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INTRODUCTION
Among CNS disorders, psychosis is one of the

most common disorder with an annual estimated
prevalence of 0.01 to 0.05 % of all the world population
(van Os et al, 2009). The lifetime risk of developing
psychosis is probably between 0.7 to 0.9 % (Delieu et al,
2009).  In European countries prevalence of psychosis is
between 2.5 to 5.3 in 1000 person (Naqvi, 2008).
Although population based surveys in the developed
countries like United States, Netherland and New
Zealand, have found somewhat higher prevalence rates
for psychotic symptoms, 28%, 17.5% and 20.1%
respectively, while in Britain, the prevalence of
psychotic symptoms is approximately 5.5% (Jenkins,
2010). The annual psychotic symptom rate is about 3.9%
in African countries. The prevalence of psychosis was
observed 6.0% in rural Africa, while rates of disorder
were unsurprisingly lower 0.7% in a population-based
urban sample ( Jenkins, 2010). Schizophrenia is
estimated to affect more than 33 million people in
developing countries (Chisholm et al, 2008). Bipolar
disorder accounts for about 11% of the neuropsychiatric
disease burden in developing countries (Bale et al, 2001).
Between 25 and 50% of patients in developed countries
with bipolar disorder attempt suicide and as many as
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Antipsychotics drugs like chlorpromazine, haloperidol, clozapine, risperidone, olanzapine

and many other are commonly used in psychiatric medicine. Approximately one third of pregnant
women with psychotic symptoms use antipsychotics at least once. Although adequate and well-controlled
studies have not been done in any one of these antipsychotic drugs, animal studies have revealed
evidence of teratogenic or embryo/fetotoxic effects in all of them. Use of typical drugs like
chlorpromazine and haloperidol shows congenital malformations like skeletal malformations, central
nervous system (CNS) defects, cleft palate, cardiac abnormalities, decreased fetal growth, and fetal
death. The extrapyramidal symptoms and respiratory distress in infants born to mothers treated with
these medications is also reported. Effects of antipsychotic use in lactating mothers are mostly unknown.
With increase in the use of newer psychotropics, there is a growing concern in relation to the teratogenicity.
As, it is not possible to carry out prospective studies in pregnant women and as a result physicians caring
for such patients have to rely on case reports, case series, and retrospective studies. Available evidence
shows that the safety of these drugs in pregnancy is still unresolved and the decision to prescribe
antipsychotic drugs in pregnancy should be taken in the light of severity of mental disease and drugs
should be prescribed only when the potential risk to the foetus from exposure is outweighed by the risk
of untreated maternal disorder. In this review we discussed the current evidence of the teratogenic risks
with antipsychotic drugs commonly used to treat psychiatric disorders.
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15% are successful (Bale et al, 2001). In India, about 4.3
to 8.7 million people are suffering with psychotic
disorders (Hicks, 2010). The prevalence of psychosis is
higher in women than man in the world population
including India. The typical age of onset is late
adolescence or early adulthood, placing women at risk
for episodes throughout their reproductive years
(Yonkers et al, 2004). Hormonal fluctuations, emotional
stress and other factors such as personal and social
changes in the women of childbearing age set them on
stage of psychosis. In pregnant women the annual
incidence of psychosis has been reported to be 7.1 cases
per 100,000 (Duran et al, 2008). The etiology of psychosis
and its manifestation are difficult to interpret in women
if they become pregnant or expected to be pregnant
during psychosis. Women with a history of psychotic
disorder are at a higher risk of psychiatric illness
because it has high rates of unplanned pregnancies,
particularly two fold risk of post-natal depression
(USPSTF, 2009).

TERATOGENICITY OVERVIEW
Birth defects are known to occur in 3-5% of all

newborns (Lather et al, 2011). They are the leading cause
of infant mortality in the United States, accounting for
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or identifiable cause. It was previously believed that
the mammalian embryo developed in the impervious
uterus of the mother, protected from all extrinsic factors.
However, after the thalidomide disaster of the 1960s, it
became apparent and more accepted that the developing
embryo could be highly vulnerable to certain
environmental agents that have negligible or non-toxic
effects to adult individuals.

Teratogenic agents cause approximately 7% of
congenital malformations. Earlier, Wilson (1977)
considered chemical agents putatively being
responsible for 4-6% of birth defects (Pellizzer, 2005).
Till to date, about 100 known substances have been
explored as potential human teratogens and more are
expected to join this class as potential teratogenic agents
(Brent, 2004). It includes drugs and other chemicals.

Exposure to teratogens can result in a wide range
of structural abnormalities such as cleft lip, cleft palate,
dysmelia, anencephaly, ventricular septal defect.
Exposure to a single agent can produce various
abnormalities depending on the stage of development
it occurs. Specific birth defects are not characteristic of
any single agent.

Much research remains to be done because the
magnitude of the problem of medication use during
pregnancy may be somewhat underestimated because
65–70 percent of birth defects have an unknown
etiology. This may include unreported medically
prescribed medication with teratogenic potential, use
of alcohol and/or drugs of abuse, and other preventable
causes of birth defects (i.e., congenital anomalies and
other pregnancy complications due to drug and
chemical exposure are unique because they are
potentially preventable). Clinicians find it difficult to
use the narrow window of opportunity to intervene in
medication use during pregnancy because pregnant
women do not present for prenatal care until
embryogenesis is complete (i.e., after 58 days
postconception). Intervention is further complicated
because many women are not aware of the potential
adverse effects of drugs and chemicals on pregnancy. A
review published in 2010 identified 6 main teratogenic
mechanisms associated with medication use: folate
antagonism, neural crest cell disruption, endocrine
disruption, oxidative stress, vascular disruption and
specific receptor or enzyme-mediated teratogenesis
(van Gelder et al, 2010).

PSYCHOSIS AND PREGNANCY
A psychotic episode can be significantly affected

by mood. While people experiencing a psychotic episode
in the context of mania may form grandiose delusions.
Stress is known to contribute to and trigger psychotic
states. A history of psychologically traumatic events,
and the recent experience of a stressful event, can both
contribute to the development of psychosis. Short-lived
psychosis triggered by stress is known as brief reactive
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more than 20% of all infant deaths. Seven to ten percent
of all children will require extensive medical care to
diagnose or treat a birth defect. And although significant
progress has been made in identifying the etiology of
some birth defects, approximately 65% have no known
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psychosis, and patients may spontaneously recover
normal functioning within weeks (Jauch et al, 1988). In
some rare cases, individuals may remain in a state of
full-blown psychosis for many years, or perhaps have
attenuated psychotic symptoms (such as low intensity
hallucinations) present at most times.

Maternal psychosis is associated with higher
rates of prenatal substance abuse, obstetrical
complications, and infant death. Women with psychosis
have very less ideas about pregnancy that complicate
their perinatal course or aberrant parenting styles that
may impair child development. It means there is a high
risk of obstetric complications, some evidence of still-
births and neonatal deaths, and some evidence of an
association with sudden infant death syndrome also
(Howard, 2005). A study investigating the psycho-social
outcomes of pregnancies in women with a history of
psychotic disorder, 27% of women with psychotic
episode and 38% with non-psychotic depression in the
first year after birth were reported (Howard et al, 2004).

Another aspect of mental illness during
pregnancy is the possible direct effect of maternal illness
per se on the fetus. Pregnancy and the post–partum
period appear to confer an even greater risk for women
with bipolar disorder. Psychotic relapse during
pregnancy is rare but women with a history of affective
psychosis are at a high risk of post-partum relapse.
Several lines of investigation have demonstrated that a
history of psychosis increases the risk for post-partum
psychosis (PPS). Rates of relapse are estimated at 30-
50% during the post-partum period.

Weighing the risks and benefits of treating
pregnant and breastfeeding women with antipsychotics
requires assessment of clinical effectiveness versus the
risks of toxicity to mother, fetus, neonate and children
in later life. It is thought that one solution may be to
cease therapy with these medications when pregnancy
is contemplated or confirmed. However, women who
stop taking medications during pregnancy experience
high relapse rates (Cohen et al, 1998). Suicidal behaviour,
poor self-care, inadequate nutrition and poor antenatal
clinic attendance, with a consequent lack of fetal
monitoring, can all present risk to the fetus.

ANTIPSYCHOTIC MEDICATIONS
All major classes of psychotropic medications,

including antipsychotics, can be assumed to diffuse
readily across the placenta to the fetus or to be excreted
into milk. The mechanism of this transfer depends on a
number of pharmacokinetic factors, such as (1) the
drug’s lipid solubility, (2) its molecular weight, (3)
maternal blood levels, (4) plasma protein binding, (5)
oral bioavailability in the mother and the infant, (6) the
pKa (pH at which the drug is 50% ionized) (Pacifici et al,
1995) and (7) the half-life of the drug in maternal and
neonatal circulation. Of these many factors, perhaps
the two most important and useful are the lipid

solubility and the molecular weight of the drug.
Compounds with a molecular weight less than 600 are
relatively permeable, and those with a molecular
weight greater than 1,000 are considered relatively
impermeable (MacKay et al, 1976).

Antipsychotic drug development has come a
long way, from the serendipitous discoveries of
chemicals by trial and error. Chlorpromazine came to
the attention of psychiatry through a convoluted
history (Lehmann and Ban, 1997). It came in the world
market in 1952. It had taken almost 60 years to develop
chlorpromazine since Ehrlich’s clinical observation of
methylene blue in 1891 from an antimalarial, to an
antihistamine, to an anesthetic, and eventually to an
antipsychotic medication.

Although chlorpromazine remained the most
prescribed antipsychotic agent throughout the world
since 1960s and early 1970s, many drugs with similar
antipsychotic efficacy but different chemistry, potency,
and side-effect profiles were introduced into the market
(Shen, 1994). Among the 40 or more antipsychotic drugs
were introduced to the world by 1990 (Poldinger and
Wider, 1990) viz. trifluoperazine, thioridazine,
chlorprothixene, thiothixene, haloperidol, etc. The last
of this series approved by the US Food and Drug
Administration (FDA) was loxapine, a
dibenzodiazepine, in 1975 (Shen, 1994). Despite this
proliferation of antipsychotic drugs, only 11 depot
preparations of eight different compounds were
marketed in the world by 1990 (Poldinger and Wider,
1990; Shen, 1998). Of these, only two (fluphenazine and
haloperidol) were available in the US market (Shen,
1994).

In 1954, 2 years after chlorpromazine first came
into clinical use, acute extrapyramidal symptoms (EPS)
including parkinsonism, dystonias, and akathisia
began to be described and recognized as side effects
associated with the use of chlorpromazine and
reserpine . In a 1961 report (Ayd, 1961), the prevalence
of EPS in patients treated with antipsychotic drugs was
estimated as 38.9%. The majority of clinicians and
pharmacologists became convinced of an absolute
connection between EPS and the clinical effectiveness
of antipsychotic drugs. This attitude was reinforced
with the introduction of haloperidol in 1958 by Haase
and Janssen (Hippius, 1996). Tardive dyskinesia
induced by chlorpromazine and its related
antipsychotic drugs has been recognized as a concern
since 1959 after the first report from France (Hippius,
1989). German psychiatrists working with G. Stille at
Wander Pharmaceuticals in Bern, Switzerland, in the
early 1960s worked to refute the concept that EPS and
antipsychotic efficacy were linked (Hippius, 1996). Their
work led to the introduction of clozapine, an
antipsychotic with no EPS or minimally associated EPS
(Shen, 1994). Clinical confirmation of this profile for
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clozapine was provided in open studies by Austrian
(Gross and Langner, 1966) and German (Bente et al, 1966)
investigators in 1966, and later by Swiss researchers
(Angst et al, 1971) in a double-blind study in 1971. The
Wander Company, the manufacturer of clozapine at that
time, found itself in a bizarre situation. Clozapine was
briefly marketed and quickly withdrawn (Hippius,
1989). Besides the embarrassment of lacking of EPS, the
initial enthusiasm for Clozapine was further dampened
by reports from Finland that life-threatening incidents
of agranulocytosis were associated with Clozapine
treatment (Idanpaan-Heikkila et al, 1997).

However, enthusiasm for the drug was
maintained by a small cadre of clinical investigators
and G. Honigfeld at Sandoz, who observed that
Clozapine was remarkably effective in treatment-
resistant patients. This led to a landmark double-blind
study of clozapine in a well-defined group of treatment-
resistant patients whose blood cell counts were closely
monitored during treatment (Idanpaan-Heikkila et al,
1997), and ultimately to its introduction to the US market
in 1990. Clozapine was first marketed in association
with an intimately linked system of blood monitoring
and drug availability in patients previously
demonstrated to be treatment-resistant. Its initial use
in studies and clinics established that it was useful not
only for treating positive symptoms (such as
hallucinations, delusions, disorganized behavior, and
disorganized speech) associated with schizophrenia but
also for treating negative symptoms (such as severe
social withdrawal, inactivity, apathy, affective
flattening, and poverty of thought) (APADSMMD, 1994).
This activity rapidly destroyed the general conviction
that the efficacy and EPS profile were linked, and led to
an emerging concept of “atypical” antipsychotic drugs.
Although no precise definition of this concept has ever
been established, a drug with the property of
“atypicality” shows a clinical profile with a low
propensity to induce EPS (or EPS-sparing (Copoloy, 1997)
and with efficacy for the negative symptoms of
schizophrenia. Other characteristics commonly
identified as atypicality are an efficacy in treatment-
refractory patients and, sometimes, a failure to induce
a serum prolactin elevation.

Clozapine’s success quickly led to the
development of other atypical antipsychotic drugs. The
first of these, risperidone, was approved in 1994 (Marder
and Meibach, 1994), olanzapine in 1996 (Beasley et al,
1996), sertindole in 1997 (in some countries outside of
the United States) (VanKammen et al, 1996), and
Quetiapine in 1997 (Arvantis and Miller, 1997). Due to
cardiac safety concerns raised by the FDA (Drici et al,
1998), the manufacturer of Sertindole has abandoned
an effort to seek a US marketing license. Ziprasidone
(Prakash et al, 1997) was still under regulatory review
as of February 1999. All atypical antipsychotic drugs
currently marketed in the United States belong to the

group of mixed receptor antagonists (Fleischbacker,
1995). Risperidone is an improvement from the chemical
structure of haloperidol; olanzapine and quetiapine are
derived from that of clozapine. Among the mixed
receptor antagonists, clozapine, olanzapine, and
Quetiapine can be logically categorized as multireceptor.
Clozapine analog antagonists, and risperidone,
sertindole, and ziprasidone can be grouped together as
serotonin/dopamine antagonists (Shen, 2004). The
chemical structures of typical antipsychotic drugs in
the former class have a three-ring nucleus, but those in
the latter class do not. As a group, all of these marketed
atypical antipsychotic drugs have been demonstrated
in double-blind clinical trials to have reduced or
minimal EPS at clinically effective doses and some
efficacy in treating the negative symptoms of
schizophrenia (Beasley et al, 1996; Marder and Meibach,
1994; VanKammen et al, 1996; Arvantis and Miller, 1997).
However, only clozapine has been demonstrated to
provide efficacy in treatment refractory schizophrenic
patients. In addition, none of these drugs except
risperidone (Shiwach and Carmody, 1998) show
elevated serum prolactin levels after chronic
administration.

The attempt to explain how atypical
antipsychotic drugs work and how they differ among
themselves has caught the imagination of many basic
scientists and clinicians. The comparison of the ratio of
plasma Ki (pKi) values for serotonin 2A (5-HT2A) and
dopamine 2 (D2) binding activity has been most
strongly proposed as providing the potential
pharmacological basis of the unique clinical effects of
atypical antipsychotic drugs (Meltzer et al, 1989), but
relationships between D2 and D3, D4, and (á2 have also
been proposed (Pickar, 1995). Researchers are still trying
to interpret the information for the receptor profiles of
atypical antipsychotic drugs. (Arnt and Skarsfeldt,
1998). However, pKi values involving variable
neurotransmission of the drugs are still useful to predict
side effects, as shown elsewhere (Richelson, 1990).
CLASSICAL APDS DURING PREGNANCY AND
BIRTH DEFECTS

For several decades, carabamazepine was
assumed to be safer for the treatment of epilepsy during
pregnancy than phenytoin or the other hydantoins. In
1993, a case report was published that reported a
suicide attempt by a nonepileptic gravida during the
period of spinal closure. The result was a fetus with a
very large meningomyelocele (Little, 2007). In 1989, Jones
et al. published a case–control study of carabamazepine
and concluded that the study drug was the cause of an
increased frequency of birth defects (Little, 2007). Other
epidemiologic studies throughout the 1990s were
conducted, and in 2006 the association of neural tubes
defects with carabamazepine exposure during early
pregnancy is generally accepted as causal, and the risk
is quantified at about 1 percent, compared to about 0.1
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percent in the general population. Quantitative
estimates of risks for birth defects (strength and
statistical significance of associations between agent
exposures in pregnant women and abnormalities in
their offspring) are obtained only through
epidemiological studies.
Chlorpromazine is a derivative of aliphatic
phenothiazines, and it readily crosses the placenta
(Singh and Padmanabhan, 1978). Studies on
phenothiazines in general and chlorpromazine in
particular have concluded that there is no increase in
morphological or developmental abnormalities
associated with that treatment (Wisner and Perel, 1996).
Animal reproductive studies in rodents and monkeys
have shown that doses higher than maximum human
therapeutic doses can cause teratogenic effects such as
cleft palate and anomalies of the central nervous
system, eye, and skeletal system (Hannah et al, 1982).
Fetotoxic effects such as fetal death, decreased fertility
and viability, and decreased fetal weight gain (Hannah
et al, 1982) visual disturbances (Lancet 1971) and
behavioral abnormalities (Umemura et al, 1983), are also
reported, but embryotoxic effects are not reported.
Adequate and well-controlled epidemiologic studies to
determine the teratogenic potential of chlorpromazine
have not been done in pregnant women.

Many clinical studies have shown the safety
and efficacy of low-dose chlorpromazine during all
stages of gestation (Harer, 1956) or to promote analgesia,
amnesia, and sedation during labor. However, there are
some instances of marked idiosyncratic falls in blood
pressure, which could be dangerous to the mother and
the fetus (Harer, 1956; Potts et al, 1961).

In a case report 52 women who were given
chlorpromazine during late pregnancy, 3 women
receiving high doses (500 to 600 mg daily) gave birth to
neonates with respiratory distress and cyanosis
(Sobel,1960). Extrapyramidal signs have been also
reported in several infants born to women who were
treated with chlorpromazine during late pregnancy,
suggesting a withdrawal syndrome (Levy et al, 1974).
The frequency of these complications appears to be low,
and they are usually transient, though some may last
for several months. In one study involving 142 neonates,
in utero exposure to chlorpromazine during the first 4
months of pregnancy did not result in a significantly
higher risk of congenital anomalies (Slone et al, 1977).
Similar results were found in other studies also
(Heinonen et al, 1977). In a prospective study of 12,764
women contrasting results were observed; a higher
number of birth defects occurred in neonates of 189
women receiving chlorpromazine, during the last
trimester (Rumeau-Rouquette et al,  1976). In a
metanalysis of data (74,337 live births) on outcome
following first trimester phenothiazines exposure in an
effort to assess evidence of overall increased risk,

conferring an additional risk of 4 in 1,000 (Altshuler et
al, 1996).

Chlorpromazine is excreted in the breast milk of
nursing mothers in low concentrations up to 3% of
maternal daily dosage per kilogram of body weight
(Yoshida et al, 1998). An another study found no adverse
effects in 6 neonates nursed by mothers taking
chlorpromazine, of whom four were nursed for 3
months, one for 7 weeks, and one for 1 month (Ayd,
1964). Estimations based on data collected from five
lactating women taking the drug showed that the
nursing infant would be expected to ingest between
0.03% and 1.3% of the lowest pediatric dose (Wiles et al,
1978).

Studies indicate that Haloperidol (HAL) readily
crosses the placenta in both animals and humans. The
potential reproductive toxicity of haloperidol has not
been adequately evaluated in animals. However,
reproductive studies at doses equivalent or higher than
the recommended human dose have revealed
teratogenic effects such as cleft palate, micromelia, and
central nervous system and skull malformations (Singh
and Singh, 2004; Singh and Singh, 2001). Fetotoxic effects
such as fetal death and decreased fetal and postnatal
growth have been reported in rats, mice, and hamsters.
Long-lasting alteration of behavior in rats and mice
(Singh and Singh, 2002; Williams et al, 1992)  and
embryotoxic effects such as embryonic death in
hamsters (Gill et al, 1982) have also been reported.

No adequate and well-controlled studies to
determine fetal risk associated with haloperidol have
been done in humans. The pregnancy outcomes for 98
women receiving small doses of haloperidol (0.6 mg)
twice daily, 92 received haloperidol during the first
trimester, and 6 received haloperidol during the second
trimester showed no effect on intrauterine survival,
neonatal survival, birth weight, or sex ratio, no
malformations were observed in the offspring. Low-
dose haloperidol in the first trimester of pregnancy has
no detrimental effect on the weight of the fetus, the
length of pregnancy, fetal or neonatal mortality or
incidence of malformations (Van Waes and Van de Velde,
1969). However, a separate report describes two cases
of severe limb malformation in infants of mothers
treated with haloperidol during the first trimester.
Haloperidol causes increased incidence of fetal
resorption, delayed delivery, and neonatal death at
doses 2- to 10-fold higher than the maximum doses used
in humans (Dollery, 1999). Although haloperidol is
significantly excreted in breast milk, no adverse effects
in nursing infants have been reported (Stewart et al,
1980; Whalley et al, 1981). Animal studies have shown
that haloperidol excreted in milk causes drowsiness and
impairment of motor activity in the breast-fed offspring.
Studies in animals indicate that Fluphenazine which
belongs to the piperazine phenothiazine group, readily
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crosses the placenta and accumulates in fetal tissue
(Nath et al, 1996). Two studies in which rats were treated
with doses up to 100 mg/kg orally throughout
pregnancy found no adverse effects in the offspring
(Shepard, 1992). Contradictory results were reported
in pregnant mice given this drug, with a significantly
higher incidence of skeletal defects, dilated ventricles,
and reduction in fetal weight and length (Abdel-Hamid
et al, 1996). Multiple malformations in chick embryos
and cleft palate in fetal mice have been reported (Szabo
et al, 1974).

Although no adequate, well-controlled studies
have determined the teratogenicity of fluphenazine in
humans, however, a retrospective study (Brougher,
1960) involving 244 patients taking fluphenazine and
150 controls, detected congenital anomalies in 2.7% of
the 226 live and stillborn infants in the exposed group
compared with 3.5% among 143 live and stillborn
deliveries in the control group. Also, the incidences of
spontaneous abortion, perinatal mortality, premature
birth, and twinning in the two groups were similar.
Currently available clinical data have not shown any
teratogenic effects, except for occasional case reports of
congenital anomalies (Donaldson et al, 1982; Cleary,
1977). The bulk of the worldwide clinical experience
with this drug indicates that pregnant women can be
treated with fluphenazine without any ill effects on
them or their infants (King et al, 1963). Even though
fluphenazine, like other phenothiazines, may be
excreted into breast milk, neither the drug nor its
metabolites have been quantified in human milk, and
its effect on nursing infants is unknown.

The potential reproductive toxicity of thiothixene
has not been adequately evaluated in animals. One
reproductive study in mice and rabbits given 90 mg/
kg/day showed a decrease in conception rate and litter
size and an increase in resorption rate, but revealed no
teratogenicity (Owaki et al, 1992). To date, no adequate
and well-controlled studies on thiothixene therapy
during pregnancy have been done in humans. However,
this drug should be used during pregnancy only when
the physician believes the expected benefits exceed the
possible risks to the fetus. There are neither reports on
the pharmacokinetics of thiothixene in relation to breast
milk nor reports on the effects of this drug on nursing
infants. Hence, caution is advised, since chemically
related phenothiazines are excreted in breast milk and
are reported to cause tardive dyskinesia and possible
drowsiness in the breast-fed infant.
ATYPICAL APDS DURING PREGNANCY AND
BIRTH DEFECTS

Clozapine, a dibenzodiazepine derivative,
readily crosses the placenta. Animal reproductive
studies in rats and rabbits have shown no teratogenic,
fetotoxic, or embryotoxic affect at doses approximately
2 to 4 times the human dose (Physician’s Desk Reference,
1999). Presently, no epidemiologic studies show an

association between congenital anomalies and
gestational clozapine therapy in humans. There are
many clinical case reports of no apparent fetal adverse
effects associated with the use of clozapine before and
during gestation (Barnas et al, 1994; Dickson et al, 1998).
One of these reports described 14 women who were
known to have been exposed to clozapine during
gestation with no known adverse sequelae in their
newborns (Lieberman et al, 1992). In a case report a
woman receiving 200 to 250 mg daily during second
trimester and 150 mg during third trimester of
pregnancy did not show any teratogenicity and
abnormality. On the other hand 5 congenital
malformations and 5 perinatal syndromes in 61
children exposed to clozapine were reported (Dev and
Krupp, 1995). Clozapine is concentrated into breast milk
(Physician’s Desk Reference, 1999; Barnas et al, 1994) and
has been known to cause sedation, decreased suckling,
restlessness or irritability, seizures, and cardiovascular
instability in the nursing infant.

Risperidone is a benzisoxazole derivative and
an atypical antipsychotic agent that is chemically
unrelated to other antipsychotic agents. Evidence
indicates that risperidone easily crosses the placenta.
Animal reproductive studies in rats and rabbits have
shown no evidence of teratogenic potential at doses
higher than the maximum human therapeutic dose but
fetotoxic effects such as increase in pup deaths and a
significant increase in the number of stillborn pups are
reported (Grover et al, 2006; Levinson et al, 2003).
Although no adequate, well-controlled studies to
determine teratogenicity of risperidone in gestational
women have been done, even though reports of animal
fetotoxicity exist. In a recent report describing two cases
of risperidone treatment before and throughout
pregnancy, no complications were observed (Ratnayake
and Libretto, 2002). In another case report treatment
throughout the pregnancy no teratogenicity is reported
(Rodriguez-Salgado, 2008). In a case report agenesis of
corpus callosum is reported (Grover and Avasthi, 2004).
Risperidone and its metabolite 9-hydroxy-risperidone
are excreted into animal milk in concentrations greater
than or equal to plasma concentrations. At present, it is
not known whether the drug is excreted in human
breast milk, though it is suggested that it may cause
adverse effects, such as behavior changes, in breast-fed
babies.

Olanzapine is an atypical antipsychotic agent
belonging to the thienobenzodiazepine group. It is
known to cross the placenta (Physician’s Desk Reference,
1999). Animal reproductive studies in rats and rabbits
have revealed no evidence of teratogenic effects at doses
equivalent to 9 and 30 times higher than the human
recommended doses respectively, but have shown
increased resorption, increased number of nonviable
fetuses, and decreased fetal weight. In a study it was
observed that 5% to 14% of olanzapine crosses human
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placenta unchanged during a period of 4 hours
(Schenker et al, 1999). A study in which 23 pregnancies
were followed suggested a favorable risk-to-benefit
ratio for the fetus and infant following olanzapine
exposure, since spontaneous abortion, prematurity, or
major malformation in offspring did not occur
(Goldstein et al, 2000). Perinatal complications were
observed in some cases with no major malformations
(Ernst et al, 2002; Levinson et al, 2003). Evidence suggests
that olanzapine is excreted in rat milk, but its excretion
in human breast milk has not been studied (Goldstein
et al, 2000). In a case report of lactation exposure, no
adverse effects were noticed in breast-fed infant.

Embryo/fetal toxicity in the form of skeletal
ossification delays reduced fetal body weight and
increased incidence of carpal/tarsal flexure in rat fetuses
and in rabbits at 1.2 and 2.4 times the maximum human
dose of Quetiapine, a dibenzothiazepine derivative was
observed (Montvale, 2001). An increase in fetal and pup
death, and decrease in mean litter weight at three times
the maximum human dose were also found. In case of
human being there are very few reports of quetiapine
use during pregnancy. In one case, the 24-year old
woman was treated with lithium (1500mg/day) for
bipolar disorder, (which was discontinued on her
getting pregnant) and with quetiapine, which was
maintained at 25mg/day throughout pregnancy. She
delivered a healthy infant with no malformations. In
the other case, woman who received unknown dose of
quetiapine delivered a healthy infant at 38 weeks with
Apgar scores of 9 and 10 at 1 minute and 5 minutes,
respectively. In another case reported no abnormality
during the pregnancy, delivery and in the postnatal
period after using quetiapine throughout the pregnancy
(Tenyi et al, 2002). Levinson et al found three live births
with no malformations and one stillbirth. Quetiapine
has been found to be excreted in milk of lactating
animals. However excretion in human milk may be
possible. Therefore, caution should be exercised in
prescribing quetiapine during lactation.

Studies in animals suggest that ziprasidone is
associated with anomalies such as ventricular septal
defects, other cardiovascular malformations, and
kidney alterations. In some studies evidence of
developmental delays, possible teratogenic effects and
increased still births, at doses similar to human
therapeutic doses are reported (Montvale, 2001).
However, there is no evidence that these resulted from
maternal toxicities. There are no adequate and well-
controlled studies in pregnant women. Ziprasidone
excretion and that of its metabolites in human milk is
not known at present.

Aripiprazole showed developmental toxicity
including teratogenic effects in rats and rabbits. When
pregnant rats were treated with 10 times the MRHD,
slightly prolonged gestation, stillbirths, decreased fetal

weight, undescended testes, delayed skeletal ossification
and increased incidences of hepatodiaphragmatic
nodules and diaphragmatic hernia along with postnatal
effects of delayed vaginal opening and impaired
reproductive performance have been observed.
Similarly, pregnant rabbits treated with 11 times the
maximum human therapeutic doses of aripiprazole
during period of organogenesis were found to have
increased fetal mortality, skeletal abnormality and
decreased fetal weight. There are no adequate and well-
controlled studies in pregnant women. It is not known
whether aripiprazole can cause fetal malformations
when administered to pregnant women or can affect
their reproductive capacity. Aripiprazole is excreted in
milk of lactating rats, but its excretion in human milk is
not known.
MACHENISM OF ACTION ANTIPSYCHOTIC
DRUGS

Immediately after the clinical introduction of
drugs for psychosis, clinicians observed that patients
taking these medications exhibited a Parkinson-like
syndrome of tremor, akinesia, and rigidity (Haase and
Janssen, 1965). This drug-induced parkinsonism
strongly suggested that antipsychotic drugs were
interfering with dopamine pathways in the human
brain, because Parkinson’s disease was known to be a
disease of insufficient dopamine neurotransmission.
This clinical observation gave birth to the dopamine
hypothesis of psychosis and antipsychotic drug action
(Van Rossum, 1967). Although it was suggested that
chlorpromazine and haloperidol blocked “5-
hydroxytryptamine (serotonin) and monoaminergic
(noradrenaline and dopamine) receptors” (Carlsson and
Lindqvist, 1963), it was not possible at that time to
conclude which of the 3 pathways was selectively
affected by antipsychotics. This is because the turnover
of noradrenaline, serotonin (5-HT), and dopamine were
all simultaneously affected by the antipsychotics
(Carlsson and Lindqvist, 1963; Anden et al, 1964). Anden
and others speculated that chlorpromazine and
haloperidol “reduce the elimination rates of these”
metabolites of noradrenaline, 5-HT, and dopamine
(Anden et al, 1964). Although Anden and others (Anden
et al, 1970) subsequently found that antipsychotic drugs
in vivo had a greater effect on dopamine turnover than
on noradrenaline turnover, direct in vitro evidence for
the selective blockade of dopamine receptors was found
only later (Seeman et al, 1976). The multiple clinical and
adverse effects of various antipsychotic drugs depend
on the combination of receptors occupied, but the
dopamine pathway is the primary common target for
all antipsychotic drugs. More specifically, “no drug has
yet been identified with antipsychotic action without
a significant affinity for the D2 receptor” (Su, 1997).
There are 5 types of dopamine receptors in human
beings (Seeman et al, 1996). Types 1 and 5 are similar in
structure and drug sensitivity (Sunahara et al, 1991),
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and these 2 receptors are referred to as the “D1-like”
group or class of receptors. Dopamine receptor types 2,
3, and 4 are also similar in structure and are, therefore,
grouped together as the “D2-like” group. Dopamine
receptors 2, 3 and 4, however, have significantly
different sensitivities to antipsychotic drugs. Although
the D1-like receptors are often mentioned as a primary
target for antipsychotic drugs (Lidow et al, 1998).

These findings indicate that the D1-like
receptors are not clinically relevant in the therapeutic
action of these drugs. First, D1 antagonists do not
clinically improve psychotic signs and symptoms
(Karlson et al, 1995). Second, therapeutic maintenance
dosages of various antipsychotic drugs occupy low or
negligible levels of D1 receptors in the brains of patients
with psychosis (Farde and Nordstrom, 1992). For
example, therapeutic dosages of haloperidol occupy less
than 5% of the dopamine receptors in the brain putamen
of schizophrenia patients (Farde and Nordstrom, 1992).
Although therapeutic dosages of some antipsychotic
drugs, such as clozapine, occupy approximately 36% to
59% of brain dopamine D1 receptors (Nordstrom et al,
1995), there is no currently known reason to believe
that these occupied D1 receptors contribute to the unique
properties of clozapine. Third, for the D1 dopamine
receptor, the binding constants (that is, the dissociation
constants, also referred to as the inhibition constants,
or Ki values) of various antipsychotic drugs (Seeman
and Niznik, 1988) are very much higher than the
concentrations of antipsychotic drugs found in the
cerebrospinal fluid or in the plasma water of patients
(Seeman and Tallerico, 1998). In other words, if the free
concentrations of antipsychotic drugs were as high as
the values for the binding constants at D1, the drugs
would be toxic or lethal to patients. Of the 3 D2-like
receptors, only the D2 receptor itself is blocked by
antipsychotic drugs in direct relation to their clinical
antipsychotic potencies (Seeman et al, 1976; Creese et al,
1976). Although this long-known relation is sometimes
criticized as simply a relation between the D2-blocking
concentrations and the clinical dosages at which EPS
first appear, it is important to note that the
concentrations of antipsychotics which block D2
receptors in the brain are precisely identical to the
concentrations found in the spinal fluid or plasma
water (that is, corrected for drug binding to the plasma
proteins) of patients whose psychotic symptoms are
successfully controlled by antipsychotics. It is known
that the clinical efficacy of antipsychotics is associated
with a blockade of 60% to 80% of D2 receptors in the
brain (Seeman and Tallerico, 1999; Kapur et al, 1999).

Clozapine and quetiapine, however, have
consistently been apparent exceptions. For example, in
patients taking therapeutically effective antipsychotic
dosages of clozapine, this drug only occupies between
0% and approximately 50% of brain dopamine D2
receptors, as measured by various radioligands using

either PET (Kapur et al, 1999) or SPET (Su et al, 1996;
Pickar et al, 1996). The atypical antipsychotics occupy
many different types of receptors under therapeutic
conditions, the apparently low occupancy of D2 by
clozapine suggest that D2 is not the major antipsychotic
target for clozapine (Brunello et al, 1995). D2 is not the
common target for all atypical antipsychotic drugs, but
it is 5-HT system or in the balance between 5-HT and
dopamine. However, the apparently low occupancy of
D2 by clozapine and quetiapine is readily explained by
the fact that these 2 antipsychotics rapidly dissociate
from the dopamine D2 receptor (Seeman and Tallerico,
1999). This also holds for remoxipride and amisulpride.
In vitro test suggest that D2 receptors release clozapine,
quetiapine, remoxipride, and amisulpride at least 100
times faster than they release haloperidol or
chlorpromazine (Kapur and Seeman, 2001). These in vitro
data match those found clinically for clozapine,
quetiapine, and haloperidol in schizophrenia patients
and healthy volunteers. It has been found by PET (using
[11C]raclopride) that the human brain (striatum)
occupancy of D2 by quetiapine and clozapine rapidly
falls off within 24 hours, in contrast to that for
haloperidol, which maintains its D2 occupancy constant
over 24 hours (Gefvert et al, 1997; Kapur et al, 2000). Thus,
the rapid release of clozapine and quetiapine from
dopamine D2 receptors and their replacement by
endogenous dopamine would readily account for the
low D2 receptor occupancy shown by these atypical
antipsychotics. It is important to emphasize that the
rapid release of clozapine and quetiapine is a molecular
event which occurs quickly, regardless of the clinical
dosage used. In other words, even though high dosages
of clozapine and quetiapine may be used, these drugs
continue to go on and off the D2 receptor rapidly,
allowing extensive and frequent access of endogenous
dopamine to the receptor. Hence, it appears that some
antipsychotics, such as clozapine and quetiapine,
occupy D2 receptors only transiently throughout the
day. As just mentioned, PET imaging of patients with
schizophrenia reveals that the D2 receptor occupancies
by clozapine and quetiapine wear off quickly after an
oral dosage, and patients may show no occupancy what
so ever within 48 hours of the last dose, in contrast to
typical antipsychotics, which may continue to occupy
D2 receptors for days. This may explain why psychotic
relapses of patients on clozapine and quetiapine occur
soon after withdrawal of the antipsychotic (Seeman and
Tallerico, 1999), much earlier than after withdrawal of
conventional antipsychotic drugs such as haloperidol
or chlorpromazine.

As reported by Kapur and others (Kapur et al,
2001), the single most powerful predictor of atypicality
is the low affinity to, and fast dissociation from, the D2
receptor-not high affinity to any other receptor. This
hypothesis is supported by their findings that clozapine
and isoclozapine have identical potencies on many
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cloned receptors (including muscarinic M1, dopamine
D1, dopamine D4, 5-HT1A, and 5- HT2A receptors) but
differ five fold in their potency only on D2 receptors.
Thus, in several tests of atypicality (for example, early
activation of certain genes, catalepsy in animals, and
prolactin elevation), clozapine behaves like an atypical
antipsychotic. Isoclozapine, however, behaves like a
conventional antipsychotic. In addition to blocking
dopamine receptors, the new atypical antipsychotic
drugs also block 5-HT receptors. Although it has been
suggested that the blockade of 5-HT2A receptors may
alleviate the parkinsonism caused by D2 blockade
(Meltzer et al, 1991), most data do not support this
principle. Although it has long been known that the
stimulation of 5-HT1A receptors in animals can alleviate
catalepsy caused by D2 blockade (Wadenberg, 1992),
there do not appear to be any antipsychotics that have
this 5-HT1A-stimulating action combined with D2-
blocking action. It has recently been proposed that the
stimulation of 5-HT2A receptors by an inverse action is
an important contribution to atypical antipsychotic
action (Weiner et al, 2001). However, because a few
important atypical antipsychotics (including
remoxipride and sulpiride) have no such stimulating
action, it is unlikely that this feature contributes to
atypical antipsychotic action. Finally, although the
authors (Weiner et al, 2001) propose that M100,907 has
the desired stimulating action, this compound has
shown no antipsychotic activity in humans.

So, it can be said that atypicals clinically help
patients by transiently occupying D2 receptors and
then rapidly dissociating to allow normal dopamine
neurotransmission. This keeps prolactin levels normal,
spares cognition, and obviates EPS. One theory of
atypicality is that the newer drugs block 5-HT2A
receptors at the same time as they block dopamine
receptors and that; somehow, this serotonin-dopamine
balance confers atypicality. This, however, is not borne
out by the results. While 5-HT2A receptors are readily
blocked at low dosages of most atypical antipsychotic
drugs (with the important exceptions of remoxipride
and amisulpride, neither of which is available for use
in Canada) the dosages at which this happens are below
those needed to alleviate psychosis. In fact, the
antipsychotic threshold occupancy of D2 for
antipsychotic action remains at about 65% for both
typical and atypical antipsychotic drugs, regardless of
whether 5-HT2A receptors are blocked or not. At the
same time, the antipsychotic threshold occupancy of
D2 for eliciting EPS remains at about 80% for both typical
and atypical antipsychotics, regardless of the
occupancy of 5-HT2A receptors.

CONCLUSION
Currently available data indicates that there

are no antipsychotic preparations on the market that
can be considered entirely appropriate or completely

safe for expectant and nursing mothers. On the other
hand, there have been some studies and case reports of
fetal malformations, such as congenital heart disease,
perinatal deaths, neurological dysfunction with
extrapyramidal manifestations, respiratory distress,
rhinorrhea, jaundice, hypotension, and neonatal
withdrawal associated with the use of antipsychotics.
However, the extensive review of congenital
malformations in the infants of women who received
antipsychotics during pregnancy reveal the occurrence
of only very few cases of congenital defects, the
incidence of which are neither higher nor lower than
the control groups. Furthermore, some of these
antipsychotic drugs (e.g., olanzapine, ziprasidone,
aripiprazole) are newer agents and there may not be
much experience with them during pregnancy and
breastfeeding, unlike that with older agents such as
haloperidol or chlorpromazine, where there appears to
be an increased risk of congenital malformations on
exposure to phenothiazines between weeks 4 to 10 of
gestation (Patton et al ,  2002). In general, many
antipsychotics have been reported to have no apparent
adverse consequences during pregnancy. However more
research is needed to expand our knowledge about the
effects of both psychiatric treatment and available
treatments on maternal and fetal health.

In summary, the perinatal risks of psychosis
mandate that treatment should not be discontinued
routinely without full consideration of the risk of
relapse to the mother, which itself may have adverse
effects upon carrying the fetus to term as well as
neurodevelopment. The clinician must make a risk-
benefit assessment that weighs the risks of untreated
mental illness against the potential harm of using
psychotropic medications to manage this condition in
both fetus and mother. For these reasons, clinicians need
to help mothers weigh both fetal and neonatal risks of
exposure to the drugs against the potential risk they
and their infant may incur if the psychiatric illness is
not treated. Weighing the risks and benefits of treating
pregnant and breastfeeding women with antipsychotics
requires assessment of clinical effectiveness versus the
risks of toxicity to mother, fetus, neonate and children
in later life.

REFERENCES
1. van Os, J., Linscott, R.J., Myin-Germeys, I., Delespaul, P.,

Krabbendam, L. (2009) A systematic review and meta-analysis
of the psychosis continuum: evidence for a psychosis
proneness–persistence–impairment model of psychotic
disorder. Psychological Medicine 39: 179–195.

2. Delieu, J.M., Horobin, R.W., Duguid, J.K. (2009) Exploring the
Relationship of Drug-Induced Neutrophil Immaturity &
Haematological Toxicity to Drug Chemistry Using Quantitative
Structure–Activity Models. Medicinal Chemistry 5: 7-14.

3.  Naqvi, H.A. (2008) Schizophrenia: A Concept. J. Pak. Med.
Assoc. 58: 133-137.



98
4. Jenkins, R., Mbatia, J. , Singleton, N., White, B. (2010)

Prevalence of Psychotic Symptoms and Their Risk Factors in
Urban Tanzania.  Int. J. Environ. Res. Public Health 7: 2514-
2525.

5. Chisholm, D., Gureje, O., Saldivia, S., Calderón, M.V.,
Wickremasinghe, R., Mendis, N., Ayuso-Mateos, J.L., Saxena,
S. (2008) Schizophrenia treatment in the developing world:
an interregional and multinational cost-effectiveness analysis.
Bulletin of the World Health Organization 86: 497-576.

6. Bale, et al  (2001) Neurological, Psychiatric, and
Developmental Disorders. IOM (NASI)1-4.

7. Hicks, B. (2010) Schizophrenia Statistics, Facts and
Information, C.L.C. 1.

8. Yonkers, K.A., Wisner, K.L., Stowe, Z., Leibenluft, E., Cohen,
L., Miller, L. (2004) Management of bipolar disorder during
pregnancy and the postpartum period. Am. J. Psychiatry 161:
608–620.

9. Duran, A.,  Ugur, M.M., Turan, S., Emul, M. (2008) Case
Report: Clozapine use in two women with schizophrenia during
pregnancy. J Psychopharmacol 22: 111-113.

10. USPSTF. (2009) Screening for depression in adults: U.S.
preventive services task force recommendation statement.
Ann. Intern. Med. 151: 784-792.

11. Lather, A., Valecha, R., Sharma, K., Garg, M. (2011) Worldwide
potential of plants causing teratogenicity an overview. Spatula
DD. 1: 101-106.

12. Pellizzer, C. (2005) Monitoring developmental toxicity in
vitro, by using mouse and human embryonic stem cells.

13. Brent, R.L. (2004) Environmental causes of human congenital
malformations: the pediatrician’s role in dealing with these
complex clinical problems caused by a multiplicity of
environmental and genetic factors. Pediatrics 113: 957–968.

14. van Gelder, M.M.H.J., van Rooij, I.A.L.M., Miller, R.K.,
Zielhuis, G.A., de Jong-van den Berg, L.T.W., Roeleveld, N.
(2010) Teratogenic mechanisms of medical Drugs. Human
Reproduction Update 16: 378–394.

15. Jauch, D.A., William, T., Carpenter, Jr. (1988) Reactive
psychosis. I. Does the pre-DSM-III concept define a third
psychosis? Journal of Nervous and Mental Disease 176: 72–81.

16. Howard, L.M. (2005) Fertility and pregnancy in women with
psychotic disorders. European Journal of Obstetrics &
Gynecology and Reproductive Biology 119: 3-10.

17. Howard, L.M., Gross, C., Leeses, M. (2004) The psychosocial
outcome of pregnancy in women with psychotic disorders.
Schizophr. Res. 71: 49-60.

18. Cohen, S., Frank, E., Doyle, W.J., Skoner, D.P., Rabin, B.S.,
Gwaltuey, J.M. Jr. (1998) Types of stressors that increase
susceptibility to the common cold in healthy adults. Health
Psychology, 17: 214-223.

19. Pacifici, G.M., Nottoli, R. (1995) Placental transfer of drugs
administered to the mother. Clin. Pharmacokinet. 28: 235-269.

20. MacKay, A.V., Loose, R., Glen, A. (1976) Labor on lithium.
B.M.J. 1: 878.

21. Lehmann, H.E., Ban, T.A. (1997) The history of the
psychopharmacology of schizophrenia. Can. J. Psychiatry 42:
152-162.

22. Shen, W.W. (1994) Pharmacotherapy of schizophrenia: the
American current status. Keio. J. Med. 43: 192-200.

23. Poldinger, W., Wider, F. (eds): Index Psychopharmacorum.
Toronto, Ontario, Canada: Huber, 1990.

24. Shen, W.W. (1998) The need for depot atypical antipsychotics
in the US. Psychiatr. Serv. 49: 727.

25. Ayd, F.J. Jr. (1961) A survey of drug-induced extrapyramidal
reactions. J.A.M.A. 175: 1054-1060.

26. Hippius, H. (1996) The founding of the CINP and the
discovery of clozapine. In: Healy D (ed): The
Psychopharmacologists. New York, NY: Chapman & Hall.
185-213.

27. Hippius, H. (1989) The history of clozapine.
Psychopharmacology 99: S3-S5.

28. Gross, H., Langner, E. (1966) Das Wirkungprofil eines
chemischen neuartigen Breitband-neuroleptikums der
Dibenzodiazepingruppe. Wien Med Wochenschr 116: 814-816.

29. Bente, D., Engelmeier, M.P., Heinrich, K., Schmitt, W., Hippius,
H. (1966) Klinische Untersungen mit einem neuroleptisch
wirksamen Dibenzothiazepin-Derivat. Arzneimittelforschung
16: 314-316.

30. Angst, J., Jaenicke, U., Padrutt, A., Scharfetter, C. (1971)
Ergebnisse eines Doppelblindversuches von HF 1854 (8-
Chlor- 11-(4-methyl- 1-piperazinyl)-5H-dibenzo (b, e)
(1,4)diazepin) im Vergleich zu Levomepromazin.
Pharrnackopsychiatrie 4: 192-200.

31. Idanpgan-Heikkila, J., Alhava, E., Olkinuora, M., Palva, I.P.
(1997) Agranulocytosis during treatment with clozapine. Eur.
J. Clin. Pharmacol. 11: 193-198.

32. American Psychiatfic Association. Diagnostic and Statistical
Manual of Mental Disorders. (1994) Ed. 4. (DSM-IV).
Washington, DC: American Psychiatric Association.

33. Copoloy, D. (1997) New name for atypical antipsychotics.
Am. J. Psychiatry 154: 439.

34. Marder, S.R., Meibach, R.C. (1994) Risperidone in the
treatment of schizophrenia. Am. J. Psychiatry 151: 825-835.

35. Beasley, C.M., Tollefson, F., Tran, P., Satterlee, W., Sanger,
T., Hamilton, S., et al. (1996) Olanzapine versus placebo and
haloperidol: acute phase results of the North American double-
blind olanzapine trial. Neuropsychopharmacology 14: 111-124.

36. VanKammen, D.P., McEvoy, J.P., Targum, S.D., Kardatzke,
D., Sebree, T.B. (1996) Sertindole Study Group. A
randomized, controlled, dose-ranging trial of sertindole in
patients with schizophrenia. Psychopharmacology 124: 168-175.

37. Arvantis, L.A., Miller, L.A. (1997) Seroquel Trial 13 Study
Group. Multiple fixed doses of “Seroquel” (quetiapine) in
patients with acute exacerbation of schizophrenia: a
comparison with haloperidol and placebo. Biol. Psychiatry 42:
233-246.

38. Drici, M.D., Wang, W.X., Liu, X.K., Woosley, R.L., Flockhart,
D.A. (1998) Prolongation of QT interval in isolated feline
hearts by antipsychotic drugs. J. Clin. Psychopharmacol 18:
477-481.

39. Prakash, C., Kamel, A., Anderson, W., Howard, H. (1997)
Metabolism and excretion of the novel antipsychotic drug
ziprasidone in rats after oral administration of a mixture of lac-
and 3H-labeled ziprasidone. Drug Metab. Dispos. 25: 206-218.

40. Fleischbacker, W.W. (1995) New drugs for the treatment of
schizophrenic patients. Acta. Psychiatr. Scand. 91: 24-30.

41. Shiwach, R.S., Carmody, T.J. (1998) Prolactogenic effects of
risperidone in male patients—a preliminary study. Acta.
Psychiatr. Scand. 98: 81-83.

42. Meltzer, H.Y., Matsubara, S., Lee, J.C. (1989) Classification of
typical and atypical antipsychotic drugs on the basis of

Birth Defects : Singh and Tripathi



THE SCIENTIFIC TEMPER 99
dopamine D-I, D-1 and serotonin2 pKi values. J. Pharmacol.
Exp. Ther. 251: 238-246.

43. Pickar, D. (1995) Prospects for pharrnacotherapy of
schizophrenia. Lancet 345: 557-561.

44. Arnt, J.A., Skarsfeldt, T. (1998) Do novel antipsychotics have
similar pharmacological characteristics? A review of the
evidence. Neuropsychopharmacology 18: 63-101.

45. Richelson, E. (1990) Psychopharmacology of schizophrenia:
past, present and future. Psychiatr. Ann. 20: 641-644.

46. Little, B.B. (2007) Drugs and Pregnancy, A handbook. London:
Hodder Arnold.

47. Singh, S., Padmanabhan, R. (1978) Teratogenic effects of
chlorpromazine hydrochloride in rat foetuses. Indian J. Med.
Res. 67: 300-309.

48. Wisner, K. L., Perel, J. M. (1996) Psychopharmacological
treatment during pregnancy and lactation. In
Psychopharmacology and Women: Sex, Gender and Hormones
eds M. F. Jensvold, U. Halbreich & J. A. Hamilton), pp. 191–
224. Washington, DC: American Psychiatric Press.

49. Hannah, R.S., Roth, S.H., Spira, A.W. (1982) The effects of
chlorpromazine and phenobarbitol on cerebellar purkinje cells.
Teratology 26: 21-25.

50. Drug and the fetal eye. (1971) Lancet, 1: 122.
51. Umemura, T., Hironaka, N., Takada, K. (1983) Influence of

chlorpromazine administered to rat dams in the peripartum
and nursing periods on the learning behavior of the second-
generation. J. Toxicol. Sci. 8: 105-118.

52. Harer, W.B. (1956) Chlorpromazine in normal labor. Obstet.
Gynecol. 8: 1-9.

53. Potts, C.R., Ullery, J.C. (1961) Maternal and fetal effects of
obstetric analgesia, intravenous use of promethazine and
meperidine. Am. J. Obstet. Gynecol. 81: 1253-1259.

54. Sobel, D.E. (1960) Fetal damage due to ECT, insulin, coma,
chlorpromazine or reserpine. Arch. Gen. Psychiatry 2: 606-611.

55. Levy, W., Winniewski, K. (1974) Chlorpromazine causing
extrapyramidal dysfunction in newborn infant of psychotic
mother. N.Y. State J. Med. 74: 684-685.

56. Slone, D., Siskind, V., Heinonen, O.P. (1977) Antenatal
exposure to the phenothiazines in relation to congenital
malformations, perinatal mortality rate, birth weight, and
intelligence quotient score. Am. J. Obstet. Gynecol. 128: 486-
488.

57. Heinonen, O.P., Slone, D., Shapiro, S. (1977) Birth Defects
and Drugs in Pregnancy. Littleton, Mass, John Wright-PSG.

58. Rumeau-Rouquette, C., Goujard, J., Huel, G. (1976) Possible
teratogenic effects of phenothiazines in human beings.
Teratology 15: 57-64.

59. Altshuler, L.L., Hendrick, V. (1996) Pregnancy and
psychotropic medication: changes in blood levels. J. Clin.
Psychopharmacol 16: 78-80.

60. Yoshida, K., Smith, B., Craggs, M. (1998) Neuroleptic drugs in
breast-milk: a study of pharmacokinetics and of possible adverse
effects in breast-fed infants. Psychosom. Med. 28: 81-91.

61. Ayd, F.J. (1964) Children born to mothers treated with
chlorpromazine during pregnancy. Clin. Med. 71: 1758-1763.

62. Wiles, D.H., Orr, M.W., Kolakowska, T. (1978)
Chlorpromazine levels in plasma and milk of nursing mothers.
Br. J. Clin. Pharmacol. 5: 272-273.

63. Singh, K.P., Singh, M. (2004) Prenatal haloperidol exposure induced
developmental changes in rat. Annals of Neuroscience 11: 1-5.

64. Singh, K.P., Singh, M. (2001) Effect of single prenatal
haloperidol exposure on hippocampus and striatum of
developing rat brain. Indian Journal of Experimental Biology 39:
223-229.

65. Singh, K.P., Singh, M. (2002) Effect of prenatal haloperidol
exposure on behavioural alterations in rats. Neurotoxicology
and Teratology 24: 497-502.

66. Williams, R., Ali, S.F., Scalzo, F.M., (1992) Prenatal haloperidol
exposure: effects on weights and caudate neurotransmitter
levels in rats. Brain Res. Bull. 29: 449-458.

67. Gill, T.S., Guram, M.S., Geber, W.F. (1982) Haloperidol
teratogenicity in the fetal hamster. Dev. Pharmacol. Ther. 4: 1-5.

68. Van Waes, A., Van de Velde, E. (1969) Safety evaluation of
haloperidol in the treatment of hypermesis gravidarum J. Clin.
Pharmacol. 9: 224-227.

69. Dollery, C. (1999) Therapeutic Drugs, 2nd ed., pp H3—H9,
Churchill Livingstone, Edinburgh.

70. Stewart, R.B., Karas, B., Springer, P.K. (1980) Haloperidol
excretion in human milk. Am. J. Psychiatry 137: 849-850.

71. Whalley, L.J., Blain, P.G., Prime, J.K. (1981) Haloperidol
secreted in breast milk. B.M.J. 282: 1746-1747.

72. Nath, S.P., Miller, D.A., Muraskas, J.K. (1996) Sever rhinorrhea
and respiratory distress in a neonate exposed to fluphenazine
hydrochloride prenatally. Ann. Pharmacother. 30: 35-37.

73. Shepard, T.H. (1992) Catalog of Teratogenic Agents. 7th Ed.,
Baltimore, John Hopkins University Press.

74. Abdel-Hamid, H.A., Abdel-Rahman, M.S., Abdel-Rahman, S.A.
(1996) Teratgenic effect of diphenylhydration and/or
fluphenazine in mice. J. Appl. Toxicol. 16: 221-225.

75. Szabo, K.T., Brent, R.L. (1974) Species differences in experimental
teratogenesis by tranquilizing agents. Lancet 1: 565.

76. Brougher, J.C. (1960) Use of an antimetic agent in nausea and
vomiting associated with pregnancy. Western Med. 1: 9.

77. Donaldson, G.L., Bury, R.G. (1982) Multiple congenital
abnormalities in a newborn boy associated with maternal use
of fluphenazine enanthale and other drugs during pregnancy.
Acta. Paediatr. Scand. 71: 335-338.

78. Cleary, M.F. (1977) Fluphenazine deconate during pregnancy.
Am. J. Psychiatry 134: 815-816.

79. King, J.T., Barry, M.C., Neary, E.R. (1963) Perinatal findings
in women treated during pregnancy with oral fluphenazine. J.
New Drugs 3: 21-25.

80. Owaki, Y., Momiyama, H., Yokoi, Y. (1992) Teratologic studies
on thiothixene (Navane) in rabbits. Oyo Yakuri 1969; 3:321-
324. Cited by Shepard TH. Catalog of Teratogenic Agents. 7th
Ed, Baltimore, John Hopkins University Press, 384.

81. Physician’s Desk Reference. Montvale, N.J. (1999) Medical
Economics Co Inc, 53rd Ed.

82. Barnas, C., Bergant, A., Hummer, M. (1994) Clozapine
concentrations in maternal and fetal plasma, amniotic fluid,
and breast milk. Am. J. Psychiatry 151: 945.

83. Dickson, R.A., Dawson, D.T. (1998) Olanzapine and
pregnancy. Can. J. Psychiatry 43: 196–197.

84. Lieberman, J., Safferman, A.Z. (1993) Clinical profile of
clozapine: adverse reactions and agranulocytosis. Clozapine
in Treatment Resistant Schizophrenia: A Scientific Update. Lapierre
Y, Jones B (eds). London, Royal Society of Medicine, 1992.
Cited by Waldman MD, Safferman AZ: Pregnancy and
clozapine. Am. J. Psychiatry 150: 168-169.



100
85. Dev, V., Krupp, P. (1995) The side-effects and safety of

clozapine. Rev. Contemp. Pharmacother. 6: 197–208.
86. Grover, S., Avasthi, A., Sharma, Y. (2006) Psychotropics in

pregnancy: weighing the risks. Indian J. Med. Res. 497-512.
87. Levinson, A.J., McKenna, A.K.E., Koren, G., Zipursky, R.B.

(2003) Pregnancy outcome in women receiving atypical
antipsychotic drugs: A prospective, multicentre, controlled
study. Schizophr. Res. 60: 361.

88. Ratnayake, T., Libretto, S.E. (2002) No complications with
risperidone treatment before and throughout pregnancy and
during the nursing period. Am. J. Psychiatry 63: 76-77.

89. Rodriguez-Salgado. (2008) Risperidone safety in pregnancy.
A case report. B. Actas. Esp. Psiquiatr. 36: 366-368.

90. Grover, S., Avasthi, A. (2004) Risperidone in Pregnancy: A
Case of Oligohydramnios German J. Psychiatry 7: 56-57.

91. Schenker, S., Yang, Y., Mattiuz, E. (1999) Olanzapine transfer
by human placenta. Clin. Exp. Pharmacol. Physiol. 26: 691-697.

92. Goldstein, D.J., Corbin, L.A., Fung, M.C. (2000) Olanzapine
exposed pregnancies and lactation: early experience. J. Clin.
Psychopharmacol 20: 399-403.

93. Ernst, C.L., Goldberg, J.F. (2002) The reproductive safety
profile of mood stabilizers, atypical antipsychotics and broad
spectrum psychotropics. J. Clin. Psychiatry 63: 42-55.

94. Tenyi, T., Trixler, M., Keresztes, Z. (2002) Quetiapine and
pregnancy. Am. J. Psychiatry 159: 674.

95. Haase, H.J., Janssen, P.A.J. (1965) The action of neuroleptic
drugs: a psychiatric, neurologic and pharmacological
investigation. Chicago: Year Book Medical Publ.

96. Van Rossum, J. (1967) The significance of dopamine-receptor
blockade for the action of neuroleptic drugs. In: Brill H, Cole
J, Deniker P, Hippius H, Bradley PB, editors.
Neuropsychopharmacology, Proceedings 5th Collegium
Internationale Neuropsychopharmacologicum. Amsterdam:
Excerpta Medica 321–329.

97. Carlsson, A., Lindqvist, M. (1963) Effect of chlorpromazine
or haloperidol on formation of 3-methoxytyramine and
normetanephrine in mouse brain. Acta. Pharmacol. Toxicol.
20: 140–144.

98. Anden, N.E., Roos, B.E., Werdinius, B. (1964) Effects of
chlorpromazine, haloperidol and reserpine on the levels of
phenolic acids in rabbit corpus striatum. Life Sci. 3: 149–158.

99. Anden, N.E., Butcher, S.G., Corrodi, H., Fuxe, K., Ungerstedt,
U. (1970) Receptor activity and turnover of dopamine and
noradrenaline after neuroleptics. Eur. J. Pharmacol. 11: 303–314.

100. Seeman, P., Lee, T., Chau-Wong, M. (1976) Antipsychotic
drug doses and neuroleptic/dopamine receptors. Nature 261:
717–719.

101. Su, T.P., Malhotra, A.K., Hadd, K., Breier, A., Pickar, D. (1997)
D2 dopamine receptor occupancy: a crossover comparison
of risperidone with clozapine therapy in schizophrenic
patients. Arch. Gen. Psychiatry 54: 972–973.

102. Seeman, P., Corbett, R., Nam, D., Van Tol, H.H.M. (1996)
Dopamine and serotonin receptors: amino acid sequences,
and clinical role in neuroleptic parkinsonism. Jpn. J. Pharmacol.
71: 187–204.

103. Sunahara, R.K., Guan, H.C., O’Dowd, B.F., Seeman, P., Laurier,
L.G., Ng, G.Y.K. (1991) Cloning of the gene for a human
dopamine D5 receptor with higher affinity for dopamine than
D1. Nature 350: 614–619.

104. Lidow, M.S., Williams, G.V., Goldman-Rakic, P.S. (1998) The
cerebral cortex: a case for a common site of action of
antipsychotic drugs. Trends Pharmacol. Sci. 19: 136–140.

105. Karlson, P., Smith, L., Farde, L., Härnryd, C., Sedvall, G.,
Wiesel, F.A. (1995) Lack of apparent antipsychotic effect of
the D1-dopamine receptor antagonist SCH39166 in acutely ill
schizophrenic patients. Psychopharmacology 121: 309–316.

106. Farde, L., Nordström, A.L. (1992) PET analysis indicates
atypical central dopamine receptor occupancy in clozapine-
treated patients. Br. J. Psychiatry 160: 30–33.

107. Nordström, A.L., Farde, L., Nyberg, S., Karlsson, P., Halldin,
C., Sedvall, G. (1995) D1, D2, and 5-HT2 receptor occupancy
in relation to clozapine serum concentration: A PET study of
schizophrenic patients. Am. J. Psychiatry 152: 1444–1449.

108. Seeman, P., Niznik, H.B. (1988) Dopamine D1 receptor
pharmacology. ISI Atlas of Sci. Pharmacology 2: 161–170.

109. Seeman, P., Tallerico, T. (1998) Antipsychotic drugs which
elicit little or no Parkinsonism bind more loosely than
dopamine to brain D2 receptors, yet occupy high levels of
these receptors. Mol. Psychiatry 3: 123–134.

110. Creese, I., Burt, D.R., Snyder, S.H. (1976) Dopamine receptor
binding predicts clinical and pharmacological potencies of
antischizophrenic drugs. Science 192: 481–483.

111. Seeman, P., Tallerico, T. (1999) Rapid release of antipsychotic
drugs from dopamine D2 receptors: an explanation for low
receptor occupancy and early clinical relapse upon withdrawal
of clozapine or quetiapine. Am. J. Psychiatry 156: 876–884.

112. Kapur, S., Zipursky, R.B., Remington, G. (1999) Comparison
of the 5-HT2 and D2 receptor occupancy of clozapine,
risperidone, and olanzapine in schizophrenia: clinical and
theoretical implications. Am. J. Psychiatry 156: 286–293.

113. Su, T.P., Breier, A., Coppola, R., Hadd, K., Elman, I., Adler, C.
(1996) D2 receptor occupancy in risperidone and clozapine-
treated schizophrenics. Biol. Psychiatry 39: 512–513.

114. Pickar, D., Su, T.P., Weinberger, D.R., Coppola, R., Malhotra,
A.K., Knable, M.B. (1996) Individual variation in D2 dopamine
receptor occupancy in clozapinetreated patients. Am. J.
Psychiatry 153: 1571–1578.

115. Brunello, N., Masotto, C., Steardo, L., Markstein, R., Racagni,
G. (1995) New insights into the biology of schizophrenia
through the mechanism of action of clozapine.
Neuropsychopharmacology 13: 177–213.

116. Kapur, S., Seeman, P. (2001) Does fast dissociation from the
dopamine D2 receptor explain the action of atypical antipsychotics?
A new hypothesis. Am. J. Psychiatry 158: 360–369

117. Gefvert, O., Lundberg, T., Wieselgren, I.M., Hagstrom, P.,
Bergstrom, M., Langstrom, B. (1997) D2 and 5-HT2A receptor
binding of different doses of quetiapine in schizophrenics: a
PET study. Am. Coll. Neuropsychopharmacol 36: 168.

118. Kapur, S., Zipursky, R., Jones, C., et al. (2000) A positron
emission tomography study of quetiapine in schizophrenia: a
preliminary finding of an antipsychotic effect with only
transiently high dopamine D2 receptor occupancy. Arch. Gen.
Psychiatry 57: 553–559.

119. Kapur, S., Seeman, P., Zipursky, R., Remington, G.J. (2001)
Fast dissociation from the dopamine D2 receptor (not high
affinity at multiple receptors) is the key to “atypical”
antipsychotics. Schizophr. Res. 49: 92.

120. Meltzer, H.Y., Nash, J.F. (1991) Effects of antipsychotic drugs
on serotonin receptors. Pharmacol. Rev. 43: 587–604.

121. Wadenberg, M.L. (1992) Antagonism by 8-OH-DPAT, but not
ritanserin, of catalepsy induced by SCH 23390 in the rat. J.
Neural Transm. 89: 49–59.

122. Weiner, D.M., Burstein, E.S., Nash, N., Croston, G.E., Currier,
E.A., Vanover, K.E. (2001) 5-hydroxytryptamine-2A receptor
inverse agonists as antipsychotics. J. Pharmacol. Exp. Ther.
299: 268–276.

123. Patton, S.W., Misri, S., Corral, M.R., Perry, K.F., Kuan, A.J.
(2002). Antipsychotic medication during pregnancy and
lactation in women with schizophrenia: Evaluating the risk.
Can. J. Psychiatry. 47: 959–965.



Birth Defects : Singh and Tripathi


	TST-II-18

