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INTRODUCTION 

Riceberry (RB) (Oryza sativa L.) is a popular colored 
rice variety in Thailand, known for its dark-purple appearance. 
It is a hybrid resulting from the crossbreeding of two Thai 
strains, namely Khao Dawk Mali 105 (Thai jasmine rice) and 
Hom-Nil (Thai non-glutinous purple rice). Since its introduction 
in 2002, RB has gained significant popularity and is widely 
consumed in Thailand [1]. The aleurone layer of dark purple 
rice has a significantly higher concentration of anthocyanin (a 
subclass of flavonoids) compared to unpigmented rice. This 

chemical demonstrates potent antioxidant activity [2,3]. Several 
studies have identified an abundance of compounds in RB with 
beneficial effects on human health, including aminobutyric 
acid (GABA), phenolic acids, flavonoids, phytosterols, and 
antioxidant compounds [4,5]. It has been reported to exhibit 
a number of potential health benefits, such as hypoglycemic, 
antioxidant, anti-hyperlipidemic, anti-inflammatory, and 
anti-cancer properties [6,7]. Moreover, previous research has 
shown that RB has the potential to effectively reduce cognitive 
impairment and hippocampal neurodegeneration in a rat model 
of Alzheimer’s disease (AD) [8]. 

Cerebral ischemia, which involves reduced blood flow 
to the brain or cerebral hypoperfusion, is considered a primary 
cause of vascular cognitive impairment [9] and is also seen as a 
pathogenic process in AD [10]. Cerebral ischemia-reperfusion 
(IR), a condition where the brain experiences a temporary lack 
of blood flow followed by its restoration, initiates a series of 
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ABSTRACT
This study investigates the neuroprotective effects of riceberry (RB) and germinated riceberry (GRB) extracts 
on cognitive impairment induced by cerebral ischemia-reperfusion (IR) injury. Our findings indicate that the 
germination process reduces total phenolic content and total antioxidant capacity, accompanied by a decline in 
antioxidant activity. However, the enriched γ-aminobutyric acid (GABA) content significantly increased in the 
GRB extract, reaching an 11.55-fold higher concentration than the RB extract. Male ICR mice were used in this 
study and received RB (500 mg/kg BW) or GRB (250 and 500 mg/kg BW) extracts for 28 days, with cerebral IR 
injury induced on day 21. Memory and learning were assessed using the Morris water maze on days 22–27 and 
novel object recognition on day 28. Both RB and GRB extracts improved spatial and recognition memory while 
reducing hippocampal malondialdehyde levels, indicating decreased oxidative stress. GRB demonstrated superior 
effects, displaying accelerated learning responses and enhanced retention of spatial memory. The study highlights 
the potential of GRB, attributed to its high GABA content, in mitigating cognitive impairment induced by cerebral 
IR injury. Further research is needed to explore the underlying mechanisms and optimize therapeutic applications.
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analyzed by the Folin–Ciocalteu assay, as described previously 
[20]. TPC was expressed as mg of gallic acid equivalent (GAE)/g 
of extract. Total flavonoid content (TFC) was estimated using the 
aluminum chloride colorimetric method according to Khanaree 
et al. [20] with some modifications. The result was demonstrated 
in terms of mg catechin equivalent (CE)/g of extract. Total 
anthocyanin content (TAC) was quantified using the pH 
difference method of Tantipaiboonwong et al. [21]. TAC value 
was expressed as mg cyanidin-3-glucoside equivalents per/g of 
extract. The free radical scavenging activity of the extracts was 
carried out using the 2,2′-Azino-bis (3-Ethylbenzothiazoline-6-
Sulfonic Acid) (ABTS) and Diphenyl-1-Picrylhydrazyl (DPPH) 
assays as described by Punfa et al [22] with some modifications. 
The results of the antioxidant activity were expressed as the 50% 
of inhibition (IC50) value.

Animal
The Ethics Committee of the Laboratory Animal 

Research Center, University of Phayao, Thailand, granted 
approval (approval No. 61 01 04 027) for the experimental 
procedures with the aim of reducing animal suffering. Male 
ICR mice, aged 4–5 weeks and weighing 25–30 g, were 
procured from Nomura Siam International Co., Ltd., located in 
Bangkok, Thailand. Before beginning the experiments, the mice 
were accommodated for a duration of 1 week under regulated 
conditions. The environmental conditions were maintained at a 
consistent temperature of 25 ± 2°C, a relative humidity of 60% 
± 10%, and a daily light exposure of 12 hours (from 6:00 to 
18:00). The animals were provided free access to the standard 
diet, specifically Mouse Feed Food No. 082, manufactured by 
C.P. Company in Bangkok, Thailand.

Treatment and experimental schedule
After a 7-day acclimation period, the mice were 

randomly divided into five groups (N = 8 per group), including 
the sham-operated group (Sham), the transient bilateral common 
carotid artery occlusion (tBCCAO) group (cerebral IR), the 
tBCCAO+RB500 group receiving RB 500 mg/kg BW, the 
tBCCAO+GRB250 group receiving GRB 250 mg/kg BW, and 
the tBCCAO+ GRB500 group receiving GRB 500 mg/kg BW. 
The animals were orally administered either vehicle (0.1% 
carboxymethyl cellulose), RB, or GRB extract once daily for 
28 days. The cerebral IR process induced by tBCCAO was 
performed on day 21. The Morris water maze (MWM) training, 
probe trial, and Novel object recognition (NOR)  were used to 
test the memory and learning abilities of mice in each group 
from days 22–26, on days 27 and 28, respectively, before being 
sacrificed. A diagram of an animal experimental design is shown 
in Figure 1.

Surgical procedure
The experimental procedure for inducing cerebral IR 

in mice was conducted in accordance with the methodology 
previously described by Kangwan et al. [23], though with slight 
modifications. In brief, the mice were subjected to anesthesia 
via intraperitoneal injection of zoletil at a dose of 40 mg/kg 
BW. A ventral cervical incision of the neck skin of mice was 
carried out under deep anesthesia. The right and left common 

harmful processes. During ischemia, the brain cells release 
excess glutamate, an excitatory neurotransmitter, leading to 
excitotoxicity—a phenomenon where nerve cells suffer damage 
due to excessive stimulation [11–13]. Upon reperfusion, the 
reintroduction of oxygen results in the generation of reactive 
oxygen species (ROS), causing oxidative stress and cellular 
harm [12,14,13]. These events interplay and contribute to 
cognitive impairment. 

GABA acts as the principal inhibitory neurotransmitter 
in the mammalian brain, exerting an important impact on the 
regulation of the excitatory-inhibitory balance. A study of the 
mechanism by which GABA is sensitive to cerebral IR was also 
described, along with information on how GABAergic drugs 
could prevent neuronal death [15]. Despite some evidence, the 
provided evidence that RB contains various bioactive compounds 
that contribute to its antioxidant properties [4,5] and that the 
germination of RB increases its phytochemical composition, 
particularly increasing GABA levels [16], the specific effect of 
both RB and germinated riceberry (GRB) on vascular cognitive 
impairment has not been thoroughly investigated. Therefore, the 
objective of this study is to investigate the neuroprotective effects 
of RB and GRB extract, with a specific focus on their effects on 
oxidative stress and cognitive function in the situation of cerebral 
IR injury. The effects of these rice cultivars provide insight into 
their potential therapeutic applications for reducing the cognitive 
impairment of cerebral IR injury.

MATERIALS AND METHODS 

Preparation of GRB
The RB used in this study was collected from Phayao 

province, Thailand. The germination process was modified 
according to what was reported by Komatsuzaki et al. [17] The 
paddy RB (100 g) was rinsed with tap water once and soaked 
in deionized water. Soaked RB was allowed to germinate for 18 
hours in the dark at 35°C. After germination, GRB was dried 
and kept at −20°C. For a comparative study, the ungerminated 
RB was also prepared and used as the control.

Preparation of crude extracts
The grinding germinated and ungerminated RB was 

extracted with an ethanol–water mixture (v/v) (70:30). All 
extractions were continuously shaken at room temperature for 
12 hours. Subsequently, the ethanol extract was filtered with 
a Whatman No. 1 filter paper. The filtrates were concentrated 
using a vacuum rotary evaporator (Marshall Scientific, 
Hampton, VA, USA) and freeze-dried using a lyophilizer 
(Thermo Fisher Scientific, Waltham, MA, USA). The crude 
extract was stored at −20°C until use.

Determination of phytochemical content and antioxidant 
activity

GABA content was detected by gas chromatography-
mass spectrometry (GC: Agilent model 6890, Germany, and MS: 
Agilent model 5973, USA) with a Phenomenex Zebron ZB-AAA 
10 m × 0.25 mm 0.25 film thickness. The method was applied 
based on previous reports [18,19]. The GABA content was 
expressed in mg/kg of extract. Total phenolic content (TPC) was 
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carotid arteries were carefully isolated from surrounding veins 
and vagus nerves and subsequently subjected to a 20-minute 
ligation procedure using surgical silk. Sham-operated animals 
were subjected to the same surgical procedure, except that 
the arteries were not ligated. The surgical procedures were 
conducted in a sterile environment. It is standard practice to 
ensure that animals are fully recovered from anesthesia before 
their return to their cages. The maintenance of the mouse’s body 
temperature during the surgical procedure and postoperative 
phase was achieved through the utilization of a heating lamp.

Assessment of cognitive function

Morris water maze (MWM) test
The MWM test was used to evaluate the spatial 

learning and memory of all animals 24 hours. after surgery. The 
procedure was modified slightly from the previous study [23]. 
The maze consisted of a 23-cm-deep, 70-cm-diameter black 
circular pool filled with 25–27°C water. The pool was divided 
conceptually into four equal-sized quadrants. Bright visual 
signals of various shapes (star, triangle, circle, and square) were 
placed on the tank walls of each quadrant that could be seen from 
within the pool. A circular platform made of transparent acrylic, 
measuring 10 cm in diameter, was positioned at the center of 
one quadrant and submerged 1 cm below the water level. The 
addition of starch to the water was employed to render the 
platform within the pool invisible. The mice performed three 
trials per day for five consecutive days (training days). Each 
individual mouse was randomly released into the water from 
three different quadrants, except the target (star) quadrant. If 
the mouse found the platform within 60 seconds and remained 
on it for at least 10 seconds, the latency (the time taken to climb 
onto the platform) was recorded. If the animal was unable to 
locate the platform, it was led to it and permitted to remain on 
it for 10 seconds. On day 27 of the probe trial, the platform 
was removed. For 60 seconds, the mouse was allowed to freely 
swim in the pool, and the time spent in the target quadrant 

was measured. Swimming speed and distance were recorded 
as measures of motor function. All movements were recorded 
by a CCTV camera positioned above the swimming pool and 
analyzed by ANY-Maze video tracking software.

The novel object recognition (NOR) test
NOR is commonly used to evaluate recognition 

memory in rodents. The test was conducted in a 37 × 51 × 
20 cm plastic chamber. This examination consisted of two 
phases: a familiarization phase and a testing phase. Before 
the experiment, the mouse underwent a habituation period of 
5 minutes in an empty apparatus. During the familiarization 
phase, two sample objects (designated as objects A and A) 
were positioned in separate locations within the arena. Each 
mouse received a 5-minute period to explore the objects 
before being returned to their home cage for a 5-minute 
interval. To eliminate olfactory signals, the objects and the 
arena floor were cleansed with 50% ethanol. In the subsequent 
testing phase, the same mouse was returned to the arena with 
two objects: one familiar object (FO) was replaced with a 
novel object (NO) (object B). Object exploration was defined 
as touching the object or sniffing it with their nose within 
approximately 1 cm. During a 5-minute period, the duration 
of exploration by mice of both a NO and a FO was recorded. 
The discrimination index (DI) was formulated as (NO−FO)/
(NO+FO).

Determination of malondialdehyde (MDA) concentration in 
the hippocampus

On day 29, all experimental animals were euthanized 
by neck dislocation following a fasting period of one night. 
The hippocampus from both hemispheres was subjected to 
dissection and homogenization in ice-cold phosphate buffer 
(0.1 M, pH 7.4). The homogenate was centrifuged for 60 
minutes at 13,000 rpm and 4°C to obtain the supernatant. The 
supernatant was stored at −80°C until the MDA concentration 
was determined.

Figure 1. Schematic representation of an animal experimental design; RB = riceberry; GRB = germinated riceberry; 
tBCCAO = transient bilateral common carotid artery occlusion; MWM = Morris water maze; NOR = novel object 
recognition. 
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were no significant differences in escape latency during the 
first 2 days, indicating comparable baseline abilities. However, 
from the third to fifth days, untreated tBCCAO mice (26.44 
± 7.07, 20.06 ± 5.86, and 10.54 ± 1.68 seconds, respectively) 
took significantly longer to locate the platform compared 
to the sham group (6.93 ± 1.41, 6.79 ± 0.83, and 5.31 ± 0.67 
seconds, respectively), indicating impaired spatial learning 
and memory (p < 0.01). Interestingly, mice treated with RB 
(500 mg/kg BW) and GRB (250 and 500 mg/kg BW) showed 
marked improvements. Specifically, on the fourth to fifth days, 
escape latency significantly decreased in the tBCCAO mice 
treated with RB 500 mg/kg BW (7.35 ± 1.34 and 5.56 ± 0.87 
seconds, respectively) (p < 0.05), GRB 250 mg/kg BW (7.18 
± 1.77 and 5.44 ± 1.17 seconds, respectively) (p < 0.05 and p 
< 0.01, respectively), and GRB 500 mg/kg BW (6.32 ± 1.36, 
and 5.73 ± 0.81 seconds, respectively) (p < 0.01 and p < 0.05, 
respectively). Remarkably, the tBCCAO+GRB500 group 
exhibited a significant decrease in escape latency even on the 
third day of training (8.55 ± 2.00 seconds) compared to the IR 
model group (p < 0.05) (Fig. 2A).

Moreover, to evaluate the retention of spatial memory, 
we conducted probe trials on day 27 of the study. The results of 
the study indicated that mice in the untreated tBCCAO group 
(12.89 ± 0.93 seconds) exhibited impaired memory function 
and spent less time in the platform quadrant compared to the 
Sham group (21.71 ± 1.46 seconds) (p < 0.001). However, 
the administration of RB (500 mg/kg BW) and GRB (250 and 
500 mg/kg BW) before the experiment resulted in a significant 
improvement in the time spent by mice in the target quadrant 
(18.19 ± 1.62, 17.82 ± 0.97, and 20.41 ± 0.74 seconds, 
respectively) (p < 0.05, p < 0.05, and p < 0.001, respectively) 
(Fig. 2). We observed that cerebral IR impaired spatial memory, 
resulting in longer escape latency times during training and 
reduced time spent in the target quadrant during the probe trial 
of the IR group. Notably, motor performance, assessed through 
swimming speed and distance, remained consistent across 
groups (Fig. 2C and D). 

Effects of RB and GRB extract on object recognition memory 
performance

Recognition memory was measured in all mice using 
the NOR test. As shown in Figure 3A and B, the untreated 
tBCCAO group exhibited a significant decline in DI compared 
to the Sham group (0.33 ± 0.05 vs. −0.126 ± 0.11, p < 0.001). 
This decline indicated an impaired capacity to differentiate 

Combine 0.1 ml of supernatant from hippocampal 
tissues with 1.5 ml of 20% acetic acid (pH 3.5), 0.2 ml of 8.1% 
sodium dodecyl sulfate, and 1.5 ml of 0.8% thiobarbituric 
acid. Heat the mixture at 95°C for 60 minutes. After cooling, 
the mixture was centrifuged at 10,000 g for 5 minutes. The 
concentration of MDA was determined at a wavelength of 540 
nm using a microplate reader. The level of lipid peroxidation 
was assessed by comparing it to an MDA standard curve and 
reported as MDA equivalent in nmol/mg protein. Finally, the 
MDA level was normalized based on the protein content of the 
supernatant from hippocampal tissues using the Pierce® BCA 
Protein Assay Reagent Kit (Thermo Fisher Scientific, Rockford, 
IL, USA).

Statistical analysis
The statistical analysis for this study utilized GraphPad 

Prism version 9.2.0. Phytochemical content and antioxidant 
activity data were presented as mean ± standard deviation and 
analyzed utilizing a paired t-test. Cognitive performance and 
hippocampal MDA levels affected by RB and GRB extract 
were expressed as the mean value ± standard error of the mean 
(SEM). Statistical significance was assessed through one-way 
analysis of variance, followed by Dunnett’s test for multiple 
comparisons. A p-value of less than 0.05 was considered 
statistically significant.

RESULTS

Phytochemical content and antioxidant activity of RB and 
GRB extracts

GRB extract had GABA levels of 205.20 mg/kg, 
which were 11.55 times higher than RB extract’s (17.76 mg/
kg) levels. The results regarding the TPC, TFC, TAC, and 
antioxidant capacity (measured using DPPH and ABTS assays) 
of both RB and GRB ethanol extracts are presented in Table 
1. The GRB extract showed a slight reduction in TPC and a 
significant reduction in TAC. In contrast, the TFC content 
exhibited a minor increase. In addition, the analysis of the GRB 
extract revealed a significant decrease in antioxidant activity, 
as indicated by the increased IC50 values for DPPH and ABTS.

Effects of RB and GRB extract on spatial learning and 
memory performance

The MWM test assessing spatial learning and memory 
was performed after cerebral IR surgery in mice. Mice in all 
groups underwent a five-day training regimen. Initially, there 

Table 1. Phytochemical content and antioxidant activity of RB and GRB extracts. 

Rice extract TPC

(mg GAE/g extract)

TFC

(mg CE/ g extract)

TAC

(mg/g extract)

DPPH assay

IC50 (μg/ml)

ABTS assay IC50 
(mg/ml)

RB 28.42 ± 0.65 10.53 ± 0.67 0.32 ± 0.01 396.95 ± 36.29 52.10 ± 7.01

GRB 26.01 ± 0.67 11.53 ± 0.93  0.25 ± 0.02* 491.64 ± 23.57* 64.06 ± 7.63*

* Represents significance level of p < 0.05. Values are expressed as the average of triplicate samples with mean ± SD. RB = riceberry; GRB 
= germinated riceberry; TPC = total phenolic content; TFC = total flavonoid content; TAC = total anthocyanin content; GAE = gallic acid 
equivalents; CE = catechin equivalent; DPPH = Diphenyl-1-Picrylhydrazyl; ABTS = 2,2′-Azino-bis (3-Ethylbenzothiazoline-6-Sulfonic Acid); 
IC50 = half-maximal inhibitory concentration. 
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was determined. As represented in Figure 4, a statistically 
significant increase in hippocampal MDA level was observed 
in the tBCCAO group (75.62 ± 4.84 nmol/mg proteins) 
compared to the Sham group (47.51 ± 3.73 nmol/mg proteins) 
(p  <  0.001). Our study revealed that tBCCAO resulted in 
significant oxidative stress, as shown by increased levels of 
lipid peroxidation, which indicates the occurrence of oxidative 
damage in the hippocampus. 

Administration of RB (250 mg/kg BW) and GRB 
extract (250 and 500 mg/kg BW) significantly reduced oxidative 
stress, demonstrated by notable decreases in hippocampal MDA 
levels (57.36 ± 3.95, 50.07 ± 6.12, and 50.71 ± 2.33 nmol/mg 
proteins, respectively) (p  <  0.05, p  < 0.001, and p  <  0.01, 
respectively). 

between a NO and a previously encountered one due to 
cerebral ischemia-induced memory impairment. Remarkably, 
intervention with RB extract and GRB extract demonstrated 
significant improvements in recognition memory. In the 
tBCCAO+RB500, tBCCAO+GRB250, and tBCCAO+GRB500 
groups, the DI increased to 0.22 ± 0.08 (p < 0.05), 0.25 ± 0.07 
(p < 0.01), and 0.28 ± 0.05 (p < 0.01), respectively, compared 
to the untreated tBCCAO group. This enhancement in DI 
indicated the restoration of recognition memory abilities in 
mice subjected to cerebral IR.

Effects of RB and GRB extract on hippocampal MDA level
To determine the antioxidation properties of RB and 

GRB extracts, the hippocampal MDA level of tBCCAO mice 

Figure 2. Effect of RB and GRB extracts on spatial learning and memory performance in tBCCAO mice using a MWM test (A) Escape latency (time to 
find the hidden platform) during trials over 5 consecutive days; (B) time spent in the target quadrant; (C) swimming speed; (D) total swimming distance; 
and (E) tracings of the typical swim patterns during the probe trial. Data are expressed as the mean ± SEM, N = 8. *p < 0.05, ** p < 0.01, and *** p 
< 0.001 responses are significantly different compared with the tBCCAO group. RB = riceberry; GRB = germinated riceberry; tBCCAO = transient 
bilateral common carotid artery occlusion.
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phenolic compounds and anthocyanins such as cyanidin and 
peonidin. Furthermore, our study revealed a significant increase 
in GABA content, with the GRB extract showing an 11.55-fold 
greater concentration compared to the RB extract. The rise in 
GABA levels can be attributable to the stimulation of enzymes 
during germination, specifically the glutamate decarboxylase 
enzyme, which stimulates the conversion of L-glutamic acid 
into GABA [26]. The GRB extract exhibited a significant 
increase in GABA, a neurotransmitter that functions as an 
inhibitory neurotransmitter and a naturally occurring bioactive 
component in mammalian brains [27,28]. Several studies 
[29–31] have demonstrated the cognitive protective effects of 
germinated rice. The purpose of this study was to determine the 
effect of RB and GRB extracts on cerebral IR rodents following 
tBCCAO, with a focus on oxidative stress and cognitive decline 
reduction.

The tBCCAO-induced cerebral IR damage approach 
is commonly used as a global stroke model in rodents [32]. 
According to a prior investigation, tBBCAO induces an 
excess of free radicals, resulting in the death of neurons and 
subsequent decline in memory in rodents [33]. Similarly, the 
present study demonstrated that cerebral IR caused a significant 
decline in cognitive function in cerebral IR mice, which 
paralleled an increase in hippocampal MDA levels. Cerebral 
IR injury constitutes a multifaceted process marked by the 
temporary disruption and subsequent restoration of cerebral 
blood flow. This intricate phenomenon initiates a series of 
deleterious events, notably the excessive release of glutamate, 
a pivotal excitatory neurotransmitter. The hyperactivation of 
glutamate receptors culminates in excitotoxicity, triggering 
neuronal damage and cell death [11–13]. Concurrently, the 
reintroduction of oxygen during reperfusion instigates the 
generation of ROS, giving rise to oxidative stress and thereby 
exacerbating neuronal injury [14,13]. These intricate molecular 
and cellular mechanisms collectively underlie cognitive 
impairment, a prevalent consequence of cerebral IR injury, 

DISCUSSION
The rising trend in the consumption of RB in recent 

years is driven by the perception of its positive health benefits. 
RB is notably abundant in a variety of antioxidant bioactive 
compounds, as previously emphasized in studies such as 
polyphenol, flavonoids, anthocyanin [4,5,8]. The process of 
germination plays a pivotal role in enhancing and augmenting 
the nutritional profile of rice and various cereals. During 
germination, there is a notable increase in essential components 
such as proteins, amino acids, sugars, and vitamins. In 
addition, bioactive compounds such as phenolics, γ-oryzanol, 
antioxidants, and GABA experience a significant rise in their 
levels [24,25]. In this study, various parameters, including 
TPC, TFC, TAC, and levels of GABA, were evaluated, along 
with the antioxidant activity measured through DPPH and 
ABTS assays. However, our investigation revealed that GRB 
extracts displayed a slight reduction in TPC and significantly 
in TAC, while the TFC content exhibited a minor increase. In 
addition, the decrease in antioxidant activity, reflected in higher 
IC50 values in the DPPH and ABTS assays for GRB, correlates 
with the observed decline in TAC. These results emphasize the 
complex biochemical alterations that occur during germination, 
which influence the phenolic and flavonoid compositions as 
well as the antioxidant capacity of rice extracts. This finding 
resonates with Nach et al.’s [16] discovery, suggesting that the 
soaking and rinsing of rice grains during germination reduced 

Figure 3. Effects of RB and GBR extracts on NOR index in a NOR task 
represents recognition memory performance (A) experimental design of a NOR 
task; (B) DI. Data are expressed as the mean ± SEM, N = 8. *p < 0.05, ** p 
< 0.01, and *** p < 0.001 responses are significantly different compared with 
the tBCCAO group. RB = riceberry; GRB = germinated riceberry; tBCCAO = 
transient bilateral common carotid artery occlusion.

(A)

(B)

Figure 4. Effect of RB and GRB extracts on oxidative stress marker MDA 
in hippocampal tissue. Data are expressed as mean ± SEM; N = 8; *p < 0.05, 
**p < 0.01, and ***p < 0.001 response significantly different compared with 
the tBCCAO group. RB = riceberry; GRB = germinated riceberry; tBCCAO = 
transient bilateral common carotid artery occlusion; MDA = Malondialdehyde.
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its essential involvement in cognitive processes, especially 
learning and memory [39]. To determine the antioxidation 
properties of RB and GRB extracts, the hippocampal 
MDA level cerebral IR mice were determined. Our study 
revealed that cerebral IR has shown increased levels of lipid 
peroxidation, and MDA level, which indicates the occurrence 
of oxidative damage in the hippocampus. This result accords 
with previous studies [35,36,38]. During cerebral ischemic 
reperfusion, there is an upsurge in oxidative stress, leading to 
lipid peroxidation and subsequent MDA production. Elevated 
MDA levels indicate substantial oxidative damage within the 
hippocampus, underscoring the severity of oxidative stress 
in this region during ischemic events. This oxidative damage 
can disrupt cellular integrity and impair hippocampal function, 
contributing to cognitive deficits commonly observed after 
ischemic events [40]. Administration of RB and GRB extract 
significantly reduced oxidative stress, demonstrated by notable 
decreases in hippocampal MDA levels. These effects are related 
to the presence of high amounts of phenolic and flavonoid 
compounds, particularly anthocyanins such as cyadinin and 
peonidin. Evidence suggests that anthocyanin-rich foods can 
enhance cognitive function. For instance, Kangwan et al. 
[23] observed that mice with cerebral IR exhibited improved 
memory and learning, along with reduced brain damage from 
lipid peroxidation when administered anthocyanin-rich black 
rice extract. Furthermore, Zhang and Jing [41] demonstrated that 
a red cabbage anthocyanin-rich extract alleviated age-related 
cognitive dysfunction in mice by reducing lipid peroxidation 
and increasing antioxidant levels in the hippocampus. In 
addition, RB contains active compounds such as phenolic acids, 
flavonoids, gamma-oryzanol, alpha-tocopherol, and GABA, 
which function as antioxidants [4,5,7]. While the process of RB 
germination leads to a reduction in TPC and TAC as well as 
a decline in antioxidant activity, the results of this study did 
not show a significant difference in hippocampal MDA levels 
among the cerebral IR groups treated with RB (500 mg/kg BW) 
or GRB (250 and 500 mg/kg BW).

IR has a profound impact on brain tissues, specifically 
involving glutamate, a key excitatory neurotransmitter within 
the CNS [42]. This neurotransmitter plays a pivotal role in 
driving excitotoxicity induced by ischemia [12,13,43]. The 
excessive release of glutamate from both neurons and glial cells 
into the synaptic cleft leads to hyperactivation of postsynaptic 
NMDA receptors (glutamate receptors). This hyperactivation 
initiates cellular processes that ultimately lead to cell death. 
In addition, this overexcitation leads to elevated intracellular 
Ca2+ levels, exacerbating the damage and impairing synaptic 
plasticity [12,13], consequently impacting cognitive function 
[43]. Moreover, cerebral IR can cause damage to the GABAergic 
system in the hippocampus, which is associated with cognitive 
decline. For example, studies have shown that both GABA 
transporters-1, which are responsible for removing GABA from 
the synaptic cleft, and GABA transaminase, the primary enzyme 
involved in breaking down GABA, were increased in the CA1 
region of the hippocampus 24 hours after ischemia [44]. Our 
data showed that the GABA concentration in the GRB extract 
was 11.55 times greater than the RB extract. The limitation 
of this study was the absence of GABA content measurement 

characterized by compromised learning, memory deficits, and 
impaired cognitive functions. 

The selection of the doses (250 and 500 mg/kg BW) 
in our study was informed by preliminary investigations and 
existing literature. Given the limited research on the cognitive 
effects of RB and GRB extracts, we referred to relevant studies 
to establish appropriate dosage levels. Notably, Pannangrong 
et al. [8] conducted a study using Wistar rats, administering 
RB at doses of 180, 360, and 720 mg/kg BW. Their research 
demonstrated the potential of RB in mitigating cognitive 
impairment and hippocampal neurodegeneration in a rat 
model of AD. In addition, we drew insights from a study by 
Kangwan et al. [23], which explored the effects of an ethanolic 
extract from black rice, known for its antioxidant compounds, 
especially anthocyanins, on learning and memory in mice 
with cerebral ischemia induction. In their investigation, daily 
administration of black rice extracts (125, 250, and 500 mg/
kg BW) led to a significant reduction in escape latency and 
increased crossings in the former platform quadrant during 
the probe trial. Moreover, a decrease in lipid oxidation was 
observed in the brains of mice subjected to cerebral ischemia 
and treated with black rice extract at doses of 250 and 500 mg/
kg BW. Furthermore, data from a previous study indicated 
a significant increase in GABA concentration in black rice 
during germination. The administration of germinated black 
rice at doses of 500 and 1,000 mg/kg BW demonstrated an 
enhancement in both total antioxidant capacity and antioxidant 
enzyme levels in diabetic rats [24].

In this study, cognitive function was assessed through 
the MWM and NOR tasks. The MWM is a widely used 
model for studying learning and memory behavior in mice, 
specifically designed to assess spatial learning and memory 
abilities [34]. The findings of this study are consistent with 
prior research [35,36], demonstrating that cerebral IR impaired 
spatial memory in mice. Interestingly, our findings indicate 
a significant improvement in spatial learning and memory 
in mice subjected to cerebral IR and treated with RB (500 
mg/kg BW) and GRB (250 and 500 mg/kg BW) extracts. 
Remarkably, the GRB-treated mice at a dosage of 500 mg/kg 
BW displayed a significant decrease in escape latency even 
as early as the third day of training, suggesting an accelerated 
learning response compared to the IR model group. In addition 
to evaluating spatial memory, we assessed the impact of RB 
and GRB extracts on recognition memory using the NOR test. 
Our results are consistent with prior research [37], confirming 
that cerebral IR leads to a decline in recognition memory, as 
indicated by a reduced DI in the NOR test. Interestingly, our 
findings demonstrated a significant improvement in recognition 
memory following cerebral IR in mice treated with RB (500 
mg/kg BW) and GRB (250 and 500 mg/kg BW) extracts. These 
findings demonstrated that RB and GRB extracts improved 
cognitive performance in both the MWM and NOR tests.

MDA is one of the products of lipid peroxidation 
that can reflect the degree of lipid peroxidation in cases of 
cerebral IR oxidative stress injury [12,38]. In this investigation, 
mice with tBCCAO-induced cerebral IR were used. The 
hippocampus, which is in the temporal lobe of the brain, is 
a complex and multifaceted neural structure. It is known for 
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