endings (20).’

Centrally, tricyclic antidepressants again appear
to enhance adrenergic mechanisms. In féct, this effect is
thought to be of prime importance in'the antidepressant
action of this class of drugs. For several reasons, de-
préssive states have been associated with a brain amine
deficiency (151). Several phgrmacological studies have
shown a relationship between the effect of some psychotropic
drugs.on behaviour and their effect on brain monoamines.
For example, the tranquilizer, reserpine, which is known to

reduce levels of stored serotonin and noradrenaline in the
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brain, can produce depression in people on long-term anti-
hypertensive therapy (70). Much evidence for the potentia-

tion of central catecholamine actions by tricyclic

antidepressants is based on studies using reserpinized ani-

mals, where it has been found that imipramine and desipramine
can reverse tﬁe sedation induced by reserpine in these -
animais (181). Other studies have shown tngﬁitég tricyclic
antidepressgnts increase or prolong many physiological and

behavioural effects of amphetamine and methamphetamine, such

' F\as enhanced self-stimulation (178), motor hyperactivity (69),

(55) and hyperthermia (79), in rats.
To explain this potentiation of adrenergic
methanisms, Sigg (161l) proposed that the trieyclic anti-

/

J ‘ 5
‘depressants may act by sensitizing adrenergic receptors. .

However, a more likely explanation for the pofentiation of

both exogenous and endogenous noradrenaline is that the

- tricyclics inhibit the neuronal uptake of noradrenaline.

Evidence for this mechanism, acting both peripherally and
centrally, has been amassed. The breakthrough occurred
when Axelrod (8) and Hertting et al (73) demonstrated the

inhibition of up%ike of exogenous noradrenaline by imipra-
D

mine at the peripheral nerve ending. A similar effect

‘épparegtly.also occurs in the central nervous system, since

Dengler and Titus (37) found that in vitrg imipraminef\

OREELLAC S Ta
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desipramine (DMI) and amitriptyline all inhibited;uptake of
3H-noradrenaline into rat brain slices. This was confirmed
in vivo by Glowinski and Axelrod (62) when uptake of 35-
noradrenaline injected into rat brain ventricles was in-
hibite& by these same drugs, but not by chlorpromazine.
Later workers reported‘similar,results {152), (55). 1In
addition, Persson and Walleck (130) found that protripty-
line also inhibited dopamine uptake in mouse brain., The
order of potency of the tricyclic antidepressant’'s inhibi-
tion of noradrenaline uptake reveals that the secondary
amines (e.g., DMI) are more effective than the tertiary
ones (e.g., imipramine)} (30).

» The tricyclics may further act by increasing the
rate of synthesis and thpOVer of brain catecholamines.

This has been found for intracisternally administered 3H—

noradrenaline in rats chronically dosed with imipramine (152).

Also, though tricyclic antidepressants do not prevent deple-

tion of brain amines by reserpine, desipramine has been
found to retard the rate of noradrenaline disappearance
after reserpine (103) _ This delay in depletion could bé
explained by an increase in rate of noradrenaline synthe51s
after administration of desipramine (120). coupled with im-

pairment of reuptake through the neuronal membrane.
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The effect of the tricyclies on synthesis and

reuptake in the brain implies a greater qua%tity of cate-

cholamines available in the synaptic cleft to interact with

T

adrenergic receptors.

2. Effect on the Serotonergic System

The tricyclic antidepressants enhance severai
peripheral effects of serotonin (5-HT), such as cqptréc-
tions of the cat nictitating membrane (67), (165) and iso-
lated guinea pig intestine (161). A similar situation exists
in the central nervous system, where the hyperthermic and
sedative effects of 5-hydroxytryptophan (the precursor of
serotonin) and of 5-HT weré& shown to be potentiated by tri-
eyclic antidepreséants (162), (98). Also, the ability of
imipramine to produce fatal hyperpyrexié in rabbits pre-
treated with MAO inhibitors appears to be due to an exagge-
rated 5-HT response (64).

Again, as with noradrenaline, the tricyclics may
exert their effect by inhibition of serotonin upﬁake. They
have been demomstrated to inhibit the uptake of circu;atiné
serotonin by platelets (175), (7). In the central nervous
system, Carlsson (29), among others, showed that tricyclic
antidepressants‘block serotonin uptake in mouse cerebral

slices, and Kannengiesser et al (83) demonstrated a blockade

of 5-HT uptake in rat brain synaptosome preparation. A number

[ S

i




i

of researchers have noticed that the tertiary amines, such

as imipramihe and amitriptyline, are superior in blocking

gerotonin uptake, while the secondary amines, such as -~
désipramine and nortriptyline, are more effective in blocking
the uptake of noradrenaline (29), (194), (167), (83), (159).
However, some of the pﬁarmacblogical effects of serotonin,
guch as.urinary bladder contraction in dogs {66), rat paw
edema (186) and increased capillary permeability (116) have
been shown to be diminished by tricyclic antidepressants.
Imipramine-like compounds have thus: 1) a ﬁotentiating
effect on serotonin (block of uptake); and, 2) an anti-

serotonin effect in other cases.

3. Anticholinergic Effect

Aﬂafher.important pharmacological effect which
tends to act physiologically in the same diréction as the
adrenergic potentiatioﬁ is the anticholinergic effect of
imipramine. Apparent antiqholinergic action maﬁifests itself:
cliniecally, during tricyclic]antidepressant therapy, in the
frequent atropine-like side effects, such as tachycardia,
dry mouth, mydriasis, blurring of vision, cﬁnstipation,-and
the appearance of 1atent;glaucoma (161). Also, the halluci- )
nations and delirium sometimes seen in tricyclic antidepress-
ant poisoning very much resemble the toxic effects of

atropine (50), (169). *
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e "% Experimentally, Sigg (161) has shown that the ad-
ministration of small doses'of imipramine in cats diministes
‘_ﬂqggdxcar¥;a induced by stimulatlon of the severed vagus. He -
also found that imipramine reduced pllocarplne sallvatlon
and blocked the effect of acetylcholine on isolated intes-

tine. The effect of carbamylcholine on the isolated fundus

of rat stomach was also antagonized in competitive fashion
by tricycizenantidepressante (5).' In mice, a weak mydriatic
effect oceurs following tricyclic administration (69)and in
K\\ dogs pretreated with atroplne and neostigmine, amitriptyline
“completely prevented the acetylchollne—lnduced adreno-
medullary secretion of_catecholamines into the adrénal
vein (106). | -
A central antlchollnerglc effect of trlcycllc anti--
depregsants ;s also’ in evidence. Imlpramlne has an effect
4 similar to atropine on the EEG of normal subjects (50), and
Bene%ové (17) reported tﬁat the EEG arousal ﬁroduced by
either physostigmine or nicotine was diminished by tricyclic
antidepressants. She also found a.Eerrelation between the
anticholinergic action and the clinieal'entidepressant activ-
ity of these compounds. '
Regerpine prodﬁces a parasympathomiﬁétic synd?ome

and toxicities which are enhanced by physostigmine, DFP and

carbamylcholine (99). These facts led Sulser (181) to
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suggest that the antireserpine propertles of trlcycllc
) \antldepressants may be due to an anticholinergic effect
There has been _controversy over this idea (98) but Hrdina
and Ling (75) demonstrated that the trlcycllc antldepress—
,_ants de influeénce brain levels of acetylcholine, since they
found that desipramine, when administered with reserpine,

blocked the usual inprease‘in levels of .'bound' acetyl-

choline seen after reserpine treatment alone. Desipramine,
when administered alone, lowered the level of ‘bound"acefyl—
choline. They proposed that this desipramine effgct could

.be due to the drug directly influencing the uptake of choline
and storage of acetylcholine and/or interfering with syq+ff
thesis and release of acetylcholine. 3

The finding that the rigidity of parkinsonism,

as well as the depression which sometimes accompanies this

condition, are alleviated by imipramine and desipramine,
is another point supporting the possibility that these drugs —.
have central anficholinergio’properties (12). Conversely,
- Qﬁ?has been shOWn.thaE increasing central acetylcholine

- | levels with the chol;;esterase inhibitor, physostlgmlne,
antagonizes manic symptoms and results in lethargy, drained
feelings, slowed thoughts;and motor retardation (78). This
is significant, since physostigmine has been found to antdgo-

nize many of the effects of tricyclic antidepressants.
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The extent to which the anticholinefgic effect
plays a role in the therapeutic act}@nﬂof the tricyclics
is still unclear. It has been sugéeqted‘that the central
anticholinergic ac%ivity can be explazﬁﬁQ in terms of
action via'adfenergic'mechaniéms thatlmay inhibit central

parasympathetic outflow (162).

k. Antihistaminic Effect

The tricyclig antidepressants were first in-
vestigated pharmacologically as possible antihistaminic -,

agents.m Since their structure is closely related to that .

i

of certain antihistamines, such as promethazine, it is

"y

" not surprising that %hey should show some antihistaminic

activity. Antihistaminic effects’of tricyclic antidepress-
ants have been demonstrated ‘both in vitro (39), (196) and

in vivo (113). (111).

5. Other Effects

Certain other pharmacological effects of tﬁe'
imipramine-like drugs include ah anorexigenic effect (147),
and in animdls, a sliggx sedative effect (196). Similar tb
the.phenothiaz%nes, tricfclic antidepressants possess 1o¢a1

anaesthetic activity (57), (201). In addition, minor anal-

gesic activity has been observed in experimental .animals (125),

(57), (186).
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B. TO;}bOLOGY OF TRICYCLIC ANTIDEPRESSANTS

,

1. Toxicity and Symptoms of Overdosing with Tricyclic

PR

Antidepressants

The exact amount of drug ingested in accidental

poisoning cases often cannot be -established, Availabie

reports nevertheless indicate that, in adults, the lowest

.fatal amount of imipramine was 500 to 750 mg. and the high-

est non-fatal amount was 5,376 mg. (68). Thus, in adults,
an amount‘scarcely four times greater than the usual thera-
peutic dose of 150 mg/day may be potentially fatal. 1In
children, ingestion of less than 10 mg/kg may precipitate
Severe symptoms,. and if the dose exceeds 20 mg/kg, severe
symptoms are inevitable. The sméllest fatal dose recorded
is 32 mg/kg and the largest dose survived is 112 meg/kg (177).
>) ..The time of -onset of symptoms after taking a toxic
dose of imipramine usually rangesff;ﬁﬁ one-half to three
hours post-ingestion, though Gii_;s (61) reported that one of
hig patients who had iﬁgesteq an unknown amcunt of imipra-
mine was asymptomatic until six hours following ingestion,
Poisoning may be classified as mild or severe.
The symptoms of mild poisoning include, among others,
drowsiness, estlessness, ataxia, flushing of the face,

dry’ ma\}h\ u inary retention, hallucinations, vomiting,

,/’
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and sometimes hypertension. 1In severe poiscning, symptoms

progress ‘to convulsions, hypoteﬁsion, coma, ECG abnormali-

ties and cardiorespiratory arrest.

The above symptoms fit into the categeories of
a) peripheral atropine-like disturbances (e.g., dry mouth,
urinary retention); b) cardiovascular disturbances; and,
c) central nervous system (CNS) disturbances. Since the
cardiovascular and the CNS manifestations (especially the
convulgions) of tricyclic antidepressant poisoning can be

life threatening, they merit separate consideration.

2., Clinical and Pharmacological Aspects of Cardiovascular
1 .

Toxicity
a) ECG Effects
.Cardiovascular side-effects already were observed

in early therapeutic use of tricyclic aQ?idepressants (o4).
In severes poisoning they occur invariably. With the excep-
tion of lithium, the ECG chaﬁges geen in tricyclic anti-
depressant poisoning aré unique among the psychotropic
drugs and are sometimes used by clinicians to diagnose the
tricyeclic antidepressant poisoning. Arrhythmias and ab-

normalities that appear in ECG recordings include: dis-

turbances in repolarization manifested as changes in the

configuration of the T wave and S-T segment (2), (155), (41),

disturbances in intraventricular conduction, especially
2 X
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right branch block (170), (27), AV conduction problems
(e.g., increa in P-R interval) and ventricular extra-
systoles (60). Changes in haemodynamic parameters reported
in cliniéal literature include tachycardia (in mild poison-
ing or in early stages of gevere poisoning) (41), (13),
(33), (27), transient hypertension (95), (163), (202) and
severe hypetension (15), (126), (65).

b) Haemcdynamics

(i) Blood Pressure: The haemodynamic effects of

tricyelic antidepressants in experimental animals are

well documented. In general, very small doses {0.1 -

0.5 mg/kg i.v.) produce slight increases in blood pressure
in experimental animals (163), (153), whereas larger doses
produce a decrease inlblood pressure whose duration and
degree is dose-dependent (163), (27), (54). Schmitt (153),
in an exhaustive study on the effects of imipramine on a
number of cardiovascular parameters, found that in d;gs,
after doses o6f 1 and 2 mg/kg i.v., a slight drop in blood
pressure occurredﬂgﬁﬂ dose of 4 mg/kg ﬁ;oduced a profound
vasodepressor responée. More recently, Elonen et al (42)
found that in the rabbit, intracaval injections of

2.5 mg/kg of protriptyline, amitriptyline, doxepin and
nortriptyline, produced a significant drop in blood press-

ure, the effect peaking between 45 seconds and 3 minutes

v
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from the bégihning of injection. BSimilar results were
repof%ed by Laddu and Somani (95), using infusion of
desmethylimipramine (DMI, 0.5 mg/kg/min) in dogs. An
initial slight increase in blopd pressure was followed

by a vasodepressor effect. Interestingly, in work done

on dogs by Sigg (163) and by Cairncross and Gershon {(27),. it
was found that imipramine, in’ doses from 1 - 2.5 mg/kg i.v.,
produced a biphasic or even triphasic response of blood
pressure, that is, a decrease, then an increase,.followed
sometimes by a decrease.

{ii) Peripheral Resistance: Attempts have been

made to establish the cause of the changes in blood press-
ure produced by tricyclic antidepressants. Blood pressure
changes can be caused by: changes in peripheral resistance,
alterations in cardiac output, or both. In animal experi-
ments only, Schmitt (153) actually recorded changes in total
peripheral fesistance. In anaesthetized dogs, injected
intravenously with 4 mg/kg of imipramine, he observed a de-
crease in peripheral resistance of more than 20%,

Other authors measured the haemodynamic effects
of tricyclics in animals made hypertensive by artificially
increasiﬁg their peripheral resistance. Cairnecross and
Gershon (27) treated one group of dogs acutely with angio-

tensin; which increases peripheral vascular fone and results
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in hypertension associated with bradycardia. Imipramine
did not antagonize the hypertensive effect of angiotensin
in these animals. In another group of dogs, hyperténsion

was induced by bilateral denervation of the carotid sinus

region. This neurogenic hypertension is associated with

maximal vasoconstriction and tachycardia. In these pPrepara-

tions, however, imipramine was founﬁ to lower the hyper-
tension. In renal hypertensive dogs, imipramine in doses up
to 3 mg/kg i.v. had no effect on the elevated blood

pressure (163).

As mentioned earlier, the tricyclics potentiate
the pressor response to noradrenaline, most likely by Dblock-
ing the uptake of this amine by sympathetic nerve eﬁdings.
However, the quantitative relationship between the inhibi-
tion of noradrenaline uptake and the potentiation of tissue
responses to noradrenaline is far from clear. While
Bonaccorsi anﬁ'Hrdina (20) felt that inhibition 'of uptake
could be involved in‘the potentiation of noradrenaliné/by
the tricyclics, the apparent adrenolytic effect of high
doses may involve other mechanisms. Using isolated, per-
fused rat artery, they observed = biphasic effect of DMI on
the noradrenaline—induced constriction, reminiscent of the
biphdsic effect seen on blood pressure. These authors also

A

showed that DMI inhibited the response of Vascular smooth

o
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muscle to potassium-rich, depolarizing golution and antago-
nized the contractile effect of calcium ions. These effects
also could be involved in action of tricyeclic antidepress-
ants o; peripheral resistance. o

v(iii) Cardiac Qutput: There is evidence from

both clinical and phatmacological studies, of.chahges in
cardiac output as a result of toxic doses of tricyclic
antidepressants. In dogs, Schmift (153) found a 25% de-
crease in cardiac output after i.v. injection of & mg/kg
of imipramine, as did Sigg (163) in earlier experiments.
The factors involved in changes of cardiac output, however,
are somewhat more complicated than those involved in peri-
pheral resistance changes. The cardiac output is directly
dependent on the heart rate and stroke volume. The stroke
volume, itself, is dependent on such factors as circulating
blood volume: venous return and the contractile properties
of the heart. g

a. Heart Rate: A number of workers in-
vestigated the effect of tricyclic antidepressanfs on the
heart rate changes in in vivo experiments. -However, not
all of the results of these studies are in agreement. After
i.v. administration af imipramine to dogs, Cairncross and
Gershon (27), using low doses (from 0.5 to 1.5 mg/kg) ob-

served a transient increase, whereai/Schmitt (153) noted

’ . \




23

no change in heart rate. With ardose of 5 mg/kg i.v.
in angiotenéin~treated, hyperteﬂsive animals, Cairncross
and Gershon (27) found a large increase of ab;ut 25% in
heart rate, which they attributed t0 the blockade of
Qagally—induced reflex ﬁradycardia. In a dog heartflung
preparation, Kaumann (85) found that DMI (2.5 mg/kg
i.v.) increased the heart rate, from control values of
160 beats/min, to 212 beats/min at peék effect. ' On the
other hand, in anaesthetized dogs, Schmitt (153) observed
a 25% decrease in heart rate after a 4 mg/kg dose of
iﬁipramine i.v, .

More recently, Elonen et al (42) administered
2.5 mg/kg;of émitriptyline, nortriptyline, protriptyline
and doxepin intracavally to rabbits and found that all the
drugs produced a transient increase én heart rate of 20% to
30%. This paralielled the time course of the decrease in
blood pressure noted'earlierl that is, the heart rate
peaked three minutes after start of injection. They there-
fore attributed the increase in heart rate to reflex
tachycardia. In the same series of experiments, intracaval
infusion of noradrenaline to rabbits resulted in a usual
pressor response, accompanied by a simultaneous slowing of
the heart rate by almost 30%. Amitriptyline, nortriptyline,

protriptyline and doxepin, injected during the noradrenaline
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infuéion. restored the heart rate and lowered the blood
pressure,. This effect, supposedly, was due to blocking
of vagally-induced reflex bradycardia. However, if the
- tricyclic antidepressant drugs were given thirty minutes
T) prior to the noradrenaline infusion, they did not abolish
the reflex bradycardia associated with the noradrenaline
pressor responses (42).

-

. The direct effect of tricyclics on the heart

N

rate without the interference of reflexes was, perhaps,
best demonstrated by Mundo et al (118). They monitored
the effect of various tricyclic antidepressants_on the
rate of spontaneously beating, isolated rat atria, The
atria were exposed to baths containing various tricyclics
in concentrations from 1077 to 1072 M. At concentrations

of 1077 and 106

M, DMI increased the atrial rate, while
at a concentration of 1072 M all the drugs examined pro-
Nduced a marked fall in spontaneous atrial rate.

b. Contractility: Using Langendorf's

pe?fused. isolated dog hearts, Cairncross and Gershoh‘(Z?)
found that low concentrations of imipramine (in the range
of 100 - 300_pg/1) produced a positive, while concentra-
tions above l'mg/l gave a negative, inotropic effect.

This observation was confirmed in numerous subsequent ex-

periments, usihg different animal species (36), (95), (153).
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Contractility of st;mulated, isolated rat
ventricles wag found also to be depressed when the ven-
triéles were exposed to a 12.5 ug/ml solution concentration
of imipramine (136). The effect of the drug progressed
slowly over the course of five minutes' exposure and the
recovery after washout was slow. Sodium salts of pyru-
vate or iactgte, added to the bath after imipramine
washout, had little effect on recovery. In contrast,
sodium bicarbonate gave a rapid recuperation of contrac-
‘tile force. In a more recent study, Davis and McNeil (36)
used spontaneously beating guinea pig right atria to test
the inotropic action of several drugs, including DMI,
imipramine, tyramine. cocalne and cértain antihistamines.
DMI at concentrations greater than 10_8 M, and imipramine
at concentrations éreater than 3 x 10-8 M, had positive
inotropic effects. A dose-dependent biphasic effect of
tricyclic antidepressants on contractility was seen also
ih whole animal experiments: In experiments'perférmed on
bilaterally vagotomized dogs by Laddu and Somani (95),

a DMI solution (0.5 mg/keg/min) was infused intravenously.
When the infusion was begun.<there was an immediate increase
in myocardial contractile force, which gradually subsided
over the next five to ten minutes of infusiqn. There was

then a gradual'depression of myocardial contractile force.
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This experiment showed very well the tignsitién from
positive inotropic effect with low doses to negatéve in-
otropic effect as the dose. builds up. It is important to
note that in this experiment, the depression of the myo-
cardium was at all times greater than the decrease in
blood préssure. Thus, when the contractile force‘had
reached nearly‘éero. the blood pressure ranged from 40 to
70 mm Hg. L )
Imipramine, %n doses greater than 3 mg/kg i.v.,
has been shown by Schmitt et al (153), to depress all para-
meters of cardiac contractility in dogs; this effect on
the myocardium was explained as being due to depressioh of -
the vasomotor centre. =
{iv) Summary: ﬁxperimental evidence reviewed
above indicates that tricyclic antidepressants appear to
have a dose-dependent biphasic:effect on haemodynamics.‘
While the known anticholinergic activity of the tricyclics
may contribute to their cardiovascular effects, small doses
of tricyclics seem also to act by an adrenergic petentiating
effect. This potentiation probably occurs through inhibi-
tion 6f noradrenaline uptake. For example Elonen (42)
has shown that a definite relationship exists between rank -
orderiﬁg of geveral tricyclics as to their ability to block
3H~noﬁ:;adrenaline uptake énd to thei; noradrenaline poten-

tiating effect in the rabbit heart.
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‘At the depressant doses of drug, the decreale in
blood pressure seen experimentally seems8 to be seconda
to myocardial depression, although a direct peripheral

vagodilator effect still cannot be ruled out. While -

pression of the vasomotor centre has been suggested; a

direct action on the myocardium seems to be the mosh likely
cause of the severe hypotgnsion and disturbances in co
ductivity and repolarization seen in poisoning with

tricyclics}x“;
!

3. Clinical Signs of Central Nervous System Toxicity

A variety of symptoms resulting from toxic effects
upon the central nervous system (CNS) appear in the clinical
picture of acute poisoning with tricyclic antidepressants.
Disturbances usually begin with agitation, confusiop, rest-
lessness and irritability (146), (24), (169), (144), (157).
This is followed by, or alternates with, drowsiness and
ataxia (58), (61), (100), (45). The symptoms may then pro-
gress to what Slovis (169f has described as a hypefactive or
hypertonic coma, where unconsciouéness is interrupted by
periods of seizure activity (58), (139), (177), (24), (84),
(65), (172). Finally, "deep flaccid J;ma" may‘dévelop,
and at this stage, life threafening cqrdioresﬁjratory de-
pression is often seen (169), (65). Changes in body tem-

perature of unknown origin also frequently occur, either

(<8
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a8 hyperpyrexia (58), (2)}:(61). (53), (65), or hypo-
thermia (126), (142). Whether the body temperature rises
or falls, seems to be dependent upon the occurrence of
convulsions, In all the cases where hyperpyrexia was

present, the patients‘had had generalized convulsions (53),

(58), (61). In contrast, no convulsions had occurred in

those patients where a decrease in body temperature was
recorded (142). :

, Convulsions are frequently seen in gevere
poisoning and constitute the most dangerous CNS effect of
tricyclic antidepressant poisoning: both because they add
to the stress on the heart and because of the possibility
of secondary cerebfal'damage (53). Other central nervous

system effects of tricyclic antidepressant poisoning may

include elevated cerebrospinal fluid pressure (61), siriking

"nystagmus (61), (45), fixed and dilated pupils - most likely

a peripheral anticholinergic effect (100), (177) - and
hyperacusis (169).

|
|
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C. CLINICAL MANAGEMENT OF IMIPRAMINE POISONING

,

_ Since there is no true specific antidote; treat-
ment of imipramine poisogzgékis symptomatic. The pharma-
cotherapy. is directed mainly at the cardiovascular and

central nervous system manifestations of the po;poning.

?

1. - Phafmacotherapy of Toxic Effects in the Cardio-

vagcular System .

As disgussed earlier, in the initial stages of
poisoning with triecyelic antidepressahts hypertension may
occur, while profound hypotension frequent;y supervenes in
the later étages of severe poisoning. Although some authors
refort on the successful use of sympathomimetic agents in
eé;yating fhe low blood pressure (129}, (157), moat often

~—

attemﬁts at treating the hypotension with vasopressor
agents (e.g., methoxamine, rhenylephrine, metaréminoi,
angiotensin) meet with failure (58), (129), (202). Several
* authors {177}, (146), (68), (B4) caution against the use of
these drugs in imipramine poisoning, since Cairncross and
Gershog (275 showed_that'a rise in hLoﬁa pressure in this
condijianjworsen% the cardiac symptoms of poisoning, and -
can induce cardiac arrhythmias. Solutions, such as Albumin,
have been infused, both as plagma expanders and to proviée
more binding sites for the excess amoﬁnt of circﬁlating

drug (129), (24).

g
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Since the hypotension prapably is secondary to
he direct toxic effect of tricyclic antidepressants on tﬁe
heart, better resulis could be expected froﬁ'counteracting
the action of the tricyclichd on the hegrtuitéelf. These’
direc£ toxic e?fects. as noted before,'consist mainly of
a reduced cardiac excitability and contractility, énd of
cardiac arrhythmias. To counteractrthe decreased excita-
bility and contractility, a number of authors'have recom-
mended the use of isoproterenol for its positive inotropic
and ch}onotropic effectshfl?o), (146), (180), (31). ' How-
ever, Teitelbaum (184) has warned that the use of isopro-
terenol in poisoning with tricyclics may be dangerous,
since plasma concentrations of éatecholamines in this
condition a}E\already elevated and the drug may accentu-
ate the seizures and lead té heart failure. Moreover,
Hall (68) pointed out that the increase in heart rate
brought about by isoproterenol could result in fatal ven-
tricular fibrillation. )

In dogs intoxicated with DMI, Laddu and Somani
(95) were able to restore cardiac contractil%;y to near
normal levels by intravenous injection of ouabain. This
led them to believe that digitalislglycosides would be
quite effectivg”in antagonizing cardiodepression due to

tricyclic antidepressants. Clinically, cardiac glycosides

s
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have sometimes been recommengled or used if congestive
]
heart failure occurs as a result of imipramine poisoning

{58), (180), (24), (31), (157). Steel et al (177),

‘however, pointed out that, in the presence of AV block

with ventricular extrasystoles (often seen in poisoning
with tricyclics), the use of cardiac glycosides would be
contraindicéted. Similarly, Slovis et al (169) maintain
that the potential dangers of cardiac glycoeides, in this
condition, outweiéR the gains, '

Arrhythmias whioh occur in poisoning with tri-
cyclic antidepressants have been treated with antiarrhyth-

mic agents, such as propranolol and local anaesthetics.

~ The original raﬁionale for the use of propranclol was to

counteract the adreﬁéfgic dominance demonstrated by Sigg
(161) o occur as a result of tricyclic poisoning (176).

{
regtored normal sinus rhythm, but concomittantly depressed

Im\zxperiﬁents with dogs intoxicated with DMI, propranolol
the myocardial contractile force (95). Other experiments
(36) showed that propranolol blocked the positive inotro-
pic ®ffect seen with low doses of imipramine or DMI on +
isolated guinea pig atg}a. Clinically, propranolol has

,

. %
been used successfully to treat the tricyclies-induced

‘arrhythmias (208), (157).

It is not clear at present whether propranoclol's

effectiveness in this condition is due to its ﬁLreceptor

U
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blocking action or to a quinidine-like antiarrhythmic

é action. Unfortunately, propranolhl also has a myocardial

[ depressant and hypbtensive effect of its own, and in tri-
cyclic antidepressant peisoning there iFfa danger that
these could cause further cardiac deterioration and severe
hypotension (95), (84). But, if ventricular fibrilla-

tion which, untreated, is usually lethal, occurs in poison-
ing with tricyclics, propranokol has been considered the
drug of choice (157). Practolol, which apparently acts

more selectively on the_cardiac;ﬁLreceptors, has been em-

e e s g o T 7 A e

ployedbwithout causing hypotension and therefore is con-
sidered by some to be superior to propranolol (24), (Sg).
The local anaesthetic, lidocaine, has alsé been
uged to revert arrhythmias in poisoning with tricyclics
(142), and apﬁears to be especially effective against ven-
tricular arrhythmias (208). Diphenylhydaﬂgoin has been

used, as well, for the same purpose (B4).

!
|
‘.
i
'L . A group of drugs which has been de%cribea as a
1 "specific" antidote to the effects of tricyclic antide-
[ ﬁreésant poisoning, are the anticholinesterases (124),
: (121). Pyridostigmine was found to correct the ECG
i ‘phanges in rabbits and to greatly reduce the lethality.
in mice due to trieyclic antidepressants (139), (124).

It should be mentioned that both pyridostigmine and
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neostigmine are quaternary amines and do not cross the

blood-brain barrier. In\kﬁkans, both these agents have

‘been shown to counteract the peripheral effects of tri-

cyclic antidepressant poisoning, including cardiac
arrhythmias and supraventrlcular tachycardia (139), (lOO),
(13), (142), ﬁ208), (84). Physostigmine, a tertiary
amine which does cross the blood-brain barrier, has also
been shown to have a beneficial effect on tricyclic-
induced cardiaé arrhythmias (h5),.(l69). In fact, Slovis
(169) claims that early administration of physostigmine
may even prevent the occurrence of. cardiac arrhythmias,
Finally, the monovalent cations K" and Na'
have been found useful in the therapy of tricyclic anti-
depressant poisoning. Potassium supplementation is
frequently indicated in this condition (202). Penny
(129) used KCl to improve the imipfamine—induced tachy-
cardia. He felt that the pofass;um ions might act bene-
ficially by decreasing imipraminé's demonstrated
inhibition of Na® - X' ATPase (183). A number of sodium |
salts were shown to restore the decreased excitability
in isolated rg? ventricles poisoned with 1m1pram1ne (136).
It is of interest that sodium blcarbonate was able to
restore not only the altered excitability, but aigo the

s o s . . N -
contractility in this isolated preparation. Clinically, -
&
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sodium bicarbonate administered as an intravenous in-
fusion was reported to be valuable in feverting the
cardiac arrhythmias (184) and correcting the metabolic
acidosis which may occur in-poisoniné'with tricyclic‘

antidepressants (24), (84).

2. Pharmacotherapy of Toxic Effects on the Central

Nervous System

.The treatment of the central nervous systen
(CNS) effects of poisoning with trieyclic antidepress-
ants ig mainly centred on controlling convulsions.
The Pirst drugs commonly used for this purpose were
barbiturates (3), (2}, (58) and paraldehyde (61), Ras-
mussen (139) recommended Using phenobarbital as a basic
drug, with further administrations of pentobarbitone as

required. Several authors reported on the successful

. use of barbiturates in controlling convulsions (100),

(84). However, other workers have found that the bar-
bituratesfpotentiated the depressant effects of tri-
'cyclics on respiration and have asserted that a ‘drug,

such as paraldehyde, which would not add to the respira-

tory depression, would be preferable to suppress convul- .

siohs in poisoning with tricyclics (177), {208).
As mentioned previously, diphenylhydantoin

“has been used to treat the cardiac arrhythmjias
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associated with tricyclic antidepressant poisbning.
This drug has élso been used for its anticonvulsant
properties (141), (65), and some authors claim that it
has the advantage of ﬁeing effective against both tri-
cyclic-induced cardiac, akd CNS, toxic effects (24), (133).
The anticonvulsant presently being most often
used and widely acclaimed as a drug of choice in the
treatment of seizufes in tricyclic antidepressant poison-
ing, is diazepam (142), (208), (53), (84%), (56), (63),
which is thought not to worsen the existing respifatory
.depression (208). However, there are views to the .

contrary {157).

The biggest advance in the treatment of tri-

cyclic antidepressant poisoning has been the change from
using the quaternary ammonium anticholinesterases, such
as neostigmine, to using the tertiary amine, physostig-

mine. This drug does cross the blood-brain barrier and

and the central nervous system symptoms of poisconing.

" is thus suitable for treatment of both the perin&§§l

Falétta (45) was the first to use physcstigmine to treat
a case of amitriptyline poisoning. He reported that the
drug, administered intravenously in a dose of 2 mg. to

4 mg., acted promptly and dramatically. Physostigmine

. has been found effective against the entire gpectrum of
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central nervous system effects of poisoning with tri-
cyclics, including delirium (71), coma (169), (144),
(172), and choreoathetosis and myoclonus (25), The
reversal of coma-following‘administration of physostigmine
is important, since it helps in avoiding the use of an
endotracheal tube and possgible subsequent complicatioﬁ,
such as aspiration pneumonia. However, the action of
physostigmine is short-lived and most authors (25), (435),
(144) describe having to repeat the administration of the
drug several timeq during the course of recovery. Also,
this "antidote" i; not without dangers of its own, and
Postlethwaite (133) warns of the p0581b111ty of over-
sallvatlon, vomiting, convulsions and bradycardia, which
may occur following physostigmine treatment. Inxdiew of
this, its use should be reserved for the treatment of

Severe cases of poisoning with tricyelic antidepressants.

3. Systemic Elimination of Tricyeclic Antidepressants

In an attempt to remove the offending drug from
the body more rapidly, both haemodialysis and peritoneal
dialysis have been tried (142),-(53), (65), (4), as has
forced diuresis (142). Although some authors feel that
these techniques are beneficial, no evidence hasnbeen

preseﬁtedjto indicate that they are effective in
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removing significant amounts of drug in cases of poison-
ing. Peritoneal dialysis and haemodialysie are theoreti-
cally and practically of no value, since the tricycktic
antidepressants are rapidly absorbed and firmly tissue-
bound (139), (177), (186), (129), (84), (109). Also,
since the excretion of tricyclics is slow and indepen-
dent of urinary flow, forced diuresis is pointless, and
intravenous administration of large volumes o} fluids
may be dangerous if the myocardium is severely
depressed (177), (208), (169), (24), (141}, (63).

The only method of elimination which may be
worthwhile trying is continuous, gastric lavage, since
imipramine is known to undergq%ﬁﬁsfro—enteral circula-
tion (129), (208), (157}, (63). Since cardiac arrhyth-
mias and seizure activity occur almost always in severe
poisoning with trieyeclic antidepressants, congtant ECG
monitoring and control of convulsions are essential,
From the reports reviewed, it appears that it is not
always possible, at present, to tell from one patient
to the next which antiarrhythmic or anticonvulsant agent
is going to be effective. Often, therefore, more than
one of.these agents must be adminigstered. The anti-
cholinesterases, and particularly physostigmine, are

emerging as one of the most powerful tools in the
%

e T e R i el i T

- —T G SRR T

N S



ro-

38

treatment of poisoning with triecyclie aﬁtidepressants.
Unfortunately, dangerous side effects of these drugs '
dictate that they be used only in treatment of severe
antidepressant overdose. The question of the optimal
treatment of the victime of such poisoning is still not

clear and requires further investigation.
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A. PHARMACOLOGICAL MODIFICATION OF

IMIPRAMINE-INDUCED CONVULSIONS

1. Introduction and Aims

" The importaﬁce_of controlling the seizures which
invariably occur in severe. cases of poisoning with ﬁricyclic
antidepreséants has been emphasized, since convulsiéﬁs put
added stress on an already weakened heart function (61),
(1?77). 1In fact, the primary cguse.of death in poisoning
with these drugs has sometimes beén attrihujéﬁ~to central
nervous system exhaustion, as a'consequence‘pf-prolonged
convulsions (122). Lack of knowledge of thexmostreffective
and safe drug to be used in this condition hastgft?n led to
polypharmacy,, worsening the patient's chances oflsurvival
(157), (65), (141). Since n6 definitive experimentaiystudy
has been carried out, measuring the effectiveness of va-
rious anticonvulsants in poisoning due to tricyclic antié
depregsants, this work is aimed aé determining which of the
anticonvulsants, diazepam, phenobarbital or diphenylhydan;f\
toin, is the most efficacious in reducing imipramine~inducéd\

. . ’ . . 7
convulsions and mortality in rats.

'
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2. Materials and Methods

a) Animals -
'Male Wistar rats were obtaihed from Woodlyn
Farms (Guelph. Ontario) at least one week prior to experi-
mentation. The animals were housed in colony cages and
maintained on an unrestricted diet of pellet food. Weight
range of rats-at the time of experiments was 180 - 235 g.
b) Drugs
All the drugs were dissolved in an appropriate ‘

vehicle and administered by intraperitoneal. injection in a \
standard volume of 3.5 ml/kg. Imipramine hydrochlor}gi §

' {(Ciba-Geigy Canada Ltd.), ﬁhenobarbitone sodium (British
Drug Houses Canada Ltd.) and pentylenetetrazol (Knoll -Pharma-
ceutical Co.) were dissolved in 0.9% saline solution.
Sodium diphenylhydantoin (Parke, Davis and Co.) was dis-
solved in a solution composed of 0.9% sgiine and 0.01N NaOH,
Diazepam (Hoffmanﬁpa Roche Ltd.) was digsolved in a soiuL
tion composed of 0.9% saline and 0.0186 N HC1l. The pH's of
the above solutions were as follows: saline, 7.25; imipra-
mine (32.0 mg/ml}, 5.4%; diphenylhydantoin (57.1 mg/ml), 11.7
(the pH of the vehicle alone was 11.75);: phenobarbitone
sodium (34.3 mg/ml), 9.0; and diazeﬁam (0.29 mg/ml), 2.1
(the pH of the vehicle alone was 1.8).
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¢) Determination of CDSO and LDSO of Imipramine

(i) Assessment of Seizure Activity: To help de-

gscribe imipramine-induced seizures, in a preliminary experi-
ment a'comﬁarison was made between these and the convulsions
produced by pentylenetetrazol. Simultanedusly.”two groups
of rats were given either a convulsive dose (90 mg/kg i.p.)
of pentylenetetrazol or a toxic dose (112 mg/kg) of imipra-
mine and carefully observed for_occurrence,'duration and
pattern of seizures.

For the purposes of this study, seizure activity
was defined as a burst of repetitive myoclonic jerks, in-
volving af least the head and forelimbs, and consisting of
not less than 3 jerks in rapid succession.
and LD

(ii)" Experimental Protocol: The CD of

50 50

imipramine were determined by using an 8 x 8 Latin équare
design. The order in which afimals were treated was pseu-
dorandomized, to ensure that the content of the various
solutions ﬁsed was unknown to the experimenters until after

the data had been collected. The doses of imipramine admini-
)

- stered ranged from 50 to 112 mg/kg. Physiological ?aline “~. |/

was injected intraperitoneally 20 minutes prior to imipra-
mine administration to simulate the anticonvulsant injec-

tions, which were to be given in subsequent experiments.
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The an%pa%s were kept in sepaﬁate cages to avoid effects
due toraggfegationf(96). Occurrence of convulsions (as de-
scribgd?above) waé réco;ﬁed ahd the time to convulsions and
time to death were measured from the time of imipramine in-

jection. The animalsa were observed for a period of

150 minutes.

~1iii) Agalysis of Data: Theoretical dose-response
curvip were generated by 1ogit-ana;ysis acqordipg to Waud, °
. Part I (198). Equation 4.35, from Finney (51), was used to
obtain the 95% confidence limits. For potency ratip deter-
mination, the ratio + S.E. of the aose—response curves for
lethélity-to-convulsions was calculated abc;rding t0 thé
AN

technique of Waud, Part IV (198).

d) Determination of Anticonvulsant Effectiveness

(ii Experimental Sequence: Rat’s were pretreated
witﬁ various doses of anﬁiconvulsant agehts or with the ‘
appropriate Qrug-éehicle._20 ﬁinutes prior to an LD9O of
imipramine, administered intraperitoneally. VTO avoid

///, differences due to-order of treatment, %he§Z£imals were
’f_'\\\\\\ﬁfipseudorandomized within blocks containing, one representa-

- tive from each group. In each case, the experiménter was

not informed of the contents of the various dosi
tions that were used. Obcu%rence and time to convulsio

and time to death ﬁere recorded as descyibed in c)ii).
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(ii) Analjsis of Data: To determine if the anti-
convulsant‘substance was effective in preventing imipramine-
induced seizures or death, the proportlon of animals
responding in the vehlcle control group was compared with
the proportion responding in each of the groups given the
hlgher doses of anticonvulsant, by using Chi-square testing,
formula 8.10.3, Snedecor and Cochran (171). If the anti-

convulsant effect was judged significant (Chi-square proba-

‘bility, 0.01), a theoretical dose-response curve was

generated as follows:

(1) The proportlon of animals respondlng in the absence
of an effective dose of anticonvulsant (P ) was determined
from the minimum value ef the series PO’ (PO + Pl)/2,

(Py + P, + P,)/3, ....(P6-+ Py + ....Pi)/(i + 1)

Pyt Py ....Ph)/(h + 1) where Po'was the proportion
of animals responding in the vehicle control éreup. P,
was t é proportion responding for the ith dose of the anti-
convulsant, and Ph was the proportion respondlng for the
hlghest dose of ‘the anticonvulsant.

(2) The value N P, (where N; = the total number of eni—
mélg\in the it group) was - subtracted from the number of ani-
mals responding and from N for each group (1nclud1ng the

vehicle control group where N = NO). The vehicle control

group_was a381gned a dose value 10_3 times smaller than the

e r—————



lowest doée of anticonvulsant used, and the data obtained
after subtracting the‘contribution due fo Pc was used to
generate a dose-response curve by the logit method of
Waud (198). S

The 95% confidence limits were generated from
Finney's equation 4.35 {(51). Potency'ratio estimation was
done according'to Waud, Part IV (1982:
3. Results

- L
a) Comparison of Metrazol and Imipramine-Induced

Seizures
Rats giyen pentylenetetrazol (90 mg/kg i.p.)

displayed extremely violent, continuous convulsions within

745’éeconds of injection. The body was curled forward and

myoclonus of all four iimbs was observed.
' Imipramine—treated rats‘showed no seizure activity
until more than five minutes after injection. Prior to the
occurrgnce of COhvulsioné. the animals exhibited a crouched
posture, with ataxia or immobility. When seizures ensued,
often only the forelimbs and heaé were involved, while the
hindlimbs weré spread out behind: Opisthetonos, with the

tail curved over the animal's back, was frequenfly observed.

In contrast to the continuous seizure activity seen in the

pentylenetetrazol-injected animals:‘convulsidns in 't:he";a

31
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imipramine-treated r@ts came in bursts, each lasting less
than a minute. The same pattern of convulsions was seen in
rats given lower doses of ilmipramine.

b) Convulsive Activity snd Lethality of Imipramine

‘Fig. 1 shows the dose-response relationship for
convulsive activity and;lethality due to administration of
imipramine. The data are expressed in the form of log dose-
response curves, as determined from logit analysis.’ The
CDg of imipramine was calculated to be 64.7 mg/kg, with
95% confidence limits of 59,3 and 70.0., The LD50 was found
to be only slightly higher - 85.8 mg/kg - with 95% confi-

dence limits of 78.4 and 95.3. The two curves can be

' conside;ed to be parallel, since their slopes (11.0 + 2.7 /

for convulsions, and 8.23 + 1.99 for lethality) were not
significanfly,different. The potency rafio between the
assay curves for imipramine, lethality and convulsive acti-
vity, calculated by using Waud's (198) fechnique, was 1.25,
witﬁ 95%<cqnfidence limits of 1.15 and 1.36. The LD90 of
imipramin; was calculated from the theoretical dose-response
curves to be 112 mg/kg (95% confidence limits = 100 and
149). This dose of imipramine was ﬁsed in subsequent ex-
perimeﬁté to test the activity of anticonvulsant agents
studied.

The median time to convulsions was found to be

7.5 min (st = 6.5, and P75 = 9,5), As expectgd from’

———— N
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Fig. 12 ,
Dose response curves for imipramine-induced convulsions
(o) and death (o). On the ordinate, the number of ani-
mals responding, on the abecissa (log scale), the dose of
imipramine (m;kg) injected intraperitoneally. The

symbols represent experimentally obtained values, and the

80lid lines have been calculated by logit analysis (198).
Thé horizontal bars represent the 95% confidence limits,
-£qn 4.35 Finney (51), of the EDg,.
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bhérmacokine;ic considerations,; the animals receiving
higher doses tended to convulse sooner than those given
lower doses of imipramine. The median ‘time to death waé
17.5 min (P25 = 12.5, and P75 = 32.5), and dgrgshningful
relationship between the dose and the time to death was
observed.

¢) Modification of Convulsive Activity and Lethality

-

of Imipramine by Anticonvulsants

(i) Imipramine-Induced Seizures: The ability of

phenobérbital, dip@eﬁylhydantoin and diazepam to prevent

the imipramine-induced seizures in rats was tested by ad-
ministering varying doses of these‘anticonvulsants 20 min-
utes prior to an LDy, (112 mg/kg) of imipramine. The
results are shown in Fig. 2. Chi-square tests, comparing
the appropriate vehicle control group with the higher doses
of anticonvulsant substances, showed that both diazepam and
phenobarbital signifiQantly protected the animals aga%nst
imipramiﬁe-induced.ée;zures (pc0.00S).-fSince virtually no
protection against imipramine-iﬁduced convulsions wag ob-
served for animals pretreated with diphenylhydantoin, theore-
tical dose~respoﬁse curves were generated (see Materials and
Methods, c, 1ii) only for diazepam and phenobarbital.‘ The
PDEO value for diazepam wés calculated to be 0.32 mg/kg

(95% confidence limits = 0.05 and 0.70) and for phenobarbital,
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Fig. 2:

Protection against imipramine-induced convulsions
achieved by administration of diazepam (e), phenobar-
bital (o) or diphenylhydantoin (4), 20 min prior to
imipramine (112 mg/kg i.p.). On the ordinate, the
number of animals protected, on the abecissa (log
scale), the dose of the anticonvulsants (mg/kg).
Theoretical dose-response curves were generated only
for the data obtained with diazepam and phenobarbital.
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17.6 mg/kg (95% confidence limits = 12.5 and 23.3). The
potency ratio calcula%?d by Waud's technique (198) wasg

32.2 (confidence limits = 15.5 and 67.2). The median time
to convulsions was 9.min (Pé5 = 7, and P75 = 11) for animals

pretreateq with diazepam (including vehicle control animals),

8.5 min (P25 = 6, and P75 = 11.5) for the phenobarbital-
pretreated rats and\ 8.5 min (P25 = 6.5, and P?5 = 9.5} for
rats pretréated with\diphenylhydantein. No obvious reiai
tionship between the time to convulsions and the d&se of

anticonvulsant agents was observed,

r

(ii) Imipramine-Induced Lethality: The anticonvul-
sants studied in these experiments (diazepam, phenobarbital
and diphenylhyd?ntoin) did not show any significant protec-
tion against imipramine-induced mortality (Table 1). 1In
fact, both phenobarbital and diphenylhydantoin at.higher'
dose levels seemed to enhance the imipramiﬂe lethality, but
these effects were not significant by Chi-square testing.
The median time to qQath“was 22.5 min (P25 = 12.5, and
P75 = 37.5) in diazepam-pretreated rats (including vehicle

control groups), 17.5 min (P25 =,12.5, and P75 = 27.5) in

-animals pretreated with phenobarbital and 21 min (P,. = 17,

25 ~ -
and P?S = 23) in the group given diphenylhydantoin. Again,
no meaningful relationship between the time to death and

the dose of the anticonvulsant was observed for any of the

substances tested.

R T TR
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Table 1

EFFECT OF ANTICONVULSANTS ON IMIPRAMINE-INDUCED LETHALITY

Diazepam a Phenobarbital Diphenylhydantoin
" Dose Number of Dose Number of Dose Number of
(mg/kg)  Deaths (mg/kg) Deaths {mg/kg) Deaths
| ] o .
Saline 10 Saline 5 Saline 9
Vehiele 6 Vehicle 6
0.05 8 10 6 s 9
0.1 7 16 4 10 6
0.2 8 27 y - 21 6
"—‘\\
0.5 4 Ly 5 Lg 9
‘ 1.0 6 73 9 95 9
: 2.2 5 120 9 200 10
1
' L,7 6
h
) 10.0 7

e s

The anticonvulsants or the corresponding vehicles were
administered 20 min prior to imipramine (112 mg/kg i.p.).
Each group consisted of 10 animals. No significant difference
was detected by Chi-square testing between any group given a
1 dose of anticonvulsant and the corresponding vehicle group.

i
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d) Summary

Imipramine-induced seizure activity in rats
consisted of bursts of myoclonus, mainly involving the head
and forepaws. Opisthotonos,}with the tail arched over the
back, frequently was‘observed. After dosing, before con-
vulsions occurrgd (5 - 10 minutes after injection) the rats
usually remained crouched and immobile.

Diphenylhydantoin (5 - 200 mg/kg i.p.) was found
to ‘be completely ineffective in preventing seizures induced
by an LD9O dose of imipramine. In ‘contrast, both diazepam
and pﬁenobarbital, égainst-an LD90 dose of imipramine,
gignificantly suppressed the imipramine-induced convulsions.
The PD50 of diazepam, against an LD90 dose of imipramine,

was calculated to be 0.32 mg/kg {95% confidence limits =

0.05 - 0.70) and that of phenobarbital, 17.8 mg/ke (95% con
fidence limits = 12.5 and 23.3). None of these anticonvul-

" .
sants caused a reduction in imig;amineuinduced mortality. .
~
4. Discussion

These gtudies were carried out to establish
which of the anticonvulsants,_diphenylhydantoin, diaze-

pam or phenobarbital, used clinically in poisoning with

tricyclic antidepressants, is most efficacious in reducing

imipramine-induced convulsions and mortality in rats,

Knowledge of which anticonvulsant is best in blocking

AL ST
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imipramine-induced convulsions could avoid much of the
dangerous polypharmacy seen in the treatment of these poi-
soning cases. Dosing was carried out by intraperitoneal
rather than by oral route, because it was found in pre-
liminary eprriments that oral administration of imipramine
inhibited gastricremptying. thereby blocking absorption and P
delaying thé bpild¥up of convulsive levels of imipramine.

No doubt, in human poisoning cases where the drug is in-
gested, individual variation in drug absorption would re-
sult in a much less abrupt dose-response curve,

Clinically, depending upon its appearance, the
convulsive activity seen in imipramine poisoning has been
described by various authors as toﬁic~clonic seizures {177),
(139), spasms (84), myoclonus of all limbs (172), status
epilepticus (141), grand mal (56), (65) or just convulsions
(146), (13), (129), (208), (53). Opisthotonos is also some-
times associated witﬂfthg seizures (58), (61). Little
experimental work has been done to ;;aracterize tricydlié
antidepressant-induced seizures. Imipramihe‘in large
doses (30 - 50 mg/kg i.v.) has been shown to evoke convul-
sant spikes in rhinencephalio.structures (195) and in the
aﬁygdala, hippocampus and other non-cortical areas in the
rabbit (179). '

As yet, few explanations of the convulsive acti- \

vity of the tricyclic antidepressants have been ventured:

?
i
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Recehtly, Burks et al (25) have hypothesized that the

S i

myoclonus observed in imipramine poisoning may be a result
of increased serotonin levels at the synapse, due to é
block of serotonin uptake produced by tricyclic.antide-
pressants, since Klawans gz/éim(88) found that large doses
of'5-hydroxytryptamine; which increases brain serotonin
o levels, produced ﬁyoclonic movements,

The imipramine-induced seizures seen in the

préseﬁt experiments could best be described as myoclonic.
Ataxia seen prior to'convulsions in rats given high doses i
of imipramine may correspond to the ataxia and drowsiness

seén in human poison victims prior to seizures }208), (177),
(58). The steepness 6f the dose-response curves for imipra-
mine indicates that é negligible fracfion of the population
was tolerant to the convulsive or lethal effects of imipra— A
mine.  Since the dose ratio ofllethality té convulsions for L

imiprémine was Tound to be- only 1,25, the occurrence of

seizures is ppgpably a very good indication that a poisoned

patient is in critical danger,

An LD90 dose of imipramine was used to test the
effectiveness of the'anticonvulsants, since this would nof
only determine whether or not the substance was successful

in blocking seizures, but also give some idea as to whether

or not 1t would reduce mortality. In these studies, the
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anticonvulsants, diphenylhydantoin and diazepam, were not
dissolved in the commercially used vehicles containing
propylene glycol and alcohol, since. these solvents may
possess anticonvulsant properties in themselves,
Diphenylhy@antoin has been used successfully
in the long term tre;tment of seizures of the grand mal,
focal and psychomotor varieties (22), (203). Its use for
the prevention of tricyclic-induced seizures has also been
advocated (lbj). though no good’cliniéal or laboratory evi-
dence exists to support this‘gdvice. In our experiménts.

diphenylhydantoin was found to be completely ineffective in

preventing imipramine seizures in rats. 1In fact, there was

indication that this drug might actually enhance imipramine's

letha1>ef ects perhaps bf adding to the depressed state
already brought\about by the tricyclic drug.

The mechanism of diphenylhydantdin's anticon-
vuisant action may involve changes in ion flux across the .
nerve membrane (76). It has also been shown.that the cere-
bellum is a necessary substrate for at least part of the
antlconvulsant effect of dlphenylhydantoln (81), (82), and

-

even 1ts effect of causing folic ac1d deflclency has been

E‘postulated to be involved in its anticonvulsant proper-

;ties (140). Experimentally, diphenylhydantoin has been

1found ineffective in blocking pentylenetétra;ol and other

-~
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chemically—induced'seizures (189), (92); (44), nor does it
raise electroshock seizure threshold unless }xfﬁﬁg"been
lowered from normal (190). In addition; Wise and Chiner-
man (204) demonstrated thatnéiphenylhydantoin, in contrast
to diazepam' and phenobarbital, is ineffective against elec-
trically kindled amygdaloid seizures in rats. This anti-

convulsant is effective, however, in blocking the tonic

phase of&haximal electroshock seizure (205). The predomi-

nant effect of diphenylhydantoin appears to be its anti-
spreading activity, attribut;d to its -ability to block -
posf-tetanic-potentiation (206).

The ineffectiveness of diphenylhydantoin in
blocking seizures due to imipramine is not surprising,
since it is also without effect in infantile febrile con-
vulsions (112)‘and the seizures associated with barbiturate
withdrawal {(43). Furthgrmore, diphenylhydantoin seems to

be relatively ineffective against clonic seizures (166).

In view‘of the results of these experiments, the use of

’

diphenylhydantoin as an anticeonvulsant -in case of tricyclic
antidepressant overdose cannot be recommended.
Phenobarbital, when‘compared to other barbitu-
rates, has exceptionall} str&ng,anticonvulsant properties
and is more specific than ofher barbiturates in raising the

threshold for electrical stimulation in various brain

e ————— e - - . . C o rre— e
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structures (40). ‘It has also been shown to be as effec-

~ tive as trimethadione in protecting against pentylene-

tetrazol-induced seizureg (115). 1Its mode of action in
blocking convulsions is unclear, but the limbic system
appears to be especially prohe fo the depressant effects
of various barbiturates (40). Clinically, phenobarbital is
employed in the therapy of grand mal and various cortical
focal seizures (189). it‘has also been used to treat tri?

cyclic antidepressant-induced seizures (2), (139), (84).

Our experiments suggest that phenobarbitai is effective for

this purpose.

A more recently'deyeloped drug now used «as an
anticonvulsant is the anxiolytic, diazepam, It has been
found to be useful in the contrqg of infantile myoclonic
geizgures (206). seizures of tetanus (199), (49) and it has
been described as the drug of first choice in control of
gtatus epilepticus (39), (119), (101), (16). Curren%lﬁ,
this drug is also being used to.treat tricyclic antide-
pressant-inducéd seizures.

Diazepam has been said to have "a.geﬁ@ralized'dé—
pressant action upon epile?togenic gtfuctures throughout
the brain" (72), and in particular, it is thought to act
b& depressant action on the limbic s&stem {173). ZElectro-

physiologically, diazepam has been found effective in

v 8
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inhibiting maximal.électroshock seizure (and increasing both
electroshock and metrazol seizure thresholds in mice) (1ézj.
foreover, both strychnine and pentylenetetrazol-induced
/;,doﬁvulsions in mice are blocked by diazepam (137). The
similarity between diazepam and diphenylhydantoin in stereo-
chemical structure, as revealed by crystallographic studies,
ha; been noted by Schussler (156), - who suggestéd that both
compounds may be able tc bind with the same receptors in
’the central nervous system. The fact that both augment dis-
charge in cerebellar Purkinje cells hds been postulated as
being the key to their anticonvulsant action (80), (81).
However, the difference in the efféﬁtiveness of these two
drugs in various tests of anticonvulsant activity would in-
dicate a considerable dissimilarity in their mechanisms of
action.‘ l
The resulté‘of eXpergments presented in Sec-
tion 3.c) show that both diazepam and phenobarbiéal are
'fully effectiye iﬁrblocking the occurrence of seizures in
' imiprémine poisoning. Clinical reports on the use of these

two anticonvulsants in cases of poisoning with tricyclic

'antidepresqﬁnts are in good agreement with our findings (139),

|
(100), (208), (24), With both diazepam and phenobarbital,
howevier, the prevention of seizures appeared to have no

I's

effect on the lethal properties of imipramine. This would

e s b
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\
seem to indicate that coﬁtrol’of seizures alone is not
necessarily life saving, in itself, and other therapy may
be required in addition to anticonvulsants.

o

Because of the extreme steepness of the dose-
response gurve of imipramine ﬁFig. 1), even a small uncon-
trolle%/zi;iation from experiment to experiment could alter
the values of CD50 or LD5O‘to a marked degree. This might
explain, in the experiment testing the anticonvulsant ef{pct
of phenobgrbital (Table 1), why an-LD90 dose of imiprémine
caused only 50% mortality in the saline control group. The
fact that the LDgq of imipramine was only 33% higher than
the CD5Q.°991d explain the cl?nicgl\observation that pa-

tients with seizures during imipramine poisoning are in

eritical condition. (208), (177). It &dlso should be. noted

) that the vehicle control groups for both diazepam and

diphenylhydantoin show an apparent {but not significant)
decrease in mortality. The most likely explanation for this ,
feffect is that the.extréme pH valueslbf the two vehicles
could have altered thé péritoheal-haeﬁodynamics and hence

the absorptlon of the challenging drug.

Evidence indicates that dlazepam and phenobarbltal

have in common a déepressant action on the limbic system, in-
cludiﬁg the amygdala (173), (40). If convulsant activity

‘due to imipramine originates in these structures, as it
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would appear from the work of Steiner et al (179), this

could explain the effectiveness of both phenobarbital and

~ diazepam, and the ineffectiveness of diphenylhydantoin, in

blocking imipramine-induced convulsions. Oh the other- hand,
gince diphenylhydantoin has been‘fouﬁd to act mainly by an
anti-spreading éction (206), the observed inability of this
drug to pre%ent imipramine-induced convulsiong suggests
that such seizures do not depend on spreading for their

development.
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B. SAFETY OF: ANTICONVULSANTS IN TREATMENT OF EXPERIMENTAL

IMIPRAMINE  POISONING

1. "Introduction and Aims

Although diazepam and phenobarbital, as indicated
in Part A of this thesis, were found to be effective in
suppressing imipramine-induced convulsions in rats, this
does not necessarily mean that they are safe drugs to use in
treatment of poisoning with tricyclic antidepressants.

Severe disturbances in a number of physiological functions,

including cardiovascular, respiratory, and thermoregulatory,

which were shown to be associated with overdose of tricyclic
antidepressants, necessitate great caution'in administering
other drugs that could worsen the patient's condition in
some unforeseen manner. With this in mind, the effects of
diazepam and phenobarbital on blood pressure, heart rate and
body temperature of imipramine-poisoned rats Qere examined
to investigate the relative safety of these drugs in poison-
ing with tricyclic antidepressants. The effects of imipra-
mine on respiration rate and oxygen consumption were also
exdmined, since experimental data on these important para-

meters is lacking.
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2. Materials and Methods

a) Animals

Male Wistar rats were obtained from Woodlyn
Farms (Guelph, Ontario) at least one week prior to experi-
mentation; The animals were housed in colony cages and
maintained on an unrestricted diet of pellet food. Weight
range at the time of experimentation was 180 g. to 235 g.

b) Drugs

Solutions of imipraminé hydrochloride, diazepam
and sodium phenobarbital were prepared as described in
Part A. The vehicle usad for diazepam was a 0.9% saline
solution brought té a pH of 1,73 with 1.0 N HC1l. The dose
of imipramine used in these experiments was 50 ﬁg/kg. Ihis
corresponded closely té the CD5 of imipramine (49.5 mg/kg),
as calculated from the data obtained in experiments de-
scribed in Part A. Any animals that convulsed following ad-
ministration-gf the above dose of imipramine were rejected.

The anticonvulsants, phenobarbital and diagzepam,
wefe given in doses corresponding to PD90 against convul- _
sions induced by an LD90 dose of imipramine, and calculated
to be 40 mg/kg for‘phenobarbital sodium and 1.8 mg/kg for
diazepam. All drugs were administered by intrapéritoneal

injection in a standard volume of 3.5 ml/kg.
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¢) Protocel for Cardiovascular Experiments

 (1) énimal Preparation: To measure bloogl pressure
and heart rate, %he left carotid artery of each rat was
canﬁulated under halothane angesthesia with a PESO‘Intra—
medic polyethylene tubing (Clay-Adams) according to the
ﬁethod of Popovic and Popovie (132). An exception to this
technique was that the cannula was inserted only a distance ~
of about 3 cm into the carotid artery, so that it did not
reach the aorta. The cannula was exteriorized throqgh the
skin of the back of the rat, at a point between the sca-
pulae. Befq;e sealing, the cannulae were filled with physio-
logical salihé containing heparin (1,000 ySP units/ml) to
maintain patency. The animals were starved ove?night. and
the morning of experimentation the cannulae were again
flushed with physiological saline containing heﬁafin.

(ii) Method of Recording: Blood pressure and

neart rate were recorded by attaching the exteriorized ¢aro-
tid cannula to a pressure transducer (P23AA, P23Dc, Statham
Instruments, Inc.) via an extension cannula (PE?Q, Clay-

Adams) 50 cm in length. The transducers were coupled to

a Grass Model 5D polygraph. .

(1iii) Experimental Sequence: Matched controls

were used in each experiment. An initial control reading

was made immediately before drﬂg injecfion. ‘The animals

—
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were then given an intraperiténeal‘injection of imipramine
and readings of blood pressure or heart rate were taken at
;,‘10 and 15 minutes following the injection. Immédiately
after the l5-minute reaaing. the anticonvulsant drug or the
corresponding vehicle was administered. R?adings antinGEd
to be taken every 5 minutes for the next 15 minutes, after
which the readingé were taken every 10 minutes for an addi-
tional 60 minutes. Thé blood pressure was recorded continu-
ously during the 90-minute experimental period. The chart
speed was 0.25 mm/sec,‘except for the readings at the above-
mentioned time intervals, whén the chart speed was increased
for 1 minute to 5 mm/sec. | ' - |

N & N
(iv) Analysis of Data: Heart rate was determined

by counting theﬁnumbén of beats recorded in a Sjsecond in- .
terval at each recording time and multiplying by 12, to
give a figure in beats/min. Systolic and diastolic blood
bPressure were readvdirectly from the polygraph recording.
Thersensitivity was calibrated so that 1 cm Aefleqtion cor-
responded to 50 mm Hg. Since‘thelpressure transducers were
mounted approximately 16 cm above the animals' heart level,
all direct readings of blood préssure were corrected by a
factor of 11.8 mm. The mean blood preséure was then calcu-

. b
lated according to the formula:

sysiolic pressure + diastolic pressure

+ 11.8,
2
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Each experimental animal was used as 1its own

control, and changes in blood pressure and heart rate were
expressed in percentages taking the initial reading {(prior-
to imipramine dosing) as 100%. Absolute initial values aré
given in legends to respective figures ;nd absolute values
from all experiments are coﬁtained in Abpendix A. The
number of animals used in various expefimental groups is
indicated in the legends %o figureé, as well as in Appen-
dix A. The effect of treatmént was evaluated, using a two-
tgiled Student's t-test for unpaired data.

As an alternate method to test for differences
between control and treated groups, slope analysls of the
time-series data obtained just prior to, and at several
time 1ntervals follow1ng drug administration, was used.
This was accompllshed'as follows:

{1) The time-series data from each group of
animals were tested to determine the length of time for

which linearity was presérved. The regression slope of

the data (using time as the abscissa) obtéfhed just prior

to (to) and at the first timé interval (tl) following drug
administration was determined and compared with the re-
gression slope of the data obtained at each successive pair
of consecutive points (i.e., the_slope'of to—tl, was com-

pared with that of %,-t,, then with tz—tB. etc.). As soon

- 5
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as the slope of ti'ti+1’ was found to Dbe significantly

different (p<0.05) the process was terminated and the data

from to-tn, inclusive, were taken to belong to the same

straight line.

. X

(2) -The group with the shortest "straight" line

segment, as obtained from (1), determined the time interval

over whicH the slope of the data ffgm the treatment group

was compared with the slope of the data from the contrel

group., For example, if the "linear" portion of the control

group extended from to ﬁo t5' and the "linear" portion of
the treated group from to to t3, the slopes from both
éroups would be. compared from times to to tj.

(3) Steps (1) and (2} were repeated for the

remaining time points by re-assigning to to the last time

point used in step (2). In our example, t3 would be the

new t,. This process was repeated until the data from all

the time points were analysed. Regression slopes were com-

pared by using the formulae numbered 18G in<;;cumenta

4

Geigy (38). 4An example of slope analysis is given in

Appendix C.

d) Protocol for the Measurement of Rectai Temperature

(i) Animal Preparation: Animals were starved over-

night prior to the experiment,
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(ii) Method of Recording: Rectal temperature was

recerded by inserting a thermal proée (constructed from a
thermistor, GB 32J2, Fenwal, Mass,) a distance of 6 cm into
the rectum. The probe was secured to the tail with tape

go that it remained in place for the duration of “the ei«
periment. Rectal temperature was read from a telé-:;ermo-
meter (Model 46 TU, Yellow Springs Instruments Co.).

Y (1ii) Experimental Sequence: Matched controls

were used in each experiment. An initial control reading
_was made before imipramine.was injected intraperitoneally.

. Measurements of rectal temperaﬁure were made at 5, 10, and
15 minutes following the dbsing. When the effect of two
drugs was being tested, the second drug was injected iﬁmedi—
ately after the 1l5-minute reading. Then, further readings
were made at 20, 25, and 30 minutes, and then every 10 min-
utes until 90 minutes after imipramine administration.

(iv) Analysis of Data: Data were corrected accord-

3

ing to the calibration factor of each probe and converted
from Fahrenheit to Celsius scale. The effect of treatment
was evaluated as in c)(iv).

L)
e) Protocol for the Measurement of Respiratory Function

(i) Animal Preparation: The animals were gtarved

overnight before the experiment. .

!
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(1ii) Method of Recording: For recording of oxygen

consumption, each rat was placed'iﬁ a plexiglass chamber,
constructed with a water jacket enclosing all sides (see
Fig. 3). The water was cycled through a constant tempera-
ture circulator (Type K2R MGW Lauda Ltd.,, W. Germany)
which could be set to the desired water temperature. After
a period of equilibration (aboﬁt 20 minutes) fhe system could
maintain temperature inside the chamber at any desired 1eyel,
which in these experimenfg wags 21°C. The inside volume of
the chamber was 2.8 L.

Once the 1lid was sealed against a rubber "0" ring,
oxygen was supplied to the inside of thé chamber from a
polyethylene bag containing pure oxygen at at;bspheric press-
ure. As the‘animal respired, consuming oxygen and producing
carbon dioxide, the latter was absorbed into a 20% KOH solu-
tion (10& ml) placed at the bottom of the chamber. (The rat

rested on a stainless steel mesh over the KOHf. Water

vapour, COz. O2 and temperature were equilidbrated within

about 5 minutes. ' -

, The changes in resistance to the gas flow in the
narrow bore tubing connecting the oxygen supply bag with the
chamber, caused by small pressure fluot;ation with each
breath, enabled the respiratory rate-to be monitored by a

pressure trandducer (P23 Dc Statham Instruments, Inc.).
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Oxygen consumption was calculated from the pressure change
which occurred within the chamber after the valve to the
oxygen bag was sealed off. .

{iii) Experimental Sequence: In these experiments,

-
the effect of imipramine on respiration rate and oxygen

_consumption was investigated. Saline-injected controls and

imipramine-treated animals were run alternately. An initial
control reading was taken before drug injection while the
animal was in a resting state. The animal then was removed
from the chamber and given an intraperitoneal injection of
either saline or imipramine. The animal was returned to

the chamber, which was.then re-sealed and re-equilibrafed.
Readings of respiration rate and oxygen consumption were
taken at 10, éO. 25 and 30 minutes, gnd then every 10 min-
utes until the end of the experiment (90 minutes after the

drug,administration).'

(iv) Analysis of Data: The change in pressure (8p),
recorded while the vélve to the oxygen bag was closed, was
proportional to the volume of oxygen removed. This change
in pressure was converted ints oxygen-consumption accofding

to the following formula:
{

\

(m1/min) Ao 1 P 273
0 ml/min = — x V x — x —™ X —
2 P A 760 T

Ap x v x 273

At x 760 x T
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where P is the barometric pressure (mm Hg), V 1s the )
chamber volume (ml) minus the rat s weight (g) and 100-ml
for the KOH, T is the chamber temperature (°K) and st is

the time (min) over which Ap occurred. The factors P/760 ‘

and 273/T bring the volume o 0, to standard pressure and’

temperature conditio Since P convenlently cancelis out,
there is no need to keep track of fluctuations in baro-
metric pressure. To remdve variability due to differences_
in body weight, the 02 consumption value was further di-
vided.by the animal's ‘weight raised to the power 0.73 (135).

Data was evaluated for treatment effect as descrlbed in

Sectlon c)(1v)

-

3. Results

a) Effect of Imipramine on Cardiovascular Parameters

The tiﬁg/éourse of changes in blood'pressure of

rats administered imipramine (go‘mg/kg i.p. - CDs) in com-
parison to that of the control group is shown in Fig. b,

The data are expressed in percentgges, taking the initial

values (before imipramine or saline injection) as 100%.

Blood pressure of the imibramine-treated group'showed. with-

in 10 minutes after injection of imipramine, 3 statistically

significant drop to 80 - 85% of initial values. This effect

lasted for the .duration of the experiment.

]
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Effect of imipramine on blood pressuréﬁz Groups were in-
jected i.p. at time O with either sallne o—o (n=11), or
éwipramine (50 mg/kg) e--—e (n=10)." Blood pressure was
_weasured avery 5 minutes from 0 to 30 minutes, and then -
o " Agery 10 ;Ehutes for the final 60 minutes. Blood pressure
: ‘ : is expressed as a percentage of the control (or initial)
values -which were, -for the galine group, 92.6 2 1.3 mm Hg
and for the imipramine group, 99.5 * 2.5 mm Hg. Points
represent the mean values + S.E.M. (See Appendix A for
“absolute values). . . :

- . All the values from the group'of animals frogfed Qith imip-
* “ramine, fram 5 minutes on, are significantly different from
the corrosponding saline values (p<0.005). - ’

B . ‘ )



73

. , . R
+ 0
4 .
!

The adminiétgation of imipramine produced, at .

5 minutes post-injection, an initial transient, non-signi-.

ficant increase in heart rate (Fig. 5). This was followed

by a Steady decrease iﬁ-the heart rate of the imipramine-

[ ——

treated rats, becoming statistically significant within

20 miputes after the injection. At peak effect, 60 minutes

B )

after injection, the heart rate dropped almost 20% from the
j . initial value. A very-gradual‘return toward the normal

) rate then occufred. which was still incomplete at‘the end

% \\\J/%’“\\\ . of the experiment.. Analysis &T slope confirmed the differ-
i ///ﬁnce in blood pressure and heart rate between the control

LQ/i and treated groups, ks analysed by Student s t-test.

T b} Modification byMnticonvulsants
. ' 7
\ ‘ (5___) Effect of Phenobarbital: Phenobarbital

~ sodium (40 mg/kg i.p.), administered alone, had no‘signfe

ficant effect on either blood pressure (Fig. 6) or heart

y rate (Fig. ?) of experimental animals. .
i Blood pressuré. in thﬁzgkoup given imipramine
;% . (50 mg/kg) and phenobarbital, dfd not differ from that of

. the group given imipramine and saline (Fig. 8). . All of

e ke

the post-imipramine-injection vdlues_fof’both the imipra-
mine + saline and the imipramine + phenobarbitdl,groups
» differed signi icahtly from the values of salinelinjected

controls, with the LYCQPthﬂ of the 5-minute value of the

4
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Effect of imipramine on heart rate.

¥

i.p. atAime 0 with either saline o—o (n=10), or imip-
ramtré (50 mg/kg) e—-—e (n=11). ,
every 5 minutes from O %o 30 minutes, and then every 10 min-
utes for the final 60 minutes.
percentage of the control (or initial) values which were, for
the-galine group, 343.1 + 8.2 beats/min and for the imipra-

mine group, 350.2 * 10.2 beats/min.

mean values + S.E.M.

* A gtatistically si
animals given saline

Heart rate was measured

Groups were injected

Heart rate is eXpressed as a

Points represent the

(See Appendix A for absolute values). .—

ificant difference when compared to

P<0.05) .
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Fig. 6

Effect of phenobarbital on blood pressure. Groups were
injected i.p. at time 0 with either saline o0—-0 {n=13),
or phenobarbital sodium (50 mg/keg) a— - —a (n=6). _ Blood
pressure was recorded every 5 minutes from 0 %o 30 min-
utes, and then every 10 minutes for the final 60 minutes.
Blood pressure is expressed as a percentage of the con-
trol (or initial) values which were, for the saline group,
92.9 + 1.2 mm Hg and for the phenobarbital group,

91.3 + 3.8 mm Hg. Points represent the mean values

¥ S.E.M. (See Appendix A for absolute values).
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Effect of phenobarbital on heart rate. Groups were injected
i.p. at time 0 with either saline o—o0 (n=13), or phenobar-
bital sodium (40 mg/kg) a—-—a (nz6). Heart rate was meas- |
ured every 5 minutes from Q-to 30 minutes, and then every !
10 minutes for the final 60 minutes. Heart rate is ex-
pressed as a percentage of the control (or initipl) values
which were, for “the saline group, 340.2 + 7.2 beats/min and
for the phenobarbital group, 317.0 + 8.5 beats/min. Points

. represent the mean values + S.E.M. (See Appendix A for

absolute values).
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Effect of imipramine + phenobarbital on blood pressure, Groyps
were injected i.p. with either saline at time 0.7/ (n=1l),
or imipramine (50 mg/kg) at time 0 and saline after 15 minutes"
+——» (n=12), or imipramine (50 mg/keg) at time 0 and phenobar-
bital (40 mg/kg) after 15 minutes a4— —a(n=1%). Blood press-
ure was recorded every 5 minutes for the first 30 minutes, and
then every 10 minutes for the final 60 minutes. Blood press-
ure ig expressed as a percentage of the control (or initial)
values which were, for the saline group, 92.6 + 1.3 mm Hg;
for.-the imipramine + saline group, 104.2 * 3.2 mm Hg and for
the imipramine + phenobarbital group, 97.5 + 2.8 mm Hg. 7Points
represent the mean values + S.E.M. (See Appendix A for abso-
lute values). ‘

All of the post-injection ‘values for both of the imipramine-
treated groups showed statistically significant difference .
when compared to the animals given saline (p<0.05), with the ~
exception of the 5-minute value in the imipramine +.saline

curve. -
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As expected, administration of imipramine alone
(Pig. 9) again resulted in a decrease of heart rate, which
at 15, 25, 40 and 50 minutes showed a statistically sign;—
ficant difference when compared to the group injected with
saiine (p<0.05). These significances, as determined.by
Student's t—test, were confirmed by analysis of slope. The
heart rate values in the imipramine + Phenobarbital grouﬁ
remained close to the values seen in.the imipramine + sal-
ine group until after 40 minutes, when fhey began to climb
back to the range of initial yalqesj 'Ndne of the data points
on this curve showed a statistically gignificant differ-
ance whéh cdmpared to. either those of thée curve fér_saline
alone or those of the curve for imipramine + saline.

(ii) Effect of Diazepam: The blood pressure

(Fig. 10) and heart rate (Fig. 11) of animals given diaze-
pam (1.8 mg/kg i.p.) showed no statisticélly significant
difference from those of animals given the drug-véhicle.
though blood pressure values tended to be lower in animals

treated with the anticonvulsant.

-

In'this series of experiments, the blood press-
ure of animals given imipraming alone decfeased‘within
15 minutes to ‘about 85% of control values and tended to
stay,within'thié range for the rest of the experimental
period (Fig, ®2). Diazepamm given 15 minutes after

*
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Fig., o

Effect of imipramine + phenobarbital on heart rate. Groups
were injected i.p. with either saline at time O /M (n=11),
or imipramine (50 mg/kg) at time 0 and saline after 15 min-
utes -e—s (n=12), or imipramine (50 mg/kg) at time O and
phenobarbital (40 mg/kg) after 15 minutes A-—-4 (n=14).

Heart rate was measured every 5 minutee for the first 30 min-
utes, and then every 10 minutes for the final 60 minutes.
Heart rate is expressed as a percentage of.the control (or
initial) values (beats/min) which were, for the saline group,
343.1 + 8.2; for the imipramine + saline group, 379-5 + 14.7
and for the imipramine + phenobarbital group, 38%.9 + 11.3.
Points represent the mean values t* S.E.M. %See AppendiXx A
for absolute values).

* - A statistically significant difference when compared to
T o

animals given saline (p<Q.05). L
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Effect of diazepam on blood pressure. Groups were
injected i.p. at time O with either diazepam drug-
vehicle (n=6), or diazepam (1.8 mg/kg)a~-—A
(n=6). Blbod pressure was recorded every 5 minutes
from 0 to 30 minutes, ‘and theén every.l0 minutes for
t final 60 minutes. Blood pressure is expressed
a5 a percentage of the control (or initial) values
which were, for the vehicle group, 99.6 + 9.5 mm Hg
and for the diazepam group, 99.3 * 9.2 mm Hg. Pdints
represent the mean values + S.E.M. (See Appendix A
for absolute values).
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Effect of diazepam on heart rate. Groups wgre injected
i.p. at time 0 with either diazepam drug-vehicle o——o0
(n=10), or diazepam (1.8 mg/kg) &~~—A (n=6). Heart
rate was measured every 5 minutesg from 0 to 30 minutes,
agd then every 10 minutes for the final 60 minutes.

~ Heart rate is expressed as a peércentage of the control
(or initial) values which were, for the vehicle group,
330 + 5.1 beats/min and for the diazepam group,
351 + -14.8 beats/min. Points represent the mean values
+ S.E.M. (See Appendix A for. absolute values).
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Effect of imipramine + diazepam on blood pressure. Groups
were injected i.p. with either saline at time O £y
(n=11), or imipramine (50 mg/kg) at time O and diazepam
vehicle after 15 minutes e——e {n=10), or imipramine

(50 mg/kg) at time 0 and diazepam (1.8 mg/kg) after 15 min-
utes &~-—-A (n=11). Blood pressure was recorded every 5 min-
utes from 0 to 30 minutes, and then every 10 minutes for the
final 60 minutes. Blood pressure is expressed as,a rercent-
age of the control (or initial) values which were, for“the
saline group, 92.6 + 1.3 mm Hg; for the imipramine ++ehicle
group, 93.1 + 2.3 mm Hg and for the imipramine + diazepam
group, 100.9 + 3.0 mm Hg. Points represent the mean values

t SIEUMI

(See Appendix A for absoclute values).

+ A Statistically significant difference when compared to
the. animals given imipramine + vehicle (p<0.05). 4ll the
values from 5 minutes on, in both the imipramine + vehicle.
and imipremine + diazepam groups, are statistically different

from the
saline

-]

p<0.05).

corresponding values in animals treated with

-
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imipramine, causéd a further sharp decrease in blood press-

ure to a low of about 72% of saline values 10 minutes after /“

injection.‘ From 5.minutee on, the blood pressufe in both

experimental groups showed a statistically significant dif-

ference when .compared to that of the saline-injected grouﬁ.

At the 20, 25 and 30-minute readings, the values of the
e -

imipramine + diazepam group showed a statisfically signi-

ficant decrease when compared to the corresponding values

N - : - o
= o . ot et} St vl
— T

of the imipramine + vehicle group by Student's t-test.
Hoﬁever; slope analysis.‘conducted.as described in the
Materials and Methods, é.c)(iv). failed ‘to reveal any signi-

ficant differences in‘flood pressure between the imipramine +
diazepam and the imipramine + vehicle groups.

The imipramine-treated animals age;n~ehoweﬁ an

initial transient increase in heagf/;axe/f;iibwed by qnéro—
greesive decrease, which from 40 fo 80 minutes showed a
etatietically significant difference when compared to the
mean’ values in animals given saline alone {p<¢0.05). 1In i
contrast, the heart rate of animals receiving diazepam

15 minutes after the imipramine injection fxrfled to con-
tinue decreasing and virtuall& remained within the range of

values seen in control, saline-injected animals, Diazepam

thus appeared to block the decrease in heart rate produced

by’ imipramine. The mean valXues of the imipramine + | ‘i

L

e ———— s . G e



. imipramine-induced convulsions), significantly .affected the

' administered in the above doses 15 minutes after imipr

~confirmed by analysis of slope.

pressed both bloodd%ressure(and heart rate, although an

8l
diazepam group differed significantly from the corresponding

values of the imipramine + vehicle group at the 40, 50 and
7

70-minute time intervals (Fig}‘lB).) These differences were '

o ) e g et e
PRI

(iii) Summaryt Imipramine (50 mg/kg i.p.) de-

initial transient increase in heart rate was observed in
most experiments. Neither phenobarbital nor diazepam, .ad-

ministered alone (in doses corresponding to PD96 against

cardiovascular parameters studied, though diazepam showed

a tendency to losfer the blood pressuras Phenobarbital,

L TS R T e

had no immediate effect on the imipramine-induced d fession
of heart rate and blood pressure. However, after 15 hin-l
utes a trend to return to 1n1t1a1 heart rate was ‘seen in
this group. When diazepam was glven %; minutes after 1m1p—
ramlée\\fp% usual imlpramlnewlnduced decrease .in heart rate .

-

was antagonlzed zéf the hypotensive effect of imipramine

:Swas transiently  enfanced. ThlB latter effect was demon-

~strated by t-test 35a1y51s but was not conflrme by slope‘

analysis.
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.« Y Effect of imiqﬁgmine + diazepam &n heart rate. Groups were -
injected i.p. 'with either saline at time O /4% (n=11), or
7 imi ramine.fé? mg/kg) at time 0 and diazepam vehicle after
. »5 Rinutes eb=—e (n=10), or imipramine (50 mg/kg) at time 0O
. _and dia®epam (1.8 mg/kg) _ait\err 15 minutes &~ — -A {n=11) .
Heart rate was measureg évery. 5 minutes from 0 to 30 minutes, .
. and then every ‘10 minufes forithe final 60 minutes. Heart .
. "~ rate is expressed as g percentage of the contrcol (or initial) ,
. values which whre, for the saline group; 343.1 % 8.2; for Xhe” }
-, imipramine ¥ véhicle group, 324.6 + 7.2 and for.the imipra-- .
- mine + diazepam group, 342 * 11\4. Points represent the Coo
pgan values + S.E.M. (See Appendix A for ‘sbsolute values). | 4
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* ¢) Effect.of Imipramine on Body Temperatture

Saliné-injected ‘control animdls showed an ‘initial
rise in. bpdy temperatyre,  followed by a slight drop during .
the course of the experiment (Fig. 14). In animals tréated gqa

with imipramine, the rectal temperature. after an initial

'sllght increase, -decreased steadily at a rate of about ~

0.023°C/min and by the end of the 90-minute experimentaiu _
‘period dropped to 35.8 & Q.2°C. The mean values from 60 min-
zlteQEpnward showed a dif%erence that was statistically signi-
ficant when compared to values ¢f the saline-treated control }
group. Slope analysis confirme¢ a signifiéant difference

between the two groups (péo.OO;).

df Modification by Anticonvulsants . - o {

(i) Effect of Phenobarbital: Phenobarbital

(4o mg/ké i*p ) CEme produced a decrease in rectal tem-

-

perature 51m11ar to that seen after injection of 1m1pram1ne.
6

Mean body temperature, from 30 minutes after injection,

showed a statistically significant difference when compared

to that of the group given saline (Fig. 15). This w&s con- -

_firmed by analysis®of slope.

The temperature changes seen after injection of -
imipramine, followed by éaline;“&ere the same as seen afier

injection of imipramire alone {see Fig. I%). In the ani-

_mals given imipramine, followed by phenobarbitgl‘(Fig. 16),
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Effect of 1m1pram1ne on rectal temperature. Groups
‘were 1nJected i.p. at time O with either saline o—o0
(n=10), or imipramine, (50 mg/kg) e—-—e (n=10): Rectal
temperatore. was measured every 5 minutes from 0 to -~
30 minutes, and then every 10 minutes for the next

60 minutes. Rectal temperature is expressed in degrees
centigrade. Points represent the mean valuess¢ S.E.M.

* A statistically significant difference when compared
" to animals given saline (p«0.05).
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Fig. 15:

T Effect of phenobarbital on rectal temperature.
were injected i.p. at time 0 with either saline o—0o
(n=13), or phenobarbital sodium (40 mg/kg) &—-—A (n=6).
Rectal temperature was measured
0 to 30 minutes, and -then every 10 minutes for the next

Rectal temperature is expres

Points ‘represent the mean values + S.E.M.

60 minutes.
centigrade,

* A statistically significant difference when compared
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L
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to animals given saline.
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Fig. 16:
Effect of imipramine + phenobarbital on rectal

temperature. Groups were injected i.,p. with either
saline at time 0 444/ (n=10), or imipramine (50 me/kg)

|

—————— S

at time 0 and saline after 15 m

inutes e-——e

{(n=10),

or imipramine (
sodium (40 mg/k
temperature was

50 mg/kg) at time O and phenobarbital
g) after 15 minutes &-— -A (n=10). Rectal
measured every 5 minutes for the first

30 minutes,
60 minutes.
centigradeﬂ

- Points represent the mean values +« S.E.M..
. # )
*A statfstically significant difference when\campéﬁld

and then every 10 minutes for the final
Rectal temperature is expressed in degrees

to animals given saline (p<0.05).
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body temperature con$inued to decrease, and by 90 minutes
after the imipraminefinjection (75 minutes after the
phenobarbital injection), had reached 35.0 + 0.4°C. (Ini:
tial body temperature for this group was 37.5 = 0.02°C).
In this group, the mean values from 40 minutes onward dif-
fered significantly from the values of the saline-injected
controls (p<0.65). No points on’thisacurve showed statisti-
cally-significant di{ferencg when compared to the correspond-
ing values of fhe imipramine + saline-groﬁp.‘_However, the
dTop‘}n‘bﬁﬁy températur? in the imipramine + Phenoba#b;tal
gﬁoup achieved significance, with respect to saline-treated
gdntrol, 10 minutes earlier than in.the imipramine + saline
group. The rate of decline in bedy temperature for the
imipramine + saline and the imipramine + phenobarbital
groups was about the same (0.0éSC °/min and 0.028C %min,
respectively). Slopé andlysis also failed to show a signi-
f{cant difference between these two groups.

: (i1} Effect of Diazepam: Rectal temperature in

; 5 ‘
the animals given the vehicle only followed very much the

pattern seen in animals given saline alone, namely, it dig—
played a very slight initial increase followed byla gradual
decline throughout the experiment. The rectal temperature
in animals given diazeéam_showed no statistically signifi-
cant difference when compared to that in control animals

given vehicle only (Fig. 17).
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Fig. 17: .
Effect of diazepam on rectal temperature. Groups
were injected i.p. at time 0 with either diazepam
drug-vehicle o——o (n=6), or diazepam (1.8 mg/ke)
&-—A(n=6). Rectal temperature was measured
every 5 minutes from 0 to 30 minutes, and then
every 10 minutes for the final 60 minutes. Rectal
temperature is expressed in degrees centlgrade
Polnts rgpresent the*mean values + S.E.M.
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Changes in the rectal temperature of animals

given-im;pramine. followed by the vehicle of diazepaﬁ

(Fig. 18), were similar ﬁoﬁfﬁosé seen with imipramine alone

(see Fig, 14) or with the‘imipramine + saline combination

(see Fig. 16). The mean values in this group were fron

60 minutes énwards‘significantly lower than those obsefved

in saline-injected 6ontrﬁls. When imipramine- pretreated ¥
’;anlmals were given dlazepam, the decreases in rectal tempera-

ture were pronounced and from 50‘minutes onwards the mean

values were significantly’ lower than those of the imipfaminé +

vehicle group 4Fig. 185. The mean rectal tempSratures of the

imipramine + aiazepam groﬁp were from 40 minutes onwards

also‘sigﬁificantly different from saline-injected controls.

Analysis of slope revealed fhat the body temperature curve
of the imipramine +" diazepam‘group differed significantly
(ile.. had a more negative slope) from that of the imipra-

mine + vehicle group, from 15 minutes onward.

(iii)' Summa In these experlments, imipramine
(50 mg/kg i.p. ) was fouhd to cause a gradual decline in
the rectal temperature of rats, which.became significantly
different from saline-injecteg!controis at aboué\gb to

60.minutes after, tﬁe.injection. Diazepam (l 8 mg/kg i.p.)

or phenobarbltal (40 mg/kg i.p.) injected alone produced ¢

mo, significant effecps on body temperature when compared to

- ~¢
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Meg.. 18:
Effect of imi 1 + diazepam on rectal femperature.

Groups were injected i.p. with either saline at time
O A (n=10), or i{mipramine (50 mg/kg) at time 0
o~ and diazepam drug-vehicle after 15 minutes e——e
: (n=14), or imipramine (50 mg/kg) at time 0 #nd diaze-
. . pam (1.8 mg/kg? after 15 minutes A——a (n=14). Rectal
T; - temperature was measured every 5 minutes/from ¢ to
¥ 30 minutes, and then every 10 minutes for -the final
- 60 minutes. Rectal temperature is expyessed in degrees.
centigrade,. Points_;;preSent the mean*values + S.E.M.

‘ - * A statistically significant difference when compared
to animals given saline (p<0.0Q5).

+ A statistically éignificant‘difference when compared
to animals given imipramine + vehicle (p<0.05).
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\\\j respective controls. Diazepam given 15 minutes after imipra-
‘mine enhanced the hypothermic effect of/ the antidepressant
drug. On the 6ther hand,'treatment with pheﬁoba;bitaf did
not signfficantly alter the h&pothermic response of rats to
imipramine. 3 - 4

\ | -

. : e) Effect of Imipramine on Regpiration Rate and

-_ Oxygen Consumpfiqnn

Respiration rate in animals given séline alone
remalned fairly constant throughout the 90-minute obserwva-
tion perlod (Fifg, 19) Imlpramlne admlnlstratlon

(50 mg/kg i.p.) caused a marked initial increase iu res-
piraégon rate up to almost 50% above that noted in controls.
This effect 1astqg for about 60 mlnutes. at which time the
resplratlon rate of imipramine- treated anlmals returned to

.+ the range of control values. Student s t-test showed thls
effect of imipramine to be 51gn1f1cant within the perlod ex- .

% tending from 10 to 40 minutes after drug injection. Slope
analy81s confirmed -a significant treatment effect

On the other hand, according to statistical™

"L\ analysis.bﬁ Student's t-test, imipramine>failéd to exert
a significant effect ah‘oxygen conSumption when compared
\ » to saline 1nJectlon (Fig. 20) However, slope analysis
has revealed that the-oxygen ‘consumption in the imipramine-

. treated rats was significantly depresked (i.e., the slope




Kl
P LA X L

R Y

L O L - - o — e s N
BRI R A YRLTOL d gitton oL B M AR S b DA R o T W O MO R Rt e PO LMY i B R S SR

~—

i - N \i\/ k T x|
| h
' . - ot
95 .
. -
LA _ i
[ 1

2 160
= |
S
o 1407
o
LR
— 120
B
T
@ 100
v L
2 s ' |
E SR ’ o—o SALINE. .
™ IMIPRAMINE | - IMI -
% 701 . , o
o A1 — 1 1 1 1 | | | \ "y X ‘}
5 10 20 30 40 50 60. 70 80 90 |
R . - TIME (MIN) B

Fig. 19t ° «

Effect of imipramine on respiration rate. Groups were
injected i.p. at time 0 with either saline o~—0 (n=7)
or imipramine (50 mg/kg) e~-—e {n=7). Respiration rate
was measured for 90 minutes following dosing. The
values obtained are expressed as a percentage of the
control (or initial) values which were, for the saline
group, 90.0 % 4.1 breaths/min and for the imipramine
group, 90.1 + 6.3 breaths/min. Points represent the
mean values + S.E.M. (See Appendix B for absclute
values), ‘

-

* A statistically significant difference when compared
to animals given saline (p<0.05).
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"Fig. 201 @
Effect of imipramine om ox¥gen consumption. Groups

were injected i.p. at time 0 with either saline o—o
(n=7) or imipramine {50 mg/kg) e—-—s (n=7). Oxygen
consumption was measured for 90 minutes following dos-
ing and measured in ml/min/kg0.73. The values obtained
are expressed as a percentage of the control (or
initial) values which were, for the saline group,

1678 = 0.9 ml/min/kg0.73 and for the imipramine group,
16.2 + 0.8 ml/min/kg0.73, Points represent the mean
values + S.E.M. (See Appendix B for absolute values).
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of the data curve of this group was more negative than
. ) A '
% that of controls, p<0.05) whenscompared to saline-injected

controls.

To summarize then, imipramine -caused a signifi-
. — .
“ cant increase in respiration rate. A reduction in oxygen
consumption was demonstrated by slope analysis, but not by

Studént’'s t-test-analysis.

. '

L, Discussion

The experiments deécribed in Part A-d®
that‘both diazepam and phenobarbital ﬁere effe¢tive .in pfe—
veniting imipramine-induced convulsions in ratd, This_find;

ing, however, doés,not neceg arily mean that [they are safe
drugs to use in patients pgisoned with tricyelic antide-
pressants. Severe cardiov scuigr and respirét
bances associéted.with overdose of tricyclic,antidepressanﬁs q’;;;7
({ necessitate. the uée'df extremé caution to avoid adhinisfer—
ing other drugs that could worsen the patient's condition.
Lombroso.(léi) has pbinted out that pafients in" convulsive
céﬁditiqgs. such as status epilepticus, are especially sus-
ceptible to the depressant effects of anticoﬁvuisanévdrugs,
and this may also be the case during convzi%;ons in imipra-

g mine pqisoning. For these readons, we hav

4

-investigated the

question whether diazepam or phenobarbital, in doses which




v

.

antagonized imipramine-induced convulsions, would alter

basic cardiovascular and.respiratory parameters and the_Body
: ) _ N K

temperatyre of egperimental animals when given alone, or

following the administration of a toxic dose of imipfamine,

- e 1 . o
. Since convulsions Would obviously intérfere with

the physiological parameters measured, a sub-convulsive (but

still toxic)'dose of imipramine (equivalent to CD5) was used
in these ex§eriments. Animals. which had convulsions with

this dose of imipramine were not_inciuded in final evalua-
tion of the.results. Furthermore, since hormonal changes

: . ’
during the oestrous'cycle have: been shown to alter convul-

sion susceptibility in rats (207), only male.animals A

'
were used.

A considerable amount of work an the effect of
imipramine‘on the cardiovagcular‘system in va;ious animal
species:haé been carried out, as reyieﬁed in the firé} part
of this thesis. Unlike most experiments to {nﬁestigate the
drug-%ﬁdqced changes of blood pressure in the whole éniﬁgl.
the teéhnique used in the préséﬁt work permitted measure-
ment of blood pressure and hearﬁaraté wifhoqt‘the‘inf%uencé
of anaesthesia; which was found not only to considerably .

mod?fy drug effects on the heart, but also to influence’

regulatory reflexes (14).
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The fall in blood pressure, seen in our experi-

ments following injection of imipramine, parallels'yﬁe

observatlons made earlier by other workérs in dogs (27), . _Jgi‘
(163) (153) and rabbits (42).’ Hypotension has also been
frequ%?ﬁly'reported in clinical accounts of poisoniog wifh
trieyclic antidepressants (157), (141), (65), (63). .The
imipramine-induced reduction in heart rate whloh was ob-

served is also in agreement w1th the flndlngs of some of

the previous studles (153), (27), (118),

In micro- electrode studies w1th rabbit atrla.

S v e e e ey e — manm,

Matsuo (108) demonstrated that a 10 pg/ml bath concentra-
tion of 1m1pram1ne depressed action potential amplitude

and progressively slowed the rhythm. 1In isolated.rat'ventri-
i cular strips, imipramine (12.5 pg/ml) was shown to directly

' ' depress contractlllty and to prolong the absolute refrac-
tory perlod (136). Using both guinea rig and rat ventrlcu—
lar sllces, Auclair (6) found “that 1m1pram1ne (12. 5‘pg/ml)
diminished the resting potential, slowed;depolarlzatlon

and elevated the exoitation threshold. From this and other~
evidence already.reviewed, there are several possibilities

to explain the cardiovasculdr effects of imipramine observed |
in these experiments. The fall in blood pfessuré could be
due to a &ecrease in peripheral resistance, as a result of

=4

2° blockade (20) or an{antagonism of the contractile effect
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‘of caleium ions in the vescular smooth muscle (20), (74a).
Most evidence, however, supports the possibilify that the
fall in bloed pressure is due to aiéirect depressant effect
on fhe mchardiﬁm (108), (136),‘(6?. This argument could
also be used to explain the decrease in heart rate seen
after adminietration‘of/imipramine. The initial increase
,k;/in heart rate which occurred after imiprqpine dosing could
be compenSagion for the fa;ling blood pressure. A more
likely explanation is that‘this transient increase in heart
., rate occurs when only small amounts of the drug are ab-
sorbed and aeting. This would be reminiscent_of the tran-
sient increases in heart rate seen by other authors in v

response to low doses of imipramine {(27}.

.

The importance.of controlling quy temperature to
avoid additional stress in poisoning with tricyclfe anti-
depressants has been emphasized by Sueblinvong et g;k(lBO).
Laboratory.investigation has shown that 30 mg/kg i.p.

~ imipramine in mice leaves body temperature unaffected (160),
‘while in guinea pigs 100 mg/kg s.c. caused hypethermia (57).
In rats, 20 mg/kg i. P. gave a very slight decreasp in body
temperature (186).

Our finding of an approx1mately 2°C decline in body
temperature of rats, over 90 minutes.following 50 mg/kg i.p.

r
1m1pram1ne, is thus in agreement with the above reports.
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As mentioned earlier, hoth Hyper (2), (53), (65) and hypo-
thermia (126}, (142) are seen in patients poisoned with
tficyclic antidepressants.

| The. mechanism of imipramine's effect on.body
temperature is not clear. Evidence of central action was
presented-by Cooper (B'EXi who-showe& that imipramine, whgn
injected intraveﬁtricularly, caused a drop in body tempera-
ture in cats, but produced an increase when injected in
rabbits. Both effects could be explained by potentiation
of central adrenergié mechanisms due to the blockade of the
uptake of endogenodély released noradrenaline by imipramine,
It has been shown fhaf‘species differenceé exist in the'
effeét of intra&entricularly injected noradrenaline. 1In
cats it causes a drop (48), while in rabbits, a rise in body
temperature (143). Noradrenaline also causes a drop in
body temperature in the rat (99a). Therefore,‘potentiation
of central adrenergic mecéanisms cou;d lead to a drop in
body temperature. The slight hypothermia seen éfter-imip-
ramine could also be cau;Ed by the peripheral vasodilétion
'effect that this drug has been showﬁ to possess (20), (153).
A similar mechanism was suggested‘;& Kirkpatrick and
Lomax (87) *to explain the hypothermic effect of atropine

. P
methylnitrate in the rat. Although the drop in body
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tempeféfure observed in the present study was not very

large%)along with a drop in blood pressure and heart rate

R e T

it may be an aggravating factor in imipramine poisonihg (185).

A number . of authors reported a depression of res-

piration infpoisoning with tricyclic antidepressants, parti-

cularly following the.administration of anticonvulsants‘(éj),

(169). Our results show that in the rat there is a definite

increase in respiration rate, within 10 minutes after injec-

tion of imipramine. The relatively large standard errors

seen in our data on the respiration rate of the imipramine-

treated animals may reflect the fact that these animals

tended to be more restless than the saline-injected controls.

The increase in respiration rate observed in present experi-

ments could merely be a reflection of the cardiovascular

depfession produced by imipramine, and secondary to increased

PCO2 in the blood, resulting from a drop in cardiac output.

Respiratory alkalosis has, indeed, been reported in some

clinical cases of imipramine poisoning (185); in others

however, no changés were found (188)¢ A similar argument

174

could»be used to explain any decrease in oxygen consumption,

since the amount of oxygen available to the tissues was

likely reduced as a résult of decreased blood flow. '

" Although the slope analysis indicates that imigra-

5

mine has a significant\tendency to depress oxygen consumption,

4
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analysis.of data by Student's t-test failed %o reveal a

significant difference from the control group. The results

~

are therefore inconclusive.

»

The main aim of this series of experiments was. to

ékamine whether administration of the two anticonvulsants
g a ]

used, phenobarbital and diazepam, would alter the imipramine-

induced changes in cardi¢vascular, respiratory or fhermo-
regulatory function. The anticdénvulsants were administefed
15 minutes after imipramine, since preliminary studies
showed that the effeéts of imipramine, at least on blood
pressure, were cle;rly evident by this time. Our resplts
demonstrate that pheﬁobarbital alone had no significant
effect on heart rate or blood pfessure, nor did the pheno-
barbital appear to alter the cardiovascular-effecté of a
toxic dose of imipramine. Hypotension has Been reported
with pentobarbital used in anaesthetic doses (40 mg/kg i.p.)
in rats (23) or following OVerdOSe(in man (91), Hoﬁever,
barbiturates taken orally in doses producing only sedation
and sleep do not significantly affect the circulation (93).

The) administration of* phenobarbital alone resulted

in a decrease in body temperature equivalent to that seeﬁ .

with imipramine.  While barbiturates in anaesthetic MNoses
(e.g., 35 mg/kg pentobarbital i.v. in.the dog) (175a) R vet

been shown to cause hypothermia, and mild decreases in’
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temperature have been reported w;%h:sedatlve or hypnotic
doseg/,$h*s\effect “usually\igss{sot exceed that observed
under similar c ndltlons of inaptivity in the -absence of

drugs" (110).

ig of interest that the anticonvulsant-did
not significantly potentiate the imipramine-induced hypo-
thermia. The effect on respiratory function of phenébarbi—
tal, fdllowing a toxic dose of imipramine, has yet to be
studied. Such an investigation would be useful, since as
mentioned in the review of the literature, a number of ’
authors feel that barbiturates may contribute fo féspiratory
depression in tricyclic antidepressant p01son1ng (177), (208),
(3), (139), (58). As far as can be ascertalned from these
studies, phenobarbital is a useful drug in the treatment of
imipramine-induced convulsions, since in rats an effective
antiéonvulsant doée did not augment the effects of imipra-
mine on such important physiological parameters as heart
rate, blood pressure, or body temperature.

Recently, a number of clinical papers have meﬁ-
tioned the successful control?bf imipramine-in@uced convul-
sions with diazepam (53),f(§6), (63), (84). -This minor
traﬁqu;lizer has been shoyﬁ experimentaliy and clinically
to have anticonvulsant préperties and is claimedﬂby_éome'
to cause little or no depréssion of vital functions (49),

) :
(174), (208). 1In our_exgefiments,'diazepam was administered
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in acidified saline instead of its normal’solvent, propy-
lene glycol, since this latter substance, itself, may pro- §

foundly affect physiological functigns. Indeed, Sharer et

al (158) found in controlled experiments in cats that a

large proportioq (2/3) of changes seen after administration
of diazepam in propylene glycol were due to the solvent.

In the present work, diazepam alone (1.8 mg/ke i.p.)
showed no sig;ificant’effebt on either blood pressure or
heart faté, though it had the tendency to lower blood press-
ure. Rapid injection of diazepam has been shéwﬁ to produce
dose-dependent decreases in blood pressure 'in dogs (21) and
cats (32). Abel et al (1), however, found that diazepam

®

(0.25 mg/kg), injected into the coronary circulation of dogs,

had a positive inotropic effect. Tﬂey concluded that diaze-
pam augmented myocafdial contractility by increasing coroﬁary
bleood flow. '

In clinical'uée of diazepam to treat status
epilepticus, hypotension has been noted 6134), (125). (149),"
(16), but it is not always clear what other anticonvulsants
may have been used dnsucceséfully prior to diazepam adminis-
tration. In our experiments, diazepaﬁ’given 15 minutes
following imipramine dosing, did transiently potentiate the
hypotensive effect of imipramine, and this may be of clini-

cal significance in cases of imipramine poi?soning with severe

.
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hypotension. It is ‘interesting to note that in imipramine +
d;hzepam~treated_animals the heart: rate'remained near con-
‘trol levels compared to ‘the drop seen in animals'not.given
diazepam. This may représent a reflex action compensating
for the increased hypotension following dia;epam administra-
tioh. However, the observations of Chai énd.Wang (32) that
diazepam lowers blodd préssure by depressing hypothalamic

and medullary responses would tend to preclude this

/

+

possibility,
/;lone had no effect on body tempera-

Diazepam given
ture of_rats.'but when given after imipramine, it poten-
fiated the antidepressant-induced hypqth;rmia. This effect
could be Felévant in an imipramine poisoning sifuation, since
a fall in body temperature can reduce cardiac function (185).

In this connection, it is of interest that‘diézepam given to

women in labour, fifteen hours or less prior to delivery,

“impaired metabolic reéponse to cold stress in the newborn

(127).

Diazepam's effect on respiratory function iﬂ
imipramine poisoning remains to 5e directly investigated.
Intravenous administration of diazepam produces a moderate
degree of hypoventilation in mice (107). Several authors

have reported‘diazepam-iﬁduced respiratory depression in

Sypraen
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trea%ing_statps epileptiéus'(59). (134), (97), (16) and
_Theng (187) says that respiratory grrest is a potential
'hazard-of diazepam therapy.
The cited advantage of diazepam in control of
=~ iﬁipramineeinduced convulsions is its apparenf lack of
depressant effects on'physiol;gical func}iéns. The results 3

of these experiments contradict this aséumbfiQn, since diaze-

"pam was found to enhance the depression in body temperature,

and most probably also, the depression in blood pressure

caused by toxic doses of imipramine in rats.

|
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The aim of this_study was to determine which of
the an%iconﬁulsants used clinically in &oisoning with tri-
cyclic antiaepreésants, diphenylhydantoin, diazepam or
phenob;rbital was most effiqacio;;*and gafe in preventing
imipramine-induced cbnvulsions in rats. The effect of
imipramine on respirator& function was also invest%gated.

First, the dose-response curves” for convulsive
and lethal effects of imipramine were established. The CD50
was found to be 64.7 mg/kg and the LD5O. 78.4 mg/kg.
Diphenylhydantoin, phenobarbital and diazepam were then

tested for their ability to prevent convulsions induced by

an LDy, of imipramine.. Phenobarbital (PDyg, 17.6 mg/kg) and)

' "diazepam (PD50. 0.32 mg/kg), but not diphenylhydantoin, were

found to be effective in blocking the imipramine-induced
convulsioné. None of the anticonvulsant drugs tested signi-
ficantly affected mortality caused by imiﬁramine.

) To investigate the safety of the anticonvulsants
found effective in suppressing the imipramine-induced con-
'vulsions. the effect of these drugs alone, or in combina-
tion with imipramine, on important physiological parameters
(heart rate, blood pressure and rectal temperature), was ex-
.amined in’ unanaesthetized rats. Adpinistfation of . a toxic

' Y ) '
dose of imipramine alone resulted in mode%ate, but signifi-

cant, decreases of blood pressure, heart rate and rectal
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temperature, iﬁ addition, neither phenobarbital nor diaze-
pam, given alone, significantly affected bloog pressure,
heart rate or rectal temperature®of experimental animals.
When diazepam was given 15 minutes aftér administration of
imipramine, the imipramine-induced decrease heart rate
was antagonigzed, but the hypotensivé effectyji the tricyelic
antidepressants was transienfly increased. The hypothermic
effect of imipramine waé significahtly enhanced by diazepam.
Adminidtration of an effective anticonvulsant dose of ‘pheno-
barbital did not significantly affect the imipramine-induced
changes in any of the Physiclogical parameters studied. -
Imipramine was found to trans;gntly increase the respiration
rate, and there was also some evidgnce of decfeased oxXygen
consumption in rats given a toxic dose of this tricyclic. =
antidepressént.

. Thus, although both diazepam and phenobarbital

were effective in blocking seizures: due to a toxic d&se-ofh
imipramine, pheﬁobafbital,was found to have a lesser effect

on the vital functions studied, and therefore can be con-.
sidered to be safer than diazepam in. treatment of poisoning
with imiﬁramine—like compounds. The finding that diphenyl-
hydantoin was completely ineffective in preventing imipra-

mine-induced convulsions in rats, suggests that this drug

may not have any value as an anticonvulsant in the therapy
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of poisoning with tricyclic antidepressants. The fact

that neither phenobarbital nor diazepam significéﬁtly de-

‘creased the imipramine-induced mortality indicates that, in

gsevere inmipramine poisoning, control of seizures alcone is

A
" not necessarily life saving. Further supportive therapy

is therefore mandatory for the survival of a patieqt with

severe imipramine poisoning. .

o
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APPENDIX A \
" Table 1.
\ The Effect of Imipramine
Blood Proggura mm H .
Time *  Saline Imipramine t values
(n=11) | (Songgikg)
—_—l —(n=11) I
c 92.6 + 1.3* | 99,5 1 2,5% 2.545
5 mins ol & 3.4 86.3 £ 3.3 .22 i
10 wins 92.3 + 2.8 82.5 1 L4.3 1.959 o E
.15 mins 92.4 & 2.7 81.8 + 3.9% - 2.305 f
20 wins 95.3 + 2.7 82.5 + 3.6% 1 2.882
25 wins .7 t 2.6 8l.2 ¢ 3.5% 3.149
30 mins 93.2 £ 2.7 80.3 ¢ 3.2% 3.072
4O mins 9.1 & 2.6 82.3 1 4.3% 2.400 :
50 wins | 97.2 % 2.9 79.2 & 5.0% 34179 }
60 mins | 93.6 2.1 79.9 # L.3% 2.936 o
70 mins | 4.7 % 1.5 8.0 + 3.9% 2,670 }
80 wins 95.3 + 1.8 85.9 ¢+ 3.6¥ 2.401 @
90 mins 9%4.3 t 2.5 85.5 + 3.7 1.991 5
i
]
|
C Initial values taken 2 mina. prior to dosing. ;
i g::gi:tiégilf} significant difference (p<0.05). ’

-
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. APPENDIX A
Table 2.
The Effect of Imipramlne
Heart Rat:n(Beatg/'Min)
Time Saline Imipramine t values
(n=11) (50 mg/xg)
I — n=11 —

c 3y3.1 + 8,28 350.2 + 10,2 0.541
S mins 32.0 + 10.9 366.6 + 13.5 1431
10 wins k.7 + 10.0 335. £ 11.6 0.61l
15 wins 345.2 & 13.7 325.2 & 11.9 1.093
20 mins 348.5 + 14.5 302.0 & 10.2% 2.576
25 wins 3U3.6 £ 13.5 306.6 x 13.6 1.929
30 mins .2 + 12.5 297.0 & 15.9% 2.351
40 mins 367.6 £ 13.8 289.2 : 1870% 3.496
'S0 mins | 367.6 & 16.1 289.8 + 20.8% 2.990
60 mins 362.7 £ 16.6 286.2 + 19.9% 2.97
70 mins - | 362.7 % 17.5 291.0 &+ 21.6% 2.598
80 mins 366.0 + 18.5 300.6 ¢ 22.7% 2.247
90 wina 360.5 & 16.6 306.0 1 23.6 1.920
C Initial values taken 2 mina. prior to dosing.

:- ggigi:tiégilfg significant difference (p<0.05).
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. APFENDIX A
Table 3,

The Effect of Phenoberbital

on
. Blood Pressure (mm Hg)
S *—‘—*————~————*T—-"f———~—""—-—————-*——-—-*-———
Time 7 Saline Phenobarbital t values
(n=13) (40 mg/kg)
- S
o 92.9 + 1.2% 91.3 3.8 0.517
g mins 93.5 1 .2.9 86.6 + 6.7 1.110
10 mins 92.1 + 2.4 86.6 + 6.7 ‘ 0.966
15 mins | 9l.y # 2.6 '89.1 £ 5.9 .. |  o.m12
20 wins 9.1 &+ 2.7 91.6 + 5.7 0.453
25 wins L.l & 2.4 93.3 & 4.8 0.157
30 mins 92.5 & 2.6 .5+ 4.6 0.409
440 mins 93.5 & 2. 92.3 x 4.9 0.2y2
50 mins 95.7 ¢ 3.0 96.6 £ 5.2 0.164
60 mins 92.5 £ 2.2 91.8 & 5.1 0.140
70 wins 93.6 + 1.7 92.3 + 4.8 0.325
80 mins 9.1 ¢ 2.0 90.8 & 4.8 0.755
90 mins 93.3 & 2.5 93.0 # 4.6 0.069

C Initial values taken 2 mins. prior to doaing.
a Mean = S.E-M.

A




138 .

APFENDIX A

Table l. T
'i'he Effect of Phenobarbital

' Heart Rateo?Beats/H:ln)
Time Saline Phenobarbital t values.

(n=13) (M(Jnt‘__ng{kg)
¢ /0.2 + 7.2 317.0 + 8.8 1.908
S mins 338.8 + T6 332.7 + 16.7 0.339
10 mins 3368.3 = 9.7 308.0 & 15.2 1.722
15 wins 331.1 £ 8.7 | 302.0 % 13.9 1.866
20 wins 43,5 £ 1.2 309.0  13.1 | 1.551
25 mins 343.3 £ 16.7 32.0 & 17.6 0.742
30 mins | 339.0 & 12.6 335.0 & 27.3 0.1
4O mina | 354.0 3 13.5 333.0 & 29.3 0.748
50 mins 353.5 w 15.6 . | 345.0 & 19.7 0.329 .
60 mins 357.5 t+ 16.0 - 342.0 + 19.6 0.582
70 wins 356.5 + 17.2 333.0 ¢+ 1.7 0.882
80 mins | 360.5 & 17.8 7.0 + 18.7 0.4472
90 mins 355.5 & 16.0 338.0 + 11.3 0.723
C Initial values taken Z-mins. prior to dosing.

8 Mean = 3.E.M.

~

N ey -
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Table 5.

The Effect of Imipramine + Phenobarbital
on

Blood Preasure (mm Hg)

Time “ IMI, + 3al. IMI; + Phenocb. t yalues

(50 mg/kg) (50 mg/kg) 0 mg/kg)
c 104.2 + 3.28 - 97.5 2 2,8 ' 1.589
5 mins ~99.7 + 5.8 84.1 + a.5® . 2.626 f
10 mins 92.6 + 4.8 83.0 + 3.3 1.685 ;
15 mins 92.5 & 4.5 8y # 4.0 1,341
20 mins 9.1 & L7 80.1 £ 2.9% 2.068
25 mins 88,1 & 5.5 80.6 x 2.6 1.304
30 mins 99.9 + .6 82.4 £ 2.6 ' 1.670
140 mins 91.5 & 5.0 83.8 & 3.2 1.37% |
50 mins ' 9l.4 £ 4.0 83.L + 2.9 1.666 E
60 mins 95.0 & 3.3 - 85.2 & 3.2% | 5.106 §
Tomina | 96.2%3.6 | 85.6%2.9% | 2.33
80 mins 97.3 £ 3.7 <891 ¢ 2.7 . . 1.842 §
90 mins 9.5 ¢ 3.0 86.3 + 2.3 if?u5
Gb Initial values taken 2 mins. prior to doaing.
i Mean t 3.E.M. )

Statistically significant difference (p<0.05).

——
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2

-Table 6.

. The Effect of Imipramine + Phenobarbital
on

Time IMI. + Sal. IMI; + Phenob. t values )
(50 mg/kg) . | (50 mg/kg) (30 wg/kg) 1
‘nzlaz n= ' ‘ ‘_
¢ 379.5 + .78 D 384.9 & 11.3 | © 0.293 |
5 mins 377.5 & 21.1 399.0 & 13.4 0.88) |
10 mins ' 350.0 3 21.5 | 354.0 # 15.1 0.15, 5
15 mins 338.7 + 21.8 345.0 & 16.3 ©0.233
20 pins 349.0 + 19,1 2.0 + 15.6 . |+ '0.286
30 mins 346.5 ¢ 19.8 334.7 & 15.1 | - 0.480
1O mins W2.6 + 26.3 5.9 3 17.7 0.330
50 mins | 34h.2 & 20.2 359.1 1 17.4 0.563 }
60 mins 355.1 1 16.6 368.6 + 18.6 N 0.52 4
70 mins 354.0 £.19.3 ' | 370.7 x 18.4 0.621 i
. o 3
80 mins 357.3 & 23.0 ' 375.0 % 16.§p 0.637 !
90 mins_ 350.7 % 20.2 3854 + 15.3 1.395 |
- .
» . .
-4 . , . § i
(4 — - L

i

C 1Initiel values taken 2 mins. prior to dosing.
a Mean % 3.E.M. :

i e s
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Mean = 3.E.M,
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‘ APPENDIX A
" Table 7.
. The Effeot of Diazepam
Blood Présgﬁre (mm Hg)

Time . lv?gig%e (gf%z:p?zg) t values

- — - '= — (E,ﬁi . —_—
c 99.6 9.58 99.3 & 9.2 '0.025
S mins 95.5 % 7.1 - | 4.5+ 9.8 0.083
10 mins 95.0 + 8.7 90.0 & 9.7 0.38)
15 mins 9.8 x 9.7 868.6 + 10.6 0.569
20 mina | 97.8 ¢ 9.5 91.0 # 9.3 0.513
25 wins 98.6 + 9.7 92.6 & 11.4 0.401
30 mina 96.1 & 10.5 92.6 % 11.0 0.230
4O mins | 95.8 +10.l 90.1 # 11.2 0.371
50 mins 93.3 & 8.3 90.5 & 10.6 T 0.211
60 ining | 93.8 &'11.5° 93.0 # 10.5 0.053
70 mn‘S 297.3 & 10.8 | 92.5  10.7 0.318
60 wins 97.8 : 11.0 9.1 + 9.5 0.252 )
90 wmins 98.0 N 20.6 95.1 & 10.7 0,188
¢ Initial vgluoa taken 2 mins. priér to doaing. l
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Table 8,

The Effect of Diazepam
: on
Heart Rate (Beats/Min)

AFPPENDIX A

& Mean # S.E.M.

Time Vehicle Diazepam t values
(n=6) (1.8 mg/kg)
| e} -
c 33o.b + 5.8 351.0 + 14.8 1.337
S mins 327.0 £ .9.3 | 366.0 + 18.5 1.863
10 wina 321.0 # 5,5‘ 362.0 + 21.1 1.856
15 mins 316.8 + 6.1 AY5.6 + 18.0 1.518
20 wins 322.0 & 7.7 354.0 15.3 1.865
25 mins 3h2.0 + 12.6 35,0 & 20.0 0.931
30 mins 324.0 + 10.3 353.0 + 21.9 1.197
40 mins 330.0 + 14.8 364.0 £ 30.7 0.999
. 50 wins 322.0 t 6.5 353.0 ¢ 28.9 1.046
60 mins | 324.0 +'11.6 349.0 & 23.9 0,940
70 mins | 315.0 £ 6.5 332.0 ,23.9 * 0.685
80 mins 326.0 & 10.4 34,0.0 & 21.9 0.578
90 mins 322.5 ¢+ 5.1 3&2.0 1+ 19:0 0.808
v
G Initiai values teken 2 mina. prior to dosing. é;
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APPENDIX A
Table 9.
The Effeot of Jmipramine + Diazepam
_ . Blood Prer_s_:sr;;_imm Hg) _
S Time IMI. + Veh. |IMI, + Diaz. t values
. (50 mg/kg) (50 mg/kg) (1.8 mg/kg)
Ty 6 93,1  2.3% 100.9 # 3.0 2,004
| S wins | 80.2 2.6 89.2 & 4.0 " b 1.978
10 mins 79.1 & 2.2 83.7 + 3.5 1.121
15 mins 80.1 # 1.9 | 85.2 & 5.2 0.96l
20 mina : 84.1 + 2.2 72.8 + 3.5% 2.774
25 wina 82.4 + 2.9 71l u;U*X, 2.300
30 wins . 80.2 % 34t 7 72.0 & 3.5 - 1.670
14O mins ' 794 & 3.3 .9 £ 4.5 ] 0.818
50 mins 80.9 & 3.0 82.1 & 4.7 0.22
60 mins 1.2 + 3.1 . 83.5 1 5.7 0.359
70 mins 80.2 + 3.0 80.1 = 4.4 10.037
80 mins 79.8 2 3.0 79.2 % 5.3 0.106
90 mins | - 80.5 1 2.7 = 79.7 £ 4.9 0.145

C Initial values taken 2 wmina. prior to dosing.
‘ a Mean t S.E.M.
# Statistiocally significant difference (p<0.05}.
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APPENDIX A
Table 10.
The Effect of Imipramine + Dlazepam
Heart Rateo?Baata/Hin)
Time | IﬁI. + Veh. | IMI. + Diaz, 't values
(50 mg/kg) (50 mg/kg) (1.8 mg/kg)
n=10) (n=11)
{f: S -

c 324.6 + 7.58 32.0 + 11.4 1,24
5 mins 362.4 + 5.9 373.1 & 12.7 0.738
10 mins 336.6 + 5.8 355.1 t 15.9 1.051
15 mins |- 3144 + 5.8 330.0 % 12.7 | 1.118
20 mins 324.0 + 10.8 352.9 & 13.1 1.683
25 uins 319.8 + 5.0 359.5 = 16.1% 2.260 "
30 mins | 299.4 & 6.2 352.9 & 15.7% 3.050
140 wins 296.4 + 7.4 361.1 % 16.0*7i .| 3:584
50 mins _/285.6 7.9 | 356.2 1 lh.ﬂ* | L.168 .
60 mins | 531.6 + 13.0 351.8,+ 15.0% 3.009
70 mins 286.2 + 17.8 8672 + 17.7% | 3.23;
80 mins . 277.8 £ 15,6 . 346.8 & 13.0% 3.397
90 mins 297.6 & 15.9 358.8 & 11.0% 3.163

Initial values taken 2 mins. prior to dosing.
Mean + S.E.M.
Statistically significant difference (p<0.05).

%P
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APPENDIX B
Table 1. |
The Effect of Imipramine
_ Orygen Gonsunption
Time Saline .Imipraminé |- t values
(n=7) (50 Es/kg)
c 16.3 ¢ 0.9 6.2 408 | 0.106
10 mins .2 1.1 16.6 + 1.3 1.379
20 mins 1.9 + 0.8, 13.9 + 1.3 0.648
25 wins 13.3 1 0.5 4.3 + 1.5 0.625
30 wins 13.0 & 0.6 1.8 ¢ 1.5 1.18)
40 mins | 13.6 % 1.0 11.8 £ 0.5 1.602
50 mins 12.7 1 0.8 12.5 1 0.6 0.238 |
60 mins | 13.6 % 0.7 12,0 # 0.7 1.635
70 mins 15.1 & 1.1 11.8 + 0.7% | 2.0
80 mins 13.1 £ 0.7 11.5 + 0.6 1.748
90 mins 13.1 + 0.3 12.4 ¢ 0.9 0.665
C 1Initial values téXen 2 mina. prior to dosing;
i Mean + 3.E.M,

'Statistically significant difference (p<0.05).

[, S S
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APPENDIX B
Table 2.
£ -
' X "Effect of Imipramine
on ,
Respiratory Rate = |
[ e v e
Time Saline Imipramine t values
(n=7) (50 mg/kg)
(n=7)
i
c 90.0 1 L4.128 90.1 + 6.3 0.189
10 mins 81.9 + 8.1 131.4 + 10.6% 3.706
20 mins 80.9 + 5.5 126.0 &+ 12,1% 3.200
25 wmins Bl1.h + 5.9 107.7 # 11.1 2.090
30 mins 82.4 # 5.1 132.0 ¢+ 5.8% 6.451
4O mins 89.2 t 6.0 109.9 + 7.0% 2.190 °
50 mins 90.9 % L.t 106.5 = 7.9 1.804
60 wins 90.9 + 5.2 101.1 £+ 5.8 1.326
¢ Initial values taken 2 wmins. prior to.doaing.
a Mean + S.E.M.
#*

e

Statistically significant difference (p<0.05)."
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- APPENDIX C

1 ‘ Efample of Slope Analysis

: . ‘ ;Z-Rectal Temperature -

5 Imipramine + Véhicle versus Imipramine + Diazepam

F Time Control Group Treatment Group
‘ ‘ (Imipramine + (Imipramine + Diazepam)
T ' Vehicle)
‘ Slope S.E.M. t Value| Slope: S.E.M. t Value-
1-2) o.002 | 0.039 ' ~0.039 | 0.031
2 - 3] -0.027 | 0.027 | -0.63 -0.049 | 0.031 | -0.23
_ 3 - 4] -0.023 0.029 [. -0.53 -0,050 0.035 -0.25
E 4 --5{-0.032 | 0.018 | -0.82 ~0.044 | 0.018 | -0.15
i 5-6|-0.028 | 0.022 | -0.68 | -0.048 | 0.020 |-0.23
6 - 7| -0.034 | 0.022 | -0.79 -0.037 | 0.023 0.0k
y 7 - 8| -0.022 | 0.020 | -0.56 -6.036 0.024 0.05
8 - 9] -0.026 | 0.019 | -0.68 -0.036 | 0.024 0.07
9 -10| -0.021 | 0.020 | -0.54 -0.011 | 0.026 | 1.23
. Comparison of Slopes of Control and Treatment Groups
from times 1 - 10 (i.e., 15 - 90 min)
Control Group . 4 Treatment Group
! Slope = -0.027 + 0.002 | Slope = -0.038 £ 0,002
Y at timel = 37.49 Y at timel = 37.53
Y‘at time,, = 35.47 Y at time,, = 34.62
) t = -4,58 df = 270






