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Abstrak 

Salah satu  masalah kesehatan yang paling umum pada lansia adalah demensia. Pasien demensia memiliki 

volume hipokampus yang lebih kecil dan kadar BDNF serum yang rendah. BDNF meningkatkan sinaptogenesis, 

dan berperan dalam neurogenesis. Penurunan kadar BDNF yang diakibatkan oleh penuaan diyakini dapat 

dicegah dengan asupan diet dari tumbuhan, diantaranya pegagan (Centella asiatica) dan ikan gabus (Channa 

striata). Pegagan mengandung terpenoid dan flavonoid, sedangkan ikan gabus mengandung arginin dan 

glutathione. Penelitian ini bertujuan untuk menguji kombinasi ekstrak air pegagan dan ikan gabus sebagai agen 

neuroprotektor. Penelitian ini merupakan true experimental, hewan coba (n=35) dibagi menjadi 7 kelompok, 

masing-masing 5 ekor dengan pemberian perlakuan sebagai berikut: K0: kontrol normal; K-: akuades10 

mg/kgBB/hari; P1: ekstrak ikan gabus 300 mg/kgbb/hari; P2: ekstrak pegagan 300 mg/kgbb/hari; P3-P5: 

kombinasi pegagan dan ikan gabus dosis 100/300, 300/300 dan 600/300 mg/kgbb/hari. Ekstrak diberikan secara 

per oral satu kali sehari bersamaan dengan induksi pada K-, P1-P5 dengan D- galaktosa (150 mg/kgbb/hari) 

secara subkutan selama 6 minggu. Kemudian dilakukan pemeriksaan ekspresi gen BDNF pada jaringan otak 

dengan metode Real Time PCR. Data dianalisis dengan uji One Way Anova. Hasil penelitian ini menunjukkan 

bahwa ekspresi gen BDNF paling besar ditemukan pada P3 (2,8). Penelitian ini berkesimpulan bahwa efek 

neuroprotektif berdasarkan ekspresi gen BDNF terdapat pada kombinasi ekstrak pegagan dan ikan gabus dengan 

dosis 100/300 mg/kgbb/hari. 

 

Kata kunci: ekstrak gotu kola, ekstrak ikan gabus; BDNF; neuroprotektif 

 

Abstract 

One of the most common health problems in the elderly is dementia. People living with dementia were found to 

have smaller hippocampal volumes and low serum BDNF levels. BDNF increases synaptogenesis, and plays a 

role in neurogenesis.  It is believed that the decrease in BDNF levels can be prevented by the dietary intake of 

plants, including gotu kola (Centella asiatica) and snakehead fish (Channa striata). Gotu kola contains  

terpenoids and flavonoids, while snakehead fish contains arginine and glutathione. This study aims to examine 

the combination of water extracts of gotu kola and snakehead fish  as neuroprotector agent. This research was 

truly experimental; experimental animals (n=35) were divided into seven groups, five animals each with the 

following treatment: K0: normal control; K-: distilled water 10 mg/kgBW/day; P1: snakehead fish extract 300 

mg/kgbb/day; P2: gotu kola extract 300 mg/kgbb/day; P3-P5: combination of gotu kola and snakehead fish at 

doses of 100/300, 300/300 and 600/300 mg/kgbb/day. The extract is given orally once a day along with induction 

at K-, P1-P5 with D-galactose (150 mg/kgbb/day) subcutaneously for six weeks. Then, BDNF gene expression 

was examined in brain tissue using the Real-Time PCR method. Data were analyzed using the One Way Anova 

test. The results of this study showed that the greatest BDNF gene expression was found in P3 (2.8). This study 

concluded that a neuroprotective effect based on BDNF gene expression was found in the combination of gotu 

kola and snakehead fish extracts at a dose of 100/300 mg/kg bb/day. 
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Introduction 

The world population is currently in the aging population era, where the number of 

elderly people (aged 60 years and over) exceeds 7% of the total population. Indonesia is one 

of the five countries with the largest number of elderly people in the world (1).  The aging 

process in the elderly can cause various problems both physically, biologically, mentally, and 

socio-economically, which is caused by the decline of all organ functions in the elderly. One 

of the most common health problems in the elderly is dementia. In people with dementia, 

there are impaired cognitive functions, which include behavior, information processing, 

thinking, and memory, which are functions for carrying out daily life. In 2021, the prevalence 

of dementia will be 55 million people worldwide, with 10 million new cases per year. About 

91% of cases occur in people over 65 years of age. Only 9% occur <65 years and are referred 

to as young-onset dementia. Globally, the majority of dementia occurs over the age of 65 

years (2). Mortality in patients with dementia is higher compared to the normal population. A 

meta-analysis study published in 2021 stated that the elderly group with dementia had 5.9 

times higher mortality than the elderly group without dementia (3).  

People living with dementia were found to have smaller hippocampal volumes and 

lower serum BDNF (Brain Derived Neurotrophic Factor) levels than individuals without 

dementia. Brain-derived neurotrophic factor is a small dimeric protein that is widely 

expressed in the adult mammalian brain, where it acts as an important mediator of synaptic 

plasticity and memory formation. The main function of BDNF is to support the existence and 

survival of neurons, help the growth and differentiation of new neurons, increase 

synaptogenesis, and play a role in neurogenesis (4). Increased BDNF is associated with 

increased synaptic plasticity in the hippocampus area, thereby increasing synaptic 

transmission, which can lead to increased expression of molecules related to learning and 

memory processes. Meanwhile, a decrease in BDNF levels is negatively correlated with the 

ability to learn and remember (5).  

Gotu kola (Centella asiatica) has been a traditional medicine in Asia for hundreds of 

years and is often used as a brain nutrient associated with antioxidant, anti-inflammatory, 

neuroprotective, and anticholinergic activities. Centella asiatica contains Asiatic acid, made 

basic acid (6-hydroxyasiatic acid), asiaticoside, madecassoside, betulinic acid, thankunic 

acid, and isothankunic acid, which increase BDNF levels because their flavonoid content can 

increase CREB (Response Element Binding Protein) activity (6).  
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Snakehead fish (Channa striata) is a type of freshwater fish with a complete set of 

amino acids that play an essential role in protein synthesis, including L-arginine (7). The 

amino acid L-arginine is an ingredient synthesising NO (Nitric Oxide) (8). NO has been 

shown to act as an antioxidant (9) and neuroprotector (10,9,11).  

Based on the information above, arginine, flavonoids, and terpenoids can improve 

cognitive function and act as antioxidants. Therefore, a combination of gotu kola extract and 

snakehead fish extract has the potential to have a synergistic effect and be developed as a 

supplement for the elderly, especially to improve cognitive function. 

 

 

Methods 

This experimental research used a post-test-only control group design with a sample of 28 

Wistar rats divided into seven groups, and each group consisted of 4 rats. The control group 

(K0) was only given standard feed, the negative control group was induced with D-galactose 

150 mg/kg/bw, group P1 = Gotu kola (Centella asiatica) extract group 300 mg/kg BW/day 

and injected D-galactose 150 mg/day kg BW/day, P2 = Group of snakehead fish extract 

(Channa striata) 300 mg/kg/day and injected with D-galactose 150 mg/kgBW/day, P3 = 

Group of gotu kola (Centella asiatica) extract and snakehead fish extract (Channa striata) 

100 /300 mg/kg/day and injected D-galactose 150 mg/kg BW/day, P4 = Gotu kola (Centella 

asiatica) extract group and snakehead fish extract (Channa striata) 300/300 mg/kg and 

injected D-galactose 150 mg/kg BW/day, P5 = Pegagan (Centella asiatica) and snakehead 

fish (Channa striata) extract groups 600/300 mg/kg and injected with D-galactose 150 

mg/kgBW/day, treatment was given for six weeks. BDNF Gene Expression examination was 

carried out using RT-PCR. The collected data was analyzed using the One Way ANOVAtest. 

This research has received ethical approval from the Health Research Ethics Commission 

(KEPK) of the Aceh Young Health Research Institute with number 01/KOME/LPMKA/2024. 

Results 

To determine the increase or decrease in BDNF gene expression, the ∆CT (cycling threshold) 

value is measured first (figure 1), then the data is extrapolated to assess the fold change 

(BDNF gene expression), namely by using the Livak Method formula with the formula 2^∆∆ 

CT. The ∆CT (cycling threshold) value is obtained by subtracting the CT value from the 

BDNF gene from the CT value from the beta-actin gene. After carrying out a normality test 

using the Shapiro-Wilk test, it was found that the ΔCT value data was normally distributed 

and continued with the One Way ANOVAtest. Interpretation of ΔCT values, the smaller (or 
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more negative) the ΔCT value, the higher the expression of the target gene. Additionally, to 

assess the magnitude of gene expression changes, fold change measurements were performed 

for each treatment group compared to the control group. A higher fold change value indicates 

a greater increase in gene expression in the treatment group compared to the control group 

(fold change > 1 = indicates an increase in gene expression; fold change < 1 = indicates a 

decrease in gene expression). 

 

 

 

 

 

 

 

 

Figure 1.  Differences in Mean BDNF ∆CT between groups, shows that the highest BDNF 

ΔCT was in the P3 group (2.8). 

 

 

 
Figure 2. Differences in BDNF Gene Expression Between Groups, shows that after comparing the gene 

expression of the K0 group (1.00), there was a trend of increasing BDNF gene expression in the P1-P5 group 

(1.1; 1.2; 1.2; 1.4; 2.8), and P3 group showed the highest fold change (2.8), indicating that BDNF expression in 

this group increased nearly threefold compared to the reference group. 
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Discussion 

 BDNF gene expression in the brain is a neurotrophin factor that plays a role in 

synapse plasticity and the process of memory formation (12). The BDNF gene functions in 

maintaining the integrity of the neuronal system, so it is thought to play a role in brain aging 

(13). In this study, it was found that there was an increase in BDNF gene expression in all 

treatment groups. The expression of the BDNF gene in the K- group (only standard feed) and 

the K0 group, which were given D-galactose, only had the same level, namely 1.0. This 

means that D-galactose cannot increase BDNF expression. In this study, D-galactose is 

believed to act more as an antioxidant. The highest BDNF gene expression was found in the 

combination group of gotu kola and snakehead fish extracts at doses of 100 and 300 

mg/kgBW (P3) with a result of 2.8. 

Meanwhile, the lowest gene expression was found in the group given snakehead fish 

extract alone. Research by Sari et al. (2019) also states that gotu kola extract can increase 

BDNF gene expression in mice (14). Other research by Sbrini et al. (2020) and Fitriani et al. 

(2018) states that gotu kola extract can increase BDNF expression (15,13). Meanwhile, 

research on snakehead fish extract and BDNF gene expression has yet to be found. 

Gotu Kola (Centella asiatica) extract can increase BDNF protein in the hippocampus 

because it is reported to contain secondary metabolites in the form of flavonoids. This 

flavonoid content is explained in the research results of Handayani et al. (2018), that 

flavonoids have been proven to cross the blood-brain barrier and increase cortical blood flow. 

Additionally, Flavonoids can modulate CREB (cAMP response element binding protein) so 

that BDNF protein expression in the hippocampus will increase. When BDNF is released 

from the presynapse, it binds to receptor tyrosine kinase B (TrkB) and induces various 

intracellular signaling pathways (16). The BDNF signaling pathway is activated by 

either/both CREB transcription factors and CREB binding proteins that regulate gene 

expression (17). cAMP response element binding protein (CREB) consists of three 

transcription factors, namely CREB protein, ATF1 (Activating Transcription Factor 1), and 

CREM (cAMP response element modulator) and CREB binds to DNA elements in the 

promoter region of the BDNF gene, thereby activating the transcription of the gene into 

mRNA. The BDNF gene can modulate its mRNA expression through activation of the TrkB 

receptor and the MAPK (Mitogen Associated Protein Kinase), PLC-γ (Phospholipase C-γ), 

and P13-K (Phosphatidylinositol-3-kinase) signaling pathways (18). Therefore, CREB is a 

transcription factor involved in learning and memory processes, particularly playing a crucial 

role in hippocampal neurogenesis in adults. (14).  
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  Snakehead fish (Channa striata)  extract may not have a direct effect on BDNF, but 

snakehead fish extract contains the amino acid arginine, which plays a role in synthesizing 

NO. NO acts as an antioxidant and neuroprotector. Antioxidants also have an effect on BDNF 

levels, as shown in the study by Seci et al. (2015), that an antioxidant diet can improve BDNF 

levels in old dogs. Another study by Sunarno et al. (2018) explained that the administration of 

snakehead fish extract could increase motor activity in mice experiencing oxidative stress 

(19,20).  

 Arginine is the primary precursor for nitric oxide (NO) synthesis through the enzyme 

nitric oxide synthase (NOS). The NOS enzyme catalyzes the conversion of arginine into NO 

and citrulline. NO interacts with specific molecules to regulate the activity of antioxidant 

enzymes, such as by upregulating the expression of enzymes like superoxide dismutase 

(SOD), which neutralizes harmful reactive oxygen species (ROS). Additionally, NO can 

inhibit the excessive production of oxygen radicals, thereby reducing oxidative stress that can 

damage neuronal cells. NO also induces vasodilation of cerebral blood vessels, enhancing 

blood flow, oxygenation, and nutrient delivery to neural tissue, which is essential for neuronal 

function and repair. Furthermore, NO modulates signaling pathways that suppress 

overactivation of microglia, thereby mitigating inflammation and neuronal damage. Its role in 

neuroplasticity facilitates the formation and maintenance of synapses, which are crucial for 

learning and memory processes (21-24). 

 

Conclusion and Suggestions 

The results of this study prove that the combination of Centella asiatica extract and Channa 

striata extract at a dose of 100/300 mg/kgBW has synergy in increasing BDNF expression in 

aging model mice. This is believed to be due to the feedback process of BDNF RNA 

synthesis, which occurs at high doses for protein synthesis so that it can form memory and 

maintain the integrity of the neuronal system in preventing brain aging.  
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