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Abstract

Background: In the present study, we tested a 50% ethanolic extract of Orthosiphon stamineus plants and its
isolated bioactive compound with respect to their α-glucosidase and α-amylase inhibitory activities.

Methods: Bioactive flavonoid sinensetin was isolated from 50% ethanolic extract of Orthosiphon stamineus. The
structure of this pure compound was determined on the NMR data and the α-glucosidase and α-amylase inhibitory
activities of isolated sinensetin and 50% ethanolic extract of Orthosiphon stamineus were evaluated.

Results: In vitro studies of a 50% ethanolic extract of O. stamineus and the isolated sinensetin compound showed
inhibitory activity on α-glucosidase (IC50: 4.63 and 0.66 mg/ml, respectively) and α-amylase (IC50: 36.70 mg/ml and
1.13 mg/ml, respectively). Inhibition of these enzymes provides a strong biochemical basis for the management of
type 2 diabetes via the control of glucose absorption.

Conclusion: Alpha-glucosidase and α-amylase inhibition could the mechanisms through which the 50% ethanolic
extract of O. stamineus and sinensetin exert their antidiabetic activity, indicating that it could have potential use in
the management of non-insulin-dependent diabetes.
Background
The number of diabetic patients is rapidly rising in most
parts of the world, especially in developing countries
such as Thailand, India and Indonesia. In general, the
control of blood glucose concentrations near the normal
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 control 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
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glucose levels, which causes hyperglycaemia in type 2
diabetes patients, occurs due to the hydrolysis of starch
by pancreatic α-amylase and the uptake of glucose by in-
testinal α-glucosidases [5]. An effective strategy for type
2 diabetes management is the strong inhibition of intes-
tinal α-glucosidases and the mild inhibition of pancreatic
α-amylase [6]. One therapeutic approach for reducing
postprandial hyperglycaemia in patients with diabetes
mellitus 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
into individual monosaccharides before they are
absorbed in the duodenum and upper jejunum. This di-
gestion is facilitated by enteric enzymes, including pan-
creatic α-amylase and α-glucosidases attached to the
brush border of intestinal cells.
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Herbal medicines have received a great deal of atten-
tion as alternative medicines in recent years in Malay-
sia and are sold as dietary supplements. One of the
local herbs, scientifically known as Orthosiphon stami-
neus Benth (Lamiaceae) or locally called misai kucing,
has attracted much attention for research purposes.
Orthosiphon stamineus is also found in other countries
such as Thailand, Indonesia and Europe. In these
countries, misai kucing is also known as yaa nuat
maeo, rau meo or cay bac (Thailand), kumis kucing or
remujung (Indonesia), moustaches de chat (French)
and Java tea (European) [7]. It is widely used for the
treatment of many diseases, especially those affecting
the urinary tract, diabetes mellitus, hypertension,
rheumatism, tonsillitis and menstrual disorders. The
methanolic extracts of this plant have shown inhibitory
activity on nitric oxide production in macrophage-like
cells [8,9]. Several classes of compounds have been
identified in this plant, including flavonoids, terpe-
noids, saponins, hexoses, organic acids, caffeic acid
derivatives, chromene and myo-inositol [10-14]. The
most important components of O. stamineus leaves are
the polyphenols, the polymethoxylated flavonoids:
sinensetin and eupatorine, etc., and the caffeic acid
derivatives: rosmarinic acid, cichoric acid and caffeic
acid, etc. [14]. Intestinal glycosidase enzymes play an
important role in carbohydrate digestion and absorp-
tion. Therefore, an inhibitor of intestinal glucosidase
could be expected to retard carbohydrate digestion and
absorption. One reasonable method of controlling
these carbohydrate–dependent diseases would be to
limit intestinal carbohydrate digestion. It has been
recognized that α-glucosidase inhibitors can be used to
prevent certain disorders such as diabetes, obesity,
hyperlipidaemia and hyperlipoproteinaemia.
We previously reported that the O. stamineus was able

to reduced blood glucose in STZ-induced diabetic rat. In
the same study we reported sinensetin, eupatorin and 30-
hydroxy-5,6,7,40-tetramethoxyflavone are present in O.
stamineus [15-17]. Although many O. stamineus have
been per-formed, a clear antidiabetic mechanism of ac-
tion for this plant has not yet been established. To the
best of our knowledge there have been no previous
reports on the in vitro inhibitory activity of the O. stami-
neus plant on α-glucosidase or α-amylase and this in-
hibitory effect could be one of the mechanisms of action
of anti-diabetic effect of O. stamineus. The aim of the
present study was to evaluate the in vitro effects of a
50% ethanolic extract of O. stamineus and its identified
compound sinensetin on α-glucosidase and α-amylase
enzyme inhibition compared to their previously reported
antihyperglycaemic effects in normal and STZ-induced
diabetic rats [15] in order to contribute to the under-
standing of their mechanisms of action.
Methods
Plant materials and preparation of the samples
Leaves of Orthosiphon stamineus were obtained from
Kepala Batas, Pulau Pinang Malaysia. The plant was
identified by the School of Biological Sciences, Universiti
Sains Malaysia, and a voucher specimen (10810) was
deposited at the Herbarium of the School of Biological
Sciences, Universiti Sains Malaysia. The dried leaves were
powdered using a milling machine and were extracted
with 50% (v/v) ethanol using the maceration method
(200 g dried leaves in 2 l of 50% ethanol at 55°C for 24 h;
two cycles) for 7 days. The extracts were filtered and
concentrated at 60°C using a rotary evaporator (Buchi
Labortechnik, Flawil, Switzerland). Finally, the concen-
trated extract was freeze-dried (Labconco Corporation,
Kansas City, MO, USA) to yield 10.3% dry powder.

HPLC study of the 50% ethanolic extract of O. stamineus
High-performance liquid chromatography (HPLC)
analysis was performed using a Shimadzu-LC system (Shi-
madzu, Japan) equipped with a CBM-20A controller, LC-
20AT pump, DGU-20A5 degasser, SIL-20A auto-sampler,
SPD-20AV detector and a CTO-10ASvp column oven.
Chromatographic separations were achieved using an

Agilent Eclipse Plus C18 (250 × 4.6 mm i.d.; 5 μm). A
Zorbax guard fittings kit packed with a replaceable
Eclipse Plus C18 Guard column (12.5 × 4.6 mm i.d.; 5
μm) was used to protect the analytical column. A
reverse-phase HPLC assay was carried out using an iso-
cratic system at a flow rate of 1 ml/min, a column
temperature of 25°C and a mobile phase of acetonitrile,
isopropyl alcohol and 0.02 M phosphate buffer
(NaH2PO4) (30:15:55 v/v) with the pH adjusted to pH
3.5 using 85% phosphoric acid. The UV detection was
set at 340 nm. The injection volume was 20 μl of solu-
tion. The total run time was less than 20 min for each
injection. Data were acquired and processed using LC-
Solution Software. The peaks were detected at 340 nm
and identified using standard substances, namely, sinen-
setin, eupatorin and 30-hydroxy-5,6,7,40-tetramethoxyfla-
vone. The 50% ethanol extract of O. stamineus at 10
mg/ml was used as a stock solution. The stock solution
was then diluted with the mobile phase to 1 mg/ml as
the sample solution. The total amounts of 30hydroxy-
5,6,7,40-tetramethoxyflavone, sinensetin and eupatorin
(purchase from Indofine Chemical Company, NJ, USA)
in the 50% ethanol extract of O. stamineus were quanti-
fied using developed HPLC method (n = 3). The contents
of these three compounds were expressed as percentages
of the dried extract [18].

Isolation of the compounds
The 50% ethanolic extract of O. Stamineus was sepa-
rated into ethyl acetate, butanol and water-soluble
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fractions. The ethyl acetate fraction with antihypergly-
caemic activity was separated via silica-gel column chro-
matography to give two sub-fractions: namely ESF-1
(non-active) and ESF-2 (active) (ethyl acetate fraction
and sub-fraction ESF-2 were active in antihyperglycae-
mic effect, unpublished result). The ESF-2 was fraction
was then subjected to silica gel chromatography for bio-
active compound isolation [19]. Isolated compound was
subjected NMR study [19]. All the spectroscopic data in
good agreement with Yam et al, 2010, it can be con-
cluded that the isolated compound was sinensetin [19].

In vitro α-glucosidase inhibition study
The α-glucosidase was assayed using a method modified
by Apostolidis et al [20], where a 50% ethanolic extract of
O. stameinus (62.5, 31.25, 15.6, 7.8, 3.9, and 1.95 mg/ml in
dimethylsulphoxide:distilled water (1:1) solution) and
sinensetin (2.5, 1.25, 0.625, and 0.3125 mg/ml in metha-
nol) were prepared. Then, 50 μl of 50% ethanolic extract
of O. stameinus or sinensetin solution will mixed well with
100 μl of 0.1 M phosphate buffer (pH 6.9) containing α-
glucosidase (Sigma, St. Louis, USA) solution (1.0 U/ml)
and the mixture were then incubated in 96-well plates at
25°C for 10 min. After pre-incubation, 50 μl of 5 mM p-
nitrophenyl-α-D-glucopyranoside (Sigma, St. Louis, USA)
solution in 0.1 M phosphate buffer (pH 6.9) was added to
each well at timed intervals. The reaction mixtures were
incubated at 25°C for 5 min. Before and after incubation
absorbance readings were recorded at 405 nm using a
micro-plate reader (Thermomax, Molecular device Co.,
Virginia, USA) and compared to a control which con-
tained 50 μl of the buffer solution instead of the extract.
The experiments were performed in triplicate and the α-
glucosidase inhibitory activity was expressed as percentage
inhibition. Acarbose (Bayer Pharmaceuticals, Leverkusen,
Germany) was prepared in distilled water at 10, 5, 2.5 and
1.25 mg/ml were made and used as positive controls.

Alpha-amylase inhibition assay
The inhibition of α-amylase was determined using an
assay modified from the Worthington Enzyme Manual
[21], where a 50% ethanolic extract of O. stameinus (62.5,
31.25, 15.6, 7.8, 3.9, and 1.95 mg/ml in dimethylsulphox-
ide:distilled water (1:1) solution) and sinensetin (2.5, 1.25,
0.625, and 0.3125 mg/ml in methanol) were prepared. A
total of 500 μl of each concentration of extract and sinen-
setin mixed with and 500 μl of 0.02 M sodium phosphate
buffer (pH 6.9) containing α-amylase (Sigma, St. Louis,
USA) solution (0.5 mg/ml) and incubated at 25°C for 10
min. After pre-incubation, 500 μl of a 1% starch solution
in 0.02 M sodium phosphate buffer (pH 6.9) was added to
each tube at timed intervals. The reaction mixtures were
then incubated at 25°C for 10 min. The reaction was
stopped with 1.0 ml of dinitrosalicylic acid (Sigma, St.
Louis, USA) colour reagent. The test tubes were then
incubated in a boiling water bath for 5 min and cooled to
room temperature. The reaction mixture was then diluted
after adding 15 ml of distilled water, and the absorbance
was measured at 540 nm using a micro-plate reader
(Thermomax, Molecular device Co., Virginia, USA). The
experiments were performed in duplicate and the absorb-
ance of sample blanks (buffer instead of enzyme solution)
and a control (buffer in place of sample extract) were also
recorded. The absorbance of the final extract was obtained
by subtracting its corresponding sample blank reading.
Sinensitin was dissolved in methanol and serial dilutions
of 2.5, 1.25, 0.62 and 0.31 mg/ml were prepared. Acarbose
was prepared in distilled water at 10, 5, 2.5 and 1.25 mg/
ml were made and used as positive controls.

Statistical analysis
All the data were showed as mean ± SD and statistical
analysis were performed using one-way analysis of vari-
ance (ANOVA) followed by Tukey multiple comparison
test with P < 0.05 taken as significant (GraphPad Prism
5.0).

Results
Phytochemical composition
The HPLC results showed that the percentages of
30hydroxy-5,6,7,40-tetramethoxyflavone, sinensetin and
eupatorin in the 50% ethanolic extract of O. Stami-
neus were 1.0150 ± 0.0007%, 3.7642 ± 0.0188%, and
3.0315 ± 0.0252%, respectively (Figure 1).

In vitro α-glucosidase inhibition study
The in vitro α-glucosidase inhibition study showed that
both the 50% ethanol extract of O. stamineus and sinen-
setin inhibited α-glucosidase. The percentage inhibition
at the α-glucosidase concentrations of 62.5, 31.25, 15.6,
7.8, 3.9 and 1.95 mg/ml by the 50% ethanol extract of O.
stamineus showed a concentration-dependent reduction.
The highest concentration of 62.5 mg/ml showed a max-
imum inhibition of nearly 81.4%, while the lowest con-
centration of 1.95 mg/ml showed a minimum inhibition
of nearly 16.2% (Figure 2(b)). Sinensetin showed strong
inhibition percentages ranging from 89.0–32.0% for α-
glucosidase concentrations ranging from 2.5–0.31 mg/
ml (Figure 2(c)). The 50% ethanolic extract of O. stami-
neus was less potent in inhibiting α-glucosidase com-
pared to acarbose and sinensetin. Acarbose was found to
be the most active with a half maximal inhibitory con-
centration (IC50) of 1.93 ± 0.281 mg/ml. The IC50 values
of the 50% ethanolic extract of O. stamineus and sinen-
setin were 4.63 ± 0.413 and 0.66 ± 0.025 mg/ml, respect-
ively (Figure 2(d)). IC50 values of sinensetin was
significantly lower than acarbose and 50% ethanolic ex-
tract of O. stamineus at P < 0.01.



Figure 1 HPLC chromatogram of standard markers. Peaks: (a) Standard TMF (30-hydroxy-5,6,7,40-tetramethoxyflavone), SEN (sinensetin)
and EUP (eupatorin). (b): HPLC chromatogram of 50% ethanolic extract of O. stamineus.

Figure 2 Percentage inhibition of acarbose (a), 50% ethanol extract of O. stamineus (b) and sinensetin (c) and IC50 of treatment groups
(d) on α-glucosidase enzyme in vitro. Result represented as mean ± S.D. of percent enzyme activity.
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In vitro α-amylase inhibition study
The 50% ethanolic extract of O. stamineus showed a
weak inhibition of the α-amylase enzyme. Figure 3
shows the percentage inhibition values of the 50% etha-
nolic extract of O. stamineus, sinensetin and acarbose
against porcine α-amylase. The maximum inhibition was
69.2% at a concentration of 62.5 mg/ml (Figure 3(b)).
Sinensetin produced a maximum inhibition of 85.8% at
2.5 mg/ml (Figure 3(c)). Acarbose showed a maximum
percentage inhibition of 98.0% at 10 mg/ml (Figure 3(a)).
The IC50 values for the 50% ethanolic extract of O. sta-
mineus, acarbose and sinensetin were 36.70 ± 0.546 mg/
ml, 4.89 ± 0.397 mg/ml and 1.13 ± 0.026 mg/ml, respect-
ively (Figure 3(d)). IC50 values of sinensetin was signifi-
cantly lower than acarbose and 50% ethanolic extract of
O. stamineus at P < 0.05 and P < 0.001, respectively.

Discussion
Diabetes mellitus is a metabolic disorder of multiple
aetiologies that is characterized by chronic hyperglycaemia
with disturbed carbohydrate, fat and protein metabolism
resulting from defects in insulin secretion, insulin actions
or both [22]. One therapeutic approach for treating dia-
betes is to decrease post-prandial hyperglycaemia. This is
done by hindering the absorption of glucose through
inhibition of the carbohydrate hydrolysing enzymes, α-
amylase and α-glucosidase, in the digestive tract. Inhibi-
tors of these enzymes delay carbohydrate digestion,
causing a reduction in the rate of glucose absorption and
Figure 3 Percentage inhibition of acarbose (a), 50% ethanol extract o
(d) on α-amylase enzyme in vitro (d)Result represented as mean ± S.D
consequently blunting the post-prandial increase of
plasma glucose [23]. Examples of such inhibitors in clin-
ical use are acarbose, miglitol and voglibose [24]. The
post-prandial lowering of blood glucose by α-glucosidase
inhibitors such as miglitol and acarbose after a starch load
is well established. The mechanism of action is through
the inhibition of the last step in carbohydrate digestion,
namely the conversion of disaccharide to monosaccharide
(glucose) and a consequent decrease in the rate of entry of
glucose into the systemic circulation [25].
Present studies showed that O. stamineus extract sig-

nificantly reduced plasma glucose concentration in both
normal and diabetic rats [26,27]. In addition, O. stami-
neus extract also potentiated glucose-induced insulin se-
cretion [28] may be beneficial to patients with diabetes
mellitus who have a defect in the insulinotropic response
to glucose. Although there are citations of antihypergly-
caemic and antidiabetic [26,27] activities of O. stamineus
extracts based on free radical scavenging activity and in
part on increased glucose metabolism, there are no pre-
vious reports, at least to the best of our knowledge,
about the inhibitory activity of this plant extract on
in vitro α-glucosidase and α-amylase.
The present in vitro studies demonstrated an appre-

ciable inhibitory activity of 50% ethanolic extracts of O.
stamineus and sinensetin on α-glucosidase and α-amylase.
Orthosiphon stamineus showed similar inhibitory effects
on α-glucosidase and α-amylase. The IC50 values showed
that the 50% ethanolic extract of O. stamineus and
f O. stamineus (b) and sinensetin (c) and IC50 of treatment groups
. of percent enzyme activity.
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sinensetin show equal preference for both the α-
glucosidase and α-amylase enzymes. Alpha-glucosidase
and α-amylase inhibition could potentially be used as an
effective therapy for post-prandial hyperglycaemia linked
to type 2 diabetes. This approach has fewer side effects,
such as abdominal distention, meteorism and possibly
diarrhoea resulting from the abnormal bacterial fermenta-
tion of undigested carbohydrates in the colon, as normally
seen when potent α-glucosidase inhibitors like acarbose
and voglibiose are used. The goals of the in vitro α-
glucosidase and α-amylase inhibitory studies were to pro-
vide in vitro evidence for the potential inhibition of α-
glucosidase and α-amylase and to generate a stronger bio-
chemical rationale for further studies on 50% ethanolic
extracts of O. stamineus leaves.
Present study also found active anti-diabetic O. stami-

neus extract contain of high phenolic compound and fla-
vonoid [27]. Several other classes of chemicals also have
been found in O. stamineus that are rich terpenoids, caf-
feic acid derivatives and chromene [10,13,14]. Among
these phytochemical groups caffeic acid and phenolic
compound have been reported to increase glucose up-
take in rat myocytes [28].
It is thought that one or more different compounds

(e.g. sinensetin) that were present in the extracts play an
important role in the inhibition of α-glucosidase and
α-amylase. Furthermore, some of the compounds found
in this extract (phenolics, flavonoids and their glyco-
sides) were mentioned by Tadera et al [29] and Kwon et
al [30] as being effective inhibitors of α-glucosidase.
Based on the results presented in this study, it can be
concluded that a 50% ethanolic extract of O. stamineus
exerts an inhibitory effect on α-glucosidase and α-amyl-
ase. These results further support the traditional use of
plants in medicine based on their inhibitory activity of
glucose absorption in the gut.
It is thought that one or more different compounds

(e.g. sinensetin) that were present in the extracts play
an important role in the inhibition of α-glucosidase
and α-amylase. Furthermore, some of the compounds
found in this extract (phenolics, flavonoids and their
glycosides) were mentioned by Tadera et al [29] and
Kwon et al [30] as being effective inhibitors of α-glucosidase.

Conclusion
Based on the results presented in this study, it can be
concluded that a 50% ethanolic extract of O. stamineus
exerts an inhibitory effect on α-glucosidase and α-amyl-
ase. These results further support the traditional use of
plants in medicine based on their inhibitory activity of
glucose absorption in the gut.

Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
EAHM and MFY designed the study protocol, performed in vitro experiments
and prepared the manuscript. MJAS and AS performed isolation of active
compound. SHC, SCTand LFA performed LCMS/MS and HPLC studies. MZA
designed the study protocol together with the first author. All authors read
and approved the final manuscript.

Acknowledgements
The authors would like to thank En. Adnan for plant identification.

Author details
1School of Pharmaceutical Sciences, Universiti Sains Malaysia, Pulau Pinang
11800, Malaysia. 2Kulliayya of Pharmacy, International Islamic University
Malaysia, Kuantan, Pahang 25200, Malaysia.

Received: 12 May 2012 Accepted: 24 September 2012
Published: 8 October 2012

References
1. Harrower AD: Comparison of efficacy, secondary failure rate, and

complications of sulfonylureas. J Diabetes Complications 1994, 8:201–203.
2. Reuser AJ, Wisselaar HA: An evaluation of the potential side-effects of

alpha-glucosidase inhibitors used for the management of diabetes
mellitus. Eur J Clin Invest 1994, 24:19–24.

3. Campbell RK, White JR, Saulie BA: Metformin: a new oral biguanide. Clin
Ther 1996, 18:360–371.

4. Kwon YI, Apostolidis E, Shetty K: Inhibitory potential of wine and tea
against α-amylase and α-glucosidase for management of hyperglycemia
linked to type 2 diabetes. J Food Biochem 2008, 32:15–31.

5. Gray GM: Carbohydrate digestion and absorption–role of small intestine.
N Engl J Med 1975, 292:1225–1230.

6. Krentz AJ, Baile CJ: Oral antidiabetic agents: Current role in type 2
diabetes mellitus. Drugs 2005, 65:385–411.

7. Jaganath L, Ng LT: Herbs: The green pharmacy of Malaysia. Kuala Lumpur:
Vinpress Sdn. Bhd; 2000:76–77.

8. Awale S, Tezuka Y, Banskota AH, Adnyana IK, Kadota S: Nitric oxide
inhibitory isopimarane-type diterpenes from Orthosiphon stamineus of
Indonesia. J Nat Prod 2003, 66:255–258.

9. Awale S, Tezuka Y, Banskota AH, Kadota S: Highly-oxygenated
isopimarane-type diterpenes from Orthosiphon stamineus of Indonesia
and their nitric oxide inhibitory activity. Chem Pharm Bull 2003,
26:268–275.

10. Malterud KE, Hanche-Olsen IM, Smith-Kelland I: Flavonoids from
Orthosiphon spicatus. Planta Med 1989, 55:569–570.

11. Sumaryono W, Proksch P, Wray V, Witte L, Hartmann T: Qualitative and
quantitative analysis of the phenolic constituents from Orthosiphon
aristatus. Planta Med 1991, 57:176–180.

12. Masuda T, Masuda K, Shiragami S, Jitoe A, Nakatani N: Orthosiphols A and
B, novel diterpenoid inhibitors of TPA (12-O-tetradecanoylphorbol-13-
acetate)-induced inflammation, from Orthosiphon stamineus. Tetrahedron
1992, 48:6787–6792.

13. Tezuka Y, Stampoulis P, Banskota AH, Awale S, Tran KQ, Saiki I, Kadota S:
Constituents of the Vietnamese medicinal plant Orthosiphon stamineus.
Chem Pharm Bull 2000, 48:1711–1719.

14. Olah NK, Radu L, Mogoşan C, Hanganu D, Gocan S: Phytochemical and
pharmacological studies on Orthosiphon stamineus Benth. (Lamiaceae)
hydroalcoholic extracts. J Pharm Biomed Anal 2003, 33:117–123.

15. Mohamed EA, Mohamed AJ, Asmawi MZ, Sadikun A, Ebrika OS, Yam MF:
Antihyperglycemic Effect of Orthosiphon Stamineus benth leaves extract
and its bioassay-guided fractions. Molecules 2011, 16:3787–3801.

16. Yam MF, Asmawi MZ, Basir R: An Investigation of the anti-inflammatory
and analgesic effects of Orthosiphon stamineus leaf extract. J Med Food
2008, 11:362–368.

17. Yam MF, Ang LF, Salman IM, Ameer OZ, Lim V, Ong LM, Ahmad M, Asmawi
MZ, Basir R: Orthosiphon stamineus leaf extract protects against ethanol-
induced gastropathy in rats. J Med Food 2009, 12:1089–1097.

18. Yam MF, Mohamed EAH, Ang LF, Pei L, Darwis Y, Mahmud R, Asmawi MZ,
Basir R, Ahmad M: A simple isocratic HPLC method for the simultaneous
determination of sinensetin, eupatorin, and 30-hydroxy-5,6,7,40-
tetramethoxyflavone in Orthosiphon stamineus extracts. J Acupunct
Meridian Stud 2012, 5:176–182.



Mohamed et al. BMC Complementary and Alternative Medicine 2012, 12:176 Page 7 of 7
http://www.biomedcentral.com/1472-6882/12/176
19. Yam MF, Lim V, Salman IM, Ameer OZ, Ang LF, Rosidah N, Abdulkarim MF,
Abdullah GZ, Basir R, Sadikun A, Asmawi MZ: HPLC and anti-inflammatory
studies of the flavonoid rich chloroform extract fraction of Orthosiphon
stamineus leaves. Molecules 2010, 15:4452–4466.

20. Apostolidis E, Kwon Y, Shetty K: Inhibitory potential of herb, fruit, and
fungal-enriched cheese against key enzymes linked to type 2 diabetes
and hypertension. Innovative Food Science and Emerging Technologies 2007,
8:46–54.

21. Young-In K, Emmanouil A, Kalids S: Inhibitory potential of wine and tea
against α-amylase and α-glucosidase for management of hyperglycemia
linked to type 2 diabetes. J Food Biochem 2008, 32:15–31.

22. World Health Organisation Consultation: Definition, diagnosis and
classification of diabetes mellitus and its complications. Part 1: diagnosis and
classification of diabetes mellitus. Geneva: Report of WHO Consultation; 1999.

23. Rhabasa-Lhoret R, Chiasson JL: α-Glucosidase inhibitors. In International
Textbook of Diabetes Mellitus, vol. 1. 3rd edition. Edited by Defronzo RA,
Ferrannini E, Keen H, Zimmet P. U.K: John Wiley & Sons Ltd; 2004:901–914.

24. Bailey CJ: New approaches to the pharmacotherapy of diabetes. In
Textbook of Diabetes, vol. 2. 3rd edition. Edited by Pickup JC, William G. U.K:
Blackwell Science Ltd; 2003:73.1–73.21.

25. Joubert PH, Venter HL, Foukaridis GN: The effect of miglitol and acarbose
after an oral glucose load: A novel hypoglycaemic mechanism. Br J Clin
Pharmacol 1990, 30:391–396.

26. Mariam A, Asmawi MZ, Sadikun A: Hypoglycaemic activity of the aqueous
extract of Orthosiphon stamineus. Fitoterapia 1996, 67:465–468.

27. Sriplang K, Adisakwattana S, Rungsipipat A, Yibchok-Anun S: Effects of
Orthosiphon stamineus aqueous extract on plasma glucose concentration
and lipid profile in normal and streptozotocin-induced diabetic rats.
J Ethnopharmacol 2007, 109:510–514.

28. Cheng JT, Liu IM: Stimulatory effect of caffeic acid on alpha 1
Aadrenoceptors to increase glucose uptake into cultured C2C12 cells.
Naunyn Schmiedebergs Arch Pharmacol 2000, 362:122–127.

29. Tadera K, Minami Y, Takamatsu K, Matsuoka T: Inhibition of alpha-
glucosidase and alpha-amylase by flavonoids. J Nutr Sci Vitaminol 2006,
52:149–153.

30. Kwon YI, Apostolidis E, Shetty K: In vitro studies of eggplant (Solanum
melongena) phenolics as inhibitors of key enzymes relevant for type 2
diabetes and hypertension. Bioresour Technol 2008, 99:2981–2988.

doi:10.1186/1472-6882-12-176
Cite this article as: Mohamed et al.: Potent α-glucosidase and α-amylase
inhibitory activities of standardized 50% ethanolic extracts and
sinensetin from Orthosiphon stamineus Benth as anti-diabetic
mechanism. BMC Complementary and Alternative Medicine 2012 12:176.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Plant materials and preparation of the samples
	HPLC study of the 50% ethanolic extract of O. stamineus
	Isolation of the compounds
	In vitro α -glucosidase inhibition study
	Alpha-amylase inhibition assay
	Statistical analysis

	Results
	Phytochemical composition
	In vitro α -glucosidase inhibition study
	In vitro α -amylase inhibition study

	Discussion
	Conclusion
	Competing interests
	Authors´ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


