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RINGKASAN 

Buah pare (Momordica charantia L),-yang merupakan salah satu buah 
tanaman herbal- mempunyai potensi sebagai antidiabetes, sudah terbukti 
sebagai salah satu makanan yang mempunyai manfaat menurunkan kadar 
glukosa darah.  Buah ini sering digunakan sebagai pengobatan tradisional pada 
penderita DM. Hasil uji fitokimia dengan metode Liquid Chromatography-
Mass Spectroscopy (LCMS) diketahui bahwa buah pare (Momordica charantia
L) mengandung zat-zat bioaktif yaitu saponin, triterpenoid, phenolic accid, dan 
flavonoid, namun sampai saat ini belum diketahui secara jelas mekanisme kerja
buah ini dalam menurunkan kadar glukosa darah.

Tujuan penelitian ini adalah ingin menganalisis mekanisme kerja
ekstrak buah ini dalam menurunkan glukosa darah pada tikus model diabetes 
mellitus setelah pemberian ekstrak etanol buah pare melalui analisis ekspresi 
SOD1, MDA, GLP-1R, PKB, PKA, mTORC1, dan jumlah sel pankreas.

Penelitian ini merupakan penelitian eksperimental laboratoris dengan 
rancangan randomized post-test only control grup design. Unit eksperimen
adalah tikus putih (Rattus norvegicus) Galur Wistar jantan dewasa yang 
diperoleh dari Malang Murine Farm Singosari Malang, dengan kriteria umur 
10 12 minggu, berat badan 180-220 g (rata-rata 200 g), dan sehat. Sebanyak 
30 ekor tikus putih yang memenuhi kiteria sampel dikelompokkan menjadi 
lima kelompok, masing-masing kelompok terdiri dari 6 ekor yaitu satu 
kelompok normal/sehat (P0 = diberi aquadest 1 ml/hari), satu kelompok kontrol 
negatif: tikus model hiper-glikemik dengan induksi STZ 50 mg/kg BB (P1 =
diberi CMC Na 0,5% 1 ml/hari) dan tiga kelompok perlakuan pada tikus model 
diabetes mellitus dengan induksi STZ 50 mg/kg BB yang diberikan ekstrak 
etanol buah pare 96% dengan tiga macam dosis (P2 = dosis 187,5 mg/200 g
BB/hr, P3 = dosis 375 mg/200 g BB/hr, dan P4 = dosis 562,5 mg/200 g
BB/hr). Ekstrak diberikan per sonde selama 28 hari. Sebelum dilakukan
terminasi pada hari ke 29 untuk pengambilan serum darah intrakardial dan
organ pankreas, dilakukan pemeriksaan kadar glukosa darah puasa dan glukosa 
darah 2 jam PP melalui darah vena ekor. Jaringan pankreas diperlukan untuk 
pembuatan sediaan histopatologi, pewarnaan HE dan IHC. Variabel SOD1, 
MDA, GLP-1R, PKB, PKA, mTORC1, dan sel kreas diperiksa dengan 
teknik immunohistokimia, sedangkan kadar insulin serum darah diperiksa 
secara bioassay/ELISA. Hasil yang diperoleh dilakukan uji komparasi dan uji 
analisis jalur.

Hasil penelitian menunjukkan bahwa ekstrak etanol buah pare (1) tidak 
terbukti meningkatkan ekspresi SOD1 
antara kelompok kontrol dengan perlakuan, nilai p = 0,312 (p > 0,05); (2)
terbukti menurunkan ekspresi MDA secara bermakna, nilai p = 0,000 (p < 0,05)
dan hasil uji Post Hoc Tests multiple comparisons LSD, menunjukkan 
kelompok tikus P2 dan P3 menurun ekspresi MDA secara signifikan jika 
dibandingkan dengan kelompok P1; (3) terbukti meningkatkan ekspresi GLP-
1R secara bermakna, nilai p = 0,008 (p < 0,05) dan hasil uji Mann-Whitney test,
menunjukkan kelompok P3 meningkat ekspresi GLP-1R secara signifikan jika 
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dibandingkan dengan kelompok P1; (4) tidak terbukti meningkatkan ekspresi 
PKB secara bermakna, walaupun nilai p = 0,001 (p < 0,05) namun hasil uji 
Mann-Whitney test, antara kelompok tidak berbeda signifikan; (5) tidak terbukti 
meningkatkan ekspresi PKA 
kelompok kontrol dengan perlakuan, nilai p = 0,202 (p > 0,05); (6) terbukti 
meningkatkan ekspresi mTORC1 secara bermakna, nilai p = 0,020 (p < 0,05)
dan hasil uji Mann-Whitney test, menunjukkan kelompok P2 meningkat 
ekspresi mTORC1 secara signifikan jika dibandingkan dengan kelompok P1;
(7) terbukti meningkatkan jumlah secara bermakna, nilai p = 
0,000 (p < 0,05) dan hasil uji Post Hoc Tests multiple comparisons LSD,
menunjukkan kelompok P4 meningkat jumlah secara signifikan 
jika dibandingkan dengan kelompok P1; (8) tidak terbukti meningkatkan kadar 
insulin darah tikus diabetes mellitus antara kelompok kontrol dengan 
perlakuan, nilai p = 0,124 (p > 0,05); (9) terbukti menurunkan kadar glukosa 
darah puasa (GDP) secara bermakna, nilai p = 0,000 (p < 0,05) dan hasil uji 
Multiple comparisons Games-Howell menunjukkan kelompok P1 dan P2 
menurun kadar GDP secara signifikan jika dibandingkan dengan kelompok P1;
dan (10) terbukti menurunkan kadar glukosa darah 2 jam post prandial 
(GD2JPP) secara bermakna, nilai p = 0,000 (p < 0,05) dan hasil uji Post Hoc 
Tests multiple comparisons LSD, menunjukkan kelompok P1 dan P2 menurun 
kadar GD2JPP secara signifikan jika dibandingkan dengan kelompok P1; (11)
ekstrak etanol buah pare terbukti menurunkan GDP dan GD2JPP melalui jalur:
ekstrak etanol buah pare-GLP1-GLP-1R-GDP & GD2JPP (melalui jalur 
perbaikan sensitifitas reseptor insulin di jaringan).

Ekstrak etanol buah pare dosis 375 mg/200 g BB terbukti  menurunkan 
ekspresi MDA secara langsung. Hal ini disebabkan karena ekstrak etanol buah 
pare diberikan dalam bentuk ekstrak utuh dimana mempunyai senyawa-
senyawa antioksidan (phenolics dan flavonoids) yang lengkap sehingga 
memberikan efek langsung terhadap penurunan radikal bebas (free radical 
scavenging activity). Ekstrak etanol buah pare dosis 375 mg/200 g BB terbukti 
meningkatkan ekspresi GLP-1R. Peningkatan ekspresi GLP-1R ini disebabkan 
oleh peningkatan sekresi dan aktivasi GLP-1 yang distimulus oleh senyawa-
senyawa bioaktif yang terkandung dalam ekstrak etanol buah pare ini yaitu 
senyawa saponin meliputi charantin dan goyasapponin serta senyawa 
terpenoid-triterpenoid yaitu cucrbitacine, kuguacin, charantoside, 
karavilagenin dan momordicoside. Esktrak etanol buah pare dosis 375 mg/200 
g BB terbukti menurunkan GDP dan GD2JPP yang diduga melalui mekanisme 
perbaikan sensitifitas reseptor insulin di jaringan.

Berdasarkan hal diatas ekstrak etanol buah pare dosis 375/200 g BB 
dengan kandungan quercetin 15 mg/kg BB yang diberikan secara sonde selama 
28 hari dapat menjadi acuan dalam perbaikan stres oksidatif sel pankreas, dan 
perbaikan GDP - GD2JPP tikus diabetes mellitus dan menjadi acuan formulasi 
bahan herbal pare yang menimbulkan aktivasi GLP1 lebih lama. Perlu
dilakukan penelitian lebih lanjut tentang mekanisme ekstrak etanol buah pare
terhadap perbaikan gula darah puasa hewan coba dalam kondisi resistensi 
insulin.
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SUMMARY 

Bitter melon (Momordica charantia L.), which is one of the herbal 
plants, has potential as an antidiabetic. It has been proven as a food that has 
the benefit of lowering blood glucose levels. This fruit is often used as a 
traditional medicine in people with diabetes mellitus. The results of the 
LCMS method revealed that bitter melon (Momordica charantia L.) contains 
bioactive substances, namely saponins, triterpenoids, phenolic acids, and 
flavonoids, however, the mechanism of action of this fruit is not yet clear in 
lowering blood glucose levels. 

The purpose of this study was to analyze the mechanism of action of 
extract this fruit in lowering blood glucose in rat models of diabetes mellitus 
after administration of ethanol extract of bitter melon by analyzing the 
expression of SOD1, MDA, GLP-1R, PKB, PKA, mTORC1, and the number 
of pancreatic cells. 

The research design employed was a randomized post-test only control 
group design. The experimental unit was an adult male white rat (Rattus 
norvegicus) Wistar strains obtained from Malang Murine Farm Singosari 
Malang, with criteria for age 10 12 weeks, bodyweight 180-220 g (mean 
200 g), and healthy. A total of 30 white rats that met the sample criteria were 
grouped into five groups, each group consisting of 6 mice, namely one 
normal/healthy group (P0 = given 1 ml of aqua dest/day), one negative
control group: hyperglycemic model rats with STZ induction 50 mg/kg BW 
(P1 = given CMC Na 0.5% 1 ml/day) and three treatment groups in a rat 
model of diabetes mellitus with STZ induction 50 mg/kg BW given 96% 
ethanol extract of bitter melon fruit with three kinds dose (P2 = 187.5 mg/200 
g BW/day, P3 = 375 mg/200 g BW/day, and P4 = 562.5 mg/200 g BW/day). 
The extract was administered per gavage for 28 days. Before termination of 
the rat on day 29 for intracardial blood serum and pancreatic organ collection,
fasting blood glucose (FBG) levels and 2-hour post prandial bood glucose 
(2HPPBG) levels were examined via tail vein blood. Pancreatic tissue is 
needed for histopathological preparation, HE and IHC staining. Variables 
SOD1, MDA, GLP-1R, PKB, PKA, mTORC1, and the number of pancreatic

cells were examined by immunohistochemical techniques, while blood 
serum insulin levels were examined by bioassay/ELISA. The results obtained 
were carried out by comparison tests and pathway analysis tests.

The results showed that the ethanol extract of bitter melon (1) was not 
proven to increase the expression of SOD1 pancreatic cells of diabetic rats 
between the control group and the treatment group, p value = 0.312 (p > 
0.05); (2) proven to significantly reduce MDA expression, p value = 0.000 (p 
< 0.05) and the results of the Post Hoc Tests multiple comparisons LSD, 
showed that the P2 and P3 groups of mice decreased MDA expression 
significantly when compared to the P1 group; (3) proven to significantly 
increase GLP-1R expression, p value = 0.008 (p < 0.05) and the results of the 
Mann-Whitney test showed that the P3 group increased GLP-1R expression 
significantly when compared to the P1 group; (4) it was not proven to 
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significantly increase the expression of PKB, although the value of p = 0.001 
(p < 0.05) but the results of the Mann-Whitney test, between groups were not 
significantly different; (5) not shown to increase the expression of pancreatic 
cell PKA in diabetic rats between the control group and the treatment group, p 
value = 0.202 (p > 0.05); (6) was shown to significantly increase mTORC1 
expression, p value = 0.020 (p < 0.05) and the results of the Mann-Whitney 
test showed that the P2 group increased mTORC1 expression significantly 
when compared to the P1 group; (7) was shown to significantly increase the 
number of pancreatic cells, p value = 0.000 (p < 0.05) and the results of the 
Post Hoc Tests multiple comparisons LSD, showed that the P4 group 
increased the number of pancreatic cells significantly when compared to the 
P1 group; (8) not proven to increase blood insulin levels of diabetes mellitus 
rats between the control and treatment groups, p value = 0.124 (p > 0.05); (9) 
proven to significantly reduce fasting blood sugar (FBG) levels, p value = 
0.000 (p < 0.05) and the results of the Multiple comparisons Games-Howell 
test showed that groups P1 and P2 decreased levels of FBG significantly 
when compared to groups P1; and (10) proven to significantly reduce 
BG2JPP levels, p value = 0.000 (p < 0.05) and the results of the Post Hoc 
Tests multiple comparisons LSD, showing that groups P1 and P2 decreased 
2HPPBG levels significantly when compared to groups P1; (11) Ethanol 
extract of Bitter melon was shown to reduce FBG and 2HPPBG through the 
ethanol extract of bitter melon fruit-GLP1-GLP-1R-FBG & 2HPPBG 
(through the pathway to improve insulin receptor sensitivity in tissues). 

The ethanol extract of bitter melon at a dose of 375 mg/200 g BW was 
shown to directly reduce MDA expression. This is because the ethanol extract 
of bitter melon is given in the form of a whole extract which contains complete 
antioxidant compounds (phenolic and flavonoid) so that it has a direct effect on 
reducing free radicals (free radical scavenging activity). The ethanol extract of 
bitter melon at a dose of 375 mg/200 g BW was shown to increase GLP-1R 
expression. GLP-1R expression was caused by increased secretion and 
activation of GLP-1 which was stimulated by bioactive compounds contained 
in the ethanol extract of bitter melon, namely saponins including charantin and 
goyasapponin as well as terpenoid-triterpenoid compounds namely 
cucrbitacine, kuguacin, charantoside, karavilagenin and momordicoside. The 
ethanol extract of bitter melon at a dose of 375 mg/200 g BW has been shown 
to reduce FBG and 2HPPBG which is thought to be through the mechanism of 
improving insulin receptor sensitivity in tissues.

Based on the above, the ethanol extract of bitter melon at a dose of 
375/200 g BW with a quercetin content of 15 mg/kg BW given by oral for 28 
days can be used as a reference in improving oxidative stress of pancreatic 
cells, and improving FBG-2HPPBG rats with diabetes mellitus and become a 
reference to the formulation of bitter melon herbal ingredients that cause longer 
GLP1 activation. Further research is needed on the mechanism of the ethanol 
extract of bitter melon on the improvement of fasting blood sugar in 
experimental animals under conditions of insulin resistance.
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ABSTRACT 

Mechanism of Blood Glucose Reduction in Diabetes Mellitus Model Rats 
After Giving Ethanol Extract of Bitter Melon (Momordica charantia L.)

through Expression Analysis of SOD1, MDA, GLP-1R, PKB, PKA, 
mTORC1, and The number of Pancreatic cells 

Roni Yuliwar

Background: Bitter melon (Momordica charantia L.), which is one of the 
fruits of herbal plants, has potential as an antidiabetic, has been proven as one 
of the foods that have the benefit of lowering blood glucose levels. 
Objective: The purpose of this study was to analyze the mechanism of action 
of extract this fruit in lowering blood glucose in rat models of diabetes 
mellitus after administration of ethanol extract of bitter melon by analyzing 
the expression of SOD1, MDA, GLP-1R, PKB, PKA, mTORC1, and the 
number of pancreatic cells. 
Methods: The research design employed was a randomized post-test only 
control group design. Thirty adult male white rat (Rattus norvegicus) Wistar 
strains that met the sampling criteria were divided into five groups. They were 
classified as one normal/healthy group (P0), one negative control group (P1),
and three treated groups in a rat model of diabetes mellitus given 96% ethanol 
extract of bitter melon fruit at different doses (P2 = 187.5 mg/200 g BW/day, 
P3 = 375 mg/200 g BW/day, and P4 = 562.5 mg/200 g BW/day). The extract 
was administered per gavage for 28 days. Before termination of the the rat on 
day 29 for intracardial blood serum and pancreatic organ collection, FBG 
levels and 2HPPBG levels were examined via tail vein blood. Pancreatic 
tissue is needed for histopathological preparation, HE and IHC staining. The 
results obtained were carried out by comparison tests and pathway analysis 
tests.
Results: The ethanol extract of bitter melon was proven to increase the 
expression of GLP-1R, mTORC1, and the number of pancreatic cells (p < 
0.05) and than significantly decrease the MDA expression, FBG levels, and 
2HPPBG levels (p < 0.05). The results of pathway analysis showed that the 
ethanolic extract of bitter melon fruit (Momordica charantia L.) significantly 
reduced FBG levels through GLP-1R activation (p = 0.001). Improvement of 
FBG level in rat model of diabetes mellitus is caused by activation of the 
hormone GLP1.
Conclusion: The ethanol extract of bitter melon dose 375 mg/200 g BW has 
been proven to reduce FBG and 2HPPBG which is thought to be through the 
mechanism of increasing insulin receptor sensitivity in tissues.

Keywords: Momordica charantia L., SOD1, MDA, GLP-1R, FBG, 2HPPBG  
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DAFTAR ARTI/LAMBANG/SINGKATAN DAN ISTILAH 

4E-BP = eukaryotic translation initiation factor 4E-binding protein
AC = adenylate cyclase
ADME = absorpsi, distribusi, metabolisme dan ekskresi
AGEs = advanced glycosylation end products
AMPK = a -monophosphate-activated protein kinase
ARE = antioxidant response element
ATP = adenosine triphosphate
BG = bitter gourd
BM = bitter melon
Ca2+ = calcium
cAMP = cyclic adenosine monophosphate
CAT = catalase
CICR = calcium-induced calcium release
CMC Na = carboxymethyl cellulose Na
CML = carboxymethyl lysine
CuB = cucurbitacin B
DIY = Daaerah Istimewa Yogyakarta
DKI = Daerah Khusus Ibukota
DM = diabetes mellitus
DPP-4 = dipeptidyl peptidase-4
DPPH = 1,1-diphenyl-2-picrylhydrazyl
EEBP = ekstrak etanol buah pare
Epac2 = exchange protein activated by cAMP
ERK 1/2 = extracellular signal-regulated kinases 1/2
FBG = fasting blood glucose
FRAP = ferric reducing antioxidant power
GD2JPP = gula darah 2 jam postprandial
GDP = gula darah puasa
GLP-1 = glucagon-like peptide-1
GLP-1R = glucagon-like peptide-1 receptor
GLUT-2 = glucose transporter 2
GLUT-4 = glucose transporter 4
GPCR = guanine nucleotide-binding protein-coupled receptor
GPx = glutathione-peroxidase

= gugus s alpha
= gugus s beta

GSH = glutathione
GTP = guanosine triphosphate
HbA1c =   glycated or glycosylated hemoglobine
H2O2 = hydrogen peroxide
IDF = diabetes federation international
IHC = immunohistochemistry
IGF = growth factors insulin
IP = intraperitoneal
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JAK-STAT = janus kinase-signal transducers and activators of 
transcription

Kg BB = kilo gram berat badan
LCMS = liquid chromatography mass spectrometry
LEU = leucine
LKB1 = liver kinase B1
LPO = lipid peroxidation
LYS = lysine
MAPK = mitogen activated protein kinase
MC = momordica charantia L
MDA = malondialdehyde
MEK 1/2 = mitogen-activated protein kinase 1/2
MET = methionine
µg = mikro gram
mTORC1 = mammalian target of rapamycin, mechanistic target of  

rapamycin complex 1
NADH = nicotinamide adenine dinucleotide hydrogen
NADPH = nicotinamide adenine dinucleotide phosphate
Nrf2 = nuclear factor erythroid 2-related factor 2
PDB = protein data bank
PDK1 = phosphoinositide-dependent kinase-1
Pdx-1 = pancreatic and duodenal homeobox-1
PHLPP-1 = PH-domain leucine-rich repeat protein phosphatase-1
PI3K = phosphatidylinositol-3- kinase, phosphoinositide 3-kinase
PIP2 = phosphatidylinositol-(4,5)-bisphosphate
PIP3 = phosphatidylinositol-3,4,5-triphosphate
PKA = protein kinase A
PKB/Akt = protein kinase B/serine/threonine kinase
pkCSM = predicting small-molecule pharmacokinetic properties
PP2A = protein phosphatase 2A
PTEN = phosphatase and tensin homolog
RAGE = receptor advanced glycosylation end products
RISKESDAS = riset kesehatan dasar
ROS = reactive oxygen species
RNS = reactive nitrogen species
S6K1 = ribosomal S6 kinase 1
SOD1 = superoxide dismutase 1
STZ = streptozotocin
TLR-4 = toll like receptor 4
TSC1 = tumor suppressor hamartin
TSC2 = tumor suppressor tuberin
TGR-5 = takeda-G-protein-receptor-5
THR = tryptophan
USD = dollar AS
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