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Abstract

This study aimed to investigate the antidiabetic properties of Clerodendrum longisepalum. This primary screening
study focused on blood glucose levels and hematological values in diabetic rats treated with the leaf extract from
C. longisepalum (CL). Results showed that the CL extract can lower the blood glucose level of the experimental animals from
the diabetic state. In relation to this, the extract caused the hematological value in diabetic rats to drop close to normal
controls. However, the in vitro a-glucosidase assay-guided isolation revealed that the stem extract of C. longisepalum has
a possible connection with the inhibition of intestinal a-glucosidase. Three triterpenoids (1-3), one glycerol derivative (4) as
well as six phenylpropanoid glycosides (5-10) were isolated. Compound 10 possessed good anti-a-glucosidase activity
(maltase). A kinetic investigation of 10 indicated that it retarded maltase function in a noncompetitive manner. Moreover,
compounds 6, 9 and 10 also showed good antioxidant activity (DPPH).
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1. Introduction

Diabetes mellitus (DM) is a complex metabolic dis-
order characterized as state in which homeostasis of carbo-
hydrate and lipid metabolism is improperly regulated (Khan
et al., 2012). Type 2 diabetes mellitus (T2DM) is typically a
chronic metabolic disorder characterized by hyperglycemia
in the context of insulin resistance and relative lack of insulin.
In addition, diabetes can cause many complications including
diabetic ketoacidosis and nonketotic hyperosmolar coma
(Kitabchi ef al., 2009). The use of medicinal plants for alter-
native treatment of diabetes mellitus has been increasing
over the years. In many studies, the potential role of several
medicinal plants as hypoglycemic agents has also been
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reported.

Clerodendrum longisepalum Dop (Lamiaceae) is a
small shrub grown throughout Thailand, the Malaysian
Peninsula, Sumatra, Java, and Borneo (throughout the island)
(Leeratiwong et al., 2011). In Thailand, the leaves of C.
longisepalum have been used as folklore medicine in the
treatment of diabetes mellitus. There has still been no investi-
gation of the pharmacological activities and the safety of
utilization of the extract from this plant in diabetic rats.
In addition, there are no reports on the chemical constituents
and active compounds in this plant as potential antidiabetic
inhibitors. Therefore, this work aims to study the effects of
ethanolic leaf extract (CLE) on hypoglycemic properties
including blood glucose levels, body weight and hematologi-
cal values in streptozotocin-induced diabetic rats, as well as
the first report on the chemical constituents and active com-
ponents putatively responsible for a-glucosidase from the
C. longisepalum stems.
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2. Materials and Methods
2.1 General experimental procedures

UV spectra were measured with a UV-7504 spectro-
photometer. High resolution mass spectra were recorded on a
Bruker Daltonics (microTOF) equipped with an electrospray
ionization (ESI) ion source. The 'H and "C NMR spectra
were acquired by Varian Mercury+ 400 and Bruker AVANCE
400 spectrometers. Chemical shifts were reported in & (ppm)
relative to deuterated solvent residues (7.25 and 77.0 ppm for
CDCl, and 3.30 and 49.0 ppm for CD,OD). TLC was performed
on precoated Merck silica gel 60 F,,, plates (0.25 mm thick
layer), and spots were visualized under UV or dipped in 3%
(v/v) anisaldehyde, 9.7% (v/v) H,SO,, 87.3% (v/v) MeOH
followed by heating. Acarbose was obtained from Bayer Vitol
Leverkusen, Germany. Spectrophotometric measurements for
the a-glucosidase inhibition and kinetic study were taken on
a Sunrise microplate reader.

2.2 Plant material

The leaves and stems of C. longisepalum were
obtained from Khlong Luang District, Pathum Thani
Province, Thailand in January 2015 and identified by Dr. S.
Khumkratok, a botanist at the Walai Rukhavej Botanical
Research Institute, Mahasarakham University, where a
voucher specimen (Sichaem no.1-1) is deposited.

2.3 Preparation of C. longisepalum leaf extract

Fresh mature leaves of C. longisepalum were washed,
cut into small pieces and dried in a hot air oven at a tempera-
ture of 50°C and then powdered. The powder was extracted
by macerating in 95% ethanol (1:10 w/v) for seven days. The
mixture was filtered through a Whatman filter paper. Ethanol
in the filtrate was evaporated using a rotary evaporator
(Heidolph Laborota 4000, Germany). The obtained extract
from C. longisepalum (CLE) was kept at a temperature of 4°C
until being used.

2.4 Animal

Male Wistar rats weighing 150-200 g were used in the
study. These rats were purchased from the National Labora-
tory Animal Centre (NLAC), Mahidol University, Thailand
and kept in an air conditioned room at a temperature of 25+
2°C, 12-h light/12-h dark cycle and relative air humidity of
40-60%. A standard chow and water were given to the rats
ad libitum. They were acclimatized for 7 days prior to the
commencing experiments. The animal protocol followed by
the researchers was approved by the Animal Ethics Commit-
tee, Pharmaceuticals and Natural Products Department, the
Thailand Institute of Scientific and Technological Research
(ID PS-59004) and the advice of the Institutional Animal Care
and Use Committee, Mahasarakham University, Thailand.
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2.5 Induction of diabetes

Rats were induced to be diabetes by a single intra-
peritoneal injection of 65 mg/kg streptozotocin, STZ (Sigma
Chemicals, St. Louis, MO) dissolved in 20 mM citrate buffer
pH 4.5. After STZ injection, the rats were provided with 2%
sucrose solution as their drink for 48 hrs to alleviate the
severity after initial hypoglycemic phase. Rats with blood
glucose level at or above 126 mg/dl were confirmed to be
diabetes and used in the study (Talubmook et al., 2003).

2.6 Experimental designs

The rats were divided into four groups with six rats
in each: Group I: normal control rats treated orally with 2%
Tween 80; Group II: diabetic control rats treated orally with
2% Tween 80; Group III: diabetic rats administrated orally
glibenclamide (0.25 mg/kg b.w.); Group IV: diabetic rats
administrated orally CLE (250 mg/kg b.w.).

The CLE and 0.5%Tween 80 were administered to the
rats orally (250 mg/kg of CLE) and daily for eight weeks. For
normal and diabetic control rats were treated with 0.5%
Tween 80 instead. The volume of administration was 2 mL
for each rat. The investigation of blood glucose level, using
glucometer (Accu-chek Advantage II, Roche Germany), and
body weight was performed weekly. At the end of experi-
ments, the rats were sacrificed by cervical dislocation
technique. After an operation, the blood sample was then
drawn from the rat hearts and centrifuged with 3,000 rpm for
10 min twice to separated blood serum for examine hematocrit
(Hct). This step was determined using a microcapillary reader
(Damon/IEC Division, USA). Hemoglobin concentration (Hb)
was recorded on a Sahli haemometer (Superior, Germany) and
red blood cell (Rbc) and white blood cell (Wbc) was also
determined using a Neubauer haemocytometer.

2.7 Extraction and isolation of C. longisepalum stems

The air-dried stems of C. longisepalum (7.7 Kg) were
ground and extracted with MeOH. The MeOH extract (485.7 g)
of C. longisepalum stems was initially partition with CH,Cl,
and EtOAc to yield CH,CI, (101.7 g) and EtOAc (30.4 g)
extracts. The CH,Cl, extract was fractionated on silica gel
column chromatography using the gradient systems of
hexane, CH,Cl,, EtOAc and MeOH, respectively, yielding 1
(70 mg), 2 (22 mg) and 3 (89 mg), respectively. The EtOAc
extract was fractionated on silica gel column chromatography
using the gradient systems of CH,Cl,, EtOAc and MeOH,
respectively, obtaining seven major fractions (E1-E7). The
combined fraction E5 eluted by 0:100-100:0 MeOH-CH,Cl,
were purified by silica gel (60:40 EtOAc-hexane) to afford
four subfactions (E5.1-E5.4). Subfaction E5.1 was recolumn
chromatography using Sephadex LH-20 (10:90 MeOH-CH,Cl,
obtained 4 (8 mg), 5 (13 mg) and 7 (90 mg), respectively. Sub-
fraction E5.3 was further purified by Sephadex LH-20 (20:80
MeOH-CH,CL,) to yield 6 (16 mg) and 8 (68 mg). Finally,
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fraction E7 was subsequently purified by the combination of
silica gel (20:80 MeOH-CH,Cl,) and Sephadex LH-20 (50:50
MeOH-CH,C1,) to furnish 9 (140 mg) and 10 (200 mg), respec-
tively.

The identification of all isolated compounds was made
by spectroscopic analysis, particularly NMR and MS, which
coincided well with previous literature. Compounds 1-10 were
assigned as 3 S-taraxerol (1) (Ishii ef al., 2008), 3 5-taraxerol
acetate (2) (Li et al., 2008) and (3 B)-stigmasta-4,22,25-trien-
30l (3) (Chaves et al., 2004), 1-monoacetin (4) (Nebel ef al.,
2008), seguinoside K (5) (Wu et al., 2014), trichotomoside (6)
(Chae et al., 2006), 2",3"-O-acetylmartynoside (7), 2",4"-O-
acetylmartynoside (8) (Leitao & Kaplan, 1994), martynoside
(9), and acteoside (10) (Liuet al,, 2014) (Figure 1).

2.8 a-Glucosidase inhibition assay

The evaluation of the inhibitory activity of isolated
compounds (1-10) against intestinal o-glucosidases (maltase
and sucrase) was also applied from previous procedure
(Damsud et al., 2013). Briefly, 10 pL of the test sample and
substrate solution (maltose: 10 mM, 20uL; sucrose: 100 mM,
20 pL, respectively) in 0.1 M phosphate buffer (pH 6.9) were
incubated at 37°C (20 min for maltase and 60 min for sucrase).
The mixture was discontinued in boiling water for 10 min,
and glucose released from the reaction was converted to
quinoneimine using a commercial Glu Kit (Human, Germany).
The absorbance of final product was determined at 503 nm,
and the percent inhibition was deduced using the following
equation.

(A0 - Al)
y x100
0

where A| and A are absorbances with and without the sample,
respectively. Acarbose was used as a positive control having
inhibitory effect against maltase and sucrase with the IC,
values of 18.6 and 51.1 uM, respectively (Table 4).

2.9 Kinetic study

A kinetic analysis of maltase was carried out according
to the above reaction except that the quantity of a-glucosi-
dase was maintained at 0.3 U/mL while the concentrations of
10 were varied at 0, 0.064 and 1.061 mM. The type of inhibition
was determined from Lineweaver—Burk plots whereas the

K, and K ; values were deduced from the secondary plots of

slope vs [I] and the interception vs [I] of the Lineweaver-
Burk plots, respectively (Figures 2-5).

2.10 DPPH radical scavenging activity

Radical scavenging activity was validated by the UV
absorbing method in 96-well microplate (Yen and Hsieh,
1997). Briefly, various concentrations of samples dissolved
in MeOH (20 uL) were added 0.1 mM DPPH solution (100 pL).
After 30 minutes incubation at room temperature in the dark,
the absorbance of the resulting solution was measured at
517 nm with a spectrophotometer.

2.11 Statistical analysis

All the data were expressed as mean standard error of
mean (SEM). Statistical analysis was carried out using One-
way ANOVA. The criterion for statistical significance was
p values less than 0.05.

0
UO 7: Ry=R,=Ac. Ry=H,R,=R; =CH,
B, 8:Ry=H, 2 =Rz =Ac,R4y=Rz=CH:
RO 2 OR 9.R,=R,=Ry=H,R, =R; =CH,
2 10-R;=R;=Ry=Ry =Rz =H

Figure 1. Structures of all isolated compounds (1-10) from the C. longisepalum stems.
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Figure 2. Lineweaver-Burk plots for inhibitory activity of 10 against
maltase.
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Figure 3. Secondary plot of slope vs [I] for deduction of K. of 10
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Figure 4. Secondary plot of intercept vs [I] for deduction of K’ of
10 against maltase. l
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Figure 5. Proposed inhibitory mechanism of 10 against maltase
(E = enzyme, S = substrate, P = product, I = inhibitor,
ES = enzyme—substrate complex, EI = enzyme—inhibitor
complex, EIS = enzyme-substrate-inhibitor complex).
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3. Results and Discussion
3.1 Effect of CLE on blood glucose level in diabetic rats

The initial blood glucose levels in the diabetic control
rats (336.50 mg/dl), diabetic rats treated with glibenclamide
(366.83 mg/dl) and CLE (385.50 mg/dl) were significantly
(p<0.05) higher than those in normal control rats (82.33 mg/dl).
After eight weeks, the CLE could decrease blood glucose level
(19.59%) but significantly (p<0.05) less than the standard
agent (46.03%) in diabetic rats, while the blood glucose level
in normal control rats did not decrease (Table 1).

3.2 Effect of CLE on body weight in diabetic rats

The initial body weight of all rat groups did not differ.
At the end of the experiments, the extract had no effect on
body weight and could increase the weight of diabetic rats
(24.78%). This result was not significantly different (p>0.05)
from diabetic control rats and diabetic rats treated with
glibenclamide; however, it was still significantly (p<0.05)
lower than normal groups with the percent values of 8.59,
25.44, and 61.12, respectively (Table 2).

3.3 Effect of CLE on hematological values in diabetic rats

Hematological values including hematocrit (Hct),
hemoglobin (Hb), red blood cell (Rbc) and white blood cell
(Wbc). In the diabetic control rats the Wbc value was lower
than the normal control rats. The Hct value of diabetic rats
treated with CLE was higher than normal control rats, while
the Rbc value was slightly lower than normal control rats.
In addition, the hematological values of diabetic rats treated
with CLE slightly differed from glibenclamide (Table 3).

3.4 Chemical constituents and in vitro rat intestinal
a-glucosidase activity from the stems of C. longisepalum

Based on the in vitro a-glucosidase assay-guided iso-
lation the stem extract of C. longisepalum revealed a possible
connection with the inhibition of intestinal o-glucosidase
more than other parts (roots and leaves). Therefore, the active
MeOH extract of C. longisepalum stems was initially parti-
tioned with CH,Cl, and EtOAc to give CH,Cl, and EtOAc
extracts. These extracts were isolated and purified by the
combination of silica gel and Sephadex LH-20 column chro-
matographies using mixtures of hexane, CH,Cl,, EtOAc and
MeOH, yielding three triterpenoids (1-3), one glycerol deri-
vative (4) as well as six phenylpropanoid glycosides (5-10)
(Figure 1). The rat intestinal a-glucosidase inhibitory activity
(maltase and sucrase) of all isolated compounds, at concen-
trations 0f 0.013, 0.063 and 0.31 mg/mL, are shown in Table 4.
Only acteoside (10) showed good maltase inhibitor with an
IC,, value of 56.0 uM (Table 1) and also displayed weak
activity against sucrase (IC,; 224.1 uM). While trichotomo-
side (6) exhibited weak activity toward both enzymes (maltase
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Table 1. Percentage of decreasing blood glucose level in normal control, diabetic control and diabetic treated rats.

% decrease in blood glucose level

Treatment
Group
and dose Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
1 Normal control 1.3940.69" 2.02+0.53" 1.75+1.18" 1.38+0.99° 1.17+0.61°® 1.96+1.07° 1.39+0.48" 1.02+0.39*
11 Diabetic control  0.00£0.00* 0.00+0.00° 0.00+£0.00*°  0.00+0.00" 0.00+£0.00° 0.00+0.00° 0.00+£0.00* 0.00+0.00"

III  Diabetic +
glibenclamide
0.25 mg/kg

IV Diabetic +
CLE 250 mg/kg

9.88+2.72° 9.33+4.01"

36.79+5.76° 25.99+5.19° 37.4148.25" 23.71+5.93" 35.23+9.92° 24.61+7.54° 45.5749.80° 46.03+10.21°

10.92+4.36* 12.374+4.54™ 15.61+3.93% 17.94+3.05° 16.02+3.74™ 19.59+2.86°

Values representing the mean + SEM within the same column followed by the different superscript letters (a—c) are significantly different

at p<0.05, (n = 6).

Table 2. Percentage of increasing body weight in normal control, diabetic control and diabetic treated rats.

% decrease in blood glucose level

Treatment
Group
and dose Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
I  Normal control  8.55+1.39" 1734227 25.05+1.30° 34.95+1.37" 44.28+0.80" 49.64+0.44" 55.32+1.11° 61.12+1.77"
II  Diabetic control 1.48+0.94" 2.79+0.89° 4.47+1.00° 4.79+1.13" 6.18+1.32° 7.53+1.27° 8.25+1.49° 8.59+1.22°
I  Diabetic + 436+2.19° 8.89+2.68 9.70+1.46° 13.7142.40° 17.00+2.42° 24.15+2.44° 24.04+1.86" 25.44+1.83"
glibenclamide
0.25 mg/kg
IV Diabetic + 4944273 7.89+5.41° 9.83+7.28° 12.60+6.74" 14.94+7.08" 18.62+7.71° 20.33+7.82" 24.78+9.25°
CLE 250 mg/kg

Values representing the mean + SEM within the same column followed by the different superscript letters (a—c) are significantly different

at p<0.05, (n = 6).

Table 3. The hematological values in normal control, diabetic control and diabetic treated rats.

Hematological value

Group Treatments and doses
Hct (%) Hb (g/dl) Rbc Wbce
(x10°cell/mm’)  (x10° cell/mm’)
I Normal control 4333£0.84° 18.16£040"  8.90+2.16° 8.16+3.34°
Il Diabetic control 49.50£0.76° 22.16£0.90°  5.50+2.62° 6.06:4.75"
I Diabetic + glibenclamide 0.25 mg/kg 46.16£1.49°  23.504022°  8.72+2.48° 5.69+1.50°
v Diabetic + CLE 250 mg/kg 46.16£0.40°  22.00+0.25°  8.69+4.81 7.81£5.07%

Values representing the mean = SEM within the same column followed by the different superscript letters (a—c)

are significantly different at p<0.05, (n = 6).

and sucrase) with the IC, values of 241.0 and 219.1 uM,
respectively. To envision the mechanism underlying this
inhibition, a kinetic study of 10 toward maltase was performed.
In Figures 2-5, the Lineweaver-Burk plots suggest that
compound 10 retarded maltase function in a noncompetitive
manner.

3.5 Antioxidant of all isolated compounds (1-10)

All extracts were subjected to examination for poten-
tial free-radical scavenging on DPPH. The results indicated

that compounds 6, 9 and 10 exhibited significant antioxidant
activity at IC, values of 0.064, 0.46 and 0.061 mM, respec-
tively. In addition, compounds 4-7 showed moderate anti-
oxidant activity with IC, values in the range 0f 2.46-9.29 mM
(Table 5).

4. Conclusions
In conclusion, this study confirmed the traditional use

of C. longisepalum for treatment of diabetes. The C. longi-
sepalum leaf extract (CLE) showed a beneficial hypoglycemic
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Table4. a-Glucosidase inhibitory effects of isolated compounds (1-10) and a standard

inhibitor.
Percent inhibitory activity at 0.31 mg/mL* IC,, (uM)
Compound
Maltase Sucrase Maltase Sucrase

1 13.1+0.83 20.8+0.74 NI° NI°

2 5.0+1.14 0.0+0.58 NI° NI

3 15.0+0.12 10.1+0.76 NI° NI°

4 18.4+0.54 14.120.32 NI NI

5 4240.72 6.9+0.77 NI° NI°

6 6.9+0.88 12.9+1.97 NI° NI°

7 17.240.93 4.840.32 NI° NI°

8 61.3£2.29 68.9+0.87 241.0:094  219.1+1.21

9 29.840.20 27.8+£2.13 NI° NI°

10 62.4+1.68 66.4+0.85 56.0+1.38 224.140.65
Acarbose 72.0£0.92 66.7+0.11 18.6+0.53 51.1£0.92

“Final concentration. "No inhibition, inhibitory effect less than 30% at final concentration

of0.31 mg/mL.

Table 5. Antioxidant activity (DPPH) of all isolated
compounds 1-10 and standard agents.

Compound IC,,(mM)
1 No Activity
2 No Activity
3 No Activity
4 246+1.26
5 9.29+0.72
6 0.064+0.35
7 2.63+0.45
8 2.93+0.92
9 0.46+1.76
10 0.061+0.57
Vitamin C 0.11+0.37
BHT 040+1.13

effect in diabetic rats. We also succeeded in the isolation of
chemical constituents (1-10) and identifying that the active
component (10) is responsible for the in vitro antidiabetic
activity in C. longisepalum stems. In addition, compounds
6, 9 and 10 also showed good antioxidant activity (DPPH).
Therefore, this suggests that C. longisepalum can be used
in the treatment of diabetes without affecting hematological
values.

Acknowledgements

This work was supported by the Higher Education
Research Promotion and National Research University Project
of Thailand, Office of the Higher Education Commission. The
authors would like to thank Rajamangala University of Tech-
nology Thanyaburi for their support. JS also thank the

Graduate School of Chulalongkorn University for a Post-
doctoral Fellowship (Ratchadaphiseksomphot Endowment
Fund).

References

Chae, S., Kang, K. A., Kim, J. S., Hyum, J. W., & Kang, S. S.
(2006). Trichotomoside, a new antioxidative phenyl-
propanoid glycosides from Clerodendron trichoto-
mum. Chemistry and Biodiversity, 3(1),41-48.

Chaves, M. H., Roque, N. F., & Costa Ayres, M. C. (2004).
Steroids and flavonoids of Porcelia macrocarpa.
Journal of the Brazilian Chemical Society, 15(4),
609-613.

Damsud, T., Adisakwattana, S., & Phuwapraisirisan, P. (2013).
Three new phenylpropanoyl amides from the leaves
of Piper sarmentosum and their a-glucosidase inhibi-
tory activities. Phytochemistry Letters, 6(3), 350-354.

Ishii, H., Okada, Y., Baba, M., & Okuyama, T. (2008). Studies
of coumarins from the Chinese drug Qianhu., XXVII,
Structure of a new simple coumarin glycoside from
Bai-Hua Qianhu., Peucedanum praeruptorum. Chemi-
cal and Pharmaceutical Bulletin, 56(9), 1349-1351.

Khan, M. F., Dixit, P, Jaiswal, N., Tamrakar, A. K., Srivastava,
A. K., & Maurya, R. (2012). Chemical constituents of
Kigelia pinnata twigs and their GLUT4 translocation
modulatory effect in skeletal muscle cells. Fitoterapia,
83(1), 125-129.

Kitabchi, A. E., Umpierrez, G. E., Miles, J. M., & Fisher, J. N.
(2009). Hyperglycemic crises in adult patients with
diabetes. Diabetes Care, 32(7), 1335-43.

Leeratiwong, L., Chantaranothai, P., & Paton, A.J. (2011).A
Synopsis of the Genus Clerodendrum L. (Lamiaceae)
in Thailand. Tropical Natural History, 11(2), 177-211.



S. Phaopongthai et al. / Songklanakarin J. Sci. Technol. 39 (3), 317-323,2017 323

Leitao, S. G, & Kaplan, M. A. C. (1994). Phenylpropanoid
glucosides from Aegiphila obducta. Journal of
Natural Products, 57(12), 1703-1707

Li, D., Li, X., & Wang, B. (2008). Pentacyclic triterpenoids
from the mangrove plant Rhizophora stylosa. Natural
Product Research, 22(9), 808-813.

Liu,Q.,Hu,H.J.,Li,P. F,, Yang, Y. B., Wu, L. H., Chou, G. X.,
& Wang, Z. T. (2014). Diterpenoids and phenyletha-
noid glycosides from the roots of Clerodendrum
bungei and their inhibitory effects against angiotensin
converting enzyme and o-glucosidase. Phytochemis-
try, 103,196-202.

Nebel, B., Mittelbach, M., & Uray, G. (2008). Determination of
the composition of acetylglycerol mixtures by 'H NMR
followed by GC investigation. Analytical Chemistry,
80(22),8712-8716.

Talubmook, C., Forrest, A., & Parsons, M. (2003). Streptozo-
tocin induced diabetes modulates presynaptic and
postsynaptic function in the rat ileum. European
Journal of Pharmacology, 496(1-3), 153-158.

Wu, Y., Long F., Zheng, C., Ming, Q., Deng, X., Zhu, J., & Qin,
L. (2014). A new apiofuranoside from the rattan of
Piper flaviflorum. Records of Natural Products, 8(1),
1-6.

Yen, G. C., & Hsieh, C. L. (1997). Antioxidant effects of dopa-
mine and related compounds. Bioscience, Biotechno-
logy, and Biochemistry, 61(10), 1646-4649.



