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Abstract  

Background: The present study compares the efficacy of quetiapine fumarate (QF) and 
QF-loaded solid lipid nanoparticles (QFSLN) as antipsychotic drugs for schizophrenia. 
Methods: To induce schizophrenia-like symptoms, a group of rats was injected 
intraperitoneally (i.p.) with ketamine (25mg/kg b.w.) for 1 week to establish a rat model 
of schizophrenia. The incidence of schizophrenic symptoms was estimated to be 
equivalent to the control group. To estimate the pronounced antipsychotic effect of QF, 
a low dose (LD) of 10 mg/kg b.w. and a high dose (HD) of 30 mg /kg b.w. were orally 
administrated to two groups of rats (designated L.QF and H.QF) for 3 weeks (2 weeks 
without ketamine injection; the last week with ketamine). To achieve the optimal 
therapeutic response of QF drug, 2 other groups of rats were administered orally the 
equivalent low and high doses of QF in its solid lipid nanoparticle form (L.QFSLN) and 
(H.QFSLN) for 3 weeks in the same manner. The treatments were given after 1 h of 
ketamine injection. To assess the effect of different doses of treatment on 
hyperlocomotion and cognitive impairment induced by ketamine, an open field test and 
passive avoidance test were conducted. In addition, excitatory and inhibitory amino 
acids, as well as catecholamines, were estimated in brain regions (cortex and 
hippocampus). The study was extended to estimate the side effects of different 
treatments on hepatorenal functions and lipid profile. Additionally, samples were 
subjected to immunohistochemical analysis. Results: QFSLN treatment showed 
enhanced effect over QF in a dose-dependent manner with minimal side effects in 
schizophrenic rats. In addition, immunohistochemical examinations of brain tissues 
confirmed the biochemical data.  
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Introduction  

Schizophrenia is a complex neuropsychiatric disease that consists of positive 
symptoms (delusions and hallucinations), negative symptoms (blunted affect and 
social withdrawal), and cognitive impairments (Pickard, 2015). Previous 
investigations have shown an imbalance of several neurotransmitter systems in 
the pathophysiology of schizophrenia (Arion et al., 2007; De Oliveira et al., 
2011). The dopaminergic pathway was the first to be studied in schizophrenia. 
Dopaminergic hyper-function manifests in the aforementioned positive 
symptoms. In addition to dopamine (DA), glutamate is one of the main 
neurotransmitters involved in schizophrenia pathophysiology (De Oliveira et al., 
2011). The scientific evidence of the involvement of glutamate is from the fact 
that phencyclidine (PCP) and ketamine are two N-methyl-D-aspartate (NMDA) 
glutamatergic receptor antagonist drugs which cause severe symptoms similar to 
those observed in schizophrenia (Arion et al., 2007; De Oliveira et al., 2011). 

Ketamine has been widely used to induce characteristics of cognitive 
impairment seen in schizophrenia (e.g. difficulty in functions related to attention, 
memory and behavior). Indeed, ketamine induces schizophrenic-like psychotic 
symptoms in normal adult subjects (Krystal et al., 1994). Moreover, Malhotra et 
al., (1996) estimated that sub-anesthetic doses of NMDA receptor antagonists 
(e.g. ketamine) induces a spectrum of behavioral responses in healthy human 
volunteers that resemble positive, negative and cognitive schizophrenic-like 
symptoms (Malhotra et al., 1996). 

Antipsychotic drugs are classified as typical or atypical antipsychotics. Typical 
antipsychotic such as chlorpromazine and haloperidol ameliorate only the 
positive signs. Atypical antipsychotics such as clozapine, quetiapine and 
risperidone are useful in treating the positive, negative and cognitive signs. Both 
typical and atypical antipsychotics can block DA receptors (Bellino et al., 2006). 
The blockade of DA receptor D2 in the mesolimbic area is considered to be 
responsible for the reverse of positive symptoms by antipsychotics. Atypical 
antipsychotics can also bind to serotonin (5-HT) receptors. QF is an atypical 
psychotropic agent that belongs to the thienobenzodiazepine class of 
schizophrenia drugs (Barch et al., 2001). In 1985 scientists at AstraZeneca 
Pharmaceuticals developed QF, which was later approved by the US FDA in 
1997 (Riedel et al., 2007). Since then, QF has been used in the treatment of 
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several mental disorders in more than 70 countries, such as Canada, Europe and 
Japan. Nevertheless, QF has poor oral bioavailability (about 9%) with a plasma 
half-life of 6 hours (Mehnert and Mäder, 2001). Narala and Veerabrahma (2013) 
reported that the poor bioavailability of QF was solved by using the SLN 
formulation of QF (Narala and Veerabrahma, 2013). The SLN form was optimized 
based on nanoparticles and drug release features (Kreuter, 2001; MuÈller et al., 
2000). 

Bcl-2, one of the key proteins that suppress cell apoptosis, was examined to 
discern the neuroprotective effects of the antipsychotic drugs. Up-regulation of 
Bcl-2 expression is a critical mechanism for cell survival (Adams and Cory, 2001).  

The aim of this study was to evaluate and compare QF and QFSLN as 
antipsychotic drugs to treat ketamine-induced schizophrenia-like symptoms in 
albino rats. 

Materials-Methods  

Materials 

Drugs  

Quetiapine and ketamine were purchased from the local Egyptian market. 
Ketamine was dissolved in normal saline and injected intraperitoneally (i.p.) at a 
dose of 25 mg/kg b.w. (Malhotra et al., 1997). QF was orally administered to rats 
in two doses, 10 mg/kg b.w. (equivalent to therapeutic human daily dose) and 
30mg/kg b.w., for 3 weeks.  

All other chemicals were of high-performance liquid chromatograph (HPLC) 
analytical grade and commercially available. 

Chemical preparation of QF loaded solid lipid nanoparticles (QFSLN): QFSLN 
were prepared by hot homogenization followed by ultrasonication. QF, solid 
lipid and lecithin were then dissolved in 10 ml of a mixture of methanol and 
chloroform (1:1). Organic solvents were completely removed using a rotary 
evaporator. The embedded lipid layer was melted by heating to 5ºC above the 
melting point of the lipid. An aqueous phase was prepared by adding the 
stabilizer Tween 80 in distilled water (1.5% w/v) and heating to the same 
temperature of the oil phase. The hot aqueous phase was added to the oil 
phase and homogenization was performed at 12,000 rpm using a homogenizer 
(DIAX 900 Heidolph, Germany) for 5min. The coarse oil in water emulsion was 
obtained by sonication using a probe (12T) sonicator (Vibracell Sonics, USA) for 
20 min. QF-loaded SLN were finally obtained by allowing the hot nano-emulsion 
to cool at room temperature (Blasi et al., 2013). 

Animals 
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Thirty-six male albino rats weighing about 170 g (±10 g) were used in this study. 
Animals were obtained from the animal house of NODCAR, Egypt. They were 
kept under strict hygienic conditions and allowed free access to diet and tap 
water. They were acclimated to the environment for two weeks prior to the start 
of the experiment. The experimental animal protocol was approved by the 
ethical committee of NODCAR overseeing animal care and usage. 

Experimental design  

Rats were randomly divided into six groups (six rats each). Group 1 was the 
control (C) group wherein rats were fed a basal diet and injected i.p. with 0.2 ml 
of saline per rat; Group 2 was the ketamine (Ket) group wherein rats were 
injected i.p. with ketamine (25 mg/kg b.w.) daily for 1 week; Group 3 was the 
Low Dose QF (L.QF) treated group wherein rats were orally administered with 
QF (10 mg/kg b.w.) for 3 weeks; and Group 4 was the high dose QF (H.QF) 
treated group wherein rats were orally administered QF (30 mg/kg b.w.) for 3 
weeks (2 weeks without ketamine and the last week with ketamine). Additionally, 
Group 5 was the low dose QF-loaded solid lipid nanoparticle (L.QFSLN) treated 
group wherein rats were orally administered with a daily  dose of QFSLN (10 mg/
kg b.w.) for 3 weeks, and Group 6 was the high dose QF-loaded solid lipid 
nanoparticle (H.QFSLN) treated group wherein rats were orally administered with 
a daily dose of QFSLN (30 mg/kg. b.w.) for 3 weeks. At the third week, ketamine 
was injected i.p. (25 mg/kg b.w.) in groups 2-6.  

At the end of the experiment, blood samples were collected from the retro-
orbital plexus veins, rats were sacrificed, and serum samples were separated at 
3000 rpm for collection and storage at -20ºC until analysis. Brain tissues were 
quickly removed from each animal and washed in ice-cold saline. Two brain 
tissue samples from each cortex and hippocampus area of each rat were used. 
One part was immersed in formalin for immunohistochemical evaluation and the 
other part was homogenized separately in 70% iced methanol to yield a 10% 
homogenate (w/v) solution, which was stored at -20ºC until further analysis. 

Methods 

Animal behavior 

Open field test: To estimate locomotor activity, rats were placed in an open field 
installation (El-Sisi, 2015), i.e. a square wooden field measuring 90x90x25 cm. 
The wood of the equipment was covered with a plastic laminate (Formica, 
Cincinnati, OH), which prevents absorption of fluids (e.g. urine of rats). The 
platform was divided by black lines into 36 small squares (15x15 cm). The open 
field maze was cleaned between each rat test using 70% ethyl alcohol to bypass 
odor cues. The rats were transferred to the test room in their home cages and 
examined one at a time for 5 min each. Rats were handled by the base of their 
tails at all times. The rats were brought from their home cages and placed 
randomly into one of the four corners of the open field facing the center. The 
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behavioral scores were estimated, in this analysis, by the total number of line 
crossings.  

Passive avoidance test: Passive avoidance test was used to assess the impact of 
the different treatments on memory. The apparatus was comprised of identical 
illuminated and non-illuminated boxes. The illuminated compartment (20x20x20 
cm) connected with the non-illuminated compartment (20x20x20 cm) by a 
guillotine door (5x5 cm). The floor of the non-illuminated compartment was 
composed of 2 mm stainless steel rods spaced 1cm apart. Each rat were gently 
placed into the illuminated compartment for an acquisition trial and the door 
between the two compartments was opened after 10 sec. The rat was placed 
again in the illuminated compartment for a retention trial. The time taken for a 
rat to enter the dark part after opening of the door was recorded as the latency 
time for both acquisition and retention trials. Latency for entering the dark 
compartment was recorded up to 150 sec. If a rat did not enter the dark 
chamber within 30 sec, the rat was removed and assigned a latency score of 150 
sec. QF was given 1 h after the acquisition trial (McLamb et al., 1990).  

Biochemical analysis 

Assessment of brain areas (cortex& hippocampus) amino acids: In the brain 
tissues, excitatory (glutamate) and inhibitory (gamma-Amniobutyric acid; GABA) 
amino acids were determined using HPLC methods (Heinrikson and Meredith, 
1984). Catecholamines norepinephrine (NE), serotonin (5-HT) and DA were 
estimated by HPLC methods according to Pagel et al., (2000) (Pagel et al., 
2000). 

Assessment of liver function: The activities of serum alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), and 
creatine kinase (CK) were measured by commercial kits according to the method 
of IFCC (2010) (Schumann et al., 2010). Alkaline phosphatase (ALP) was 
measured by a commercial kit according to the method of Tietz (1994) (Tietz, 
1994). Albumin concentration was measured by a commercial kit according to 
the method of Tietz (1995) (Tietz, 1995). 

Evaluation of kidney function: Determination of serum urea and creatinine were 
carried out by commercial kits according to the methods of Tietz (2005) and 
Levey et al., (2007), respectively (Levey et al., 2007; Tietz, 2005).  

Determination of lipid profile: Serum total cholesterol, high-density lipoprotein 
(HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides 
were measured by commercial kits following the methods described by NCEP 
(2001) (Panel, 2001). 

Immunohistochemistry (IHC) 

Immunohistochemistry (IHC) for Bcl2 was performed. Sections were fixed in 
formalin and then embedded in paraffin. The sections were pre-treated using 
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pressure cooker heat mediated antigen retrieval with sodium citrate buffer (pH 6) 
and then incubated at 1/1000 dilution for 15 min at room temperature. A goat 
anti-chicken biotinylated secondary antibody was used to detect the primary 
antibody and visualized using an HRP conjugated ABC system. The sections 
were counterstained with hematoxylin and mounted with DPX mounting 
medium. 

Statistical analysis 

Data values were expressed as mean ± S.E of 6 rats. One-way ANOVA tests 
(from SPSS version 23) were used to study the relationship between the different 

variables. P<0.05 was considered statistically significant (Armitage, 2008). 

Results 

The QF-loaded nanoparticles were generated are shown in Figure 1. The 
surface morphology was analyzed using scanning electronic microscope, which 
confirmed that nanoparticles were mostly spherical in shape (Fig. 1A, B). The 
nanoparticles had an approximate particle size of 134-162 nm (Fig. 1C).  

Figure 1. QF-loaded nanoparticles. (A,B) QFSLN under Transmission Electron 
Microscope (TEM), (C) particle size distribution.  
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Animal behavior  

The schizophrenic symptoms of rats were demonstrated using open field test 
(Fig. 2A) and passive avoidance test (Fig. 2B). The number of squares in the 
open field test were significantly increased (p<0.05) in the group of rats treated 
with ketamine; in addition the time spent in the dark room (latency time) in the 
passive avoidance test was significantly increased (p<0.05) with respect to the 
control group. These effects were more pronounced (p<0.05) in rats treated with 
QFSLN compared to QF. The data revealed that the observed effects were dose-
dependent since the greatest effect was observed in the higher dose of 
treatments. 

  

Figure 2. Effects of QF and QFSLN on the schizophrenic symptoms of rats. 
(A) Effect of QF and QFSLN on locomotors activity in open field test against ket-
induced schizophrenia-like symptoms in rats. (B) Effect of QF and QFSLN on 
latency time in passive avoidance test against ket-induced schizophrenia-like 
symptoms in rats. 

Biochemical analysis  

The effects of the different treatments on DA, NE and 5-HT in brain 
hippocampus and cortex are represented in Table 1. It is clear that 
administration of ketamine caused a significant (p<0.05) elevation of DP in both 
regions. NE was significantly (p<0.05) reduced in the cortex but unchanged in 
the hippocampus region, 5-HT was slightly (p>0.05) reduced in the 
hippocampus and significantly (p<0.05) increased in the cortex region, 
compared to the control group. On the other hand, QF administration 
ameliorated the disturbance of the neurotransmitters either at low or high doses 
while the effect was even more noticeable in rats treated with QFSLN, in a dose-
dependent manner. 
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Table 1. Effect of QF and QFSLN on DA, NE and 5HT in brain areas against 
ket-induced schizophrenia-like symptoms in rats 

Table 2. Effect of QF and QFSLN on GABA and Glutamate in brain areas 
against ket-induced schizophrenia-like symptoms in rats 

Table 2 illustrates the effect of different treatments on the level of GABA and 
glutamate in the cortex and hippocampus of brain tissues. From the table, it is 
clear that ketamine caused a reduction in the level of GABA in the cortex and 
hippocampus regions. Glutamate was reduced in the cortex and significantly 
(p<0.05) increased in the hippocampus. The different treatments ameliorated 
these values. 

Groups
DA (μg/g tissue) NE (μg/g tissue) 5HT (μg/g tissue)

Cortex Hippocampus Cortex Hippocampus Cortex Hippocampus

C 1.20±0.11 0.92±0.20 3.59±0.35 3.38±0.12 0.84±0.04 1.03±0.01

Ket 1.69±0.13* 1.47±0.01* 2.33±0.06* 3.37±0.02 1.58±0.14* 0.99±0.015

L.QF 1.21±0.05* 1.02±0.05 3.75±0.36* 3.15±0.15 1.04±0.01* 1.17±0.03

H.QF 1.23±0.04* 0.93±0.03* 3.80±0.47* 3.17±0.27 1.21±0.04* 1.17±0.03

L.QFSLN 1.11±0.11* 0.83±0.03* 3.45±0.44* 3.11±0.17 1.16±0.08* 0.98±0.03

H.QFSLN 0.85±0.08* 0.77±0.02* 3.68±0.35* 3.01±0.20* 0.84±0.07* 0.89±0.03

Data expressed as mean ± S.E. Changes are considered significant when p< 0.05.    
* Significant difference from Ket group. Ket group was compared against C group and the other 
groups where compared against Ket group.

Groups
GABA (μg/g tissue) Glutamate (μg/g tissue)

Cortex Hippocampus Cortex Hippocampus

C 3.48±0.13 3.67±0.12 14.1±0.38 13.4±0.19

Ket 2.88±0.13* 3.32±0.14 10.5±0.15* 14.3±0.44*

L.QF 3.57±0.11* 3.76±0.12* 13.5±0.14* 12.5±0.52*

H.QF 3.51±0.13* 3.66±0.12* 13.7±0.09* 12.9±0.29*

L.QFSLN 3.21±0.30* 3.67±0.08* 14.0±0.13* 14.0±0.13

H.QFSLN 3.33±0.28* 4.01±0.12* 14.4±0.19* 14.1±0.09

Data expressed as mean ± S.E. Changes are considered significant when p< 
0.05.    
*Significant difference from Ket group. Ket group was compared against C 
group and the other groups where compared against Ket group.
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Figure 3. Effect of the various 
treatments on hepatorenal 
function, serum proteins and 
serum lipids after 3 weeks of 
treatment. (A,A’) Effect of QF 
and QFSLN on liver enzymes 
(ALT, AST, ALP, CK and GGT) 
against k e t-i n d u c e d 
schizophrenia-like symptoms in 
rats. (B,B’) Effect of QF and 
QFSLN on Bl.Urea and S.uric 
acid against ket-induced 
schizophrenia-like symptoms in 
rats. (C) Effect of Q F and 
QFSLN on S.creatinine against 
ket-induced schizophrenia-like 
symptoms in rats. (D,D’) Effect 
of QF and QFSLN on lipid 
profile parameters against ket-
induced schizophrenia-like 
symptoms in rats. (E) Effect of 
QF and QFSLN on S. total 
protein, albumin, globulin and 
albumin/globulin ratio against 
ket-induced schizophrenia-like 
symptoms in rats.
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Figure 3 illustrates the effect of the various treatments on hepatorenal function, 
serum proteins and serum lipids after 3 weeks of treatment. In general, there was 
a slight (p>0.05) increase on the different parameters after treatment with H.QF 
and QFSLN (low & high doses); however, only treatment with ketamine induced 
a significant (p<0.05) increase in the level of serum CK.  

Figure 4. Immunohistochemical staining of BCL2 in cerebral cortex of rat 
from some groups. (A) Control negative group: strong positive expression of 
BCL2 (immuno positivity indicated by brown colour). (B) Group 2: negative 
expression of BCL2. (C) Group 3: moderate expression of BCL2. (D) Group 4: 
strong positive expression. (E) Group 5: strong positive expression. (F) Group 6: 
strong positive expression. All figures were captured at X400.  

Immunohistochemical (IHC) study  

IHC analysis of Bcl2 in both the cortex and hippocampus of rats treated with QF 
showed a moderate positive expression of Bcl2, compared to the ketamine 
group that had negative expression in the cortex (Fig. 4). On the other hand, 
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this effect was increased in rats treated with QFSLN, which showed strong 
positive expression in the hippocampus (Fig. 5). Moreover, the observed 
expression was dose-dependent, i.e. expression was strongest at the highest 
dose (30 mg/kg b.w.).   

Figure 5. Immunohistochemical staining of BCL2 in hippocampus of rat from 
some groups. (A) Control negative group: strong positive, (B) Group 2: negative 
expression, (C): Group 3: moderate expression, (D) Group 4: strong positive 
expression, (E): Group 5: strong positive expression, (F) Group 6: strong positive 
expression.  

Discussion 

Schizophrenia is a chronic and severe disorder of the brain that results from 
disturbance in the levels of neurotransmitters (Wang et al., 2012). 
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Psychotomimetic effects of NMDA receptor antagonists in humans suggest that 
reduced NMDA receptor function may contribute to the pathophysiology of 
schizophrenia. The antagonists of the NMDA receptor used in this study was 
ketamine, known to induce a spectrum of behavioral effects that mimic positive, 
negative and cognitive symptoms of schizophrenia. The occurrence of 
schizophrenia was confirmed using passive avoidance test and open field test. 
Ketamine administration caused a significant increase in the locomotor activity of 
rats as shown in the open field test.  Ketamine also caused depletion of memory 
as indicated by the increased time spent in the light box in the passive 
avoidance test (representing signs of positive symptoms and cognitive 
impairment). The data also showed a significant increase of CK enzyme activity 
after ketamine injection. CK is found mainly in brain, skeletal muscles and heart. 
Therefore, the increase of CK after 3 weeks of ketamine injection may be a result 
of the effect of ketamine on brain tissue and induction of schizophrenia. 
Furthermore, results from the study showed that administration of ketamine 
increased the levels of DA, NE, and 5-HT in areas of the brain. A reduction in the 
level of excitatory amino acids (e.g. glutamate) and inhibitory amino acids (e.g. 
GABA) were observed. Changes in dopaminergic activity are likely to be the 
primary cause of schizophrenia or positive symptoms of schizophrenia.  

With respect to animal models, while the underlying neuropharmacological 
mechanisms may be the same in humans and rodents, changes in DA-related 
behaviors and behavioral consequences may be quite different. In this study, we 
focus mainly on the observation of locomotor hyperactivity to reveal underlying 
neurotransmitter changes. Due to the relative ease of quantification, locomotor 
activity testing has been widely used in modeling the positive symptoms of 
schizophrenia (Van den Buuse and de Jong, 1989). On the other hand, cognitive 
impairments constitute a central feature of schizophrenia and, indeed, 
schizophrenic patients are commonly described to possess abnormalities in 
attention and information processing (Tsai and Coyle, 2002). From observations 
of tests in the rats, it was clear that they exhibited schizophrenia-like symptoms 
after ketamine injection. The observations are in accordance with those reported 
by Olesen et al. (2012) & Hamon and Blier (2013) (Hamon and Blier, 2013; 
Olesen et al., 2012).  

The present study also showed that treatment with QF or QFSLN, prior to 
ketamine injection, ameliorated ketamine-induced schizophrenic symptoms in 
rats. The effect of QFSLN was more pronounced. The original DA hypothesis 
states that hyperactive DA transmission results in schizophrenic symptoms. This 
hypothesis is the main theory related to the incidence of schizophrenic 
symptoms. The antipsychotic drug QF blocks DA transmission, thus alleviating 
the schizophrenic symptoms. Riedel et al. (2007) reported that QF is a 
dibenzothiazepine derivative with a relatively broad receptor binding profile. It 
has major affinity to cerebral serotonergic, histaminergic and dopaminergic D1 
and D2 receptors, moderate affinity to adrenergic receptors 1 and 2, and minor 
affinity to muscarinergic M1 receptor (Riedel et al., 2007). The efficacy of QF in 
reducing the symptoms of schizophrenia has been demonstrated in several 
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clinical trials; in these trials, QF showed efficacy in treating some of the 
aggressive symptoms. In accordance with our results, Duncan et al. (1998) 
reported that pre-treatment of rats with QF blocked metabolic activation in the 
brain induced by ketamine (Duncan et al., 1998).  

To date, the mechanism of action of anti-psychotic drugs in schizophrenia have 
been linked to DA and its interaction with other neurochemicals including 
glutamate, GABA, 5-HT and acetylcholine (Redrobe et al., 2012). GABA and 
glutamate regulate the activity of DA. The activation of GABA receptors in the 
brain results in various receptor interactions with glutamate and modulation of 
GABA receptors improves cognitive deficits in rats. Maeshima et al. (2007) 
concluded that the atypical anti-psychotic drug QF electively binds to central DA 
D2 and 5-HT receptors, leading to reduction in the level of DA and symptoms of 
schizophrenia (Maeshima et al., 2007). Some theories suggest that the 
neurotransmitter serotonin may also play a role in causing the symptoms of 
schizophrenia (Riedel et al., 2007). QF antipsychotic drug can treat these 
symptoms by blocking DA and serotonin transmissions. 

Since the antipsychotic drug QF has poor oral bioavailability (about 9% only) 
(Sweetman, 2007), it is important to find ways to increase its absorption and 
bioavailability; the use of SLN is one of these approaches. In this study we 
succeeded in generating QFSLN, with particle size ranging from 134-162 nm. 
Narala and Veerabrahma (2013), similarly, generated QFSLN with mean size of 
200 nm (and  entrapment efficiency between 80-92%) (Narala and Veerabrahma, 
2013); they discovered that the relative bioavailability was increased by 3.7 fold 
compared to that for QF. In general, delivering QF to the brain is a great 
challenge due to the blood brain barrier and, therefore, SLN formulation has 
been exploited as a potential drug carrier for tissue targeting. In addition, SLN 
are composed of solid lipid matrix that provides an effective means for 
controlled release of the drugs. It also improves drug bioavailability in the brain.  

Thus, our present study was designed to enhance the bioavailability of QF in the 
brain by incorporating a minimal dose of QF into SLN, which act as a carrier 
(Parvanthi et al., 2014). In addition, Rathi et al. (2013) showed that preparations 
of QFSLN were capable of promoting sustained drug release over a period of 48 
h (Rathi, 2013). This may reduce the concentration of the drug to be 
administered along with frequency of dosing, thereby minimizing the occurrence 
of side effects, improve bioavailability and increase  the effectiveness of the 
drug. With regard to the effects of QF and QFSLN on hepatorenal function, CK 
and lipid patterns were evaluated after 3 weeks of treatment. The results showed 
that there was a slight increase in hepatorenal function and lipid parameters in 
the QF treatment group. Since the dose of nanoparticles used in this study was 
the same dose as QF suspension, this suggests that the bioavailability of QFSLN 
was markedly increased. These results are in agreement with those reported by 
Goldstein (1999), who described an increased activity of enzymes, particularly of 
ALT (Goldstein, 1999). Meyer and Koro (2004) demonstrated that during QF 
treatment, the level of serum cholesterol and triglycerides were slightly elevated 
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(Meyer and Koro, 2004). The slight effect of QF on hepatorenal function and 
lipid profile in the present study might be due to QF treatment, which is 
essential for optimal therapeutic response. Adaptation induced by the drug 
exposure could provide novel treatment strategies that would mimic or promote 
adaptive responses. In some preclinical models, different effects have been seen 
after chronic (compared to acute) antipsychotic administration. For example, 
acute treatment with atypical antipsychotic drugs enhance NMDA-induced 
electrophysiological responses but chronic treatment with drugs reduce NMDA 
receptor sensitivity (Yang and Reis, 1999). 

Moreover, the results of the immunohistochemical assay showed negative or low 
Bcl2 expression after ketamine induction. Previous studies have shown that 
ketamine induces neuronal apoptosis through down-regulation of Bcl2 
expression (Hardwick and Soane, 2013). The groups of rats treated with QF and 
QFSLN showed an increase of Bcl2 expression in the cortex and hippocampus of 
the brain tissue. Bcl2 is known to inhibit apoptosis by preventing the release of 
cytochrome C and the subsequent activation of caspases (Hardwick and Soane, 
2013). Thus, the beneficial effects of QF and its nanoparticle form (QFSLN) on 
the aforementioned behavioral and biochemical assays may also be related to 
their potential effects on neuroprotection and/or neurogenesis beyond the DA 
and 5-HT receptor blockade effects (Lodge and Grace, 2011). 

Conclusion 

Ketamine induction caused schizophrenic-like symptoms in rats. QF-loaded 
nanoparticles (QFSLN) was more effective than QF in improving the ketamine-
induced schizophrenic-like symptoms in rats. The effect for both QF and QFSLN 
was dose-dependent. Thus, the nanoparticle form of QF showed increased 
solubility and enhanced efficacy as an antipsychotic drug. The use of QF-loaded 
nanoparticles may be beneficial for schizophrenia and perhaps other related 
diseases.  
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