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Abstract  The use clozapine as antipsychotic agent poses high risk of developing agranulocytosis and hyperglycemia. We 
investigated the ameliorative effects of annona muricata seed on blood glucose, total and differential white cell count after 
repeated exposure of rats to 20mg/kg of clozapine. Twenty male albino wistar rats were divided into group A (control) and B 
(experimental). Group B was administered 20mg/kg of clozapine daily. Clozapine was administered repetitively in group B 
rats at different periods of one week (group B1), 3 hours after one week (group B2), and three hours following the last three 
hours (group B3). After the last of administration of clozapine (group B3), the rats were randomly subdivided into group C 
and D and received 600 and 800 mg/kg of extract respectively for 3 days. Results showed increase (P < 0.05) in mean blood 
glucose and decrease (P < 0.05) in total white and differential white cell counts of B1, B2 and B3. Three days administration 
of annona muricata seed extract caused a significant reduction (P < 0.05) in mean blood glucose and further caused a decline 
in total and differential white cell count. Data conclude that annona muricata seed extract exerted hypoglycemic effect on 
clozapine treated rats without improving decreased total and white cell count. 
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1. Introduction 
1.1. Background of the Study 

Clozapine (dibenzodaizepine) is an effective atypical 
antipsychotic for the treatment of schizophrenia is associated 
with a relatively high incidence of drug induced 
agranulocytosis (Ip and Uetrecht, 2008) and impaired 
glucose tolerance (Chae and Kang, 2001). Besides 
agranulocytosis, other hematological and metabolic side 
effects and a variety of cardiovascular problems have been 
reported (Meltzer, 2012), although the most serious adverse 
effect of clozapine remains drug-induced agranulocytosis. 
Data have showed that thrombocytopenia (1-3% of patients), 
anemia, leukocytosis and thrombocytosis (1% of patients) 
are associated with the use of clozapine (Lubran, 1989, 
Hampson, 2000). There are also reports of increased mean 
levels of blood glucose, insulin and C-peptide (Yazici et al.,  
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1998), weight gain, hyperglycemia, seizures, tachycardia, 
myocarditis and neuromalignant syndrome (Van-Kammen 
and Marder, 2000), impaired glucose tolerance (Chae and 
Kang, 2001) and insulin growth factor binding protein I 
(Howes et al., 2004). Reports in rat model showed that 
clozapine impaired glucose metabolism by increasing blood 
glucose independent of insulin (Murashita et al., 2007). 

However, there is a paucity of scientific data on repeated 
administration of clozapine. Data on repeated use of 
clozapine was  studied on frontal cortex showed reduced 
number of dopamine cells per track in ventral tegmental area 
dopamine-containing neurons in rat (Chiodo and Bunney, 
1985) and selective attenuation of serotonin-mediated 
excitation in neuronal circuitry (Zahorodna et al., 2004). 
Another report showed attenuated phencyclidine-induced 
hyperlocomotion and blocked phencyclidine-induced 
increases in glutamate levels in medial prefrontal cortex 
(Abekawa et al., 2007). 

This article studied post-treatment with annona muricata 
seed extract on some clozapine side effects because of its 
relevance in treatment of anemia (Agbai et al., 2014) and 
hyperglycemia (Adeyemi et al., 2009, Alhaya et al., 2014). 
Annona muricata commonly called sour sop is a small erect 
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evergreen tropical plant belonging to the family of 
Annonaceae growing 5-6 m in height (Arthur et al., 2011). 
The leaf extract is used against hematoma cell lines in vitro 
(Chen et al., 2000), as prophylactic against breast tissue cell 
proliferation (Minari and Okeke, 2014). Our recent study 
showed that single dose administration of clozapine at 
5mg/kg, 10mg/kg and 20mg/kg caused a decrease in serum 
cortisol and white cell count in a dose-dependent manner 
after 7 days while blood glucose increased "in press". 

This article investigated the ameliorative effect of annona 
muricata seed extract on blood glucose, total white cells and 
differential counts after repeated exposure of rats to 20mg/kg 
of clozapine. 

2. Materials and Methods 
2.1. Experimental Design 

Twenty male albino wistar rats weighing 186-236 g were 
used for this study. They were randomly divided into two 
groups of A and B. the rats were kept in standard wooden 
cages in a room with a temperature between 27 to 32°C 
where they could observe the dark/light cycle throughout the 
duration of the experiment and had access to tap water and 
rat food. They were acclimatized for two weeks before the 
commencement of the experiment. Experimental procedures 
involving the animals and care were conducted in conformity 
the University guidelines that are in compliance with 
National and International laws and guidelines for care and 
use of laboratory animals. 

2.2. Drug and Extract Preparation 

Clozapine (Norvatis) was purchased in tablet form (100 
mg/tablet). Two tablets were dissolved in 50 ml of distilled 
water to obtain a concentration of 200 mg/50 ml which 
equals to 4 mg/ml. If 1 kg of rat receives 20 mg of clozapine, 
therefore 1 g will receive 0.02 mg/g. For example, if a rat 
weighed 200 g will receive 0.02 x 200 = 4 mg of clozapine. 
In order to administer clozapine in ml will be 4 mg = 1 ml, 
therefore; 4 mg (200 g body weight) will receive 1 ml of 
clozapine. All animals had free access to food and water. 
Animal handling and treatment were conducted in 
conformity with Animal Ethical Committee of the 
department. 

Fresh fruits of annona muricata were bought from a local 
market (Rivers State, Nigeria). The fruits were cut in pieces 
in order to remove the seeds from the creamy pulp. The seeds 
were rinsed and sundried in an electric oven (Gallenkamp) at 
45°C. The dried seeds were ground into a coarse powder 
form with electric grinder. 50 grams of the ground seed was 
macerated in 250 ml of methanol and sieved after 48 hours. 
The filtrate was concentrated using rotator evaporator (Buchi) 
and dried in the electric oven (45°C). The extract was 
preserved in a refrigerator (4°C) until ready for use.  

2.3. Extract and Drug Administration  

Group A (Control) which received tap water. 
Experimental group B received oral administrations of 20 
mg/kg body weight of clozapine at different intervals of 1 
week, exposed after 3 hours, and re-exposed after another 3 
hours. Group B rats were represented as B1, B2 and B3 
according to intervals of repeated administration. Following 
the last three hours of clozapine administration, group B3 
rats were randomlysubdivided into group C and D, and 
treated with 600 and 800 mg/kg of annona muricata seed 
extract respectively. Arthur et al., (2011) have showed safety 
of animals after extract administration up to 2500 mg/kg.   

Blood was collected from tail vein to assess basal glucose 
level in all groups (A and B) before administration of 
clozapine, and the animals exhibited blood glucose level < 
100 mg/dl. The glucose levels were estimated after one week 
of first clozapine administration, 3 hours after second 
clozapine administration and another 3 hours after third 
clozapine administration before extract administration for 
three days. At the end of the experiment, glucose levels, 
differential white blood cell and total white blood cell count 
were estimated by glucose oxidase principle (Beach and 
Turner, 1958), manual counting and manual differential.  

2.4. Principles of Total White Blood Cell Count 

Total white blood cell count and differential white blood 
cell count were done by manual white blood cell counting. 
Whole blood is diluted 1 in 20 in an acid reagent which 
hemolyzes red cell, leaving the white blood cells to be 
counted. White cells are counted microscopically using an 
Improved Neubauer ruled counting chamber 
(haemocytometer) and the number of white blood cells per 
liter of blood calculated  

2.5. Principles of Differential White Blood Cell Count 

A thin blood film is prepared by spreading a small drop of 
blood evenly on a slide so that there is only one layer of cells. 
The slides were dip in Giemsa stain for 10 seconds and 
afterwards in distilled water for 20 seconds for darker 
staining. The white blood cells were estimated by noting 
number of white cells per field x 1000. 

2.6. Statistical Analysis 

Statistical significance of differences between control and 
experimental groups, between experimental control group 
and experimental groups were expressed as means ± SEM. 
ANOVA was used to analyze results. Any significant 
ANOVA was further analyzed by Tukey post hoc test. P 
values < 0.05 were considered statistically significant.     

3. Results 
Results showed statistically significant increase (P < 0.05) 
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in mean blood glucose at different times of clozapine 
administration in B1 (120.8 ± 8.8), B2 (141.5 ± 7.6) and B3 
(159.8 ± 6.2) compared to group A (94.3 ± 3.6). Total white 
cell count showed statistically significant decrease (P < 0.05) 
in B1 (4751.4 ± 108.9), B2 (4545.1 ± 131.2) and B3 (1712.1 
± 92.8) compared to group A (6634.5 ± 306.4). Differential 
white cell count also showed statistically significant decrease 
(P < 0.05) in B1 (neutrophils: 3148.3 ± 147.2, basophils: 
5.47 ± 0.17, eosinophils: 162.3 ± 7.9, monocytes: 269.0 ± 
8.0, lymphocytes: 1604.2 ± 47.1), B2 (neutrophils: 3014.1 ± 
162.7, basophils: 5.17 ± 0.17, eosinophils: 165.4 ± 7.17, 
monocytes: 246.5 ± 4.1, lymphocytes: 1569.1±47.5), B3 
(neutrophils:1364.6 ± 109.8, basophils:3.50 ± 0.50, 
eosinophils: 109.4 ± 0.81, monocytes: 211.5 ± 1.1, 
lymphocytes: 701.2 ± 34.0) compared to control 
(neutrophils: 4516.1 ± 159.4, basophils: 7.13 ± 0.76, 
eosinophils: 345.6 ± 11.6, monocytes: 501.3 ± 4.0, 
lymphocytes: 2096.8 ± 52.3). However, there was no 
statistically significant difference in total white cell and 
differential count (P > 0.05) between group B1 (one week 
after first clozapine administration) and group B2 (3 hours 
after second clozapine administration), but there was 
statistically significant difference in total white cell and 
differential count (P < 0.05) between group B2 and group B3.  

Post treatment results with the extract showed statistically 
significant decrease (P < 0.05) in mean blood glucose level 
of group C (76.5 ± 17.4) and group D (54.3 ± 4.8) rats. The 
total white cell count showed statistically significant 
decrease in group C (1492.7 ± 11.7) and group D (795.5 ± 
4), although there was statistically significant difference (P < 
0.05) between group C and D. Results also showed further 
decrease in differential count, but there was statistically 
significant difference in differential white cell count after 
three days treatment with extract between group C and D in 
neutrophil and monocyte counts (1079.0 ± 8.0 and 172.8 ± 
18.5) and (963.9 ± 12.1 and 115.7 ± 5.4) respectively except 
in basophils, eosinophil and lymphocyte counts between 

group C (2.65 ± 0.35, 95.8 ± 11.3 and 563.4 ± 29.9) and 
group D rats (2.40 ± 0.6, 84.2 ± 1.9 and596.7 ± 30.3) at P > 
0.05. 

4. Discussion  
It is generally known that agranulocytosis is the most 

common adverse effect of clozapine, thus these results in 
table 1 were expected. This article demonstrated that 
repeated administration of clozapine resulted in a 
progressive decline in total white blood cell count and 
differential count. Recent study showed that single dose 
administration of clozapine at doses of 5mg/kg, 10mg/kg and 
20mg/kg resulted in a significant decrease in total and 
differential white cell count in a dose dependent manner ("in 
press"). Studies have demonstrated the action of clozapine in 
agranulocytosis involved formation of reactive nitrenium ion 
metabolite upon oxidation by peripheral neutrophils and 
their precursors in the bone marrow (Ip and Uetrecht, 2008), 
and generation of reactive products of clozapine by either 
hepatic metabolism or oxidation by horseradish 
peroxidase-peroxide system of activated neutrophils (Tschen 
et al., 1999). Several studies have also reported that 
clozapine inhibited cell survival signaling genes in the bone 
marrow (Kim et al., 2004), inhibited stromal viability 
(Pereira and Dean 2006) and caused mesenchymal stromal 
cell death (Lahdelma et al., 2010) 

In the bone marrow, hematopoiesis occurs in association 
with stromal cells produce a variety of cytokines 
(monocyte-colony stimulating factor, granulocyte, 
monocyte-colony stimulating factor, granulocyte-colony 
stimulating factor and transforming growth factor- beta) 
either constitutively or following stimulation (Testa and 
Dexter, 2001). Based on this report, the statistical changes 
observed in total white cell and differential down the group 
B1, B2 and B3 could be dependent on the action of clozapine 
on the stromal cells. 

Table 1.  Blood glucose level, total white blood cell and differential white blood cell count of control after clozapine administration at different intervals 

 Group A Group B1 Group B11 Group B111 

  1 week after first 
exposure 

3 hours afte second 
exposure 

3 hours after third 
exposure 

Glu (mg/dl) 94.3 ±  3.6 120.8 ± 8.8a 141.5 ± 7.6a 159.8 ± 6.2abc 

TWBC (cu.mm) 6634.5 ± 306.4 4751.4 ± 108.9a 4545.1 ± 131.2a 1712.1 ± 92.8abc 

Nt (cu.mm) 4516.1 ± 159.4 3148.3 ± 147.2a 3014.1 ± 162.7a 1364.6 ± 109.8abc 

Ba count 7.13 ± 0.76 5.47 ± 0.17a 5.17 ± 0.17a 3.50 ± 0.50abc 

Eo count 345.6 ± 11.6 162.3 ± 7.9a 165.4 ± 7.17a 109.4 ± 0.81abc 

Mo count 501.3 ± 4.0 269.0 ± 8.0a 246.5 ± 4.1a 211.5 ± 1.1abc 

Lym count 2096.8±52.3 1604.2±47.1a 1569.1±47.5a 701.2±34.0abc 

Group A-control vs. Group B1-one week after first clozapine administration. Group B2 -three hours after second clozapine 
administration. Group B3 -three hours after third clozapine administration. Data represented as mean ± SEM: (a) P < 0.05 
significant difference between group A, (b) P < 0.05 significant difference between group B1, (c) P < 0.05 significant difference 
between group B2. 
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The half-life of clozapine could also determine the present 
findings. The elimination half-life has been averaged about 
7.6 hours in humans (Guitton et al., 1998). The elimination 
half-life (t1/2) is defined as the time necessary for the plasma 
concentration, as well as the amount of the drug in the body, 
to fall by one half after the distribution phase has ended and 
elimination phase has begun (Arnolds et al., 2010). As 
observed in table 1, comparison between group B1 and B2 
showed there were no statistically significant differences  
(P > 0.05) in total white cell and differential counts. This 
suggests there was sufficient time prior to plasma clearance 
and/or elimination of clozapine permitting the bone marrow 
stromal cells to produce white cells. 

Contrastingly, comparison between group B2 and 
B3showed there were statistically significant differences   
(P < 0.05) in total white cell and differential count suggesting 
that clozapine in the plasma could be responsible for the 
drastic fall in total white cell and differential counts in group 
B3. Guitton et al. (1998) also showed that plasma 
concentration of clozapine peaked on average, at 2.3 hours. 
In this case, it is plausible to assert that clozapine action was 
at its peak, inhibited the stromal cells thereby resulted in 
decreased white cell counts.  

Results in table 2 showed that extract did not cause any 
effect on total white cell counts, neutrophil and monocyte 
counts in group C and D, although overall progressive steady 
decline was observed. The possible reason could be that 3 
days following the last administration of clozapine may be 
insufficient for bone marrow stromal cell recovery, 
considering the time taken for self renewal of precursor cells, 
proliferation and differentiation of cells even though data by 
Guitton et al. (1998) showed three days may be sufficient for 
complete elimination of half-live of clozapine. It can be 
thought that processing of white cells may require ample 
time for recovery following its perturbation by clozapine 
action. 

Table 2.  Blood glucose level, total white blood cell and differential white 
blood cell count after three days treatment with 600 mg/kg and 800 mg/kg 
dose of annona muricata seed extract following clozapine administration 

 Group C Group D 

Glu (mg/dl) 76.5 ± 17.4 54.3 ± 4.8 

TWBC (cu.mm) 1492.7 ± 11.7 795.5 ± 4.5∗ 

Nt (cu.mm) 1079.0 ± 8.0 963.9 ± 12.1∗ 

Ba count 2.65 ± 0.35 2.40 ± 0.6 

Eo count 95.8 ± 11.3 84.2 ± 1.9 

Mo count 172.8 ± 18.5 115.7 ± 5.4∗ 

Lym count 563.4 ± 29.9 596.7 ± 30.3 

Group C- 600 mg/kg of annona muricata seed extract, and group D- 800 mg/kg 
of annona muricata seed extract. Data represented as mean ± SEM: (∗) P < 0.05 
significant difference between group C. 

Study showed there were no statistically significant 
changes in neutrophil and monocyte count between group C 
and D, suggesting the extract may influence neutrophil and 

monocyte count in the peripheral blood. Nevertheless, the 
extract may influence white cell production in the long run, 
since report showed annona muricata leaf extract increased 
white cell count (Arthur et al., 2011).  

Results in table 1 showed statistically significant increase 
(P < 0.05) in the mean blood glucose level of group B1, B2 
and B3 compared to group A. Our recent studies showed that 
single dose administration of clozapine at 5mg/kg, 10mg/kg 
and 20mg/kg increased blood glucose after 7 days ("in 
press"). This implies that glucose homeostasis may have 
been altered. Several studies have contrasting reports on the 
mechanism responsible for clozapine-induced 
hyperglycemia. There are reports that clozapine impaired 
glucose tolerance independent of insulin action (Chae and 
Kang, 2001, Murashita et al., 2007).), altered pancreatic 
islets electrical potential (Best et al., 2005). In contrast, 
recent study has showed clozapine does not have direct 
effect on glucose metabolism in the liver after increasing 
insulin and glucagon secretion allowing high glucose and 
high insulin levels in treated animals (Smith et al., 2014)  
Besides the specific mechanism responsible for the increased 
mean blood glucose, at least, in part, involves insulin. 
Elevated concentration of glucose triggers the release of 
insulin that facilitates glucose uptake, utilization and storage. 
The present study employed the use of annona muricata 
extract known for its hypoglycemic properties. Reports have 
showed that extract significantly improved mean blood 
glucose level in alloxan treated animals (Alhaya et al., 2014). 
Results in table 2 showed that three days treatment with 
group C (600 mg/kg) and group D (800mg/kg) of the extract 
significantly reduced (P < 0.05) mean blood glucose. 
Adewole and Caxton-Martins (2006) showed that the extract 
indirectly enhanced insulin production. After secretion of 
insulin from the pancreas, biological half-life of insulin in 
the blood stream is estimated between 3 and 10 minutes 
(Arnolds et al., 2010) suggesting that 3 days post-treatment 
with extract was sufficient for insulin production from the 
pancreas and insulin action for glucose uptake resulting in a 
decrease in the mean blood glucose in the present study. 

5. Conclusions 
This study concludes that annona muricata seed extract  

caused a decrease in mean blood glucose in dose-dependent 
manner except that total and white cell counts were not 
improved after three days.  
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