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RINGKASAN

PENGARUH PEMBERIAN METHOTREXATE, EKSTRAK DAUN
KELOR (Moringa oleifera), DAN DAUN SAMBILOTO (Andrographis
paniculata) SERTA KOMBINASINYA TERHADAP JARINGAN
MIOKARDIUM DAN AORTA PADA Rattus norvegicus JANTAN MODEL
HIPERGLIKEMIA YANG DIINDUKSI DENGAN STREPTOZOTOCIN-
NICOTINAMIDE

DIMAS BATHORO BAGUS PAMUNGKAS

Diabetes mellitus (DM) menjadi penyebab utama kematian pada 1,5 juta kasus dan
diperkirakan sebanyak 15 juta populasi global menderita diabetes tipe-2.
Sedangkan data Kementerian Kesehatan Indonesia menunjukkan prevalensi
diabetes melitus di Indonesia mengalami peningkatan sebesar 1,2% dari rentang
waktu 2007 hingga 2013 dan menduduki peringkat ke-6 dunia. Diabetic
cardiomyopathy menyerang setidaknya 26 juta orang di seluruh dunia dan
prevalensi nya terus meningkat. Pada pasien dengan diabetes mellitus type 2
(DMT2) prevalensi gagal jantung bekisar antara 9% - 22%, menunjukkan
prevalensi 4 kali lebih tinggi daripada populasi umum dan prevalensinya lebih
tinggi pada pasien diabetes mellitus DM berusia 60 tahun atau lebih. Insulin masih
menjadi pilihan terapi utama pada kasus DM dengan komplikasi, namun obat-obat
lain seperti methotrexate (MTX) dilaporkan juga memiliki efek hipoglikemi yang
mungkin bermanfaat untuk kondisi diabetic cardiomyopathy. Selain itu, terapi
adjuvant menggunakan ekstrak daun Moringa oleifera (MO)dan Andrographis
paniculata (AP) juga dilaporkan dapat memperbaiki kondisi histopatologis jaringan
miokardium dan aorta akibat hiperglikemi. Efek penggunaan ekstrak daun Moringa
oleifera, Andrographis paniculata, dan methotrexate beserta kombinasinya
terhadap patologi jaringan miokardium dan aorta belum banyak dilaporkan.
Informasi mengenai hal tersebut dapat berguna untuk menentukan terapi yang lebih
optimal.

Pada penelitian ini dianalisis perbedaan berat badan, kadar gula darah acak, skor
nekrosis dan ekspresi interleukin-6 jaringan miokardium serta ukuran tebal tunika
intima-media pembuluh darah aorta pada tikus jantan Rattus norvegicus (n=49)
berusia 2 — 3 bulan yang terbagi menjadi 7 kelompok (K1= kontrol negatif; K2=
kontrol positif STZ+NA; K3= MO; K4= AP; K5= MTX; K6= MTX+MO; K7=
MTX+AP). Penelitian ini telah menerima sertifikat uji kelayakan etik dari KEPK
FKUA dengan No.l/EC/KEPK/FKUA/2022 pada tanggal 10 Januari 2022.
Penelitian ini merupakan studi eksperimental menggunakan post-test only control
group design. Pemeliharaan, intervensi, pengambilan data berat badan dan gula
darah acak, terminasi hewan coba dilaksanakan di Laboratorium Farmakologi,
Fakultas Kedokteran Universitas Airlangga; pembuatan preparat slide,
pengambilan data histopatologi jaringan miokardium dan aorta dilakukan di
Laboratorium Histoteknik, Fakultas Kedokteran Universitas Airlangga; sedangkan
pengambilan data ekspresi interleukin-6 jaringan miokardium dilakukan di
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Laboratorium Bioteknologi, Fakultas Teknobio Universitas Surabaya. Pengambilan
data berat badan menggunakan neraca Ohaus tiga lengan; kadar gula darah acak
menggunakan glicometer merk EasyTouch Model ET-301 buatan Cina;
histopatologi jaringan miokardiumdan aorta dianalisis menggunakan mikroskop
Olympus CX-41 dengan software CellSens; ekspresi IL-6 menggunakan teknik
enzyme-linked immunosorbent assay (ELISA). Data dianalisis dengan SPSS v.25
dengan nilai taraf kepercayaan 95%. Data berat badan, kadar gula darah acak,
ekspresi IL-6, serta tebal tunika intima-media diuji normalitas Shapiro-Wilk dan uji
homogenitas Levene’s test, uji komparasi antar variabel menggunakan uji One-way
ANOVA jika data parametrik atau uji Kruskall-Wallis jika data non-parametrik.
Data skor nekrosis jaringan miokardium dengan skala data ordinal dianalisis
menggunakan uji Kruskall-Wallis. Paired t-test atau wilcoxon signed rank test
digunakan untuk uji komparasi dalam 1 variabel untuk rentang waktu yang berbeda.

Pada data berat badan, antara 7 kelompok yang diukur didapatkan perbedaan
yang bermakna antara kelompok kontrol positif dengan kelompok yang diberi MO
(p=0,001); AP (p=0,026); MTX (p=0,011); MTX+MO (p=0,038); dan MTX+AP
(»p=0,038). Sedangkan pada kadar gula darah didapatkan perbedaan yang bermakna
antara kelompok kontrol positif dengan kelompok yang diberi MO (p=0,007); AP
(p=0,001); MTX (p=0,001); MTX+MO (p=0,035); dan MTX+AP (p=0,001).
Untuk data kadar IL-6 didapatkan perbedaan yang bermakna antara kelompok
kontrol positif dengan kelompok yang diberi MO (p=0,015); sedangkan kelompok-
kelompok lain tidak menunjukkan perbedaan yang bermakna. Perbandingan data
skor nekrosis jaringan miokardium pada kelompok kontrol positif hanya
menunjukkan perbedaan yang bermakna pada kelompok MTX+AP (p=0.005).
Sedangkan pada analisis data tebal tunika intima-media pembuluh darah aorta
tampak perbedaan yang bermakna antara kelompok kontrol positif dengan
kelompok AP (p=0.014); MTX (p=0.010); dan MTX+AP (p=0.001).

Berdasarkan analisis data, didapatkan bahwa pemberian MO, AP, serta
MTX dapat mencegah penurunan berat badan. Sedangkan pada kadar gula darah
acak, pemberian MO, AP, dan MTX serta kombinasinya dapat menurunkan kadar
gula darah. Pada hasil analisis ekspresi IL-6, pemberian terapi MO memberikan
pengaruh signifikan terhadap inhibisi sitokin pro-inflamasi IL-6 pada jaringan
miokardium. Analisis skor nekrosis jaringan miokardium menunjukkan pemberian
kombinasi AP dengan MTX dapat mengurangi terjadinya nekrosis. Pemberian
ekstrak AP dan MTX sebagai terapi tunggal maupun kombinasi dapat mencegah
peningkatan tebal tunika-intima pembuluh darah aorta.

X1
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SUMMARY

THE EFFECT OF MEHTOTREXATE, MORINGA (Moringa oleifera) AND
SAMBILOTO (Andrographis paniculata) LEAF EXTRACT AND THEIR
COMBINATIONS ON MYOCARDIAL AND AORTIC TISSUE OF
HYPERGLYCEMIC-MODEL MALE Rattus norvegicus INDUCED WITH
STREPTOZOTOCIN-NICOTINAMIDE

DIMAS BATHORO BAGUS PAMUNGKAS

Diabetes mellitus (DM) is still becoming the major cause of death in 1.5
million cases and it is estimated that around 15 million people are suffering from it
globally. The data from The Indonesian Ministry of Health show the prevalence of
diabetes mellitus in Indonesia was increasing by 1.2% from 2007 to 2013 period
and put Indonesia as the sixth country with the highest prevalence of diabetes
mellitus. Diabetic cardiomyopathy affects at least 26 million people globally and
its prevalence is constantly increasing. In patients with type 2 diabetes mellitus, the
prevalence of heart failure ranges from 9%-22%, showing 4 times higher
prevalence compared to the general population and this number is even higher in
diabetic patients in their 60s or older. Insulin remains the main drug of choice for
complicated DM, but other drugs such as methotrexate (MTX) are also reported to
possess a hypoglycemic effect which may be beneficial for diabetic
cardiomyopathy. Moreover, adjuvant therapies using Moringa oleifera (MO) and
Andrographis paniculata (AP) leaf extract are also reported to be able to improve
tissue histopathology due to hyperglycemia. The effect of Moringa oleifera and
Andrographis paniculate leaf extract and also methotrexate as well as the
combination of those 3 has not been extensively reported. Information regarding
those effects may be helpful for planning a more optimum therapy.

In this study, 49 male Rattus norvegicus rats, aged 2-3 months, were separated into
7 groups, and differences in body weight, random blood sugar levels, and
myocardial tissue interleukin-6 concentration were examined. (Kl=negative
control, K2=positive control STZ+NA, K3=MO, K4=AP, K5=MTX,
K6=MTX+MO, and K7=MTX+AP). On January 10, 2022, KEPK FKUA issued
this study an ethical due diligence certificate with  number
No.1/EC/KEPK/FKUA/2022. This study used an experimental design with a
control group that was only present for the post-test. Experimental animal care,
intervention, random data collection of body weight and blood sugar, and
termination were carried out at The Pharmacology Laboratory of the Faculty of
Medicine, Airlangga University; histopathological slide preparations were done in
the Histotechnical Laboratory of the Faculty of Medicine, Airlangga University; the
assessment of the concentration of interleukin-6 in myocardial tissue was carried
out at the Biotechnology Faculty, Universitas Surabaya. A three-arm Ohaus balance
was used to measure body weight; a Chinese-made EasyTouch Model ET-301
glucometer was used to measure random blood sugar levels; an Olympus CX-41

Xii
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microscope was used to examine myocardial and aortic tissue histopathology; and
an Enzyme-linked immunosorbent assay (ELISA) test was used to measure 1L-6
expression. A 95% confidence level was used for the SPSS v.25 analysis of the
data. Shapiro-Wilk and Levene's test for homogeneity was used to determine
whether the data on body weight, random blood sugar levels, myocardial 1L-6
concentration, and aortic intimal-to-medial thickness. If the data were parametric,
the One-way ANOVA test was employed for comparison testing, and if the data
were not, the Kruskall-Wallis test was used. Myocardial necrotic score data which
is ordinal scaled were analyzed using the Kruskall-Wallis test. Comparisons in a
single variable over a range of timeframes are tested using the paired t-test or the
Wilcoxon signed rank test.

The body weight of the experimental animals from 7 groups showed a
significant difference between the positive control group compared to the MO
group (p=0,001); AP (p=0,026); MTX (p=0,011); MTX+MO (p=0,038); and
MTX+AP (p=0,038). Blood glucose concentration showed a significant difference
between the positive control group compared to MO (p=0,007); AP (p=0,001);
MTX (p=0,001); MTX+MO (p=0,035); dan MTX+AP (p=0,001). Myocardial IL-
6 showed a significant difference between the positive control group compared to
MO group (p=0.015), while other groups showed no significant difference.
Myocardial tissue necrosis score in the positive control group showed a significant
difference only when compared to the MTX+AP group (p=0.005). Intimal-to-
medial thickness data showed a significant difference between the positive control
group compared to AP (p=0.014); MTX (p=0.010); and MTX+AP groups
(p=0.001).

Based on the data analysis, MO, AP, and MTX administrations were found
to prevent the body weight decrease. Administration of MO, AP, and MTX, as well
as the combination of those three, were able to reduce the blood glucose
concentration. In the IL-6 concentration, administration of MO showed a significant
effect in inhibiting proinflammatory IL-6 in the myocardial tissue. Myocardial
tissue necrosis score showed that a combination of AP and MTX could reduce the
extent of necrosis. The administration of AP leaf extract and MTX either as a single
therapy or in combination could reduce the thickening of the aortic intimal-to-
medial thickness.

Xiii
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ABSTRAK

PENGARUH PEMBERIAN METHOTREXATE, EKSTRAK DAUN
KELOR (Moringa oleifera), DAN DAUN SAMBILOTO (Andrographis
paniculata) SERTA KOMBINASINYA TERHADAP JARINGAN
MIOKARDIUM DAN AORTA PADA Rattus norvegicus JANTAN MODEL
HIPERGLIKEMIA YANG DIINDUKSI DENGAN STREPTOZOTOCIN-
NICOTINAMIDE

Latar belakang: Kardiomiopati diabetik menyerang setidaknya 26 juta orang di seluruh
dunia dan prevalensi nya terus meningkat. Pada pasien dengan DMT2 prevalensi gagal
jantung bekisar antara 9% - 22%. Insulin masih menjadi pilihan terapi utama pada kasus
DM dengan komplikasi, namun obat-obat lain seperti methotrexate dilaporkan juga
memiliki efek hipoglikemi yang mungkin bermanfaat untuk kondisi diabetic
cardiomyopathy. Selain itu, terapi adjuvant menggunakan ekstrak daun Moringa oleifera
dan Andrographis paniculata juga dilaporkan dapat memperbaiki kondisi histopatologis
jaringan miokardium dan aorta akibat hiperglikemi. Tujuan: menganalisis efek pemberian
methotrexate, ekstrak daun Moringa oleifera dan Andrographis paniculata terhadap
patologi jaringan miokardium dan aorta Rattus norvegicus. Metode: penelitian ini
merupakan eksperimental dengan post-test only control group design, dengan n=49 yang
terbagi menjadi 7 kelompok. Variabel bebas dalam penelitian ini antara lain pemberian
MO, AP, dan MTX beserta kombinasinya terhadap berat badan, kadar gula darah acak,
kadar interleukin-6 jaringan miokardium, skor nekrosis miokardium, dan tebal tunika
intima-media pembuluh darah aorta. Hasil: Data berat badan menunjukkan perbedaan yang
bermakna antara kelompok kontrol positif dengan kelompok yang diberi MO (p=0,001);
AP (p=0,026); MTX (p=0,011); MTX+MO (p=0,038); dan MTX+AP (p=0,038).
Sedangkan pada kadar gula darah didapatkan perbedaan yang bermakna antara kelompok
kontrol positif dengan kelompok yang diberi MO (p=0,007); AP (p=0,001); MTX
(»=0,001); MTX+MO (p=0,035); dan MTX+AP (p=0,001). Untuk data kadar IL-6
didapatkan perbedaan yang bermakna antara kelompok kontrol positif dengan kelompok
yang diberi MO (p=0,015); Perbandingan data skor nekrosis jaringan miokardium pada
kelompok kontrol positif hanya menunjukkan perbedaan yang bermakna pada kelompok
MTX+AP (p=0.005). Sedangkan pada analisis data tebal tunika intima-media pembuluh
darah aorta tampak perbedaan yang bermakna antara kelompok kontrol positif dengan
kelompok AP (p=0.014); MTX (p=0.010); dan MTX+AP (p=0.001). Kesimpulan:
Pemberian MO, AP, serta MTX dapat mencegah penurunan berat badan. Pemberian MO,
AP, dan MTX serta kombinasinya dapat menurunkan kadar gula darah.Pemberian terapi
MO secara signifikan menurunkan kadar IL-6 pada jaringan miokardium. Pemberian
kombinasi AP dengan MTX dapat menurunkan menghambat terjadinya nekrosis.
Pemberian ekstrak AP dan MTX sebagai terapi tunggal maupun kombinasi dapat mencegah
peningkatan tebal tunika-intima pembuluh darah aorta.

Kata kunci: Kardiomiopati, diabetes, aorta, tebal tunika intima-media, Andrographis
paniculata, Moringa olifeira, methotrexate
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ABSTRACT

THE EFFECT OF MEHTOTREXATE, MORINGA (Moringa oleifera) AND
SAMBILOTO (Andrographis paniculata) LEAF EXTRACT ON
MYOCARDIAL AND AORTIC TISSUE OF HYPERGLYCEMIC-MODEL
MALE Rattus norvegicus INDUCED WITH STREPTOZOTOCIN-
NICOTINAMIDE

Background: Diabetic cardiomyopathy affects at least 26 million people globally
and its prevalence is constantly increasing. In patients with type 2 diabetes mellitus,
the prevalence of heart failure ranges from 9%-22%. Insulin remains the main drug
of choice for complicated DM, but other drugs such as methotrexate are also
reported to possess a hypoglycemic effect which may be beneficial for diabetic
cardiomyopathy. Moreover, adjuvant therapies using Moringa oleifera and
Andrographis paniculate leaf extract are also reported to be able to improve tissue
histopathology due to hyperglycemia. Aim: to analyze the effects of the
administration of methotrexate, as well as Moringa oleifera and Andrographis
paniculate leaf extract on the pathology of cardiac and aortic tissues in Rattus
norvegicus. Methods: This experiment used a post-test-only control group design,
with a number of experimental animals of 49, divided into 7 groups. The
independent variables include the administration of MO, AP, and MTX as well as
the combination of those three. The dependent variables were the random blood
glucose level, myocardial tissue IL-6 concentration, myocardial tissue necrosis
score, and aortic intimal-to-medial thickness. Results: The body weight of the
experimental animals from 7 groups showed a significant difference between the
positive control group compared to the MO group (p=0,001); AP (p=0,026); MTX
(p=0,011); MTX+MO (p=0,038); and MTX+AP (p=0,038). Blood glucose
concentration showed a significant difference between the positive control group
compared to MO (p=0,007); AP (p=0,001); MTX (p=0,001); MTX+MO (p=0,035);
dan MTX+AP (p=0,001). Myocardial IL-6 showed a significant difference between
the positive control group compared to the MO group (p=0.015), Myocardial tissue
necrosis score in the positive control group showed a significant difference only
when compared to the MTX+AP group (p=0.005). Intimal-to-medial thickness data
showed a significant difference between the positive control group compared to AP
AP (p=0.014); MTX (p=0.010); and MTX+AP groups (p=0.001). Conclusion:
Administrations of MO, AP, and MTX was found to be able to prevent the body
weight decrease. Administration of MO, AP, and MTX, as well as the combination
of those three, were able to reduce the blood glucose concentration. Administration
of MO significantly reduces IL-6 concentration in the myocardial tissue. A
combination of AP and MTX could reduce the extent of necrosis. The
administration of AP leaf extract and MTX either as a single therapy or in
combination reduces the thickening of the aortic intimal-to-medial thickness.

Keywords: Cardiomyopathy, diabetes, aorta, intimal-to-medial thickness,
Andrographis paniculata, Moringa olifeira, methotrexate
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