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Vindogentianine, a new indole alkaloid together with six known alkaloids, vindoline, vindolidine,
vindolicine, vindolinine, perivine and serpentinewere isolated from leaf extract (DA) ofCatharanthus
roseus (L.) G. Don. Their structures were elucidated by spectroscopic methods; NMR, MS, UV and IR.
Vindogentianine is a dimer containing a vindolinemoiety coupled to a gentianinemoiety. After 24 h
incubation, vindogentianine exhibited no cytotoxic effect in C2C12 mouse myoblast and β-TC6
mouse pancreatic cells (IC50 N 50 μg/mL). Real-time cell proliferation monitoring also indicated
vindogentianine had little or no effect on C2C12 mouse myoblast cell growth at the highest dose
tested (200 μg/mL), without inducing cell death. Vindogentianine exhibited potential hypoglycemic
activity in β-TC6 and C2C12 cells by inducing higher glucose uptake and significant in vitro PTP-1B
inhibition. However, in vitro α-amylase and α-glucosidase inhibition assay showed low inhibition
under treatment of vindogentianine. This suggests that hypoglycemic activity of vindogentianine
may be due to the enhancement of glucose uptake and PTP-1B inhibition, implying its therapeutic
potential against type 2 diabetes.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Catharanthus roseus (L.) G. Don (Apocynaceae) is amedicinal
plant used in many traditional practices for the treatment of
diabetes in several countries such as Malaysia [1], India, China,
South Africa and Mexico [2]. The study of oral hypoglycemic
n assay; TE, trolox
iaxol-4-yl)amino]-2-
Medium; FBS, fetal

ry, Faculty of Science,
el.: +60 37967 4064;
activity led to the discovery of vinblastine and vincristine, the
first natural anticancer agents used clinically [3]. This drive the
attention on this plant towards anticancer and neglecting the
antidiabetes activity from this plant, discovery of more than 130
alkaloids [4]. Even though with the extensive alkaloids constit-
uent evaluation conducted onto this plant, still new indole
alkaloids were discovered and reported recently. [5–8].

Therefore, several studies have reported the in vitro and
in vivo activity supporting the antidiabetic activity of this plant.
The extract of C. roseus from twig and leaves showed increase
glucose utilization in cells, reduced blood glucose in animal
model such as rabbits and rats [9,10]. A significant increase of
glucokinase activity in the liver of rats treated with extract of
this plant was also reported [11]. Some chemical constituents
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of this plant had been showed to exhibit hypoglycemic
activity such as vindoline, tetrahydroalstonine, catharanthine,
lochericine, leurosine, vindolinine, adenosine, β-sitosterol,
quercetin, ursolic acid and tannic [12–14].

However, there are still many other chemical constituents of
this plant especially alkaloids, that have never been evaluated for
their hypoglecemic activity. Recently, the hypoglycemic activity
of several known indole alkaloids from C. roseus has been
reported, with vindolicine (Fig. 1) showing potential as a novel
protein-tyrosine phosphatase 1B (PTP-1B) inhibitor that may
serve as an “insulin sensitizer” in the management of type 2
diabetes [15].

In this communication, a dimer containing a vindoline
substructure coupled with a gentianine moiety, vindogentianine
(1) was isolated from Catharanthus roseus (Fig. 1). This paper
communicates the isolation and structure elucidation of 1. We
evaluated the in vitrohypoglycemic ability of 1 by glucose uptake
assay, PTP-1B andα-amylase inhibition. In addition, cytotoxicity
testing and antioxidant of 1was also evaluated.

2. Results and discussion

Vindogentianine, 1 was obtained as a yellowish brown
amorphous solid and was positive to Dragendoff's reagent
with purity of about 90% (Fig. 1). 1 was purified from the
alkaloid crude (DA) obtained from the dichloromethane
(DE) leave extract of Catharanthus roseus. DE also showed
hypoglycemic activity by exhibiting higher glucose uptake in
β-TC6, mouse pancreatic cell, as compared to untreated cells
[15]. Chemical investigation on the active extract led to the
isolation of 1.

The molecular formula of 1 was determined as C35H41N3O8

based on ESI-IT-TOFMS [m/z 632.3060 (M+H+),Δ+8.9mmu]
and [m/z 676.2897 (M+HCOO−),Δ+2.7 mmu]. IR absorptions
implied the presence of hydroxyl (3458 cm−1) and ester
Fig. 1. Chemical structure of 1, vindoli
carbonyl (1741 cm−1) functionalities. UV spectral absorbance's
of λmax (log ε): 216 (4.46), 259 (4.11) and 310 (4.01) nm
suggested the presence of a dihydroindole moiety [16].

The 13C NMR spectrum showed the presence of 35 carbons;
four sp3methine, six sp3methylene, sixmethyl, six sp2methine
and thirteen quaternary carbons. Based on comparisons of 13C
and 1H NMR spectra to other earlier reported alkaloids from
this plant, 1 consisted of two subunits; A and B, in which
subunit A is the vindoline while subunit B is gentianine-related
moeity (Fig. 1). Both units are connected through a C-10 and C-
9′ linkage (Fig. 2).

The subunit A has 25 carbons consisting of three sp3

methines, four sp3 methylenes, five methyls, four sp2 methines
and nine quaternary that were observed in 13C and DEPT 135°
NMR spectra. The 1H NMR spectrum indicated the presence of
two cis-olefinic protons, H-14(δH 5.84, dd, 1H, J = 4.6, 10.1 Hz)
and H-15(δH 5.20, d, 1H, J = 10.1 Hz). Twomethoxyls attached
to C-22 and C-11 resonated as two 3H singlets at δH 3.74 and δH
3.72 respectively. The presence of an acetate functionality was
confirmed by the resonance of the carbonyl carbon at δC171.0
with the corresponding methyl carbon resonating at δC21.2.
Two aromatic protons H-9 and H-12, appeared as singlets at δH
6.57 and δH 6.00 respectively, indicating that C-10 and C-11
were substituted. The methyl of an ethyl moiety attached to C-
20 resonated as a triplet at δH 0.49. All the carbons and protons
of the subunit A were assigned through extensive analysis of
HMBC, HMQC and COSY spectra (Table 1 & Fig. 2). All chemical
shifts were consistent with the reported values for vindoline.

The 10 remaining carbons were assigned to subunit B; one
sp3methine, two sp3methylenes, onemethyl, two sp2methine
and four quaternary carbons. Subunit B has six degrees of
unsaturation, consistent with the presence of a six membered
lactone fused with a pyridine ring to give the gentianine-
related moiety [11]. Two highly deshielded aromatic protons
were observed as 1H singlet at δH 9.06 (H-3′) and δH 8.58 (H-
cine, vindoline and gentianine.



Fig. 2. Selected 1H–13C HMBC correlation of 1.
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4′), with corresponding carbon signals at δC 149.5 (C-3′) and δC
152.2 (C-4′), thus confirming the presence of pyridine system
[11]. In addition, an overlapped signal of oxymethylene and
methine signals was overlapped at δH 4.48 (H-8′ & H-9′).
Methylene (δH 2.93, H-7′) and methyl (δH 1.48, H-10′) protons
also were observed. Furthermore, 13C NMR spectrum showed
the C-1′ carbonyl signal at δC 164.3 with the corresponding
ethylenyl resonance at δC 66.6 (C-8′) and δC 23.9 (C-7′).

The COSY and HMQC spectra revealed connectivity of 2
partial structures; –OCH2CH2− and –CHCH3. The former is a
part of a lactone ring system while the latter is attached to the
pyridine unit through C-5′. The 1H–13C connections betweenH-
7′/C-2′, H-8′/C-1′, H-8′/C-6′ and H-9′/C-5′ were proven by
HMBC correlation. Both the subunits A and B were connected
through C-9′ and C-10 linkages. This was proven by the HMBC
correlations of H-10′ to C-10 and H-9′ to C-11 (Fig. 2). C9′was
found to be a stereocentre for compound 1 but the stereo-
chemistry of it at that position is not determined due to
possible free rotation.

Gentianine is ubiquitous in Gentianaceae plants [17,18] and
several genera of Apocynaceae plants such as Alstonia and
Hunteria [19–21] but it has never been reported in the genus
Catharanthus. It is believed that gentianine is an artefact formed
from the degradation of gentiopicroside, a secoiridoid glycoside
[22,23] also commonly found in Gentianaceae species espe-
cially in the genera Gentiana and Swertia [24,25]. We propose
that 1 is a product from the coupling of the natural
gentiopicroside [17] with vindoline, possibly by an enzymatic
carbon-to-carbon coupling, similar to the enzymatic peroxi-
dase coupling of vindoline and catharanthine to form vinblas-
tine as reported [26]. Then, upon treatment with ammonia 1
was produced.

Gentianine and monoterpene indole alkaloids had been
found to couple together in gentiacraline but coupling through
C10–C9′ bonding such as in compound 1 has never been
reported [27]. Hence, compound 1 is the first evidence for the
occurrence of such coupling of gentianine related compound
with monoterpene indole alkaloids.

The cytotoxicity of 1 against C2C12 mouse myoblast
(skeletal muscle) and β-TC6 mouse pancreatic cell line was
evaluated using MTT cell viability assay after 24 h treatment.
The IC50 of 1 in C2C12 and β-TC6 was N50 μg/mL, whereas the
cytotoxic drugs, doxorubicin exhibited IC50 values of 4.61 ±
0.25 μg/mL and 4.07±0.19 μg/mL, and paclitaxel IC50 values of
3.18 ± 0.23 μg/mL and 2.85 ± 0.31 μg/mL in C2C12 and β-TC6
cells, respectively. These results clearly indicated that 1 is
relatively less toxic towards C2C12 and β-TC6 cells compared
to the chemotherapeutic drugs, doxorubicin and paclitaxel.

Real-time cell proliferation assay (RTCA) was carried out to
monitor subtle changes in the growth pattern of C2C12 cells
treated with 1 or reference cytotoxic drugs (doxorubicin or
paclitaxel). The results indicated no significant difference in the
proliferation of the control C2C12 cells and the cells treated
with various dosages of 1 throughout the 24 hour treatment
time (Fig. S1). In contrast, significant cell death was observable
in samples treated with 10 μg/mL doxorubicin or paclitaxel.
These results showed that 1 has little inhibitory effect towards
C2C12 cell growth, consistent with our MTT cell viability
results. In contrast, doxorubicin and paclitaxel inhibited cell
proliferationwithin 6 h, implying that these drugs have a faster
kinetic and higher cytotoxicity effect.

ORAC assay was conducted in order to examine whether 1
possessed antioxidant effects. This assay uses peroxyl radical as
pro-oxidant and the free radical scavenging ability of the
compound tested can be determined via Area Under Curve
(AUC) calculation [28]. In this experiment, quercetin was used
as the positive control for comparison of antioxidant activity.
The assay performed shows that 1 exhibited relatively lower
antioxidant capacity compared to the standard quercetin
(Table 2).

To examinewhether compound 1 can affect glucose uptake
in β-TC6 pancreatic and C2C12 muscle cells, the uptake of
the fluorescent hexose, 2-[N-(7-nitrobenz-2-oxa-1,3-diaxol-4-
yl)amino]-2-deoxyglucose (2-NBDG), was assayed on β-TC6
and C2C12 cells. Insulinwas used as positive control. The green
fluorescent 2-NBDG glucose could be visualized markedly
around the cytosols in 1-treated β-TC6 and C2C12 cells
(Fig. S2A). Compound 1 showed significant hypoglycemic
activity at higher treatment concentrations (25.0, 50.0 &
100.0 μg/mL) as compared to untreated β-TC6 and C2C12
cells (Fig. S2B). The variable fluorescence intensities in
β-TC6 and C2C12 cells treated with 1 indicated their
heterogeneous glucose uptake activity.

α-Amylase is a protein enzyme that hydrolyses alpha bonds
of large, alpha-linked polysaccharides, such as starch and
glycogen, yielding glucose and maltose. It is the major form of
amylase found in humans and other mammals [29]. Starch and
disaccharides are hydrolysed by α-glucosidase in the intestine.
α-Amylase and α-glucosidase are the factories for the produc-
tion of glucose in blood stream from carbohydrate digestion.
Protein–tyrosine phosphatase 1B (PTP-1B) is a non-receptor
phospho–tyrosine protein phosphatase that negatively regulates
insulin signaling by dephosphorylating the phosphotryosine
residues of insulin receptors [30].

In this study, we tested the inhibitory activity of 1 againstα-
amylase, α-glucosidase and PTP-1B. Compounds can be consid-
ered as having a significant inhibition effect if the IC50 is below
50 μg/mL. The results indicated non-significant inhibition of α-
amylase by 1 (74.43 ± 9.38 μg/mL) compared to acarbose
(28.35 ± 3.64 μg/mL), the standard compound for α-amylase
(Table 3). An effective strategy for type 2 diabetes management
is the strong inhibition ofα-glucosidase. This result is in relation
to previous reports showing that an instant rise in the level of



Table 1
1H (400 MHz) and 13C (100 MHz) NMR Data of 1 compared obtained in CDCl3 with 1H literature of vindoline and gentianine. [41,42].

Position 1 Vindoline Gentianine

δH δC δH δH

2 3.68 (s, 1H) 83.4 3.75 –

3 3.44 (α, dd, 1Ha, J = 4.6, 16.3 Hz) 51.0 3.40 –

2.83 (β, d, 1Hb, J = 16.3 Hz)
5 3.36 (α, ddd, 1Ha, J = 4.3, 9.2, 13.7 Hz) 51.4 2.1–3.0 –

2.49 (β, dd, 1Hb, J = 7.1, 10.6 Hz)
6 2.21 (ddd, 1H, J = 2.3, 6.8, 13.9 Hz) 44.2 –

2.01 (m, 1H, overlap with HCOMe)
7 – 53.2 – –

8 – 124.1 – –

9 6.57 (s, 1H) 120.6 6.91 –

10 – 122.8 6.30 –

11 – 157.6 – –

12 6.00 (s, 1H) 93.4 6.08 –

13 – 152.4 – –

14 5.84 (dd, 1H, J = 4.6, 10.1 Hz) 124.6 5.88 –

15 5.20 (d, 1H, J = 10.1 Hz) 130.4 5.23 –

16 – 79.8 – –

17 5.34 (α, s, 1Ha) 76.5 5.43 –

18 0.49 (t, 3H, J = 7.3 Hz) 7.8 0.48 –

19 1.56 (α, m, 1Ha, J = 7.3 Hz) 30.8 1.35 –

1.01 (β, m, 1Hb, J = 7.3 Hz)
20 – 42.9 – –

21 2.64 (s, 1H) 66.4 2.65 –

22 – 171.9 – –

COMe 2.03 (s, 3H) 21.2 2.07 –

NMe 2.65 (s, 3H) 38.7 2.68 –

11-OMe 3.74 (s, 3H) 55.7 3.80 –

22-OMe 3.72 (s, 3H) 52.4 3.80 –

OCOMe – 171.0 – –

1′ – 164.3 – –

2′ – 138.6 – –

3′ 9.06 (s, 1H) 149.4 – 9.06
4′ 8.58 (s, 1H) 152.2 – 8.84
5′ – 121.1 – –

6′ – 146.5 – –

7′ 2.92 (m, 2H, overlapped with H3) 23.9 – 3.00
8′ 4.48 (m, 2H, overlapped with H9′) 66.6 – 4.54
9′ 4.48 (m, 1H, overlapped with H8′) 31.7 – 5.77, 5.98 and 7.08
10′ 1.48 (d, 3H, J = 7.3 Hz) 21.0 –

Table 3
Inhibition ofα-amylase,α-glucosidase and PTP-1B by1 compared to the standard
drugs in terms of IC50 (dosage that inhibits 50% of enzyme activity) values.
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blood glucose provokes hyperglycemia in the patientswhohave
type 2 diabetes which might be due to hydrolysis of glucose by
intestinal α-glucosidase [31]. α-Glucosidase results showed
that compound 1 has an IC50 of 269.72 ± 15.44 μg/mL as
compared to standard drug Acarbose: 165.35 ± 8.52 μg/mL
(Table 3). On the other hand, low PTP-1B inhibition IC50 values
observed for 1 (15.28 ± 2.59 μg/mL) indicated its potential
effects for PTP-1B inhibition compared to RK-682 and ursolic
acid, the standard control references (Table 3).

3. Conclusions

Since compound 1 showed insignificant or low digestion of
carbohydrate to glucose, the glucose reduction observed in 2-
Table 2
Antioxidant capacity of compounds, 1 or quercetin as determined by ORAC
method.

Compound μM TE per 100 μg/mL (±SD)

Vindogentianine 1.59 (±0.07)
Quercetin 21.41 (±0.68)

Inhibited enzymes Compound IC50 (μg/mL)

α-Amylase Vindogentianine 74.43 ± 9.38
Acarbose 28.35 ± 3.64

α-Glucosidase Vindogentianine 269.72 ± 15.44
Acarbose 165.35 ± 8.52

PTP-1B Vindogentianine 15.28 ± 2.59
RK-682 5.17 ± 1.22
Ursolic acid 4.73 ± 0.84
NBDG glucose uptake assay was not due to reduction of glucose
production. Based on these results, we proposed that compound
1 could induce higher glucose uptake in β-TC6 by lowering PTP-
1B activity. Fewstudies have demonstrated that PTP-1Bdeficient
mice are more sensitive to insulin, have improved glycemic
control, and are resistant to diet induced obesity [31,32]. Since
compound 1 showed promising inhibition of PTP-1B enzymes,
therefore, it could be helpful in the management of obesity and
type 2 diabetic conditions. However, the anti-diabetic effect of
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compound 1 warrants further in-depth molecular studies to
elucidate the exact mechanism.

4. Materials and methods

4.1. General

Column chromatography: silica gel (0.063–0.200, 0.040–
0.063, 0.015–0.040 mm; Merck). Preparative thin layered
chromatography (PTLC): silica gel F254 (1 mm; Merck). UV
spectra were obtained on a Shidmazu UV-1650 PC UV–vis
spectrophotometer (Shimadzu); IR spectra were obtained on a
Perkin-Elmer RX1 FT-IR spectrophotometer using KBr pellets,
MS was recorded on a Shimadzu LCMS-IT-TOF mass spectrom-
eter (Shidmazu); and NMR spectra were recorded on a JOEL
ECA 400 FT-NMR (400 MHz/100 MHz; JOEL Delta) or Bruker
Ultrashield 600 Plus (600 MHz/150 MHz; Bruker Biospin AG)
spectrometer with chemical shifts in δ relative to TMS as
internal reference. Dragendoff's reagent was used as the
chromogenic agent. Fluorescein sodium salt, AAPH (2,2′-
Azobis(2-methylpropionamidine) dihydrochloride, 97%), quer-
cetin dehydrate (≤100%) and trolox ((±)-6-Hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid, 97%), doxorubicin
(98%), paclitaxel (N95%), ursolic acid (N90%), acarbose (N95%),
RK-682 (N98%) and insulin were purchased from Sigma-Aldrich.

4.2. Plant material

C. roseus (L.) G. Don. (Apocynaceae) was cultivated at Jeli,
Kelantan, Malaysia from November 2008 under natural condi-
tion. The leaves were collected in May 2009 and dried at
40 °C. The specimen was authenticated by Mr. Teo Leong
Eng, a botanist in the Faculty of Science, University of
Malaya. A voucher specimen with Herbarium no. of KL 5763
was deposited at the Herbarium in Department of Chemis-
try, University of Malaya, Kuala Lumpur, Malaysia.

4.3. Extraction and isolation

The dried leaves of C. roseus (1 kg) were extracted with
dichloromethane (DCM) after being defatted using n-hexane.
Dried ground leaves of C. roseus (1 kg) were macerated twice
with n-hexane (10 L) for 3 days at room temperature. After
removal of n-hexane, the plant residue was first wetted with
25% ammonia for 1 h followed by soaking twice with DCM
(10 L) for 3 days at room temperature. The DCM extract (DE)
was obtained after filtering and dried under reduced pressure.
DE (42.6 g) was subjected to acid-base extraction using 5%
hydrochloric acid and 25% ammonia solution to obtain an
alkaloid crude extract (4.2 g) (DA).

DA was subjected to silica column chromatography (CC,
diameter: 10 cm) using step gradient elution from100%DCMto
DCM:MeOH with ratios of 95:5, 90:10, 85:15, 80:20, 75:25,
70:30, 65:35, 60:40, 55:45, and 50:50 (v/v). The CC was later
flushed using a solvent mixture of DCM andMeOH with a ratio
of 40:60, 20:80 (v/v) before 100%MeOH. Each solvent ratiowas
eluted at volumes of 1000 mL. The eluent was collected into
fractions of 100 mL each. Fractions with the same thin layered
chromatography (TLC) profiles were then combined. A total of
15 fractions were obtained (Fractions 1–15).
Fraction 4 was applied to preparative thin layer chromatog-
raphywith a solventmixture of n-hexane:-ethyl acetate:acetone
(20:79:1, v/v/v) under ammonia vapour to 0.9% yield
vindogentianine, 1 (38.6 mg) from DA.

4.4. Liquid Chromatography-Ion Trap-Time of Flight-Mass
Spectrometry (LCMS-IT-TOF-MS) analysis

LC-MS identification was carried out on a Shimadzu Liquid
Chromatography Mass Spectrometry-Ion Trap-Time of Flight
system equipped with pump (LC-20 AD), auto sampler (SIL-
20 AC), column oven (CTO-20 AC), PDA detector (SPD-M20A)
and coupled to an ESI interface (Shimadzu, Kyoto, Japan).
Isolated compounds (5 μL, 1 mg/mL) were injected and
chromatographed on a Waters XBridge C18 2.5 mm (2.1 ×
50 mm) column with the mobile phases of A (0.1% formic acid
in water) and B (0.1% formic acid in MeOH). The mobile phase
was performed using a gradient as follows: isocratic 10% B for
2 min, linear gradient of 10% B to 100% B over the next 25 min
and isocratic at 100% B for 5min. The systemwas re-equilibrated
for 5min before the next sample injection. Eluentwasmonitored
using PDAdetector at 220 nm, 254 nm, 350 nmand 450 nm. ESI-
MS was performed in the range 100–2000 Da in both positive
and negative modes. The temperature of the heat block and
curved desolvation line (the inlet for the high vacuum region)
were set to 200 °C and 250 °C, respectively. Nitrogen gas was
used as nebulizer with the flow rate set at 1.5 L/min. The ESI
source voltage was set at 4.5 kV for positive mode and−3.5 kV
for the negative mode whereas the detector was maintained at
1.7 kV. Shimadzu's LCMS solution software was used for data
analysis.

4.5. Cell culture

Mouse β-TC6 pancreatic cell line and mouse myoblast
(skeletal muscle) C2C12 cell line were purchased from
American Type Culture Collection (ATCC, Manassas, VA, USA).
C2C12 cells were grown in Dulbecco's Modified Eagle Medium
(DMEM, Life Technologies, Inc., Rockville, MD) supplemented
with 10% heat-inactivated fetal bovine serum (FBS, Sigma-
Aldrich, St. Louis, MO), 1% penicillin and streptomycin. β-TC6
was cultured in 15% heat-inactivated fetal bovine serum (FBS,
Sigma-Aldrich, St. Louis,MO), 1% penicillin and streptomycin in
Dulbecco's Modified Eagle Medium (DMEM, Life Technologies,
Inc., Rockville,MD) [33]. The cultureswere kept in a humidified
incubator at 37 °C in 5% CO2 and the growth medium was
changed every 3 days.

4.6. Cytotoxicity assay

The cytotoxic effect of 1 was assessed by MTT cell viability
assay as described previously [34]. 1.0 × 104 cells were seeded
in a 96-well plate and incubated overnight at 37 °C in 5% CO2.
On the next day, the cells were treated with a two-fold
dilution series of seven dosages (100, 50, 25, 12.5, 6.25,
3.125, 1.56 μg/mL) of the compound, and then they were
further cultured for 24 h.MTT solution (4,5-dimethylthiazol-2-
yl-2,5-diphenyltetrazoliumbromide) was added at 2 mg/mL
and after 2 h of incubation at 37 °C in 5% CO2, DMSOwas added
to dissolve the formazan crystals. The plates were then read in
Chameleonmulti technologymicro plate reader (Hidex, Turku,
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Finland) at 570 nm absorbance. Cell viability was calculated by
previously described method [35,30]. The ratio of the absor-
bance of treated cells to the absorbance of DMSO-treated
control cells was determined as percentage of cell viability. IC50
value was defined as the concentration of the compound
required to reduce the absorbance of treated cells to 50% of the
DMSO-treated control cells. The experiment was carried out in
triplicates.

4.7. Real-time cell proliferation

In vitro proliferation of 1-treated and untreated mouse
myoblast C2C12 cells was examined using Roche xCELLigence
Real-TimeCellular Analysis system(Roche,Manheim,Germany).
On the first day, 1.0 × 104 cells were seeded in eachwell of a 16X
E-plate background measurement, which was done by adding
100 mL of the appropriate medium to the wells. The real-time
cellular analysis systemmonitored the proliferation of cells every
5min for about 20 h. During the log growth phase, the cells were
treated with different concentrations (12.5, 25, 50, 100 and
200 μg/mL) of 1 or 10 μg/mL of doxorubicin or paclitaxel and
monitored continuously for another 24 h.

4.8. Oxygen Radical Antioxidant Capacity (ORAC)

ORAC assay was done with slight modifications to previ-
ously reported methods [36]. Compound 1 was diluted to a
final concentration of 100 μg/mL, with total reaction volume of
200 μL. The assaywas performed in a 96-well blackmicro plate,
with 25 μL of 1, standard (trolox), blank (solvent) or positive
control (quercetin). Subsequently, 150 μL of working fluores-
cein solution was added to each well of assay plate. The plate
was incubated at 37 °C for 15 min. 25 μL of AAPH working
solutionwas then added to thewells, making up a total volume
of 200 μL. Fluorescence was recorded with excitation wave-
length of 485 nm and emission wavelength of 538 nm. Data
were collected for duration of 2 h, and were analysed by
calculating the differences of area under fluorescence decay
curve of samples and blank. The values were expressed as
Trolox Equivalent (TE).

4.9. 2-NBDG glucose uptake

β-TC6 or C2C12 cells were seeded at a density of 1.5 × 104

cells/mL in 96-well plate and allowed to attach, spread, and
proliferate to near confluence at 37 °C in 5% CO2. After an
overnight incubation, themediumwas discarded, washedwith
phosphate-buffered saline (PBS) twice and replenished with
2.5 mM glucose in basal medium comprising DMEM without
glucose or pyruvate supplemented with L-glutamine and 15%
(v/v) FBS (final serum glucose concentration of approximately
0.25 mM).

The cells were incubated for 60 min at 37 °C in 5% CO2. The
conditioning medium was then replaced with 10 mM 2-NBDG
(Invitrogen) in basal medium in the presence or absence of 1.
The cells were kept at 37 °C in 5% CO2 for 30 min to permit
endocytosis of the 2-NBDG. Then, the medium was removed,
cells were washed twice with PBS and stained with nucleic dye
Hoechst 33342 for another 30min. The cells were then observed
for intra-cellular fluorescence at Excitation/Emission= 350 nm/
461 nm and Excitation/Emission= 475 nm/550 nm for Hoechst
33342 and 2-NBDG, respectively. Plates were evaluated using
the Array Scan High Content Screening system (Cellomics
Inc., Pittsburgh, PA, USA) and analysed with Target Activation
BioApplication software (Cellomics Inc.) [37].

4.10. α-Amylase inhibition assay

Sample (500 μL) and 500 μL of 0.02 M sodium phosphate
buffer (pH 6.9 with 0.006 M NaCl) containing α-amylase
solutions (0.5 mg/mL) were incubated at 25 °C for 10 min [38].
α-Amylase from Bacillus licheniformiswas procured fromSigma-
Aldrich (USA). After pre-incubation, 500 μL of a 1% starch
solution in 0.02 M sodium phosphate buffer (pH 6.9 with 0.006
M sodium chloride) 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
colour reagent. The test tubes were then incubated in a boiling
water bath for 5min and cooled to room temperature. Acarbose
was used as a standard positive. The reaction mixture was then
diluted after adding 10 mL distilled water and absorbance was
measured at 540 nm using multimode-reader. The results were
expressed as % inhibition of enzyme activity.

4.11. α-Glucosidase inhibition assay

In this method, α-glucosidase from Saccharomyces cerevisiae
was obtained from Sigma-Aldrich (USA). α-Glucosidase (20 μL,
1.5 U/mL) was premixed with 200 μL of test compounds at
varying concentrations made up in 50 mM phosphate buffer at
pH6.8 and incubated for 5min at 37 °C. 1mMpara-nitrophenyl-
α-D glucopyranoside (200 μL) in 50mMof phosphate bufferwas
added to initiate the reaction, and the mixture was further
incubated at 37 °C for 20 min. Acarbose was used as the positive
control. The reactionwas terminated by the addition of 500 μL of
1 M Na2CO3, and the final volume was made up to 1500 μL. The
absorbance was recorded at 405 nm [39].

4.12. PTP-1B inhibition assay

The present study investigated 1 for its inhibitory effects
on protein–tyrosine phosphatase 1B (PTP-1B) activity in an
in vitro assay. Ursolic acid and 3-hexadecanoyl-5-hydroxy-
methyl tetronic acid (RK-682) were used as positive controls
in the assay [40]. To each well of a 96-well plate (final volume:
200 μL), 2 mM p-nitrophenyl phosphate (p-NPP) as a substrate
and PTP-1B human recombinant enzyme (BIOMOL International
LP USA) (0.1 μg) were added in a 50mM citrate buffer of pH 6.0,
containing, 0.1 M NaCl, 1 mM EDTA, and 1 mM dithiothreitol
(DTT) with or without fraction samples and incubated for
30 min at 37 °C. Thereafter, 10 M NaOH was added and the
reaction was terminated. The amount of p-nitro phenol
produced was estimated by measuring the absorbance at
405 nm. The non-enzymatic hydrolysis of 2 mM p-NPP was
measured at the same absorbance in the absence of PTP-1B
enzyme.

4.13. Statistical analysis

Data were presented as means ± SEM (standard error of
mean) and analysed with unpaired Student's t-test. p b 0.05 is
considered significant.
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4.14. Vindogentianine (1)

Yellowish brown amorphous; mp 132–138 °C; UV (MeOH)
λmax (log ε) 216 (4.46), 259 (4.11) and 310 (4.01) nm;
[∝]D22 – 134 (c0.01, MeOH); IR (KBr) νmax 3458, 1741 and
1240 cm−1; 1H and 13C NMR (CDCl3, 400 and 100MHz, Table 1);
ESI MS (+ve) m/z 632.3 [M + H]+; ESI MS (−ve) m/z 676.3
[M+ HCOO]-; ESI-IT-TOF-MSm/z 632.3060 [M+H]+ (calcd
for C35H41N3O8 m/z 631.2894).
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