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1.INTRODUCTION

In recent years Second generation antipsychotics (SGAs) are effective

pharmacotherapeutic agents  for various neuropsychiatric diseases , especially

Schizophrenia, but also for  bipolar disorder, autism,  as a add on therapy in many

major depressive disorder  and are used by millions of patients in the world1. The

major advantage of these drugs is that they are less likely to cause neurologic side

effects like extrapyramidal symptoms, where as first generation antipsychotics(FGAs)

produces movement disorders like acute dystonias, akinesia, akathesia and tardive

dyskinesia. The neurologic side effects of first generation antipsychotics(FGAs) are

due to potent dopamine D2 receptor blockade and are important limiting factors for

long term use of these agents2. The second generation antipsychotics(SGAs) are

currently more prescribed due to lack of these neurological side effects. SGAs act

both  5HT2 and are weak D2 blocker. In addition they have alpha adrenergic

blocking, anticholinergic and H1 antihistaminic activity. However, the clinical

research in past decade has reported that most SGAs drugs can cause serious

metabolic adverse effects, resulting in a metabolic syndrome that substantially

increases the risk for cardio-metabolic disorders, such as type II diabetes mellitus and

cardiovascular diseases3-5.The incidence of diabetes mellitus has been shown to be

increased in patients treated with SGAs in comparison with general

population6.Several retrospective studies shown increased in serum triglyceride in

patients treated SGAs like Clozapine7. SGAs  drugs induced metabolic syndrome is

characterized by weight gain, hyperprolactemia, hyperlipidaemia, hyperglycaemia,

glucose intolerance, hypertension cardiovascular disease and insulin resistance8. For

the patients who are taking Clozapine , the risk of developing type 2 diabetes during



3

the first 6 years is greatest. It has been reported  that among the patients who took

Second generation antipsychotic like Clozapine more than  50%  become overweight9.

Treatment with Clozapine was associated with an average weight gain of 9.8lb

over 10weeks which is as high as  any other antipsychotics10. These metabolic

changes are seen regardless of age , sex or duration of antipsychotic therapy11-12. In

one of the study the prevalence of metabolic syndrome has been found to be as high

as 24.6% 13. Metabolic syndrome is also predictive of both cardiovascular diseases

and type 2 diabetes mellitus. This may lead to early death14. several studies have

reported that there are increased loss of life in patients with Schizophrenia.  Besides ,

they have higher risks for cerebrovascular illnesses, respiratory disorders and

mortality from suicide. However , the most common reason for death suggested to be

cardiovascular disorders15-16. With widespread use of these drugs, the metabolic

adverse effects of antipsychotics is a major public health problem and there is a great

need for a better understanding for their management. Consistent with the literature

on type II diabetes mellitus, some success has been obtained through lifestyle

changes, including exercise and dietary modifications17.  However, these changes may

be more challenging in the psychiatric population18, therefore the mainstay of

treatment remains the use of antidiabetic drug like Metformin to minimise or to

ameliorate metabolic derangement. Metformin is being currently used to treat

metabolic syndrome and type II diabetes mellitus. Metformin  acts through diverse

pharmacological mechanisms. Metformin has been demonstrated to reduce the

incidence of type 2 diabetes mellitus by 31% compared to control subjects who

received placebo19. The present study proposes that reduced progression from pre-

diabetes to diabetes should be a treatment goal for patients with Schizophrenia treated

with SGAs. Regular use of Metformin would be expected to lower the progression
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rate to a considerable extent. It is therefore important to determine whether Metformin

is efficacious in treating SGAs drugs-induced metabolic syndrome. Therefore the

present study is undertaken to evaluate the effects of Metformin on metabolic

derangement caused by Clozapine, a SGA drug in a rat model20.
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AIMS & OBJECTIVES
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AIMS AND OBJECTIVES

1. To evaluate metabolic derangement induced by second generation SGAs drug

Clozapine.

2. To evaluate the mechanism of Clozapine induced metabolic derangement.

3. To evaluate the effect of Metformin in minimizing Clozapine induced

metabolic derangement.
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REVIEW OF LITERATURE
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SCHIZOPHRENIA

HISTORICAL ASPECTS

Schizophrenia still remains mysterious or difficult to understand though its

thought to be among the most common psychiatric disorders. The word is almost

more than 100 years older however it most likely accompany human beings

throughout its whole history. It had been first known as a distinct mental disease by

Emil Kraepelin in 1887, who had used the word dementia preacox for individuals who

had symptoms that we now associate with Schizophrenia. In 1911 swiss psychiatrist ,

Eugen Bleuler coined the word Schizophrenia for first time. "positive" or "negative"

symptoms of Schizophrenia were  also first described by him. Eugen Bleuler

changed the name dementia preacox to Schizophrenia as it was obvious that Emil

Kraeplin  name was misleading as the disease was not a dementia (it did not always

lead to mental deterioration) and could sometimes occur late as well as early in life.

The word "Schizophrenia" comes from the Greek word schizo (split) and phrene

(mind) to describe the fragmented thinking of people with the disorder.The

information of historic growth of Schizophrenia allows us to grasp the various ideas

within the comprehension of the pathological process of the disease and the way the

definition, the concepts concerning its aetiology and its treatment have emerged21-22.
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CLINICAL MANIFESTATIONS

Patients suffering from Schizophrenia may present with positive symptoms

which include hallucination (auditory), delusions, conceptual disorganization or

negative symptoms which include lack of pleasure, poverty of speech, decreased

emotional expression, social withdrawal. cognitive symptoms include defect in

attention and working memory. The patients who are suffering from Schizophrenia

feels cheerful or sad; they often are depressed.

To meet formal diagnostic criteria at least two of the above symptoms for a

period of one month and continuous signs for a period of six months should present.

There are no specific features. It is usually begins in late adolescence, has an insidious

onset and very poor outcome. Negative symptoms occur in about one-third of the

patients of Schizophrenia and it has very poor outcome and poor response to the drug

therapy. prognosis does not depend on symptom severity but depends on response to

the antipsychotic medications. Around 10% of schizophrenic population commits

suicide23. In statistics generated by the WHO, Schizophrenia is listed as the 5th and 6th

most significant cause of years lived with disability (YLD) in men and women,

respectively 24.
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EPIDEMIOLOGICAL ASPECTS INCIDENCE AND

PREVALENCE

The life risk of Schizophrenia has historically been given at ~1% worldwide

with life time prevalence ~1-1.5%  . Around three lakhs acute Schizophrenia occur

annually in US. Schizophrenia occurs in ~6.6% in first degree relatives of an affected

proband. Risk of offspring is 40% if both the parents are affected with Schizophrenic

disorder, 50% for monozygotic twins and 10% for dizygotic twins 23.. precise

diagnostic criteria yielded incidence rates starting from 6/100,000 to 14/100,000 in an

exceedingly giant multinational WHO study (the alleged 10-country study) 25. overall

median incidence of Schizophrenia 15.2 per 100,000, with an calculable seven out

of one thousand people diagnosed with the disorder at some purpose in their life26.

Male: Female risk of developing Schizophrenia could also be ~ 1.4:127.

RISK FACTORS

The heritability of Schizophrenia is very high possibly as high as 80%28.

Intrinsic possibility of being attacked is thought to coincide with external risk factors

to trigger onset of Schizophrenia in an individual. External risk factors include

increasing parental age29. Denovo mutations arising in paternal germ cells may be

suggested as underlying mechanism30.winter birth, cannabis use, cannabis is a known

risk factor for Schizophrenia, roughly for around 50% cases for Schizophrenia31-

32,Obstetric complications and prenatal viral infections. The disorder is often

described as multifactorial in order to trigger the symptoms.
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PATHOGENESIS OF SCHIZOPHRENIA

Inspite of eager research the pathophysiology of schizophrenic disorder remains

unclear. The most important mechanisms during the last fourty years has

undoubtedly been the so-called dopamine hypothesis. It was suggested that

excessive and dysregulated dopaminergic activity in mesolimbic pathway that

leads to disturb function of the limbic system and that translate into positive

symptoms. Decrease activity in mesocortical pathway leads to negative

symptoms. In normal healthy person there is balance between mesolimbic

pathway and mesocortical pathway. DA(Dopamine)hypothesis is based on the fact

that drugs which bind to and blocks dopamine receptors particularly D2 receptors

relieves symptoms of Schizophrenia33-34. Apart from that increased dopamine

receptor density is seen in PET( positron emission tomography) and postmortem

brain studies of the schizophrenic patients. Drugs that stimulate central

dopaminergic activity like amphetamine also aggrevate Schizophrenia35.

Demyelination of the primary component of the white matter, affects the neuronal

property and is believed to be of significance within the pathophysiology of

schizophrenic disorder. Signs of impaired myelination have been demonstrated in

patients with schizophrenic disorder36-37. Defect in other neurotransmitter system

have also been suggested. 5-HT hypothesis; It is based on the fact that LSD , 5-

HT2  agonist produces hallucination but this hypothesis has fallen because

psychotic symptoms associated with LSD is visual hallucination while in

Schizophrenia it is auditory hallucinations predominate35.Glutamate hypothesis;

This is based on the findings that NMDA receptors antagonist like Ketamine when

administered in normal individual produces psychotic symptoms35.
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FIRST GENERATION ANTIPSYCHOTICS

The First generation antipsychotics are also known as typical antipsychotics,

classic antipsychotics or dopamine antagonist. Chlorpromazine was the first

antipsychotic drug belonging to chemical class phenothiazines and was discovered in

1950. commercially launched for the treatment of psychiatric illness in 195338-39. Its

introduction has been labelled as greatest achievement in the history of psychiatry.

Psychiatrists first observed regression of treatment induced  positive symptoms in the

patients who are suffering from Schizophrenia40. Haloperodol belongs to different

chemical class butyrophenones was discovered by Paul Janssen in 1958 and in 1959

commercially launched in europe41. Pimozide was introduced at Janssen

pharmaceutica in 1963. Flupenthixol introduced by Lundbeck in 1965.Several other

antipsychotics were also introduced during the 1950s and 1960s. The antipsychotic

action of typical antipsychotics is now believed to be produced by their competetive

blockade of D2 receptors42.Haloperidol is a potent D2 antagonist  and Chlorpromazine

is a relatively weak D2 antagonist compared to other early antipsychotics. Thus

competetive blockade of D2 receptors produces unwanted dose dependent

extrapyramidal side effects like acute dystonias occurs within few hours usually by

the parenteral drugs because basal ganglia is responsible for posture regulation,

Akinesia( parkinson like syndrome) occurs within few days, Akathesia occurs within

weeks to months of course akathesia developed in those patient who are not having

akinesia. Tardive dyskinesia occurs within weeks to months, tardive dyskinesia

develops due to chronic use of antipsychotics. The serious extra-pyramidal side

effects  and less effective against negative symptoms encouraged the search for newer

antipsychotic agents.
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SECOND GENERATION ANTIPSYCHOTICS

The second generation antipsychotics are also known as atypical antipsychotics.

Clozapine was the first atypical antipsychotic drug which was introduced in the year

1958. They generally have a lower propensity to cause extrapyramidal side effects

like acute dystonias, akinesia, akathesia and tardive dyskinesia than first generation

antipsychotics, SGAs helps to improve negative symptoms, they are less likely to

cause hyperprolactinemia except for Risperidone. SGAs have greater affinity for 5-

HT, alpha adrenergic, muscarinic, histaminergic and weak dopaminergic antagonist

activity43-44.Its affinity for serotonergic receptors (5-HT2A, 5-HT2C) is as much as 20

times higher than its D2 affinity.  Imaging studies have demonstrated that

Olanzapine’s D2 affinity is higher than that of Clozapine.45 Risperidone was

commercially introduced in 1994, Risperidone is more powerful D2 blocker than

Clozapine. During Risperidone therapy prolactin levels rise

disproportionately46.Olanzapine was commercially introduced in 1996 and is

chemically related to Clozapine47.Quetiapine commercially introduced in 1998 It is a

short acting with plasma half life of 6hrs, Quitiapine is quite sedating46. Ziprasidone

commercially introduced in 2001 has D2 affinity, high affinity for 5-HT combined

with serotonin and norepinephrine reuptake inhibition. Aripiprazole is first third

generation antipsychotic commercially introduced in 2002, It has partial D2 agonist,

partial agonism at 5-HT1A receptors, as well as 5-HT2 antagonism49. Some of the

adverse effects of SGAs are weight gain, lipid derangements and development of type

2 diabetes mellitus.
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TREATMENT OF SCHIZOPHRENIA

Antipsychotic drugs are the cornerstone of acute and maintenance therapy of

Schizophrenia and are effective in delusion, hallucination and thought disorder

regardless of etiology. In the patients who are presenting with first episode,

antipsychotic drugs are effective in about 70% cases23. The introduction of first

generation antipsychotics(FGAs) like chlorpromazine offered a good choice for

management of psychotic symptoms. FGAs are still effective

therapeutic pharmacologic agents and additionally presently accessible to treat

psychotic symptoms51, their use usually led to extrapyramidal symptoms. Second

generation antipsychotics(SGAs) have  principally replaced First generation

antipsychotics(FGAs) since 1990s. SGAs have very low risk of extrapyramidal

symptoms compared to FGAs .SGAs are also effective in treating negative symptoms

and improving cognitive functions.
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CLOZAPINE IN TREATMENT OF RESISTANT

SCHIZOPHRENIA

From the introduction of the primary neuroleptic drug, its become obvious that

a large set of patients with Schizophrenia are treatment resistant.  Between 20% and

60% of the patients with Schizophrenia don't respond sufficiently to normal

treatment52-53. Although Clozapine is considered the standard pharmacotherapy as a

last resort in the management of treatment-resistant Schizophrenia. Clozapine-

resistant Schizophrenia characteristics include persistent active psychotic features

despite daily doses of 300 to 900 mg/d for eight weeks to six months, with plasma

drug levels of 1.0 nmol/l of the parent drug or higher54. Despite of wide range of

adverse effects Clozapine remains the drug of choice for treatment resistant

Schizophrenia, few of them like thromboembolism, agranulocytosis,  cardiomyopathy

and myocarditis  are serious or potentially life-threatening adverse effects. However

Clozapine is more effective compared to any other first generation or second

generation antipsychotic. one or two thirds of these patients who are not responding to

any other first or second generation drugs will adequately respond to Clozapine.

Clozapine relieve cognitive deficits, decrease the suicidal tendency and it has been

associated with reduce total mortality than any other antipsychotic drugs55. Despite

these risks it may also be associated with the lowest mortality of all antipsychotics56.

Around 30% of the patients who do not respond from older first generation

antipsychotics will have a good response with Clozapine23.
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CLOZAPINE

Clozapine is a dibenzodiazepine derivative57. It is a prototype of SGAs.

Clozapine has weak dopamine receptor activity at D1,D2,D3 and D5 and it has high

affinity for D2 receptors, Additionally it has antimuscarinic, alpha-adrenergic

blocking, antiserotonergic and sedative properties57. It is known to be more

efficacious than any other first generation and second generation antipsychotics. It is

more effective in treatment resistant positive symptoms and

suicidality55.Unfortunately due to more side effects it is usually considered as third

line antipsychotic58. Clozapine produces few or no extra pyramidal side effects. No

rise in prolactin level and tardive dyskinesia is rare. Both the positive as well as

negative symptoms of Schizophrenia will get improve. Clozapine is structurally

similar with SGAs like Olanzapine and Quetiapine 59.The structure of Clozapine is

given below

Figure1: structure of Clozapine
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PHARMACOKINETICS

At therapeutic dose Clozapine has linear or First order kinetics this means the

rate of absorption and elimination proportional to the drug concentration60.The

average t1/2 of Clozapine is 12hrs, The peak concentration is achieved at 1-3 hrs and

it is matabolized into active and inactive metabolites by CYP2C19 , CYP1A2 and

CYP3A4

ADVERSE EFFECTS

The major life threatening adverse effect of Clozapine is fatal agranulocytosis

wich occur in approximately in 01-2% patients. Weekly monitoring of blood count is

required for first six months and every month thereafter. It is usually reversible after

discontinuance of the Clozapine. usually occurs at 6th to 18th week of treatment61-62.

Other side effects include weight gain, sedation, tachycardia, unstable BP, urinary

incontinence and myocarditis63. Most adverse effects are due to its pharmacological

properties Orthostatic hypotension and sexual dysfunction are due to its alpha

blockade, muscarinic antagonism causes anticholinergic side effects tachycardia,

constipation, blurred vision and urinary retention, sedation is due to histamine

blockage64. Clozapine has high affinity for H1 receptor and 5HT2C which is

associated with weight gain65.
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CLOZAPINE AND GLUCOSE

It has mentioned  in several reports that Clozapine is associated with

hyperglycemia and in some patients occasionally debuting as diabetic ketoacidosis66-

67.The majority of such cases occur within three months of beginning of

Clozapine68.The retrospective studies have associated with occurence of relative risk

of diabetes in the patients treated with Clozapine compared to typical antipsychotics69.

Impaired glucose tolerance is twice as high as patients taking Clozapine compared to

any other antipsychotics. In the previous study patients chronic treated with Clozapine

upto five years about one third of the patient developed diabetes mellitus70.Clozapine

and Olanzapine have been demonstrated to increase the risk of insulin resistance and

type 2 diabetes71.

CLOZAPINE AND LIPID PROFILE

In 1994 first increased in triglyceride level in the patients who were treated

with Clozapine was published as a case report72.Several years later, elevated serum

triglyceride levels were reported in the patients who are treated with Clozapine73.later

it was demonstrated to occur due to increased adipose tissue mass74. Increase in serum

cholesterol levels has also been reported during Clozapine treatment75.



19

CLOZAPINE AND WEIGHT

Weight gain in a patients who are treated with Clozapine is a common clinical

finding. Average weight gain with Clozapine treatment is 1.72 kg/month which

occurs during sixth to twealth month of treatment76. Clozapine had significant weight

gain followed by Olanzapine and Quetiapine77. When treated with Clozapine weight

gain continuous beyond the first year whereas with other antipsychotics weight may

stabilize in short to medium term78.little is known about the changes in appetite of

these patients. It had been found that 20% gain in weight compared to the baseline

weight in two years79.The exact mechanism about the Clozapine induced weight gain

is unknown. 5HT2C receptor blockade, Histamine H1 receptor affinity and dopamine

D2 receptor blockade have been implicated80.It has been implicated that leptin

genotype may be involved81.
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METFORMIN

Metformin is a biguanide and was introduced in 1950s, Metformin does not

stimulate β-cells of pancrease therefore it remarkably differ from sulfonylureas. It

causes very little or no hypoglycemia in both non- diabetics as well as in diabetics.

Metformin is reported to improve lipid profile. This  agent  helps to  reduce  LDL

cholesterol and  triglyceride  levels,  and  is  not associated  with  weight  gain,  and

prevents  the  cardiovascular  complications  of diabetes. The structure of Metformin

is shown below82.

Figure 2: Structure of Metformin
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MECHANISM OF ACTION

The full explanations about the mechanism of action of Metformin still

remains elusive. Metformin leads to activation of AMP dependent protein kinase

(AMPK) and leads to decrease hepatic glucose production. Other possible minor

mechanism might be decrease glucose output from liver, Enhances insulin mediated

glucose uptake in skeletal muscles, Metformin also reduces the intestinal absorption

of amino acids, glucose, Vit B12 and other hexoses and  Impairment of renal

gluconeogenesis. Metformin does not stimulate insulin release from the Β-cells but

presence of insulin is essential for its action. it is not effective in Type-1 DM and

pancreatectomized animals82-84.

METABOLISM AND EXCRETION

The half life of Metformin is 1.5 to 3 hours. Metformin is not bound to plasma

protein, is not metabolized and is excreted unchanged in the urine as the active

compound. Active  tubular secretion in the kidney is the principal route of metformin

elimination. The drug is widely distributed into body tissues including the intestine,

liver, and kidney by organic cation transporters. As a result of hepatic blokade of

gluconeogenesis, it will impair the hepatic metabolism of lactic acid. In renal failure

patients it will accumulate and causes lactic acidosis and which resembles to be  dose

related complications of metformin82-83.
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CLINICAL USES.

Metformin is recommended as first line therapy in the patients who are

suffering from type 2 diabetes mellitus except when it is contraindicated or when it is

not tolerated. Because it is a insulin sparing agent (it does not stimulate β-cells of

pancrease to release insulin) and it doesnot cause hypoglycemia or weight gain,

Metformin has a potential to prevent microvascular and macrovascular complications

of diabetes mellitus, no β-cells exhaustion in type 2 DM patients, can combine with

other oral or injectable anti-diabetic drug82-86. Patients who are treated with

Metformin in Polycystic ovary syndrome (PCOS) produces considerable

improvement in ovulation and decrease rate of miscarriage. In addition to

improvements  in insulin resistance, hyperglycemia and body weight which are

mostly associated with the disease condition87-88.Recently Metformin has also been

associated with positive symptoms in the patients who are suffering from cancer.

Metformin in vitro has shown to decrease the number of cancer cells including

endometrial, colon, prostate, breast and gliomas89. Metformin has demonstrated to

control weight both in patients who are suffering from diabetes as well as non-

diabetic patients90. Chronic Metformin treatment increases the sensitivity to the

leptins as the leptin resistance is more common in obese patients91.Metformin has

many beneficial effects on the cardiovascular system. In the UKPDS study, the risk of

cardiovascular events decreased in the patients who are treated with Metformin92.
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ADVERSE EFFECTS

The common side effects with Metformin therapy is gastrointestinal

disturbances like nausea, vomiting, abdominal discomfort, anorexia, metallic taste,

tiredness and diarrhoea which occur in upto 20% of patients82. These gastrointestinal

side effects are transient and are usually dose related and are liable to occur during the

initiation of therapy. Due to persistent diarrhoea in about 3-5% patients Metformin

possibly be discontinued82. Chronic treatment with Metformin therapy reduces the

intestinal absorption of Vit. B12 therefore yearly screening of serum Vit. B12 should

be advised for the patient. Lactic acidosis with Metformin is rare but little increase in

blood lactate can occur. Alcohol can accelerate Lactic acidosis83.

CONTRAINDICATIONS

 Alcoholism

 Renal failure

 Hepatic disease

 Tissue anoxia (chronic cardiopulmonary resuscitation)

 Hypotensive states and

 Heart failure.
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MATERIALS AND METHODS

STUDY DESIGN :  An Experimental animal based study.

LOCUS OF STUDY : BLDEU’s Shri B.M. Patil Medical College Hospital &

Research Centre, Vijayapura.

SAMPLE SIZE : 18 Wistar rats

SEX : Either

DRUGS USED :

1)Clozapine: It  was  obtained  from  Rajesh Chemicals co. Mumbai . The dose used

was 25mg / kg/ day orally. It was dissolved in dilute acetic acid.

2) Metformin: It  was  obtained  from  Rajesh Chemicals co. Mumbai . The dose

used was 100mg / kg/ day orally. It was dissolved in distilled water.

Wistar rats weighing 180-240g either sex bred from a stock obtained from the Central

Animal House, BLDEU’s Shri BM Patil Medical College Hospital & Research

Centre, Vijayapura, India, were used in the study. Animals were housed in separate

room 3 each in polypropylene cages for one week  acclimatization before the start of

the study.

The cages were lined with paddy husk which was replaced every day and

animals were kept under standard condition of illumination with a 12 - h light-dark

cycle at room temperature of 25 ± 1° C and  45-70% relative humidity. The animals

were fed with commercial pellet rat chow (manufactured by VRK Nutritional

solutions, Sangli, Maharashtra) and water ad libitum.
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ETHICAL CLEARANCE

The study  was  reviewed and approved by the Institutional Animal Ethics

Committee (IAEC) vide letter reference number; 665/15, dated 07.12.2015 (letter

enclosed). Study  was  carried  out  as  per guidelines  of  Committee  for  the

Purpose  of  Control  and Supervision of Experimentation on Animals (CPCSEA).

DOSE CALCULATION

Rat dose per day is calculated using average human dose/day and converted

into rat dose using following formula93: Rat dose/200g = human dose x 0.18.

GROUPING OF ANIMALS, DOSE OF DRUG AND ROUTE OF

ADMINISTRATION:

Animals will be divided into 3 groups of six rats each, each group having equal

number of male and female rats.

Group 1: Control (n=6) was given distilled water p.o

Group 2: Received Clozapine (n=6)25mg/kg p.o21

Group 3: Received Clozapine25mg/kg  + Metformin (n=6)100mg/kg p.o22

All animals had access to food and water ad libitum.
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STATISTICAL ANALYSIS
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STATISTICAL ANALYSIS:

• All the values have been expressed as the mean ± SEM and analyzed by one-

way analysis of variance (ANOVA) in order to test differences between

groups.

• The level of statistical significance has been set at p<0.05.



29

RESULTS AND OBSERVATIONS
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RESULTS AND OBSERVATIONS:

TABLE 1 : CHANGE IN MEAN BLOOD GLUCOSE AMONG STUDY

GROUPS ACCORDING TO TIME

Blood

Glucose

CONTROL CLOZAPINE
CLOZAPINE +

METFORMIN ANOVA

p value
Mean SEM Mean SEM Mean SEM

0 DAY 82.7 1.3 83.5 2.1 83.2 2.0 0.948

14DAY 82.8 1.4 87.0 1.9 83.5 1.7 0.201

28 DAY 82.8 1.2 91.3 2.0 83.8 1.9 0.007*

Note: *means significant at 5% level of significance (p<0.05)
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FIGURE 3 : CHANGE IN MEAN BLOOD GLUCOSE AMONG
STUDY GROUPS ACCORDING TO TIME

Table No.1 and Figure No.3 shows that Blood glucose level  was  measured

initially,on day 14th and at the end of the study, by glucometer. There was significant

increase in Blood glucose level in Group 2(Clozapine treated rats) than to Group

1(Control). Administration of Clozapine along with Metformin in Group

3(Clozapine+Metformin treated rats) there was no increase and was comparable to

those rats in untreated control group.
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TABLE 2 : CHANGE IN MEAN LIPID PROFILE AMONG STUDY GROUPS
ACCORDING TO TIME

Lipid profile Days CONTROL CLOZAPINE

CLOZAPINE +

METFORMIN
ANOVA

p value
Mean SEM Mean SEM Mean SEM

Triglyceride

0 DAY 91.5 2.6 92.8 1.9 92.0 1.9 0.906

28

DAY 93.0 2.6 103.3 1.7 94.7 1.7 0.006*

Total

cholesterol

0 DAY 101.0 1.4 101.5 0.6 101.7 0.6 0.878

28

DAY 103.7 1.5 113.7 1.6 102.8 0.8 <0.001*

HDL

0 DAY 29.8 0.7 29.3 0.3 28.8 0.5 0.427

28

DAY 31.7 1.1 31.0 0.4 30.3 0.6 0.444

LDL

0 DAY 52.9 1.7 53.6 0.6 54.4 1.0 0.648

28

DAY 53.4 1.8 62.0 1.7 53.6 0.6 0.001*

VLDL

0 DAY 18.3 0.5 18.6 0.4 18.4 0.4 0.906

28

DAY 18.6 0.5 20.7 0.3 18.9 0.3 0.006*

Note: *means significant at 5% level of significance (p<0.05)
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FIGURE 4 : CHANGE IN MEAN LIPID PROFILE AMONG STUDY GROUPS

ACCORDING TO TIME.

Table No.2 and Figure No.4 shows that Group 2 (Clozapine treated  rats)

showed alterations in Serum Triglycerides, Total cholesterol, LDL and VLDL levels

compared to those in normal control group over study period. These alterations in

Lipid Profile were reduced by Group 3( Clozapine + Metformin treated  rats)

compared to untreated control group.
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TABLE 3 : CHANGE IN MEAN FOOD INTAKE AMONG STUDY GROUPS

ACCORDING TO TIME

Food
intake

CONTROL CLOZAPINE
CLOZAPINE +
METFORMIN ANOVA

p value
Mean SEM Mean SEM Mean SEM

D1 11.2 0.3 11.3 0.3 11.0 0.4 0.785

D2 11.3 0.3 10.3 0.3 10.8 0.3 0.472

D3 11.7 0.2 11.8 0.3 11.2 0.2 0.149

D4 11.2 0.2 11.8 0.3 11.3 0.3 0.245

D5 11.3 0.2 11.8 0.2 11.2 0.3 0.149

D6 11.5 0.3 12.2 0.3 11.3 0.2 0.136

D7 11.3 0.3 12.3 0.3 11.3 0.3 0.08

D8 11.2 0.2 12.5 0.4 11.3 0.2 0.011*

D9 11.3 0.2 12.7 0.2 11.5 0.2 0.001*

D10 11.3 0.2 13.0 0.3 11.5 0.2 <0.001*

D11 11.7 0.3 13.3 0.2 12.0 0.0 <0.001*

D12 11.5 0.2 13.0 0.4 11.7 0.2 0.008*

D13 11.0 0.0 13.8 0.3 11.8 0.2 <0.001*

D14 11.5 0.4 13.7 0.3 11.7 0.3 0.001*

D15 11.8 0.2 13.8 0.3 12.0 0.3 <0.001*

D16 11.5 0.2 13.8 0.3 11.5 0.2 <0.001*

D17 11.5 0.2 14.2 0.5 11.7 0.3 <0.001*

D18 11.8 0.2 14.5 0.2 11.8 0.3 <0.001*

D19 11.3 0.2 14.0 0.3 12.0 0.3 <0.001*

D20 12.2 0.2 14.5 0.4 12.0 0.4 <0.001*

D21 12.2 0.3 14.8 0.4 11.8 0.2 <0.001*

D22 12.0 0.3 15.2 0.4 11.8 0.3 <0.001*

D23 12.0 0.3 15.0 0.5 11.8 0.3 <0.001*

D24 12.5 0.2 15.0 0.5 12.0 0.3 <0.001*

D25 12.0 0.4 15.7 0.4 12.2 0.3 <0.001*

D26 11.8 0.2 16.2 0.4 12.0 0.3 <0.001*

D27 11.8 0.2 16.3 0.3 12.0 0.3 <0.001*

D28 12.0 0.4 16.8 0.3 12.5 0.2 <0.001*

Note: *means significant at 5% level of significance (p<0.05)



35

FIGURE 5 : CHANGE IN MEAN FOOD INTAKE AMONG STUDY GROUPS

ACCORDING TO TIME

Table No. 3 and Figure No. 5 shows that food intake was monitored in all

animals daily from day 1 to 28 days. There was significant increase  in food intake in

group2 (Clozapine treated rats) than  to the Group 1 (control) rats. Administration of

Clozapine along with Metformin prevented this increase and was comparable to those

rats in untreated control group.
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TABLE 4 : CHANGE IN MEAN BODY WEIGHT AMONG STUDY

GROUPS ACCORDING TO TIME

Body

weight
CONTROL CLOZAPINE

CLOZAPINE +

METFORMIN
ANOVA

p value
Mean SEM Mean SEM Mean SEM

0 DAY 196.8 5.3 196.7 6.8 196.3 3.6 0.998

1 DAY 197.0 5.2 197.5 6.9 196.2 3.6 0.985

2 DAY 198.3 5.5 198.7 6.9 197.5 3.5 0.988

7 DAY 203.7 5.5 211.7 6.8 204.0 3.4 0.511

14 DAY 208.8 5.2 225.8 6.5 210.3 3.7 0.07

21 DAY 215.7 4.4 240.3 6.1 218.8 3.5 0.005*

28 DAY 222.0 4.4 252.3 6.4 226.3 3.2 0.001*

Note: *means significant at 5% level of significance (p<0.05)
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FIGURE 6 : CHANGE IN MEAN BODY WEIGHT AMONG STUDY GROUPS
ACCORDING TO TIME

Table No.4 and Figure No.6 shows that animals in all the groups gained body weight.

However Group2(Clozapine treated rats) showed significant increase in body weight

after 4 weeks compared to those in the untreated control group. Rats in group

3(Clozapine + Meformin treated rats) arrested this increase in body weight

significantly and were comparable to untreated conrol group.

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0 DAY 1 DAY

M
ea

n

37

FIGURE 6 : CHANGE IN MEAN BODY WEIGHT AMONG STUDY GROUPS
ACCORDING TO TIME

Table No.4 and Figure No.6 shows that animals in all the groups gained body weight.

However Group2(Clozapine treated rats) showed significant increase in body weight

after 4 weeks compared to those in the untreated control group. Rats in group

3(Clozapine + Meformin treated rats) arrested this increase in body weight

significantly and were comparable to untreated conrol group.

1 DAY 2 DAY 7 DAY 14
DAY

21
DAY

28
DAY

Body weight

CLOZAPINE

CLOZAPINE + METFORMIN

CONTROL

37

FIGURE 6 : CHANGE IN MEAN BODY WEIGHT AMONG STUDY GROUPS
ACCORDING TO TIME

Table No.4 and Figure No.6 shows that animals in all the groups gained body weight.

However Group2(Clozapine treated rats) showed significant increase in body weight

after 4 weeks compared to those in the untreated control group. Rats in group

3(Clozapine + Meformin treated rats) arrested this increase in body weight

significantly and were comparable to untreated conrol group.

CLOZAPINE

CLOZAPINE + METFORMIN

CONTROL



38

HISTOPATHOLOGY
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Histopathology of Liver (Control)

H&E Stained 10X of Liver Control group H&E Stained 40X of Liver Control group

Portal
triad

Artery, Vein
and Duct

Sinusoids
Between
Hepatocytes

FIGURE 7

10X and 40X section of liver showing normal hepatic architecture compressed

of hepatic lobules formed by central vein and cords of hepatocytes with indistinct

sinusoidal dilatation . In the middle of 40X a prominent structure is called portal triad

and it contains Hepatic Artery, portal Vein and bile duct seen from right to left  in

Group 1.
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Histopathology of Liver
(Clozapine Group)

H&E Stained 10X of Liver Clozapine group
H&E Stained 40X of Liver Clozapine group

FIGURE 8

Histopathology of liver in 10X and 40X showing deranged architecture,

consist of irregular hepatocytes with less prominent  nucleus, sinusoids are

prominently dilated and running irregular hepatic plate towards central vein. With

pathological changes of portal triad.
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Histopathology of Liver
( Clozapine+ Metformin)

H&E Stained 10X of Liver Clozapine
+ Metformin group

H&E Stained 40X of Liver Clozapine
+ Metformin group

FIGURE 9

Histopathology of liver in 10X and 40X showing normal hepatic architecture

with compressed  hepatic lobules formed by central vein and cords of hepatocytes

with indistinct sinusoidal dilatation . In 40X a prominent structure is called central

vein showing normal  and the portal triad containing Hepatic Artery, portal Vein and

bile duct are normal.
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FIGURE 10

The section of the pancreas 10X and 40X control group stained with H & E

showing normal acini and islet of langerhans.

Histopathology of Pancreas
(Control Group)

H&E Stained 10X of Pancreas Control group H&E Stained 40X of Pancreas Control group

Islet of
langerhans

Acini
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Histopathology of Pancreas
(Clozapine Group)

H&E Stained 10X of Pancreas Clozapine group H&E Stained 40X of Pancreas Clozapine group

Islet of
langerhans

FIGURE 11

The section of the pancreas 10X and 40X control group stained with H & E showing

dissociation of most of the islet cells of the Langerhans with normal histopathology of

acini.
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Histopathology of Pancreas
(Clozapine+ Metformin)

H&E Stained 10X of Pancreas
Clozapine+ Metformin group H&E Stained 40X of Pancreas

Clozapine+ Metformin group

FIGURE 12

The section of the pancreas 10X and 40X control group III stained with H & E

showing improvement in the islet of langerhans with normal histopathology of acini.
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DISCUSSION
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DISCUSSION

 Major psychosis, Schizophrenia is characterised by its chronicity, disordered

behavioral function and disturbed emotions and thinking. Availability of

effective antipsychotic drugs has considerably improved the outcome. Older or

first generation antipsychotic drugs have been used for years. But undesirable

effects like disorders of movements have been major limiting factor. This

resulted in development of newer more effective and safe drugs like

Clozapine. However, they are also not completely free from adverse effects

like metabolic derangement on long term use. This metabolic derangement can

be reversed by simultaneous administration of drug like Metformin.

 In this study, we found a significant increase in Blood Glucose levels in Group

2( Clozapine treated rats) during 28 days of continuous intake of Clozapine

and these results are similar with Smith G et al (2008), He investigated the

effects of therapeutically relevant 3 different antipsychotic drugs (Haloperidol,

Queitapine and Clozapine) on glucose tolerance, measures of insulin

resistance and hepatic glucose production  as well as on insulin and glucagon

secretions in rats and found that impaired glucose tolerance in rats was greater

with Clozapine. Their findings indicate that SGAs can cause acute

derangements in glucose homeostasis not by direct induction of insulin

resistance but by increasing glucagon secretion which stimulates hepatic

glucose production96.Similar study done   by Hedenmalm k et al(2002), He

utilized WHO database for adverse reactions.  All reports suggestive of

glucose intolerance for Clozapine, Olanzapine and Risperidone were

identified. Clozapine, Olanzapine and Risperidone were significantly

associated with glucose intolerance(GI). From 1968 to  2000, total no. of 868
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reports of glucose intolerance were received, out of which 480 had received

Clozapine, 253 had received Olanzapine and 138 had received

risperidone97.Glucose intolerance and hyperglycemia has been shown to be

increasingly associated with use of atypical antipsychotic drug like

Clozapine98.

 A study by Boyda H et al(2010), a pre-clinical evaluation of SGAs induced

metabolic side effects with focus on glucose dysregulation and insulin

resistance provided insight into the metabolic influences of SGAP drugs on

peripheral tissues such as liver, pancreas and skeletal muscle.99

 In our study administration of Clozapine along with Metformin prevented this

rise in blood glucose levels and these are also similar with studies conducted

by Boyda H et al (2012), He studied the effects of 3 classes of antidiabetic

drugs on SGAs closely similar to Clozapine induced glucose dysregulation

and insulin resistance in female rats.  The treatment with Metformin and

Rosiglitazone produced significant amelioration in glucose dysregulation and

insulin resistance whereas Glyburide was found be ineffective.  This study

provides insight into the metabolic influences of SGAs on peripheral tissues

such as liver, pancreas and skeletal muscles and its amelioration

predominantly by Metformin. Fasting glucose levels in the rats before

Olanzapine administration did not differ between groups, however fasting

glucose levels measured after 60 min treatment with Olanzapine, but before

the administration of Metformin showed significant  increase in glucose level

by antipsychotic drugs(p<0.001).100

 In our study there was a statistically significant increase in serum levels of

TG,TC,LDL and VLDL in Group 2  compared to group 1. whereas in Group
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3(treated with Clozapine+ Metformin) there was no significant increase in TG,

TC, LDL and VLDL  Similar results have been reported by Chen C et al

(2013), He studied effects of adjunctive Metformin on metabolic derangement

in non-diabetic schizophrenic patients treated with Clozapine and found that

Metformin significantly reversed the metabolic derangement particularly due

to its effect on triglycerides caused by Clozapine. Metformin also reduced

body weight significantly. However, beneficial effect of Metformin on body

weight in Clozapine treated patients disappeared on discontinuation of

Metformin. Metformin is well tolerated by these patients. Thus, it supports the

strategy for long term Metformin supplementation in Clozapine treated

patients with Schizophrenia and pre-existing metabolic abnormalities.101

 In our study there was no significant change in serum HDL levels and these

are also similar with study conducted by Ozenoglu et al 102 and he also did not

report any significant changes in serum levels of HDL.

 Rats treated with Clozapine have significant increase in body weight due to

altered Clozapine induced glucose metabolism. The body weight of rats

treated with Clozapine and Metformin(Group 3) did not increase significantly

as compared to Group 1 . No increase in body weight in Group 3 rats might be

due to treatment with Metformin. Hence in Known cases of Schizophrenia

treated with Clozapine addition of Metformin can prevent increase in the

bodyweight.

 Housekeneche k et al(2007), studied acute effects of atypical antipsychotics on

whole body insulin resistance in rats and provided the first evidence that

profound whole body insulin resistance following a single dose of Olanzapine

and Clozapine is primarily due to hepatic insulin resistance and is sustained
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with sub- chronic dosing. Their data and work of others (Ader et al 2005), Pre-

clinical models for insulin resistance suggests that hepatic insulin resistance is

an early response to Olanzapine or Clozapine treatment and that the hepatic

effects are maintained with the development of obesity and hyperlipidemia. A

better understanding of underlying molecular mechanisms will provide

appropriate guide lines for preventing or minimizing SGAs induced metabolic

derangement. Single dose Olanzapine and Clozapine 10mg/kg significantly

impaired the ability of insulin to inhibit hepatic glucose production, 18.5 and

22.7 fold  increase in hepatic glucose production vs insulin only respectively,

consistent with severe hepatic insulin resistance (p<0.001)103

 In the present study treatment with Clozapine produced histopathological early

changes in pancreas characterised by dissociation (hyperplasia )of islets.

Previous studies reported Clozapine induced pancreatic islets hyperplasia

responsible for hyperglycemia 104.Pancreatic islets hyperplasia reversed by

Metformin is suggestive of functional defect rather than destruction of

pancreatic beta cells 105.

• Abdelrahim Eman A et al(2013), studied histopathological change of

endocrine pancreas in male rat treated with atypical antipsychotic Clozapine

and found that chronic treatment with Clozapine caused changes in pancreas

in the form of islets hyperplasia overlapped by atrophic changes as fibrosis

and thick engorgement of islets capillaries.104 These changes were similar to

those in type 2 diabetes mellitus.105
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SUMMARY
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SUMMARY

 Our study showed hyperglycemia, increased levels of Total cholesterol,

Triglycerides & Body weight produced by Clozapine.

 It also showed histological changes in Liver & Pancreas Similar to those seen

in Type II Diabetes Mellitus.

 Our study results show improved glycemic control, Lipid profile, Weight gain

and histopathological alterations caused by Clozapine thereby reducing risk

factors for coronary heart disease

 Metformin appears  to  be  involved  in  the regulation  of  insulin  action  and

it’s  effects  on  carbohydrate and  lipid metabolism by enhancing insulin

sensitivity.

 Insulin resistance with or without the presence of metabolic syndrome

significantly    increases cardiovascular risk.

 By enhancing the insulin sensitivity Metformin lowers the risk of

cardiovascular adverse events.

 This study increases the possibility of using Metformin supplementation to

improve carbohydrate metabolism, lipid metabolism, weight gain and

histopathological alterations  in liver & pancreas in a patient treated with

Clozapine
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CONCLUSION
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CONCLUSION

Our present pre clinical study is concluded with the following important observations

and outcome

 The result of the study suggests that Clozapine produces increase in Blood

glucose ,Triglycerides, Total cholesterol & body weight.

 It also produces histo-pathological changes in a liver & pancreas similar to

those seen in Type II Diabetes Mellitus.

 The results of this study suggest that Metformin reverses the metabolic

derangement caused by Clozapine in albino rats

 This raises the possibility that Metformin supplementation can be considered

to improve metabolic derangement in the patients who are treated with

Clozapine

 Careful monitoring of risk patients may help in the prevention of metabolic

derangements as well as the management of any possible symptoms which

they occur.

 Further studies are required to confirm the more beneficial effects of

Metformin in the patients who are treated with Clozapine.
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LIMITATIONS OF THE STUDY

 Metformin has diverse pharmacological action which cannot be attributed

to single mechanism. This requires further analysis.

 Effect on insulin levels have not  been studied, which is necessary to

assess the insulin resistance.

 Comparison with other antidiabetic drugs needs to be considered.

 Mass utilization of this drug  requires further studies
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