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steatosis in rat model of schizophrenia 

Ghada S Mahmoud, Heba EM El-Deek

Departments of 1Medical Physiology, 2Pathology, Faculty of Medicine, Assiut University, Assiut, Egypt

Received April 10, 2019; Accepted May 19, 2019; Epub June 15, 2019; Published June 30, 2019

Abstract: Background: Melatonin (Mel) has lower levels and can be used as monotherapy in schizophrenia. Mel alle-
viated liver steatosis induced by atypical antipsychotics. Goals: To investigate Mel effect as monotherapy and addon 
treatment on ketamine-induced behavioral changes in rat schizophrenia model and olanzapine (Ola)-induced meta-
bolic derangement. Methods: 24 male rats divided into four groups; C: control; O: Ola; OM: Ola plus Mel and M: Mel. 
All groups treated orally daily for 25 days. We measured activities of daily life (ADL) and rat performance in radial 
arm water maze (RAWM) before and after ketamine (Ket) injection, serum level of liver enzymes, lipoproteins, sugar, 
inflammatory markers and liver histopathology. Results: Ket significantly reduced burrowing and hoarding behavior, 
increased working memory errors (WME) and time to reach target (TRT). Ola antagonized the deleterious effects 
of Ket on ADL, WME and TRT. Mel monotherapy significantly reduced burrowing and doesn’t affect hoarding, WME 
or TRT in RAWM. Significant rise in ALT, AST, IL-1 beta, IL-6, IL-10, TNF-alpha, LDL, TGs and hepatic steatosis score 
(HSS) in O compared to C group. Co administration of Mel significantly decreased ALT, AST, IL-1 beta, IL-6 and TNF 
alpha. Insignificant difference in IL-10, TGs or LDL and significant improvement in HSS in OM compared to O group. 
Insignificant change in HDL or blood sugar in both O and OM groups compared to C group detected. Conclusion: 
Although ineffective as monotherapy, Mel co administration provides promising natural way to improve Ola-induced 
hepatic derangement in psychotic disorders. 

Keywords: Schizophrenia, olanzapine (Ola), melatonin (Mel), radial arm water maze (RAWM), activities of daily life 
(ADL), liver steatosis

Introduction

Schizophrenia is chronic cognitive disease wh- 
ose etiology is multifactorial and not well under-
stood. The role of melatonin (Mel) in treatment 
of schizophrenia is based on lower night con-
centration of this natural hormone in schizo-
phrenia, its use as biological marker and the 
use of pineal extracts in treatment of dementia 
[1]. However, previous research reported con-
troversy about concentration of Mel in schizo-
phrenia or the effect of antipsychotic drugs on 
Mel level [2]. Moreover, Mel used to treat sleep 
disorders in schizophrenia and prevent meta-
bolic complication of olanzapine (Ola) in pati- 
ents with acute disease onset [3]. Recent study 
reported that Mel alleviated liver steatosis and 
cirrhosis through its anti-inflammatory and anti-
oxidant properties [4].

However, previous studies highlighted that the 
protective effect of Mel is more significantly 
higher in bipolar disorder than schizophrenia 
patients and recommended further studies in 
this concern [5, 6]. Most of the previous studies 
used Mel in a dose rang of (10-20 mg/Kg IP) [7, 
8]. One old study showed that Mel augmented 
phenobarbitone-induced sleep at a dose of 20 
mg/Kg IP in both mice and rats [9]. The central 
goal of the current study is to investigate Mel 
effect as monotherapy and addon treatment on 
ketamine-induced behavioral changes of rat 
schizophrenia model using tests of daily life 
activities (ADL) and radial arm water maze (RA- 
WM). Moreover, the present work tested the 
effect of Mel on Ola-induced metabolic deran- 
gement and hepatic steatosis. We measured 
serum level of liver enzymes; alanine transami-
nase (ALT) and aspartate transaminase (AST), 
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inflammatory cytokines (IL-1 beta, IL-6, TNF-
alpha and IL-10), parameters of dyslipidemia 
(LDL, HDL, TGs), serum sugar and histopatho-
logical steatosis score. 

Methods

Drugs and chemicals

Melatonin (Mel Product No. 7903 (n-Acetyl-
5-Methoxy tryptamine) purchased from Puri- 
tan’s Pride Egypt © 2019, (http://www.puri-
tanspride.com.eg/) 24 mg mashed and dis-
solved in 24 ml distilled water freshly prepared 
and given at concentration of 10 mg/Kg/day 
orally daily by gavage for 25 days [10]. Olan- 
zapine (Ola 10 mg tablet purchased from S.A.E., 
Badr City, Egypt 3018010101). The tab of Ola 
mashed and dissolved in 10 ml distilled water 
and given at dose of 1 mg/kg/day orally by 
gavage for 25 days [11]. Ketamine hydrochlo-
ride ampoule (Ket 10 ml at 50 mg/ml injection; 
Batch No. 10194, USP Rotex Medica, Trittau) 
was given as single IP injection of 20 mg/Kg 30 
minutes before behavioral testing [12]. 

Animal grouping and experimental approach

Twenty-four young adult male Albino rats (125-
225 gm) purchased from and kept at Assiut 
University Animal Core Facility, Assiut, Egypt. 
Rats were transported to Physiology lab one 
hour before behavioral testing. They were kept 
under temperature of 25°C, 12 hr light/dark 
cycle, normal rat chow and water Ad Libitum 
except for hoarding experiment. All applicable 
national and international guidelines were fol-
lowed strictly. The protocol was approved by 
the Local Ethical Committee of Assiut Univer- 
sity, Assiut, Egypt. Surgery was done under ket-

amine anesthesia, and all efforts were made to 
minimize suffering. 

Rats divided into four groups six animals each; 
C group: control received distilled water; O 
group: treated with Ola (1 mg/Kg); OM group: 
received Ola (1 mg/Kg) plus Mel (10 mg/Kg) 
and M group: received Mel (10 mg/Kg) only. 
Treatment administered by gavage for 25 days 
in the early morning time between 8-10 am. 
Behavioral testing started 1 week after onset 
of treatment. We measured rat performance in 
ADL and RAWM. Rats subjected to behavioral 
tests twice before and after IP injection of  
single dose of Ketamine (Ket) 20 mg/Kg IP half 
an hour before testing. The group names after 
ketamine injection reported as K: Ket; KO: Ket 
plus Ola; KM: Ket plus Mel; and KOM: Ket plus 
Ola plus Mel (Figure 1).

Behavioral tests

Radial arm water maze (RAWM): Rats were 
tested over fifteen trials repeated for three 
days. At the third day Ket (20 mg/Kg) injected 
IP half an hour before testing. In each trial, we 
calculated the time to reach the pedestal (TRT), 
working and reference memory error (WME and 
RME respectively). The average of three con-
secutive trials are presented as five blocks on 
each day and named (C, O, M, OM) on the first 
and second days and (K, KO, and KOM) on the 
third day [13]. 

Activities of daily life: Rats tested in groups dur-
ing habituation that was done on the first week 
of testing. On the second week rats tested sep-
arately for burrowing and hoarding [14].

Burrowing: We used tube filled with 800 gm of 
sand with elevated front end and closed back 

Figure 1. Schematic diagram of experimental work flow. C: control group; O: olanzapine group; M: melatonin group; 
OM: olanzapine plus melatonin group; ADL: activities of daily life testing (hoarding and burrowing); RAWM: radial arm 
water maze; N=6 rats in each group.
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end put in the home cage three hours before 
dark. The test results were calculated the next 
morning by weighing the tube at the beginning 
and the end of the test. 

Hoarding: Rats had an access to 100 gm of 
regular rat chow during the dark phase through 
long cylindrical wire tubes connected to their 
home cages and closed with doors during the 
daytime. Rats were fasted during the day time. 
The amount of food collected the next morning 
calculated by subtraction of the weight of the 
wired tubes at the beginning and the end of the 
test.

Biochemical parameters

At the end of the experiment, rats fasted for 
twelve hours and anaesthetized with ketamine 
(50 mg/Kg). Blood sampling and serum isola-
tion done and stored at -20°C for further analy-
sis. Serum alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) were dete- 
cted using ELISA kits (ALT FL IFCC and AST FL 
IFCC; purchased from Chema Diagnostica, 
www.chema.com). Serum Interleukin-1beta, In- 
terleukin-6, Interleukin-10 and TNF-alpha were 
determined using ELIZA kits; Rat IL-1 beta (Cat. 
No. K0331212); Rat IL-6 (Cat. No. K0331229); 
Rat IL-10 (Cat No. K0332134); Rat TNF-alpha 
(Cat No. K0331196) purchased from (Koma 
Biotech INC., www.komabiotech.com). Absor- 
bance was read using Automated ELIZA plate 
reader (Robonite-Readwell-India). Serum lipid 
profile detected using chemical methods low 
density lipoproteins (LDL-direct FL Cat No. DL 
F080 CH); high density lipoproteins (HDL-
Precipitating Reagent Cat. No. CD 040 CH); tri-
glycerides (Triglycerides FL Cat No. TR F100 
CH) and glucose level (Glucose FL Cat No. GL 
F400 CH) all purchased from (Chema Diag- 
nostica, www.chema.com). All biochemical 
analysis done following Manufacturer’s instruc-
tion and read using Biochemistry analyzer 
(Robonite Prietest-touch-India). 

Histopathology and scoring

After animal sacrifice liver samples were taken 
from six animals per group and fixed in 10% of 
neutral buffered formalin at room temperature 
for 24 h. At least three different sections were 
taken per liver and routinely processed and 
embedded in paraffin blocks for sectioning. 
Sections (4 µm thick) were de-waxed, stained 

with hematoxylin and eosin (H&E) according to 
standard protocol. At least five microscopic 
fields were evaluated at magnification (X400) 
to score the specimens. All sections were eval-
uated for degree of steatosis, pattern of steato-
sis (Micro or macrovacuolar), degree of portal 
inflammation, lobular inflammation, vascular 
congestion and hepatocyte necrosis. Each sp- 
ecimen was scored using a scale (0: none < 5%; 
1: mild 5-33%; 2: moderate 34-66%; 3: > 
severe 66%) for each criterion [15].

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 melatonin vs olanzapine on activi-
ties of daily life (ADL) in ketamine -induced rat 
model of schizophrenia

The current study showed that Mel monothera-
py significantly reduced burrowing and doesn’t 
affect hoarding. Mel addon to Ola was not 
superior to Ola alone in improving Ket-induced 
deterioration in hoarding behavior.

Effect of melatonin vs olanzapine on burrowing 
behavior in rat model of schizophrenia: We 
found significant reduction in the amount of 
sand burrowed in K group compared to C, O or 
KO groups (P<0.05). Significant reduction in the 
amount of sand burrowed in M group (P<0.001) 
compared to C, O and KO groups. Significant 
reduction in the amount of sand burrowed in 
KM group compared to C, O or KO groups 
(P<0.05). Insignificant difference in amount  
of sand burrowed between C, O, KO or KOM 
groups (P>0.05). Insignificant difference in 
amount of sand burrowed between M, K, KM or 
KOM groups (P>0.05) (Figure 2A).

Effect of melatonin vs olanzapine on hoarding 
behavior in rat model of schizophrenia: Signi- 
ficant reduction in the amount of food hoarded 
in K group compared to C (P<0.01), O (P<0.05) 
and KO (P<0.05) groups. Insignificant differ-
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ence in amount of food hoarded between C, O, 
KO, KOM, M or KM groups (P>0.05) (Figure 2B).

Effect of co administration of melatonin and 
olanzapine on rat performance in radial arm 
water maze (RAWM) 

The present work showed that Mel addon to Ola 
was not superior to Ola alone in improving the 
Ket-induced deterioration in rat performance in 
RAWM. 

Effect of co administration of melatonin and 
olanzapine on time to reach target (TRT) in rat 
model of schizophrenia: Significant decrease in 
time to reach target (TRT) in KO (P<0.01) and 
KOM (P<0.001) groups compared to K group  
on the third day. Insignificant difference in TRT 
between KO and KOM groups block 1-5  
(P>0.05) on the third day. Significant decrease 
in TRT in O (P<0.001) and OM (P<0.001) groups 
compared to C group in block 1 on the second 
day. Significant decrease in TRT in M group 
(P<0.05) and O group (P<0.001) compared to C 
group in block 2 on the second day. Significant 
decrease in TRT in O group (P<0.001) com-
pared to C group in block 1 on the first day 
(Figure 3A).

Effect of co administration of melatonin and 
olanzapine on working memory errors (WME) in 
rat model of schizophrenia: Significant de- 
crease in working memory errors (WME) in KO 
group (P<0.01) and KOM group (P<0.05) com-
pared to C group block 5 on the third day. 
Insignificant difference in WME between KO 
and KOM groups block 1-5 (P>0.05) on the 

phrenia: Insignificant difference in RME 
between K, KO or KOM blocks 1-5 on the third 
day. Significant difference between O group 
and M group (P<0.05) block 3 on the second 
day. Significant difference between C group 
and M group (P<0.05) block 2 on the first day 
(Figure 3C).

Effect of co administration of melatonin and 
olanzapine on serum level of liver enzymes, 
lipid profile and inflammatory cytokines

We found significant rise in ALT, AST, IL-1 beta, 
IL-6, IL-10, TNF-alpha, LDL and TGs in O group 
compared to controls. Co administration of Mel 
significantly decreased ALT, AST, IL-1 beta, IL-6 
and TNF alpha compared to Ola alone. In- 
significant difference in IL-10, TGs and LDL in 
OM group compared to O group was de- 
monstrated.

Effect of co administration of melatonin and 
olanzapine on serum level of liver enzymes: 
Significant rise of alanine transaminase (ALT) 
(P<0.001) and aspartate transaminase (AST) 
(P<0.01) in Ola group if compared with C gr- 
oup. Co administration of melatonin caused 
significant decrease in ALT (P<0.001) and AST 
(P<0.01) in OM group compared to O group. 
Insignificant difference in serum ALT and AST 
levels between OM group and C group (P> 
0.05) was found (Figure 4). 

Effect of co administration of melatonin and 
olanzapine on serum lipoproteins and sugar: 
Significant rise of low-density lipoproteins (LDL) 
(P<0.01) and triglycerides (P<0.001) in O group 

Figure 2. Effect of melatonin on activities of daily life (ADL). A: burrowing; B: 
hoarding; data represent mean ± standard error (M ± SEM); C: control group; 
O: olanzapine group; M: melatonin group; K: Ket; KO: Ket+Ola; KM: Ket+Mel; 
KOM: Ket+Ola+Mel; One-Way ANOVA with Bonferroni Multiple Comparison 
posthoc test; ***P<0.001; ++P<0.01; +P<0.05; #P<0.05; (*) P value of M vs C 
or O or KO; (+) P value of K vs C, O or KO; (#) P value of KM vs C, O or KO; P 
value of <.05 is considered significant; N=6 in each group.

third day. Significant decrease 
in WME in M and OM groups 
compared to C group (P< 
0.001) block 1 on the second 
day. Significant decrease in 
WME in O group compared to 
C group block 2 on the second 
day. Significant decrease in 
working memory errors in O, M 
and OM groups compared to C 
group (P<0.05) block 1 on the 
first day (Figure 3B). 

Effect of co administration  
of melatonin and olanzapine  
on reference memory errors 
(RME) in rat model of schizo-
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if compared with C group. Significant rise of 
LDL (P<0.001) and triglycerides (P<0.001) in 
OM group if compared with C group. Insignificant 
difference in serum high density lipoproteins 
(HDL) or sugar level between three studied gr- 
oups was obtained (P>0.05) (Figure 5). 

Effect of co administration of melatonin and 
olanzapine on serum level of inflammatory 
cytokine: Significant rise of IL-1β, IL-6, IL-10 and 
TNF-α in O group (P<0.001) if compared with C 
group. Co administration of melatonin caused 
significant decrease in IL-1β, IL-6 and TNF-α in 
OM groups compared to O group (P<0.001). 
Insignificant difference in serum IL-10 level 
between O and OM group was obtained (P> 
0.05). Significant rise in serum IL-1β, IL-6, IL-10 
levels in OM if compared with C group (P< 
0.001). Insignificant difference in TNF-α serum 

level in OM group when compared with C group 
(Figure 6). 

Effect of co administration of melatonin and 
olanzapine on liver histopathology and steato-
sis score

Significant rise hepatic damage score; steato-
sis, inflammatory infiltrate, congestion and 
necrosis in O group compared to controls. Co 
administration of Mel significantly decreased 
steatosis, congestion, cellular infiltration, ne- 
crosis and improved liver histopathology com-
pared to Ola alone. Microscopic examination of 
liver sections obtained from control rats (C 
group) revealed normal liver architecture with 
the hepatocytes arranged in one thick plate 
that radiated away from central vein towards 
portal tracts. The cell plates were separated by 

Figure 3. Effect of melatonin as addon treatment to olanzapine on rat performance 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; M: Mel group; K: Ket; KO: Ket+Ola; KOM: 
Ket+Ola+Mel; Two-way ANOVA with Bonferroni Multiple Comparison posthoc test; ***P<0.001; **P<0.01; *P<0.05; 
+++P<0.001; ++P<0.01; +P<0.05; ###P<0.001; ##P<0.01; #P<0.05; &P<0.05; (*) P of C vs O or K vs KO; (+) P of C vs M 
or K vs KM; (#) P of C vs OM or KO vs KOM; (&) P of O vs M; P value of <.05 is considered significant; N = 6 in each 
group.
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liver blood sinusoids in which blood flow from 
portal space to central vein. The hepatocytes 
appeared polygonal with acidophilic cytoplasm 
and large round vesicular nuclei and prominent 
nucleoli (Figure 8A). Microscopic examination 
of liver sections obtained from Ola treated 

group (O group) revealed significant degree of 
liver affection in comparison to the C group 
(P<0.001) and M group (P<0.001) (Table 1; 
Figure 7). The pathologic changes include high-
est degree of steatosis mainly macrovacuolar 
pattern (Figure 8B), marked dilation and con-
gestion of central vein and blood sinusoids 
(Figure 8C), lobular and portal inflammation 

Figure 4. Effect of co administration of melatonin 
(Mel) and olanzapine (Ola) on serum level of liver 
enzymes; data represent mean ± standard error (M 
± SEM); C: control group; O: olanzapine group: OM: 
olanzapine and melatonin group; alanine trans-
aminase (ALT); aspartate transaminase (AST); in-
ternational unit per liter (IU/L); One Way ANOVA 
with Bonferroni Multiple Comparison posthoc test; 
***P<0.001; **P<0.01; +++P<0.001; ++P<0.01; 
(*) P value of O vs C group; (+) P value of OM vs O 
group; P value of <.05 is considered significant; N=6 
in each group.

Figure 5. Effect of co administration of melatonin 
(Mel) and olanzapine (Ola) on serum lipoproteins and 
sugar levels; data represent mean ± standard error 
(M ± SEM); C: control group; O: Ola group: OM: Ola+ 
Mel group; low density lipoproteins (LDL); high den-
sity lipoproteins (HDL); triglycerides (TG); blood sugar 
(BS); milligram/deciliter (mg/dl); One Way ANOVA 
with Bonferroni Multiple Comparison posthoc test; 
***P<0.001; **P<0.01; (*) P value of O or OM vs C 
group; P value of <.05 is considered significant; N=6 
in each group.

Figure 6. Effect of co administration of melatonin 
(Mel) and olanzapine (Ola) on serum level of inflam-
matory cytokines; data represent mean ± standard 
error (M ± SEM); C: control group; O: Ola group: OM: 
Ola+Mel group; Interleukin 1 beta (IL-1β); interleukin 
6 (IL-6); interleukin 10 (IL-10); tumor necrosis factor 
alpha (TNF-α); Picogram/milliliter (pg/ml); One Way 
ANOVA with Bonferroni Multiple Comparison posthoc 
test; ***P<0.001; +++P<0.001; (*) P value of O or 
OM vs C group; (+) P value of OM vs O group; P value 
of <.05 is considered significant; N=6 in each group.

Figure 7. Comparison of mean histopathological 
changes in the four treated groups; data represent 
mean ± standard error (M ± SEM); C: control group; 
O: Ola group: OM: Ola+Mel group; M: Mel group; Se: 
steatosis; LI: lobular inflammation; PI: portal inflam-
mation; VC: venous congestion; Ne: necrosis; Scoring 
scale: (0: none, 1: mild, 2: moderate, and 3: severe). 
Two Way ANOVA with Bonferroni Multiple Comparison 
posthoc test; ***P<0.001; +++P<0.001; ++P<0.01; 
(*) P value of O vs C or M group; (+) P value of C vs 
OM group; P value of <.05 is considered significant; 
N=6 in each group.
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together with spotty necrosis of hepatocytes 
(Figure 8D and 8E). Microscopic examination of 
liver sections obtained from Ola plus Mel treat-
ed group (OM group) showed significant protec-
tion when compared to Ola treated group in  
the form of significant reduction in lobular and 
portal inflammation with less cellular infiltrate 
(P<0.001), decreased congestion of vascular 
structures, absence of macrovacuolar steato-
sis of hepatocytes (P<0.001) and less necrosis 

of food hoarded compared Ket alone, insignifi-
cant difference between K and KM gr- 
oups found. 

Up to our knowledge, no previous study tested 
the effect of Mel on burrowing or hoarding 
behavior in rodents. In line with our study, two 
previous studies highlighted that daily injection 
of Mel entrained the rhythm of free running in 
rats [17, 18]. They highlighted that Mel effect 

Figure 8. Photomicrographs of the liver stained with hematoxylin and eo-
sin. C: control group showing normal hepatocytes around the central vein (A 
×400). O: Ola group showing macrovacuolar steatosis and lobular hepatitis 
(B ×400), marked dilation and congestion of central vein and blood sinu-
soids (C ×200), spotty necrosis (straight arrow) (D ×400), portal tract expan-
sion by inflammatory cells (E ×400). OM: Ola plus Mel group; a significant 
protection was observed (F ×200 & G ×400). M: Mel group showed normal 
liver architecture with no obvious abnormality (H ×400).

(P<0.01) (Table 1; Figures 7, 
8F-G). Microscopic examina-Microscopic examina-
tion of liver sections obtained 
from Mel treated group (M 
group) showed normal liver 
architecture without signific- 
ant difference if compared to 
control group or OM group 
(P>0.05) (Table 1; Figures 7, 
8H).

Discussion

Previous studies highlighted 
the beneficial effect of Mel  
as antipsychotic drug in sc- 
hizophrenia specially in rear-
ing and stereotypical behavior 
[16]. In the present study we 
tested the effect of Mel mono-
therapy and addon treatment 
to Ola on ADL and RAWM tests 
in rat model of schizophrenia. 
We found that Ket significantly 
reduced the amount of sand 
burrowed and the amount of 
food hoarded compared to 
controls. Mel monotherapy 
caused significant reduction 
in the amount of sand bur-
rowed that matched the effect 
of Ket alone. Co-treatment of 
Ola and Ket significantly in- 
creased burrowing that match-
es controls. We found insigni- 
ficant difference in amount of 
sand burrowed between C, O, 
KO or KOM groups. Although 
Mel monotherapy decreased 
hoarding, it didn’t significantly 
affect it compared to controls 
or Ket groups. While co-admin-
istration of Ola and Ket signifi-
cantly increased the amount 
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on circadian rhythm was dose and time depen-
dent with higher effect when given at the time 
of activity and with doses higher than 20 mg/
Kg. Another study reported that the sedative 
effect of Mel was higher than 20 mg/Kg IP  
and motor incoordination on rotarod occurred 
at doses higher than 200 mg/Kg [9]. Moreover, 
Mel administration in rats at 2.5-10 mg/Kg sig-
nificantly increased both slow wave and para-
doxical sleep in dose dependent manner [19]. 
Previous study reported that Mel act as sero-
tonin receptor antagonist and its co administra-
tion with AAD may augment the negative symp-
toms of schizophrenia [20]. In the current work, 
we found that Mel 10 mg/Kg orally adminis-
tered in the morning time caused significant 
reduction in the burrowing and insignificant ten-
dency to decrease of hoarding behavior at dark 
phase. Therefore, we may speculate that Mel-
induced sedative effect or augmented negative 
symptoms hindered burrowing mainly but didn’t 
affect hoarding. 

Moreover, we tested the effect of Mel as mo- 
notherapy and addon treatment to Ola and Ket 
on rat performance in RAWM. We found signifi-
cant decrease in latency to pedestal and mem-
ory errors in all treated groups compared to 
ketamine group. Insignificant difference bet- 
ween C, M, O, OM groups on the first and sec-
ond days was found. Both Ola alone and Ola 
plus Mel significantly improved Ket-induced 
prolongation in TRT and increased WME on  
the third day. Insignificant difference in RME 
between groups was found on days 1, 2 or 3. 
Several studies reported the beneficial role  
of Mel monotherapy and addon treatment on 
cognitive and memory tasks in rodents [21]. 
However, no previous study examined the ef- 
fect of Mel as addon treatment to Ola in RAWM. 
We found that Mel monotherapy 10 mg/Kg 

effects of ethanol on spatial memory in Morris 
water maze (MWM) despite it significantly im- 
proved performance compared to controls [22]. 
Another study showed that Mel treatment 30 
mg/Kg IP for 10 days didn’t improve rat perfor-
mance in passive avoidance task in rat model 
of Alzheimer’s disease (AD) [23]. Moreover, it 
was reported that both Mel and vitamin E co 
administration improved streptozotocin-induc- 
ed deterioration of spatial memory of diabetic 
rats [24]. Taken together, we may speculate th- 
at Mel beneficial effect in the study Tuzcu and 
Baydas and in ours could be due to the effect of 
vitamin E or Ola respectively. 

In contrast to us, one study showed that mela-
tonin at 100 mg/kg orally daily for 4 weeks 
ameliorated sleep deprivation-induced memo-
ry deficit in RAWM test [25]. Another study re- 
ported that Mel administration delayed refer-
ence memory deterioration in RAWM, degener-
ation of hippocampus CA1 area and decreased 
beta amyloid accumulation in prefrontal cor- 
tex of rat model of Alzheimer’s disease [26]. 
Moreover, melatonin 10 mg/Kg IP for 12 days 
significantly improved performance of diabetic 
rats in spatial navigation memory task through 
its antioxidant effect [27]. This controversy 
might be explained based on the higher doses 
of Mel used or different animal models.

Previous studies highlighted the protective ef- 
fect of co administration of Mel and AAD on 
hepatic injury and metabolic syndrome that 
could be through improving sleep, anti-inflam-
matory, antioxidant or neuroprotective effect 
[28]. The present work showed significant re- 
duction in serum liver enzymes (ALT and AST) 
levels and liver histopathology with Mel plus 
Ola co administration compared Ola alone. 
Along with the present study, several previous 

Table 1. Comparison of mean histopathological changes in the four 
groups

Steatosis Lobular  
inflammation

Portal  
inflammation

Venous  
Congestion Necrosis

C 0.00±0.00 0.00±0.00 0.00±0.00 0.43±0.20 0.00±0.00
O 2.8±0.14a,b 2.7±0.18a,b 2.4±0.20a,b 2.43±0.20a 2.29±0.18a,c

OM 0.43±0.20 0.43±0.20 0.43±0.20 1.29±0.18 0.43±0.20
M 0.14±1.43 0.00±0.00 0.29±0.18 0.43±0.20 0.00±0.00
C: control; O: Ola; OM: Ola plus Mel; M: Mel; TWO WAY ANOVA with Bonferroni multiple 
comparison posthoc; aP<0.001 of O group vs C or M groups; bP<0.001 of O group vs 
OM group; cP<0.01 of O group vs OM group; N=6 in each group. 

didn’t improve performance 
in RAWM over control group 
or other groups. There was 
insignificant difference be- 
tween the effect of Ola al- 
one and Ola and Mel in 
antagonizing the Ket-indu- 
ced impaired spatial fun-
ction. Supporting us, it was 
reported that Mel monother-
apy (10 mg/Kg IP 15 min 
before ethanol injection) di- 
dn’t improve the deleterious 
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studies showed the protective effect of pre or 
post treatment with Mel on liver injury induced 
by toxins or pharmaceutical drugs including 
AAD in rodents [29]. A clinical study reported 
decreased liver enzymes particularly AST after 
six months of Mel treatment 5 mg twice daily  
in patients taking 20 mg daily dose of statins 
[30]. Previous literature reported improved li- 
pid profile with Mel administration. We found 
significant rise in LDL, TGs and insignificant 
change in HDL and blood sugar in both Ola  
and Ola plus Mel groups compared to controls. 
Insignificant difference between Ola and Ola 
plus Mel groups was found concerning the pre-
vious parameters. Supporting us, recent clini-
cal study reported that Mel as addon to AAD 
failed to correct lipid profile after 4 weeks of 
treatment, however, it significantly increased 
HDL, decreased blood pressure and fasting 
blood sugar after 8 weeks of treatment [31]. 
Another study reported that Mel administra- 
tion at doses of 2.5-20 mg/Kg for 6 weeks had 
insignificant effect on elevated plasma lipids, 
however, it reduced blood sugar and TGs, food 
and water intake in diabetic rats after 8 weeks 
of Mel administration [32]. An old study showed 
that daily injection of Mel 4 mg/Kg IP for 10 
days had insignificant effect on plasma lipopro-
teins and lipase activity in rats fed normal diet, 
however it decreased those parameters in high 
cholesterol diet fed rats [33]. In contrast, one 
study reported significant decrease in plasma 
LDL, TG, VLDL and increase in HDL with Mel 
treatment 10 mg/Kg for 30 days in high cho- 
lesterol fed rats [34]. It seems that Mel was 
effective at higher doses and longer duration of 
administration. Therefore, we suggest that the 
effect of Mel on plasma lipoproteins was dose, 
duration and model sensitive.

Previous studies reported the anti-inflammato-
ry effect of Mel whether induced by pharma-
ceutical drugs, ischemia reperfusion (IR) or dis-
ease. In the present study we found that Ola 
caused significant rise in IL-1beta, IL-6, TNF 
alpha and IL-10 levels compared to controls. 
Mel co-administration significantly decreased 
the proinflammatory cytokines IL1beta, IL-6, 
TNF-alpha, lobular and portal inflammation 
compared to Ola alone and significantly raised 
IL-10 compared to controls. Along our study, a 
previous study showed that Mel reduced signifi-
cantly plasma sugar and serum IL-6 in high 
sugar diet fed rats [35]. Another study reported 
that Mel administration at 10 mg/Kg IP half an 

hour and 70 min before hepatic IR decreased 
significantly IL1beta and increased IL1 recep-
tor antagonist expression in rats [36]. Another 
study reported that Mel 10 mg/kg injection 
immediately before renal IR significantly de- 
creased serum TNF-alpha and renal histopa-
thology damage [37]. Moreover, Mel at 25 
microg/ml in drinking water restored IL-4 and 
IL-10 levels and significantly reduced levels of 
IL-1β, IL-6, TNF-α, IFN-γ and CRP in high fat  
diet-induced rat model of metabolic syndrome 
[38]. Mel at 10 mg/Kg daily orally for 6 weeks 
significantly reduced IL-6, TNF-alpha, C reactive 
protein and oxidative stress in diabetic rats 
[39]. In addition, Mel injection at 25-50 mg/Kg 
half an hour before IR significantly decreased 
plasma TNF-alpha and increased IL-10 level in 
IR-induced pancreatitis [40]. 

The current study showed insignificant differ-
ence in TNF alpha between OM group and con-
trol group denoting complete restoration. How- 
ever, we found significant rise in IL-1beta and 
IL-6 in OM group compared to C group indicat-
ing partial correction. Although IL-10 was raised 
significantly in O and OM groups compared to  
C group, we didn’t find significant difference 
between O group and OM group denoting that 
Mel co administration was not superior to Ola 
alone in elevating the anti-inflammatory cyto-
kine IL-10. In contrast to us, most of the previ-
ous studies that used higher dose of Mel (10-
50 mg/Kg) as monotherapy reported signifi-
cant rise in the anti-inflammatory cytokine IL-10 
[35, 38, 40]. This controversy might be ex- 
plained by the higher dose of Mel or longer du- 
ration used in the previous studies. Collecti- 
vely, the present work provided an evidence for 
lack of effect of Mel as monotherapy in ket-
amine-induced rat model of schizophrenia. It 
also showed the beneficial effect of Mel as 
addon treatment to olanzapine in reducing he- 
patic steatosis and inflammation histologically 
as well as serologically. It was reported that 
olanzapine administration to rats caused re- 
duction in Mel secreted at night to almost half 
that was corrected by giving combined treat-
ment with Mel [41]. The correction of Mel level 
in the previous study was associated with sig-
nificant reduction in the weight gain and vis- 
ceral fat. Therefore, we encourage further clini-
cal as well as animal research using combined 
therapy of Mel and AAD to prove efficacy and 
safety of Mel as addon treatment in schi- 
zophrenia.
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Conclusion

Previous work raised the question of adminis-
tration of Mel as monotherapy and addon treat-
ment in schizophrenia. The central goal of the 
current study was to investigate the effect of 
oral administration of small dose of Mel as 
monotherapy and addon treatment to AAD, Ola, 
in rat model of Ket-induced schizophrenia. We 
found that Mel monotherapy significantly re- 
duced burrowing and doesn’t affect hoarding, 
WME or TRT in RAWM. Moreover, Mel addon to 
Ola was not superior to Ola alone in improving 
hoarding or RAWM tests. Significant rise in ALT, 
AST, IL-1 beta, IL-6, IL-10, TNF-alpha, LDL, TGs 
and hepatic steatosis and inflammatory infil-
trate and necrosis in O group compared to con-
trols. Co administration of Mel significantly de- 
creased ALT, AST, IL-1 beta, IL-6 and TNF alpha 
and improved liver histopathology compared to 
Ola alone. Insignificant difference in IL-10, TGs 
and LDL in OM group compared to O group. 
Although Mel was ineffective as monotherapy, 
its addon treatment to Ola significantly reduced 
the Ola-induced elevation in liver enzymes, 
inflammatory cytokines and improved hepatic 
steatosis. We recommend further animal stud-
ies using higher doses of Mel as well as clinical 
studies to prove the efficacy and safety of Mel 
as addon treatment in schizophrenia.
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