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Abstract: Background: Sodium Benzoate (SB) significantly improved positive, negative, and cognitive symptoms as
add on treatment in schizophrenia. Olanzapine (Ola), the most effective atypical antipsychotic drug, has been linked
to hepatic steatosis, acute kidney injury, reproductive side effects and poor effect on negative symptoms in some
patients. Goals: is to compare the efficacy and check the safety of long-term monotherapy with SB 0.01 mg/Kg ver-
sus Ola on male cognitive, memory, hepatic, renal and testicular functions in rat model of schizophrenia. Methods:
48 young adult male rats were divided into 6 groups; C: control; O: received Ola; SB: received SB; K: received single
IP ketamine (Ket) injection; K+0O: received Ola and Ket and K+SB: received SB and Ket. Ola and SB given orally for
3 or 10 weeks for behavioral or serological studies respectively. We measured activities of daily life (ADL), spatial
learning and memory in radial arm water maze (RAWM), serum parameters of hepatic, renal and testicular func-
tions. Results: Both Ola and SB significantly improved hoarding and burrowing, caused significant decrease in time
to reach target (TRT), working memory errors (WME) in K+O and K+SB groups compared to K group. Ola caused
significant increase in ALT, AST and creatinine and decrease in serum LH, testosterone compared to controls. SB
caused significant rise in serum LH, ALT, AST and decrease in protein and albumin compared to both C and O groups.
Conclusion: Both Ola and SB improved ADL, cognitive and memory functions. Although SB saved testicular and renal
functions, it worsened liver function compared to Ola.

Keywords: Schizophrenia, olanzapine (ola), sodium benzoate (sb), radial arm water maze (RAWM), activities of
daily life (ADL), testis, liver, kidney

Introduction

Schizophrenia is considered as one of the most
disabling diseases socially and economically
that affect about 1% of the population [1]. The
most accepted two theories that explain the
pathogenesis of schizophrenia are the dopa-
mine and glutamate hypotheses [2]. Olanzapine
(Ola) has been proved to be one of the most
effective second-generation antipsychotics
that block serotonin 5HT2A and dopamine
receptors [3]. However, the use of Ola has been
linked to several side effects as weight gain,
hepatic steatosis, metabolic syndrome and
gonadal dysfunction [4, 5]. Moreover, it has
poor effect on management of negative and

cognitive symptoms of some schizophrenia
patients [6]. Glutamatergic antipsychotics that
modulate NMDARs have sparked a new hope in
treatment of schizophrenia [1].

Sodium benzoate is D-amino acid oxidase (DAO)
inhibitor and considered as relatively safe natu-
ral food and drug preservative by FDA. The role
of DAO, an enzyme that catabolizes D-amino
acids, has been investigated in many psychiat-
ric diseases particularly schizophrenia [7].
D-amino acids act as allosteric modulator
of N-methyl-D-aspartate receptors (NMDARS)
whose hypofunction is implicated in the patho-
physiology of schizophrenia [8]. The disturbed
genetic expression of NMDAR in patients as
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well as the ability of NMDAR antagonists to
cause psychotic manifestation in previously
stabilized patients or healthy volunteers rein-
forced the hypothesis of NMDAR malfunction in
schizophrenia [9]. Elevation of D-amino acids
either by exogenous administration [10] or by
increasing their endogenous levels using reup-
take inhibitors or inhibiting their catabo-
lism could modulate NMDAR function [11].
Randomized double blind placebo-controlled
trials showed that SB was effective as an adju-
vant therapy in controlling the negative symp-
toms of refractory schizophrenia [12, 13]. The
central goal of the current study is to compare
the efficacy and check the safety of systemic
administration of very small dose SB (0.01 mg/
Kg) as monotherapy versus Ola on male daily
life activities, cognitive, spatial learning and
memory functions in ketamine-induced rat
model schizophrenia. In the chronic study we
investigated the possible toxicity of both drugs
on hepatic, renal and testicular function.

Methods
Drugs and chemicals

Sodium benzoate was manufactured by Bayer
(AG Kaiser-Wilhelm-Allee 51373 Leverkusen
Germany, 500 mg dissolved in 500 ml distilled
water) and given at concentration of 0.01 mg/
Kg/day for 10 weeks. Olanzapine was manu-
factured by Multi-Apex for Pharmaceutical
Industries (S.A.E.-Badr City-Egypt). Each tab of
Ola 10 mg was mashed and dissolved in 10 ml
DW and given at dose (1 mg/kg/day) by gavage
for 10 weeks [14]. Ketamine hydrochloride
injection (USP ROTEX MEDICA, TRITTAU, Ger-
many; ampoule 10 ml at 50 mg/ml) was given
as single IP injection of Ket (25 mg/Kg) half an
hour before the behavioral test [15].

Animal model

Forty-eight young adult male Albino Wistar rats
(80-150 gm) were obtained from the Animal
Core Facility, Assiut University, Assiut, Egypt.
Rats were transported to Physiology lab 1 week
before start of treatment for habituation. They
were kept under 12 hr light/dark cycle and
25°C with free access to food and water (Ad
Libitum). All experiments were carried out in
strict accordance with the applicable national
and international guidelines. The protocol was
approved by the Local Experimental Ethical
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Committee at Deanship of Scientific Research
of Assiut University, Assiut, Egypt. All surgery
was done under ketamine anesthesia, and all
efforts were made to minimize suffering.

Experimental design of research

Rats were used for two regimen protocols;
behavioral subacute study starting from the
third week of treatment including 30 rats and
chronic ten weeks study including 18 rats
intended for serological examination. In the
serological study, animals were divided into
three groups; (C) group served as control
received DW; (O) group received Ola 1 mg/Kg;
(SB) group: received SB 0.01 mg/Kg; treatment
given orally daily by gavage for 10 weeks. In the
behavioral study rats were divided into three
groups 10 animals each and subjected to
behavioral tests starting from the third week of
treatment; K: received ketamine 25 mg/Kg as
single IP injection 30 min before the test; K+O:
received Ola and single Ket injection; K+SB
group: received SB and single Ket injection. The
behavior group was tested twice before and
after administration of Ket.

Behavioral tests

Radial arm water maze (RAWM): The RAWM is
composed of six arms, made of stainless steel
with an open central area, diameter 50-55 cm,
the length of the arm was 30-35 cm and the
width was 13-15 cm. The depth of the water
maze was about 70 cm and the height of the
pedestal 62.5 cm. Water level was 1 cm above
the pedestal and the inside of the water maze
as well as the pedestal were painted black. The
rats were tested over three days (15 trials
each); the goal arm is held constant for all trials
of the same day, with a different start arm on
successive trials. Ketamine was given as single
dose 30 min before testing on the third day.
Three parameters were calculated time to
reach target (TRT), working memory error
(WME) and reference memory error (RME) for
each trial. Entering an incorrect arm for the first
time was considered as RME and entering
incorrect arm twice was calculated as WME.
The first day was for training and not included in
the scoring. TRT and memory errors were aver-
aged across three successive trials and pre-
sented in 5 blocks on the second and third day
and named as (C, O and SB on the second day
and as K, K+0 and K+SB on the third day) [16].
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Activities of daily life: Rat were subjected to one
week of habituation at which the rats were test-
ed in groups to enhance learning. Testing was
done for each rat separately for hoarding and
burrowing [17].

Burrowing: A tube with elevated front end and
closed back end filled with 800 gm of sand was
put in the home cage 3 hours before the dark
phase. The amount of the sand burrowed was
measured the next morning by weighing the
tube at the beginning of the test and the next
morning.

Hoarding: Rats were fasted during the day time
and allowed an access to 100 gm of food pellet
during night only through wire meshed tubes
that were connected to their home cages
through doors. We measured the amount of the
collected food the next morning.

Biochemical parameters

After 12 hours fasting at the end of 10 weeks,
rats in all groups were anaesthetized with ket-
amine (50 mg/Kg). Blood samples were col-
lected, and serum was separated by centrifuga-
tion at 3000 rpm for 10 minutes and stored at
-20°C for further biochemical analysis. Serum
luteinizing hormone (LH) and follicle stimulating
hormone (FSH) were estimated using ELISA (LH
Kit Cat. No PT-LH_96 and FSH Kit Cat. No.
PT-FSH-96, Pishtaz Teb Diagnostics, JTC Dia-
gnosemittel UG Schulweg 8 D-34516 Voehl/
Germany). Serum alanine transaminase (ALT)
and aspartate transaminase (AST) were esti-
mated using ELISA kits (GPT/ALT FL IFCC and
GOT/AST FL IFCC; Chema Diagnostica, Via
Campania 2/4 60030 Monsano (AN)-ITALY-EU).
Serum free testosterone was estimated using
ELIZA (DBC testosterone Kit Cat. No. CAN-
TE-250; version 5.1; Diagnostic Biochem
Canada Inc., 41 Byron Ave, Dorchester, Ontario,
Canada, NOL 1G2) and following manufacture
instructions. Absorbance was read using
Automated ELIZA plate reader (Robonite-
Readwell-India).

Albumin was estimated using Spectrum
Diagnostics albumin reagent (Cat. No 211
001). Total protein was estimated using
Spectrum Diagnostics total protein reagent
(Cat. No 310001), both from Egyptian Company
of Biotechnology (S.A.E., Obour city industrial
area. Block 20008, piece 19A. Cairo. Egypt).
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Serum urea was estimated using Berthelot.
Enzymatic colorimetric (Cat. No 2 x 100 ml);
serum creatinine was estimated using Jaffe.
Colorimetric-kinetic (Cat. No 2 x 100 ml), both
from Diamond Diagnostics, D-P International
Head Office: 23 EI-Montzh St., Heliopplis, Cairo,
Egypt. All biochemical analysis was done
following the manufacture instructions and
using Auto Biochemistry analyzer (Robonite
Prietest-touch-India).

Statistical analysis

GraphPad Prism 5 (GraphPad Software Inc., La
Jolla, CA, USA) was used for data analysis. Data
were presented as mean += SEM. Data were
compared among groups using One Way ANOVA
or Two-Way ANOVA with Bonferroni Multiple
Comparison as posthoc test as appropriate. A
(P) value of less than 0.05 was considered to
represent a statistically significant difference.

Results

Effect of olanzapine (Ola) vs sodium benzoate
(SB) on burrowing and hoarding behavior in rat
model of ketamine (Ket)-induced schizophre-
nia

We found that Ket caused significant reduction
in the amount of sand burrowed (P<0.001) and
the amount of food hoarded in K group com-
pared to C group (P<0.001) (Figure 1A, 1B). Ola
caused significant rise in the amount of sand
burrowed (P<0.001) (Figure 1A) and the
amount of food hoarded (P<0.01) (Figure 1B) in
K+O group compared to K group. SB caused
significant rise in the amount of sand burrowed
(P<0.001) (Figure 1A) and the amount of food
hoarded (P<0.05) (Figure 1B) in K+SB groups
compared to K group. Insignificant difference
between C, O, SB, K+O and K+SB groups was
found (P>0.05) (Figure 1A, 1B).

Effect of olanzapine vs sodium benzoate on
ketamine (Ket)-induced impaired performance
in radial arm water maze (RAWM)

The present study showed significant decrease
in time to reach target (TRT) in K+O and K+SB
compared to K group (P<0.05) (Figure 2A).
Significant decrease in working memory errors
(WME) in K+0 and K+SB compared to K group
found (P<0.05) (Figure 2B). Moreover, compari-
son within each group demonstrated significant
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Figure 1. Effect of olanzapine (Ola) vs sodium benzoate (SB) on activities of daily life in rat model of ketamine (Ket)-
induced schizophrenia. A: Burrowing; B: Hoarding behavior; data represent mean + standard error (M £ SEM); C:
control group; O: olanzapine group; SB: sodium benzoate group; K: Ket group; K+0: Ket+0la; K+SB: Ket+SB; One
Way ANOVA with Bonferroni Multiple Comparison posthoc test ***P<0.001; +++P<0.001; **P<0.01; ###P<0.001;
#P<0.05; &&P<0.01; (*) P value of K vs C, (&) P value of K vs O or SB groups; (+) P value of K vs K+0 group; (#) P
value of K vs K+SB; P value of <.05 is considered significant; N = 10 in each group.
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Figure 2. Effect of olanzapine (Ola) vs sodium benzoate (SB) on rat perfor-
mance in radial arm water maze (RAWM). A: Time to reach target (TRT); B:
Working memory errors (WME); C: Reference memory errors (RME); data
represent mean * standard error (M + SEM); C: control group; O: Ola group;
SB: SB group; K: Ket group; K+0: Ket+Ola; K+SB: Ket+SB; Two-way ANOVA
with Bonferroni Multiple Comparison posthoc test; [TRT: (+) P value of K vs
C (B1, B5), K vs O, K+0O or K+SB (B2-5) & K vs SB (B3-5); (*) P value of C vs
0, K+0 or K+SB (B1,B2)]; WME: [(+) P value of K vs C, SB, K+SB or K+0 (B4,
B5) & K vs O (B2-B5)]; RME: [(+) P value of K+SB vs C or K (B1)]; *P<0.05;
+P<0.05; P value of <.05 is considered significant; N = 10 in each group.

decrease in TRT and WME with successive tri-
als in all the studied groups except K group
(Figure 2A, 2B). Significant improvement in ref-
erence memory errors (RME) with increasing
number of trials in all the studied groups includ-
ing ketamine group shown (Figure 2C).
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group (P<0.001) with time and
insignificant difference in TBW
in between groups (P>0.05)
(Figure 3A). We found signifi-
cant decrease in mean rela-
tive testicular weight of O
group compared to C group
(P<0.01), significant differ-
ence in testicular weight
between O group and SB
(P<0.05) and insignificant dif-
ference in testicular weight
between C and SB groups
(Figure 3B). Insignificant dif-
ference in mean relative liver
weight between the three
groups demonstrated (Figure
3B). Significant decrease in
relative brain weight of O
group compared to C group
(P<0.01), significant differ-
ence in brain weight between O group and SB
(P<0.05) and insignificant difference in brain
weight between C and SB groups found (Figure
3B). Significant decrease in mean relative kid-
ney weight of O group compared to C group
and insignificant difference in kidney weight
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Figure 3. Effect of olanzapine versus sodium benzoate on total body weight
and relative organ weight of male albino rat. Data represent mean + stan-
dard error (M £ SEM); C: control group; O: olanzapine group; SB: sodium ben-
zoate group; A: % change in total body weight (%TBW = final weight/original
weight*100); B: % relative organ weight = organ weight/TBW*100); One Way
ANOVA with Bonferroni’s Multiple Comparison posthoc test ###P<0.001;
**P<0.01; +P<0.05; (#) P value of final TBW vs original TBW; (*) P value of
Ola group vs C group; (+) P value of O group vs SB group; P value of <.05 is
considered significant; N = 6 in each group.
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Figure 4. Olanzapine versus sodium benzoate effect on serum level of; (A)
Alanine transaminase (ALT) & aspartate transaminase (AST); (B) Total pro-
tein (Tp) & albumin (alb); (C) Serum urea and (D) serum creatinine of male
albino rat. Data represent mean * standard error (M = SEM); C: control
group; O: olanzapine group; SB: sodium benzoate group; ANOVA with Bonfer-
roni’'s Multiple Comparison posthoc test ***P<0.001; **P<0.01; *P<0.05;
+++P<0.001; ++P<0.01; +P<0.05; (*) P value of Ola or SB groups vs C
group; (+) P value of Ola group vs SB group; P value of <.05 is considered
significant; N = 6 in each group.

AST (P<0.05) in O group com-
pared to C group, significant
rise of serum level of ALT
(P<0.001) and AST (P<0.001)
in SB group compared to C
group and significant differ-
ence in ALT (P<0.01) and AST
(P<0.001) between SB and O
groups (Figure 4A). Significant
decrease in serum total pro-
tein level in SB group com-
pared to both C (P<0.001) and
O (P<0.01) groups and signifi-
cant decrease in serum albu-
min level in SB group com-
pared to both C (P<0.01) and
O (P<0.05) groups (Figure
4B). Insignificant difference in
serum urea level between the
three studied groups (C, O and
SB groups) found (Figure 4C).
Significant rise in serum cre-
atinine level (P<0.001) in O
group compared to both C and
SB groups and insignificant
difference in serum creatinine
level between Cand SB groups
shown (Figure 4D).

Effect of chronic treatment of
olanzapine and sodium ben-
zoate on testicular function

We found insignificant differ-
ence in serum FSH between
the three studied groups C, O
and SB (Figure 5). Significant
decrease in serum LH level in
O group (P<0.001) compared
to both C and SB groups and
significant rise in serum LH in
SB group (P<0.01) compared
C group demonstrated (Figure
5). Significant decrease in
serum free testosterone level
in O group compared to both C

between of SB group compared to C or O groups
(P>0.05) (Figure 3B).

Effect of chronic treatment of olanzapine and
sodium benzoate on liver and kidney functions

The current work showed significant rise of
serum level of liver enzymes ALT (P<0.05) and
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group (P<0.01) and SB group (P<0.05) shown
(Figure 5).

Discussion

Several previous studies reported impaired
community interaction, ability to get employed
and lead independent life in patients with
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Figure 5. Olanzapine versus sodium benzoate effect
on serum level of luteinizing hormone (LH), follicle
stimulating hormone (FSH) and free testosterone
(Ftes) of male albino rats. Data represent mean +
standard error (M = SEM); C: control group; O: olan-
zapine group; SB: sodium benzoate group; One
Way ANOVA with Bonferroni’s Multiple Comparison
posthoc test ***P<0.001; **P<0.01; +++P<0.001;
+P<0.05; (*) P value of O or SB groups vs C group;
(+) P value of Ola group vs SB group; P value of <.05
is considered significant; N = 6 in each group.

schizophrenia [18]. Loss of ability to do daily
usual tasks is as important as cognitive disabil-
ity that imposes socioeconomic burden in psy-
chotic patients. Activity of daily life tests in
rodents such as burrowing, and hoarding are
considered as good indicator of development of
animal model as well as testing the efficacy of
pharmacological agents [19]. Up to our knowl-
edge, no previous study showed the effect of
SB or Ola on ADL and/or Ket-induced deficit in
those tests in rodents. The current work showed
that Ket caused significant reduction in the
amount of sand burrowed and food hoarded in
K group compared to C group. Both Ola and SB
caused significant rise in the amount of sand
burrowed as well as the amount of food hoard-
ed compared to K group. Insignificant differ-
ence between C, O, SB, K+0O and K+SB groups
was found.

Most previous studies used dry radial arm
maze (RAM) or Morris water maze (MWM) tasks
to evaluate spatial learning and memory func-
tion of the brain. Previous study demonstrated
impaired working memory in delayed non-
match to sample (DNMS) task and normal spa-
tial memory in MWM with Ola treatment at a
dose of 7.5 mg/Kg daily from postnatal day 28
to day 49 in rats [20]. Another study indicated
that oral daily treatment with Ola 5-10 mg/Kg
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for 2-8 weeks impaired acquisition concerning
earlier sessions that improved with repetition
and reduced swim speeds in MWM, delayed
non-match-to-position trials in the RAM, and
decreased activity in open field assessment
[24]. Up to our knowledge, no previous study
tested effect of SB or Ola on Ket-induced
changes of rat performance in RAWM. The
present work demonstrated that both Ola and
SB caused significant improvement in spatial
learning, memory and cognitive function in
RAWM. The results of the present study showed
that co administration of both Ola+Ket and
SB+Ket significantly reduced the latency to
reach the pedestal (TRT) and working memory
errors (WME) compared to administration of
Ket alone. Moreover, comparison within each
group demonstrated significant decrease in
TRT and WME with more trials in all the studied
groups except Ket group. Significant improve-
ment in reference memory errors (RME) with
trials in all the studied groups including ket-
amine group was found.

In line with our results, previous study reported
that Ola at dose range of 0.4-1.25 mg/kg
improved the cognitive and memory functions
and reduced the MK-801-induced working
memory errors in RAM task [14]. Another study
reported improvement of learning and memory
in novel object recognition task, Barnez maze
and T maze in mice model of Alzheimer’s dis-
ease treated with 200 mg/Kg cinnamon verum
for 2 months [22]. They reported that cinnamon
verum induced sharp peak of its metabolite SB
in hippocampus after 7 days of treatment. It
was reported that DAO knockout mice showed
better performance in Morris water maze
(MWM) with peripherally located platform and
worse performance with centrally located one
[23]. On the other hand, recent study in mice
reported impaired memory performance and
increased oxidative stress with oral administra-
tion of SB at (0.56, 1.125, and 2.25 mg/ml) in
the drinking water for 4 weeks using rotarod
test, shuttle box and step-down test [24]. Those
conflicting results may be explained on the
base of dose difference as well as different test
protocol. We may speculate that the effect of
SB and Ola was dose sensitive since using Ola
in small dose around 1 mg/Kg improved cogni-
tive and memory function in the previous
studies.

Int J Physiol Pathophysiol Pharmacol 2019;11(2):21-30
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Previous studies showed conflicting results on
changes in body weight with Ola and SB admin-
istration in rodents. We found that administra-
tion of Ola at a dose of 1 mg/Kg for 10 weeks
caused insignificant change in weight gain and
significant decrease in mean relative testicular,
kidney and brain weights compared to control.
Administration of SB at a dose of 0.01 mg/Kg
for 10 weeks caused insignificant change in
weight gain and relative organ weight com-
pared to control. We found significant differ-
ence in testicular, and brain weights between O
group and SB group. In line with us, recent
study showed insignificant change in percent
weight gain in male rats compared to controls
with 5 mg/Kg Ola treatment for 8 weeks [25].
However, the same study reported significant
decrease in percent weight gain with higher
doses 10-15 mg/Kg on the next 4 to 6 weeks
of continued Ola treatment. A more recent
study on female rats demonstrated significant
increase in body weight compared to controls
with 4 mg/Kg Ola administered for 28 days
[26]. Supporting the current study, recent study
showed insignificant change in weight gain with
100 mg/Kg SB administration for 28 days in
male rats [27]. However, most of the previous
toxicology studies of SB in rodents reported sig-
nificant reduction in body weight gain com-
pared to controls with dose range from 25 to
400 mg/Kg [28, 29]. These conflicting results
may be explained by sex, dose and time differ-
ence of SB or Ola treatment.

Several clinical studies and case reports esti-
mated elevation of serum transaminases with
Ola treatment [30, 31]. The current study
showed that administration of Ola at a dose of
1 mg/Kg for 10 weeks caused significant
increase in serum alanine transaminase (ALT),
aspartate transaminase (AST) and insignificant
change in serum total protein (Tp) and albumin
(Alb) levels compared to controls. Previous
study of us showed that Ola administration
caused significant rise of serum transaminases
in female rats [32]. In contrast to us, another
study reported insignificant change in serum
transaminases with the administration of 5, 10
and 15 mg/Kg Ola for 14 weeks duration in
rats [25].

Administration of SB at a dose of 0.01 mg/Kg
for 10 weeks caused significant further rise in
serum ALT and AST levels compared to C or O
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groups and significant decrease in serum total
protein and albumin. Supporting us, previous
study reported significant rise in ALT and AST
and decrease in serum Alb level with the use of
SB (25, 100 and 400 mg/Kg) for 28 days in
rats [29]. Another study demonstrated signifi-
cant rise of serum transaminases with SB 30,
60 and 120 mg/kg that was given every other
day for 14 days [33].

This study showed that Ola at 1 mg/Kg for 10
weeks treatment caused deleterious effects on
the kidney as it decreased significantly the kid-
ney weight and increased serum creatinine
level compared to C and SB groups. In line with
this result, previous study of about 200,000
older adults reported 2-fold increased risk for
acute kidney injury within 90 days of Ola admin-
istration [34]. Several case reports showed
that the acute use of atypical antipsychotic
drugs (AADs) such as Ola induced chronic inter-
stitial nephritis or renal affection [35, 36].

Our results showed insignificant difference in
kidney weight and serum creatinine with SB
administration. In agreement with us, previous
old study in rats reported that SB given at
doses ranging between 0.016-1.09 g/kg for 30
days with diet didn’'t cause any side effects
[37]. However, most previous toxicity studies
that used higher doses of SB (100-1350 mg/
Kg) reported rise in serum urea and/or creati-
nine that was dose dependent [29, 38].

Electronic searching study using data from
1291 patients with schizophrenia showed that
Ola may cause more rise of prolactin and
thence, impaired testicular function if com-
pared to other AADs except risperidone [4]. In
contrast, another study reported that the mean
serum FSH, LH and testosterone levels does
not significantly change after 8 weeks of treat-
ment with Ola if compared to their initial evalu-
ation done after 3 weeks of the start of treat-
ment [5]. The current study showed that Ola
caused significant decrease in serum LH, Ftes
compared to C and SB groups. In line with us,
previous study in female rats reported signifi-
cant rise of serum prolactin, disruption of
estrous cycle, increased food intake, weight
gain and insulin resistance after 21 days of oral
administration of Ola 10 mg/Kg [39]. Another
study reported trend toward low reproductive
hormones with prolactin elevation in both
males and females treated with antipsychotic
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drugs (APDs) [40]. Taken together, the rise in
serum prolactin causes disturbance in gonado-
tropin secretion resulting in impaired gonadal
function.

We found that SB caused significant rise in
serum LH and insignificant change in FSH and
Ftes compared to both control and Ola groups.
In agreement with us, recent study showed
insignificant change in circulating total testos-
terone with 100 mg/Kg SB for 28 days in rats,
however, it significantly decreased serum FSH
and LH levels [27]. A recent clinical review
reported several benefits of sodium benzoate
in treatment of neuropsychiatric diseases
including schizophrenia and recommended low
dose as high dose may have negative effect on
brain neurochemistry as well as other organ
functions [41]. Therefore, we may speculate
that the apparently conflicting results may be
explained on the base of dose difference
between the current study and others. Finally,
further long-term studies using small doses in
animals and humans are needed to prove the
efficacy and safety of those drugs in treatment
of psychotic disorders.

Conclusion

This study provides evidence for the efficacy of
sodium benzoate as monotherapy in very small
dose on cognitive, spatial learning and memory
functions of the brain as well as its safety
except on liver function when compared with
the standard AAD (olanzapine). In contrast to
most of previous studies, the current work pro-
vides an evidence for the efficacy of small dose
of Ola on cognitive, spatial learning and memo-
ry functions of the brain. Although more studies
are needed to validate our findings, the current
work not only reinforces the chronic side effects
of Ola on hepatic, renal and testicular functions
but also encourages investigating safety and
efficacy of smaller dose of Ola in the microgram
range and searching for prophylactic preventive
measures or using novel DAO inhibitors that
have less hepatic toxicity.
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