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Introduction
Schizophrenia, a psychiatric disorder, typically emerges 
during a later stage of adolescence or early phase of 
adulthood.[1] In Schizophrenia, cognitive impairment 
is a prominent feature characterized by dysfunction 
in learning, memory, verbal f luency, impairment in 
processing speed, and executive function.[2,3] Additionally, 
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Schizophrenia is a severe neuro-developmental psychiatric disorder. Curcumin is a polyphenolic 
compound extracted from turmeric. It is known for its antioxidant, anti-inflammatory, neuroprotective, 
and precognitive properties. The purpose of the current study was to evaluate the role of curcumin in 
scopolamine-induced cognitive impairment in an animal model of schizophrenia. The elevated plus-maze 
test was utilised to study the curcumin effect on learning and memory. Curcumin (100 mg/kg, i.p.) was 
administered daily for 28 days in animals. Behavioral tests such as transfer latency (TL) and spontaneous 
alteration behavior was assessed after the last dose of curcumin on the 28th day, followed by biochemical 
estimations. The present study reported that curcumin showed an anti-amnesic effect in animal models 
of cognitive impairment of schizophrenia. Curcumin reduced the TL compared to a toxic control group 
(scopolamine per se) (p <0.001) in elevated plus-maze. In a spontaneous alteration behavior test, curcumin 
significantly increased percentage alteration and possible alteration as compared to the toxic control 
group ([p <0.001). A significant change in acetylcholinesterase activity, nitrate, and oxidative parameters 
was observed, thus, confirming its anti acetylcholinesterase, NOS (nitric oxide synthase) inhibition and 
antioxidant properties (p <0.05). The present study put forward the claim of curcumin as a new and 
safer therapeutic alternative for the treatment of cognitive impairment in Schizophrenia. The underlying 
mechanism of this potential effect may be related to anticholinesterase and nitric oxide synthase inhibition 
activity of curcumin. Further research is warranted for confirming the suggested pathways accountable 
for memory alleviating effects of curcumin in Schizophrenia.
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A B S T R A C TA R T I C L E  I N F O

impairment in cognition impacts the patient’s quality of 
life by interfering in the performance of daily activities, 
vocational status, and acquisition of psychosocial skills. To 
recover the quality of life in patients of psychotic illness, 
it is necessary to identify and minimize the causes which 
aggravate cognitive deficits.[4]

Over the last half-century, the current medications for 
schizophrenia have improved significantly; however, the 
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challenges with the newer atypical antipsychotics remain 
enormous. Many antipsychotics showed anticholinergic 
properties and failed to balance neurochemical alteration 
due to dopaminergic and cholinergic axis attributed to 
schizophrenia.[5]

Cognitive impairment is associated with cholinergic 
dysfunctions such as attention and memory deficit and 
executive dysfunction.[6] Cholinergic hyperactivity is 
reported even in the prodromal phase of schizophrenia, 
which led to downgraded acetylcholine (ACh) levels that 
cause cognitive dysfunction as well as behavioral and 
psychological symptoms in schizophrenia. Degradation 
of acetylcholine leads to inflammation in central as well 
as peripheral nervous systems, which, in turn, increases 
central and peripheral AChE activity.[7] Nitric oxide 
(NO) is intra and intercellular signaling molecule in 
the brain, which is responsible for the mechanisms of 
synaptic plasticity in the hippocampal synapses and is 
vital in cognition.[8] The excess production in nitric oxide 
might be a contributing factor to the pathogenesis of  
schizophrenia.[9] 

Curcumin, also known as turmeric (diferuloylmethane) 
[1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5- 
dione] is a natural polyphenolic compound from the 
powdered extract of a plant rhizome Curcuma longa 
(family Zingiberaceae).[10] Curcumin is well acknowledged 
for antiseptic, anti-oxidant, and anti-inf lammatory 
pharmacological properties. Curcumin is a potent anti-
oxidant even when administered at a lower dose and acts 
by targeting various sources, causing oxidative stress. In 
addition, curcumin acts as a scavenger of free radicals, 
including superoxide, hydroxyl, and peroxyl radicals.[11] 
Curcumin is also known for its role of inhibiting iNOS (an 
inducible form of NOS), which is a catalyst in NO production 
along with inhibiting NO-based free radicals like NO and 
peroxynitrite.[12,13] Curcumin can be a potential agent for 
preventing and treating neurodegenerative disorders both 
NO and microglial cell-mediated ones.[14,15] Additionally, 
it also exhibits anti-acetylcholinesterase activity.[16,17] 

There are very few studies that report the effects of 
curcumin in treating psychiatric disorders except the ones 
which are confined to stress and depression. After critically 
reviewing properties of anti-inflammatory, antioxidant, 
iNOS inhibition, and anti acetylcholinesterase properties 
of curcumin, which hold promise in ameliorating cognitive 
impairment, our study evaluated curcumin’s role in animal 
models of cognitive impairment for schizophrenia induced 
by scopolamine.

Materials and Methods

Animals
Central animal house of Monad University provided 
required mice strain (swiss albino) with a weight of 25–35 
mg then all animals were acclimatized in the environment 
of the University Animal House. The light-dark cycle of 12 

hours was given with free access to food (pellet feed and 
water) to each animal for the entire duration of the study 
(28 days). A protocol of the current study was permitted 
by the Animal Ethics Committee, Monad University 
(Registration no. 1933/PO/Re/S/17CPCSEA), with 
project code no. ARFC/SOP/IAEC/15/18-19. All animals 
were taken care of in accordance with committee for the 
purpose of control and supervision of experiments on 
animals (CPCSEA) guidelines of the Department of Animal 
Welfare, India. Study animals were arranged in different 
groups. Every experimental group had six animals each.

Drugs and Chemicals
Test drug (curcumin) and drugs of toxic control (sco-
polamine) were purchased in pure form by Sigma Aldrich 
(USA). On the day of drug administration, peanut oil was 
used as a vehicle for curcumin to get desired concentra-
tion for study (100 mg/kg, p.o.). Other drugs to be used 
in the study were prepared in normal saline to get the 
required concentration. The analytical grade chemicals 
and reagents were used in the present study.

Methodology
In the present study, five groups with six animals in each 
group were formed. Groups were formed as peanut oil-
treated mice in group I, normal control saline-treated 
mice in group II, scopolamine treated as toxic control in 
group III, curcumin per se treated mice in group IV, and 
co-administration of curcumin with scopolamine treated 
mice in group V. The dose of curcumin was selected in 
accordance with preliminary experiments. Both curcumin 
(100 mg/kg) and scopolamine (0.5 mg/kg, p.o.) was 
given through intraperitoneal (i.p.) route. The treatment 
schedule of curcumin was daily for 28 days, while 
scopolamine was administered as a single dose on the last 
day of study (28th day). All the behavioral experiments 
were executed on the last day of study, 1-hour after the 
last dose of study drug. After behavioral tests, animals 
were sacrificed as per the CPCSEA guidelines, followed by 
the removal of mice brains for biochemical examinations.

Elevated Plus-maze Test
This test is an effective and validated animal model 
to assess the drugs showing potential in learning and 
memory. The framework of model was made with acrylic 
resin, consisted of two closed arms in 5 × 30 × 15 cm 
dimensions and two open arms in 5 × 30 cm dimensions 
facing each other. The entire main framework of the 
apparatus was elevated above the f loor at height of  
40 cm. The closed arms were given black color while 
open arms and central platform were given white color 
and cellophane cover. In an elevated plus-maze test, an 
acquisition trial and retention trial was performed on 
day 1 and day 2, respectively, at the same time. In the 
acquisition trial, each experimental animal was kept gently 
at one end of open arms in a direction, which faces away 
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from the central platform of a maze. Then, TL, which is time 
taken by each animal to enter any closed arms was noted. 
All mice were permitted to walk around every arm of 
plus-maze individually for 150 seconds. If the mice did not 
explore the closed arm within a time of 90 seconds in the 
acquisition trial, they were given physical motivation to do 
so on the back with a gentle push for an extra 60 seconds. 
In such a situation, only 90 seconds were recorded as TL. 
After 24 hours of acquisition trial, a retention trial was 
executed in a similar manner, and the same time on day 1 
and TL was recorded again. In retention trial on day 2, if 
the mice did not explore the any of the two closed arms in 
the time limit of 90 seconds, then the trial was terminated 
with a reading of 90 seconds as TL.[18] The present study 
conducted these experiments between 11:00 am and  
3:00 pm in a semi-sound proof room with dim lighting.

Spontaneous Alternation Behavior 
Spontaneous alternation behavior method (SAB) was 
performed to assess the effect of study drug on short-
term memory in accordance with spatial orientation and 
perception in a plus-maze.[19] Each mouse was placed 
individually in a plus-maze apparatus. The framework of 
maze was constructed with grey painted wood at 85 cm 
height and consisted of a central platform with dimensions 
of 25 cm diameter with four radiated and symmetrical 
arms of 55 cm long × 10 cm wide dimensions and walls 
of 12 cm. Each experimental animal was kept gently at 
the central platform of the maze and then allowed to 
pass through the maze freely for a total of 12 mins. The 
total number of entries and its order were noted after the 
experiment for each animal. In SAB, the entry of mice into 
any of four different arms of a maze on an overlapping 
quintuple set of the sequence was defined as an alteration. 
A quintuple set was made up of five consecutive arm choices 
of mice within the total count of a set of arm selection. A 
quintuple with arm selection A, B, A, C, D was measured as 
an alternation of mice, while the set consisting A, B, A, C, 
B was not considered as alternation of mice. Further, the 
total number of arm entries minus four were assumed as 
possible alternation sequence. In accordance with these 
assumptions, the percentage of alternation is equivalent 
to the ratio of actual alternation and possible alternation 
multiplied by a hundred.

Biochemical Parameters

Estimation of Brain Acetylcholinesterase (AChE) 
Brains of mice were taken out by the decapitation method. 
The brain of each mouse was weighed and then kept at a 
temperature of -70°C. The present study assessed brain 
AChE activity in accordance with the method demonstrated 
by Ellman et al. 1961.[20] Brain tissue with known weight 
was homogenized in sucrose solution (0.32 M) to form a 
homogenate of 10%. Further, this homogenate was then 
subjected to a series of centrifugation with different rpm 

and time but under a constant temperature of 4°C. The 
first centrifugation was at 3000 rpm for 15 minutes; then 
another centrifugation was carried out at 10,000 rpm for  
10 minutes. After that, 1% of post mitochondrial supernatant 
was prepared by blending 1 mL of supernatant with 9 m: of 
sucrose solution. A mixture of 2.7 mL of phosphate buffer, 
0.1 mL of DTNB, and 0.1 mL of PMS was used to form test 
samples. The reaction mixture was kept in a cuvette with 
caution and then carried out 5 minutes of pre-incubation. 
In the end, acetyl thiocholine iodide in a volume of 0.1 mL 
was included in the mixture to start the final reaction. 
Absorbance was recorded immediately at 412 nm for 
every 1-minute interval for 3 minutes. The present study 
assessed concentrations of protein utilizing the standard 
of purified bovine serum albumin in accordance with the 
method demonstrated by Lowry et al. 1951.[21]

Nitric Oxide Synthase (NOS) Activity 
The present study incubated preserved whole brains 
in cell-culture media and assessed nitrate levels in 
accordance with the principles of Griess reagent reaction. 
Once the incubation period finished, 45 μL of the Grace’s 
Medium was transferred into the first set of centrifuge 
tubes subsequent to each group from the microtiter wells. 
NADPH and nitrate reductase were included to transform 
nitrates to nitrites. After that, gentle centrifugation at 
8,175 x g was carried out for two minutes. A 30 μL of the 
supernatant was taken out from the centrifuge tubes of 
the first set into the corresponding tubes of the second 
set. At the end of the assay, griess reagent was mixed in 
a ratio of 1:1, followed by incubation of 5 to 10 minutes. 
Assay was performed with a microplate reader at 540 nm 
wavelength with a reference wavelength of 620 nm.[22,23].

Thiobarbituric Acid Reactive Substances (TBARS)
Tissue homogenate (10%) was prepared and suspension 
medium (1 mL) was pipetted out from supernatants of 
the prepared tissue homogenate. Then centrifugation 
was carried out at a speed of 10,000 rpm. In the collected 
supernatant, 0.5 mL of 30% TCA was added. After 
that 0.5 mL of 0.8%, TBA was also added. All the tubes 
were enclosed by aluminum foil and then put it gently 
in a trembling water bath for about 30 minutes at a 
temperature of 80°C. Then tubes were removed from 
water bath followed by keeping in water (ice-cold) for 
about 10 minutes. After that, centrifugation was carried 
out again at a speed of 3,000 rpm for about 15 minutes. The 
supernatant was collected, and then its absorbance was 
recorded against a blank, which is consist of distilled water 
(1.0 mL), TBA (0.5 mL), and TCA (0.5 mL), at a wavelength 
of 540 nm at room temperature.[24] 

Glutathione (GSH)
The brain tissue of mice was homogenized in 0.02 M of 
EDTA (6%). Then we mixed 4 mL of distilled water in 5 mL 
of this homogenate followed by mixing 1 mL of 50% TCA. 
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After that, all tubes were shaken to mix all constituents 
for at least 10–15 minutes. After this, all tubes were 
centrifuged at a speed of 300 rpm for only 1-minute. Then, 
we mixed 2 mL of supernatant with 0.1 mL DTNB and  
0.4 M tris buffer (4 mL) at pH 8.9. After that, absorbance 
was recorded immediately or within 5 minutes of the 
DTNB addition at a wavelength of 410 nm against a blank 
reagent without any homogenate.[25] 

Catalase
A tissue homogenate (10%) of the mice brain was prepared 
in 2 mL potassium phosphate buffer with pH 7.4 followed 
by centrifugation of homogenate for 15 minutes at  
3,000 rpm. The supernatant was collected, and catalase 
activity was measured in it. After that 2.95 mL of H2O2  
(19 mM) was kept in a cuvette. Further, cytosolic 
supernatant (0.05 ml) was added to the mixturekept in a 
cuvette, and then a change in absorbance noted at 240 nm 
for 3 minutes on 1-minute interval.[26] 

Statistical Analysis
All data has been demonstrated as mean ± SEM. We 
performed statistical analysis through Graph pad 
software. Analysis of variance (ANOVA) was utilized for 
evaluating the means of group then a test of Dunnett’s 
multiple comparisons was utilized to assess the variation 
among groups. A p-value of ≤ 0.05 was marked as 
statistically significant.

Results

Curcumin’s Effect on Transfer Latency
The present study assessed TL on days 1 and 2 after 
scopolamine administration (0.5 mg/kg, i.p.) and recorded 
a TL prolongation in comparison to control groups 
on both days. Further, it was reported that curcumin 

administration (100 mg/kg, i.p.) showed a reduction 
in TL on day 2 in comparison to TL recorded on day 1. 
Concurrent administration of curcumin and scopolamine 
also exhibited a significant reduction in transfer latency in 
comparison to scopolamine per se (toxic control) on both 
days 1 and 2 (p < 0.001) (Table 1).

Effect of Curcumin on Spontaneous Alteration 
Behaviour 
It was reported that, scopolamine (0.5 mg/kg) reduced 
percentage and possible alteration significantly in 
comparison to control groups (p <0.001). Curcumin 
per se group (100 mg/kg, i.p) administration showed 
an increase in percentage alteration but did not reach a 
significant level in comparison to control groups. Further, 
curcumin per se effect on possible alteration was also non-
significant as compared to control groups, but concurrent 
administration of curcumin and scopolamine significantly 
increased percentage alteration and possible alteration in 
comparison to a group of toxic control (p < 0.001) (Table 2).

Effect of Curcumin on Acetylcholinesterase Levels 
The present study reported that scopolamine per se  
(0.5 mg/kg) displayed an increase in AchE levels 
significantly when compared to control (p <0.05). Curcumin 
per se group (100 mg/kg, i.p) displayed a decrease in ACLE 
level when compared to control (p <0.05). Administering 
curcumin concurrently with scopolamine also displayed a 
decrease in level of AChE significantly when compared to 
toxic control, scopolamine (p <0.05) (Fig. 1).

Curcumin’s Effect on Nitrite Levels
The present study reported a decrease in nitrite levels 
significantly in the curcumin group in an elevated plus-
maze model in comparison to the vehicle control (p < 0.05). 
Further, concurrent curcumin administration (100 mg/kg) 

Table 1: Curcumin’s effect on transfer latency 

Group no. (n = 6) Drugs Dosage (mg/kg)
TL (sec)
Day 1 Day 2

I Peanut oil 1 mL 24.01 ± 2.72 10.21 ± 0.35 
II Saline 1 mL 22.32 ± 1.66 9.14 ± 0.49 
III SCOP 0.5 54.37 ± 5.16***,@@@ 46.43 ± 3.6 ***,@@@

IV Curcumin per se 100 26.38 ± 1.88 12.78 ± 2.23 
V Curcumin + SCOP 100 + 0.5 42.33 ± 5.78***,@@@,### 31.76 ± 4.45***,@@@,###

SCOP: Scopolamine. Data were demonstrated as mean ± SEM. Significance value: * p < 0.05, *** p < 0.001 (vs. vehicle control, peanut oil). @ 
p < 0.05, @@@ p < 0.001 (vehicle control, saline). # p < 0.05, ### p < 0.001 (vs. toxic control, scopolamine)

Table 2: Curcumin’s effect on spontaneous alteration behavior 
Group no. (n = 6) Drugs Dosage (mg/kg) %  Alteration  Possible alteration (sec)
I Peanut oil 1 mL 47.42 ± 4.15 29.13 ± 2.5 
II Saline 1 mL 48.77 ± 3.71 30.56 ± 2.2 
III SCOP 0.5 27.37 ± 1.79***,@@@ 11.27 ± 0.18***,@@@

IV Curcumin per se 100 52.49 ± 7.24 24.43 ± 2.2,

V Curcumin + SCOP 100 + 0.5 39.78 ± 5.68***,@@@,### 17.36 ± 1.09***,@@@,##

SCOP: Scopolamine. Data was demonstrated as mean ± SEM. Significance value: * p < 0.05, *** p < 0.001 (vs. vehicle control, peanut oil).  
@p < 0.05, @@@p < 0.001 (vehicle control, saline). # p < 0.05, ##p < 0.01, ### p < 0.001 (vs. toxic control, scopolamine)
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with toxic control scopolamine (0.5 mg/kg) attenuated the 
plasma nitrite levels significantly in comparison to toxic 
control (p < 0.001) (Fig. 2).

Curcumin’s Effect on TBARS, GSH, and Catalase 
Levels 
The present study reported a significant reduction in 
TBARS level but an increase in GSH and catalase levels in 
the curcumin group (100 mg/kg) (p < 0.05). Scopolamine 
(0.5 mg/kg) with curcumin group also significantly 
reduced TBARS levels but increased GSH and catalase 
levels in comparison to toxic control (p < 0.05) (Fig. 3).

Discussion
In this study, we evaluated the potential role of curcumin 
on cognitive impairment induced by scopolamine in an 
elevated plus-maze model and reported its anti-amnesic 
effect in schizophrenia.

Scopolamine is a muscarinic cholinergic antagonist 
that acts by blocking muscarinic receptors along with 
the impairment of long-term potentiation and the central 
cholinergic system. In animal models, scopolamine has 
been widely used for creating disruption in memory and 
learning.[27,28] 

In the present study, scopolamine increased the 
TL compared to the group treated with vehicle in the 
elevated plus-maze test. Ameliorating effects of our test 
drug curcumin in learning and memory are implicated 
through its action of reducing the prolonged transfer 
latency induced by scopolamine in elevated plus-maze 
test. Our study reported that these behavioral results 
might be associated with a reduction in AChE activity due 
to curcumin in mice brain.

Our study also adopted SAB as one of the determinants 
of memory in line with a previous study.[19] In this 
elevated plus maze test, animals treated with scopolamine 
demonstrated a reduction in percentage alteration as 
compared to animals treated with vehicle. Pre-treatment 
with curcumin displayed an increase in percentage 
alteration significantly when compared to the vehicle 
control group who were treated with peanut oil confirming 
curcumin’s anti-amnesic effects.

A recent animal study also reported that curcumin 
prevented disruption of memory retrieval induced by 
scopolamine by restoring Akt and GSK dephosphorylation.[29] 
The current study showed an association of anti-amnesic 
effect of curcumin with its AChE inhibitory activity 
in line with a previous animal study reporting latent 
inhibition induced by scopolamine prevented by an AChE  
inhibitor.[30] 

The potential of NO in learning and memory function 
is well known. Imbalance of NO in the brains may result 
in cognitive impairment.[31] Also, in our present study, 
we planned to evaluate curcumin’s role as an inhibitor 
of NO synthase in cognitive impairment in elevated plus-
maze test induced by scopolamine. This study reported 
an ameliorative effect of curcumin in line with a previous 
study wherein another NOS inhibitor, and thymoquinone 
improved cognitive impairment.[32] 

It was reported that L-NAME, a NOS inhibitor, antagonized 
MK-801, and ketamine-induced memory impairment.[33] 
Another animal study discussed morphine-induced memory 
impairment and the facilitation of retrieval. It linked it with the 
release or decreased synthesis of NO, which can be neutralized 
by NO synthase substrate.[34] 

As per a new dissertation, schizophrenic rats can 
regain normal functioning of brain if drugs that reduce the 
NO production in the brain are administered.[35]

Fig. 1: Curcumin’s effect on acetylcholinesterase activity 
CUR: Curcumin; SCOP: Scopolamine. Data were demonstrated 

as mean ± SEM. Significance value: *p <0.05 (vs. vehicle control, 
peanut oil). @p <0.05 (vehicle control, saline). # p <0.05 (vs. toxic 

control, scopolamine)

Fig. 2: Curcumin’s effect on nitrite levels 
CUR: Curcumin; SCOP: Scopolamine. Data were demonstrated 

as mean ± SEM. Significance value: *p < 0.05 (vs. vehicle control, 
peanut oil). @p < 0.05 (vehicle control, saline). #p < 0.05,  

###p < 0.001 (vs. toxic control, scopolamine)

Fig. 3: Curcumin’s effect on TBARS, GSH and CAT levels 
CUR: Curcumin; SCOP: Scopolamine. Data were demonstrated as 

mean ± SEM. Significance value: *p < 0.05, **p < 0.01, ***p < 0.001 
(vs. vehicle control, peanut oil). @p < 0.05, @@p < 0.01, @@@p < 0.001 

(vehicle control, saline). #p < 0.05, ##p < 0.01 (vs. toxic control, 
scopolamine)
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In an earlier preclinical study, curcumin has displayed 
neuroprotective, antioxidant, anti-inflammatory, as well 
as procognitive properties.[36] Amelioration of cognitive 
impairment by curcumin reported in the present study 
is consistent with the findings of previous preclinical 
studies.[37-39] 

Various clinical studies have reported ameliorative 
actions of curcumin on attention, memory, and cognitive 
decline in many diseases where cognitive impairment is 
the main feature.[40-42] Also, a recent systematic review 
has reported that curcumin improves serum brain-
derived neurotrophic factor (BDNF) in both males and  
females.[43]

Till date, few clinical studies assessed the effectiveness of 
add-on curcumin treatment in schizophrenic patients. [44,45] 
The results of our study are in-line with the findings of a 
recent clinical trial conducted to evaluate the effectiveness 
of curcumin in patients with schizophrenia as an add-on 
therapy.[46] Therefore, further studies with varying doses 
of curcumin need to be conducted to evaluate its effect on 
the animal models of schizophrenia.

Findings of the present study put forward the 
claim that curcumin can be used for treating cognitive 
impairment in schizophrenic patients. Also, the current 
study suggests the importance of cholinergic dysfunctions 
and role of NO in the etiology of schizophrenia which might 
be accountable for anti-amnesic effects of curcumin.

Conclusion
Promising results from the present study suggested that 
curcumin may improve cognitive impairment. Curcumin 
can be a novel and safer therapeutic alternative for 
managing and treating schizophrenia. This may be related 
to an underlying mechanism of anticholinesterase and NO 
synthase inhibition activity of curcumin. Further studies 
are necessary for clarifying the suggested pathways 
accountable for memory retentive effects of curcumin in 
schizophrenia.
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