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ABSTRAK 

Diabetes mellitus (DM) adalah sindrom metabolik yang kini dikendalikan menggunakan 
pelbagai jenis ubat yang ditetapkan; namun, ubat-ubatan ini dikaitkan dengan kesan 
sampingan yang berbeza. Oleh itu, tanaman perubatan dianggap sebagai alternatif dalam 
perubatan tradisional untuk merawat DM kerana mereka tidak mempunyai kesan 
sampingan. Kajian ini dibuat dengan tujuan untuk mengkaji amnya ekstrak tumbuhan 
perubatan dari segi aktiviti perencatan enzim 𝛼-amylase dan 𝛼-glucosidase; untuk 
mengkaji kesan pelindung buah pinggang, hepatik, dan pankreas ElE:OsC (2:1) dan 
ElE:PgC (2:1) ekstrak tumbuhan pada tikus diabetes yang disebabkan oleh streptozotocin 
(STZ) selepas 30 hari rawatan. Tikus Sprague-Dawley disuntik secara intraperitoneal 
dengan STZ (60 mg/kg) untuk mendorong DM. Tikus dikelompokkan secara rawak ke 
dalam 7 kumpulan 5 tikus masing-masing berdasarkan rawatan yang dimaksudkan untuk 
kumpulan tersebut; tujuh kumpulan tikus adalah seperti berikut: NC = tikus kawalan 
normal; NElE:PgC (2:1) = tikus normal yang dirawat dengan ekstrak E. longifolia dan 
P. granatum gabungan pada nisbah gabungan 2:1 (200 mg / kg); NElE:OsC (2:1) = tikus 
normal yang dirawat dengan ekstrak gabungan E. longifolia dan O. stamineus pada 
nisbah gabungan 2:1; DC = tikus kawalan diabetes; DG = tikus diabetes yang dirawat 
glibenclamide (0.6 mg / kg); DElE:PgC (2:1) = tikus diabetes yang dirawat dengan 
ekstrak gabungan E. longifolia dan P. granatum pada nisbah 2:1 (200 mg / kg); 
DElE:OsC (2:1) = tikus diabetes yang dirawat dengan ekstrak gabungan E. longifolia dan 
O. stamineus pada nisbah yang sama. Semua kumpulan haiwan dirawat selama 4 minggu 
dan setelah tempoh rawatan, tahap glukosa darah, berat badan, fungsi hati dan ginjal, dan 
perubahan histopatologi pankreas endokrin, hati dan ginjal diperiksa pada semua tikus 
eksperimen. Ekstrak dengan aktiviti perencatan enzim ≥ 50% dilaporkan dalam A. 
bilimbi, A. paniculata, O. stamineus, E. longifolia dan P. granatum. Hasil kajian 
menunjukkan bahawa gabungan 2:1 ekstrak etanolik E. longifolia dan ekstrak kloroform 
P. granatum menunjukkan kadar perencatan maksimum 𝛼-glucosidase (148.06%), 
sementara kombinasi sama ekstrak etanol E. longifolia dan kloroform O. stamineus 
menawarkan perencatan 𝛼-glucosidase terhebat (137.43%). Analisis fitokimia 
berasaskan ekstrak GC-MS menunjukkan adanya asid lemak dalam ekstrak-ekstrak 
tersebut, dengan asid palmitik, merupakan asid lemak yang paling tinggi berlaku dalam 
ekstrak O. stamineus. Pemerhatian biokimia menunjukkan peningkatan yang signifikan 
(p<0.05) pada tahap glukosa darah puasa, berat hati relatif, tahap AST, ALT, GGT dan 
ALP, tahap urea darah dan tahap kreatinin serum dalam kumpulan DC berbanding dengan 
kumpulan NC. Walau bagaimanapun, perubahan dalam parameter ini ditingkatkan dalam 
kumpulan DElE:OsC (2:1), DElE:PgC (2:1) dan DG; kesan penambahbaikan adalah 
signifikan dalam kumpulan DG dan DElE:PgC (2:1) sahaja (p<0.05). Pemeriksaan 
hati/hepatik menunjukkan vakuolasi ringan pada sitoplasma hepatosit, kesesakan pada 
vena tengah, vena portal dan sinusoid, serta kecelaruan ringan kord hepatic, pada 
kumpulan DC. Perubahan patologi ini diperbaiki dalam tikus yang dirawat ElE:OsC 
(2:1), ElE:PgC (2:1) dan glibenclamide. Pemerhatian histologi pankreas tikus dalam 
kumpulan DC menunjukkan sejumlah kecil, pulau kecil Langerhans yang tersebar di 
dalam acini. Sel-sel pulau mempunyai nukleus piknotik dan sitoplasma eosinofilik yang 
sedikit. Fibrosis dilihat dalam beberapa kawasan, sementara bahagian ginjal 
menunjukkan struktur histologi normal (glomeruli, tubulus ginjal, saluran darah dan 
interstitium) ginjal dengan NC, DM, dan tikus yang dirawat. Sebagai kesimpulan, hasil 
kajian ini menunjukkan bahawa ekstrak ElE:OsC (2:1) dan ElE:PgC (2:1) ekstrak 
tumbuhan dapat berfungsi sebagai alternatif yang berpotensi untuk rawatan dan kawalan 
diabetes mellitus dan komplikasi yang berkaitan pada tikus diabetes mellitus.   
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ABSTRACT 

Diabetes mellitus (DM) is a metabolic syndrome that is currently being managed using 
different brands of prescribed medications; however, these medications are associated 
with different side effects. As such, medical plants are considered an alternative in 
traditional medicines for treating DM as they have no side effects. The present study was 
conceived with the aim of studying generally medicinal plants extracts in terms of their 
𝛼-amylase and 𝛼-glucosidase inhibitory activities; to study the renal, hepatic, and 
pancreatic protective effects of these ElE:OsC (2:1) and ElE:PgC (2:1) plant extracts on 
streptozotocin (STZ)-induced diabetic rats after 30 days of treatment. Sprague-Dawley 
rats were intraperitoneally injected with STZ (60 mg/kg) to induce DM. The rats were 
randomly grouped into 7 groups of 5 rats each based on the intended treatment for the 
groups; the seven groups of rats are as follows: NC = normal control rats; NElE:PgC 
(2:1) = normal rats treated with combined E. longifolia and P. granatum extracts at a 
combination ratio of 2:1 (200 mg/kg); NElE:OsC (2:1) = normal rats treated with 
combined extracts of E. longifolia and O. stamineus at 2:1 combination ratio; DC = 
diabetic control rats; DG = glibenclamide (0.6 mg/kg)-treated diabetic rats; DElE:PgC 
(2:1) = diabetic rats treated with combined extracts of E. longifolia and P. granatum at a 
ratio of 2:1 (200 mg/kg); DElE:OsC (2:1) = diabetic rats treated with combined extracts 
of E. longifolia and O. stamineus at the same ratio. All the animal groups were treated 
for 4 weeks and after the treatment period, the blood glucose level, body weight, liver 
and renal functions, and histopathological changes of the endocrine pancreas, liver and 
kidneys were examined in all the experimental rats. The extracts with ≥ 50% enzyme 
inhibition activity were reported in A. bilimbi, A. paniculata, O. stamineus, E. longifolia 
and P. granatum. The outcome of the study showed that a 2:1 combination of ethanolic 
extract of E. longifolia and chloroform extract of P. granatum showed gave the maximum 
rate of α-glucosidase inhibition (148.06%), while a similar combination of ethanol extract 
of E. longifolia and chloroform extract of O. stamineus offered the greatest α-glucosidase 
inhibition (137.43%). GC-MS-based phytochemical analysis of the extracts showed the 
presence of fatty acids in the extracts, with palmitic acid being the highest occurring fatty 
acid in the extracts of O. stamineus. Results showed a significantly increase (p<0.05) in 
fasting blood glucose level, body weight, AST, ALT, ALP and GGT levels, total protein, 
albumin, globulin, blood urea level and serum creatinine level in the DC group compared 
to the NC group. However, changes in these parameters were ameliorated in the 
DElE:OsC (2:1), DElE:PgC (2:1) and DG groups; the ameliorative effect was significant 
in the DG and DElE:PgC (2:1) groups only (p<0.05). Examination of the liver sections 
showed mild vacuolation in the cytoplasm of the hepatocytes, congestion in the central 
vein, portal vein and sinusoid, as well as mild hepatic cord disarrangement in the DC 
group. These pathological changes were ameliorated in the ElE:OsC (2:1), ElE:PgC (2:1) 
and glibenclamide-treated rats. Histological observation of the pancreas sections of the 
rats in the DC group showed scanty number of small sized islets of Langerhans which 
were scattered within the acini. The islets cells have pyknotic nuclei and scanty 
eosinophilic cytoplasm. Fibrosis was noted in some areas while sections of the kidneys 
showed normal histological structure (glomeruli, renal tubules, blood vessels and 
interstitium) of the kidneys the NC, DM, and treated rats. In conclusion, the outcome of 
this study showed that ElE:OsC (2:1) and ElE:PgC (2:1) plant extracts could serve as 
potential alternatives for the treatment and control of diabetes mellitus and its related 
complications in diabetes mellitus rats. 
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Haematoxylin and eosins 

High-density lipoprotein 

High fat diet 

Intravenous 

International Diabetes Federation 

impaired glucose tolerance 

Insulin receptors 

ATP-sensitive potassium channel 

Kelulut honey 

Low-density lipoprotein 

Middle east and north Africa 

North America and Caribbean 

NAFLD 

NASH 

NC 

Os 

OsC 

PA                 

PDN 

Pg 

Non-alcoholic fatty liver disease 

Non-alcoholic steatohepatitis 

Normal control 

Orthosiphon stamineu 

Chloroform extract of orthosiphon stamineu 

Pancreatic acini 

Painful diabetic neuropathy 

Punica granatum 



xvi 

PgC 

PI3K 

PIP2 

PIP3 

pNPG 

PP 

PPARs 

PPE 

ROS 

S 

SACA 

SEA 

Sm 

STZ 

T1DM 

T2DM 

TAG 

TG 

TNF 

TZD 

VC 

VLDL 

WP 

ZDF 

Chloroform extract of punica granatum 

phosphatidylinositol 3-kinase 

Phosphatidylinositol (3,4)-bisphosphate 

Phosphatidylinositol (3,4,5)-trisphosphate 

p-nitrophenyl glucopyranoside 

Pomegranate peel 

Peroxisome proliferator-activated receptor 

Personal protective equipment 

Reactive oxygen species 

Sinusoids 

South and Central America 

South-East Asia 

Swietenia macrophylla 

Streptozotocin 

Type 1 diabetes mellitus 

Type 2 diabetes mellitus 

Triacylglyceride 

Triglyceride 

Tumor necrosis factor 

Thiazolidinediones 

Cytoplasmic vacuolation 

Very low density lipoprotein 

Western Pacific 

Obese Zucker Rat 
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