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FRERMUCHIO0I SibE EFRYS OF TRARQUTIZERS I
47D RAIIDZPRESSARTS '

The subject of side effscts of tranquilizers and antidepressants
has gained more and rnore inworiense during the past decade be-
cause of the ever-increasing generni use of these drugs. Side
effects of an agent acting on the central nervous system actuaify
have spurred Federal legislation supervising the development of
new drugs. Everyone knows the unfortunate Thaiidomide story.

In psychiatry it is usually quite difficult to find a clear-cut
definition for any given subjsct. This is certainly true for the
sub,-et of side effects. The differentiation between nszurophar-
macologic action as “desirable effect” or “undesirable side effect”
is often arbitrary.

The sedative action of the phenothiazines is more pronounced
in normal subjects than in psychotics in whom the action is called
tranquilizing. Nevertheless, it is presumably the same pharma-
cologic sedative effect in normal subjects that tranquilizes
psychotic patients (1).

Side effects experienced may be of psychosomatic rather than §
of pharmacologic nature. We, as others, have found in our con- i
trolled studies that side reactions are reported during placebo ad- :
ministration. Rickels (2) noted that during the study of a
clinically effective agent, frequently, more side reactions are re-
ported from the placebo than rrom the active agent. Rickels
interprets this experience of psychologic side effects such as diz-
ziness, headaches, drowsiness, and othurs during placebo admin-
istration as a passive way for the patient’s complaining about the
ineffectiveness of the administered compound.
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The incidence of psychosomatic side effects is probably
highest in patients who suffer from unelaborated, free-floating
anxiety, aince this is the factor most frequently reported as a
characteristic of placebo reactors (8). Naturally, in practice
where the welfare of patients is at stake every side effect has to

be considered a true pharmacologic side effect until convincingly .

proved otherwise.

Side effects of psychotropic agents:-are of two basic types:
(1) dose related, and (2) not dose related. Dose-related side
effects are due to an extension of the pharmacologic action of the
drug—for example, motor restlessness with some antidepressants,
or drowsiness and extrapyramidal reactions with tranquilizers.
This type of side effect can usually be controlled by lowering of
the dosage or administration of suitable concomitant medication.
Side effects not dose-related are allergic or toxic reactions such as
dermatologic or hepatic manifestations. Side effects of the latter
type cannot be predicted on the basis of the pharmacologic action
of_the drug. The proof of validity for claims of side effects is
usually a complicated matter. The elucidation of the mechanisms
zausing a side effect may be even more complicated or impossible.

TRANQUILIZERS

The older sedatives and hypnotics are not reviewed here since
they are different in their pharmacologic action. The tranquilizers
may be grouped arbitrarily into phenothiazines, Rauwoifia deriva-
tives, and compounds of various structurcs. Table I lists a few
of the more widely 8ed compounds of each group.

The development of trancuiiizers began in 1950 with the

Rauwolfia alkaloids. The story of the use of Rauwolfia serpentina

(or #‘snake root”) in India for calming agitated people is well
known. Perhaps the story began even farther back when Bern-
theen in 1883 identified the basic molecular structure of pheno-
thiazine (fig. 1) while working with modifications of methylene
blue (4). Phenothiazine in this asimple form, although it had
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TABLE 1

Trasquilizers
Phenothiasines
Phenergan (promethazine)
Sparine (promazine)
Thorazine {chlorpromazine)
Compatine {prochlorperazine)
Stelazine (trifluogerazine)
Trilafon (perphenazine)
Tindal (scetophenazine)
Mellaril (thioridazine)
Pacaial (mepazine)
Permitil (fluphenazine)
Rauwoliia alk=lnds
Serpasil (reserpine)
Moderil (rescinnamine)
Harmonyl (deserpidine)

. Compcunds of miscellaneous structure

Equanil
Atarsxz
Librium
Valium

{meprobamate)
(hydroxyzine)
(chlord’ azepoxide)
(diazepam)

urinary antiseptic propertiss, wes too toxic for clinical application.
It was used as treatment for intestinal worms in sheep in Australia
and found some use as an insecticide.

In 1946 promethazine (fig. 1) was developed in France by

Halperin as an antihistaminie.
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FIGURE 1

and stimulated research into phenothiazines. Various derivatives
were created by substitution of the halogen in the 2-position and
by modifying side chains.

Chlorpromazine (fig. 1) was the rext step in development and
a real breakthrough in the chemotherapy of psychiatric illness.
Here for the first time was a compound which produced a state of
calm and relieved tension without soporific effect or impairment
of motor function because it acted on a subcortical level rather
than at the cortical sleep-producing level.

The pharmacologic property of the psychoactive phenothiszines
is their neuroleptic action (5), that is:

1. Their marked effect on the brain’s reticular formation (fig. 2), the
limbic system, and the hypothalamus. This reduces psychomotor activity and
emotional tension and influencez the autonomic systzm.
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2. Their effeet on the ex*vapyramidal gyatem, globus pallidus, and corpus
striatum, This causes extrapyramidal symptoms such =28 Parkinsonism,
akathisia, and dyskinesia. H

3. A lowering of the convulsive threshold—probably an action on the
hippocampus,

4. Clinieslly, their antipasychotie action.

The hizh doses, which were necessars to achieve Thorazine's
remarkable effect on psychotics, eventually were found to cause
a number of side effects such as agranulocytosis, photcsensitivity,
hypotension, endocrine effects, autonomic effects, extrapyramidal
effects, and jaundice (6). The incidence of jaundice due to
Thorazine has steadily dzereased, and this fact has given rise to
much speculation as to whether the jaundice was a sensitivity re-
action or may have been of other origin, possibiy viral. Some of
the more frequent side effects of widely used tranquilizers are

. lieted in table II with their incidence given in percentage.
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Pronazine {SPARIEE<¥yeth)

In an attempt fo avoid the side effects of Thorazine, Promazine
(fig. 2) was elaborated by elimination of the chlorine atom in the
Ne. 2 position. However, it was found that potency, rather than
side effec’, was decreared and related to this chlorine atom:; and
with the chlorine atom restored, a piperazine ring was added.

TLis led to the piperazine derivatives (fig. 4) like prochlor-
perazine (Compazine), perpbenazine (Trilafon), trifluoperazine
(Stelazine), fluphenazine {Permitil), and others, where potency was
increased many times. while the incidence of drowsiness especisally,
but also jaundice (if real), agranulocytosis, photosensitivity, and
autonomic and endocrine effects waz reduced. This group, while
it has much greater potenry, also iz more likely to produce estra-
pyramidal symptoms as shown in table III (7). These extra-
pyramidal reactiors occur most commeonly in mental hospitals,
where higher doses of the piperazine-ring phenothiazines are used.
One bizarre effect occurring with these potent drugs, perhsps
once in every thousar? patients, is dystonia or muscle spasm,
especially in children and especially when they are dehydrated. An
anti-Parkinsonian ageut or a barbiturate parenterally ususlly
helps in these cases,
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FIGURE 4
Phenothiazine derivatives.
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The piperidyl derivatives are the next development in the
phenothiazine group with the characteristic of particularly low
incidence of extrapyramidal symptoms. Mepazine (Pacatal) and
thioridazine (Mellaril) are in this group (fig. 5).

The phenothiazines are a versatile group of compounds. Al-
though they produce Parkinsonism as a side effect, some of
tham—such as (fig. 6) diethazine (Diparcoel) and ethopropazine
(Parsidol)—are used :in the treatment of Parkinsonism. The
forerunner of the phenothiszine tranquilizers, promethazine
(Phenergan), finds wide use as a sedative-antihistaniine. Pheno-
thiazines also used as antiemetics for nausea of central origin are

Compazine and Trilafon.

Phenothiazines in general are antagonistic to acetylcholine. In
contrast to reserpine tranquilizers, they cause no parasympathetic
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TABLE IV
Phenothiazine—side effects

Central nervoug system

Behaviorel effect
(sedation)

Extrapyvramidal syndrome
Akinesia
Dyskinesia
Akathisia

Parkinsonism

Autonomic nervous system
Cardiovascular disturbance
Dizziness, faintness, weakness
Sweating
Dryness of mouth, throat
Nausea, vomiting
Increased salivation
Censtipation

Diarrhea

Urinary disturbance

Blurred vision

Endocrine effects
Disturkances of menstruation

Artificially indvced 1actation,
gynecomastia

Pseudopregnancy respense
Disturbed sexua! function
Disturbance of glucose metabolism
Edema

Weight gain

Allergic or toxic reactions

Cholestatic jaundice (bilisry
cirrhosis)

Agranulocytosis
Other blood dyscrasias

Dermatologic manifestations

Misceilaneous
Death

Anesthetic complicatioas (blocked
pressor reflexes)

Electrocardiographic abnormalities
Potentiation of other drugs
Pigmentary retinopathy

Melanin pigmentation '

side effects. The more common side effects are listed in table IV.
Endocrine effects of the phenothiazines are manifested by lacta-
tion (8), gynecomustia, menstrual irvegularities, false pregnancy
test (10), and reduction in urinary gonadotropin. The estrogenic
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effect may cause impotency in men and increased libido in women.
Reassurance is the freatment of choice here.

One side effect of phenothiazines is their potentiating effect
on sedatives and hypnotics. This side effect is frequently made a
useful adjunct when phenothiazines are prescribed in preparation
for or affer surgery. Great caution is indicated here, however,
because the blocking action of phenothiazines on the pressor-reflex
may cause anesthetic complications in the nature of 2 hypotensive
collapse. Also, the CNS depression added to compounds such as
Demerol may cause respiratory depression and bulbar paralysis.

Another side effect associated with phenothiazine therapy is
the cardiac toxicity. Ban and St. jean (11) recently described a
study where thioridazine, chlorpromazine, and trifluoperazine were
administered to six psychiatric patients, Each agent was used
in four dosage levels. The findings indicated that thioridazine
modifies the terminal portion of the human ECG (e.g., the S-T seg-
ment, T and U waves). A similar change occurred in three of six

subjects while taking chlorpromazine and in one of six who were
taking trifluoperazine.

Graupner and Murphree {12) also described nonspecific electro-
cardivgraphic changes after thioridazine administration. The
electrocardiographic changes are not accompanied by clinical
svidence of heart disease and the present findings suggest that
vhe changes are reversible upon discontinuance of reduction of
the drug. Kelly et al. (13) reported on two patients who died
while receiving large doses of thioridazine (1,500 and 3,600 mg.
daily, respectively). Terminal ECG patterns showed heart block
alternating with episodes of ventricular tachycardia. Because of
this influence cn the ECG, it is r2commended to obtain ECG's be-
fore starting patients on thioridazine therapy so that complaints

uf cardiac symptoms can be checked and followup ECG’s can be
properly interpreted.

Anotker side effect reported with thioridazine (Mellaril) (14)
and other phenothiazines (15) is pigmentary retinopathy, when
high doses are administered. The symptoms are diminution of

13
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visual acuity and impairment of n' sht vision. Greiner and Nicol-
son (16) have described extensive aeposits of pigment (exhibiting
the physical and histochemical properties of melanin) after pro-
longed chlorpromazine therapy. Tids occurred in the dermis and
throughout the reticuloendothelial systemn, and in the parenchymal
cells of internal organs. The pationts were twelve physically
healthy young individuals who died unexpectedly while on
chlorpromazine therapy. Obvious pigmentation of the unexposed
skin was seen in five of these patients.

Thioridazine (Mellaril) has more adrenergic blocking effects
than other phenothiazines, therefore decraasing the blood pressure
more often. Inhibition of ejaculation (9) is also a side effect
owing to the adrenergic blocking action. Two other side effects
of phenothiazines, which were reported in the literature, are a
diabetogenic action (17) and an influence on the PBI (18). The
diabetogenic action has not been confirmed, and the influence on
the PBI is disputed (19), Teratogenic influences with pheno-
thiazines as with other psychotropic drugs have been reported in
Canada, England, and Australia (20), but the incidence of
teratogenic effects seems to be no greater in patients taking
psychotropic drugs than in the average population.’

The next group of tranquilizers comprises the Rauwolfia
alkaloids. Representative structures of these are given in figure 7.
These drugs cause effects which resemble depression of the sym-
pathetic nervous system and stimulation of the parasympathetic
nervous system centrally as well as peripherally. Reserpine causes
a depletion of norepinephrine and serotonir in the brain (1).
Reuwolfia alkaloids are only seldom used in psychiatric indications
since the advent of phenothiazines, but continue to have a place
in the treatment of hypertension in combination with diuretics.

Table V shows some of the more common side effects of
Rauwoifia alkaloids. Hypotension is listed as 2 side effect here,
where the indication is the treatment of presumably normotensive
psychotica. Other adverse effects are sedation, mental depression
sometimes leading to suicide, paranoid ideation, and extrapyra-
midal reactions (21). Autonomic effects include swelling of the

14
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TABLE V
Rauwolfia—side effects

Centrsl nervous gystem
Sedation
Mental dep. _ssion, paranoid and suicidal tendencies
Extrapyramidal reactions

Autonomic nervous system—toxic effects
Stuffy nose
Hypotension
Cardisc arrhythmia
Diarrhea
Hyvreracidity, peptic ulcer

nasal turbinates (stuffy nose), miotic pupils, cardiac arrhythmia,
hyperacidity, and disturbances of the temperature regulation. in
the male, Rauwolfia alkaloids can cause feminizing effects, loss of
libido, and impotence (22).

The last group Jof tranquilizers contains compounds of various
structures shown in figure 8. Meprobamate, hydroxyzine, chlor-
diazepoxide, and diazepam are often referred to as “minor tran-
quilizers.” Their use is in anxiety-tension states rather than in
psychosis.

Table VI lists some side effects connected with these com-
pounds. In their effect these compourds have been likened ‘o the
older sedatives and they are used largely as substituies for
phenobarbital. Most used in this class are meprobamate and
Librium. The major side effect of the former is sedation; indeed,
some claim that this is the sole acticn of the agent. The majority
opinion charges some additional action to the compound, although
certainly the margin between calming the anxious patient and
sedation as a side effect is not large. Meprobamate has caused
non-thrombocytopenic purpura and skin rashes. Wkhile in the
recommended doses side effects are reasonably few with this
compound, its addiction liability is very real; the calm dysarthric

16
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TABLE VI
Tranquilizers of miscellaneous structure—side effects

Heprebamate (Miltown)
Drowsiness
Habituation
Withdrawsl reactions {convulsions, tremor)
Non-thrombocytopenic purpura
Dermatologic reactions

Hydroxyzine {(Atarax)
Drowsiness
Dry mouth
Hildly anticosgalant—potentiating
Involuntary motor activity at high dozage

Chlordinzepoxide (Librinm)
Paradoxical excitement

Judgment defect (car accidents)
Ataxis

Diazepam (Valium)
Drowriness
Ataxia
Mild nauses
VWithdrawal symptoms {convulsions, tremor)

individual who is always tired may be # meprobamate zddict.
“Miltinl's” (Martinis and a Milkown) are fashionable in some
circles. Meprobamate withdrawal can cause reactions with tremor
and convulsions. Librium can cause paradoxical excitement and
ataxia (&3). It has been reported to affect automobile driving
adversaly because of poorer judgment, decreass visual acuity, and
exophoria (24). While meprobamate has been taken in suicidal
doses, Librium is relatively safe when taken in excess even at doses
of 2,250 mg. concurrent with alcohol (25). Side effects ¢f Valium
&re generally the sams as for Librium. Hydroxyzine {(Atarax)
may cause wvoluntary motor activity at high doses. It has been
observed in some patients recsiving concurrent anticoagulent
therapy o decrease the required anticoagulant dosage (25).

18

O——
o

S e ——




”:ﬂﬂ‘l }‘
| ““WIIII

|
HLr iy

e

TABLE VII
Antidepresaants
Aamphetamines
Benzedrine {amphetamine)
Dexedrine {dextreamphetamine)
Desoxyn {metasmphetamine)

Piperidyl derivatives
Ritalin fmethylphenidats)
Meratran {pipradal)

3 AO-T's (hydrazine derivatives)

Marplan {1ancasboxazid)
Nardil {phenelzine)
Niamid {nialamidei

M AG-I's (non-hydrazine derivatives)
Parnate ttranyleypromine)

Iminodibenzyl derivatives

Tofranil {imipramine)
Elavil {amitriptyline)
ANTIDEPRESSANTS

Antidepresaants may be grouped (table VH) into: (1) amphet-
amines, which are sometimes referred to as psychoenergizers—
including Benzedrine, Dexadrine, and Desoxyn; (2) piperidyl de-
rivatives, which are Ritalin and Meratran; (5) MAOQO Inhibitors,
which are divided into hydrazine derivatives like Marplen, Nardil,
and Niamid and into non-hydrazine derivatives like Parnate, and
(4) the iminodibenzyl derivstives, such as Tofranil and Elavil

Figure 9 zhows two amphetamine structures. Amphatamine
evolved from sympathomimetics by change of the epinephrine
molecule. Further molecular modification led to msthylphenidate
(Ritalin). The amphetamines were stimulants and only mildly
antidepreszant.

19
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TABLE ViII
Antidepressants—side effects

Amphetamines
Euphoria
Hypertension
Insomnia
Anxiety and jitteriness
Anorexia
Palpitation

Piperidyl derivatives (Ritalin)
‘Motor restlzssneas - insomnia
Anorexia—nausea
Tachycardia
Vertigo
Headache

Hypertension

Most frequent side effects (table VII) include euphoris, hyper-
tension, insomnia, anorexia, and palpitation (27). Also, the stimu-
latory phase was followed by a depressive phase and tolerance
developed. Ritalin was an improvement in that it produced less
anorexia, insomnia, and euphoria than amphetamines, A shock-
lixe condition, however, has been reported with tremor, sweating,
tachycardia, headache, vertigo, and motor restlecsness. Ritalin
is sometimes used to counteract the lethargy associated with some
tranquilizers.

The next step in the development of antidepressants was the
discovery of MAO Inhibitors, The first hydrazine compound to
evhibit antidepressant action was Marsilid, which originally was
administered ~s a tuberculostatic drug. During treatment for

21
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MAO Inhibitors. 3

tuberculosis the patients began to be iess depressed, end this
led Klein (28) to the use of Marsilid in depressed patients in
psychiatry. Because of its liver toxicity and a host of other side
effects, Marsilid was withdrawn from the merket., MAO In-
hibitors now in use include the hydrazine derivatives—Marplan
{isocarboxazid), Nardil (phenelzine sulfat ,, Niamid (nialamide)
and Pargyline (eutonyl)-——and the non-hydrazine derivati.s, Par-
nate (tranylcypromine} (fig. 10)., These MAQC Inhibitors are
very potent antidepressants.
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TABLE IX
HMAO-Inkibitors—side effecte

e

s
n i sttt

CN8—slde effecis ) T -
Hotor reatlessness, maniz, hypomania

Converting retarded depression to agitated depression
Precipitating psychosis
Insomnisa

Synergistic effact with imipramine, amitriptyline, amphetamine, sleohol,
Demerol, and others E

Restleasness, mussle twitching, and convulsions
Hyperpyrexia

Potentiation by tyramine in food

Hypertension, headache, stiff neck, nausea, vomiting, intracranial
hemorrhage

Autonomic side effects
Orthostatic hypotension z

Dizziness and vertigo

Constipation

Dry mouth
Blurred vision

Interference with e¢jaculation

Toxic and allergic reactions
Hepatocellular damage {(hydrazines)

Side offacta include (table IX) central nervous system mani-
festations like motor restlessness, mania, hypomania, insomnia,
the conversion of retarded depression to an agitated depression,
: and sometimes the precipitation of a latent psychosis (29). Be-
. caase of the synergistic effect of the MAQ Inhibitors with imi-
pramine (30), amitriptyline, amphetamine, Demerol, and others :
(81), the concomitant administration of these is contraindicated. )
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Extreme caution has to bs exercized if & pationt is ch~=zed from
an MAO Inhibitor to one of these arugs; a two-week interim
between drugs is desirable, Manifestations of a synergistic effect
are reastlessness, muscle twitching, convulsions, and hyperpyrexia,
Another side effect—especially of Parnate (tranylcypromine), the
most potent of the MAO Inhibitors—is the potentiation of its
effect by tyramine in food. Especially high tyramine contents
were Tound in aged cheeses (82) and Chianti wine, which contains
25 aug. of tyramine per milliliter. Parnate had been taken off the
market some time ago bezcause of this potentiating effect and has
only recently been reinstated. Symptoms relating f{o a potentiat-
ing effect of tyramine, which i8 a pressor agent with 2% to 5% of
the activity of epinephrine, are paradoxic hypertension, headache,
i stiff neck nauses, vomiting, and—in several reported cases—in-
? ] tracranial hemorrhage, and death.

Autonomic side effects of MAO Inhibitors include o-thostatic

3 hypotension, dizziness and vertigo, constipation, dry mouth, blurred

. . vision, and interference with ejaculation. Agranulocytesis also is

3 ‘l; a side effect of the MAO Inhibitors and a toxic side effect, especial-
o1 ' ly of the hydrazine group, is hepatocellular damage.

The last group comprises antidepressants derived from anti-
histamines and tranquilizers. These structures (fig. 11) are
similar to the earlier shown phenothiazine structures. Amitrip-
tyline and imipramine are the only compounds of this so-called
iminodibenzyl-derivative group being widely used.

] A Side effects for imipramine and amitriptyline (table X} (35) in-
: cilude central nervous system manifestations such as tremor,

oy especially of the tongue and hand, muscle twitching, and
paresthesias (36). Peroneal palsies have been reported. Autonom-
| ic side effects are anticholinergic in pature (more pronounced
i% | with amitriptyline than with imipramine). They are aggravation
T i of glaucoma, disturbances of accommodation, dry mouth. tachycor- i
F . | dia, constipation, urinary retention, and orthostatic hypoten-

sion (87). Both amitriptyline and imipramine have an effect on
=T tue electrocardiogram (88). They cause flattened T-waves, pro-
j longed Q-T intervass, and depressed S-T segments when given in
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TABLE X
Imipramine end amitripyline—side effects

CHE—slde effects
Sedation
Weakness and fatizue
Excitement
Tremor

Autonomie sida effects
Dry mouth
Vachycardia
Constipation
Disturbance of accommodation
Urinary retention
Grihostatic hypotensior

Other side ef fects for imipramine

Myocardial infarction (suicidal doses)

ordinary therapeutic doses (29). Myocardial infarction has also
been reported with suicidal doses.

An enumecration of side effects such as this makes the
psychotropic agents appear to be very dangerous drugs. Indeed,
the more powerful of these agents are very dangarous, and con-
stant vigilance during their administration is essential. In prac-
tice, one should always try to get by with one of the less powerful
agents. In taking recourse to the more powerful paychotropic

- drugs, one has to weigh the expected benefits against the risks
attendant on their administration.
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