IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DAFTAR IS

Halaman sampul dalam...........cooeeieieiieseeesese e i
Halaman awal diSErtasi ........cooceeieriiiiereeese e i
Halaman prasyarat gElar..........cooveieieeie e i
Halaman Pengesanan..........o..ooeiiieeie ettt v
Halaman penetapan panitia PeNGUIT .....ccvcueeeereeieereereeeeseesie e sre e Vi
Halaman ucapan terimakasin ... vii
Halaman MNGKaSAN.........coveiiieiice st nne e Xiii
Halaman SUMMATY .........coiiiiiieeeeie st sne s XVi
Halaman @DSIrak.........coeoiiiiieeee e e XiX
Halaman @aDSIraCt ..o e XX
Dz = SRR XXI
Daftar tADA] ..o e XXIV
Daftar gambar..........ccooioie s XXV
D= = =T 0] o = o USSR XXVi
Daftar SINGKEEAN .....ccveiieeieeiesie ettt sr e e nne s XXVii
BAB L PENDAHULUAN .....ooiiiiieieieses ettt st st se e neesse s snesne s 1
1.1 Latar BelakangMasalah ..........cccoevieiieiececece e 1
1.2 RUMUSAN MASAIAN ..o et 5
1.3 Tujuan Penelitian ........ccooeeeeeeseee et 6
1.3 1 TUJUBN UMUNM oottt sse et e s sae st sneenseeneens 6
1.3.2 TUUAN KNUSUS ..ottt 6
1.4 Manfaat Pen@litian ... e 8
141 Manfaat tEONITIS . ...ccouieieirierie et neeas 8
142 Manfaal KIINIS .......coooiieiieie e 8
BAB 2 TINJAUAN PUSTAKA ...ttt 9
2N R o (= V= T 1O 0] o - TSR 9
2.2 Patofisiologi HIper gliKemMi .......ccocieieeeece e 10
2.2.1 Hiperglikemi diakibatkan stres oksidatif dan kerusakan DNA ......... 10

2.2.2 Gangguan insulin meningkatkan glukoneogenesis dan
OlKOGENOIISIS. ...ttt e 15
2.3 Komplikas Hiperglikemi Pada Sistem I munitas Non Spesifik .............. 19
24 Peranan FcyR1 Dalam Sistem Imunitas ......cccccevereenenienieeneeseeseeseeees 24
2.5 Substance P Dan Peranannya Dalam Sistem Imun............cccoceevveieenneenen. 28
2.6 Peranan Substance P Dalam Pengendalian Glukosa Darah ................... 33
FZ A N QU o101 ] A S 35
2.8 Titik AKUPUNKEUF ST36..c.eiiiiiiieiieeieniiesiee et 39
2.9  EleKtroaKUPUNKIUL ..oeoeieeeece et 41
2.9.1 Kelistrikan dalam sel tubuh ..o 41
2.9.2 EA sebagal metode terapi ......ccooeevveeereene e 46
2.9.3 Alat elektrostimulator AES-05.........ccooeeveriineeieee e 49
294 DOSISEA ...t 51
2.9.5 Perhitungan besarnya energi..........ccoceveeneneneenence e 53
2.10 Efek EA Pada ST 36 Terhadap Glukosa Darah dan Keseimbangan Sistem
FMUNIEE @S et sttt et sreenae e 55

XXi

DISERTASI ANALISIS EFEKTIVITAS DAN... WILLIAM SAYOGO



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

211 KerangKa TEOI T ..ucccueceeeieeieieesieesteseesieesteseesseesaesseesseesesseesseesesseessnesssens 59
2.12 Critical TRINKING....ccoiiiii e e 60
BAB 3 KERANGKA KONSEPTUAL DAN HIPOTESISPENELITIAN .....61
3.1 Kerangka KOoNSEPtUA .........cocoieeieniiiiieiee e 61
3.2 HipoteSiS PENEitian........ccccoveciiieie e 63
BAB 4 METODE PENELITIAN ...ttt e 65
4.1 Jenisdan Rancangan Penelitian .........cccccevveieieenesiesceese e 65
4.2 Populasi dan SAmMPEL ..o s 66
4. 2.1 POPUIBSI ..ottt sttt st e sbenne s 66
4.2.2 SAMPEL .ottt a et nrenrenreas 66
4.2.3 TeKNiK SAMPIING ...vecveiieiece e 67
4.3 Kerangka Operasional........ccciineeiineenesie e e 68
4.4 Variabel Pendlitian dan Definisi Operasional .......c.cccceevveeeeveeniesceeseennn. 69
4.4.1 Variabel penelitian.......ccoeeiieneeine e 69
4.4.2 DEfiNiSI OPErasional ..........cccuveeereeiiecieseee s 69
4.5 Bahan dan Instrumen Penelitian ... 78
4.5.1 Bahan penelitian ........ccceiveeieecece e 78
4.5.2 INStrumen PeNelitian .........ccoccveeereeienesee e 79
4.6 Lokas dan Waktu Penelitian..........cccceverinininineninereeeeeese e 80
A7 Metode Penelitian ..o s 80
4.7.1 Pembuatan kondisi hiperglikemi padatikus putih...........ccccveveveennne 80
4.7.2 Pembuatan preparat organ Pankreas...........coveeeereeneeseesesseesesseesienns 81
4.7.3 IMUNONISIOKIMI@L.....c.eiieieiciiiee s 82
A.7.4 1MUNOSITOKIMIA ......eieeeieeie e 84
4.7.5 Enzyme-Linked Immunoabsorbent Assay (ELISA).......ccccoevvvvereennnne 86
4.7.6 Pemeriksaan glukosadarah...........cocceeeeenieiinieneceeeseee e 88
4.7.7 Pemeriksaan C-Reactive Protein (CRP) ......cccoveveriinieneee e 89
4.7.8 Aplikasi EA dan perhitungan dosiSenergi........cccevevveeereesieseesennens 90
4.8 Prosedur dan TeknisPengumpulan Data.........ccooceeeereenieninnennieseeseeens 93
4.9 ANAISISDALA......cciiiiiiiiiie st e 95
4.9.1 DESKITPLIT ..ottt 95
4.9.2 INFEIENSIE ..o 95
4.10 Uji Kelaikan Etik (Ethical Clearance).........ccccveeveriinenenieneereeeeseeens 96
BAB S5HASIL PENELITIAN Lo e 94
51 Analiss Perubahan Kadar Glukosa Darah Sebelum dan Sesudah
Penyuntikan STZ Pada TiKus PUtin.........ccccceoiiiiiieiecececeee e 97
5.2 AnalisisKadar SUDSLANCE P .......cccooiiiiiiie s 98
5.3 AnalisiseEkspresi Faktor Transkripsi NFKB........cccccocceveevescieneeneeneenn 101
54 AnalisisKadar Sitokin TNF-0 ......ccccoooiinenieneeee e 105
55 AnalisisKadar CRP ... 106
56 AnalisisKadar Sitokin TFN-Y. ... 109
5.7 AnalisisJumlah Sel Beta Pankreas Yang Menghasilkan Insulin.......... 112
5.8 AnalisisKadar GlukosaDarah........ccccceceveeiinieninnene e 117
59 AnaliSISEKSPresi FCYRI......covoiieeesece ettt 119
5.10 Analisis SP Terhadap Ekspresi FCYRL.......ccccooiiieiiniineeeeeeeeee e 124
5.10.1 Pengamatan hari keempatbelas...........cccoceveevviieeveice e 124
5.10.2 Pengamatan hari Ketigapuluh .............ccoviiiiniinnnece e 125
BAB 6 PEMBAHASAN ..ottt e 127
XXii

DISERTASI ANALISIS EFEKTIVITAS DAN... WILLIAM SAYOGO



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

6.1 SUDSIANCE P ...t e 127
6.2 EKSPIres NFKB ..ottt e 129
6.3 Kadar TNF-0, CRP, IFN-Y....cccciiiiiriririeieserie e 131
6.4 Jumlah Sel Beta Pankreas Yang Menghasilkan Insulin Dan Kadar

GlUKOSA DAr@N ..o s 132
6.5 EKSPresi FCYRL (CDB4)...cccicieieecieeieeeeeeeeie et 134
6.6 Analisis Pengaruh SP Terhadap Ekspres FcyR1 Melalui NFkB, TNF-q,

CRP, IFN-y, Jumlah Sel Beta PankreasYang Menghasilkan Insulin Dan

Kadar GlukosaDarah ... 136
6.7 Temuan Baru Penelitian ... 138
6.8 Keterbatasan Penalitian ... 139
BAB 7 PENUTUP ...ttt sttt s snenneas 140
8 R (== 1 1] o 1> o 140
S T o LR PR 141
Daftar PUSLAKA.......cceiiiiiieiese e 143

XXiii
DISERTASI ANALISIS EFEKTIVITAS DAN... WILLIAM SAYOGO



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DAFTAR TABEL
Tabel 2.1 Databiologi hewan cobatikus putih...........ccccceeeerenecce s, 10
Tabel 2.2 JeniS|eniSreSePLor FCY ..o 26
Tabel 2.3 Alat dektrostimulator AES-05.........ccooevirineninirneee e 50
Tabel 2.4 Nilai resistansi dan kapasitansi pada organ tikus............c.cceeeeeveeneenne. 53
Tabel 2.5 Ringkasan dari aktivitas reseptor saraf tepi serta respon serat saraf
terhadap beberapa rangsangan yang berbeda pada area ST36............ 56
Tabel 4.1 Definisi operasional variabel pendlitian........ccccocvvveeviveceveevencieceenee, 70
Tabel 5.1 Anadlisis perubahan kadar glukosa darah sebelum dan sesudah
penyuntikan STZ padatikus putin ..........c.ccceevveeniece e, 97
Tabel 5.2 Uji Wilcoxon Signed Ranks antara kadar glukosa darah sebelum dan
sesudah penYUNLIKAN STZ. .......ccveieeiereee e 98
Tabel 5.3 Analisis deskriptif kadar substance P .........ccoevvveviviiiciie e, 99
Tabel 5.4 Mann-Whitney Test kadar substance P antar kelompok penelitian. .101
Tabel 5.5 Analisisdeskriptif ekspresi NFKB.........coooiiieiieniiieeecee e 102
Tabel 5.6 Post Hoc Test LSD ekspresi NFKB. ......ccoveovveeveeeseese e 103
Tabel 5.7 Analisisdeskriptif kadar Sitokin TNF-0.........cccovoeriiniennenieneenenne 105
Tabel 5.8. Analisisdeskriptif kadar CRP ........cccoooeiiiie e 107
Tabel 5.9 Mann-Whitney Test kadar CRP .......cooooiiiiiiieeeeeeeeee e 108
Tabel 5.10 Analisisdeskriptif kadar SItOKIin TFN-Y .......ccccoeviveiviieeiece e 110
Tabel 5.11 Mann-Whitney Test Kadar IFN-Y ........ccceiirirnieneniseesesee e 111
Tabel 5.12 Analisis deskriptif jumlah sel beta pankreas yang menghasilkan
LIS o TR 112
Tabel 5.13 Analisisinferensial jumlah sel beta pankreas yang menghasilkan
1S U o PSP 115
Tabel 5.14 Analisisdeskriptif kadar glukosadarah. ...........ccceeveeeieiceiieieennn, 117
Tabel 5.15 Analisisinferensial kadar glukosadarah. ..........cccoccvieeiiniinencnnnns 118
Tabel 5.16 Analisis deskriptif ekspresi FCYRL .....ccooveievieie e 120
Tabel 5.17 Mann-Whitney Test ekspresi FCYRL .......ccooeoiveiieniineeneee e 122
Tabel 5.18 Analisisjaur EA padatitik ST36 dengan frekuensi 10 Hz terhadap
EKSPIESI FCYRL ... e 124
Tabel 5.19 Analisisjaur EA padatitik ST36 dengan frekuensi 10 Hz terhadap
ekspresi FcyR1 hari ketigapuluh ..o, 125
XXiv

DISERTASI ANALISIS EFEKTIVITAS DAN... WILLIAM SAYOGO



Gambar 2.1
Gambar 2.2
Gambar 2.3
Gambar 2.4
Gambar 2.5
Gambar 2.6
Gambar 2.7
Gambar 2.8
Gambar 2.9
Gambar 2.10
Gambar 2.11
Gambar 2.12

Gambar 2.13

Gambar 3.1
Gambar 4.1
Gambar 4.2
Gambar 4.3
Gambar 4.4

Gambar 5.1
Gambar 5.2
Gambar 5.3
Gambar 5.4
Gambar 5.5
Gambar 5.6
Gambar 5.7

Gambar 5.8
Gambar 5.9
Gambar 5.10
Gambar 5.11
Gambar 5.12

Gambar 5.13

DISERTASI

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DAFTAR GAMBAR

Jalur gIUKONEOGENESIS .....oveeeeeie e 16
Jalur glikogenoliSiS........covieiiriiiieee e 18
Struktur Kimiadari SUDStaNCe P ...........cccocvvviiiiiiice s 28
Hasil penelusuran bioinformatika SP dan FcyR..........cccoeeeienneene 32
Hasil penelusuran bioinformatika SP dan sel beta pankress.......... 35
Jarum aKUPUNKLUL ........ooiiiiiiieee e e 39
Posisi titik ST36 padatikus putin...........ccccceeeeeienecce e, 41
ANAOMI SEl SAMAF .....coviiiieieeee e 43
Elektrostimulator AES-05. ........cccooeiirinirinenereeeeee e 50
GElomMbaNG SPIKE ....c.eeeeieeiee e 51
Model rangkaian liStrik Sel .......cceevveeevieieeec e, 54
llustrasi skematis hubungan antara diameter dari serat saraf dan
intensitas rangsangan yang diperlukan untuk aktivasinya............. 56
Kerangkateori el ektroakupunktur ST36 terhadap glukosa darah
dan fungs fagositosis monosit / makrofag.........cccceeeveeeeseeriesene 59
Kerangka Konseptual ...........ccccoviriiiienienieseee e 61
Rancangan penelitian ..........ccccooeeeveerecce e 65
Kerangka operasional penelitian..........ccoccoveeienenenneneesecie e 68
BUFfY COAL......eeieeececee e 86
Bagan reaksi enzimatik pada pemeriksaan glukosa darah metode
NEKSOKINGSE. .....ccueiiicieeee e 89
Analisisdeskriptif kadar substance P .........cccooeveiiiininncninnene 99
Analisisdeskriptif ekspresi NFKB.........ccccooeveeienieeneese e 102
Gambaran histologis ekspresi NFKB ..........cccooviveeienieneeenen 104
Analisisdeskriptif kadar sitokin TNF-0  ......cccoeveeiieieveeieene 106
Analisisdeskriptif kadar CRP  ........ccceeiiiiinieeeeeneeie e 108
Analisisdeskriptif kadar SItoKin IFN-Y ......cccccevvrceereeieseeceens 110
Analisis deskriptif jumlah sel beta pankreas yang menghasilkan
INSULTN e nneas 113
Gambaran histologis sel beta pankreas yang menghasilkan
INSULTN e nneas 116
Analisisdeskriptif kadar glukosadarah .........ccccocevveiiieienenne 118
Analisisdeskriptif FCYRL .....c.cvvevieieceesie e 120
Gambaran histologis ekspresi FCYR1 ......cccoovvveiveeienieneeieeen 123
Skema mekanisme EA terhadap peningkatan FcyR1 hari
KeempPatbEIES .......coveeeee e 124
Skema mekanisme EA terhadap peningkatan FcyR1 hari
KEtIgaPUIUN ...t 126
XXV

ANALISIS EFEKTIVITAS DAN...

WILLIAM SAYOGO



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DAFTAR LAMPIRAN

Lampiran 1 Surat Keterngan Kesehatan Hewan Laboratorium........................ 151
Lampiran 2 Surat Keterangan Laik EtiK ........cccooeoeveeiiicenece e, 152
Lampiran 3  Surat 1jin Penelitian .......cccoooviiiiieiieseeeeeee e 153
Lampiran4 Dokumentasi Penelitian..........ccccccevveceveeiesceeseese e 154
Lampiran5 THC Kit ANti CDBA .......ooieiieeeeeeesee e 155
Lampiran 6 NFKB p65 AnNtiDOdY .......coveviiiieiicece e 156
Lampiran 7 Insulin Polyclonal Antibody untuk THC .........cccoooeiiiiiniinieee, 157
Lampiran 8 ELISA kit Rat SUDStANCE P........cceeiiiiiiieeeeeee e 158
Lampiran Q9 ELISA Kit Rat TNF-00 ....ccceeiiiiecice e 159
Lampiran 10 ELISA Kit RAt IFN-Y....c.coiiiiiiireeeee e 160
Lampiran 11 Dimension Flex reagent cartridge GIUCOSE.........cceevvvveerireceerreennn. 161
Lampiran 12 Dimension Flex reagent cartridge CRP ..........ccccvvviiiininiieneennns 162
Lampiran 13 Streptozotocin 1000 MQ ....ccceeeeieeieeeeseesie e eie e se e 163
Lampiran 14 Quality Control TNF-0l.....ccccooiiieieereeseee e 164
Lampiran 15 Quality Control IFN-Y ....coevveeeiiee e 165
Lampiran 16 Quality CONtrol SP ........cccooiiiiiieieeeeeeee s 166
Lampiran 17 Quality Control GlukosaDarah...........cccceccvvveeieeiesieneese e 167
Lampiran 18 Quality Control CRP .......cociiiiiieeceseeeeee s 168
Lampiran 19 Perhitungan StatistiK........cccooveveiieiecieseee e 169
XXVi

DISERTASI ANALISIS EFEKTIVITAS DAN... WILLIAM SAYOGO



ACTH
AMP
ADP
ATP
AGEPs
APC
AP1
ANOVA
ACU-TENS
BSA
CD
cAMP
CSF
CRH
CRP
CRAC
CoA

Cl
CCK-8
DM
DAG
DAB
DHEA
EA
EDTA
ECM
ELISA
EAS
ERK
Fc
Fcyrl
FOXO1
GCGR
GLUT
GB34
GM-CSF
GABA
GLP-1
G6PD
HRP
Hz
H20:2
IAPP
IHC
IDF
IGF

DISERTASI

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DAFTAR SINGKATAN

: Adrenocorticotropic hormone

: Adenosine monophosphate

: Adenosine diphosphate

: Adenosine triphosphate

- Advanced glycation end products

: Antigen precenting cell

- Activation protein 1

- Analysis of variance

: Transcutaneous electric nerve stimulation at acupoints
: Bovine Serum Albumin

- Cluster of differentiation

: cyclic Adenosine Mono Phosphate

: Colony stimulating factor

: Corticotrophin releasing hormone

: C reactive protein

- Calcium release-activated calcium

: Coenzyme A

: Confident Interval

: Cholecystokinin-8

: Diabetes melitus

: Diacylglycerol

: Diaminobenzinidine

: Dehydroepiandrosterone

. Elektroakupunktur

: Ethylen diamine tetra acetate

: Extracellular matrix

: Enzyme-linked immunoabsorbent Assay
: Electroacupuncture stimulator

- Extracellular signal-related kinase

: Fragment, crystallizable

: Fragment, crystallizable gamma receptor 1
: Forkhead box protein O1

: Glucagon receptor

: Glucose transporter protein

- Titik akupunktur gall bladder 34

: Granulocyte macrophage-colony stimulating factor
: Gamma amino butiric acid

: Glucagon like peptide-1

: Glucose-6-phosphate dehydrogenase
: Horse radish peroxidase

- Hertz

: Hydrogen Peroxide

. Islet amyloid polypeptide

: Immunohistochemistry

- International Diabetes Federation

- Insulin growth factor

XXVii

ANALISIS EFEKTIVITAS DAN... WILLIAM SAYOGO



IL
IFN
IkB
IKK

IP3
IRS
ITAM
JAK
LSD
MAPK
MHC
M-CSF
MMP
mTOR
mA
MyD88

NK1
NO
NFkB
cell
NFAT
NAD
NADH
NADPH
oD
PPAR
PG
PRR
PAMPs
PBS
PDK1
PFK
P1-3
PI3K
PIP2
PIP3
PLCyl
PGE
PBST
PETIA
ROS
RAGE
SH
SHP2
ST 36
SP

DISERTASI

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

> Interleukin

- Interferon

- Inhibitor of kappa B

- IkB kinase

: Immunoglobulin

- Inositol 1,4,5 triphosphate

- Insulin receptor substrate

: Immunoreceptor tyrosine-based activation motif
: Janus kinase

- Least Significant Differences

: Mitogen-activated protein kinase

: Major histocompatibility complex

: Macrophage colony stimulating factor

: Matrix metalloprotein

: mammalian Target of Rapamycin

: miliAmperes

: Myeloid differentiation primary response 88
- Natural killer

: Neurokinin 1

- Nitric oxide

: Nuclear factor kappa-light-chain-enhancer of activated B

: Nuclear factor of activated T cells

- Nicotinamide adenine dinucleotide

: Nicotinamide adenine dinucleotide-HYDROGEN
: Nicotinamide adenine dinucleotide phosphate
: Optical density

: Peroxisome proliferator-activated receptor

: Prostaglandin

: Pattern recognition receptors

: Pathogen-associated molecular patterns

: Phosphate buffer saline

: Phosphoinositide-dependent protein kinase 1
: Phosphofructokinase

: Phosphatidyl inositol-3

: Phosphoinositide 3 kinase

: Phosphatidylinositol 4,5-biphosphate

: Phosphatidylinositol 3,4,5-triphosphate

: Phospholipase Cyl

: Prostaglandin

: Phosphate buffer saline 0,1% Tween 20

: Particle enhanced turbidimetric immunoassay
: Reactive oxygen species

- Receptor AGEs

: Src homology 2

: SH2 domain containing protein tyrosine phosphatase 2
: Stomach 36

: Substance P

XXViii

ANALISIS EFEKTIVITAS DAN... WILLIAM SAYOGO



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

STZ - Streptozotocin
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WHO : World Health Organization
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