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ABSTRACT

Objective: The objective of this study was to determine the neuronal cell protective effect from kayu manis extract by inhibition activating active 
caspase-3 in Wistar rats lir psychotic-like behavior on haloperidol therapy.

Methods: An experimental in vivo study, an 8-week-old male Wistar rats (n=30) were used. Wistar rats were randomized into six groups. Group A: 
5 rats as control without induced psychosis-like behavior and aquadest or drugs. Group B: 5 rats were induced psychosis-like behavior (ketamine 
30 mg/kgBW, intraperitoneal for 5 days) and aquadest. Group C: 5 rats were induced psychosis-like behavior and haloperidol 0.5 mg/kgBW, per oral, 
28 days. Group D: 5 rats were induced psychosis-like behavior, haloperidol 0.5 mg/kgBW, and kayu manis extract 50 mg/kgBW, per oral, 28 days. 
Group E: 5 rats were induced psychosis-like behavior, haloperidol 0.5 mg/kgBW, and kayu manis extract 100 mg/kgBW, per oral, 28 days. Group F: 5 
rats were induced psychosis-like behavior, haloperidol 0.5 mg/kgBW, and kayu manis extract 200 mg/kgBW, per oral, 28 days. Negative symptoms 
of schizophrenia were assessed by social interactivity test pre and post. Apoptosis of neuronal cells in ventral tegmental area was assessed by 
immunohistochemistry of active caspase-3. The area stained was calculated as a percentage of total area within a field by program ImageJ.

Results: Active caspase-3 percentage area for group’s treatment with only haloperidol was more wide than groups treatment with combination 
haloperidol and kayu manis extract.

Conclusion: Kayu manis extract can protect neuronal cell death through inhibition activating of active caspase-3 in Wistar rats psychotic-like behavior 
on haloperidol therapy.
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INTRODUCTION

Psychotic is an acute symptoms of schizophrenia disorder. 
Schizophrenia is a psychiatric disorder that occurs in about 1% of 
world population. The influence of genetics is believed to play a role in 
psychiatric disorders, particularly when the disorder has occurred in 
young adults or teenagers. Clinical symptoms characterized by positive 
symptoms (delusions, hallucinations, disorganized thinking, speech, 
and behavior), negative symptoms (loss of motivation, withdrawal 
from social life and have poor social relationships), and cognitive 
deficits [1,2].

Haloperidol is one very common antipsychotic used in the treatment of 
schizophrenia disorder. Haloperidol is a first-generation antipsychotic, 
which works by blocking the dopamine 2 receptor activity, especially in 
the area of striatal and mesolimbic area. 2 dopamine receptor activation 
also activates β-arrestin-2 which inhibits the activity of Akt and GSK-
3protein increase [3]. GSK-3 is a signaling protein that plays a role in 
neuronal cell survival [3,4]. In case of inhibition of dopamine 2 receptor 
activity by antipsychotics will cause the activation of Akt and decreased 
activity of GSK-3 that will decrease neuronal cell survival and increase 
activity of caspase-3.

Cinnamomum burmannii (cassia, Indonesian cassia, cassia field) is one 
type of cinnamon. This species originated from Indonesia and Southeast 
Asia. In general, this plant is used as a spice, ornamental plants, as well as 
forest plants. C. burmannii bark that has an aromatic smell is so used as a 
spice (cinnamon), perfumes, and drugs. Cinnamon is helpful in treating 

METHODS

Plant materials
Kayu manis (C. burmannii) were collected from Gandus Plantation in 
Gandus District, Palembang, South Sumatera Province, Indonesia, in the 
month of August–September and were authenticated by the Indonesia 
Science Institute. The collected plant material was made free from 
foreign organic matter.

Preparation of aqueous combination extract
The collected kayu manis were washed, rinsed, blotted, sliced, and 
ground. The extraction process was carried out at 90°C for 15 min in 
ratio of plant-to-water 1:10. The extract was filtered, concentrated, and 
evaporated in rotary evaporator.

Animals and treatments
An 8-week-old male rats (Wistar rat) (weight, 150–200 g) were 
obtained from Laboratory of Animal Study, Faculty of Medicine 
Sriwijaya University, Palembang, Indonesia, with approval of the 
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dyslipidemia,  hyperglycemia,  and  inflammation.  Various flavonoids,  polyphenols,  alkaloids,  and  tannins  found  in  cinnamon  are  believed  to  provide  health  benefits  [5].  Proanthocyanidins  a  compound  which  are  contained  in  cinnamon  extract,  which  has  antioxidant  effects  that  are strong  enough  [6].  Proantosianidin  role  in  preventing  oxidative  stress in experimental  animals  gastrointestinal  mucosa  [7].  Proantosianidin  compounds  from  cinnamon  extract  useful  in  cell  apoptosis  inhibit  the  activity  of  astrocytes  and  neuronal  cells  in  ischemic conditions in vitro.
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Ethics Committee of Bioethics Unit (No. 231/kepkrsmhfkunsri/2017) 
Faculty of Medicine Sriwijaya University, Palembang, Indonesia. 
Rats were placed in cages with water and food provided ad libitum 
and temperature of 24°C–26°C. They were remained in auditory and 
olfactory contact with the other rats until use.

The study used 30 animals were randomized into six groups. Group A: 5 
rats as control without induced psychosis-like behavior and aquadest or 
drugs. Group B: 5 rats were induced psychosis-like behavior (ketamine 
30 mg/kgBW, intraperitoneal [i. p.] for 5 days) and aquadest. Group C: 
5 rats were induced psychosis-like behavior and haloperidol 0.5 mg/
kgBW, per oral, 28 days. Group D: 5 rats were induced psychosis-like 
behavior, haloperidol 0.5 mg/kgBW, and kayu manis extract 50 mg/
kgBW, per oral, 28 days. Group E: 5 rats were induced psychosis-like 
behavior, haloperidol 0.5 mg/kgBW, and kayu manis extract 100 mg/
kgBW, per oral, 28 days. Group F: 5 rats were induced psychosis-like 
behavior, haloperidol 0.5 mg/kgBW, and kayu manis extract 200 mg/
kgBW, per oral, 28 days.

Induction of psychosis
Saline or 30 mg/kg of ketamine was injected to animals by i. p. for 5 days.

The social interaction test (SIT)
The test apparatuses consisted of chambers containing pine shavings 
that were proportionally size for rats, 30 cm × 20 cm × 20 cm. Each 
test apparatus was divided into two equally sized compartments 
by a clear partition that contained an aperture,7 cm × 5 cm, to allow 
the movement of the animals between compartments. All testing 
procedures were conducted between 9:00 and 14:00 a.m. The animals 
were habituated to the test chamber and allowed to freely explore for 
15 min. A test animal was placed in one of the two compartments, and 
the percentage of time the rats spent in the compartment with the test 
animal was compared to the time spent in the compartment with the 
empty compartment for 15 min.

Histological procedures
Detection of active caspase-3 expression was performed with 
immunohistochemical technique. Animals were anesthetized by 
injection of ketamine, 60 mg/kg, i. p. and were perfused through the 
left ventricle. The animals had their chests opened and the perfusion 
through the left ventricle of the heart, within <1 min from chest opening. 
The perfusion buffer was used for only 2 min and was then followed 
by the perfusion fixative. The buffer solution contained 0.1% (w/v) 
Tris, 0.59% (w/v) calcium chloride, and 0.09% (w/v) sodium chloride. 
Perfusion fixative was contained 2% (v/v) paraformaldehyde, 2.5% 
(v/v) glutaraldehyde, 0.1% (w/v) Tris, 0.59% (w/v) calcium chloride, 
and 0.36% (w/v) sodium chloride, with the final solution pH adjusted 
to 7.5. The brains were removed from the skull did not take place at the 
end of perfusion but only 24 h later, to avoid dark cell artifacts.

Active caspase-3 immunohistochemistry
After 24 h, the brains were removed from the skull. They were fixed 
in the same solution for 2 h, placed in Tris phosphate-buffered saline 
(TBS) (pH 7.4, 4°C) for 24 h, and serially sectioned in 30-mm thick 
coronal sections on a Cryotome. They were then blocked in TBS 
containing 3% normal goat serum (NGS) and 0.3% Triton X-100 for 
1 h, incubated in the rabbit anti-active caspase-3 serum (Abcam) at a 
concentration of 1:1000 in 3% NGS and 0.3% Triton X-100 overnight 
at room temperature, washed with TBS 3 times for 10 min each time, 
incubated in biotinylated goat anti-rabbit immunoglobulin G (Sigma) at 
1:500 in 1% NGS and 0.3% Triton X-100 for 1 h at room temperature, 
washed with TBS 3 times for 10 min each time, and then incubated 
in avidin-biotin-peroxidase complex (Sigma) for 1 h. To identify the 
immunoreaction product, the horseradish peroxidase was visualized 
with diaminobenzidine and glucose oxidase, with nickel intensification. 
Coronal sections approximating −3.5 mm to the bregma were used for 
active caspase-3 expression in the ventral tegmental area. Both sides of 
several sections at each level were evaluated to ensure that the regions 
were truly representative.

Active caspase-3 percentage area
Active caspase-3 percentage area was determined by measuring the 
area of stained was calculated as a percentage of total area within a field 
by program ImageJ. In ventral tegmental area, 30 fields were analyzed.

Statistical analysis
The result is presented as mean ± standard deviation. Bivariate analysis 
for SIT and caspase-3 fraction area was analyzed by t-test. Multivariate 
analysis for SIT and active caspase-3 fraction area was analyzed by one-
way ANOVA, followed post hoc analysis with Bonferroni test. A value of 
p<0.05 was considered statistically significant.

RESULTS

SIT
Negative symptoms of psychosis-like behavior were assessed by SIT. 
The result was the percentage of time the rats spends in the section 
with the test animal is compared to the time spent in the section with 
the empty compartment for 15 min. The result of SIT for groups that 
induced psychosis-like behavior by ketamine, decreased than the group 
without induced psychosis-like behavior by ketamine (Table 1).

The result of SIT for groups that treatment with only haloperidol worse 
than the result of SITs for groups that treatment with haloperidol and 
kayu manis extract (Table 1). A combination of haloperidol and kayu 
manis extract was potent to control negative symptoms of psychosis.

Active caspase-3 activity
Active caspase-3 percentage area for groups treatment with only 
haloperidol was more wide than groups treatment with combination 
haloperidol and kayu manis extract (Table 2). Active caspase-3 activity 
was more active in groups that treatment only haloperidol.

DISCUSSION

This study demonstrated that haloperidol activates apoptosis neuronal 
cell through activate of active caspase-3. Haloperidol induces the 
mitochondrial accumulation of Bcl-XS in PC12 cells and related to the 
redistribution of cytochrome c and to hallmarks of apoptotic processes, 
that is Annexin-V staining as well as the cleavage of caspase-9 [8,9] 
and of PARP [10]. Other study demonstrated increase in proapoptotic 
Bax induced by haloperidol was linked to p53 transcriptional activity. 
However, the p53 system could not be related to bcl-xS gene and 
protein expression or on the resultant loss of cell viability. Interestingly, 
the haloperidol-induced increase in total cellular Bax did not result 
in a proportional increase in mitochondrial Bax, thus supporting 
a negligible role for Bax in our model as well as a possible influence 
by haloperidol on Bax conformation, oligomerization or cleavage of 
Bid, an activator of Bax-mediated apoptosis. It is known that Bax can 
contribute to mechanisms independent of mitochondrial cytochrome 
c production [11].

Apoptosis will be activated when the internal damage or malfunction 
occurs and activate signaling cascades that eventually activate caspases, 
endonucleases, and kill the cell. One of the important functions of 
apoptosis is the elimination of preneoplastic and neoplastic cells [12]. 
In most forms of cell suicide, the signaling cascade utilizes reactive 
oxygen species as essential intermediate messenger molecules [13]. 
This is the reason that antioxidants are capable of inhibiting apoptosis. 
Antioxidants such as α-tocopherol, which partition into the lipid 
compartment of cells, or N-acetylcysteine, a free radical scavenger that 
partitions into the aqueous phase of the cytosol, can delay or inhibit 
apoptosis [14].

Various extracts of cinnamon, such as ether, aqueous, and methanolic 
extracts had a potential as antioxidant. A study in vivo showed the bark 
powder of Cinnamomum verum (10%) for 90 days produced antioxidant 
effect as indicated by cardiac and hepatic antioxidant enzymes, lipid 
conjugate dienes, and glutathione [15]. A study showed cinnamon oil 
increased the production of superoxide-dismutase [16].
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CONCLUSION
Kayu manis extract can protect neuronal cell death through inhibition 
activating of active caspase-3 in Wistar rats psychotic-like behavior on 
haloperidol therapy.
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Table 1: SIT before and after induction of ketamine

No Group Before (%) After 
induction 
ketamine (%)

After 
treatment (%)

1 A 86.75±3.24 86.49±3.11 86.88±2.98#

2 B 86.67±3.12 33.45±3.27 33.51±2.97*#

3 C 86.45±3.45 33.75±2.86*# 30.96±3.28
4 D 86.59±2.34 33.65±3.32*# 43.99±2.87*#

5 E 86.72±2.98 33.48±3.45*# 47.96±3.41*#

6 F 86.89±3.29 33.78±2.91*# 49.68±2.93*#

Group A: 5 rats as control without induced psychosis-like behavior 
and aquadest or drugs. Group B: 5 rats were induced psychosis-like 
behavior (ketamine 30 mg/kgBW, i. p. for 5 days) and aquadest. Group C: 5 rats 
were induced psychosis-like behavior and haloperidol 0.5 mg/kgBW, per oral, 
28 days. Group D: 5 rats were induced psychosis-like behavior, haloperidol 
0.5 mg/kgBW, and kayu manis extract 50 mg/kgBW, per oral, 28 days. Group 
E: 5 rats were induced psychosis-like behavior, haloperidol 0.5 mg/kgBW, 
and kayu manis extract 100 mg/kgBW, per oral, 28 days. Group F: 5 rats were 
induced psychosis-like behavior, haloperidol 0.5 mg/kgBW, and kayu manis 
extract 200 mg/kgBW, per oral, 28 days. *p<0.05 after induction ketamine 
versus after treatment. #p<0.05 group A, B, D, E, F after treatment versus Group 
C after treatment. SIT: Social interaction test

Table 2: Percentage area of active caspase-3

No Group Percentage area (%)±SD
1 A 1.23±0.12
2 B 21.34±2.21
3 C 29.87±2.56
4 D 17.69±1.86*
5 E 15.57±1.34*
6 F 13.07±1.12*
Group A: 5 rats as control without induced psychosis-like behavior 
and aquadest or drugs. Group B: 5 rats were induced psychosis-like 
behavior (ketamine 30 mg/kgBW, i. p. for 5 days) and aquadest. Group C: 5 rats 
were induced psychosis-like behavior and haloperidol 0.5 mg/kgBW, per oral, 
28 days. Group D: 5 rats were induced psychosis-like behavior, haloperidol 
0.5 mg/kgBW, and kayu manis extract 50 mg/kgBW, per oral, 28 days. Group 
E: 5 rats were induced psychosis-like behavior, haloperidol 0.5 mg/kgBW, 
and kayu manis extract 100 mg/kgBW, per oral, 28 days. Group F: 5 rats were 
induced psychosis-like behavior, haloperidol 0.5 mg/kgBW, and kayu manis 
extract 200 mg/kgBW, per oral, 28 days. *p<0.05 versus group C. SD: Standard 
deviation
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