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Abstract: This study aimed to examine the neuroprotective effect of Piper cubeba on cognitive 
impairment models using two induction methods: electroconvulsive shock (ECS) and scopolamine 
(SCO). For each model, male Sprague-Dawley rats were divided into five groups: P. cubeba 96% 
ethanol extract (PCE), P. cubeba lignan-rich fraction (LRF), citicoline (C; positive control), ECS/SCO 
control, and normal control (NO). The test substances were administered p.o. for 14 days, after 
which the rats except those in the NO group, were treated with ECS or SCO, depending on the model. 
Cognitive function was evaluated using the Morris Water Maze (MWM). Biochemical examinations 
were performed on the hippocampus and cerebral cortex, including lipid peroxidase inhibition, 
superoxide dismutase (SOD) and catalase (CAT) activity, and levels of tumor necrosis factor-α (TNF-
α) and interleukin-1β (IL-1β). The results showed that pretreatment with PCE and LRF improved 
cognitive function in ECS- and SCO-treated rats, with significantly lower escape latencies than those 
of the control groups (p<0.05). Moreover, PCE and LRF significantly increased hippocampal CAT and 
SOD activity compared with the ECS or SCO groups (p<0.05). PCE and LRF also significantly 
suppressed inflammatory cytokine levels (TNF-α and IL-1β) in the hippocampus and cerebral cortex, 
with levels significantly lower than those in the control groups (p<0.05). Overall, the extract and 
lignan fraction of P. cubeba improved cognitive function in both models, potentially through 
antioxidant and anti-inflammatory actions in the hippocampus and cerebral cortex. 
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1.0  INTRODUCTION 
Cognitive impairment is characterized by difficulty in 
processing thoughts leading to memory loss, difficulty in 

making decisions, inability to concentrate, and difficulty 
in learning new things (Mariani et al., 2007). The 
etiology of cognitive impairment varies, ranging from 
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vascular disorders to neuronal degeneration and stroke, 
with a prevalence of 22 to 76.8% per 1000 people each 
year (Pais et al., 2020). Cognitive impairment is 
frequently linked to chronic inflammation, which 
contributes to elevated oxidative stress levels (Tan & 
Norhaizan, 2019). Studies have shown that elevated 
levels of inflammatory markers such as tumor necrosis 
factor (TNF)-α and interleukin (IL)-1β in older adults are 
associated with a higher risk of cognitive decline 
(Dimopoulos et al., 2006). Free radicals and oxidative 
stress are also responsible for causing 
neurodegenerative diseases and accelerating the 
progression of cognitive disorders in the elderlies 
(Dimopoulos et al., 2006). Therefore, the approach to 
prevent or treat cognitive disorders could involve 
antioxidants and anti-inflammatory agents. P. cubeba 
has been studied for its antioxidant and anti-
inflammatory effects, the two main mechanisms of 
potential neuroprotector candidates (Mothana et al., 
2017).  
 
Previous studies have shown that P. cubeba ethanol 
extracts can reduce inflammation, comparable to 
nonsteroidal anti-inflammatory drugs (NSAIDs) (Perazzo 
et al., 2013). Research also showed that one of the anti-
inflammatory mechanisms of P. cubeba involved 
targeting the nuclear factor kappa light chain enhancer 
of activated B cells (NF-κB) pathway (Qomaladewi et al., 
2019). In addition to the ethanol extract, lignan from P. 
cubeba has also been widely studied as an anti-
inflammatory agent. For example, cubebin and 
hinokinin have been tested to inhibit edema in rats 
(Godoy de Lima et al., 2018; Marcotullio et al., 2014).  
The lignans of P. cubeba, cubebin, and hinokinin have 
also been investigated as neuroprotective agents in an 
in vitro model (Tarbiat et al., 2023). The traditional use 
of P. cubeba also showed its potential pharmacological 
effect on the brain, as it relieves headaches (Ibrahim et 
al., 2024). Although P. cubeba has been reported to 
have anti-inflammatory and antioxidant properties, 
studies investigating its neuroprotective potential 
particularly in the context of cognitive impairment, are 
limited. This study evaluates the neuroprotective 
effects of its ethanol extract and lignan-rich fraction, 
validated through two distinct animal models of 
cognitive dysfunction. We hypothesized that PCE and 
LRF would mitigate cognitive impairment via 
antioxidant and anti-inflammatory pathways. This study 
offers novel insights into its potential as a herbal 
therapeutic agent for neurodegenerative disorders. 
 
2.0  MATERIALS AND METHODS 
2.1  Preparation of PCE and LRF  

Dried Piper cubeba fruit was obtained from Balai 
Penelitian Tanaman Rempah dan Obat (BALITRO) 
(Bogor, Indonesia). The specimen’s genus was 
confirmed by the Indonesian Institute of Science, 
Research Center for Biology, with the identification 
number B525/IV/D1.01/4/2021. PCE was prepared from 
the fruit powder, which was macerated with 96% 
ethanol (1:10) and then evaporated. Meanwhile, LRF 
was prepared by extracting the powder with 80% 
methanol (1:10) under sonication for 1 hour. The extract 
was subsequently concentrated using a rotary 
evaporator, and the remaining aqueous portion was 
fractionated by liquid–liquid extraction with 
dichloromethane (1:1). The dichloromethane fraction, 
identified as the lignan-rich fraction (Elfahmi et al., 
2007), was then evaporated and dried in an oven. 
Detailed information on the phytochemical profiles has 
been previously published (Dwita et al., 2023a; 2023b). 
 
2.2  Animals and treatments  
A total of 45 Sprague-Dawley rats (180–200g, 2–3 
month-old) were used in this research. A previous study 
showed that the 200 mg/kg dose of P. cubeba extract 
exhibits the best antioxidant activity in the brain (Dwita 
et al., 2023a). This dose was selected for use in the 
present study. The rats were divided into two 
experiments: electroconvulsive seizure (ECS) and 
scopolamine (SCO) models. Each experiment was 
divided into four groups: (1) PCE, 200 mg/kg; (2) LRF, 
200 mg/kg; (3) C, 200 mg/kg; (4) ECS/SCO control; and 
the ninth group was the normal (NO) group. Animals 
were acclimatized for one week in 12/12h dark/light 
conditions before the experiment. The ethics 
committee of Universitas Muhammadiyah Prof. DR 
HAMKA has approved the experiment with the ethics 
approval number 02/23.06/02633.  
 
2.3  Electroconvulsive shock (ECS)-induced cognitive 
impairment  
The rats were given the test substance p.o. for 14 days. 
On the next day, ECS treatment was conducted using a 
digital electroconvulsimeter (EC-02, Orchid Scientific) 
via ear clips at an intensity of 200 mA for 0.5 seconds. 
ECS induced tonic hindlimb extension for approximately 
one minute. The intensity and duration of ECS were 
selected based on a preliminary trial to determine the 
seizure threshold required to induce tonic hindlimb 
extension without causing respiratory paralysis or 
mortality. The MWM test was performed 60 minutes 
after ECS treatment every day for five days. On day 20, 
a probe test was performed. The next day, the animals 
were sacrificed, and the brains were isolated (Figure 
1a). 
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2.4  Scopolamine (SCO)-induced cognitive impairment  
The rats were given the test substance p.o. for 14 days. 
On the next day, the rats were injected with 20 mg/kg 

of scopolamine i.p. (Jafarian et al., 2019). Thirty minutes 
after the injection, the MWM test was performed 
followed by the sacrifice of the animals (Figure 1b). 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 1: The experimental design for (a) electroconvulsive shock (ECS) and (b) scopolamine (SCO) models. 

 
 
2.5  Morris water maze (MWM) test 
Training phase: the water maze consisted of a 150 cm 
diameter pool with a platform of 15 cm diameter, and 
50 cm height. The pool was divided into four equal 
quadrants (Figure 2) by imaginary lines and filled with 
water (25 ± 1°C) to a depth of 2 cm below the platform. 
The platform was placed in one of the quadrants, and 
both the platform position and the visual cue (placed on 
the wall near the platform) kept constant during the 
experiment. Each rat was allowed to swim for 60 
seconds. If the rat did not find the platform within this 
time, it was guided to the platform and allowed to 
remain there for 15 seconds. Each rat underwent four 
trials from different insertion points in each experiment 
over five days. 
 
Test phase: The procedures were the same as those in 
the training phase, except that the water was raised to 
2 cm above the platform and made opaque with non-
toxic white paint. Data was recorded as escape time 
(time needed to reach the platform), and rats with an 
escape time exceeding 60 seconds was recorded as 60 
seconds. The data were presented as the average 
escape time from 4 trials at different insertion points for 
each experiment.  

On the final day, a probe test was conducted in which 
the platform was removed, and the time spent by the 
rats in the platform quadrant was calculated using the 
following formula (D’Hooge & De Deyn, 2001):   
 
Time percentage in platform quadrant = 
  

swimming time in platform quadrant (s)

total swimming time (s)
 × 100% 

 
 

 
 

Figure 2: Morris water maze (MWM) test overview. 

 

(a) 

(b) 
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2.6  Brain homogenate preparation 
Immediately after dissection, the rat brain was rinsed 
with cold phosphate-buffered saline (PBS) of pH 7.4 and 
dried with filter paper. The hippocampus and the 
cerebral cortex were isolated on an ice-cold slide. 
Immediately, each brain region was homogenized in 
cold PBS containing 0.1M phenylmethylsulphonyl 
fluoride (PMSF) to prepare a 10% homogenate. The 
mixtures were centrifuged at 4°C and 8,000 rpm for 15 
minutes. The homogenates were stored at -20°C, and 
the protein comcentration was determined using 
Bradford's reagent and measured at 595 nm. 
 
2.7  Lipid peroxidation test  
The homogenates were mixed with 20% trichloroacetic 
acid (TCA) and 0.67% thiobarbituric acid (TBA) in a 1:1:2 
ratio and then heated at 95–100°C for 15 minutes. The 
mixture was then centrifuged, and the absorbance of 
supernatant was measured at 532 nm, using 
tetraethoxypropane (TEP) as the standard. 
Malondialdehyde (MDA) levels were expressed in nm/g 
of brain tissue. 
 
2.8  CAT activity test  
The catalase (CAT) test was carried out following 
existing research (Hadwan, 2018) with slight 
modifications. A total of 100 µL of sample was mixed 
with 200 µL of hydrogen peroxide (H2O2), homogenized 
by vortexing, and incubated at 37°C for 2 minutes. Then, 
1200 µL of the working solution [100 µL cobalt(II), 100 
µL Graham salt, and 1800 µL sodium carbonate] was 
added, vortexed, and allowed to stand at room 
temperature in the dark for 10 minutes. The absorbance 
was measured at 440 nm. CAT activity was calculated as 
U/g of brain tissue. 
 
2.9  SOD activity test 
A total of 20 µL of diluted homogenate was used. Total 
superoxide dismutase (SOD) activity was measured 
using a biochemical assay kit (Elabscience) at 450 nm. 
 
2.10  TNF-α and IL-1β quantitation 
A total of 40 µL of diluted homogenate was used. TNF-α 
and IL-1β levels in the homogenate were measured 
using an ELISA kit (BT Lab) according to the 
manufacturer's protocol, at 450 nm. 
 
2.11  Statistical analysis  
All data were tested for homogeneity and normality, 
followed by one-way ANOVA and Tukey’s post hoc test, 
with p<0.05 considered statistically significant. 
 
 

3.0  RESULTS 
3.1  P. cubeba effects on the MWM test of the 
cognitively impaired models  
In the training phase of the MWM test, all groups 
showed a drastic decline in escape time from day two, 
with the decline continuing steadily towards the end of 
the training phase. There were no significant differences 
between groups (p>0.05), suggesting uniformity in the 
animals' cognitive function before ECS treatment 
(Figure 3a).  
 
On the other hand, the MWM test phase showed that 
ECS treatment interfered with spatial learning and 
memory, as indicated by an increase in escape time 
compared to the NO control (p<0.05) (Figure 3b). PCE 
and LRF significantly reduced the escape time compared 
to the ECS group starting from day one of the MWM test 
phase. It is also notable that the most significant 
difference in escape time between PCE and LRF in the 
ECS group occurred on day two after ECS treatment. 
Although the data trend showed a decrease in escape 
time, the fifth-day data were statistically comparable 
across all groups, suggesting the disappearance of ECS 
effects on the test animals.  
 
In the probe test, the ECS group showed worse spatial 
memory than the other groups, while the group 
receiving citicoline showed the best performance, 
followed by the PCE and LRF groups (Figure 3c). The SCO 
model showed a linear result, in which the PCE and LRF 
groups had significantly lower escape time than the SCO 
control (p<0.05) (Figure 4).  
 
3.2  P. cubeba effects on hippocampal and cortical 
biomarkers of the cognitively impaired models  
PCE and LRF significantly increased hippocampal CAT 
activity compared to the ECS group (p<0.05). The PCE 
group showed hippocampal CAT activity comparable to 
the citicoline group (p>0.05), while the LRF group 
depicted higher CAT activity than the citicoline group. In 
contrast, LFR showed no significant CAT activity in the 
cerebral cortex of the ECS model. PCE and LRF also 
increased CAT activity in the SCO model, especially in 
the hippocampus, where PCE showed the best result, 
comparable to the citicoline group (Figure 5a).   
 
Moreover, PCE and LRF significantly increased SOD 
activity in the cerebral cortex compared to the ECS 
group (p<0.05), although they showed no significant 
effects in the hippocampus. While in the SCO model, 
PCE and LRF increased SOD activity in both brain regions 
(Figure 5b). Figure 5c shows that ECS and SCO 
treatments resulted in elevated hippocampal and 
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cortical MDA levels. Meanwhile, the PCE group showed 
lower MDA levels than the control in both models, 
especially in the hippocampus. The PCE and LRF groups 
exhibited significantly lower hippocampal and cortical 
TNF-α levels than the ECS control. However, in the SCO 
model, the treatment groups showed lower TNF-α 

levels only in the hippocampus. In contrast, PCE and LRF 
affected IL-1β levels only in the cortex of the ECS model. 
The data also showed that administration of PCE and 
LRF suppressed IL-1β levels in both the hippocampus 
and cortex in the SCO model (Figure 6). 

 
 

 

 

 
 

Figure 3: Morris water maze (MWM) test results in (a) training phase, (b) test phase and (c) probe test of P. cubeba 's 96% 
ethanol extract (PCE), lignan-rich fraction (LRF), citicoline (C), electroconvulsive shock (ECS) control, and normal (NO) control. 
The results are presented as mean ± SEM. * significantly different compared to the ECS group (p<0.05); # comparable to C 
(p>0.05). 

 
 
 
 
 

0

5

10

15

20

25

30

PCE LRF C ECS NO

A
ve

ra
ge

  E
sc

ap
e 

Ti
m

e 
o

f 
4 

Q
u

ad
ra

n
d

s 
(s

) 

Day 1_training

Day 2_training

Day 3_training

Day 4_training

Day 5_training

*

*

*
*

*

*

*
**

*
*

*

0

5

10

15

20

25

PCE LRF C ECS NO

A
ve

ra
ge

  E
sc

ap
e 

Ti
m

e 
o

f 
4

 
Q

u
ad

ra
n

d
s 

(S
) 

Day 1_test

Day 2_test

Day 3_test

Day 4_test

Day 5_test

*#
*#

*
*#

0

10

20

30

40

50

PCE LRF C ECS NO

Ti
m

e 
P

er
ce

n
ta

ge
 in

 
P

la
tf

o
rm

 Q
u

ad
ra

n
t 

(%
)

(a) 

(b) 

(c) 



 

 

NEUROSCIENCE RESEARCH NOTES | 2025 | VOLUME 8 | ISSUE 4 | ARTICLE 445 | PAGE 6 

 
Figure 4: Morris water maze test results of P. cubeba 's 96% ethanol extract (PCE), lignan-rich fraction (LRF), citicoline (C), 
scopolamine (SCO) control, and normal (NO) control. The results are presented as mean ± SEM. * significantly different 
compared to the SCO group (p<0.05); # comparable to C (p>0.05). 

 
 

 

 

 
Figure 5: (a) Catalase activity, (b) total superoxide dismutase activity and (c) lipid peroxidation inhibition in the hippocampus 
(H) and cerebral cortex (CC) of PCE, LRF, C, ECS/SCO control and NO control groups. The results are presented as mean ± SEM. 
* significantly different compared to the ECS/SCO group (p<0.05); # comparable to C (p>0.05).  
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Figure 6: (a) TNF-α and (b) IL-1β levels in the hippocampus (H) and cerebral cortex (CC) of of PCE, LRF, C, ECS/SCO control and 
NO control groups. The results are presented as mean ± SEM. * significantly different compared to the ECS/SCO group (p<0.05); 
# comparable to C (p>0.05).  

 
4.0  DISCUSSION & CONCLUSIONS 
Piper cubeba 96% ethanol extract (PCE) and the lignan-
rich fraction (LRF) improved cognitive performance, as 
assessed by the Morris water maze (MWM). The MWM 
assesses spatial memory that relies on environmental 
cues to find escape platforms (Vorhees & Williams, 
2006). Rats treated with PCE and LRF showed lower 
escape times in both the ECS and SCO models. ECS 
treatment in animals has been shown to cause cognitive 
impairment with retrograde amnesia in hippocampal-
dependent memory tests (Busnello et al., 2006), while 
the SCO model induces cognitive deficits through 
cholinergic disruption, leading to impairments in 
memory function (Klinkenberg & Blokland, 2010). The 
results of this study are consistent with the previous 
findings, where repeated treatment with ECS impairs 
spatial memory (Svensson et al., 2017). Results showed 
that the ECS and SCO control groups experienced the 
greatest cognitive impairment, as indicated by an 
increase in the escape times. On the other hand, the PCE 
and LRF groups showed a decrease in escape times, 
comparable to those observed with citicoline. However, 
in the ECS model, as the test progressed, the escape 
times across all groups improved.  
 

The current study showed that ECS and SCO treatments 
increased oxidative stress, resulting in elevated MDA 
levels and reduced CAT and SOD activity in the 
hippocampus and cerebral cortex. In contrast, PCE 
significantly increased CAT activity in both brain regions. 
Nevertheless, both groups affected SOD activity only in 
the cortex and not in the hippocampus. Regarding MDA 
levels, only the PCE group inhibited lipid peroxidation. 
Similar trends were observed in the SCO model, where 
PCE exhibited better antioxidant activity than LRF in 
both hippocampus and cerebral cortex.  
 
Interestingly, despite showing lower CAT activity in the 
hippocampus, the PCE group exhibited lower MDA 
levels than the LRF group, suggesting a divergence in 
antioxidant mechanisms. This discrepancy might be 
attributed to non-enzymatic antioxidant constituents in 
PCE, such as copaene, which are known to inhibit nitric 
oxide production and reduce lipid peroxidation (Veiga 
et al., 2007). The hippocampus and cortex differ in 
metabolic rate, baseline antioxidant levels, and 
susceptibility to oxidative damage, thereby influencing 
how each region responds to antioxidant treatments 
(Halliwell, 2006; Lee et al., 2020). 
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The elevation of CAT activity in the hippocampus may 
indicate that H₂O₂ detoxification via CAT is more 
relevant in this region, potentially due to higher local 
H₂O₂ production or differences in mitochondrial activity. 
Additionally, the bioavailability of active compounds in 
PCE and LRF may differ due to variations in blood-brain 
barrier permeability. ECS treatment also causes 
inflammation characterized by increased TNF-α in the 
hippocampus and IL-1β in the cerebral cortex. While in 
the SCO model, these cytokines were dominant in the 
hippocampus. Administration of PCE and LRF 
significantly reduced these pro-inflammatory cytokine, 
although with varying results across the two models of 
cognitive impairment.  
 
In neurodegenerative diseases, reactive oxygen species 
(ROS) overproduction is often associated with 
inflammation in the brain (Lalkovičová & Danielisová, 
2016). One part of the brain that is commonly affected 
is the hippocampus. This brain region plays a vital role 
in processing spatial and temporal memories, and 
hippocampal dysfunction is closely related to cognitive 
decline (Sweatt, 2004). The prefrontal cortex also plays 
an essential role in working memory and reward 
processing (Ma et al., 2023). In addition, research shows 
that chronic oxidative stress will decrease cell 
proliferation in the cerebral cortex (Banasr et al., 2007).  
The neuroprotective effects of P. cubeba in the ECS and 
SCO models can be attributed to its dual action of 
reducing oxidative stress and suppressing 
neuroinflammation.  
 
P. cubeba contains various lignans, each having 
individual pharmacological activity (Godoy de Lima et 
al., 2018). In this study, a lignan-rich fraction was used 
to grasp the effects of all lignans in P. cubeba. This 
research showed that the effect of PCE, which contains 
multiple components such as flavonoids, alkaloids, 
steroids, and tannins, was comparable to that of LRF in 
terms of cognitive enhancement. As an antioxidant, PCE 
showed better results than LRF, while both substances 
showed a comparable effect as anti-inflammatories. 
Although PCE and LRF exhibited neuroprotective 
effects, PCE consistently outperformed LRF in several 
behavioral and biochemical assays. This difference 
might be attributed to the multicomponent nature of 
PCE, including lignans, flavonoids, and terpenoids with 
known antioxidant, anti-inflammatory, and cholinergic 
activities (Ibrahim et al., 2024). PCE also contains 
essential oils such as eugenol, copaene, and β-
caryophyllene, which have been individually shown to 
exert neuroprotective (Bos et al., 2007). In contrast, LRF 

may lack synergistic compounds that contribute to the 
crude extract's full pharmacological potential.  
 
In this study, citicoline was used as a comparator. This 
supplement is known to have comprehensive 
neuroprotective effects, which could increase 
neurotransmitters such as acetylcholine, dopamine, and 
norepinephrine, and sirtuin-1 (SIRT1) in the brain, and 
inhibit inflammation by blocking phospholipase A2 and 
ROS formation, thereby preventing neural damage. This 
study confirmed citicoline's antioxidant and anti-
inflammatory effects on ECS and SCO-induced rats. The 
anti-inflammatory findings are consistent with previous 
studies, where citicoline only affected the brain TNF-α 
but not IL-1β (Bogdanov et al., 2018). Interestingly, this 
result was also observed with PCE and LRF. The 
connection between antioxidants and brain protection 
is also shown in other plants. For example, Datura 
innoxia aqueous extracts show an anti-amnesia effect 
associated with increased SOD and CAT activities in the 
brain (Kinda et al., 2020). 
 
In addition to antioxidant and anti-inflammatory 
pathways, the cognitive enhancement observed with 
PCE administration may also involve modulation of the 
cholinergic system. A previous study confirmed the 
effect of cubebin on inhibiting acetylcholinesterase 
(AChE) activity (Somani et al., 2017), which is assumed 
to play a role in cognitive enhancement by P. cubeba in 
this study. This mechanism is particularly relevant in the 
context of scopolamine-induced cognitive impairment, 
which is primarily cholinergic. Therefore, the 
neuroprotective effects of P. cubeba involve not only 
suppression of oxidative stress and neuroinflammation 
but also enhancement of cholinergic 
neurotransmission.  
 
The limitation of this study is that it focuses only on the 
two main mechanisms that cause cognitive impairment: 
oxidative stress and inflammation. While there may be 
an effect through other mechanisms, further research is 
needed. Given that lignans have been reported to 
modulate inflammatory signaling pathways particularly 
through the NF-κB pathway (Godoy de Lima et al., 
2018), future studies should explore the involvement of 
this pathway in the observed neuroprotective effects of 
P. cubeba. Specifically, the expression levels of the NF-
κB subunit p65, IκB degradation, and the nuclear 
translocation of NF-κB could be assessed to determine 
whether these compounds act through classical or 
alternative NF-κB pathways. However, the relatively 
small sample size, although meeting standard statistical 
guidelines, may limit the power to detect subtle effects 
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and should be considered when interpreting the 
findings.  
 
Additionally, other limitations include the absence of 
dose-response experiments, the exclusive use of male 
animals (which may overlook potential gender-specific 
effects), and the lack of long-term outcome 
assessments. Addressing these aspects in future 
research would strengthen the translational relevance 
of the findings. Furthermore, expanding the analysis to 
include clinical biomarkers, pharmacokinetics, and 
bioavailability studies could facilitate the development 

of P. cubeba-derived compounds as potential 
therapeutic agents for neurodegenerative diseases. 
 
Acknowledgements: The authors acknowledge the Research 
and Development Institute of Universitas Muhammadiyah 
Prof. DR. HAMKA (UHAMKA) for providing financial support 
for the publication of this research. 
 
Author Contributions: M.I.I., E., and R.M. conceived and 
designed the experiments; L.P.D. performed the experiments, 
analyzed the data, and wrote the paper.  
 
Conflict of Interest: The authors declare no conflict of interest. 

 

References 
Banasr, M., Valentine, G. W., Li, X., Gourley, S. L., Taylor, J. R., & Duman, R. S. (2007). Chronic Unpredictable Stress Decreases 

Cell Proliferation in the Cerebral Cortex of the Adult Rat. Biological Psychiatry, 62(5), 496–504. 
https://doi.org/10.1016/j.biopsych.2007.02.006  

Bogdanov, P., Sampedro, J., Sol, C., Sim, O., Russo, C., Varela-sende, L., Sim, R., & Hern, C. (2018). Effects of Liposomal 
Formulation of Citicoline in Experimental Diabetes-Induced Retinal Neurodegeneration. International Journal of Molecular 
Sciences, 19(8), 2458. https://doi.org/10.3390/ijms19082458  

Bos, R., Woerdenbag, H. J., Kayser, O., Quax, W. J., Ruslan, K., & Elfami, E. (2007). Essential Oil Constituents of Piper cubeba L. 
fils. from Indonesia. Journal of Essential Oil Research, 19(1), 14–17. https://doi.org/10.1080/10412905.2007.9699217  

Busnello, J. V., Leke, R., Oses, J. P., Feier, G., Bruch, R. S., Quevedo, J., Kapczinski, F., Souza, D. O., & Cruz Portela, L. V. (2006). 
Acute and chronic electroconvulsive shock in rats: Effects on peripheral markers of neuronal injury and glial activity. Life 
Sciences, 78(26), 3013–3017. https://doi.org/10.1016/j.lfs.2005.11.028  

D’Hooge, R., & De Deyn, P. P. (2001). Applications of the Morris water maze in the study of learning and memory. Brain 
Research Reviews, 36(1), 60–90. https://doi.org/10.1016/S0165-0173(01)00067-4  

Dimopoulos, N., Piperi, C., Salonicioti, A., Mitropoulos, P., Kallai, E., Liappas, I., Lea, R. W., & Kalofoutis, A. (2006). Indices of 
low-grade chronic inflammation correlate with early cognitive deterioration in an elderly Greek population. Neuroscience 
Letters, 398(1–2), 118–123. https://doi.org/10.1016/j.neulet.2005.12.064  

Dwita, L. P., Iwo, M. I., Elfahmi, & Mauludin, R. (2023a). Brain Antioxidant Properties of Piper cubeba L. Extracts and Essential 
Oil. Farmacia, 71(2), 296–302. https://doi.org/https://doi.org/10.31925/farmacia.2023.2.9  

Dwita, L. P., Iwo, M. I., Mauludin, R., & Elfahmi. (2023b). Neuroprotective potential of lignan-rich fraction of Piper cubeba L. 
by improving antioxidant capacity in the rat’s brain. Brazilian Journal of Biology, 82, e266573. 
https://doi.org/10.1590/1519-6984.266573  

Elfahmi, Ruslan, K., Batterman, S., Bos, R., Kayser, O., Woerdenbag, H. J., & Quax, W. J. (2007). Lignan profile of Piper cubeba, 
an Indonesian medicinal plant. Biochemical Systematics and Ecology, 35(7), 397–402. 
https://doi.org/10.1016/j.bse.2007.01.003  

Godoy de Lima, R., Barros, M. T., & da Silva Laurentiz, R. (2018). Medicinal Attributes of Lignans Extracted from Piper Cubeba: 
Current Developments. ChemistryOpen, 7(2), 180–191. https://doi.org/10.1002/open.201700182  

Hadwan, M. H. (2018). Simple spectrophotometric assay for measuring catalase activity in biological tissues. BMC 
Biochemistry, 19(1), 1–8. https://doi.org/10.1186/s12858-018-0097-5  

Halliwell, B. (2006). Oxidative stress and neurodegeneration: Where are we now? Journal of Neurochemistry, 97(6), 1634–
1658. https://doi.org/10.1111/j.1471-4159.2006.03907.x  

Ibrahim, T., Kalam, M. A., Naqqash, N., Khan, S., Ashraf, B., Uvais, M., & Suhail, S. B. (2024). Kabābchīnī (Piper cubeba L.F.): A 
comprehensive review of its medicinal and therapeutic applications in Unani medicine. Journal of Medicinal Plants 
Studies, 12(4), 429–434. https://doi.org/10.22271/plants.2024.v12.i4e.1737  

Jafarian, S., Ling, K., Hassan, Z., & Perimal-lewis, L. (2019). Effect of zerumbone on scopolamine-induced memory impairment 
and anxiety-like behaviours in rats. Alzheimer’s & Dementia: Translational Research & Clinical Interventions, 5, 637–643. 
https://doi.org/10.1016/j.trci.2019.09.009  

Kinda, P. T., Guenné, S., Basile, T., Ouédraogo, N., Compaoré, M., Bayala, B., Bild, W., Dobrin, R., Trus, C., Ciobică, A., & 
Kiendrebéogo, M. (2020). Brain protection and anti-amnesic effects assessment of Datura innoxia mill. Aqueous extracts. 
Farmacia, 68(2), 261–268. https://doi.org/10.31925/farmacia.2020.2.11  

Klinkenberg, I., & Blokland, A. (2010). Neuroscience and Biobehavioral Reviews The validity of scopolamine as a 
pharmacological model for cognitive impairment : A review of animal behavioral studies. Neuroscience and Biobehavioral 
Reviews, 34(8), 1307–1350. https://doi.org/10.1016/j.neubiorev.2010.04.001  

https://doi.org/10.1016/j.biopsych.2007.02.006
https://doi.org/10.3390/ijms19082458
https://doi.org/10.1080/10412905.2007.9699217
https://doi.org/10.1016/j.lfs.2005.11.028
https://doi.org/10.1016/S0165-0173(01)00067-4
https://doi.org/10.1016/j.neulet.2005.12.064
https://doi.org/https:/doi.org/10.31925/farmacia.2023.2.9
https://doi.org/10.1590/1519-6984.266573
https://doi.org/10.1016/j.bse.2007.01.003
https://doi.org/10.1002/open.201700182
https://doi.org/10.1186/s12858-018-0097-5
https://doi.org/10.1111/j.1471-4159.2006.03907.x
https://doi.org/10.22271/plants.2024.v12.i4e.1737
https://doi.org/10.1016/j.trci.2019.09.009
https://doi.org/10.31925/farmacia.2020.2.11
https://doi.org/10.1016/j.neubiorev.2010.04.001


 

 

NEUROSCIENCE RESEARCH NOTES | 2025 | VOLUME 8 | ISSUE 4 | ARTICLE 445 | PAGE 10 

Lalkovičová, M., & Danielisová, V. (2016). Neuroprotection and antioxidants. Neural Regeneration Research, 11(6), 865–874. 
https://doi.org/10.4103/1673-5374.184447  

Lee, K. H., Cha, M., & Lee, B. H. (2020). Neuroprotective Effect of Antioxidants in the Brain. International Journal of Molecular 
Science, 21(19), 7152. https://doi.org/doi:10.3390/ijms21197152  

Ma, X., Zheng, C., Chen, Y., Pereira, F., & Li, Z. (2023). Working memory and reward increase the accuracy of animal location 
encoding in the medial prefrontal cortex. Cerebral Cortex, 33(5), 2245–2259. https://doi.org/10.1093/cercor/bhac205  

Marcotullio, M. C., Pelosi, A., & Curini, M. (2014). Hinokinin, an emerging bioactive lignan. Molecules, 19(9), 14862–14878. 
https://doi.org/10.3390/molecules190914862  

Mariani, E., Monastero, R., & Mecocci, P. (2007). Mild Cognitive Impairment: A Systematic Review. Journal of Alzheimer’s 
Disease, 12(1), 23–35. https://doi.org/10.3233/jad-2007-12104  

Mothana, R. A., Al-Said, M. S., Raish, M., Khaled, J. M., Alharbi, N. S., Alatar, A., Ahmad, A., Al-Sohaibani, M., Al-Yahya, M., & 
Rafatullah, S. (2017). Chemical composition, anti-inflammatory and antioxidant activities of the essential oil of Piper 
cubeba L. Romanian Biotechnological Letters, 22, 2.  

Pais, R., Ruano, L., Carvalho, O. P., & Barros, H. (2020). Global cognitive impairment prevalence and incidence in community 
dwelling older adults—a systematic review. Geriatrics, 5(4), 84. https://doi.org/10.3390/geriatrics5040084  

Perazzo, F. F., Rodrigues, I. V., Maistro, E. L., Souza, S. M., Nanaykkara, N. P. D., Bastos, J. K., Carvalho, J. C. T., & De Souza, G. 
H. B. (2013). Anti-inflammatory and analgesic evaluation of hydroalcoholic extract and fractions from seeds of Piper 
cubeba L. (Piperaceae). Pharmacognosy Journal, 5(1), 13–16. https://doi.org/10.1016/j.phcgj.2012.12.001  

Qomaladewi, N. P., Aziz, N., Kim, M.-Y. Y., & Cho, J. Y. (2019). Piper cubeba L. Methanol Extract Has Anti-Inflammatory 
Activity Targeting Src/Syk via NF-κB Inhibition. Evidence-Based Complementary and Alternative Medicine, 2019, 1548125. 
https://doi.org/10.1155/2019/1548125  

Somani, G. S., Nahire, M. S., Parikh, A. D., Mulik, M. B., Ghumatkar, P. J., Laddha, K. S., & Sathaye, S. (2017). Neuroprotective 
effect of Cubebin: A dibenzylbutyrolactone lignan on scopolamine-induced amnesia in mice. The Indian Journal of Medical 
Research, 146(2), 255–259. https://doi.org/10.4103/ijmr.IJMR_156_14  

Svensson, M., Hallin, T., Broms, J., Ekstrand, J., & Tingström, A. (2017). Spatial memory impairment in Morris water maze 
after electroconvulsive seizures. Acta Neuropsychiatrica, 29(1), 17–26. https://doi.org/10.1017/neu.2016.22  

Sweatt, J. D. (2004). Hippocampal function in cognition. Psychopharmacology, 174(1), 99–110. 
https://doi.org/10.1007/s00213-004-1795-9  

Tan, B. L., & Norhaizan, M. E. (2019). Effect of High-Fat Diets on Oxidative Stress, Cellular Inflammatory Response and 
Cognitive Function. Nutrients, 11(11), 2579. https://doi.org/10.3390/nu11112579   

Tarbiat, S., Unver, D., Tuncay, S., Isik, S., & Yeman, K. B. (2023). Neuroprotective e ff ects of Cubebin and Hinokinin lignan 
fractions of Piper cubeba fruit in Alzheimer’s disease in vitro model. Turkish Journal of Biochemistry, 48(3), 303–310. 
https://doi.org/10.1515/tjb-2023-0032  

Veiga, V. F., Rosas, E. C., Carvalho, M. V., Henriques, M. G. M. O., & Pinto, A. C. (2007). Chemical composition and anti-
inflammatory activity of copaiba oils from Copaifera cearensis Huber ex Ducke, Copaifera reticulata Ducke and Copaifera 
multijuga Hayne—A comparative study. Journal of Ethnopharmacology, 112(2), 248–254. 
https://doi.org/10.1016/J.JEP.2007.03.005  

Vorhees, C. V., & Williams, M. T. (2006). Morris water maze: Procedures for assessing spatial and related forms of learning 
and memory. Nature Protocols, 1(2), 848–858. https://doi.org/10.1038/nprot.2006.116  

https://doi.org/10.4103/1673-5374.184447
https://doi.org/doi:10.3390/ijms21197152
https://doi.org/10.1093/cercor/bhac205
https://doi.org/10.3390/molecules190914862
https://doi.org/10.3233/jad-2007-12104
https://doi.org/10.3390/geriatrics5040084
https://doi.org/10.1016/j.phcgj.2012.12.001
https://doi.org/10.1155/2019/1548125
https://doi.org/10.4103/ijmr.IJMR_156_14
https://doi.org/10.1017/neu.2016.22
https://doi.org/10.1007/s00213-004-1795-9
https://doi.org/10.3390/nu11112579
https://doi.org/10.1515/tjb-2023-0032
https://doi.org/10.1016/J.JEP.2007.03.005
https://doi.org/10.1038/nprot.2006.116

