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RINGKASAN

MEKANISME PERBAIKAN MEMORI SPASIAL DI HIPOKAMPUS
MELALUI PEMBERIAN ASAM DOCOSAHEKSANOAT (DHA) PADA
TIKUS JANTAN (Rattus Novergicus) MODEL MALNUTRISI PROTEIN

Didik Dwi Sanyoto

Memori sangat penting dalam kehidupan manusia. Neuron dan astrosit
berperan penting dalam proses memori, tidak terkecuali memori spasial. Salah
satu penyebab gangguan memori spasial adalah malnutrisi protein. Kasus
malnutrisi di Indonesia masih cukup banyak. Berbagai dampak merugikan
malnutrisi protein terhadap otak menyebabkan gangguan konsolidasi memori dan
mengganggu memori spasial. Memori spasial adalah suatu kemampuan baik pada
manusia maupun pada hewan dalam mengetahui lokasi dirinya berada di
lingkungan dan kemampuan melakukan navigasi secara efektif. Struktur otak
yang bertanggung jawab terhadap memori spasial adalah Hipokampus. Malnutrisi
protein dapat merusak hipokampus sehingga menyebabkan gangguan memori
spasial. Langkah efektif untuk mengatasi dampak malnutrisi melalui asupan
nutrisi yang penting yaitu DHA. DHA, merupakan asam lemak, secara fungsional
terikat di FABP7. DHA berfungsi dalam modulasi learning dan memory melalui
up-regulasi ekspresi gen PPARy di hipokampus. DHA juga berpengaruh pada
astrosit berupa meningkatkan diferensiasi dan maturitas astroglia serta memicu
pembentukan BDNF. BDNF berperan dalam plastisitas sinaptik dan memori.
Astrosit memicu proliferasi neural stem cells (NSC) menjadi neural progenitor
cells (NPC).

Penanggulangan malnutrisi sudah dilakukan dengan berbagai strategi,
akan tetapi suplementasi DHA belum menjadi pilihan utama. Rehabilitasi nutrisi
pada tikus malnutrisi menunjukkan peningkatan performa pada tes spasial memori
hewan coba. DHA otak secara signifikan meningkatkan neurogenesis pada
hipokampus. Peningkatan neurogenesis ini ditandai dengan peningkatan jumlah
sel positif Tuj-1. Suplementasi DHA dapat meningkatkan performa
neuropsikologi dan meningkatkan status DHA pada infant malnutrisi. Penanganan
terhadap penderita gizi buruk selama ini, belum memasukkan unsur pemberian
DHA sebagai bagian dari penanggulangan gizi buruk.

Berbagai penelitian tersebut di atas belum bisa menjelaskan bagaimana
mekanisme DHA dapat meningkatkan fungsi kognitif pada anak yang mengalami
malnutrisi. Dalam membuktikan dan mempelajari mekanisme DHA mengatasi
gangguan kognitif pasca malnutirisi protein maka penelitian ini dilakukan pada
hewan model malnutrisi yang diberi DHA, yang difokuskan pada peran astrosit
dalam memperbaiki gangguan akibat malnutrisi. Tujuan penelitian ini adalah
menjelaskan fisiogenesis perbaikan fungsi memori spasial pada hewan model
malnutrisi protein dengan pemberiaan DHA.

Penelitian yang dilakukan merupakan peneltian true experimental.
Rancangan penelitian ini adalah Randomized posttest only with control group
design. Unit eksperimen dalam penelitian ini adalah anak tikus putih, jantan
spesies Rattus norvegicus galur wistar, usia = 21 hari, dalam kondisi sehat, yang
telah mengalami perlakuan malnutrisi sejak dilahirkan. Teknik pengambilan
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sampel pada masing-masing kelompok adalah secara simple random allocation,
dan dibagi menjadi 3 kelompok, masing-masing 12 ekor perkelompok. Kelompok
normal (KN) adalah kelompok yang tidak mengalami malnutrisi, kelompok
kontrol (KK) adalah kelompok malnutrisi dan kelompok perlakuan (KP) adalah
kelompok malnutrisi yang mendapat suplementasi DHA 1 mg/hari selama 6
minggu. Perlakuan malnutrisi dilakukan sejak anak tikus dilahirkan (post natal
malnutrisi), dengan memberikan indukan pakan rendah protein (AIN-76) dengan
kadar casein 6% hingga usia anak tikus 50 hari. Memasuki usia 51 hari anak tikus
kelompok perlakuan (KP) diberi suplementasi DHA oral selama 6 minggu (42
hari). Usia ke-85 — 92 hari dilakukan latthan MWM. Pengukuran memori spasial
(probe test) dilakukan di usia ke-93. Usia ke-94 dilakukan terminasi untuk
mengambil otak dan dilakukan pemeriksaan imunofluoresence pada FABP7dan
PPARY, pemeriksaan imunohistokimia pada GFAP dan Tuj-Iserta pemeriksaan
ELISA pada BDNF.

Hasil penelitian menunjukkan pemberian DHA berbeda bermakna untuk
GFAp (p=0,003) dan memori spasial (p=0,000). namun tidak berbeda bermakna
pada FABP7 (p=0,159), PPARy (p=0,102), Tuj-1 (p=0,258). Astrosit (GFAP)
pada malnutrisi protein mengalami astrosit reaktif, sehingga jumlah astrositnya
meningkat. Peningkatan jumlah astrosit ikut mempengaruhi ekspresi FABP7 dan
PPARy. FABP7 memiliki selektif yang tinggi terhadap DHA. Pada otak dewasa,
FABP7 diekspresikan oleh astrosit. Astrosit reaktif merupakan peristiwa
sekunder. Astrosit reaktif disatu sisi bermanfaat namun disisi lain bisa merugikan.
Astrosit reaktif yang bersifat sementara dapat memberikan dukungan trofik untuk
akson yang beregenerasi, namun jika gangguan berlangsung lama dapat
menghambat regenerasi akson. Malnutrisi protein dapat menyebabkan maladaptif
sehingga menyebabkan disfungsional dari astrosit itu sendiri. Perlu ditelaah
kembali hambatan pada jalur mana sehingga BDNF yang baru terbentuk tidak
dapat bekerja dengan baik. Malnutrisi protein menyebabkan gangguan neuron di
hipokampus sehingga menganggu pola pengenalan dan konsolidasi memori.
Kesimpulan: Suplementasi DHA dapat memperbaiki memori spasila akibat
pembatasan protein.

Temuan baru pada penelitian ini adalah mekanisme peningkatan memodi
spasian pada malnutrisi protein yang di beri DHA, bukan terjadi melalui jalur
FABP7 dan PPARy. Keterlibatan astrosit reaktif pada malnutrisi protein dalam
jangka panjang bisa berakibat maladaptif bagi pemulihan memori spasial.
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SUMMARY

MECHANISM OF SPATIAL MEMORY IMPROVEMENT IN
HIPPOCAMPUS THROUGH DOCOSAHEXAENOIC ACID (DHA)
SUPPLEMENTATION IN MALE RAT (Rattus norvegicus) MODEL OF
PROTEIN MALNUTRITION

Didik Dwi Sanyoto

Memory is very important in human life. Neurons and astrocytes play an
important role in memory processes, including spatial memory. One of the causes
of spatial memory disorders is a protein malnutrition. There are still quite a lot of
cases of malnutrition in Indonesia. The detrimental effects of protein malnutrition
on the brain cause impaired memory consolidation and impair spatial memory.
Spatial memory is the ability to recognize the environment and the ability to
navigate effectively. The responsible brain structure for spatial memory is the
hippocampus. Protein malnutrition can damage the hippocampus, causing spatial
memory impairment. The effective steps to solve this problem are through the
important nutrient, namely DHA. DHA is a functionally fatty acid bound to
FABP7. DHA functions in modulation of learning and memory through up-
regulation of PPARy gene expression in the hippocampus. DHA also affects
astrocytes by increasing the differentiation and maturity of astroglia and triggering
the formation of BDNF. BDNF plays a role in synaptic plasticity and memory.
Astrocytes trigger the proliferation of neural stem cells (NSC) to become neural
progenitor cells (NPC).

Various strategies have been carried out to solve the malnutrition problem.
However, DHA supplementation has not become the main choice. Nutritional
rehabilitation in malnourished mice showed improved performance on the spatial
memory test of experimental animals. Brain DHA significantly increases
neurogenesis in the hippocampus. This neurogenesis improvement is marked by
an increase in the number of Tuj-1 positive cells. DHA supplementation can
improve neuropsychological performance and improve DHA status in
malnourished infants. So far, treatment of malnutrition patients has not included
the element of giving DHA as part of overcoming malnutrition.

Several studies have not been able to explain how the DHA mechanism can
improve cognitive function in malnourished children. Some studies investigate the
mechanism of DHA to repair cognitive disorders after protein malnutrition. This
study was conducted on malnutrition model animals with DHA treatment, which
focused on the role of astrocytes in correcting disorders caused by malnutrition.
This study aimed to explain the psychogenesis of improved spatial memory
function in protein malnutrition animal models with DHA administration.

This was a randomized post-test only with a control group design. The
experimental unit in this study was white rat pups, male species of Rattus
norvegicus Wistar strain, age + 21 days, in healthy condition, which had been
malnourished since birth. We conducted simple random allocation and divided it
into 3 groups, 12 individuals per group. The normal group (KN) was not
malnourished, the control group (KK) was the malnutrition group and the
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treatment group (KP) was the malnutrition group DHA supplementation 1 mg/day
for 6 weeks. Malnutrition treatment was carried out since the pups were born
(postnatal malnutrition), by providing broodstock of low protein feed (AIN-76)
with 6% casein levels until the pups were 50 days old. At the age of 51 days, the
pups in the treatment group (KP) were given oral DHA supplementation for 6
weeks (42 days). At the age of 85-92 days, the Morris Water Maze (MWM) test
was carried out. The spatial memory measurement (probe test) was carried out at
the age of 93. At the age of 94, the pups were terminated to take the brain and
carried out immunofluorescence examinations for FABP7 and PPARy,
immunohistochemical examinations on GFAP and Tuj-1, and ELISA examination
on BDNF.

The results showed that DHA was significantly different for GFAp
(p=0.003) and spatial memory (p=0.000) but not significantly different at FABP7
(p=0.159), PPARy (p=0.102), Tuj-1 (p=0.258). Astrocytes (GFAP) in protein
malnutrition experience reactive astrocytes, so that the number of astrocytes
increases. The increase in the number of astrocytes also affects the expression of
FABP7 and PPARY. FABP7 is highly selective against DHA. In the adult brain,
FABP7 is expressed by astrocytes. Reactive astrocytes are secondary events.
Reactive astrocytes, on the other hand, are beneficial but on the other hand, can be
detrimental. Transient reactive astrocytes can provide trophic support for
regenerating axons, however, if the disturbance is prolonged it can inhibit axon
regeneration. Protein malnutrition can be maladaptive, causing dysfunctionality of
the astrocytes themselves. It is necessary to re-examine the obstacles on which
route so that the newly formed BDNF cannot work properly. Protein malnutrition
causes neurons in the hippocampus to disrupt pattern recognition and memory
consolidation. Conclusion: DHA supplementation can improvement spasial
memory due to protein restriction. .

This study found the new mechanism of increasing spacing of protein
malnutrition given DHA, not through the FABP7 and PPARY pathways. The long-
term involvement of reactive astrocytes in protein malnutrition can be
maladaptive for spatial memory recovery.

xii
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ABSTRAK

MEKANISME PERBAIKAN MEMORI SPASIAL DI HIPOKAMPUS
MELALUI PEMBERIAN ASAM DOCOSAHEKSANOAT (DHA) PADA
TIKUS JANTAN (Rattus Novergicus) MODEL MALNUTRISI PROTEIN

Didik Dwi Sanyoto

Pendahuluan: Memori sangat penting dalam kehidupan manusia. Neuron dan
astrosit berperan penting dalam proses memori, tidak terkecuali memori spasial.
Salah satu penyebab gangguan memori spasial adalah malnutrisi. Berbagai
dampak merugikan malnutrisi protein terhadap otak menyebabkan gangguan
memori spasial. Langkah efektif untuk mengatasi dampak malnutrisi melalui
asupan DHA. DHA berfungsi dalam modulasi learning dan memory. Tujuan
penelitian ini untuk mengetahui pengaruh pemberian DHA terhadap memori
spasial melaui jalur FABP7, PPARY, GFAP, Tuj-1 dan BDNF.

Metode: Kelompok dibagi 3, satu kelompok normal, dua kelompok Pemberian
pakan malnutirisi protein (AIN-76A) selama 50 hari sejak dilahirkan lalu diikuti
suplementasi DHA pada kelompok perlakuan. Pada usia ke 90 dilakukan
pengukuran memori spasial dan terminasi hewan untuk mengambil otak guna
pengukuran FABP7, PPARY, GFAP, Tuj-1 dan BDNF.

Hasil: Hasil penelitian menunjukkan terdapat perbedaan bermakna pada memori
spasial (p=0.000), namun tidak ditemukan perbedaan bermakna pada FABP7,
PPARY, GFAP, Tuj-1 dan BDNF.

Diskusi: Astrosit (GFAP) pada malnutrisi protein mengalami astrosit reaktif,
sehingga jumlah astrositnya meningkat. Peningkatan jumlah astrosit ikut
mempengaruhi ekspresi FABP7 dan PPARy. FABP7 memiliki selektif yang tinggi
terhadap DHA. Astrosit reaktif yang bersifat sementara dapat memberikan
dukungan trofik untuk akson yang beregenerasi, namun jika gangguan
berlangsung lama dapat menghambat regenerasi akson. Gangguan kronik seperti
malnutrisi  protein, dapat berakibat maladaptif sehingga menyebabkan
disfungsional dari astrosit itu sendiri. Malnutrisi protein menyebabkan penurunan
neurogenesis hipokampus sehingga menganggu pola pengenalan dan konsolidasi
memori. Suplementasi DHA mampu memperbaiki memori spasial.

Kesimpulan: Pemberian DHA memperbaiki memori spasial pada hewan model
malnutrisi protein, namun tidak terbukti melalui jalur PPARy, GFAP, Tuj-1 dan
BDNF.

Kata Kunci: Malnutrisi protein, PPARy, GFAP, Tuj-1, memori spasial
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ABSTRACT

MECHANISM OF SPATIAL MEMORY IMPROVEMENT IN
HIPPOCAMPUS THROUGH DOCOSAHEXAENOIC ACID (DHA)
SUPPLEMENTATION IN MALE RAT (Rattus norvegicus) MODEL OF
PROTEIN MALNUTRITION

Didik Dwi Sanyoto

Introduction: Memory is very important in human life. One of the causes of
spatial memory disorders is a protein malnutrition. The detrimental effects of
protein malnutrition on the brain cause impaired spatial memory. The effective
steps to solve this problem are through the important nutrient, namely DHA. DHA
functions in modulation of learning and memory. The purpose of this study was to
assess the effect of DHA on spatial memory through the FABP7, PPARy, GFAP,
Tuj-1 and BDNF pathways.

Methods: The rats were classified into 3 groups, namely, normal, malnutrition
(control), and malnutrition supplemented with DHA (treatment). Protein
malnutrition diet (AIN-76A) was given for 50 days since birth, followed by DHA
supplementation in the treatment group. At 90 days, spatial memory was assessed,
and the rats were terminated to obtain the brain for the measurements of FABP7,
PPARYy, GFAP, Tuj-1 and BDNF expression.

Results: Results showed that there was a significant difference in spatial memory
(p=0.000), while there were no significant differences in the FABP7, PPARY,
GFAP, Tuj-1 and BDNF expression.

Discussion: Astrocytes (GFAP) in protein malnutrition are reactive, leads to an
increase in the total number of astrocytes. This increase affects the expressions of
FABP7 and PPARy. FABP7 is highly selective to DHA. A chronic dysfunction,
including protein malnutrition, may become maladaptive, which leads to astrocyte
dysfunction. Protein malnutrition leads to a decrease in neurogenesis of
hippocampus, causing a dysfunction in pattern recognition and memory
consolidation. DHA supplementation may improve the spatial memory.
Conclusion: DHA supplementation increases the spatial memory in animal model
of malnutrition, but the mechanism is not through the PPARy, GFAP, Tuj-1 and
BDNF pathways.

Keywords: Protein malnutrition, PPARy, GFAP, Tuj-1, spatial memory
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