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Received: Dec 9, 2011 Abstract
Revised: Apr 26, 2012 Orthosiphon stamineus ts a popular folk medicine widely used to treat many diseases in-
Accepted: May 3, 2012 cluding diabetes. Previous studies have shown that the sub-fraction of chloroform extract
wis able to inhibit the rise of bleod glucose levels in a glucose tolerance test. This study
KEYWORDS was carried out to evaluate the chronic effect and possible mechanism of action of the
anti-hyperglycemic; bisactive chloroform sub-fraction of @. stamineus using streptozotocin-induced diabetic
glucos= absorption; rats and in vitro methods. Administration of the chloroform extract sub-fraction 2 (CF2-b)
glucose uptale; at a dose of 1 g/kg twice daily on diabetic rats for 14 days showed a significant lowering
Orthasiphan stamineus {p < 0.08) of the final blood glucose level compared to the pretreatment level. However,

there were no significant differences in the plasma insulin levels post-treatment com-
pared to the pretreatment levels for all doses of Cf2-b. Conversely, CF2-b at a concentra-
tion of 2 mg/mL significantly increased (p < 0.001) the glucose wptake by the rat
diaphragm muscle. The increase in glucose uptake was also shown when the muscle
was incubated in a solution containing 1 IWWSmL of insulin or 1 mg/mL of metformin.
Furthermore, the effect of this sub-fraction on glucose absorption in the everted rat
jejunum showed that Cf2-b at concentrations of 0.5 mg/mL, 1 mg/mL and, 2 mg/mL
significantly reduced the glucose absorption of the jejunum {p < 0.05—0.001). Similarly,
the absorption of glecose was also inhibited by 1 mgfml and 2 mg/mL of metformin
{p < 0.001). These results suggest that the effect of Cf2-b may be due to extra-
pancreatic mechaniems. There was no evidence that the plant extract stimulated the
release of insulin in order to lower the blood glucose level.

* Comespanding author. School of Pharmaceutical Sciences, Universiti Sairs Malaysia, 11800 Penang, Malaysia.
E-mail: alislit¥2002@yahoo. com.
Copyright & 2013, International Pharmacopunciure Institute
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Orthosiphon stamineus as a potential antidiabetic drug in maternal
hyperglycemia in streptozotocin-induced diabetic rats
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Derhicighion SOminHL

ia is associated with increased risk of adverse outcomes for both

mather and offspring. Insulin is the standard treatment of hyperglycemda with the aim to reduce risks of
comiplications, howsver, due to several restrictions, the search far mare effective drags from traditional
medicinal plants continues.

Methods: The antidiabetic effects of Orehosiph I [{¢]
streptozotocin-induced Sprague Dawley rats were identified. The effect of different concentrations of 0.
stamineouson insulin level using isolated pancreatic islets in response to low and high concentrations of
glucome was identified. Oral glucose tolerance test was performed in both pregnant and non-pregmant
rats prior to and after treatment with O stamineus [0 g/ 100 g of body weight 0. stamireus was given

1in non: and

orally daily for 2 weeks in non-pregnant and 10 days in pregmant rats.

Results: Oral glucoes tolerance test indicated that treatment with O stamineus in non-pregnant and preg-
nant rats significantly reduced blood glucoss level and stimulated glucose-induced insulin secretion. Na
martality was recorded throughout the study and no signs of toxicity during the experimental period
including in both mother and foetus. For plasma analysis, the interactions of peptides such as GLP-1 and

ghrelin kevel might contribute to the glucose &

wvia stimulation of insulin.

ing effect by 0.

The incubation of islets showed that 0. staminesssignificantly stimulated insulin release in response to

high glucose.

Conclusion: . stamineus could be a potential source of a specific oral hypoglycaemic agent totreat glocose

intolerance in pregnancy.

& M09 Korea Institute of Oriental Medicine. Publishing senices by Elsevier BV, This is an open
access article under the O BY-MNC-ND license (hittp: /| creativecommons.arg licenses/by-nc-nd (4.0()

L Introduction

Cestational diabenss mellitus (GDM) is defined a2 glucose intol-
erance in pregnancy which includes women with undiagnosed
pre-existing diabetes and with first-onset hyperglycemia without
history of pre-existing diabetes mellinus,' Plasma glucose level
Hor GDM when i ed, is either above 5.6 mmol/L ([asting) or
7.BmumolfL (after 2-h), a8 defined by Mational [nstitute for Health

* Comesponding author ar: Researcher, Endocrine and Metabedic Unit, Mearition,
Metabelism and Cardiovasoular Research Cenone (NMORC), Insoinure for Medical
Rz rch, Minismry of Health Malaysia, Malaysia

E-mall gddress fara@ina gov.my (EF. Lokman].

hovps: | doiorg 101016 ime 35 19 05,006

and Care Excellence [MICE) Guidelines.” Hyperglycemia in preg-
nancy leads toincreased risk of variows adverse maternal and infant
oulcames such a5 caesarean delivery, preeclampsia, shoulder dys-
locka, macrosomia, neonatal hypoglycemia and perinatal death.*5

Insulin has been used for a long time in diaberes management
wihen dietary and Efestyle modifications inadequately aclieve per-
smtent euglycaemia. However, administration of insulin requires
multiple daily injections causing discomfort 1o patients. In addi-
tion o insulin, for the past few years, there has been increasing
research conducted including the observational, randomized con-
trodled trials studies and various types of diabetic animal models
o identily if the use of certain oral hypoglycaemic agents such as
metlarmin and glyburide may be suitable in pregnancy. Oral agents
Tave been increasingly viewed 1o be a porential substitute to insulin

2213423008 2019 Korea Inscinuee of Oriental Medicine. Publishing services by Elsevier BV, This & an open socess articke under the OO BY-NC-NID license (hop: |

creativecemmaid ong licenses ly-nc-nd (407,
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Does Orthosiphon stamineus Benth. enhance GLUT4 translocation in the
skeletal muscle of induced type I1 diabetic rats?

Raudhahtulnur Mohd Zainudin', Fazlin Zaini', Resni Mona', Jannathul Firdous', Noorzaid Muhamad'*

'Preclinical Depariment, Faculty of Medicine, Universiti Kuala Lumpur Royal College of Medicine Perak {UniKL RCMPF), Ipoh, Perak,
Malaysia, *Smudent Development Division, Universiti Kuala Lumpur Royal College of Medicine Perak (UnikL RCMP), lpoh, Perak,

Malayaia

Correspondence to: Noorzaid Muokamad, E-mail: noorzsid @ikl edu my

HReceived: October 20, 2017; Aceepted: March 26, 20018

ABSTRACT

Background: GLUT4 acts as the insulin-responsive glucose transporter, thus promoting the uptake of glucose from
circulation inte muscle and adipose tissuc. Aims and Objectives: The present study was conducted to determine the
effect Orthosiphon stmminens Benth. extract on GLUT4 translocation in the skeletal muscle of type 11 diabetic rats using
immunofluorescent technique. Materials and Methods: Male Wistar rats aged 10 weeks (180-220 g) were divided into
four groups: Normal control group (vehicle receiving group), positive control group (diabetic rats treated with 5 mg'kg
metformin), negative control group (diabetic rats not receiving any treatment), and treated group (diabetic rats treated with
1 g'kg O staminens Benth. aqueous leaf extract). The rats were treated daily for 14 days where the fasting blood glucose
level was measured daily; meanwhile, serum insulin was measured before (after injected with STZ-NAD) and after they get
treated (af the end of 14 days). At the end of the treatment, the rats were sacrificed and soleus muscles were dissected, fixed
in 10% buffered formalin, and processed for immunofluorescence technique. Results: The findings showed significanthy
reduced (P < (.01 ) mean fasting glucose concentration in positive contred and treated groups. Relative pancreas weight and
scrum plasma concentration were similar in all groups. In the diabetic rais treated with (. staminens Benth., improvement
in the translocation activity of GLUT4 was observed. Conelusion: Our findings suggest that (. stamineus Benth_ has the
potential in the treatment of Type 11 diabetes mellitus though the improvement of GLUT4 translocation activity.

kKE\"WﬂRDS: Diabetes Mellitus; GLUT 4; Immunofluorescent Technique; Metformin; Ovthosiphon stamineus Benth

~,

INTRODUCTLION

Insulm-stimulated glucose transport into skeletal muscle 15
mmiportant in glucose homeostasis. Deviations in insulm-mediated
glucose utilization are responsible for Type 11 dabetes mellis
which can be due to the development of insulm resistance or
the mpairment of insulin secretion from the beta cells m the

Access this aricle online
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Islet of Langerhans " The development of insulin resistance has
been linked to the impairment of glucose transport across the
peripheral tissues, in particular, the skeletal muscle B/

GLUT is a glucose transporter protein which is expressed in
msulin-sensitive cells such as adipose tissue, skeletal muscle
cells, and cardiomyocytes. GLUT 1soform resides mainly in
the intracellular membrane compartment under low insulin
condition and 15 translocated to the plasma membrane on
stimulation by msubin ™ To date, 14 glucose transporter’s
soforms have been identified and one or more of these
GLUT 1soforms are expressed in almost every type of human
cell, with more expression of GLUT4 identified m the human
skeletal muscle #*
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u-Glucosidase Inhibitory Activity and Formulation of Solid
Lipid Nanoparticle Containing Ethanol 70% Standardized
Extract of Kumis Kucing Leaves
(Orthosiphon stamineus Benth.)

(Aktivitas Penghambatan o-Glukosidase dan Formulasi Solid
Lipid Nanoparticle mengandung Ekstrak Etanol 70% Daun
Kumis Kucing Terstandar (Orthosiphon stamineus Benth.))

RISMA MARISI TAMBUNAN", DENI RAHMAT', WINDA DWI JULIYAMNTI'

"Fuculty of Pharmacy, University of i ila, Srengseng Sawah, J;

s 1 2600, South Jakartn
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Abstract: Kumis kucing leaves (Orthosiphon stamineus Benth. ) are one type of plants that is able o
inhibit the activity of a-glucosidase enzyme. This study aims to formulate Solid Lipid Manoparticle
from ethanol 70% standardized extract of kumis kucing leaves and which give o-glucosidase enzyme
inhibitory activity. The result of SLN characteristic for particle size of formula 1, 11 and 111 shows the
result of 5160 am; 12.81 mm; [1.E7 nm and zeta potential of formula I 11 and 110 show the results
=2767; <1007, -15.0, respectively. The results of the a-glucosidase enzyme inhibitory activity of the
standardized extract, SLN formula L, Il and 11 respectively showed 1C50 of 1329 pprg 1303 ppan;
131.4 ppm; 1322 ppm and Acarbose as comparison showed IC30 of 50.0 ppm. Data processing using
t-test statistically at a = 0,05 showed that extract and SLM of formula | had significant difference, thus
the best SLN formula was formula | with concentration of tween 80 and propylenglyeol of 6% and 1004

Kevwords: kumis kucing leaves, standardized extract, nanoparticle. solid lipid nanoparticle.

Abstrak: Daun kumis kucing (rthosiphon staminess Benth ) adalah salah satu jenis imbuhan yang
mampu menghambat aktivitas enzim o-glucosidase. Penclitian ini bertujuan wwtuk memformulasi
Sl Liprid Newoparticle dari ekstrak ctanol 700 daun kumis kocing terstandar dan yvang memberikan
aktivitas penghambatan enzim a-glucosidase. Hasil karakteristik SLN untok ukuran partikel formuola
I 11 dan I menunjukkan hasil 51,60 am; 12,81 mm; 11LET nm dan zeta potensial formuala 1, 11 dan
I menunjukkan hasil -27,67; -10.7: -15,0. Hasil aktivitas penghambatan enzim a-glcosidese dari
ckstrak terstandar, SLN formula 1, 11 dan I masing-masing menunjukkan 1C, adalah 132.9 ppm:l 303
ppr; 1314 ppem; 1322 ppm dan Akarbosa sebagai pembanding menunjukkan 1C vaitu 500 ppm.
Pengolahan data menggumakan r-fess secara statistik pada a=0,05 menunjukkan bahwa ckstrak dan SLN
formula | memiliki perbedaan yvang signifikan, sehingga formula SLN terbaik adalah formula [ dengan
konsentrasi tween 80 dan propilen glikol adalah 6% dan 10%.

Kata kunei: daun kumis kucing, ckstrak terstandar, nanopartikel, solid Updd nanoparvicle.

* Comespondence author, Hp: 08121306072
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Orthosiphon stamineus sebagai Terapi Herbal Diabetes Melitus
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Abstrak

Diabetes melitus (D) merupakan peryakit metabolik yang diklasifikasikan menjadi smpat tipe, yaitu DM tipe |, tipe i, D
karena kehamilan, dan DM tipe sekunder. Disbetes melitus menjadi masalah kesehatan dunia dengan peningkatan angka
kejadian yang korstan hingga diperkirakan mencapai 66 juts pada 2030 dan kasus terbanyak adalah DM tipe 2. Perurunan
aktivitas fisik, peningkatan obesitas, stres, perubahan pols makan, dan gaya hidup yang tidak sehat merupakan faktor yang
memicu peningkatan prevalendi DM, Kontrol ketat terhadap glukoss darah dan pengobatan farrmakologi dengan insulin
atau obat hipoglikemik oral (DHO] dibutuhkan sebagai pengobatan DM, Pengobatan farmakolog tersebut tenturya
memiliki kelernahan, seperti biaya yang tinggi, berbagai efek samping, serts kegagalan terapi. Berkaitan dengan hal ini,
WHO pads tahun 1980 rmerskornendadikan penggunaan tanaman sebagsi bahan alemi dalam pencegshan dan
peryernbuhan penyakit D terutama untuk meminimalisic biaya pengobatan yang tinggi. Salah satu tanaman yang memiliki
khasiat antidiabetik adalah Orthasiphon stamineus atsu sering disebut dengan kumis kuding. Artikel ini bertujuan untuk
membahas lebib lanjut manfaat tanaman O staminews sehagai terapi herbal untuk diabetes melitus berdasarkan
penelitian-penelitian sebelumnya. Orthasiphon stominews mengandung berbagai seryawa yang memiliki khasiat
menurunkan kadar glukoss darsh. Senyawa-senyswa tersebut antara lain sdalah orthosiphon glukesa, miryak atsiri,
saponin, polifenal, flavonodd, sapofonin, garam kaliurn, dan mionositol. Berbagai penslitian yang telah dilakukan
menunjukkan bahws jurnish permberisn ekstrak 0. stamineus sebanyak BI0-1000 g/kg secars signifikan dapat menurunkan
kadar glukosa darsh dan respon ini memiliki efektivitas yang mendekati efek terapi glibenclamide [S mg/fkg). Selain itu,
pernbierian ekstrak 0. stamineus juga ternyata dapat meningkatkan kadar HOL dan menurunkan kadar trigliserid.

Kata Kunw : diabetes melitus, Orthosiphon stamingws, terapi herbal
Orthosiphon stamineus as Herbal Medicine of Diabetes Mellitus

Abstract

Diabetes mellitus (DM) is a metabolic disorder that classified into 4 groups, that are type 1 DM, type 2 DM, gectasional
diabetes, and secondary dishetes. Diabetes melfitus i global health problem with constant prevalence increasing so that
the number of people with diabetes i expected to rise to 366 million in 2030 and mast of thern are type 2 disbetes.
Decreased of physical activities, increased abesity, stress, changes in food conswmption, and unhealthy lifestyle are the
factors that increase prevalence of disbetes. Tight control of blood glucose and pharmacological treatment by indulin and
oral hypoglikemic agent are nesded as disbetes therapy. The pharmacological treatment of Db can not be separated from
the high cost, side effects, and treatment failure. Because of that, WHO in 1980 recommended the use of plants as natural
ingredients to prevent and cure af DM, especially to minimize the high cost of trestment. & plant that i aften wsed au
antidiabetic agent is Orthasiohon Stamineus or often called kumis kucing. This article is written to review about the benefit
of 0. stomineus as antidiabetic agent aceording to the previous researches. Orthasiphon stormineus containg a lot of
subitances that et in decreasing blood glucese. They are glucode orthesiphon, stsiri oil, saponin, polifenal, Mavonoid,
sapofanin, potasium salt, and myonositol. Several studies have been investigated that B00-1000 mgfkg of extract 0.
sharmineus most effective in decressing plasma glucose concentrations and the responde is dosed to the effectivity of
glibenclarnide (5 mg/kg). Furthermare, the extract also increase the plasma HOL-chalesterol concentration and decresse
plasma trigheeride concentration.

Kata Kundi : diabetes mellitus, herbal medicine, Orthasiphon stomineus,

Karespandensic Ayang Tris Putri Barawa, alamat | Rajawali /42 Tanjung Agung Raya Kedamaisn Bandar Lampung, HE
[AII5662755, e-mail ayangtrisputribarawa @ gmail.com

Pendahuluan
Diabetes melitus (DM} merupakan
kelainan  metabolik Yang menyerang

kehamilan, dan DM tipe sekunder akibat
kerusakan pankreas.”
Pada DM tipe 1 terjadi  kerusakan

metabolisme karbohidrat, protein, dan lemak.’
DM dapat diklasifikasikan menjadi empat
kelompok, yaitu DM tipe |, tipe I, DM karena

Majarity | Volume 5 | Namer 3 | September 2016 |28

pankreas berat, produksi insulin tidak ada atau
minimal, sehingga mutlak memerlukan insulin
dari luar tubuh. DM tipe 1 dapat timbul pada
umur muda  (anak-anak  atau  remaja)’
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Potent a-glucosidase and a-amylase inhibitory
activities of standardized 50% ethanolic extracts
and sinensetin from Orthosiphon stamineus Benth
as anti-diabetic mechanism

Elsnoussi Ali Hussin Mohamed"”, Mohammad lamshed Ahmad Siddiqui® Lee Furg Ang', Amirin Sadikun’,
Sue Hay Chan’', Soo Choon Tan', Mahd Zaini Asmawi” and Mun Fei Yam'

Abstract

Background: In the present study, we tested a 50% ethanolic extract of Orthosiphon stamineus plants and its
olated bioactive compound with respact to their o-gluccsidase and o-amiylase inhibitony activities.

Methods: Bioactive flavonoid sinensatin was isolated from 50% ethanolic extract of Orthosiphon stamimeus. The
structure of this pure compound was determined on the MMR data and the o-glucosidase and a-amylase inhibitory
actiities of solated sinensetin and 50% ethanolic extract of Orthosiphon stamineuws were evaluated

Results: In witro studies of a 50% ethanolic extract of O stamineus and the kolated sinensatin compound showed
inhibitony activity on o-glucosidase (Csx 463 and 048 mao/ml, respectively) and a-amilase (ICsq 3670 mo/ml and
1.13 mgdmi, respectively). Inhibition of these enzymes provides a strong biochemical basis for the management of
type 2 diabetes via the control of glucose absomption.

Conclusion: Alpha-glucosidase and a-amylase inhibition could the mechanisms through which the 50% ethanaolic
extract of O stamineus and sinensetin exert their antidiabetic activity, indicating that it could have potential wse in

the management of non-insulin-dependent diabetes.

Background

The number of diabetic patients is rapidly ricing in most
parts of the world, especially in developing couniries
such as Thailand, India and Indonesia. In general, the
control of blood glucose concentrations near the noemal
range is mainly based on the use of oral hypoglycaemic/
antihyperglycaemic agents and insulin. However, all of
these treatments have limited efficacy and are associated
with undesirable side effects [1-3], leading to increasing
interest in the use of medicinal plants for the alternative
management of type 2 diabetes mellitus. The contral of
postprandial plasma glucose levels is critical in the early
treatment of diabetes mellitus and for reducing chronic
vascular complications [4]. A sudden increase in blood

* Comespondence: Akl Myahon.com; yammunizgyahoo.com
"School of Pharmaceutical Sciences, Uinksersitl Sains Malaysia, Pulau Finang

glucose levels, which causes hyperglycaemia in type 2
diabetes patients, occurs due to the hydrolysis of starch
by pancreatic a-amylase and the uptake of glucose by in-
testinal a-glucosidases [5]. An effective strategy for type
1 diabetes management is the strong inhibition of intes-
tinal a-glucosidases and the mild inhibition of pancreatic
o-amylase [6]. One therapeutic approach for reducing
postprandial hyperglycaemia in patients with diabetes
mellius is preventing the absorption of carbohydrates
after food uptake. Only monosaccharides, such as glu-
cose and fructose, can be transported out of the intes-
tinal lumen into the bloodstream. Complex starches,
oligosaccharides and disaccharides must be broken down
inte individual  monosaccharides  before  they  are
absorbed in the duodenum and upper jejunum. This di-
gestion is facilitated by enteric enzymes, including pan-
creatic a-amylage and a-glucosidases attached to the
brush border of intestinal cells.
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PERBANDINGAM EFEKTIFITAS EKSTRAK ETANOL 96% AKAR DAN DAUN
KUMIS KUCING (Orthosiphon stamineus) TERHADAP PENURUNAN GLUKOSA
DARAH MENCIT (Mus musculus)

Syarifah Mora Andriaty,® Faidil Akbar', Abdul Wahab*
Prodi Pendidikan Dokter, Fakultas Kedokteran, Universitas Abulyatama

Abstract: Comparison Effectiveness of Extract Ethanol 96% Root and Leaves
Kumis Kucing (Orthosiphon Stamineus) Against Reduction of Blood Glucose
Mice (Mus Musculus). Orthosiphon stamineus is known as kumis kudng, a traditional
plant which used widely in many diseases, including diabetes mellitus. Riset Kesehatan
Dasar (Riskesdas) 2018 shown the prevalence of diabetes mellitus is getting higher from
6,9 % becoming 8,5 %. Objective: To compared the effectiveness of 96% ethanol
extract between leaves and roots of kumis kucing (Orthosiphon stamineus) to decreased
mice's (Mus musculus) blood glucose levels. Method: This was an experimental study,
25 mice were induced alloxan in L.P, leaf extract and root of kumis kucing were
administered at 35 mg and 50 mag/ 20 gBB fday doses for 7 days. Result: The result
showed that the extract of the leaves of kumis kucing dose 35 mg and 50 mg / 20 gBB /
day decreased the blood glucose level 35.45 % and 41.61 %, whereas the root extract
of kumis kucing dose 35 mg and 50 mg/20 gBB/day as much as 25.5 % and 29, 19 %.
Paired t test obtained p value = 0.000, it's mean there is a significant decreasing in
blood glucose levels. Conclusion: 96% ethanol extract of kumis kucing’s leaves with
dosage 50 mag/20 gBB/ day reduce 41,6 % of the blood glucose level.

Keywords: Leaf and root extract of kumis kucing, blood glucose levels, diabetes
mellitus.

Abstrak: Perbandingan Efektifitas Ekstrak Etanol 96% Akar Dan Daun Kumis
Kucing (Orthosiphon stamineus) Terhadap Penurunan Glukesa Darah Mencit
(Mus musculus) Orthosiphon stamineus yang dikenal dengan nama kumis kucing
adalah tanaman herbal yang banyak digunakan dalam berbagai penyakit, termasuk
diabetes melitus. Tanaman ini sangat mudah dijumpai di Indonesia. Hasil Riset
Kesehatan dasar (Riskesdas) 2018 diperoleh data prevalensi diabetes melitus meningkat
dari 6,9 % menjadi 8 5 %. Membandingkan efektivitas ekstrak etanol 96% daun dengan
akar kumis kucing (Orthosiphon stamineus) terhadap penurunan kadar glukosa darah
mencit (Mus musculus). Jenis penelidan inl adalah eksperimental, 25 ekor mencit
diinduksikan aloksan secara [P, ekstrak daun dan akar kumis kucing masing-masing
diberikan dengan dosis 35 mg dan 50 mg/ 20 gBB /har secara oral selama 7 hari. Hasil:
Ekstrak daun kumis kucing dosis 35 mg dan 50 ma/20 gBB/ har menurunkan kadar
glukosa darah mencit 35,45% dan 41,61%, sedangkan eskstrak akar kumis kucing dosis
35 mg dan 50 mg/20 gBB/ hari sebanyak 25,5% dan 29,19%. Uji t berpasangan
didapatkan nilai p = 0.000, artinya terdapat perbedaan penurunan kadar glukosa darah
mencit yang signifikan. Kesimpulannya yaitu Ekstrak etanol 96% darl daun kumis kucing
dosis 50 mg/20 gBB/ hari memiliki efek antidiabetik yang lebih tinggl daripada ekstrak
akar kumis kucing.

Kata Kunci: Ekstrak daun dan akar kumis kucing, kadar glukosa darah mencit, diabetes
melitus.
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ABSTRAK

Diabetes Meliitus {DM) adalah suatu penyakit dimana kadar gula (glukosa) di dalam darah tinggi karena
tubuh tidak dapat melepaskan atau menggunakan insulin secara efekiif. Kumis kucing (Orthosiphon
stamineus B.) mempunyai khasiat sebagai antidiabetes. Penelitian ini bertujuan untuk mengetahui
apakah senyawa turunan flavonoid pada herba kumis kucing berpotensi sebagai obat antidiabetes-tipe
2 melalui mekanisme penghambatan a-glucosidase. Jenis penelitian ini adakah i siico menggunakan
metode molecular docking. Proses docking dilakukan menggunakan Autodock Vina. Simulasi
maolecular docking dilakukan untuk menguji potensi senyawa flavonoid yang terkandung dalam kumis
kucing sebagai kandidat obat antidiabetes sebagai inhibitor alami enzim a-glukosidase melalui
parameter nilai energi bebas Gibbs. konstanta inhibisi, katan hidrogen dan residu asam amino. Hasil
simulasi menunjukan senyawa flavonoid yang memiliki nilai energi bebas Gibbs terbaik yaitu 5,6,7.3"-
tetrametoksi-4 hidroksi-8-C-prenylflavon sebesar -8.2 Kkal'mol sedangkan nilai energi bebas Gibbs
acarbose adalah -8.7 Kkal'mol. Kesimpulan penelitian ini menunjukan bahwa senyawa flavonoid pada
kumis kucing belum berpotensi untuk dijadikan sebagai kandidat obat antidiabetes-tipe 2 dalam
menggantikan akarbose melalui mekanisme penghambatan a-glucosidase.

Kata Kunci: Diabetes Tipe 2, Orthosiphon stamineus B, a-Glucosidase, Moleculer Docking

ABSTRACT

Diabetes Mellfus (DM) is a disease in which the level of sugar (glucose) in the blood is high because
the body cannof release or use insulin effectively. Kumis kucing {Orthosiphon stamineus B.) has
antidiabetic properties. This sfudy aims fo determine whether the Ravonoid dervatives in kumis kucing
have the potential as an antidiabetic drug-fype 2 through the a-glucosidase inhibition mechanism. This
type of research is in silico using the molecwar docking method. Docking process was performed using
Autodock Vina. Molecular docking simulations were carmed ouf fo test the potential of flavonoid
compounds confained in cat whiskers as anfidiabetic drug candidafes as naiural inhibitors of the a-
glucosidase enzyme through the parameters of Gibbs free energy values, inhibition constants,
hydrogen bonds and amino acid residues. The simulation resulfs show that the flavonoid compound
that has the best Gibbs free energy value is 5,6.7, 3 -tetramethoxy-4hydroxy-8-C-prenyiflavon of -8.2
Kcal / mol while the Gibbs acarbose free energy value is -8.7 Kcal / mole. The conclusion of this study
shows that the favonoid compounds in caf whiskers are not yet potential fo be used as candidates for
antidiabetic drug-type 2 in replacing acarbose through the a-glucosidase inhibition mechanism.

Keywords: Diabetes Type 2, Orthosiphon sfamineus B, a-Glucosidase, Molecular Docking

PENDAHULUAN dalam darah (IDF, 2015). Salah satu obat

Diabetes Mellitus atau sering disebut
dengan kencing manis adalah suatu penyakit
kronik yang terjadi ketika tubuh tidak dapat
memproduksi cukup insulin atau tidak dapat
menggunakan insulin (resistensi insulin, dan di
diagnosa melalui pengamatan kadar glukosa di

antidiabetes oral adalah golongan penghambat
o-glukosidase, vyailu acarbose (Socegondo,
2011). a-glukosidase merupakan enzim yang
berperan dalam proses metabolisme
karbohidrat terletak dibagian tepi permukaan
sel usus halus, dan proses pembentukan
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Abstract. Orthosiphon aristans Boldingh., & native tropical plant from Indonesia, s a
miedicinal herb that has been reported to possess an antidiabetic potential. However, study on
this functional activity is limited especially on in vitro plant culiure of rthosiphon arisranus.
The present study sought to investigate the effect of alravielet (UV) and uhirasonic (US) on
this potential for dn viro shoot cultures of Ovthosiphon aristets (ISC0A). Methanol [ T0%%
wiv) extracts of ISC0OA had the ability to inhibit alpha-amylase and alpha-glucosidase
enzymes, dependent on the concentration of the cxiract Among all treatment, highest
inhibition of s-amylase and a-glucosidase activitics were observed in combined treatment
between UV for 60 mimmtes and US for 6 minutes. This was showed by the highest reduction
by 0.4 point of ICS0 inhibitory a-amylase and alpha-glucosidese activities in day 3 and in day
1 after exposure UV and US, respectively. The combination of UV and US kas been shown to
be effective in improving potential anti-diabetic properties of & vifro shoot culres of
Orthosiphon aristatus in which correlated with the increasing level of secondary metabolites.

1. Introduction

rthosiphon aristatus is a native tropic-medicinal plant from Southeast Asia. It belongs to
Lamiaceae family. This plant has been widely used as a traditional/natural alternative medicine in
Indonesia, Malaysia and Thailand for the treatment of various discases; for instance, gout, diabetes
mellitus, hypertension, rheumatism, tonsillitis and menstrual disorder, and especially those affecting
the urinary tract, that is for treating kidney ailments and bladder related discases ( 18).

Many studies have indicated that () aristams exhibits several secondary metabolic active
constituents. These compounds contnbute to the plant’s potential medicinal properties. However, the
pharmacologically effects of () arisigius have been recommended mamnly due to s phenolics
compounds ( 16) which are the most dominant constituent in the leaf. These phenolic compounds had
been reported to be effective i reducing oxidative stress by inhibiting the formabion of lipid
peroxidation products in biological systems (17). One of the most impaortant phenolic compounds in O

mﬁmmﬂl Ercum this work may be wsed under the tenms of the Crestive Commons Anritetion 50 licence. Any fanther disiribation
af this work mest mainizin axniesion 1o the authoais ) and the tite of the work, joursal citation md DOL
Puhlished ender licence by BOP Pablishing Lid 1
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Abstract: Preliminary investigations were carried out to evaluate the antidiabetic effects of
the leaves of €. stamireus extracted serially with solvents of increasing polarity (petrolewm
ether, chloroform, methanol and water), bioassay-guided purification of plant extracts
using the subcutaneous glucose tolerance test (SbGTT) was also carried out. Only the
chloroform extract, given at 1 g/kg body weight (b.ow.), significantly reduced (P < 0.05) the
blood glucose level of rats loaded subcutaneously with 150 mg/'kg (bow.) glucose. The
active chloroform extract of (). stamineus was separated into five fractions using a dry
flash column chromatography method. Out of the five fractions tested, only chloroform
fraction 2 (Cf2), at the dose of 1 g’kg (b.w.) significantly inhibited (P < 0.05) blood
glucose levels in ShGTT. Active Cf2 was split into two sub-fractions Cf2-A and Cf2-B,
using a dry flash column chromatography method. The activities Cf2-A and Cf2-B were
investigated using SbGTT, and the active sub-fraction was then further studied for anti-
diabetic effects in a streptozotocin-induced diabetic rat model. The results clearly indicate
that Cf2-B fraction exhibited a blood glucose lowering effect in fasted treated normal rats
after glucose-loading of 150 mg/kg (bow.). In the acute streptozotocin-induced diabetic rat
model, Cf2-B did not exhibit a hypoglycemic effect on blood glucose levels up to 7 hours
after treatment. Thus, it appears that C f2-B functions similarly to metformin, which has no
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Genotype selection

for phytochemical content

and pharmacological activities

in ethanol extracts of fifteen types
of Orthosiphon aristatus (Blume)
Miq. leaves using chemometric
analysis
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Orthosiphon aristatus (Blume) Mig. of the Lamiaceae family, called as kumis kucing in Indonesia,
is a valuable medicinal plant for their pharmacological properties. The present study comprised of
fifteen genotypes of O. aristatus was undertaken to evaluate the genotypes based on phytochemlal
t and phar logical activities of leaves ethanol extract. Ch ic (correl
and principal component analysis) was also used to investigate the genetic vulabvlny based
on phytochemical content and pharmacological activities of O. ar g ypes. Results of
phytochemical characterization sh d that total phenolic ranged from 1.48 to 36.08 (maximum
in A15) mg GAE/g DW, total flavonoid ranged from 0.10 to 3.07 (maximum in A15) mg QE/g DW,
sinensetin ranged from 0.36 to 4.02 (maximum in A11) mg/g DW, and rosmarinic acid ranged 0.06
to 7.25 (maximum in A7) mg/g DW. Antioxidant activity was tested using DPPH and FRAP assay.
Antioxidant results sh d that DPPH ranged from 1.68 to 15.55 (maximum in A15) pmol TE/g
DW and FRAP unged from 0. 07 to LGO (mnumum in Al and A7) pmol TE/g DW. The genotype

AB sh d the highest cy ac gainst Hela (66.25%) and MCF-7 (61.79%) cell lines.
Maxi a-gl idase inhibitory activity was recorded in genotype A2 with the value of 62.84%.
The genotypes Al A2, A7 Au nnd Als were identified as supenor based on their phytochemicals

t and phar log coupled with ch ic analysis. This finding is important

for breeding studies and also the phuma:euual perspective of 0. aristatus.

Abbm’ialiom

DPPH  2.2-Diphenyl picrylhydrazyl
FRAP  Fernic reducing antioxidant power
TE Trolox equivalent

Dw Dry waght

GAE Gallic acid equivalent

QE Quercetin equivalent

TPC Total phenolic content

TFC Total flavonoid content
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Abstract | The cat’s whiskers plant (Orthosiphon aristatus Blume Migq) is empirically used in Indonesia,
Malaysia, Australia, and Southern Asia as an antibacterial, antidiabetic, antihypertensive anti-inflammatory.
The country of Indonesia has three varieties of O. aristatus, namely purple, white-purple and white. The
purple and white-purple population has started to decline. Efforts are needed to maintain the two varieties’
population, one of which is plant tissue culture. It is hoped that in vifro cultured plants contain the same
secondary metabolites as the wild type. This study aims to identify the chemical content of two varicties of
O. aristatus resulting from in vitro culture. The five-month-old varicty of O. aristatus purple and white purple
and wild type was extracted using two solvents with different polarity levels, namely ethanol and cthyl acetate.
The concentrated extract was identified for its chemical content using gradient system HPLC 0.1% formic
acid: acetonitrile. The qualitative analysis results showed that the two extracts of O. aristatus resulted from in
witro culture containing rosmarinic acid and sinensetin. When compared to the wild type, the chromatogram
had a larger area than the wild type. This study provides new information regarding the sccondary metabolite
content of two O. aristatus from in vitro culture.
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d idenrif of two ies cat whiskers (Ortbosipbon

activity observed after normal cells (Vero cells) were
inoculated with herpes simplex virus type 1 (HSV-

Introduction

ince 2019, there was a pandemic due to COVID

-19, the search for sources or medicinal plants
that can act as antiviral and immunomodulators.
One of the plants that have the potential for this
activity is Q. aristatus. Several studies have reported
the potential of the extract and some chemical
properties of the O. aristatus plant as an antiviral
(Faramayuda et al., 2021b). Water extract of leaves,
flowers, and all the plants in addition to the root of
the O. aristatus (0.39 mg/ mL) had high antiviral

1) (post-treatment) with a 100% reduction in HSV-1
plaque. In the pre-treatment test, leaf water extract,
flowers, and all parts of plants other than roots
showed HSV-1 plaque reduction activity was 79%,
849, and 97% using the same concentration (Ripim
et al., 2018). The chemical content in O. aristatus
that has the potential to be antiherpetic is caffeic
acid, eugenol, N-transferulolyl tyramine, limonene,
p-caryophyllene, beta-pinene, p-cymene (Tkeda e al.,
2011; Bourne e al,, 1999; Benencia and Courreges,
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Extensive pharmacological research has demonstrated that Clerodendranthi Spi-
cati Herba has an obvious anti-hyperglycemic effect via a-glucosidase inhibitory
activity. However, the anti-hyperglycemic active fraction and its metabolic behav-
ior in vivo have not been elaborated clearly. In this study;, ultra-high-performance
liquid chromatography coupled to quadrupole time of flight tandem mass spec-
trometry with data filtering strategy, including mass defect screening, diagnostic
product ions and neutral loss identification, was established for chemical and
metabolic profiling of anti-hyperglycemic active fraction from Clerodendranthi
Spicati Herba. A total of 28 methoxylated flavonoids and 61 diterpenoids were
rapidly identified. Four main known methoxylated flavonoids were purified and
unambiguously identified by nuclear magnetic resonance analysis. Thirty-one
absorbed diterpenoids, 12 absorbed methoxylated flavonoids, and 56 methoxy-
lated flavonoids metabolites were identified in rat plasma, urine, bile, and feces
after oral administration of anti-hyperglycemic active fraction. The methoxy-
lated flavonoids were predominantly metabolized by demethylation, sulfation,
and glucuronidation. Glucuronidation metabolites found in bile and urine after
demethylation were dominant metabolites. Diterpenoids were absorbed into the
blood mainly in the form of prototypes and excreted through bile and urine.
These results indicated that methoxylated flavonoids and diterpenoids were
responsible for a-glucosidase inhibitory activity, which might provide novel drug
candidates for the management of diabetes mellitus.

KEYWORDS

anti-hyperglycemic effect, Clerodendranthi Spicati Herba, data filtering strategy, diterpenoids,
methoxylated flavonoids

1 | INTRODUCTION

Clerodendranthi Spicati Herba (CSH), the dried aerial part

Article Related Abbreviations: AUC, area under the curve; CSH,
Clerodendranthi Spicati Herba; DAD, diode array detector; DPIs,
diagnostic product ions; EEF, ethanol elution fraction; MFs,
methoxylated flavonoids: NL, neutral loss; RDA. Retro-Diels-Alder

of Clerodendranthus spicatus (Thunb.) C.Y. Wu, was tradi-
tionally used as an edible and medicinal material in China,
Malaysia, Vietnam, Indonesia, and other Southeast Asian
countries, which is commonly applied to treat diabetes,

J Sep Scl 2028:44:1806-1814.
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Abstract

Owing 1o the current worsening situation of the increasing burden of diabetes around the world including
Malaysia it is worthwhile to discover non-pharmacological prevention or treatment for it In order to have a useful
explanation of the efficacy of herbs or nutrients for diabetes: it is desirable to know the effect on the balance
between the adipogenesis, adipolysis and glucose uptake in the adipose tissues.  Therefore, four herbs namely
Orthosiphon staminens (Cat whisker) (08), Peronema canescens (Sungkai) (PC), Momordica charantia (Bitter
gourd/bitter melon) (MC) and Pithecellobium jfiringa (Jering) (PJ) were screened for their antidiabetic properties
in in vitra model 3T3-L1 adipocytes. Water extracts of these herbs were prepared and evaluated for their effects
on cell proliferation, adipogenesis, adipolysis and glucose uptake in 3T3-L1 preadipocytes cells. The
aforementioned extracts promoted cell proliferation at a dose of 0.25mg/ml which showed more than 90%
viability after 48 hours of treatment. The result of this study indicates that OS5 extracts significantly (P<0.001)
increased adipogenesis whereas PC, MC and PJ extracts were not effective compared to control. The extracts
from all four plants caused increased lipolysis compared to control. The Extract from OS and PJ significantly
(P=0.05) stimulated glucose uptake in the cells whereas PC, MC were not effective. When the glucose
consumption was compared to control it was significantly (P<0.001) increased for all extracts in the medium. The
present study provides some important baseling data on the biochemical aspects of the effect induced by the herbs
and suggestive of possessing antidiabetic properties which can be exploited for diabetes prevention and associated
metabolic dysfunctions.

Keywords: Herbal extracts, 3T3-L1 adipocyles, adipogenesis, adipolysis, glucose uptake
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Abstract: Infusions of Ovthosiphon stamineus Benth., Lamiaceae, leaves are widely
used in Southeastern Asia to reat different illnesses. Nonetheless, no data is available
on the safety of (. sigminens for pregnant women and their babies. This study was
undertaken to evaluate the developmental toxicity of O staminens standardized
aquecus extract in female Sprague Dawley rats (n=21) ar 0, 250, 500, 1000 and 2000
mgkg'day, by gavage on gestation days 6-20. Clinical signs of maternal toxicity,
body weight gain, and food and water consumption were recorded. Caesarean sections
were performed on gestation day 21; resorptions and living and dead fetuses were
counted. Femuses were weighed and examined for external abnormalities. Half of
the fetuses from cach litter were cleared and stained with Alizarin red 8 for skeleton
evaluation. ). siamineus standardized agueous extract did not alter pregnancy body
weight gain and food and water consumption and caused no other sign of maternal
toxicity. Embryolethality and prenatal growth retardation were not observed either, €
staminens standardized aqueons extract inereased a few skeleton variations and a skull
bone malformation {hyvoid bone absent) in a non-dose dependent manner. Anogenital
distance was increased inomale and female fetuses exposed to the highest €. sraminens
standardized aqueous extract dose, an indication that the extract could possibly contain
androgenic compournids,

Introduction
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Studies on the pharmacological properties of €.

hthosiphon  staminess  Benth., Lamiaceae,
or “lava tea” is a medicinal plant traditionally vsed in
Southeastern Asia. It is also known as “MisaiKucing” in
Malaysia, “Kumis Kucing™ in Indonesia, “Balbas-pusa™
and “Kabling-gubat™ in Philippines, “Kapen prey™ in
Cambodia, “Howiadméew™ in Laos, “YaaNuatMaeo™ in
Thailand, and “Thé de Java™ in French speaking countries
{Anon, 2001). In Southeastern Asia people are currently
exposed o O staminens through the consumption of
infusions made with its leaves, medicinal potions and
phytotherapeutic drugs. In Malaysia, a tea made with .
siaminens leaves is wsed to improve health and to treat
a wvariety of diseases such as kidney disorders, bladder
inflammation, gout, diabetes, eruptive fevers, hepatitis,
hypertension,  syphilis. rheumatism  and  gonorrhoea
{Akowuah et al., 2004; Ameer et al., 2012).

stamineus extracts seem to lend support to some of their
common uses in folk medicine. Anti-oxidant and anri-
inflammatory activitics as well as a beneficial effect on
hyperglycemia and altered lipid profile in diabetic rats have
been reported (Arafat et al., 2008). Diuretic properties of
aqueous extracts of O stamimeus were demonstrated as
well (Adam et al.,, 2009). Methanol (50%) extracts of (.
stamineus, on the other hand, were described to have anti-
pyretic activity (Yam et al., 2009) and to inhibit the growth
of food-borme bacteria (Fibrio parahaemolyiicus) in vitro
test systems (Ho et al., 2010,

Methoxylated flavones (sinensetin and eupatorin}
and phenolic acids (rosmarinic and caffeic acids) were
identified in €. stamineis leaf extracts (Muhammad et al.,
200 1; Ameer et al., 200 2). It is of note that rosmarinic acid,
2 major component of agueous extracts from O, siamineus
leaves, has been reported to exhibit antioxidant, immuno-
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Abstract

The whole plant of Clerodendranthus spicatus (Thunb.) is one of popular functional
food in south of China, named as "kidney tea" and used to ameliorate renal inflamma-
tion. In order ta verify this patential function and explore the aceurate compounds
responsible for inflammation, the ethanol extract, fractions, and subfractions of this
plant were prepared to evaluate anti-inflammation effect on xylene-induced acute in-
flammatary mice model, and the results indicated that two subfractions from EtOAc
fraction show potential activities. Subsequent bioassay-guided isolation of the bio-
active subfractions led to isolation of 25 compounds. Among them, compounds 2 4,
5.9-11, 13, 16, 17 and 20-22 inhibited the productions af pro-inflammation factors
TMNF-m, IL-14, and IL-8 in lipopolysaccharide (LPS) -induced renal epithelia (HK-2) cells,
respectively. Further anti-inflammation evaluation in vivo indicated that the major
bioactive compounds 1, 2, 5-7, 17, 21, and 22 from C. spicatus were even better than
aspirin.

Practical applications

C. spicatus as a healthy tea has been available in the Chinese market and as a medicine
for various disorders such as nephritis, rheumatism, inflammation, gout, and diabe-
tes. Previous pharmacological investigation of the plant revealed the potential anti-
inflammatory activities, but the material basis of anti-inflammatery activity remains
to be elucidated. In our study, the anti-inflammatory fractions and compounds were
obtained by the bioassay-guide isolation and the results showed that the highly oxy-
genated diterpencids were major anti-inflammatory compounds, in which 1, 2, 5-7,
17, 21, and 22 were even better than aspirin. This information supported kidney tea
as a functional food for treatment of renal inflammation reasonably and may add a
new dimension to biological activity of this plant in the field of agriculture as a func-
tional food were cultivated.

KEYWORDS
anti-inflammation, Cleradendranthus spicatus, diterpenaids, flavonaids, kidney tea
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Absbrevistions: A0 aqueous; ASP, aspirin BEM, dexamethazsone; B, ethyl acetate; EEOH. ethanol; IL-18 interleukin 41; IL-B, interleukin 8; LPS, lipopohysaccharide: Ph, phenyl:

THF-, tumar-recrosis facioe
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Bioactivity-guided separation

of potential a-glycosidase
inhibitor from clerodendranthus
spicatus based on HSCCC coupled
with molecular docking

Chunsheng Zhu'?*, Hongjuan Niu®*, Anzheng Nie'"" & Meng Bian""

Clerodendranthus Spicatus is a traditional Dais medi-edible plant and it has been proven to have goad
blood glucose-lowering efficacy. However, the material basis of Clerodendranthus Spicatus has not
been clarified yet and therefore needs to be determined. In this paper, the effective ingredients of this
medicine were purified by high-speed counter-current chromatography. Alongside, their potential
hypoglycemic activity was determined by a-glucosidase inhibitory activities in vitre and malecular
docking. Finally, five compounds were purified and identified as 2-caffeoyl-L-tartaric acid (1), N-{E)-
caffeoyldopamine (2}, rosmarine acid (3), methyl rosmarinate (4), 6,7,8,3',4'-Pentamethoxyflavone
(5). Examination of a-glucosidase inhibitory activity in vitro showed that 2-caffeoyl-L-tartaric acid and
rosmarinic acid had a higher inhibitory activity than acarbose. Molecular docking indicated that the
affinity energy of the identified compounds ranged from - 7.6 to - 8.6 kealfmal, a more desirable result
than acarbose (= 6.6 kcalimol). Particularly, rosmarinc acid with the lowest affinity energy of = 8.6 keal/
mol was wrapped with & hydrogen bonds. Overall, a-glucosidase inhibitory activities and molecular
docking suggested that rosmarine acid was likely to be a promising hypoglycemic drug.

[Habretes is a serious chronic metabolic disorder affecting 463 million of individuals worldwide in 2009, and there
may be an extra 700 million by 2045', Additionally, numerous epidemiological studies have shown that diabetes
is mot only closely related to blindness, limb amputations, and renal failure, but alse an independent risk factor
for peripheral artery disease™ *, Dialsetes can be categorized into two types: TID is mainly caused by insufficient
insulin secretion, and T2IY is abnormal insul cretion andfor non-insulin-dependent diabetes, complicated
by postprandial hyperglycemia®™. Remarkably, sccording to clinical statistics, only 5-10% of diabetic patients
are affected by T1D, while T2IF accounts for more than 90% of dizbetes cases™,

It is well known that the inhibitors of carbohydrate-related enzymes like a-glycosidase by delaying glucose
absorption, including acarbose, miglitol, and voglibose, is one of the most effective controlling methods 1o
avercoime postprandial hyperglycemia®, However, long-term usage of these diugs exhibits a series of undesined
side effects on the digestive system, such as abdominal pain, diarrhoea and nausea®'". Accordingly, screening
new a-glycosidase inhibitors to develop the new drugs with fewer side effects has been a research hotspot in
recent years,

Clerodendranthus spicatus (Thunb ) CY W (€ spicatus), popularly known as “orthosiphon” er “kidney tea’,
is 2 perennial herb of the Labiatae family, which is an endemic specie distributed in southern China, such as
Yunman, Fujian and Guangsi provinges' ", €. spicatees is a kind of medi-edible plant medicine, which has been
used as an herbal remedy for gout, acute and chronic nephritis in Dai medicine with a history of more than
2000 years in local ethnic groups in Yunnan Province, China", In addition, an earlier report has indicated
that this plant contains high amount of flavonoids, phenolic acids, and anthraguinones', Moreover, modern
pharmacological studies have shown that the extracts of C, spleaties exhibit a significant effect on hypoglycemic
effect, which can signihcantly lower the blood glucose levels in the streptozotocin-induced diabetes mouse

'The First Affiliated Hospital of Zhengzhow University, Zhengzheu 450052, China. “School of Pharmacy in Minzu
University of China, Beijing 100081, China, *These authors contributed equally: Chunsheng Zhu and Hongjuan
Miu, “ernail: nieanzheng@163.com; bianmengd20B@E163.com

Scientific Reports | [2021) 11:6514 | httpsaidod.org10.1038/54 1598-021-B6379-9 nature portiolio
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Abstract: This study was aimed to extract rosmarinic acid from Ortfosiphon staminews Benth.
(Lamiaceae) in high yield. The mixture of chloroform—ethyl acetate (70:30) was chosen as the solvent
system because rosmarinic acid gave the lowest solvation free energy in that solvent system based
on the computational solubility prediction. The crude extract of the plant was fractionated by C18
reversed phase absorbent to recover rosmarinic acid. The content of rosmarinic acid was increased
from 4.0% wiw to 6.7% w/w after fractionation. The radical scavenging activity of rosmarinic acid
rich fraction (ICsy = 38.3 pg/mL) was higher than the crude extract (ICs, = 58.85 pg/mL) based on
the DPFH assay. Several phytochemicals were also identified based on the detection of fragment
ions of target compounds. Fractions 1 to 3 could be combined to be a rosmarinic acid rich fraction.
Simultaneously, the combination of fractions 4 to 6 could obtain a plant fraction rich in rosmarinic
acid, sinensetin and eupatorin, whereas fractions 7 to 9 could be combined as a sinensetin rich
fraction. The preparation of known phytochemical profile of O, stamineus fraction is highly required
for value added product formulation and pharmacological studies, particularly for anti-diabetes and
kidney related diseases which had previously been reported attributed to this herbal plant. This is
the first study using solvation free energy to predict the suitable solvent system for rosmarinic acid
extraction from highly complex herbal sample using the technology of solid phase extraction. The use
of solvation free energy simulation is convenient and reliable before wet experiments for time and
cost saving,

Keywords: Orthosiphon staminens; radical scavenging activity; solvation free energy; fragment ions;
solid phase extraction

1. Introduction

Orthesiphon stamineus Benth. is a plant of genus Orthosiplion in the family Lamiaceae, which is
widely used in tradifional remedy to improve general health, treatment of kidney diseases,
bladder inflammation, gout and diabetes in South East Asia countries [1]. The pharmacological
effects of the plant might be due to the presence of several dominant phytochemicals such as terpenoids,
polyphenols and sterols [2]. The phytochemicals of O, stamineus are mostly from the class of polyphenol
{rosmarinic acid, caffeic acid and cichoric acid), flavonoid (sinensetin and eupatorin) and terpenoids
{orthosiphel A-Z) [3].

Phytochemicals are also known as plant secondary metabolites, which are important for
plant defensive system and possess important biological activity, including antioxidant activity [4].
The phenolic compounds with antioxidant property can scavenge free radicals such as hydroxyl and
superoxide anion, as well as chelate metal ions [S5]. The natural antioxidants from plants show the
potentials in human health protection, as well as food preservatives and additives [5]. Rosmarinic acid

Methods Protoe, 2019, 2, 64; dai:10.3390/mps2030064 www.mdpicomfournalimps
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Toxicity evaluation of a standardised 50% ethanol extract of Orthosiphon

stamineus
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Aim of the study: The present investigation was carried out to evaluate the safety of standardised 50%
ethanol extract of Orthosiphon stamineus plant by determining its potential toxicity after acute and
subchronic administration in rats.

Materials and methods: For acute toxicity study, up and down method {limit dose) was adapted. A single
dose of 5000 mg/kg of the standardised 50% ethanol extract of 0. stamineus was given orally to 5 healthy

Keywords:
Orthasiphon stamineus
Acute toxicity
Subchronic toxicity

Sprague-Dawley (SD) female adult rats, The rats were observed for meortality and clinical signs for 3 hand
then periodically for 14 days. While in the subchronic toxicity study, the extract was administered orally
at doses of 1250, 2500 and 5000 mg/kg per day for 28 days to female and male SD rats, respectively. The
animals were sacrificed, followed by examination of their organs and blood serum.
Results: In the acute toxicity study, standardised 50% ethanol extract of O, stamineus at a dose of
5000 mg/kg caused neither visible signs of toxicity nor mortality. All five rats survived until the end of
observation period. While in subchrenic toxicity, administration of the standardised 50% ethanol extract
of 0. stamineus at 1250, 2500, and 5000 mg/kg for 28 days did not produce any mortality and there were
no significant differences in the general condition, growth, organ weights, heamatological p S,
clinical chemistry values, or gross and microscopic appearance of the organs from the treatment groups
as compared to the control group.
Conclusions: Standardised 50% ethanol extract of 0. stamineus did not cause any death nor did it cause
abnormalities in necropsy and histopathology findings. There were ne acute or subchronic toxicity
observed and this extract could be devoid of any toxic risk. The NOAEL for the standardised 50% ethanol
extract of O. stamineus is 5000 mg/kg per day for 28 days.

© 2010 Elsevier Ireland Ltd. All rights reserved,

1. Introduction

Based on its popularity and demonstrated effectiveness, phy-
tochemical studies (Masuda et al., 1992; Sumaryono et al., 1991;

Currently, Orthosiphon stamineus Benth [syn: Orthosiphon aris-
tatus (B1) Miq., Orthosiphen grandiflorus Bold., Orthosiphon spicatus
{Thumb) Bak.; Lamiaceae] (Suresh et al, 2002) is a popular tra-
ditional folk medicine extensively used in Southeast Asia for the

Yoshio et al., 1993) and pharmacological studies (Beaux et al., 1999;
Doan et al,, 1992; Nirdnoy and Muangmanm, 1991) of O. stamineus
have been conducted since 1930. This plant has been reported
to contain highly oxygenated isopimarane-type diterpenes and

treatment of a wide range of di including rh ism
diabetes, hypertension, tonsillitis, epilepsy, menstrual disorders,
gonorrhoea, syphilis, renal calculus and gallstones in Indonesia
{Bwin and Gwan, 1967); urinary lithiasis, oedema, eruptive fever,
influenza, hepatitis and jaundice in Vietnam (Eisai, 1995); and dia-
betes and urinary tract and renal diseases in Myanmar (WHO,
1987).

* Corresponding author. Fax: +60 604 6570017,
E-muil addresses: aliali692002@yaboo.com (EAH. Mohamed )
yammunfeibyahoo.com {M.F. Yam

0378-8741/5 - see front matter © 2010 Elsevier Ireland Ltd. Al rights reserved.
doi:10.1016/jjep.2010.10.008

orthosiphols A-E, along with monoterpenes, triterpenes, saponins,
flavenoids, hexoses, organic acids, rosmarinic acid, chromene and
myo-inositol (Malterud et al,, 1989; Tezuka et al,, 2000; Olah et al.,
2003). In addition, it has been reported to possess hypoglycaemic
and anti-hyperglycaemic activities (Mariam etal,, 1996) as an aque-
ous extract of O. stamineus has a hypoglycaemic effect in normal and
streptozotocin-induced diabetic rats.

Despite its long use for a variety of conditions, little sub-
chronic or chronic toxicity data are available regarding the safety
of repeated exposure to 0. After reviewing the relevant
literature, only toxicity data from a study of acute exposure to a
single dose and a study of 14 days of repeated exposure were avail-
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Glycemnic control which can be efficaciously regulated by inhibiting ce-glucosidase activity is an effec-
tive therapy for diabetes mellitus, This work is to investigate the Kinetics and inhibition mechanism
of oleanolic acid and ursolic acid on c-glucosidase. Oleanolic acid and wrsolic acid exhibited potent
inhibitory activities with 1Csp values of (6,33 £0,02) = 107 and (169003 )« 107" mol L~ respec-
tively in a reversible and mnon-competitive manner. Both of them binding to a-glucesidase induced
the conformational change and intrinsic Mluorescence quenching of c-glucosidase. The binding con-
stants of oleanolic acid and ursolic acid with a-glucosidase av 298 K were (204 £ 0.02) = 10° and
(18720002« 10° Limol ', respectively. Docking results showed that oleanolic acid and ursolic acid
bound in different allosteric sites of cavity 2 and cavity 4 on «-glucosidase. respectively, which trig-
gered allosteric regulation to perturk conformational dynamics of a-glucosidaze, eventually leading to
a decrease of catalytic activity of the enzyme. The substrate was not catalyzed by o-glucosidase to gen-
erate further products duee o formarion of a nonreactive ternary complex of oleanolic acld- or ursolic
acid-c-glucnsidase-substrate. The combination of oleanolic acid and ursolic acid displayed a significant

synergistic inhibition on e-glucosidase,

£ 2017 Elsevier BV, All rights reserved.

1. Introduction

Az one of the largest global health problems in the 215t cen-
tury, diabetes mellitus has been listed into the four main types of
non-communicable diseases. Diabetes mellitus is a chrenic disor-
der diagnosed by raised blood glucose levels and oceurs when the
insulin proeduced by the body is not encugh or cannot be used [1]. In
2015, International Diabetic Foundation (1DF) reported that 1in 11
adulrs suffered from diabetes (415 million) and the numbers will
rise to 642 million by 2040 [1]. In 2015, diabetes has caused the
deaths of 5 million people aged berween 20 and 79 years, equiva-
lent toone death every six seconds | 1 |. Type 2 diabetes is the main
form of diabetes with the proportion of B7%-91% in high-income
countries [ 1],

Postprandial hyperglycemia is a principal characteristic of type
2 diabetes and its complications. which can be controlled by retard-
ing the absorption of carbohydrates [2]. a-Glucosidase situated

* Corresponding author,
E-rmuil address; gwzhang@ncwedu.on (G, Zhang)

htps:Jdolorg(10.1016]]ijkismac 2017, 10.040
0141-8130/0 2017 Elsevier BV, All rights reierved.

in the small intestinal mucosal brush, degrades oligosaccharides
to a-glucose by hydrolyzing a-1.4 glycosidic bond from the non-
reducing end of the oligosaccharide and the product, a-glucose,
retains (o — o) in the system [3.4) In this case, a-glucosidase
plays an important rele in carbohydrates metabolism, Conse-
quently, suppression of a-glucosidase activity by inhibitors may
be an effective approach to the regulation of postprandial hyper-
glycemia and its complications by lessening the absorption of
glucose. Considering the difficult to obtain pure a-glucosidase from
mammalian, yeast a-glucosidase has been frequently vsed as a
model for investigating the potential w-glucesidase inhibiters and
the inhibitory mechanism due to its ease of access |5.6]. Yeast
w-glucosidase, a retaining glyeohydrolase, is a member of the
sequence-related family of a-glycohydrolases (Family 13). 1t cai-
alyzes the hydrolysis of the glycosidic bond with retention of the
anomeric configuration via a mechanism which usually involves a
covalent glycosyl-enzyme intermediate [ 7). The catalytic site of a-
glucosidase is composed of several glucose unit binding sites. The
inhibition kinetics of a-glucosidase is consistent with Michaelis
Menten kinetics, and the Lineweaver-Burk plots are often used
to obtain the kinetic parameters. Some chemically synthesized

‘ Please cite this article in press as: H. Ding, et al.. Int. ). Biol. Macromol, (2017}, https://doi.org/10.1016/j.ijbiomac.2017.10.040
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|ABSTRALCT)
AIM: To investigate the melecular signaling mechamism by which the plant-derived, pemtacyclic trterpens mashinie scid (MA} ex-

erts anti-diabetic effiects,

METHOD: Hep(2 cells were stimulated with various concentrations of MA. The effects of MA on glycogen phosphoryluse a
[GPa) nctivity and the cellular glycogen content were measured. Western blot analyses were performed with anti-insulin receptor &
(IRf). protein kinase B {also known as Akt), and glycogen synthase kinase-38 (GSE3#) antibodics. Activation status of the insulin
pathway was investigated using phospho-1R#, as well as phospho-Akt, and phospho-GSK3# antibodies. The specific P13-kinase
inhibitor wortmannin was added to the cells to analyze the Akt expression. Enzyme-linked immunosorbent assay (ELIBA) was
used to measure the effect of MA on IRS auto-phosphorylation. Furthermore, the effect of MA on glvoogen metabolism was inves-

tigated in CSTBL] mice fed with a high-fat diee (HFD).

RESULTS: The results showed that MA exerts amti-dishetic effects by increasing ghyoogen content and inhibiting glyeogen phosphorylase
activity in Hep(2 cells. Funhermore, MA was shown w induce the phosphorylation level of [R@-subunit, Akt and GSE3[ The
M A -induced activation of Akt amnar\:d o be .q'lociﬁl: aince it could be blocked by wortmanmin, Filﬂ”}', MA reatment of mice fad with a
high-fiat diet reduced the model-associated adiposity and insulin resistance, and increased the accurmulated hepatic glycogen content,

CONCLUSION: The resulis suggested that maslinic acid modulates glyeogen metabolism by enhancing the insulin signaling

pathway and inhibating glyeogen phosphorylase.

IKEY WORDS| Maslinic acid; Insulin signal transduction; Glycogen phosphorylation a; Glycogen metabolism

|CLC Number] RY65 [Document code| A

[Article 1] Z045-6975( 2004)04-0259-07

Introduction

Abnormalities in glucose metabolism have been impli-
cated in the eticlogy of several of the most common diseases
affecting modem-day society, including diabetes™!!, ischemic
heart disease 12\ stroke "), and cancer L. An important coms
penent of the glucose metabolism process is glveogen me-
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tabolism, which itself plays a key role in several physiologic
and pathologic processes, For example, under normal physi-
oloegic conditions, glycogen serves as an energy storage
molecule, while dysfunctional glyvcogen metabolism can
manifest as hyperglveemia '), ischemic heant disease ), and
ischemic brain disease “l. much like dysfuncrional glucose
metabolism. Type 2 diabetes, in particular, is strongly associ-
ated with dysfunctional hepatic and peripheral glucose me-
tabolism. The link berween p-:rturhr:u:l hcpatic s]y-:ug,cn me-
tnbolism and digbetes involves its effects on insulin, which
maintains bloed glucose homeostasis ™,

The pentacyclic triterpenes have recently been recognized
a5 biosetive compounds with therapeutic potential for a wide
range of huwman diseases, Studies have demonsirated a variety
of biological properties for these plant-derived compounds,
including anti-inflammatory, hepatoprotective, gastroprodective,
anti-ulcer, anti-viral (human immunedeficiency vinus, HIV),
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Anti-diabetic effect of betulinic acid on streptozotocin-
nicotinamide induced diabetic male mouse model
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Dhiabeies is a metabelic disease caused by abnormal insulin secretion or action. In the present study,
the ¢fTects of betulinie acid (BA, a triterpene) are evaluated on glucose, a-amylase and plasma insulin
levels, insulin resistance and the histopathology of pancreatic islets in streptozotocin-nicotmamide (S TZ-
MA) diabetic mice. Seventy adult male NMRI mice were randomly divided into seven groups: control,
sham, diabetic, diabetic treated with BA (10, 20 and 40 mg'kg) and diabetic treated with metformin
{200 mg/ke), Diabetes was induced in mice by intraperitoneal injection of sirepiozotocin 0 me'kg afier
a dose of nicotinamide 120 me/kg, Two weeks afler treatment with BA, blood samples were collected
for measuring glucose, e-amylase and insulin levels, and the pancreas was isolated for histopathology
evaluation. Diabetes reduced the number and diameter of pancreatic islets, and increased w-amylase and
insulin resistance. BA rreatment reduced blood glucose, w-amyvlase and improved insulin sensitivity as
well as pancreas histopaihology. In addition, BA showed sironger effecis on ihe pancreatic hisiology
anmd insulin resistance compared 1o the metformin group.

Keywords: Betulinie seid. Diabetes. Mouse. Streptozotocin-nicotinamide.

INTRODUCTION

Diabetes mellitus is a global health problem. Insulin
deficiency leads to failure of glucose consumption in
diabetes mellitus (DM} and breakdown of lipids and
proteins (Mousavi et al., 2011). This disease causes
cardiovascular disease, retinopathy, neuropathy and
other long-term complications in uncontrolled conditions
(Ahangarpour er al., 2016a).

In experimental studies, sireptozotocin (STZ) -
nicotinamide (NA) diabetic mice are one of the models
that can induce mild diabetes (Tahara, Matsuyama-
Yokono, Shibasaki, 2011), STZ causes pancreatic f-cell
damage with transport into B-cells via the glucose
transporter (Glut2) and causes DNA damage; in contrast,
NA partially protects against the harmful effects of

Correspondence: A Ahangarpour. Department of Physiology, School of Medi-
cine, Physiology Rescarch Center, Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran. Tel: (09891 60808 1 7. Fax: 0098-613- 233-20046. E-mail:
akramahangarpouriagmail com

Braz. I Pharm. Sci. 2018540221 7171

STZ (Szkudelski, 2012). Nicotinamide prevents the
diabetogenic effect of STZ via the NO product and
prevents apoptosis, as well as having a protective effect
in the first phase of insulin release (Alenzi, 2009).
Rats treated with STZ and NA manifest symptoms of
type 2 diabetes, while animals with STZ-induced type
I diabetes. p-cells in these rats were partly damaged,
therefore insulin secretion was preserved in response
to glucose and some other stimulants {Szkudelski,
2012}, Although several therapeutic agents have been
used for diabetes mellitus treatment in recent decades,
most therapeutic goals have remained unmet. So, a new
approach is required for treatment of type 2 diabetes.
Studies have shown that to treat and manage type 2
diabetes and its complications, several long-used herbal
medicines appear to be effective (Jeong et al., 2012);
for example, triterpenoids, which are a large group
of compounds present in many plants (Silva et al.,
2016). These compounds divide into lupane, oleonane
and ursane groups (Jager ef al., 2009), Ip-Hydroxy-
lup-20{29}-en-28-0ic acid, betulinic acid (BA) is a
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Antihyperglycemic and hypolipidemic effects of
a, B-amyrin, a triterpenoid mixture from Protium

heptaphyllum in mice
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Abstract

high-fat diet (HFD).

Background: Pentacydic triterpenes in general exert beneficial effects in metabolic disorders, This study
inwvestigated the effects of a, B-amyrin, a pentacyclic titerpene mixture from the resin of Protium hepraphpliom on
blood sugar level and lipid profile in nommal and streptozatocin (STZ)-induced diabetic mice, and in mice fed on a

Findings: Mice treated with a, B-amyrin (10, 30 and 100 mg/kg, pod or glibendarmide {10 ma/kg, pa) had
significantly reduced STZ-induced increases in blood glucose (BG), total cholesterol (TC) and serum trighycerides
{Tas). Unlike glibenclamide that showed significant reductions in BG, TC and TGs in normoglycemic mice, g,
Framyrin did net lower normal Blocd sugar levels but at 100 ma/kg, manifested a hypolipidemic effect. Also, o,

B-amyrin effectively reduced the elevated plasma glucose levels during the oral glucose tolerance test. Moreover,
the plasma insulin level and histopathelogical analysis of pancreas revealed the beneficial effect of a, Pramyrin in
the preservation of beta cell integrity. In mice treated arally with o, B-amyrin (10, 30 and 100 madkg) or fenofibrate
{200 mg/kq), the HFD-associated rise in serum TC and TGs were significantly less. The hypocholesterolemic effect of
a, Pramyrin appeared maore praminent at 100 mgfkg with sianificant decreases in VLDL and LDL chalesterel and an

atherosclerosis

Mice

alevation of HOL chalesterol. Besides, the atherogenic index was significantly reduced by a, B-armyrin.

Conclusions: These findings reflect the potential antihyperglycemic and hypolipidemic effects of a, B-amyrin
mixture and suggest that it could be a lead compound for dreg development effective in diabetes and

Keywords: Frotium heptaphylium, o, B-amyrin, Pentacyclic titerpene, Antihyperglycemic and hypolipidemic effects,

Introduction

Diabetes mellitus (DM) s a metabolic disorder charac-
terized by hyperglycemia resulting from defects in insu-
lin secretion, insulin action or both, Hyperglycemia and
hyperlipidemia, as the most common features of diabetes
mellitus, contribute to the development of microvascular
and macrovascular complications of diabetes, which ac-
count for the morbidity and mortality of diabetes [1],
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Search for compounds that normalize hyperglycemia,
hyperlipidemia and ameliorate oxidative stress is an im-
portant objective in preventing diabetes-associated com-
plications. Mone of the currently used medications
reverse ongoing failure of beta cell function [2]. The
search for newer drugs from natural sources, which are
cost-effective and safe, without the long-term side effects
may open new avenues for the treatment of diabetes and
diabetes associated complications [3].

In the recent past, many pentacvclic triterpenes were
shown to improve lipoprotein lipase expression, insulin
sensitivity and dyslipidemia [4-7]. The resin obtained
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Streptozotocin induced activation of oxidative stress responsive splenic cell signaling
pathways: Protective role of arjunolic acid
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Present study investigates the beneficial role of arjunolic acid (AA] .\gmnsl the alteration in the cytokine
fevels and simultaneous activation of oxidative stress resps { in spleen under
hyperglycemic condition. Diabetes was induced by injection of streptozatocin (SIZ) (at a dose of 70 mg/ kg
body weight, injected in the tail vain). STZ administration elevated the levels of IL-2 as well as IFN-y and
attenuated the level of TNF-w in the sera of diabetic animals. In addition, hyperglycemia is also associated

Keywords; with khe increased ptoductlon of intracellular reactive intermediates resulting with the elevation in lipid
Streptozotocin pratein carb and reduction in intracellular idant defense, I igating the
Hyperglycemia uxldauve stress responsive cell signali s, increased expressions (i clive concentrations)
Spleen of phosphorylated p65 as well as its mhlbuor protein phospho IkBoe and phosphorylated mitogen activated
Cytokines protein kinases (MAPKs) have been observed in diabetic spleen tissue, Studies on mo(alcd splenocytes
MAPKS revealed that hyperglycemia caused disruption of mitochondrial b levation in the
Apoptosis mn(rnlmuon of cytosalic cytochrome ¢ as well as activation of caspase 3 leadmx 1o apoptotic cell death,
Arjunollc acid b ical led that diabetic induction depleted the white pulp scoring which is in

Chemoprevention

agreement with the reduced i ogical T with AA prevented the hyperglycemia and
its associated pathogenesis in spleen tissve. Results suggest that AA might act as an anti-diabetic and

immunomedulatory agent against hyperglycemia.

© 2009 Elsevier Inc. All rights reserved.

Introduction

In modemn civilization diabetic mellitus is an increasing health
problem. It is a group of metabolic diseases characterized by
hyperglycemia resulting from defective insulin secretion or resistance
to insulin action or both (Braun et al., 1995). Several lines of earlier
investigations have examined that oxidative stress plays an important
role in the etiology of diabetes as well as associated complications
(Baynes, 1991; Nogichi, 2007; Oberley, 1988). Various free radicals
and non radical species react with several amino acid residues altering
their structures and by extension, the tertiary structures of the protein

Abbreviations: AA, agunolic acld [2_3.23 -trihydroxyolean-12-en-28-oic acid); CAT,
catalase; DAB, 33'-diaminol: ide; DMEM, Dulbecce's modified
eagle’s medium; FACS, fluarescence activated cell sorting; GSH. glutathione; GSSG,
jutathione disulfide: GST, S rase; GPx. ghutathione p s .bR.
glutathione reductase; M2VP, 1-methyl-2. fl h. I
MAPKs, mitogen-activated protein kinases; MDA, malonaldehyde; NF#B, nuclear
factor kappa B; ROS, reactive oxygen species; RNS, reactive nitrogen species: SOD,
superoxide dismutase.

* Corresponding authoee. Fax: +9133 2350 6790.
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(PG, Sil).

0041-008X/5 - see front matter © 2009 Elsevier Inc. All rights reserved.
dai; 10.1016/].423p.2009,12.024

molecules. Immune deficiencies, especially cell-mediated immunity,
have been suggested as a major contributor to infection and morbid
complication of diabetes patients (Geerlings and Hoepelman, 1999;
Chang, and Shaio, 1999). Spleen is one of the principle sites for the
initiation of most primary immune responses, for B lymphocyte
activation and the production of antibodies. [3-Cell destruction in type
1 diabetes probably involves cytokine production by spleen cells
(Thorvaldson et al., 2003). The balance between cytokines produced
by T helper 1 and 2 (Th1 and Th2) lymphocytes has been postulated to
influence the outcome of diabetes. In type 1 diabetes, Th1 response (a
cytokine production dominated by a group of cytokines, e.g. TNF-c,
IFN-v, IL-1§ and 1L-12) has been suggested to be connected with a 5-
cell destructive insulitis; however, Th2 type response (production of
IL-4 and IL-10) is associated with a non-destructive insulitis (Kolb,
1997). The altered cytokine production, in addition, also caused
activation of redox-sensitive transcription factors (TFs), nuclear
factor-<B (NF-kB) and activator protein-1 (AP-1). A variety of
agents which are known to generate ROS, have also been shown to
regulate AP-1 activation (Hsu et al.. 2000; Klaunig and Kamendulis,
2004) and that could be regulated by the activation of mitogen
activated protein kinases (MAPKs). Streptozotocin (STZ), an anti-
biotic, produced by Streptomyces achromogenes, is the most
commonly used agent in experimental diabetes due to its ability
to destruct pancreatic B-islets cells possibly via the formation of
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Prunin is a highly potent flavonoid from Prunus davidiana stems
that inhibits protein tyrosine phosphatase 1B and stimulates
glucose uptake in insulin-resistant HepG2 cells
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Abstract Prunin is the main flavonoid in Prisws davidi-
ana stems and improves hyperglycemia and hyperlipi-
demia in streptozotocin-induced diabetic rats. The aim of
this study was to investigate the in vitro anti-diabetic
potential of prunin via the inhibition of protein tyrosine
phosphatase 1B (FTPIB), a-glucosidase, peroxynitrite
(ONCO ™ J-mediated tyrosine nitration, and stimulation of
glucose uptake in insulin-resistant hepatocyies. In addition,
a molecular docking simulation was performed o predict
specific prunin binding modes during PTPIBE inhibition.
Prunin showed strong inhibitory activity against PTPIB,
with an ICs, value of 5.5 & 029 pM, and significant
inhibitory activity against o-glucosidase, with an 1Csq
valueg of 317 £ 2,12 pM. Moreover, a kinetics study
revealed that prunin inhibited PTPIB (K, = 5.66) and -
glucosidase (K; = 189.56) with characteristics typical of
competitive and mixed type inhibitors, respectively.
Docking  simulations showed  that prunin  selectively
inhibited PTPIB by targeting its active site and exhibited
good binding affinity, with a docking score of —9 keal/-
mol, Furthermore, prunin exhibited dose-dependent inhi-
hitory activity against ONOO ™ -mediated tyrosine nitration
and  stimulated  glucose uptake by  decreasing PTPIB
expression level in insolin-resistant HepG2 cells. These
results indicate that prunin has significant potential as a
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selective PTPIB inhibitor and may possess anti-diabetic
properties by improving insulin resistance.

Keywords Prunin - Protein tyrosine phosphatase 1B -
Anti-diabetic - Glucose uptake - HepG2 cell - Molecular
docking

Introduction

Diabetes mellitus (DM} is a chronic metabolic disorder and
has become one of the world’s most serious health con-
cerns (Rengasamy et al. 2003), According o the World
Health Organization, approximately 350 million people
suffer from DM and this may double by 2030 (Pantidos
et al. 2014). Type 2 diabetes mellitus {T2DM) is the most
common form of DM and is characterized by high glucose
levels and relative insulin deficiency (Guo et al. 2005).
Without proper treatment, T2DM can cause severe sec-
ondary complications, including atherosclerosis, renal
dysfunction and failure, cardiac abnormalities and ocular
disorders (Wang et al, 2015). Thus, the development of
new anti-diabetic agents 1s an urgent need, together with
adequate therapeutic approaches o control this disease.
Several potentially effective therapeutic targets, such as
protein tyrosing phosphatase (PTPIB). and a-glucosidase,
have been identified (Kokil et al. 2015). PTPIB is an
niracellular PTP expressed in insulin responsive tissues
(Forsell et al. 2000) that blocks insulin signaling by
dephosphorylating the insulin receptor and its substrate
(Popov 2011). The enzyme also works as a negative reg-
ulator of the leptin signaling pathway and is involved in
food imtake and peripheral energy expenditure, and the
GLUT 4 wransporter involved in glucose uptake (Morris
and Rui 2009), PTPIE knockeut murine models exhibit
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Antihyperglycemic and antioxidant effects of a flavanone,
naringenin, in streptozotocin—nicotinamide-induced

experimental diabetic rats
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Abstract In the present study, the putative antihyper-
glycemic and antioxidant effects of a flavanone, narin-
genin, were evaluated in comparison with those of
glyclazide, a standard drug for therapy of diabetes mel-
litus. Diabetes was induced experimentally in 12-h-
fasted rats by intraperitoneal injections of first strepto-
zotocin (50 mg/kg b.w.) and then of nicotinamide
(110 mg'kg b.w.) after a 15-min interval, Untreated
diabetic rats revealed the following in comparison with
normal rats: significantly higher mean levels of blood
glucose and glycosylated hemoglobin, significantly
lower mean levels of serum insulin, significantly lower
mean activities of pancreatic antioxidant enzymes
(superoxide dismutase, catalase, glutathione peroxidase,
glutathione-S-transferase), significantly lower mean
levels of plasma non-enzymatic antioxidants (reduced
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glutathione, vitamin C | vitamin E), significantly elevated
mean levels of pancreatic malondialdehyde (MDAY) and
significantly elevated mean activities of serum alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP) and lactate dehydro-
genase (LDH). Following oral administration of naringe-
nin (50 mg'kg bow./day) to diabetic rats for 21 days, the
following observations were made in comparison with
untreated diabetic rats: significantly lower mean levels of
fasting blood glucose and glycosylated hemoglobin, sig-
nificantly elevated serum insulin levels, significantly
higher mean activities of pancreatic enzymatic antioxi-
dants, significantly higher mean levels of plasma non-
enzymatic antioxidants, lower mean pancreatic tissue
levels of MDA and lower mean activities of ALT, AST,
ALP and LDH in serum. The values obtamned in the
naringenin-treated animals approximated those observed
in glyclazide-treated animals. Histopathological studies
appeared to suggest a protective effect of naringenin on
the pancreatic tissue in diabetic rats. These results suggest
that naringenin exhibits antihyperglycemic and antioxi-
dant effects in experimental diabetic rats,

Keywords Diabetes - Naringenin - Streptozotocin-—
nicotinamide - Oxidative stress
Introduction

Dabetes mellitus is a chronic metabolic disorder char-
acterized by hyperglyeemia due to insufficiency of
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ABSTRACT

Non-alcoholic fatty liver disease is a main complication of type 2 diabetes.
Isoquercitrin are employed for antidiabetic therapies, but the effects on liver function
and the hepatocytes are unclear. The aim of this study was to investigate the effects
of isoquercitrin on the T2DM-induced hepatic injury in rats. Isoquercitrin (10 mg/
kg/d, 30 mg/kg/d), sitagliptin phosphate (10 mg/kg/d) was given orally for 21 days.
The administration of isoquercitrin at 10 mg/kg/d and 30 mg/kg/d showed a dose
dependent. Compare to the negative control (treated with saline), rats medicated with
isoguercitrin (30 mg/kg/d) and sitagliptin phosphate (10 mg/kg/d) improved the
clinical symptoms, FBG and glucose tolerance, reduced serum ALT, AST and IR, but
increased TP, Alb, SOD, GSH, MDA, HDL-C, INS and GLP-1. On histology, Rats of these
to groups presented nearly normal liver tissue and Langerhans, degeneration, necrosis
and apoptosis were markedly reduced. Instead, hepatocytes showed regenerate.
These two groups also showed significant increase in mRNA expression of PKA, AKT,
PKCa, InsR and PI3K, and a decrease in DPP-IV mRNA level. These results indicated
that treatment with isoquercitrin protects against hepatic injury by TZDM.

INTRODUCTION

Diabetes mellitus is a chronie metabolic disorder,
characterized by hyperglycemia (fasting state>7 mmol/L).
Type 2 diabetes mellitus (T2ZDM) is the most prevalent
form of diabetes, accounts for 20% of the patients. The
mechanisms of T2DM are the insulin resistance {IR)
of liver and muscle. Thus nearly all T2DM patients
manifested severe hepatic steatosis [1].

Non-alcoholic fatty liver disease (NAFLD) is a
clinicopathologic syndrome, recognized as one of the
most common causes of liver damage, including hepatic

steatosis [2]. Alterations in hepatic metabolism lead to
overproduction of glucose and lipids, which in turn abet
development of glucose intolerance and dyslipidemias to
induce T2DM [3]. Patients with NAFLD increased about
5-fold of the incidence of T2DM [4]. While T2DM are the
strongest predictors of NAFLD, more than 70% patients
suffiered NAFLD [5].

Isoquercitrin (quercetin-3-0-h-D-glucopyranoside,
C,H,, 0 ) is a wildly existed natural flavonoids in plants
[6]. 1t possess various pharmacological activities, such
as antioxidant [ 7], anti-inflammatory [#], anti-cancer [9].
Previous research has reported that isoguercitrin improved

www.impactjournals.com/oncotarget
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Modulatory effect of baicalein on gene expression and activity
of antioxidant enzymes in streptozotocin-nicotinamide induced

diabetic rats
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Chiidative stress plays the central role in the pathogenesis and progression of diabetic complications.
The present study aims 1w investigate the beneficial effect of eral administration of Navone baicalein
in streplozotocin-nicotinamide (STZ-NA) induced diabetic rats by measuring oxidative stress markers,
antioxidant enzyme sctivities and expression analysis of antioxidant genes. Experimental diabetes
was induced by a single intraperitoneal (1.p.) injection of STZ (35 mg kg bowt), 15 min afier the 1.p.
administration of NA, At the end of the experimental period, thiobarbituric acid reactive substances
{TBARS), activities of antioxidani enzymes and expression levels of superoxide dismutase (SO0,
catalase (CAT), glutathione (GSH) and glutathione peroxidase (GPx) were measured in diabetic rats
along with serum biochemical parameters namely total cholesterol {TC), total tnglyceride (TG),
aspartate transaminase (AST) alanine transaminase (ALT) and glveosylated hemoglobin (HbA ), Oral
administration of baicalein (40 mg'kg b.wi'day) demonsiraied a significant ameliorative effect on all
studied biochemical and oxidative stress parameters, Biochemical findings were corroborated by qPCR
expression analysis which showed significant upregulation of antioxidant genes in diabetic rats, These
results suggest that baicalein supplementation may reduce dinbetes and its complications by suppressing
oxidative stress and enhancing gene expression and antioxidant enzyme activities in diabetic rats.

Keywords: Diabetes. Streptozotocin/pharmacology. Baicalein/pharmacelogy. Nicotinamide/
pharmacology. Glibenelamide. Diabetes Mellitus! Experimental/prevention and control. Gene Expression’

drug effects. Antioxidants/pharmacology. Glyburide/pharmacology. Rats,

INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder
characterized by elevated levels of glucose in the blood
(hyperglycemia) and insufficiency of production or action
of insulin produced by the pancreas in our body (Maritim,
Sanders, 2003). [abetes is currently affecting more than
100 million people worldwide. Oxidative stress plays
a pivotal role in the onset and progression of diabetic
complications (Ayepola, Brooks, Oguntibeju, 2014).
Oxidative stress results from an imbalance between
the production and neutralization of reactive oxvgen
species (ROS) such as highly reactive hydroxy] radicals,
superoxide anion, peroxyl radicals, singlet oxygen,
peroxynitrite, and hydrogen peroxide (Sellamuthu er

“Correspondence: 5. Banw. Department of Bioengineering and Technolo-
gy, GUIST, Gauhati University, Guwahati-T81014, Assam, India. Mobile:
+01- BAIHSR0I20. Fax: +91- 3612700311, E-mail: soflabanu?iol gimail. com

Braz, ). Phasm, Sci. 200955218201

al., 2013). Oxidative stress-induced complications from
diabetes include neuropathy, coronary artery disease,
nephropathy, retinopathy (Phillips ef al., 2004). There
are several reports on altered antioxidant defenses and
the role of free radicals in the etiology of diabetes and
its complications (Raza et al., 2011). While the external
supply of insulin and other medications can control many
aspects of diabetes, numerous complications that affect the
kidney, peripheral nerves, vascular system, retina, lens,
and skin are common and are extremely important factors
in terms of longevity and quality of life (Maritim, Sanders,
2003). Increased oxidative stress is a key participant in
the development and progression of diabetes and different
diabetes-related complications ( Giacco, Brownlee, 2010).
It is very important to explore the relationship between
free radicals, diabetes, and its complications, and to reveal
the mechanisms by which increased oxidative stress
accelerates the development of diabetic complications, in
an effort to find effective treatment options.
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The worldwide incidence of diabetes has increased dramatically along with widespread lifestyle and
dietary changes. Diets high in fat are strongly associated with the development of obesity and can induce
insulin resistance in humans and animals, [Uis clear that obesity constitubes a risk factor for contributing
to the development of type 2 diabetes. In the present study, we investigated the therapeutic potential
action of vanillic acid on diabetes asdociated complications using a ral model, Rats were made diabetic
hypertensive by high fat diet (HFDY) for 20 weeks and were treated with vanillic acid {50 mg/kg b for
last B weeeks, The ellects of vanillic acid on glucose, plasma insulin, systolic and diastelic blood pressure,
thioharbituric acid reactive substances [TBARS). hydroperoxides as a lipid peroxidation marker, and the
activities of superoxide dismutase (SO0, catalase [CAT) glutathione peroxidase (GPx), reduced
glutathione (G5H), vitamin C and vitamin E as an antioxidant marker, AST and ALT as a liver function
rmarker, urea, uric ackd and creatinine as a kidney function marker were investigated. Histopathology of
liver and kidney was also investigated as part of the patholagy of diabetes. Treatment of diabetic rats with
oral administrarion of vanillic acid ar a dose of 50 mg ke body weight for B weeks resulted ina significant
decrease in fasting plasma glucose, insulin and blood pressure levels in comparison with diabetic control
group, The antioxidant activities were significantly increased and the levels of lipid peroxidation markers
were significantly decreased in diabetic hypertensive rats treated with vanillic acid, These results suggest
that vanillic acid offer a2 modulatory effecr on contral of diabetic hypertension by reduction of blood
glucose, insulin and blood pressure, combating oxidative stress by activation of tissue antioxidants.

© 207 Elsevier Masson 5AS. All rights reserved,

1. Introduction

estimated 35% to 75% of diabetic cardiovascular and renal
complications can be attributed to hypertension [1]. For all these

Diabetes mellitus and hypertension are interconnected diseases
that strongly predispose an individual to atherosclerotic cardio-
vascular disease. Hypertension is about twice as frequent in
persons with diabetes as in those without |1.2]. Lifestyle and
genetic factors are important factors contributing to both
hypertension and diabetes mellitus. The prevalence of coexisting
hypertension and diabetes appears to be increasing in industrial-
ized nations because populations are aging and both hypertension
and NIDDM incidence increases with age [2]. Data obrained from
death certificates show that hypertensive disease has been
implicated in 4.4% of deaths coded to diabetes, and diabetes was
imvolved in 10% of deaths coded to hypertensive disease, Indeed, an

® Corresponding authar,
E-maail address: npashok koo mar L@gr

ilcom (M. Ashokkumar ).

hep: s dol.ore 10,1006/ bopha 201612134
0753-3322(0 2017 Elsevier Masson SAS. All rights reserved.

reasons, hypertension and diabetes should be recognized and
treated early and aggressively. Essential hypertension accounts for
the majority of hypertension in individuals with diabetes,
particularly those with NIDDM [type 1l diabetes|, who constitute
more than 90% of people with a dual diagnosis of diabetes and
hypertension |1,2],

Oxidative stress constitutes a unifying mechanism of injury in
many types of vascular diseases, It has been reported that
hyperglycemia increases oxidative stress through everproduction
of reactive oxygen radicals [ROSs] [3-5], Free radicals are very
reactive chemical species, can cause oxidative injury to the living
beings by attacking the macromaolecules like lipids, carbohydrates,
proteins and nucleic acids. There is much evidence concerning the
contribution of ROS molecules to organ injury in systems, such as
heart, liver, and central nervous system [5-8], as well as that
oxidative damage is increased in diabetes [9]. On the other hand, it
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rosmarinic acid in the livers of type 1 diabetic mice
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Background: Rosmarinic acid (RA) is a polyphenol present in members of the Lamiaceae family. In this
study, vhe anti-inflammatory and anti-glycative effects of RA in the livers of tvpe | diabetic mice were ex-

Keywords: ABSTRACT
Rosmarinic acid;

Diabetes;

RAGE;

PGE; amined.

Methods: The diabetic mice were divided into three groups: diabetic mice with 0, low dose RA (25 mg/m/),
amnd high dese BA (50 mg/ml). One group of non-diabetic mice was used as a control for comparisen. RA
was supplied vig daily 200 pL oral injections for 9 weeks. The level of interleukin (IL)-6, the tumor necro-
sis factor (TWF}-alpha, the prostaglandin E, (PGE.), and the activity of cyclooxygenase (COX)-2 in the liv-
ers were measured. The hepatic receptor of advanced glycative endproduct (RAGE), the sorbitol levels, and
the glvoxalase | {GLO-1) activity were also determined.

Results: Compared with diabetic group that received no RA, the groups with RA supplements at both levels
of dosages had increased body weight and had bodh decreased water iniake and feed intake (p=0.05). RA
intake was found to reduce plasma glucose level and elevate plasma insulin level when compared with the
diabetic group that received no RA (p<0.05). RA treatments lowered the hepatic level of IL-6, TNF-alpha,
amd PGE, as well as the activity of COX-2 (p=0.05). RA administration also decreased hepatic RAGE and
sorbitol levels, and GLO-1 activity when compared with the diabetic group that received no RA (P<0.035).
Conglusion: These findings support the conclusion that rosmarinie acid (RA) could be a potent protective
agent for the liver against diabetic injury..

1. Introduction

Rosmarinic acid (RA) is a main polyphenol present in Ros-
mavins Officinalis L., Coleus aromaticus, and members of the
Lamiaceae family. 1t has been documented that RA has many
big-activities including anti-oxidative, anti-microbial, anti-inflam-
matory, anti-metastatic, neuroprotective, and immunomodulatory
eftects [1-3], Furthermore, RA has been considered to be a potent
agent for chronic disease prevention and/or alleviation [3-5]. The
anti-diabetic effects of RA in rodents have been examined. and
the authors of those studies have indicated that RA could improve
glyeemic control, oxidative stress and vascular dysfunction,
which in turn can attenuate the progression of diabetes, as well as
delay the oceurrence of diabetic complications [6-8].
Inflammation and glycation are two major pathological
characteristics of diabetes types | and 2. Although the anti-
inflammatory effect of RA has been reported [9], it is still unclear
whether RA intake could alleviate hepatic inflammation under
diabetic conditions, The liver preserves many nutrients and ex-
erts many crucial physical funciions. 17 RA does proiect the liver
aguinst diabetes-related inflammation, it may be a beneficial nu-

tritional support for diabetic subjects. Thus, in our present study
we examined the impact of RA upon a variety of inflammatory
factors including interleukin (1L)-6, prostaglandin E; (PGE;), and
cyclooxygenase (COXE2 in the livers of type | diabetic mice o
evaluate the anti-inflammatory effects of BA. Thus far, less aten-
tion has been paid to the anti-glycative activities of RA, especially
in the liver. The increase in the receptors of advanced glycative
endproducts (RAGE) plays an important role in diabetic progres-
sion becawse RAGE reacts with AGEs and other ligands such as
beta-amyloid, and the interactions of RAGE and its ligands fur-
ther activates other signal pathways responsible for the production
of oxidative, inflammatory, or angiogenic factors [10-12). Thus,
the decling of RAGE formation due to RA definitely contribuies
e diminishing glycative injury and other diabetic pathological
stress. In addition, sorbitel level and glyvoxalase 1 (GLO-1) activ-
ity are two biomarkers used for evaluating glveative stress. 1FRA
decreases sorbitol generation and/or mereases GLO-1 activity, it
subsequently may alleviate glycative injury. In our present study,
type | diabetes was induced in mice, and followed with RA treat-
ment. The anti-inflammaiory and anti-glycative effects of BA in
the livers of these mice was examined.

* Corresponding author. Department of Nutrition, China Medical University, No. 91, Hsueh-shih Rd., Taichung 404, Taiwan.
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Natural remedies from medicinal plants are considered to be effective and safe alternatives 1o reat diabetes
mellitus. Solanuem forvem Swartz. fruit is widely used in the traditional system of medicine to treat diabetes.
I the present study methy] calTeare, islated from 5 teream fruit, was screened Tor its efficacy in controlling
diabetes in animal models. Antihyperghycemic effect of methyl caffeate was studied in normal gluecose-fed
rats, The effects of oral administratien of methyl caffeate (10, 20 and 40 mg/kg] for 28 days on body weight,
fasting blood glucose, plasma insulin, hemoglobin, glycated hemoglobin, total pratein, hepatic glycogen and
carbohydrate metabolism engymes in streptozotocin induced diabetic rats were investigated. Histological ob-
servations in the pancreas and GLUT4 expression in skeletal musdes were also studied. Methyl caffeate at
40 kg significantly prevented the increase in blood glucose level after glucose administration ar 60 min
in comparison to the hyperglycemic control group, [n streptozotocin induced dizbetic rats, methyl caffeate
produced significant reduction in blood glecose and increased body weight, The levels andior actvities of
other biochemical parameters were near normal due to treatment with methyl caffeate. Methyl caffeate trea-
ted diabetic rats showed upregulation of GLUTA and regeneration of P-cells in the pancreas. These results
substantiated that methyl caffeate possessed hypoglycemic effect, and it could be developed into a potent

Keyveords:
Methyl caffeate
Sodanum earuim
Diaksetes mellitus
Histological
GLUTS

oral antidiaberic drug.

© 2011 Elsevier BV, All rights reserved.

1. Introduction

Diabetes mellitus is a chronic metabolic disorder characterized by
hyperglycemia that involves abnormalities in both insulin secretion
and action at peripheral tissues (Tian et al, 2003). The high concen-
tration of blood glucose and other biochemical abrormalities results
from a deficiency of insulin and/or from a subsensitivity to insulin
in target cells (Annapurna et al, 2001). This includes impairment
in the insulin signaling pathway leading to a failure of the insulin
stimulated glucose uptake through GLUT4 (Glucose transporter 4)
in targeted tissues like muscle and fat. n muscle cells, this is due o
the inability of the insulin to stimulate the translocation of GLUTS o
the plasma membrane leading primarily to hyperglycemia (Sujatha
et al, 2010). According to the World Health Organization [(WHO), di-
abetes mellitus is an ever-increasing disease (WHO, 2006). The dis-
ease affects all components of the world but the percentages of
diabetics in global population are particularly high in Asia and Europe
[World Diabetes Foundation (WDF), 2010). The practice of herbal
medicine to trear diabetes mellitus is almest universal ameng non-

* Cormesponding awthor at; Entomology Research Institute, Lowala College,
Nungambakkam, Chennal 600 034, India. Tel: +91 044 ZEITEI4E; fa: +97 D44
2B175566.

=il address: entolc® hatmailcom (% nacimuthu),

001 4-3999% - see Framt matter & 2011 Elsevier BV Al rights reserved.
o 10,1071 B eimhar 200 1,05, 15%

industrialized societies (Singh et al., 2001). The WHO estimated that
80% of the diabetic people in the world's population presently depend
upon herbal medicine for their successive treatments [(WHO, 2008).
Antidiabetic agents from medicinal plants could serve as a good
source for drug design and much attention has been fixed on formu-
lations ef herbal medicine (Vishwakarma et al,, 2010).

Solgnum torvum Swartz, (Solanaceae) is a diminutively minuscule
shrub distributed widely in South India, Malaya, China, Philippines
and Tropical America. Its edible fruits, commonly available in the
markets, are utilized as vegetable and are regarded as essential ingre-
dients in the South Indian population's diet, Pharmacological studies
on this fruit demonstrated antidiabetic (Gandhi et al, 2011), anti-
microbial, antioxidant, antiviral, immuno-secretory, analgesic, anti-
inflammatory, cardiovascular and anti-platelet aggregation activities
{Mohan et al, 2004). Chemical constituents reported from the
5 torvum fruit include isoflavonoid sulfate, steroidal glycosides,
chlorogenone, neochlorogenone, triacontane derivatives, 22-[3-0-
spirostanol oligoglycosides, 26-0-%-glucosidase, rutin, caffeic acid,
gallic acid, catechin, pyrogallol (Kusirisin et al., 2009: Mohan et al.,
2009) and methyl caffeate (Takahashi et al., 2000).

Methyl caffeate isolated from the 5 tervem fruit possessed o-
glucosidase inhibitien activity in rat intestine (Takahashi et al.,
2010). The protective efficacy of methyl caffeate has been reported
in cellular models of oxidative stress (Ishige et al. 2001).
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ARTICLE INFO ABSTRACT
Article histary: The effect of ferulic acid on biochemical and histological properties, mRMA expression of
Received 1 March 2014 H-1 and G5T in the liver and heart were investigated in obese, disbetes rats after ferulic
Received in revised form 4 April acid administration for 16 weeks. The results showed that ferulic acid (60 mg/kg) de-
2014 creased the activities of ALT, AST, CK, and LUH in the serum, by 53.5, 33.6, 47.8, and 405.5%
Accepted 7 April 2004 respectively; and reduced cell apoptosis from 16.55 to 9.11% in the liver, and 11.27 to 5.09%
Awailable online in the heart. Ferulic acid significantly increased the antioxidant activity in the plasma, liver,
and heart, and upregulated the mRNA expression of HO-1 and G5T in the cells of liver and
Keywards: heart of the diabetes animals. Moreover, ferulic acid maintained the body weight, signifi-
Ferulic acid cantly decreased serum glucose and lipid, and advanced glycation end preducts in the plasma,
Diabetes liver, and heart. It can be concluded that ferulic acid can alleviate late-stage diabetes in obese
Obese rats rats.
Mitigation @ 2014 Elsevier Lud, All rights reserved

(Scully, 2012). According to recent estimates, more than
20 millicn people in the United States and 30 millien people
in China have TZDM (Styskal, Van Remmen, Richardson, &
Diabetes mellitus (DM) is 2 major public health burden warld- Salmon, 2002). T2DM caused more than 3.5 million deaths in
wide. In 2011, 365 million people in the world had diabetes, middle-income countries in 2011 (Scully, 201%; Styskal etal.,
90% of which were cases with type 2 diabetes mellitus (T2DM) 2012).

1. Introduction
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Abbreviations: AGEs, advanced glycation end products; ALT, alanine aminotransferase; AST, aspartate aminotmasferase; BUN, blood
urea nitrogen; CK, creatine kinase; DMBG, dimethylbiguanide; FA, ferulic acid; FINS, fasting insulin; FPG, fasting plasma glucese; G5H,
glutathione; GST, glutathione S-transferase; HDL-C, high density lipoprotein-cholestercl; HE, hematoxylin-eosinstating; HO-1, heme oxygenase-
1; LDH, lactate dehydrogenase; LDL-C, low density lipoprotein-cholesterol; PBS, phosphate buffered saline; SOD, superoxide dismutase;
STZ, streprozocin; TZOM, type 2 diabetic mellitus; TBARS, thicbarbituric acid-reactive substances; TC, total cholesteral; TG, triglyeeride;
Turnel, transferase dUTP nick-end labeling
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In the present study, a 50% ethanclic extract of Orthosiphon stamineis was tested for its a-glucosidase inhibitory activity, [n wive
assays of the extract (containing 1.02%, 3.76%, and 3.03% of 3'hydroxy-5,6.74' -tetramethoxyflavone, sinensetin, and eupatorin,
resp.) showed that it possessed an inhibitory activity against c-glucosidase in normal rats loaded with starch and sucrose. The
results showed that 1000 mp/kg of the 50% ethanolic extract of O staminews significantly (P < 0.05) decreased the plasma glucose
levels of the experimental animals in a manner resembling the effect of acarbose. In streptozotocin-induced diabetic rats, only the
group treated with 1000 ms.'kg of the extract showed slgnlr‘lcnnl]y (P < 0050 lower pl:un'r.u glu.:nse lewels after starch Inading. Hence,
a-glucosidase inhibition might be one of the mechanisms by which O, stamineus extract exerts its antidiabetic effect. Furthermore,

o findings indicated that the 50% ethanolic extract of O, starinens can be considered as a potential agent for the management of

diabetes mellitus.

1. Introduction

Type 2 diabetes mellitus (DM) is a metabolic disease char-
acterized by hyperglycemia, a condition which could either
be attributed to insufficient insulin secretion or insulin
resistance. The number of diabetic patients is rapidly rising in
most parts of the world, especially in the developing countries
such as Thailand, India, and Indonesia. Controlling blood
glucose levels of diabetics within the normal range is mainly
based on the use of oral hypoglycemic/antihyperglycemic
agents and insulin, However, these conventional treatments
have undesirable side effects [1-3]. Those shorteomings have
led to a great interest in the use of medicinal plants as alter-
natives for the management of type 2 diabetes mellitus [4].
Control of postprandial plasma glucose levels is eritical in the
early treatment of diabetes mellitus and in reducing chronic
vascular complications. Basically, a sudden rise in blood glu-
cose levels, causing hyperglycemia in type 2 diabetic patients,
would be due to starch hydrolysis by the a-amylase and

a-glucosidases found in gastromtestinal tract [5]. Complex

starches, oligosaccharides, and disaccharides must be broken
down into monosaccharides (glucose and fructose) before
they can be transported across the intestinal lumn (mainly
in duodenum and upper jejunum) into the bloodstream and
thereby increase blood glucose level, Thus, one of the effective
strategies for the management of blood glucose level in type
2 DM is by inhibition of a-glucosidases and a-amylase [6,
7] which reduces the digestion of carbohydrates for pro-
duction of monosaccharide and, hence, indirectly decreases
blood glucose level, Among glucose lowering medications,
a-glucosidase inhibitors delay the absorption of ingested
carbohydrates, reducing the postprandial glucose and insulin
peaks [8]. It was demonstrated that e-glucosidase inhibitors
could be used to prevent disorders such as diabetes, obesity,
hyperlipidaemia, and hyperlipoproteinaemia [9]. Our previ-
ous study showed that 50% ethanolic extract of O, stamineus
and its active ingredient, sinensetin, were able to inhibit a-
glucosidase and a-amylase in vitre [10]. To the best of our
knowledge, there have been no other reports on in vivo a-
glucosidase inhibitory activity of O, stamineus, The present
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Hexane Extract of Orthosiphon stamineus Induces Insu]in
Expression and Prevents Glucotoxicity in INS-1 Cells
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Background: Hyperglycemia, a characteristic feature of diabetes, induces glucotoxicity in pancreatic f-cells, resulting in further
impairment of insulin secretion and worsening glyeemic control. Thus, preservation of insulin secretory capacity is essential for
the management of type 2 diabetes, In this study, we evaluated the ability of an Orthosiphon staminens (O5) extract to prevent
glucotoxicity in insulin-producing cells,

Methods: We measured insulin mRNA expression and glucose-stimulated insulin secretion {GSIS) in OS-treated INS-1 cells af-
ter exposure to a high glucose (HG; 30 mM) concentration,

Results: The hexane extract of O3 elevated mRNA expression of insulin as well as pancreatic and duodenal homeobox-1 of INS-
1 cells in a dose-dependent manner. The hexane O8 extract also increased the levels of phospherylated phosphatidylinositol
3-kinase (PI3K) in a concentration-dependent manner. Additionally, Akt phosphorylation was elevated by treatment with 100
and 200 pmol of the hexane O% extract. Three days of HG exposure suppressed insulin mRMNA expression and GS1S; these ex-
pressions were restored by treatment with the hexane 08 extract. HG elevated peroxide levels in the INS-1 cells, These levels
were unaffected by 08 treatment under both normal and hyperglycemic conditions,

Conclusion: Our results suggested that the hexane extract of OS elevates insulin mRNA expression and prevents glucotoxicity

induced by a 3-day treatment with HG. This was associated with the activation of P1-3K and AkL

Keywords: Glucose-stimulated insulin secretion, Insulin mRNA; Glucotoxicity; Orthoesiphon stamineis

INTRODUCTION

Hyperglycemia is a key pathologic feature of type 2 diabetes that
mainly results from insulin resistance and pancreatic [i-cell dys-
function. However, insulin resistance alone does not induce hy-
perglycemia if compensatory insulin secretion is maintained.
When insulin secretion is not sufficient to overcome insulin re-
sistance, hyperglycemia develops. Moreover, elevated glucose
concentrations worsen defective insulin secretion, This condition
is known as “glucoteccicity” [1-4]. Thus, fi-cell preservation is es-
sential for the prevention and management of type 2 diabetes.
Insulin is secreted through an exocytotic process that releases
insulin granules following the influx of calcium ions through

voltage-dependent caleium channels. This results from the clo-
sure of ATP-sensitive potassium channels [5] or the activation
of the phospholipase C/phosphatidyl 4,5-biphosphate/diacylg-
Iyceroliprotein kinase C pathway in response to glucose or other
msulin secretagogues [6-8]. Additionally, msulin gene expres-
sion is stimulated by glucose or signaling molecules through the
activation of transcriptional factors, such as pancreatic duode-
nal homeobax-1 (PDX-1) and musculoaponeuratic fibrosarco-
ma oncogene homolog A (MafA) [9]. The expressions of PIX-
1 and MafA may be associated with the phosphatidylinositol
3-kinase (PI3K)/Ak pathway in insulin-producing cells [10,11].
In general, chronic hyperglycemia suppresses both insulin mRNA
expression and glicose-induced insulin secretion [4]. Thus, pro-
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ABSTRACT

The present study investigated the antinbesity and lipid lowering ef-
fects of an ethanolic extract of keaves obtained from Orthasiphan sta-
mineds {200 and 400mgikg) and its major compound (rasmaninie
acid, 10 mg/ka) in obese mice (CSTEL/E) induced by a high-fat diet
Continuous supplementation with O stomineus extract (200 and
400 mg/kg) for & weeks significantly decreased body weight gain
(p< 0.05). However, supplementation with rosmarinic acid, 3 constitu-
ent in the extract, produced only aslight reduction in body weight gain
compared to the high-fat diet contred group. Food intake between the
treatment and the high-fat diet groups was similar, which suggested
that the plant extract did not suppress foad intake. Further, body
weight reduction of the lreatment groups was not due Lo a decreaed
reduction in energy intake, Compared to the high-fat diet-fed group,
serum trighycerides, total chalesterol, and low-density lipoprotein cho-
lestenal levels were significantly reduced in the treated groups, while
high-density lipoprotein cholesteral levels were not significantly
altered. Accumulation of hepatic lipid droplets induced by a high-fat
diet was markedly inhibited by 0. stovminews extract. I addition,
0. starminews significantly diminished liver malondialdehyde  pro-
duction, and significantly clevated the activities of hepatic superosi-
dase dismutase, The present study showed that an ethanolic extract
prepared from the leaves of O. staminews can sigificantly reduce a
gain in body weight. enhance antioxidant activity, and possess hypo-
lipidernic and antiobesity effects, thereby protecting against the ad-
verse effects af high-fat diet-induced obesity.

Introduction

Obesity, which has been termed the “Mew World Syndrome”, is
now considered a global problem by the WHO and is associated
with numerous chronic disabilities and diseases, such as dyslipid-
emia, fatty liver disease, osteoarthritis, hypertension, obstructive
sleep apnea, gallstones, type 2 diabetes, reproductive and gastro-
intestingl cancers, coronary artery disease, heart failure, and
stroke [1]. 1t has been defined as an excessive amount of body fat
that can enhance the risk of medical alments and premature
death. The chronic imbalance between energy intake and energy
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expenditure has been considered the maost significant factor that
leads to obesity [2]. On a global scale, obesity has reached epi-
demic proportions and is a major contributor to the global burden
of chronic disease and disability. According to the WHO, obesity
kills more peaple than those that are underweight, and 65% of
the population who live in developed countries are overweight or
abese [3].In the last few years, mast of the antiobesity drugs that
were approved and marketed have now been withdrawn due to
serlous adverse effects [4]. Orlistat, which is considered a potent
inhibitor of gastric, pancreatic and carboxyl ester lipases has been
proven to be effective for long-term treatment of obesity [5).
However, it has been reperted that orlistat is associated with vari-
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Effects of Orthosiphon stamineus aqueous extract on plasma glucose
concentration and lipid profile in normal and
streptozotocin-induced diabetic rats
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Abstract
Thmdmm“wwhmdf‘ 1 i uﬁ extract on plasma glocose concentra-
tion and lipid profile in normal and § diabetic rats. The chemical g of the extract showed phemolic compoend and

ummumm-muugnnmulnznummh-umummumuu-mm)w
d plasma gly son i 3 dose-dep manner in both normal and diabetic rats. The extract at 1 0g/kg was most effective

in d ing plasma gloo and the resp was closed 10 the result of glibenclamide (Smgikg) After repeated daily oral
administrations of the extract (0.5 g/kg) for 14 days, the extract significantly reduced plasma glucose concentration in disbetic rats at days 7
-luuyua-lafumg—-nmmum-ummm_-wmm
was sig ed in diabetic rats treated with the extract. In perfused mt pancreas, the
in the p o‘!.inll_'“ but 100 pg/iml extract potentiated ghacose-induced msulin secre-
tion. Our findings suggested that Orthosiphon stuminews aqueous extract is effective for alleviating hyperglycemia and improving lipid profile m

diabetic rats.
© 2006 Elsevier Ireland Lid. All nghts reserved.
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L. Introduction

Type 2 diabetes mellitus is 0 metabolic disease of hyper-
gly 'uodinon d either by insufficient insulin secre-
ton or insuli The ber of diabetic patients is

rapidly rising in most parts of the woeld, especially ndnclnp-

dicinal plants as alu ' @ of type 2 disbetes
mellitus.

Orthosiph ; Benth (1 isa

dicinal plant in South Mhuwddyuedblkm

m;mmun-mmmw- donesia. In g

the I of blood gl concentrations near normal range
umhmddyhudmmmdwﬂhymuww~
hyperglycemic agents and insulin. However, all of these tremt-
ments have limited efficacy and associated with undesirable side

(Awale et al,, 2003a.b). The methano-
lic extracts of this plant have shown the inhibitory activity
on nitric oxide production in macrophage like cells (Awale et
al, mJA.bLMam xumcmﬁam

effects (Harrower, 1994 Reuser and Wisseluar, 1994, Campbell
et al, 1996), which lead 1 an increasing interest in the use of
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ws, Le., polymethoxy ids and caffeic acid
derivatives, exert the diuretic and ’ in rats (Olah
etal, M)To&buao(mw unhubanao
report regarding hypogly effect of Orthosiph
aqueous extract in | and diabetic rats. The p study
wis 10 evaluate the anti-hyperglycemic activity of agueous
extract of Orthosiphon stamineus in normal and STZ- induced
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Extensive pharmacological research has demonstrated that Clerodendranthi Spi-
cati Herba has an obvious anti-hypergiycemic effect via a-glucosidase inhibitory
activity. However, the anti-hyperglycemic active fraction and its metabolic behav-
ior in vivo have not been elaborated clearly. In this study, ultra-high-performance
liquid chromatography coupled to quadrupole time of flight tandem mass spec-
trometry with dats filtering strategy, including mass defect screening, diagnostic
product ions and neutral loss identification, was established for chemical and
metabolic profiling of anti-hyperglycemic active fraction from Clerodendranthi
Spicati Herba. A total of 28 methoxylated flavonoids and 61 diterpenoids were
rapidly identified. Four main known methoxylated flavonoids were purified and
unambiguously identified by nuclear magnetic resonance analysis. Thirty-one
absorbed diterpenoids, 12 absorbed methoxylated flavonoids, and 56 methoxy-
lated flavonoids metabolites were identified in rat plasma, urine, bile, and feces
after oral administration of anti-hyperglycemic active fraction. The methoxy-
lated flavonoids were predominantly metabalized by demethylation, sulfation,
and glucuronidation, Glucuronidation metabolites found in bile and urine after
demethylation were dominant metabolites. Diterpencids were absorbed into the
blood mainly in the form of prototypes and excreted through bile and urine.
These results indicated that methoxylated flavonoids and diterpencids were
responsible for a-glucosidase inhibitory activity, which might provide novel drug
candidates for the management of diabetes mellitus.

KEYWORDS
anti-hyperglycemic effect, Clerodendranthi Spicati Herha, data filtering strategy, diterpencads,
methavylated flavanoids

1 | INTRODUCTION

Clerodendranthi Spicati Herba (CSH), the dried aerial part

Article Related Abbreviations: AUC, area uider the curve, CSHL
Clerodendranthd Splcatt Herbu DAD, dlode array detecion, DIFla,

of Clerodendranthus sp (Thunb.) C.Y. Wu, was tradi-
tionally used as an edible and medicinal material in China,
Vietnam, Ind

diagnastic product tons; ERF, ethanol chution fraction; MPy, Malays and other South Aswan
methaxylated favonalds; N1, newtral loss; RDA, Retro: Diels- Alder countries, which is ly applied to treat diab
1 Sep St 302104 108 1004 [ © 03 Wiky VOH Gt | 1908
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Clinical Characteristics for the Relationship between
Type-2 Diabetes Mellitus and Cognitive Impairment: A
Cross-Sectional Study
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ABSTRACT: We explored the potential differences in cognitive status, lipid and glucose metabolism, ApoEed
alleles and imaging between diabetic and non-diabetic subjecis. 83 subjects with normal cognitive function and 114
mild cognitive impaired patients were divided into four groups by history of diabetes. General demographics was
collected from all participants followed by MRI scan, biochemical examinations and a series of neuropsychological
tests. Student’s ¢ test, multiple regressions and one-way ANOWV A were applicd to investigate the differences between
groups. Comparing diabetic patients with non-diabetic subjocts in the mild cognitive impaired group, we found
several decreased items in recall of three words in MMSE (p=0.020), AVLT and SCWT (p<<0.030). The multiple
linear regression revealed that two-hour glucose bevel (B= -0.255, p=0.001) and fasting C-peptide (B= -0.464.

p=0.001) had negative effects on the score of MMSE. In addition, diabetic patients treated with insulin and other
diabetes medication performed better in part of the AVLT {p=20.050) compared to patients with insulin ireatment or
oral antidigbetic medication only. Patients with metformin medication had a betier memory outcome compared o
patiends with sulphonylurea medication in the AVLT long delay free recall (p =00010). These findings show that
patients of mild cognitive impairment with diabetes mellitus have a worse outcoms in attention, information
processing speed and memory compared 0 non-diabetic patients. Higher tao-howr glucese level and C-peptide
level may be risk factors for severe cognitive impairment in type-2 diabetes mellis patients. The results of this

study also suggest that medication may have effects on cognitive function.

Key words: Type-2 diabetes mellitus, mild cognitive impairment, C-peptide, blood glucose

The incidence of type-2 disbetes mellitus (T2DM) n
China has dramatically mcreased in the last decade.
Besides the well-known connection between T2DM and
peripheral nervous system disease, the diabetes-induced
lesions in the central nervous system (CNS), such as
cerebrovascular disease and cognitive dysfunction, are
receiving increased attention. Several epidemiological
studics have found that T2DM 15 an independent nsk
factor for both Alzhcimer’s discase (ADY) and vascular
dementa (Val}) [1, 2]. In additton, further rescarch has
shown that T2DM may also exercise influence on the
prevalence of mild cognitive impairment (MC1), which is

considered a pre-clmical stage of dementia. In Luchsinger
and colleagues’ study [3], the resulis indicated that
diabetes mellitus is related to a relatively higher nsk for
all causes of MCI (about 1.5 fold). In another recent meta-
analysis report, diabetes was shown to have higher risk for
any dementia and MCI (1 46 for AD, 2 48 for VaD and
1.21 for MCI) [4].

The present studics have confirmed that T2DM s a
robust nsk factor for cognitive dysfunction. However, the
precise mechanisms remaimn to be elucidated [3]. A wide
range of metabolic and vascular disturbances have been
proposed to explain the underlying mechanisms of
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