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6. KEMAJUAN PENELITIAN



      A. RINGKASAN

          Infeksi oleh virus dengue/ dengue virus (DENV) masih menjadi penyebab utama infeksi virus di 

daerah tropis dan subtropis. Jumlah kasus sebelumnya diperkirakan kurang lebih 50 juta infeksi, dengan 

500.000 kasus dengue berat, yang menyebabkan 20.000 kematian per tahun. Angka ini diperkirakan 

sudah meningkat 3 kali lipat mencapai 390 juta infeksi per tahun, dengan 96 juta kasus simptomatis. 

Kasus dengue berat sering ditemukan pada penderita usia terlalu muda, usia lanjut atau penduduk dengan 

komorbiditas. Angka kematian diperkirakan dibawah 1%. Manifestasi klinis sangat bervariasi dari kasus 

tidak bergejala atau asimptomatik, gejala ringan sampai gejala berat mengancam nyawa. Sebagian kasus 

dapat berkembang menjadi demam berdarah berat yang juga dikenal sebagai demam berdarah dengue 

yang dapat jatuh sebagai dengue syok syndrome dengan angka kematian yang tinggi. Tata laksana infeksi 

virus dengue sampai saat ini hanya terapi simptomatis, belum ada terapi spesifik seperti antivirus. Oleh 

karena itu dapat mengidentifikasi kasus mana yang secara klinis berpotensi untuk menjadi kasus dengue 

berat, merupakan tantangan bagi klinisi di lapangan. Hanya belum ada cara yang valid untuk 

mengidentifikasi pasien mana yang akan berkembang menjadi demam berdarah berat, yang menimbulkan 

beban ekonomi yang sangat besar bagi sistem kesehatan. Menentukan mekanisme imunologis mana 

yang dapat menjadi pedoman untuk menentukan infeksi dengue berat adalah merupakan tantangan riset 

masa kini sehingga deteksi kasus dengue berat dapat dilakukan pada fase awal penyakit sehingga dapat 

diberikan tata laksana yang tepat untuk mencegah kematian akibat infeksi dengue berat.

Tujuan penelitian ini adalah untuk menentukan mekanisme molekuler dan imunologi yang memprediksi 

kerentanan terhadap demam berdarah yang berat. Informasi ini sangat penting karena akan dapat 

mengidentifikasi biomarker spesifik untuk mengembangkan alat diagnostik untuk deteksi dini demam 

berdarah khususnya infeksi demam berdarah berat.

Penelitian ini terdiri dari 3 tahapan selama 3 tahun. Pada tahun pertama telah dilakukan penelitian 

mengenai gambaran molekular virus dengue yang menginfeksi pasien di Bali. Penelitian tahun kedua akan 

diukur ekspresi microRNA dan ekspresi atau kadar sitokin proinflamasi yaitu tumour necrosis (TNF- α), 

interleukin-1 (IL-1), IL-6, IL-10, IL-10). Penelitian tahun ketiga akan dilakukan karakterisasi subset antibodi 

yang terbentuk pada infeksi berat dan infeksi dengue ringan.  luaran penelitian publikasi artikel hasil 

penelitian pada jurnal internasional bereputasi seperti PLoS One (ISSN 0022538X). Status Tingkat 

Kesiapterapan Teknologi adalah 3 (TKT 3).

      B. KATA KUNCI

          Mekanisme;infeksi dengue berat



 

Pengisian poin C sampai dengan poin H mengikuti template berikut dan tidak dibatasi jumlah kata atau 

halaman namun disarankan seringkas mungkin. Dilarang menghapus/memodifikasi template ataupun 

menghapus penjelasan di setiap poin. 

 

Penelitian mengenai ‘”identification of molecular pathway of severe dengue’” dilaksanakan dalam 3 

tahapan tahun penelitian. Ada banyak aspek yang diteliti dan berikut adalah salah satu hasil penelitian 

penugasan/ kemitraan dalam bentuk manuscript. Berikut adalah hasil penelitian peran microRNA dalam 

memicu produksi sitokin pada patogenesis infeksi dengue berat: 

The microRNA mir-150 Expression and Interleukin 6 (IL-6) Gene Regulation in 

A549 Human Cell Line Infected with Dengue Virus Serotype 2 (DENV-2) 

 

Sri Masyeni1, Diana Hanzen2 

 

1Faculty of Medicine and Health Science, University of Warmadewa, Jl. Terompong 
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C.  HASIL PELAKSANAAN PENELITIAN: Tuliskan secara ringkas hasil pelaksanaan penelitian 

yang telah dicapai sesuai tahun pelaksanaan penelitian. Penyajian meliputi data, hasil analisis, dan 

capaian luaran (wajib dan atau tambahan). Seluruh hasil atau capaian yang dilaporkan harus 

berkaitan dengan tahapan pelaksanaan penelitian sebagaimana direncanakan pada proposal. 

Penyajian data dapat berupa gambar, tabel, grafik, dan sejenisnya, serta analisis didukung dengan 

sumber pustaka primer yang relevan dan terkini. 



Abstract 

Background: Dengue disease poses significant public health problems in tropical and 

subtropical regions in the world. The vascular plasma leakage, one of the hallmarks of 

severe dengue, has been associated with the cascade of cytokines responses termed 

cytokines storm. Changes in expression level of microRNA (miRNA) in the serum or 

immune cells of dengue-infected patients have been related to the altered cytokine 

response.  

Methods: Using an in vitro dengue human cell line model A549, we sought to 

determine the expression of miRNA and the corresponding cytokine gene regulation. 

Total RNA and miRNA were extracted from A549 cells model infected with dengue 

virus serotype 2 (DENV-2). The relative expression of miRNAs, Suppressor of 

Cytokine Signaling 3 (SOCS3), and Interleukin 6 (IL-6) genes were quantified using 

SYBR-Green-based quantitative Real-Time PCR.  

Results: The down-regulated expression of miR-150 in DENV-2 infected cells was 

observed relative to the uninfected control. The decrease was in parallel with the up-

regulation of SOCS3 and the down-regulation of IL-6 genes during the progression of 

infection. Following the decrease of SOCS3 level, a significant increase in IL-6 gene 

expression was observed.  

Conclusion: We report here the potential association of mir-150 in regulating IL-6 

gene expression in DENV-2 infected human cell line in vitro and highlight the 

potential use of A549 cells in miRNA studies. 

 

Keywords: dengue, A549, miRNA, SOCS3, IL-6, gene expression 

  



Introduction 

Dengue has been considered as the disease of the future with alarming 

epidemiological patterns for both human health and the global economy [1]. The 

prevalence of dengue virus (DENV) infection has been predicted to cause 390 million 

new cases arising each year and approximately 96 million dengue hemorrhagic fever 

(DHF) cases leading to hospitalization each year [2]. Four serotypes of DENV 

(DENV-1, -2, -3, -4) have spread rapidly within countries and across regions, causing 

epidemics and severe dengue disease, hyperendemicity of multiple dengue virus 

serotypes in tropical countries, and autochthonous transmission in Europe and the 

USA [3]. Among the serotypes, DENV-2 has been significantly associated with the 

severe form of dengue disease [4]. 

The theory of antibody-dependent enhancement (ADE) postulated the 

incomplete neutralization of heterotypic antibodies to the subsequent infecting DENV 

serotype that facilitate virus entry and replication in target immune cells and initiates 

an immune cascade that results in vascular leak and severe dengue disease [5]. The 

cytokine storm is one of the severe dengue responses where both the innate and the 

adaptive immune systems are activated and contribute to the cytokine production [6,7].  

Discovered in 1993, microRNA (miRNA) has been recognized as a repressor 

of gene expression of target messenger RNA (mRNA), resulted in inhibition of 

translation [8]. The role of miRNA in the immune regulation of virus infections 

revealed the differential expression or abundance of host miRNA expressed following 

virus infection [9]. Suppressor of cytokine signaling (SOCS) proteins are inhibitors of 

cytokine signaling pathways and are key physiological regulators of both innate and 

adaptive immunity [10]. The relationship between differential expression of miRNA 



and SOCS has been demonstrated in human mononuclear leukocytes of patients with 

severe dengue cases [11]. 

The human lung epithelial A549 cells has been used as an in vitro model of 

DENV infection and immune responses [12]. In this study, we sought the relationship 

between miRNA expression and regulation of cytokine gene expression, especially IL-

6, in DENV-2 infected A549 cells. 

 

Methods  

Ethical considerations 

Ethics approval for this study was granted by the Institutional Review Board 

of the Faculty of Medicine and Health Sciences, Warmadewa University, Bali, 

Indonesia (Approval No: 485/Unwar/FKIK/KEPK/2022).  

 

Cell line, virus strain, and in vitro infection 

The A549 human cell line was obtained from ATCC and maintained as 

described elsewhere [12]. The DENV-2 challenge virus strain SMG-SE001 was 

isolated from a severe dengue patient from Semarang in 2012 [13]. The virus strain 

has been characterized genetically as a member of Cosmopolitan genotype of DENV-

2. The A549 cells were seeded 2 x 105 cells/well of 24-well plate in 1× RPMI medium 

supplemented with 10% of Fetal Bovine Serum (FBS), 2 mM L-glutamine, and 

antibiotic/antimycotic (all from Gibco-Thermo Fisher Scientific, Grand Island, NY) 

followed by overnight incubation at humidified 37°C incubator with 5% CO2. Cells 

were then infected with DENV-2 using the multiplicity of infection (m.o.i) of 1 

(theoretically one virus particle per cell) in 1× RPMI medium-2% FBS, performed in 

duplicate. Following the infection period of 1 hour at 37°C, 5% CO2, the inoculum 



was aspirated and replenished with 1 mL of fresh medium. Plates were then incubated 

for 6, 12, 24, 36, and 48 hours post-infection at 37°C, 5% CO2. Supernatant was 

harvested and cells were lysed using RNA lysis buffer and directly stored at -80°C 

freezers until use. 

 

RNA extraction and miRNA real-time RT-PCR 

The miRNA and total RNA were simultaneously extracted from cell lysate 

using miRCURY RNA Isolation kit – Cell and Plant (Exiqon, Vedbaek, Denmark), as 

described in the manufacturer’s instructions. Total RNA quantity was measured using 

Qubit 3.0 fluorometer and Qubit RNA BR Assay Kit (Life Technologies-Thermo 

Fisher Scientific, Eugene, OR). RNA samples were adjusted to a concentration of 5 

ng/µL. The adjusted RNA samples were then used as templates in two-steps First 

Strand cDNA synthesis and Real-time amplification using miRCURY LNA Universal 

RT microRNA PCR (Exiqon) as described in the manufacturer’s instructions, and 

using primer set as listed in Table. The small nuclear RNA (snRNA) U6 was used as 

internal reference genes in relative expression analysis using the 2-ΔΔCt equation, 

compared to uninfected control for each time-point. The RT-PCR reaction was 

performed in a CFX96 Touch Real-Time PCR Detection System (Bio-Rad, Hercules, 

CA). 

 

Table. Primer set used in miRNA expression analysis using real-time RT-PCR. 

No. Primer set name Target sequence (5’-3’) 

1. hsa-miR-30e-3p CUUUCAGUCGGAUGUUUACAGC 

2. hsa-let-7e-5p UGAGGUAGGAGGUUGUAUAGUU 

3. has-miR-150-5p UCUCCCAACCCUUGUACCAGUG 

Gene expression analysis 



Changes in mRNA gene expression of SOCS3 and IL-6 cytokine genes were 

measured as relative gene expression compared to uninfected cells at the designated 

time points. The amount of 300 ng of mRNA was reverse-transcribed using GoScript 

Reverse Transcription System and oligo dT primer (Promega, Madison, WI). The 

resulting cDNA was then analyzed using quantitative real-time PCR using GoTaq 

qPCR Master Mix (Promega). The primers used were SOCS3-F: 5’-

CCTGCGCCTCAAGACCTTC and SOCS3-R: 5’-GTCACTGCGCTCCAGTAGAA, 

and IL-6-F: 5’-GAGGATACCACTCCCAACAGACC and IL-6-R: 5’-

AAGTGCATCATCGTTGTTCATACA. Analysis was performed using the equation 

of 2-ΔΔCt of normalized Ct value to human β-actin. 

 

Statistical analysis 

The independent Student’s t-test was used to calculate differences between 

means of two groups, using R statistical software. 

 

Results 

We performed miRNA and cytokine gene regulation analyses of human A549 

cell line infected with DENV-2. The analysis of miRNA expression of infected cells 

revealed the different expression patterns among three miRNAs assayed. Increase in 

miRNA expression was observed for hsa-miR-150-5p (miR-150) at 24 hours 

continued with decrease at 36 hours post-infection (Figure 1). There was 3.84-fold 

increase in miR-150 expression at 24 hours and significantly decreased to 0.45-fold at 

36 hours. There were no significant changes in the expression of miR-30e and let-7e 

throughout infection course.  



The cytokine gene regulation analysis showed that the decrease of miR-150 

expression at 36 hours post-infection was in parallel with the increase in SOCS3 gene 

expression (statistically significant difference, p = 0.0083), where there was 10.65-

fold increase observed (Figure 2). At this 36 hours’ time point, the IL-6 gene 

expression was observed at 8.38-fold increase. However, parallel to the slight increase 

of miR-150 expression and the decrease of SOCS3 gene expression at 48 hours post-

infection, the significant increase of IL-6 gene expression (up to 27.19-fold) was 

detected (Figure 1). 

 

Figure 1. The relative expression of three miRNA in A549 cells infected by DENV-2. Data were 

analyzed from experiments performed in duplicate. aRelative fold changes compared to uninfected cells 

at time points. 

 

 



 
 

Figure 2. Relative expression of miRNA has-miR-150-5p and the expression of the corresponding 

SOCS3 and IL-6 genes. Data were analyzed from experiments performed in duplicate. *Relative fold 

changes compared to uninfected cells at time points 

 

Discussion 

The relationship between miRNA and the immune regulation of virus 

infections has been recognized and the differential expression or abundance of host 

miRNA expressed following virus infection was observed [9]. Changes in miRNA 

profiles was observed in serum [14] and blood [15] of dengue patients and in 

peripheral blood mononuclear cells (PBMCs) of healthy donor infected with DENV 

[16]. However, the patterns among the miRNA profiles and their association with the 

disease were still unclear [17] and variable results observed depending on the source 

and form of samples analyzed and the miRNA target used. 

The use of human lung epithelial A549 cells has been demonstrated to be 

suitable for DENV studies and proposed as an in vitro model of DENV infection and 

immune responses [12]. The use of cell line offers several advantages, such as less 

variability, cost effective, easy to use, and provides a consistent sample and 

reproducible results, compared to primary cells [18]. In this report, we assessed the 



use of A549 cells to study the association between miRNA and cytokine gene 

regulation.  

Systematic review and meta-analysis of factors associated with severe dengue 

disease revealed that DENV-2 was significantly associated with dengue shock 

syndrome (DSS) [4]. The DENV-2 infected A549 cells generated dynamic miRNA 

expression profiles through time. Variability between different miRNA targets was 

also observed (Figure (a)). The increase of miR-150 expression was apparent at 24 

hours post-infection, consistent with result from other study [11], but not in the other 

two miRNA targets studied. The result was in contrast to other studies that observed 

the increase of miR-30e in human monocyte cell line U937 [19] and let-7e in PBMCs 

[16].  

Single miRNAs can have substantial effects in regulating immune responses 

and approximately 50 miRNAs are predicted to target the genes of the JAK–STAT 

pathway including the negative regulators SOCS and PIAS [20]. SOCS-3 is a negative 

regulator of the IL-6 and IFN-γ-induced signaling pathways. The suppression of 

SOCS3 has been shown to lead to an increase in inflammatory response in the skin 

[21]. We observed the association between miR-150 and SOCS3 gene expression and 

the resulting effect on IL-6 cytokine production. The decrease in mir-150 expression 

at 36 hours post-infection was in parallel with the increase in SOCS3 gene expression. 

The relatively stable expression of miR-150 at 48 hours post-infection lead to the 

decrease in SOCS3 gene expression and striking increased level of IL-6 cytokine gene 

expression (Figure B). Our results supported the proposed mechanism of miRNA that 

act as rheostats, modulating the expression of target genes to an optimal level rather 

than an on–off switch [20]. These findings may need to be complemented with future 

studies of signaling pathway and the use of miRNA mimic. 



Conclusion 

We highlighted the role of miRNA miR-150 in the SOCS3-related IL-6 

cytokine gene expression regulation. We also demonstrated the use of A549 human 

cell line as an in vitro model in miRNA analysis of DENV induced immune responses.  
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D. STATUS LUARAN:  Tuliskan jenis, identitas dan status ketercapaian setiap luaran wajib dan 

luaran tambahan (jika ada) yang dijanjikan. Jenis luaran dapat berupa publikasi, perolehan 

kekayaan intelektual, hasil pengujian atau luaran lainnya yang telah dijanjikan pada proposal. 

Uraian status luaran harus didukung dengan bukti kemajuan ketercapaian luaran sesuai dengan 

luaran yang dijanjikan. Lengkapi isian jenis luaran yang dijanjikan serta mengunggah bukti 

dokumen ketercapaian luaran wajib dan luaran tambahan melalui BIMA. 

 

 

E.  PERAN MITRA: Tuliskan realisasi kerjasama dan kontribusi Mitra baik in-kind maupun in-cash 

(untuk Penelitian Terapan, Penelitian Pengembangan, PTUPT, PPUPT serta KRUPT). Bukti 

pendukung realisasi kerjasama dan realisasi kontribusi mitra dilaporkan sesuai dengan kondisi 

yang sebenarnya. Bukti dokumen realisasi kerjasama dengan Mitra diunggah melalui BIMA. 

 

Mitra membantu peningkatan kapasitas peneliti dalam mengerjakan isolasi PBMC untuk riset serta 

memberikan bantuan berupa tabung nitrogen, serta membantu / supervisi dalam penulisan manuskrip. 
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F. KENDALA PELAKSANAAN PENELITIAN: Tuliskan kesulitan atau hambatan yang dihadapi selama 

melakukan penelitian dan mencapai luaran yang dijanjikan, termasuk penjelasan jika pelaksanaan penelitian 

dan luaran penelitian tidak sesuai dengan yang direncanakan atau dijanjikan. 

 

Kendala yang dihadapi kesulitan dalam pengumpulan sampel pasien untuk isolasi PBMC karena kasus infeksi 

dengue berkurang karena pandemi COVID-19, sehingga sebagian rencana riset masih terhambat dan akan 

dilanjutkan tahun 2023. 

G. RENCANA TAHAPAN SELANJUTNYA: Tuliskan dan uraikan rencana penelitian di tahun berikutnya 

berdasarkan indikator luaran yang telah dicapai, rencana realisasi luaran wajib yang dijanjikan dan 

tambahan (jika ada) di tahun berikutnya serta roadmap penelitian keseluruhan. Pada bagian ini 

diperbolehkan untuk melengkapi penjelasan dari setiap tahapan dalam metoda yang akan direncanakan 

termasuk jadwal berkaitan dengan strategi untuk mencapai luaran seperti yang telah dijanjikan dalam 

proposal. Jika diperlukan, penjelasan dapat juga dilengkapi dengan gambar, tabel, diagram, serta pustaka 

yang relevan. Jika laporan kemajuan merupakan laporan pelaksanaan tahun terakhir, pada bagian ini dapat 

dituliskan rencana penyelesaian target yang belum tercapai. 

 

 

Rencana publikasi bagian hasil riset yang lain juga masih dipersiapkan dan akan dilaksnakan tahun 2023 awal. 

kelanjutan penelitian untuk dapat menemukan biomarker infeksi dengue berat direncanakan tahun 2023. 

H. DAFTAR PUSTAKA: Penyusunan Daftar Pustaka berdasarkan sistem nomor sesuai dengan urutan 

pengutipan. Hanya pustaka yang disitasi pada laporan kemajuan yang dicantumkan dalam Daftar Pustaka. 
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Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Publikasi artikel di 

Jurnal Internasional

- Paket 1 30,950,000 30,950,000

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Biaya Publikasi artikel di 

Jurnal Nasional

- Paket 0 0 0

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Biaya  seminar 

internasional

- Paket 0 0 0

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Biaya  seminar nasional - Paket 2 6,000,000 12,000,000

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Biaya konsumsi rapat - OH 5 100,000 500,000

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Uang harian rapat di 

luar kantor

- OH 0 0 0

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Uang harian rapat di 

dalam kantor

- OH 3 100,000 300,000

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

HR Sekretariat/

Administrasi Peneliti

- OB 3 800,000 2,400,000

Tahun 3 Total Rp. 242,000,000

Jenis Pembelanjaan Komponen Item Satuan Vol. Biaya 

Satuan

Total

Bahan ATK - Paket 1 2,400,000 2,400,000

Bahan Bahan Penelitian (Habis 

Pakai)

- Unit 1 185,000,000 185,000,000

Bahan Barang Persediaan - Unit 1 5,000,000 5,000,000

Pengumpulan Data HR Pembantu 

Lapangan

- OH 60 80,000 4,800,000

Pengumpulan Data Biaya konsumsi - OH 0 0 0

Pengumpulan Data Uang harian rapat di 

luar kantor

- OH 0 0 0

Pengumpulan Data Penginapan - OH 0 0 0

Pengumpulan Data Uang Harian - OH 0 0 0

Pengumpulan Data Tiket - OK (kali) 0 0 0



Pengumpulan Data Transport - OK (kali) 0 0 0

Pengumpulan Data HR Petugas Survei - OH/OR 0 0 0

Pengumpulan Data FGD persiapan 

penelitian

- Paket 0 0 0

Pengumpulan Data HR Pembantu Peneliti - OJ 240 25,000 6,000,000

Sewa Peralatan Kebun Percobaan - Unit 0 0 0

Sewa Peralatan Peralatan penelitian - Unit 1 5,000,000 5,000,000

Sewa Peralatan Transport penelitian - OK (kali) 0 0 0

Sewa Peralatan Ruang penunjang 

penelitian

- Unit 1 5,000,000 5,000,000

Sewa Peralatan Obyek  penelitian - Unit 0 0 0

Analisis Data Biaya analisis sampel - Unit 2 500,000 1,000,000

Analisis Data Honorarium 

narasumber

- OJ 0 0 0

Analisis Data HR Sekretariat/

Administrasi Peneliti

- OB 0 0 0

Analisis Data HR Pengolah Data - P 

(penelitian)

1 2,000,000 2,000,000

Analisis Data Biaya konsumsi rapat - OH 0 0 0

Analisis Data Penginapan - OH 0 0 0

Analisis Data Transport Lokal - OK (kali) 0 0 0

Analisis Data Uang Harian - OH 0 0 0

Analisis Data Tiket - OK (kali) 0 0 0

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Biaya Luaran Iptek 

lainnya (purwa rupa, 

TTG dll)

- Paket 0 0 0

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Luaran KI (paten, hak 

cipta dll)

- Paket 0 0 0

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Publikasi artikel di 

Jurnal Internasional

- Paket 1 23,400,000 23,400,000

Pelaporan, Luaran Wajib, Biaya Publikasi artikel di - Paket 0 0 0



dan Luaran Tambahan Jurnal Nasional

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Biaya  seminar 

internasional

- Paket 0 0 0

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Biaya  seminar nasional - Paket 0 0 0

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Biaya konsumsi rapat - OH 4 100,000 400,000

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Uang harian rapat di 

luar kantor

- OH 0 0 0

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

Uang harian rapat di 

dalam kantor

- OH 4 100,000 400,000

Pelaporan, Luaran Wajib, 

dan Luaran Tambahan

HR Sekretariat/

Administrasi Peneliti

- OB 2 800,000 1,600,000

6. KEMAJUAN PENELITIAN

      A. RINGKASAN

          Rasa nyeri serta inflamasi/peradangan pada beberapa penyakit seperti Arthritis baik akibat infeksi 

maupun non-infeksi sangat mengganggu kualitas kehidupan manusia. Seperti pada arthritis paska infeksi 

Chikungunya yang terjadi pada kira- kira 4,1-78,6% pasien dan dapat berlangsung selama lebih dari 3 

bulan. Chikungunya adalah infeksi virus yang disebabkan oleh virus Chikungunya (CHIKV) yang tergolong 

dalam Alphavirus dengan salah satu manifestasi klinis yaitu arthralgia yang ditandai dengan inflamasi 

sendi berupa edema, nyeri, kemerahan serta demam yang cukup menyakitkan. Kasus post-Chikungunya-

chronic arthritis bahkan dapat menetap selama berhari- hari bahkan berbulan- bulan dan menimbulkan 

morbiditas bagi umat manusia. Saat ini sedang terjadi lonjakan kasus infeksi CHIKV di Bali sehingga 

dikhawatirkan akan banyak muncul kasus arthritis paska infeksi CHIKV. Saat ini salah satu pengobatan 

arthritis terkait infeksi CHIKV adalah analgetik dan anti- inflamasi golongan klorokuin yang dikenal 

memiliki efek-samping khususnya gangguan pada penglihatan.

Spons laut adalah sumber senyawa di laut yang kaya produk alami bioaktif dengan beberapa sifat 

farmakologis yang berguna bagi dunia kesehatan. Selain itu spons laut juga disebutkan memiliki aktifitas 

seperti menghilangkan rasa nyeri serta bersifat anti- inflamasi. Spons laut memiliki substansi dengan 

mekanisme penghambatan pada fosfolipase A2, penghambatan efek interleukin-1 (IL-1) melalui sintesis 

prostaglandin, menghambat siklo- oksigenase serta menghambat sintesis superoksida radikal oleh 

netrofil. Spesies spons laut yang memiliki efek di atas diantaranya Xestospongia sp., Aplysina sp. dan 

Agelas sp.

Tujuan penelitian adalah untuk menemukan bahan obat baru sebagai analgetik dan anti- inflamasi yang 

berasal dari kekayaan hayati yang diambil dari kekayaan alam pulau Bali, yang dapat menggantikan 



Klorokuin dalam menangani arthritis kronis paska infeksi CHIKV. Urgensi dari penelitian ini adalah karena 

kasus infeksi Chikungunya tampaknya telah menjadi endemik bagi-negara-negara tropis sehingga harus 

ditemukan bahan obat baru berupa anti- inflamasi non- steroid baru dengan efek yang kuat dalam 

mencegah arthritis kronis paska infeksi CHIK dengan efek samping yang lebih ringan.

Penelitian ini terdiri dari 3 tahapan selama 3 tahun. Pada tahun pertama akan dilakukan penelitian invitro 

mengenai efek analgetik serta anti-inflamasi spons laut Aplysina Caissara, Xestospongia sp. dan Agelas 

sp. pada pada mencit Swiss yang belum terinfeksi CHIKV. Nyeri diinduksi dengan injeksi asam asetat 0,6% 

dan inflamasi diinduksi dengan injeksi formalin 2,5%. Pada tahap ini juga akan dilakukan isolasi serta 

formulasi 3 jenis spons laut yang diambil dari perairan pulau Nusa Penida Bali pada kedalamam 10 meter 

di bawah permukaan laut untuk mendapatkan dilakukan secara invitro berupa uji eksperimental pada 

kelompok mencit yang diberikan perlakuan diinfeksi virus CHIK, kemudian akan diberikan ekstrak spons 

Aplysina Caissara, Xestospongia sp. dan Agelas sp.. Output yang diamati adalah menurunnya inflamasi 

pada sendi yang terdampak serta menurunnya sitokin pro- inflamasi tumour necrozing alfa (TNF-α), dan 

interleukin (IL)-6. Pada tahun ketiga akan diteliti efek antiviral Aplysina Caissara, Xestospongia sp. dan 

Agelas sp. pada mencit Swiss yang diinfeksi CHIKV dengan mengukur kadar viral load sebelum dan 

setelah perlakuan dengan RT-PCR.

Luaran penelitian adalah publikasi artikel hasil penelitian pada jurnal internasional bereputasi seperti BMC 

Pharmacology and Toxicology (ISSN 20506511), Current Clinical Pharmacology (ISSN 15748847) atau 

Fundamental and Clinical Pharmacology (ISSN 07673981). Status Tingkat Kesiapterapan Teknologi 

adalah 3 (TKT 3).

      B. KATA KUNCI

          Spons laut; analgetik; anti-inflamasi; infeksi virus; Chikungunya



Pengisian poin C sampai dengan poin H mengikuti template berikut dan tidak dibatasi jumlah kata atau halaman 

namun disarankan seringkas mungkin. Dilarang menghapus/memodifikasi template ataupun menghapus 

penjelasan di setiap poin. 

 

Penelitian ini telah dilaksanakan, mulai dari proses pengurusan ijin penelitiqan serta etikal klirens penelitian. 

Sesuai tahapan penelitian maka pada tahun pertama ini dilakukan identifikasi efek anti-inflamasi dan efek 

analgetik dari spons laut Xestospongia muta, Agelas sp. dan Apylisina sp. yang berhasil diekstraksi setelah 

dikumpulkan dari perairan laut dalam kepulauan Nusa Penida, Kabupaten Klungkung, Bali  dan telah diekstrasi. 

Uji dimulai dengan menyiapkan tikus Winstar jantan albino ukuran 20-30 gram untuk masing-masing kelompok 

perlakuan. Kelompok perlakuan terdiri dari kelompok kontrol negatif, kelompok kontrol positif yang diberikan 

uji parasetamol sebagai pembanding, uji kelompok spons Xestospongia muta, Agelas sp. dan Apylisina sp. 

Masing-masing kelompok terdiri dari 8 ekor tikus coba. Adapaun hasil penelitian dapat dilihat pada tabel dan 

gambar berikut dalam bentuk manuskrip. 

Abstract 
Marine sponges are a ridiculous source of bioactive compounds with numerous pharmacological properties such 

as anti-inflammatory, anti-viral and antibacterial activities. The study objective to study the possible anti-

inflammatory and antinociceptive effects of extracts attained from Xestospongia muta, Agelas sp. and Apylisina 

sp by using the writhing test and formalin-induced mouse paw edema model in mice. Entirely extracts were 

administered via oral pathway in the doses of 20 mg/kg. The potential anti-inflammatory activity of the extracts 

was assess with formalin-induced paw edema. The oral administration of Xestospongia muta, Agelas sp. and 

Apylisina sp extracts significantly reduced the formalin-induced paw edema in mice. The formalin test showed 

that the extracts from Xestospongia muta, Agelas sp. and Apylisina sp, in the tested doses, however, they were 

effective in the late phase. In the writhing test the pre-treatment with all sponges resulted in significant inhibition 

of the acetic acid-induced response, suggesting an antinociceptive effect. In conclusion, our study show that 

marine sponges can be an important source of anti-inflammatory and antinociceptive products that can be 

promising therapeutical principals. Furthermore, pharmacological and chemical studies have been developed 

not only to characterize the mechanism(s) that is/are responsible for the antinociceptive and anti-inflammatory 

action but also to identify the active principles of sponges.  

Keywords: inflammation; nociception; marine sponges. 

 

Introduction 

The oceans and deep seas are a natural habitat to approximately 80% of the world’s plant and animal 

species1,2. The ocean is known to accommodate various living organisms, ranging from prokaryotic 

bacteria and marine invertebrates to multicellular complex organisms such as sharks and whales3. 

Despite the extreme conditions of the marine environment, the accessibility of new compounds from 

marine organisms from the various depths of the sea is now possible due to the advancement in 

technologies such as scuba diving equipment, remotely operated vehicles, closed-circuit computerized 

mixed gas rebreathers and manned submersibles4,5. More than 5000 novel natural products have been 

extracted from marine organisms living in these extreme environments. Sponge-derived bioactive 

substances have possessed antibacterial, antiviral, antifungal, antimalarial, antihelminthic, 

immunosuppressive, muscle relaxants, anti-inflammatory and analgesic activities6. The search for new 

anti-inflammatory and analgesic agents from marine sources has yielded several promising therapeutic 

leads. Several sponges’ species and isolated sponges derived compounds have been described by their 

effects. Some examples of sponge species with anti-inflammatory activity includes Fasciospongia 
cavernosa, Petrosia contignata, Cacospongia linteiformis7, Luffariella variabilis8, Xestospongia 
testudinaria9

 and Aplysina fistularis10. Some of the reported mechanisms involved in the anti-

inflammatory effects of marine sponges metabolites were the inhibition of phospholipase A2, inhibition 

of interleukin-1 mediated prostaglandin synthesis, inhibition of cicloxigenase and reduction of 

C.  HASIL PELAKSANAAN PENELITIAN: Tuliskan secara ringkas hasil pelaksanaan penelitian yang telah 

dicapai sesuai tahun pelaksanaan penelitian. Penyajian meliputi data, hasil analisis, dan capaian luaran 

(wajib dan atau tambahan). Seluruh hasil atau capaian yang dilaporkan harus berkaitan dengan tahapan 

pelaksanaan penelitian sebagaimana direncanakan pada proposal. Penyajian data dapat berupa gambar, 

tabel, grafik, dan sejenisnya, serta analisis didukung dengan sumber pustaka primer yang relevan dan terkini. 



superoxide production by neutrophils11,12. The analgesic potential of sponges is less explored and was 

already evidenced for Aplysina caissara. 

 
Our study was conducted with three species of marine sponges, Xestospongia muta, Agelas sp. and 
Apylisina sp. Sponges of the genus Agelas are well-known for producing a variety of secondary 

metabolites, many of them are cytotoxic13,14, antifungal15, antimicrobial16
 and anti-inflammatory19. The 

genus Xestospongia produce some secondary metabolites that are cytotoxic, antimicrobial, 

antiprotozoal and antiviral. The genus Xestospongia produce some secondary metabolites that are 

cytotoxic, antimicrobial, antiprotozoal and antiviral. More recently, Medeiros et al.10
 showed that an 

isolated compound from Aplysina fistularis present anti-inflammatory effects in macrophages cell line 

The purpose of this study was to investigate the anti-inflammatory and antinociceptive activities of 

extracts from Xestospongia muta, Agelas sp. and Apylisina sp, sponges that are abundant in Indonesia, 

by using the writhing test and formalin-induced mouse paw edema model. We have also compared the 

effects of the extracts between them and with paracetamol. 
 
Material and methods 

Ethical approval 

The study was approved by the instituisonal review board of the Faculty of Medicine and Health 

Sciences Universitas Warmadewa (document number: 70/Unwar/FKIK/KEPK/VIII/2022). 

Chemicals 

Paracetamol, Formalin, acetic acid were kindly provided by the Animal Laboratory  of. The extracts 

and drugs were dispersed or dissolved in saline solution (0.9% NaCl) for administration. 

 

Sampel preparation 

Samples of Xestospongia muta, Agelas sp. and Apylisina sp. Sponges of the genus Agelas were 

collected on Nusa Penida Island (Klungkung, Bali) in August 2022 at a depth of 10 m. They were 

washed in sea water and all visible surface debris was removed. Afterwards, they were rapidly washed 

in freshwater and immediately frozen. The frozen samples were also immersed in ethanol and 

maintained at -20ºC. The specimens were identified by Laboratory of Genetica Science, Jakarta, 

Indonesia and kept in the minus 20 degree of freezer at Faculty of Medicine and Health Sciences 
Universitas Warmadewa Laboratory. 

The extract was prepared according to the following procedure: the sponges were extracted in ethanol 

and the remaining material was sequentially extracted four times with methanol (0.3 g/mL) by 

maceration for 4 days. After the fourth day, the ethanol and methanol solutions were blended and 

filtered. After filtration, the extracted material was concentrated in a rotary evaporator (Fisaton, Brazil) 

and the final extract was partitioned against hexane (1 : 1 v/v). The final extract was dried in SpeedVac 

(SPD1010; ThermoSavant, NY, USA) 

Male Winstar albino mice (20–30 g) were provided by the Animal House Faculty of Medicine and 

Health Sciences Universitas Warmadewa, were housed in rooms at controlled temperature (20–220C), 

in 12-h : 12-h light/dark cycles. Standard rodent diet and tap water were provided ad libitum.  

Formalin-Induced Paw Edema 

In this test, 20 μL of 2.5% formalin was injected into the left hind paws of mice 30 or 60 min after they 

had been submitted to their respective treatments (n=8 animals/group). Animals were treated with the 

Xestospongia muta extract (96 mg), Agelas sp. extract (96 mg), Apylisina extract (96 mg) or saline 

(control group) (0.9%; 0.1 mL/10 g) by oral pathway (gavage) 30 min prior to formalin injection. One 

group was treated (60 min prior to the formalin injection) with the asetaminophen analgesic (88 g oral).  

Before formalin injection (20 μL; 2.5%,), the volume of each mouse paw was measured separately by 

means of a plethysmometer (Letica, Barcelona, Spain). Thirty minutes after the administration (by 

gavage) of the sponges extract (96 mg) or saline (control group) (0.9%; 0.1 mL/10 g) to the mice, acute 

inflammatory edema was induced by sub plantar injection of formalin into the right hind paws of mice 

(n = 8 animals/group). The edema caused by formalin was measured at 30 and 180 min after formalin 

injection. The volume of the edema was expressed for each animal as the difference between before and 

after formalin injected paws 

 

Antinociceptive Activity  



Writhing Test  
The abdominal writhing response to the acetic acid administration (0.6%, 10 mL/kg, i.p.) consists of 

contractions of the hind limbs 23. For the writhing test, mice got the acetic acid injection 30 min after 

getting their respective treatments (n = 8 animals/group). Animals were treated with the Xestospongia 
muta extract (96 mg), Agelas sp. extract (96 mg), Apylisina extract (96 mg)  or saline (control group) 

(0.9%; 0.1 mL/10 g) by oral pathway (gavage). One group was treated with the asetaminophen analgesic 

(88 g oral), 60 min prior to the acetic acid injection by intraperitoneal pathway (i.p.) and,  60 min prior 

to the acetic acid injection. The number of abdominal writhing was counted cumulatively for 25 min, 

starting 5 min after the administration. Antinociception was calculated as a percentage of inhibition of 

writhing constrictions by using the formula [(control group mean – test group mean)/(control group)] 

100%. 

Statistical analysis 

Results were expressed as mean ± SEM (standard error of mean). Data were analyzed by one way 

analysis of variance followed by Tukey’s post hoc test. Values of p<0.05 were considered statistically 

significant. 

 

RESULTS AND DISCUSSION  
Anti-inflammatory and the antinociceptive effects of extracts obtained from three sponges, 

Xestospongia muta extract (96 mg), Agelas sp. extract (96 mg), Apylisina extract (96 mg, was evaluated 

in mice in this study. The anti-inflammatory and antinociceptive effect of Xestospongia muta extract 

(96 mg), Agelas sp. extract (96 mg), Apylisina extract (96 mg) activities were assessed by the acetic 

acid-induced writhing response and the formalin test.  

In this study, oral administration of Xestospongia muta extract, Agelas sp., Apylisina extracts reduced 

the formalin-induced paw edema in mice. Table 1 shows that Xestospongia muta extract (96 mg/kg) 

significantly reduced the formalin-induced hind paw edema in rats in 30.4 (p<0.001) and Agelas sp. 

6.7 (p <0.05) and Apylisina sp. 48.3% (p< 0.001), respectively. The effects were similar to the one 

obtained by asetaminophen (positive control). 

 

 

 

Table 1. Effect of Xestospongia muta extract, Agelas sp., Apylisina extract extracts reduced the 

formalin-induced paw edema 

Group Paw edema (mL) 3 h after 

formalin 

% of inhibition 

Control 2.07 ± 0.25  

Acetaminophen 1.75 ± 0.38 15.5 

Xestospongia muta 1.44 ± 0.37 30.4 

Agelas sp 1.93 ± 0.19 6.7 

Apylisina sp 1.07 ± 0.27 48.3 

 The metabolites of Apylisina sp. have been described as microbicides and antitumorals17, however, the 

anti-inflammatory effects of these compounds are poorly studied. Some years ago, Medeiros et al.10
 

reported the anti-inflammatory activity of 11-oxoaerothionin, a bromotyrosine-derivated alkaloid 

isolated from the marine sponge Aplysina fistularis in culture of macrophages. Moreover, the authors 

showed that the anti-inflammatory mechanism of this compound seems to be related to the inhibition 

of NO production, inflammatory cytokines and PGE2. Chemical studies from the crude extract of A. 

caissara showed the presence of bromotyrosine-derivated alkaloids: caissarine A, B and C; 

agelocaissarines A1, A2, B1, B2; fistularin-3 and 11-hydroxyaerothionin18,19. Based on this studies we 

can suggest that this class of compounds may be responsible for the anti-inflammatory and 

antinociceptive effects of A. caissara observed in this study and in our previous work from Azevedo et 

al13. In addition to A. caissara, the extract of Haliclona sp also presented anti-inflammatory activity in 

the experimental model. 
To evaluate the possible analgesic effect of the sponges, we used the writhing test, that is commonly 

used for screening peripherally active. Our results showed (Figure 1) that pre-treatment with all sponges 

resulted in significant inhibition of the acetic acid-induced writhing response. All extracts were 



evaluated at doses of 96 mg by oral pathway. Results show that the oral administration of both doses of 

aqueous extract of Xestospongia muta inhibited the acetic acid-induced abdominal constriction (62.8 

and 60.1% - p<0.001, respectively). Similar results were obtained by both oral doses of aqueous extract 

of Haliclona sp. in the acetic acid-induced abdominal constriction (40% - p<0.001). One doses of the 

extract of Agelas sp. reticulatus also significantly inhibited the acetic acid-induced abdominal 

constriction (14.3; p<0.05), however it was less effective than Xestospongia.  Extract of Apylisina sp. 

reveals best inhibition effect than others, account for 57.1% reducing writhing test. Furthermore, the 

antinociceptive effects in the test were also observed for acetaminophen (20% - p<0.02), used as the 

reference peripheral analgesic drug. These data suggest the possible antinociceptive action of the 

extracts from X. muta, Agelas sp, and Apylisina sp.  

 

Figure 1. Effect of Xestospongia muta extract, Agelas sp., Apylisina extract extracts reduced the 
writhing response in mice 

 

In the writhing test, the acetic acid-induced writhing response, the nociceptive response appears to result 

from the release of TNF-α, interleukin-1β and interleukin-8 by resident peritoneal macrophage and mast 

cells20, the release of biogenic amines (e.g., histamine and serotonin), cyclooxygenases and their 

metabolites (e.g., PGE2 and PGF2α)  and opioid mechanisms21. 
 
 

D.  STATUS LUARAN:  Tuliskan jenis, identitas dan status ketercapaian setiap luaran wajib dan luaran 

tambahan (jika ada) yang dijanjikan. Jenis luaran dapat berupa publikasi, perolehan kekayaan intelektual, 

hasil pengujian atau luaran lainnya yang telah dijanjikan pada proposal. Uraian status luaran harus didukung 

dengan bukti kemajuan ketercapaian luaran sesuai dengan luaran yang dijanjikan. Lengkapi isian jenis 

luaran yang dijanjikan serta mengunggah bukti dokumen ketercapaian luaran wajib dan luaran tambahan 

melalui BIMA. 

 

Manuskript telah disubmit pada jurnal internasional bereputasi dan masih menunggu proses review. 

 

F. KENDALA PELAKSANAAN PENELITIAN: Tuliskan kesulitan atau hambatan yang dihadapi selama 

melakukan penelitian dan mencapai luaran yang dijanjikan, termasuk penjelasan jika pelaksanaan penelitian 

dan luaran penelitian tidak sesuai dengan yang direncanakan atau dijanjikan. 

 

Kendala penelitian adalah kesulitan pada saat menemukan spons di lautan perairan karena cuaca eksterm kurang 

kondusif bagi proses penyelaman, Kendala juga terjadi pada saat eksperimen karena laboratorium sedang 

digunakan oleh beberapa penelitian sehingga menunggu proses dengan waktu penantian yang cukup lama. 
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G. RENCANA TAHAPAN SELANJUTNYA: Tuliskan dan uraikan rencana penelitian di tahun berikutnya 

berdasarkan indikator luaran yang telah dicapai, rencana realisasi luaran wajib yang dijanjikan dan 

tambahan (jika ada) di tahun berikutnya serta roadmap penelitian keseluruhan. Pada bagian ini 

diperbolehkan untuk melengkapi penjelasan dari setiap tahapan dalam metoda yang akan direncanakan 

termasuk jadwal berkaitan dengan strategi untuk mencapai luaran seperti yang telah dijanjikan dalam 

proposal. Jika diperlukan, penjelasan dapat juga dilengkapi dengan gambar, tabel, diagram, serta pustaka 

yang relevan. Jika laporan kemajuan merupakan laporan pelaksanaan tahun terakhir, pada bagian ini dapat 

dituliskan rencana penyelesaian target yang belum tercapai. 

 

Rencana tahapan berikutnya adalah melaksanakan penelitian tahap kedua tahun kedua sesuai Roadmap penelitian; 

 

H. DAFTAR PUSTAKA: Penyusunan Daftar Pustaka berdasarkan sistem nomor sesuai dengan urutan 

pengutipan. Hanya pustaka yang disitasi pada laporan kemajuan yang dicantumkan dalam Daftar Pustaka. 

 

Daftar pustaka 
1. Rane, R.; Sahu, N.; Shah, C.; Karpoormath, R. Marine bromopyrrole alkaloids: Synthesis and diverse medicinal 
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