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Abstract - 
Background: The present work was carried out to study the effect of olanzapine (OLZ) and its solid lipid nanoparticles 
(SLN) on ketamine-induced schizophrenic-like symptoms in albino rats. The study extended to evaluate the adverse effects 
of sub-chronic administration of the different doses of olanzapine and its solid lipid nanoparticles.  
Methods: To assess the effect of different doses of treatment on locomotor activity and cognitive impairment induced by 
ketamine open field and passive avoidance tests was carried out. Excitatory and inhibitory amino acids as well as dopamine 
and serotonin were estimated in brain regions. Immunohistochemical study of BCL2 was performed. Liver function, lipid 
profile and lipid peroxide, then assessed to evaluate the side effect.  
The results: administrations of OLZ-SLN at low and high doses before ketamine attenuated the behavioral abnormalities by 
inhibiting the ketamine-induced increased in glutamate, dopamine and serotonin levels and enhanced apoptosis in the studied 
brain areas. In addition, the sub-chronic treatment with OLZ-SLN showed no adverse effect while the treatment with OLZ 
free form did.  
Conclusion: The low and high dose of OLZ-SLN that equivalent to (1/10 and 1/20 from the therapeutic dose) blocked the 
effect of ketamine while the same doses of OLZ in free form cannot. 
 
Keywords - Solid lipid nanoparticles; Antipsychotic drugs; hepatotoxicity; Excitatory and inhibitory amino acids; 
Monoamines. 
 
BACKGROUND 
 
Schizophrenia is a heterogeneous neuropsychiatric 
dysfunction that described by positive symptoms like 
hallucinations and illusions, negative symptoms like 
dull affect and social withdrawal and cognitive 
deterioration (De Oliveira et al., 2011). Based on an 
exploratory investigation, four behavioral symptoms 
identified, thought disturbances, social withdrawal, 
depressed behavior and antisocial behavior (Becker & 
Grecksch, 2004). 
 
The two-neurotransmitter, usually involved in the 
pathogenesis of schizophrenia, are those of dopamine 
(Dopa) and glutamate (GLU). The relationship 
between these neurotransmitter pathways is 
complicated, as are efforts to disentangle the 
responsibility of each in generating the principal 
features of schizophrenic symptoms (Angeles & 
Horn, 2014). Previous investigations have explained 
the imbalance in neurotransmitter systems might play 
a significant role in the pathophysiology of 
schizophrenia (Marcotte, Pearson, & Srivastava, 
2001); (Wood, Yucel, Pantelis, & Berk, 2009) 
Ketamine is NMDA antagonist, induced psychotic 
symptoms that are similar to those of schizophrenia 
(Duncan, Miyamoto, & Lieberman, 2003). With 
regard to animal models, locomotors activity has 
some face validity of the positive symptoms of 
schizophrenia, such as psychotic agitation. However, 
here we will focus mainly on the use of locomotor 

activity to reveal underlying neurotransmitter 
changes. Locomotors activity tests are widely used in 
modeling the positive symptoms of schizophrenia due 
to its relative ease of quantification (Van Den Buuse, 
2010). On the other hand, cognitive impairments are 
established as a central feature of schizophrenia. Le 
Pen et al. (2000) reported that schizophrenic patients 
commonly suffer from deficiencies in attention and 
data processing.  In illustration of the predominance 
of cognitive symptoms in schizophrenics, and the 
critical implication of the hippocampus in spatial 
learning and working memory, passive avoidance test 
was performed. 
Bcl-2 is one of the proteins that suppress cell 
apoptosis. The study of Huang et al., (Huang, Liu, 
Jin, Ji, & Dong, 2012)  showed that ketamine induced 
neuronal apoptosis through down-regulation of Bcl-2 
expression.  
 
A typical antipsychotics are effective in ameliorating 
the positive, negative and cognitive symptoms (Li, 
Snyder, & Vanover, 2016). Olanzapine (OLZ), is an 
atypical psychotic agent which is indicated for the 
treatment symptoms of schizophrenia (Sood, 
Jawahar, Jain, Gowthamarajan, & Meyyanathan, 
2013). Therefore, the ameliorative effects of 
olanzapine on behavior may relate to its 
neuroprotection and/or neurogenesis effects beyond 
the dopamine and serotonin receptor blockade effects 
(He et al., 2012). The poor bioavailability of 
olanzapine is the most issue in its treatment. This is 
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because 40% of the drug was metabolized before 
entering the systemic circulation (Natarajan, 
Baskaran, Humtsoe, Vadivelan, & Justin, 2016). The 
less bioavailability in plasma could lead to reducing 
drug bioavailability in the brain. To overcome on the 
poor bioavailability of olanzapine in the brain, the 
physicians had to increase the initial dose, but this 
developed the toxic adverse effects (Natarajan et al., 
2016). Solid lipid nanoparticles (SLN) is refer to 
nanoscale size particles prepared using lipids that 
remain solid at room temperature (or/and body 
temperature). It considered as a novel drug delivery 
system with latency applications in the 
pharmaceutical industries, cosmetics, medicine, 
clinical research and other related sciences. Recently, 
the focus on these SLN as colloidal drug carriers is 
increased for consolidating water or fat-soluble drugs 
(Garud, Singh, & Garud, 2012).  The clear benefit of 
SLN is the fact that the lipid phase is composed of 
physiological lipids, which minimizes the danger of 
acute and chronic toxicity, as compared to other 
nanoparticles (Mukherjee, Ray, & Thakur, 2009). In 
addition, SLNs contain solid lipid, which provided an 
effective means for controlling the release of the drug 
and improving the drug bioavailability in the brain 
(Naseri, Valizadeh, & Zakeri-Milani, 2015). 
 
METHODS 
 
Animals 
In the recent study, thirty-six adult male Sprague 
Dawley rats (about 180 ± 20 g) selected from the 
laboratory animal house of the National Organization 
of Drug Control and Research (NODCAR). Rats were 
kept under standard conditions light/dark cycle 12:12 
(lights on at 6:00 a.m.) temperature 20±2 C, and air 
humidity 55–60% and free access to food and tap 
water throughout the experiment. 
Ethics 
All animal experimentation protocols were carried 
out under the supervision of the Ethics Committee of 
the National Organization of Drug Control and 
Research (NODCAR), Egypt. All animal procedures 
were in accordance with the recommendations of the 
Canadian Committee for Care and Use of Animals 
(Canadian Council on Animal Care 1993).   
Drugs 
Ketamine (Astrapin, Germany), was dissolved in 
normal saline. The drug was intraperitoneally injected 
at a volume of 1 ml/100 g body weight. Olanzapine 
was purchased from Apex pharma, then suspended in 
polysorbate 80 (1.5% v/v) for oral administration in 1 
and 0.5 (mg/kg/b.w). All solutions, freshly prepared 
before injection.  
Lipoid S 75, Glyceryl monostearate (GMS), and 
polysorbate 80 were obtained from NODCAR 
laboratories for OLZ-SLN preparation. The other 
chemicals in the study were Analytical/HPLC grade. 
Preparation of olanzapine solid lipid nanoparticles 

SLNs were prepared  by hot homogenization 
technique. Melted GMS (5%) containing olanzapine 
as a lipophilic phase and polysorbate 80 (1.5 % w/v) 
with lipoid 0.5% (hydrophilic surfactant) solution as 
aqueous phase. GMS was melted at 70oC, the drug 
then was added under mechanical stirring. 10 ml of 
aqueous surfactant solution containing polysorbate 80 
and lipoid was heated at the same temperature, then 
added to the lipid phase under high-shear mixing 
device for 15 minutes.  Solid lipid nanoparticles 
would be obtained by dispersing the warm o/w 
microemulsion dropwise into ice-cold water (2-3oC) 
in a beaker under continuous stirring. Keep stirring 
even after microemulsion formation. After 
completion of stirring, high-speed homogenization 
was used for 5 minutes, at 15000 RPM, the SLN 
dispersion then subjected to ultrasonication for 15 
minutes. The nanoparticles properties differed 
according to lipid quantity, stirring time, 
homogenization speed and surfactant concentration in 
order to achieve minimal particle size. 
Particle Size and Zeta Potential 
Particle size and zeta potential of the SLNs were 
performed in Nanotechnology& Advanced Material 
Central Lab (NAMCL), Agriculture Research Center 
(ARC), Giza, Egypt, by photon correlation 
spectroscopy using a Malvern Zetasizer Nano ZS90 
(Malvern Instruments, Worcestershire, UK). All size 
and zeta potential measurements were carried out at 
25oC using disposable polystyrene cells and 
disposable plain folded capillary zeta cells, 
respectively, after appropriate dilution with original 
dispersion preparation medium (Sood et al., 2013).  
Drug entrapment efficiency 
Entrapment efficiency of lypholyzed SLNs was 
determined by weighing about 10 mg of SLNs and it 
was dissolved in 0.1 N HCl under water bath at 70 ºC 
for 30 min and then cooled to room temperature to 
preferentially precipitate the lipid. Drug content in the 
supernatant after centrifugation (4000rpm for 15 min) 
was determined by UV visible spectroscopy at 258nm 
using 0.1N HCl as blank (Natarajan et al., 2016) 
The entraping efficiency (EE) of the drug in SLN was 
expressed as the percentage of the amount of drug 
entrapped in the nanoparticls formulation in respect 
to the initial amount of the drug added to the 
formulation.  The experiment performed triplate. The 
EE was calculated using the following formula. 
EE (%) = Amount of drug in NP (mg)/Amount of 
drug added (mg) x100 
Transmission Electron Microscope (TEM) 
TEM was performed in Nanotechnology& Advanced 
Material Central Lab (NAMCL), Agriculture 
Research Center (ARC), Giza, Egypt. 
High-resolution TEM (HR-TEM, Tecnai G20, FEI, 
Netherland) was used for the purpose of imaging, 
crystal structure revelation and elemental analysis 
"qualitative and semi-quantitative analysis. Negative 
stains applied to SLN sample. The bright field at 
electron accelerating voltage 200 KV using 
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lanthanum hexaboride (LaB6) electron source gun 
and the diffraction pattern imaging. Eagle CCD 
camera with (4k*4k) image resolution was used to 
acquire and collect transmitted electron images. TEM 
Imaging & Analysis (TIA) software was used for 
spectrum acquisition and analysis of EDX peaks. 
Dose selection of drug treatment: 
According to the previous studies, (Coccurello et al., 
2006); (Uchida, Kato, Hirano, Kagawa, & Yamada, 
2007); (Shah et al., 2016), OLZ and OLZ-SLN were 
used at doses 15, 10, 1 mg/kg b.w. In this study, the 
oral administration of OLZ-SLN at doses 15, 10 
mg/kg b.w. showed a sedative effect of 100% of rats 
while the 3 doses of OLZ didn’t show this effect. 
Therefore, 1 mg/kg b.w. and its half 0.5 mg/kg b.w. 
doses were chosen to be applied in this study as high 
and low doses respectively. 
Ketamine injected i.p. at dose 25 mg/kg b.w. daily for 
six consecutive days, according to previous studies of 
(Gama et al., 2012); (Duncan et al., 2003). 
Experimental design:  
Animals were divided into equal 6 groups (6 rats 
each) as follows: G1 (control): fed on the basal diet 
and injected with saline; G2 (ket): injected i.p with 
ketamine 25 mg/kg b.w. daily for six consecutive 
days. G3 (L-olz): combined pretreatment of the low 
dose of OLZ (0.5 mg/kg b.w.) with ketamine. G4 (H-
olz): combined pretreatment of the high dose of OLZ 
(1 mg/kg B.w.) with ketamine. G5 (L-sln): combined 
pretreatment of the low dose of OLZ-SLN (0.5 mg/kg 
b.w.) with ketamine. G6 (H-sln): combined 
pretreatment of the high dose of OLZ-SLN (1 mg/kg 
b.w.) with ketamine. The groups 3, 4, 5 and 6 were 
treated with OLZ (each according to its doses) for 15 
days, and then coadministration of ketamine for six 
consecutive days for a total of 21 days of 
intervention.  The oral administration of OLZ and 
SLNS were occurred 1hr before i.p. injection of 
ketamine (Duncan et al., 2003). The rats perform 
behavioral tests 10 min after ketamine injection. After 
the 21 days of treatment, rats were killed by cervical 
dislocation, blood samples were collected and 
centrifuged at 5000 rpm, at -4oC for 15 min., serum 
then was collected and kept for biochemical analyses. 
Brain tissues (cortex and hippocampus) were 
collected and homogenized separately in iced 70% 
methanol. Liver tissues also were collected and 
homogenized in iced 10% kcl, then 70% methanol 
was added for deproteinization. 
 
BEHAVIORAL EXPERIMENTS 
 
Open field test 
The open field test present concurrent measures of 
locomotion. The test was assessed 10 min after the 
last injection of ketamine. The open field used was a 
square wooden arena measured (90 x 90 x 25cm). 
The wood of the equipment was capped with a plastic 
laminate (Formica), to prevent absorption of fluids 
(urine of rats). The floor was divided into small 

squares by dark lines. The open field maze was 
cleaned between each rat test using 70% ethyl alcohol 
to avoid odor cues. The rats were brought to the test 
room and tested once at a time for 5 minutes each. 
Rats' placed randomly into one of the four corners of 
the open field facing the center. The behavioral 
scores were measured, in this experiment, by the total 
numbers of crossing lines (El-Nabarawy, Radwan, El-
Sisi, & Abdel-Razek, 2015). 
Passive avoidance test 
The effects of OLZ and OLZ-SLN on learning and 
memory functions in rats were evaluated by using a 
step-through passive- avoidance test. The apparatus 
consisted of a lighted cell (200 ×250 ×200 mm) and a 
dark cell (200×150×200 mm) with a grid floor. These 
two cells were separated by a sliding door. In the 
training time, the animals were entered in the lighted 
cell and allowed to explore for 10 s. After that sliding 
door was opened, and the step-through latency for 
animals to enter the dark cell was measured. Once the 
rat enters the dark cell, the door was closed: the 
animal gets an unavoidable foot-shock (0.5 mA for 
3s) through the grid floor with a constant current 
shock generator. All of the animals examined were 
entering the dark cell within 180s as cutoff latency in 
the training session and received a foot-shock. After 
24 hr the test session was performed using the same 
paradigm, but without the foot-shock, and the step-
through latency for animals to enter the dark cell was 
measured. When an animal did not enter the dark 
room within 180s, the step-through latency was 
recorded as 180s (Ishiyama et al., 2007). 
Biochemical analyses 
Assay of amino acids (GABA and Glutamate) and 
monoamines (dopamine and serotonin) in the brain 
tissues. 
The 5-HT and DA were determined in the cortex and 
hippocampus by HPLC according to Pagel et al., 
(Pagel, Blome, & Wolf, 2000) method. Glutamate 
and GABA were also determined in the same brain 
areas using HPLC methods (Heinrikson & Meredith, 
1984). 
Serum Lipid profile determination. 
Serum lipid profile was measured by commercial kits 
specified for each analysis (colorimetric E. Point; 
Biodiagnostics, Company, Egypt) by using a 
spectrophotometer (Shimadzu UV 2401PC). Total 
cholesterol, total triglycerides, and HDL levels were 
measured, whereas LDL levels, then was calculated 
using the Friedewald equation (Nauck, Warnick, & 
Rifai, 2002). 
Serum Liver enzymes assessment 
ALT and AST were assessed by commercial kits 
(Spainreact company, kinetic), specified for each 
analysis, using a spectrophotometer (Shimadzu UV 
2401PC). 
Determination of MDA by HPLC  
Preparation of the standard solution 
MDA standard was prepared by dissolving 25 μL 1, 
1, 3, 3-tetra ethoxy propane (TEP) in 100 ml of water 
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to give a 1 mM stock solution. Working standard was 
prepared by hydrolysis of 1 ml TEP stock solution in 
50 ml 1% sulfuric acid and incubation for 2hr at room 
temperature. The resulting MDA standard of 
20nmol/ml further diluted with 1% sulfuric acid to 
yield the final concentration 1.25nmol/ml. MDA 
activity was determined after extraction using the 
following protocol: the samples were analyzed on the 
HPLC apparatus (Agilent HP 1100 series, USA). The 
analytical column was hypersil C18 (5µm particle 
and 80 Ao pore size) (250 x 4.6 ID). Mobile phase 
consists of 30 mM KH2PO4 and methanol (65%-35 
%; pH 4 by H3PO4), at a flow rate 1.5 ml/min., 
wavelength 254 nm (Karatas, Karatepe, & Baysar, 
2002). 
Immunohistochemical staining 
Immunostaining of Bcl-2 was performed according to  
the method of  Tanveer et al. (Tanveer et al., 2012). 
Sections of formalin-fixed, paraffin-embedded brain 
were put on poly-l-lysine coated  slides then  
deparaffinized in xylene,  rehydrated  by  a  diluted  
alcohol series. Antigen retrieval was performed by 
incubating the slides in citrate buffer (pH 6.0) 
(10mM) at 95 ◦C for 20 min. Endogenous peroxidase 
activity was blocked with 3% H2O2 for 30 min for  
Bcl-2  immunoreactivities, sections were incubated 
under  humid conditions overnight at 4◦C with the 
following monoclonal  antibodies: anti-Bcl-2 
antibody (1:400; Santa Cruz Biotechnology, Inc., 
USA). Next day,  the slides were washed three times 
in Tris buffers (pH 6.0) then  incubated with a 
biotinylated Goat Anti-Polyvalent Plus (Thermo 
Fisher Scientific, USA)  for 30 min at room 
temperature. Further wash in Tris buffer performed, 
then the slides were incubated  at room temperature 
with a Streptavidin Peroxidase Plus (Thermo Fisher 
Scientific, USA) that binds to the biotin present on 
the secondary antibody. After washing in Tris buffer, 
the immunostaining reaction product was developed 
using 3,3 diaminobenzidine (DAB Plus substrate, 
Thermo Fisher Scientific, USA). After 
immunoreactivity, slides were immersed in distilled 
water, counterstained with Harris hematoxylin and 
finally  the sections were dehydrated in xylene, 
mounted with DPX and coverslipped. Negative 
controls included staining tissue sections with  the  
omission of the primary antibody, whereas positive 
control slides were also run in parallel in each case. 
The prepared slides were examined by light 
microscopy. 
 
STATISTICAL  ANALYSIS 
 
Statistical  analysis  was  carried  out  using  IBM  
SPSS statistics  (Ver.24.0  for  Windows,  SPSS,  
Chicago,  IL,  USA). 
Data  from  the  study  was  used  for  ANOVA  of  
general  linear  model  (GLM)  analysis.  All  values  
were  presented  as mean  ±  standard  error  (SE).  
Duncan’s  multiple  range test  was  used  to  compare  

differences  among  the  treatment groups.  A  P-value  
<0.05  was  taken  to  indicate  statistical significance.   
 
RESULTS 
 
Specification of OLZ-SLN 
1) Measurement of particle size, zeta potential and 

entrapping efficiency. 
Polydispersity index (PDI) values of OLZ-SLN 
showed that the particle size distribution was 
unimodal. The least particle size (124 nm) and 
had a PDI of 0.448. It was also found that the 
prepared OLZ-SLN had a zeta potential of -36.50 
mV. The maximum entrapping efficiency of 
OLZ-SLN is 65.8% 

2) TEM imaging 
TEM imaging showed that the most 
nanoparticles are nearly spherical in shape Fig.1 
(B), the nanoparticles size that was observed by 
TEM correlated well with the particle size was 
measured by particle size analyzer. 

 
Behavioral tests 
 
1. Open field test 
The behavioral observations of open field test (Fig. 2 
(a)) revealed that the number of crossing lines in open 
field tests significantly increased (df= 5, F= 41.45, 
p<0.05) in the group of rats treated with ket and L-
olz, even L-olz group showed no significant effect as 
compared to ket group. The treatment of H-olz 
showed a significant decrease in a number of crossing 
lines in a dose dependent manner. This effect was 
more pronounced (p<0.05) in rats treated with OLZ-
SLN in low and high doses as compared to OLZ 
groups.  The data exhibited dose-dependent manner, 
i.e. the higher dose of OLZ-SLN showed the 
maximum effect. 
2. Passive avoidance test 
 Administration of ket caused a significant decrease ( 
df=5, F= 135.6, p<0.05) in the latency-time to enter 
the dark room in passive avoidance test as shown in 
fig. 2 (b), in respect to the values of the control group. 
On the other hand, administration of OLZ of low dose 
showed no significant impact, however, treatment 
with OLZ high dose showed a significant increase in 
latency times as compared to ket group. This outcome 
was more pronounced (p<0.05) in rats treated with 
OLZ-SLN in parallel to OLZ.   
Neurochemical studies: 
The effect of different treatments on 5-HT and DA in 
brain hippocampus and frontal cortex were 
represented in fig. 3 (a, b). The data of the present 
study was revealed that administration of ket caused a 
significant elevation in 5-HT cortex (df=5, F=16.33, 
p<0.05); hippocampus (df= 5, F=73.3, p<0.05)  and 
DA cortex (df=5, F= 8.54, p<0.05); hippocampus 
(df= 5, F= 5.80, p<0.05) in comparison to the values 
of the control group. OLZ administration ameliorated 
the disturbance of the neurotransmitters either at low 
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or high doses while the effect was more noticeable in 
rats treated with OLZ-SLN. The results showed a 
dose-dependent manner in 5HT in hippocampus area. 
Fig. 4 (a, b) illustrated the effect of different 
treatments on the level of GABA and glutamate in the 
brain frontal cortex and hippocampus. The data 
revealed that treatment with ket caused a significant 
increase in glutamate level cortex (df=5, F=2738, 
p<0.05); hippocampus (df= 5, F=245.06, p<0.05) and 
caused a significant reduction in the level of GABA 
of cortex (df=5, F=41.78, p<0.05); while in 
hippocampus showed no significant diffarance in 
hippocampus as compared to control group. The 
administration of OLZ in low dose showed no 
significant effect on GABA in brain cortex while the 
other treatments reduced the effect of ket on 
glutamate (in both areas) and GABA in cortex only. 
The IHC study: 
The IHC of BCL-2 in both hippocampus and cortex 
(fig 5, fig 6 respectively) of rats treated with L-OLZ 
showed moderate positive expression of BCL-2 in 
hippocampus and cortex versus the values of 
ketamine group that showed negative expression in 
hippocampus and weak expression in the cortex. 
While the effect of H-OLZ was more pronounced as 
compared to low dose in both brain areas. On the 
other hand, the treatment with OLZ-SLN in both 
doses showed strong positive expression.  
Adverse effect study: 
The data represented in table 1 showed that the sub 
chronic treatment with OLZ and SLNS showed no 
significant (p>0.05) effect on liver enzymes and lipid 
profile parameters while olanzapine administration 
elevated MDA significantly (p<0.05) in a dose 
dependent manner. 
 
DISCUSSION 
 
Schizophrenia is a complex mental disorder that is 
characterized by a high variety of symptoms, illness 
progression, diagnosis, and treatment (Becker & 
Grecksch, 2004). The dopaminergic system was the 
oldest pathway studied in schizophrenia, and the 
hypothesis of dopaminergic hyperactivity have arisen 
when the positive symptoms triggered by enhancing 
occupation of D2 receptors by dopamine (Angeles & 
Horn, 2014). Besides dopamine, glutamate was 
widely studied in schizophrenia. The glutamatergic 
hypothesis suggested that the glutamatergic hypo 
activity in the frontal cortex activated dopamine 
release (Becker & Grecksch, 2004). 
Ketamine is an NMDA receptor antagonist. It was 
investigated whether the sub-anesthetic dose of 
ketamine (25 mg/kg b.w.) induced significant 
changes in behavior and parameters of dopaminergic, 
glutamatergic, and serotonergic neurotransmissions, 
which might be the basis of an animal model of 
schizophrenia (Becker & Grecksch, 2004). The 
mechanism of ketamine-induced brain metabolic and 
behavioral abnormalities was poorly understood, but 

might paradoxically include glutamatergic activation. 
Sub-anesthetic doses of NMDA antagonists increased 
brain extracellular fluid levels of glutamate (Duncan 
et al., 2003). In the current study, administration of 
ketamine increased the level of DA, 5HT and the 
level of excitatory amino acid (glutamate) in brain 
studied areas while causing a decrease in the 
inhibitory amino acid (GABA).  
Disturbance in dopamine release expected to have a 
key role in schizophrenia or even the positive 
symptoms of schizophrenia. With regard to the 
previous studies, the underlying 
neuropharmacological mechanisms in man and 
rodents may be similar, but the behavioral 
consequences are completely different (Van Den 
Buuse, 2010). In focusing mainly on the locomotors 
activity to explain underlying neurotransmitter 
changes. Due to the simple way of locomotors 
activity estimation, it was used widely in illustrating 
the positive symptoms of schizophrenia (Van Den 
Buuse, 2010). On the other hand, the schizophrenic 
patient's commonly suffer from cognitive impairment 
as deficience in attention and data processing (Tsai & 
Coyle, 2002). The use of the passive avoidance test 
was widely used as a simple diagnostic test for 
attention deficiencies and cognitive impairments 
quantification. In the recent study, ketamine injection 
caused a significant increase in locomotors activity in 
open field test while caused a significant reduction in 
the latency times in passive avoidance test. These 
alterations in behavior may be related to the 
disturbance in monoamines and the amino acids in 
frontal cortex and hippocampus. Therefore, ketamine 
injection caused schizophrenia-like symptoms in the 
treated rats, the obtained results were in agreement 
with those of (Olsen & Rosenbaum, 2006); (Hamon 
& Blier, 2013).  
Olanzapine is an atypical antipsychotic drug that can 
antagonize the effects of NMDA-antagonists like 
ketamine. In the present study, sub-chronic 
pretreatment with olanzapine low and high dose and 
its SLNS, the high dose of olanzapine showed a 
significant difference from the ketamine group in 
open field and passive avoidance tests, but it still had 
a significant difference from the control group, while 
both doses of nano-emulsion showed non-significant 
effect as compared to control.  
In addition, sub-chronic treatment with high dose of 
olanzapine and both doses of OLZ-SLN modulated 
the disturbance in neurotransmitter and amino acids 
in the studied brain areas but the effect of OLZ-SLN 
was more effective. In agreement with this result, 
Duncan et al. (Duncan et al., 2003) who reported that 
a high dose of OLZ (10 mg/kg b.w.) required for 
blocking the effects of ketamine completely than 
would be required if D2 and 5HT2 receptors blocking 
properties of the drug solely responsible for its action. 
The limited bioavailability of olanzapine in plasma 
reduced drug bioavailability in the brain.  
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The delivering of this drug to the brain poses a great 
challenge in crossing the blood brain barrier (BBB) 
(Natarajan et al., 2016). The possible mechanism of 
SLNs in considering the factor of drug penetration 
into BBB might be the over coating of drug-loaded 
SLN with polysorbate 80 led to the adsorption of 
apolipoprotein E of plasma onto the nanoparticle 
surface. These coated particles behave as LDL 
particles; it could interact with LDL receptors and 
initiated their uptake by endothelial cells. 
Subsequently, either released drug might diffuse into 
brain cells or the particles might be transcytosis 
(Natarajan et al., 2016). 
The IHC expression of BCL-2 supported the 
biochemical results. Zuo et al. (Zuo et al., 2016) 
revealed that ketamine stimulate neuronal apoptosis 
through down regulation of Bcl-2 expression . On the 
other hand, the groups of rats treated with high dose 
OLZ and SLNS elevated the levels of BCL-2 in 
cortex and hippocampus areas. Olanzapine protected 
schizophrenic brains from progressive hippocampal 
atrophy with unclear mechanisms (Li et al., 2016) and 
SLN form increased its protective effect.  
The study extended to evaluate the adverse effects of 
olanzapine and SLNS on liver enzymes, lipid profile 
parameters and MDA. The result revealed that the 
sub chronic treatment with OLZ and SLNS showed 
no significant effect on liver enzymes and lipid 
profile parameters while treatment with low and high 
doses of olanzapine caused a significant elevation in 
MDA level in a dose dependant manner.  
SLN enhance oral bioavailability of highly lipophilic 
drugs by accessing to systemic circulation via 
lymphatic route hence preventing their first pass 
metabolism so its effect on liver and other organs 
decreased (Reddy & Shariff, 2013). 
 
CONCLUSION 
 
These novel findings suggest that sub-chronic 
treatment of OLZ- SLNS (0.5; 1 mg/kg b.w) before 
ketamine (25 mg/kg) inhibited the ket-induced 
apoptosis (in the frontal cortex and hippocampus). 
Accompanied behavioral abnormalities were 
attenuated by inhibiting ket-induced increase in 
glutamate, dopamine and serotonin levels. The 
nanoform increased OLZ solubility that enhances oral 
bioavailability and offers the lipid coat that targets 
BBB.  In addition, SLNS protect liver tissues from 
oxidative stress. 
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Table 1: The effects of   ketamine (25 mg/kg b.w.) 
alone or incombination with low and high doses (0.5, 
1 mg/kg b.w. respectively) of OLZ and OLZ- SLN on 
liver enzyme (ALT, AST), lipid profile (s. Ch,  S.TG, 
HDL, LDL) and lipid peroxide (MDA). 
Fig. 1: characterization of OLZ-SLN, A: showing 
Polydispersity index (PDI) values and particle 
distribution by number. B: showing image of OLZ-
SLN by Transmission electron microscope (TEM)  
Fig. 2: The effects of   ketamine (25 mg/kg b.w.) 
alone or in combination with OLZ and OLZ- SLN 
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(0.5, 1 mg/kg b.w) on behavioral tests, a. open field 
test, b. passive avoidance test.  
Fig. 3: The effects of   ketamine (25 mg/kg b.w.) 
alone or incombination with low and high doses (0.5, 
1 mg/kg b.w. respectively) of OLZ and OLZ- SLN on 
monoamines (a- serotonin, b- dopamine) in the brain 
frontal cortex and hippocampus of treated rats.  
Fig. 4: The effects of   ketamine (25 mg/kg b.w.) 
alone or incombination with low and high doses (0.5, 
1 mg/kg b.w. respectively) of OLZ and OLZ- SLN on 
excitatory (a- glutamate) and inhibitory amino acid 
(b- GABA) in the brain frontal cortex and 
hippocampus of treated rats.  
Fig. 5: Immunohistochemical staining of BCL-2 in 
hippocampus of rat  from different groups. (light 
microscope, ×100). Cells with  brown membranes are 

positive (arrows). A) con group showing strong 
expression, b) ket group showing negative 
expression, c) ket+L-olz group showing weak 
expression, d), H.olz group showing moderate 
expression, e)L-sln group showing strong expression, 
f) H-sln group showing strong expression. 
Fig. 6:  Immunohistochemical staining of BCL-2 in 
frontal cortex  of  rat  from different groups. (light 
microscope, ×400). Cells with  brown membranes are 
positive (arrows). A) con group showing strong 
expression, b) ket group showing weak expression, c) 
ket+L-olz group  showing weak expression, d), H.olz 
group showing moderate expression, e)L-sln group 
showing strong expression, f) H-sln group showing 
strong expression. 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 


