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AMP-activated kinase (AMPK) as a key controller in the regulation of whole-body energy homeostasis,
plays an important role in protecting the body from metabolic diseases. Recently, improved glucose, lipid
utility and increased insulin sensitivity were observed on several diabetic rodent models treated with
crude mogrosides isolated from the fruit of Siraitia grosvenorii Swingle, but the precise active compounds
responsible for the anti-diabetic activity of this plant have not been clearly identified. In our current
work, acid hydrolysis of crude mogrosides provided five new cucurbitane triterpenoids (1–4, 8), along
with three known ones (5–7). The main aglycone mogrol (7) and compounds 4 and 8 were found to be
potent AMPK activators in the HepG2 cell line. This result suggested AMPK activation by the mogroside
aglycones 7 and 8 was proved to contribute at least partially to the anti-hyperglycemic and anti-lipidemic
properties in vivo of S. grosvenorii.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Metabolic disorders, including obesity and type-2 diabetes, are
now taking its place as one of the main threats to human health in
21st century.1 Imbalance of energy metabolism is a major cause for
metabolic syndrome.2,3 Recently, many studies suggested that
AMP-activated protein kinase (AMPK), a heterotrimetric protein,
plays a key role in regulation of whole-body energy homeostasis.
AMPK is activated under a variety of conditions that signify cellular
stress and usually reflected by a change in the intracellular ATP-to-
AMP ratio. Active AMPK orchestrates a variety of metabolic pro-
cesses, most of which lead to reduced energy storage and increased
energy production. Therefore, the activation of AMPK is considered
as a potential therapeutic target for the treatment of metabolic
disorders.4

Luo Han Guo is the fruit of Siraitia grosvenorii Swingle (formerly
called Momordica grosvenorii Swingle) belonging to Cucurbitaceae
species and is used as a pulmonary demulcent and emollient for
the treatment of dry cough, sore throat, dire thirst, and constipa-
tion in traditional Chinese medicine.5 The main chemical compo-
nents of the fruit of this plant are cucurbitane triterpene
ll rights reserved.
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glycosides, known as mogrosides, which have high sweetness,
low calories, and can serve as a substitute for sugar for obese
and diabetic patients.6,7 Recently, improved glucose and lipid util-
ity and increased insulin sensitivity were observed on several
diabetic rodent models treated with crude mogrosides by oral
administration, for example, diet-induced obese mice,8 Goto–
Kakizaki rats9 and alloxan-induced diabetic mice.10–12 Although
several mechanisms were proposed to explain the anti-hyperglyce-
mic effects of crude mogrosides, such as crude mogrosides are
a-glucosidase inhibitors,13 and crude mogrosides and mogroside
V, the main chemical component of crude mogrosides, function
as insulin secretagogues.14 However, Murata et al.15 reported
mogroside V was mostly degraded by digestive enzymes and intes-
tinal microflora, and its aglycone, mogrol, was found in the portal
blood. Therefore, the precise active compounds responsible for the
anti-diabetic activity of this plant have not been clearly identified
and their related mechanisms of anti-diabetic effects should be
further investigated.

Recently, anti-diabetic activities of cucurbitane triterpenoids iso-
lated from bitter melon (Cucurbitaceae) were reported and associ-
ated with activation of the AMPK pathway.16 Since their contents
in bitter melon were only about 3 ppm, the further study of cucurbi-
tane triterpenoids in anti-diabetic drug development were limited.
So it is necessary to explore the new resources of cucurbitane
triterpenoids.

In this work, we investigated the chemical constituents of crude
mogrosides by acid hydrolysis for the purpose of identifying the
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anti-diabetic principles of this medicinal herb. We have isolated
five new cucurbitane triterpenoids (1–4, 8, Fig. 1), along with three
known ones (5–7, Fig. 1), and found the mogroside aglycones 7 and
8 are potent AMPK activators in HepG2 cells, which might be a
cause to result in the anti-diabetic effect of crude mogrosides.

2. Results and discussion

2.1. Structural determination of compounds 1–9

Repeated column chromatography of the acid-hydrolysis prod-
uct of crude mogrosides resulted in the isolation of compounds
(1–8). Three known compounds were identified as bryogenin (5),17

bryodulcosigenin (6),17,18 and mogrol (7)6,17 by comparison of the
spectroscopic data with reported data. The main component mogro-
side V (9)17,19 was directly isolated from the crude mogrosides.

Compound 1 was obtained as a white amorphous powder. Its
molecular formula was determined as C31H52O4 by HRESIMS at
m/z 511.3754 [M+Na]+ (calcd for 511.3763). The IR spectrum of 1
showed absorption bands at 3446 (hydroxyls) and 1693 (car-
bonyl) cm�1. The 1H NMR spectrum data (Table 1) showed the
presence of eight methyl groups at dH 0.74, 1.01, 1.02, 1.08, 1.11,
1.11, 1.16 (each 3H, s), and 0.87 (3H, d), one methoxyl at dH 3.22
(3H, s). Further features were observed at dH 3.39 (1H, d,
J = 9.5 Hz), at dH 3.47 (1H, br s), and at dH 5.65 (1H, d, J = 5.9 Hz, a
vinylic proton). The 13C NMR spectrum data of 1 (Table 1) revealed
the signals of one carbonyl group (dC 214.9), one olefin group (dC

139.4, 120.6), two oxygenated CH groups (dC 76.1, 76.8), and one
oxygenated C group (dC 77.5). Detailed comparison of the NMR
data of 1 with those of bryodulcosigenin (6)17,18 suggested that
compound 1 was very similar to bryodulcosigenin, except that
compound 1 contains one OCH3 group more than bryodulcosige-
nin. The location of the additional OCH3 group (C-25) was assigned
by HMBC correlations of H-31 to C-25 and those of H-26, H-27 to
HO
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Figure 1. The structures
C-31. Therefore, the structure of 1 was established as 25-meth-
oxy-11-oxomogrol.

Compound 2 was isolated as a white amorphous powder. Its
molecular formula was established as C31H54O4 by HRESIMS at
m/z 513.3911 [M+Na]+ (calcd for 513.3920). The NMR spectra
(Table 1) were very similar to those of mogrol (7),6,17 except that
compound 2 contains one OCH3 group more than mogrol. The loca-
tion of the additional OCH3 group (C-25) was assigned by HMBC
correlations H-31 to C-25 and H-26, H-27 to C-31. Thus, the struc-
ture of 2 was identified as 25-methoxymogrol.

Compound 3 was obtained as a white amorphous powder. The
IR spectrum of 3 exhibited absorptions of one carbonyl (1706 cm
�1) and hydroxyl groups (3444 cm�1). The molecular formula of 3
was determined to be C30H50O3 by HRESIMS at m/z 459.3832
[M+H]+ (calcd for 459.3838), corresponding to the presence of 6�
of unsaturation. The NMR data of 3 revealed the signals of one car-
bonyl group (dC 214.9), one olefin group [dH 5.54 (1H, d, J = 6.2 Hz),
dC 142.1, 121.3)], two oxygenated CH groups [dH 3.41 (1H, br s),
3.89 (1H, m), dC 76.6, 77.6)], and eight methyl groups [dH 0.79
(3H, s), 0.84 (3H, s), 1.03 (3H, s), 1.04 (3H, s), 1.07 (3H, s), 1.09
(3H, s), 1.11 (3H, s), 0.87 (3H, d, J = 6.4)]. In comparison of the 1H
and 13C NMR data of 3 with those of the mogrol (7),6,17 they were
very similar, except that compound 3 contains one carbonyl group
more than mogrol and two hydroxyl groups (C-24 and C-25) less
than mogrol. The HMBC correlations between H-25, H-26, H-27,
and H-22 to C-24 (dC 215.7) implied that the carbonyl group was
located at C-24. Therefore, Compound 3 was determined as 25-
dehydroxy-24-oxomogrol.

The structure determination of Compound 4 was carried out on
a similar manner to that described for 3. Compound 4 was also ob-
tained as a white amorphous powder. Its molecular formula was
determined as C30H50O3 by HRESIMS at m/z 481.3651 [M+Na]+

(calcd for 481.3658). The IR spectrum of 4 Showed absorption
bands at 3438 (hydroxyls) and 1704 (carbonyl) cm�1. Compound
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Table 1
NMR spectroscopic data for compounds 1–3 in CDCl3

Pos. 1a 2a 3b

dH (J in Hz) dC, mult. dH (J in Hz) dC, mult. dH (J in Hz) dC, mult.

1 1.40 br s 20.5, CH2 1.37 m 27.9, CH2 1.92 br s 28.1, CH2

1.28 m
2 1.67 br s 28.5, CH2 1.61 m 29.1, CH2 1.62 br s 29.3, CH2

1.77 br s
3 3.47 br s 76.1, CH 3.44 br s 76.4, CH 3.41 br s 76.6, CH
4 41.5, C 42.0, C 42.2, C
5 139.4, C 141.9, C 142.1, C
6 5.65 d (5.9) 120.6, CH 5.55 d (6.1) 121.0, CH 5.54 d (6.2) 121.3, CH
7 2.42 br s 23.9, CH2 2.38 m 24.1, CH2 2.34 m 24.3, CH2

1.92 br s 1.80 br s
8 1.94 br s 43.7, CH 1.64 m 43.0, CH 1.65 br s 43.2, CH
9 48.7, C 39.7, C 39.9, C
10 1.43 br s 35.7, CH 2.25 m 35.7, CH 2.43 m 35.8, CH
11 214.9, C 3.91 t (8.5) 78.7, CH 3.89 m 79.0, CH
12 2.94 d (4.6) 48.4, CH2 1.82 br s 40.2, CH2 1.73 br s 30.2, CH2

2.46 br s
13 49.1, C 47.1, C 47.4, C
14 48.7, C 49.0, C 49.5, C
15 1.35 br s 34.3, CH2 1.17 br s 34.0, CH2 1.28 m 34.2, CH2

1.08 m
16 1.24 br s 29.7, CH2 2.22 dd (13.3, 3.5) 25.4, CH2 2.19 d (13.3) 25.6, CH2

17 1.69 br s 49.6, CH 1.58 m 50.3, CH 1.60 br s 50.4, CH
18 0.74 s 16.7, CH3 0.87 s 16.6, CH3 0.84 s 16.9, CH3

19 1.11 s 20.0, CH3 1.11 s 25.7, CH3 1.03 s 26.6, CH3

20 2.31 m 35.3, CH 1.42 m 35.9, CH 1.76 br s 41.1, CH
21 0.88 d (6.3) 18.3, CH3 0.91 d (6.3) 18.5, CH3 0.87 d (6.4) 18.5, CH3

22 1.48 m 27.8, CH2 1.37 overlapped 27.9, CH3 overlapped 2.30 m 37.6, CH3

23 2.04 m 34.0, CH2 1.44 m 33.2, CH2 2.57 m 40.3, CH2

1.32 m 1.26 m
24 3.39 d (9.5) 76.8, CH 3.39 d (9.6) 76.8, CH 215.7, C
25 77.5, C 77.5, C 1.54 br s 35.9, CH
26 1.08 s 18.6, CH3 1.08 s 18.7, CH3 1.07 s 18.6, CH3

27 1.11 s 20.7, CH3 1.11 s 20.7, CH3 1.04 s 18.7, CH3

28 1.02 s 27.3, CH3 1.05 s 26.3, CH3 1.09 s 26.0, CH3

29 1.16 s 25.3, CH3 1.13 s 25.7, CH3 1.11 s 25.9, CH3

30 1.01 s 18.2, CH3 0.80 s 18.9, CH3 0.79 s 19.2, CH3

31 3.22 s 49.0, CH3 3.21 s 49.3, CH3

a 400 MHz for 1H and 100 MHz for 13C.
b 300 MHz for 1H and 75 MHz for 13C.
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4 and 3 not only had same molecular formula, but also had very
similar NMR data. The subtle difference was that the peak of H-3
at dH 3.19 (dd, J = 11.5, 4.7 Hz) in 4 was shifted upfield compared
with the H-3 signal at dH 3.41 (br s) in 3. The 11.5 and 4.7 Hz of
coupling constant of H-3 in 4 revealed that H-3 was b-oriented.
Thus, the structure of compound 4 was determined as 3a-hydro-
xy-25-dehydroxy -24-oxomogrol.

Compound 8 was isolated as a white amorphous powder. Its
molecular formula was determined as C30H52O4 by HRESIMS at
m/z 522.3911 [M+COOH]� (calcd for 522.3920). The IR spectrum
of 4 showed absorption bands at 3431 (hydroxyls) cm�1. Compar-
ison of the NMR data of 8 with those of mogrol suggested that
compound 8 was very similar to mogrol, except that the signal of
H-3 at dH 3.40 (t, J = 2.7 Hz)6 in mogrol was replaced by that of
H-3 at dH 3.18 (dd, 11.4, 4.8) in 8. The values of coupling constants
(H-3) of compound 8 revealed that H-3 was b-oriented. Therefore,
compound 8 was determined as 3a-hydroxymogrol.

By comparison the structures of cucurbitane triterpenoids 1–8
with those of all reported mogrosides, we doubted the compounds
1 and 2 with 25-methoxyl group and compounds 3, 4, and 5 with
24-carbonyl group are artifacts, which further confirmed by acid
hydrolysis of compound 7 producing compounds 2 and 3.

We propose a plausible mechanism for the formation of artifi-
cial compounds 2 and 3 from 7 at presence of HCl (Scheme 1). By
treating with HCl, 7 firstly lose a water to form 25-carbocation
intermediate (10), then to yield 3 by 1,2-shift of hydride and to 2
by being quenched with methanol.
2.2. Activation of AMPK by compounds 1–9 in HepG2 cells

The effects of compounds (1–8) and mogroside V (9) on AMPK
phosphorylation were measured in HepG2 cells. In this assay, ber-
berine acted as a positive control and exhibited the significant ef-
fect on AMPK phosphorylation increasing (Fig. 2A), which was
consistent with the reported result.20 As shown in Figure 2B–D,
compounds 7 and 8 at 1, 10, 20 lM and compoumd 4 at 10 lM
could increase AMPK phosphorylation more efficiently than ber-
berine, while compounds 1, 2, 3, 5, and 6 had moderate effects
on AMPK phosphorylation and the major ingredient mogroside V
(9) of crude mogrosides had no effects. These results suggested
AMPK activation by the mogroside aglycones 7 and 8 is proved
to contribute at least partially to the anti-hyperglycemic and
anti-lipidemic properties in vivo of S. grosvenorii.

Furthermore, compounds were prepared to establish structure–
activity relationships for activation of AMPK phosphorylation.
Comparison their activities between 2 and 7, 3 and 4, 3 and 7, 6
and 7 suggested that 25-hydroxyl, 3a-hydroxyl, 24b-hydroxyl,
11a-hydroxyl substituents were more favorable to activate AMPK
phosphorylation than 25-methoxyl, 3b-hydroxyl, 24-carbonyl,
11-carbonyl substituents, respectively. The total saponins content
is about 24% from commercial crude mogrosides and the obtained
yield of main active aglycone mogrol is about 3.14%, whereas their
content in bitter melon is about 3 ppm. Therefore, mogrol is a bet-
ter lead structure for development of new class of AMPK-activating
agents.



Figure 2. The effects of berberine and acid-hydrolysis products of crude mogrosides on AMPK phosphorylation in HepG2 cells. (A) The effects of berberine on AMPK
phosphorylation. HepG2 cells were treated with indicated concentrations of berberine (1, 10, and 20 lM) for 30 min, AMPK phosphorylation level and total AMPK level were
determined by western blotting. (B–D) The effects of acid-hydrolysis products of crude mogrosides on AMPK phosphorylation. HepG2 cells were treated with indicated
concentrations of compounds (1, 10, and 20 lM) for 30 min, AMPK phosphorylation level and total AMPK level were determined by western blotting. The results shown are
representative of three independent experiments. ⁄p <0.05; ⁄⁄p <0.01; ⁄⁄⁄p <0.005; one-way ANOVA.
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3. Experimental section

3.1. General experimental procedures

Optical rotations were measured with a Shenke SGW-1 auto-
matic polarimeter. IR spectra were measured in a Perkin-Elmer
341 spectrometer with KBr pellets. NMR spectra were obtained
at 300 and 400 MHz in CDCl3 using Varian Inova spectrometers.
ESIMS were performed on an Waters Acquity SQD single-quadru-
pole mass spectrometer. HPLC analyses were performed on a
Waters 2690 unit with Alltech 3300 evaporative light scattering
detector, using a Kromacil C18 column (4.6 � 150 mm, 5 lm). Col-
umn chromatography was carried out on Silica gel (200–300 mesh)
and TLC on GF254 silica gel plates (Yantai Huiyou Inc., China).
Product isolation was performed with RP-18 (20–45 lm, Fuji
Silysia Chemical Ltd, Japan) or sephadex LH-20 (20–100 lm,
Pharmacia) or MCI Gel CHP20P (75–150 lm, Mitsubishi Kasei
Chemical Industries).

3.2. Plant material

The crude mogrosides (production specification: total saponins
content P24%; production code 20100723) from S. grosvenorii
Swingle was purchased from Huizhou Eastern Plant Health Tech-
nology Co. Ltd, in Guangdong Province, People’s Republic of China,
in September 2010.

3.3. Isolation procedure

The crude mogrosides (100 g) was suspended in 200 mL of
MeOH and hydrolysed with 100 mL of 4 mol/L HCl at 80 �C for
2 h. The mixture was left to cool, diluted with H2O, and filtered,



Table 2
NMR spectroscopic data for compounds 4 and 8 in CDCl3

Pos. 4a 8a

dH (J in Hz) dC, mult. dH (J in Hz) dC, mult.

1 1.82 m 29.9, CH2 1.30 m 28.5, CH2

2 1.62 br s 31.3, CH2 1.74 m 31.4, CH2

3 3.19 dd (11.5, 4.7) 79.0, CH 3.19 dd (11.5, 4.3) 77.7, CH
4 42.7, C 42.8, C
5 144.8, C 144.8, C
6 5.57 d (5.6) 118.8, CH 5.57 d (5.7) 118.7, CH
7 2.39 m 24.2, CH2 2.34 m 24.3, CH2

1.83 m
8 1.65 br s 43.1, CH 1.62 m 43.1, CH
9 39.8, C 39.9, C
10 2.43 m 35.7, CH 2.34 m 35.9, CH
11 3.93 dd (10.4, 6.3) 77.8, CH 3.92 t (7.5) 79.1, CH
12 1.74 m 30.2, CH2 1.80 m 40.5, CH2

13 47.3, C 47.4, C
14 49.4, C 49.5, C
15 1.21 m 34.1, CH2 1.16 m 34.2, CH2

1.03 m
16 1.92 dd (13.5, 7.3) 28.0, CH2 1.92 m 28.3, CH2

17 1.58 br s 50.3, CH 1.57 m 50.5, CH
18 0.86 s 16.8, CH3 0.88 s 16.9, CH3

19 0.94 s 25.9, CH3 1.09 s 26.0, CH3

20 1.79 br s 40.9, CH 2.31 m 36.0, CH
21 0.90 d (6.3) 18.6, CH3 0.92 d (7.6) 18.7, CH3

22 2.34 m 37.5, CH2 2.40 m 29.9, CH2

23 2.59 m 40.3, CH2 1.36 m 33.3, CH2

24 215.7, C 3.33 br s 78.9, CH
25 1.55 br s 35.7, CH 73.4, C
26 1.09 s 18.4, CH3 1.16 s 23.4, CH3

27 1.09 overlapped 18.5, CH3 1.21 s 26.8, CH3

28 1.13 s 25.1, CH3 1.13 s 25.2, CH3

29 1.07 s 19.4, CH3 0.94 s 19.3, CH3

30 0.82 s 19.2, CH3 0.82 s 19.4, CH3

a 300 MHz for 1H and 75 MHz for 13C.
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and the aqueous acid solution was neutralized with 1 N KOH and
then concentrated. The residue was suspended in H2O and parti-
tioned with EtOAc. The EtOAc (29.6 g) fraction was subjected to sil-
ica gel column chromatography with a gradient elution system of
CH2Cl2–MeOH (100:1–20:1) to obtain two fractions (A–B). Fraction
A (8.0 g) was separated by silica gel column (CH2Cl2–MeOH, 60:1)
to yield three fractions (A1–A3). Fraction A1 (2.3 g) was subjected
to passage over a silica gel column with a gradient elution system
of petroleum ether–ethyl acetate (6:1–4:1). Then the fractions
were purified by sephadex LH-20 column chromatography (MeOH)
to afford compounds 5 (95 mg), 1 (13 mg), and 3 (203 mg). Fraction
A2 (1.5 g) was purified by silica gel column with a system of petro-
leum ether–ethyl acetate (4:1) to yield compound 4 (228 mg).
Fraction A3 (2.1 g) was subjected to a silica gel column with a sys-
tem of petroleum ether–ethyl acetate (2:1) and then RP-18 column
(MeOH–H2O, 80:20) to yield compounds 2 (14 mg) and 6 (752 mg).
Fraction B (6.2 g) was separated by silica gel column (CH2Cl2–
MeOH, 30:1) and then MCI Gel CHP20P (MeOH–H2O, 80:20) to ob-
tain compounds 7 (3.1 g) and 8 (488 mg). The crude mogrosides
(8 g) was suspended in 20 mL of MeOH and filtered. After removal
of the solvent by evaporation, the residue was separated by RP-18
column (MeOH–H2O, 60:40, 70:30, respectively) to yield Com-
pound 9 (257 mg).

3.3.1. 25-Methoxy-11-oxomogrol (1)
White powder; ½a�20

D þ 182 (c 0.05, MeOH); IR (KBr) mmax 3446
(OH), 2962, 2921, 2875, 1693 (CO), 1635, 1463, 1382, 1079, 977,
620 cm�1; 1H NMR and 13C NMR, see Tables 1 and 2; ESIMS m/z
511.5 [M+Na]+; HRESIMS m/z 511.3754 [M+Na]+ (calcd for
C31H52O4Na, 511.3763).

3.3.2. 25-Methoxymogrol (2)
White powder; ½a�20

D þ 48 (c 0.05, MeOH); IR (KBr) mmax 3442
(OH), 3000, 2948, 1625, 1465, 1378, 1072, 559 cm�1; 1H NMR
and 13C NMR, see Tables 1 and 2; ESIMS m/z 513.6 [M+Na]+; HRE-
SIMS m/z 513.3911 [M +Na]+ (calcd for C31H54O4Na, 513.3920).

3.3.3. 25-Dehydroxy-24-oxomogrol (3)
White powder; ½a�20

D þ 11 (c 0.15, MeOH); IR (KBr) mmax 3444
(OH), 3000, 2958, 2873, 1706 (CO), 1635, 1465, 1378, 1074,
1025, 979, 408 cm�1; 1H NMR and 13C NMR, see Tables 1 and 2;
ESIMS m/z 459.5 [M+H]+; HRESIMS m/z 459.3832 [M+H]+ (calcd
for C30H51O3, 459.3838).

3.3.4. 3-Hydroxy-25-dehydroxy-24-oxomogrol (4)
White powder; ½a�20

D þ 28 (c 0.05, MeOH); IR (KBr) mmax 3438
(OH), 2962, 2938, 2875, 1704 (CO), 1633, 1467, 1380, 1022,
958 cm�1; 1H NMR and 13C NMR, see Table 1 and 2; ESIMS m/z
481.4 [M+Na]+; HRESIMS m/z 481.3651 [M+Na]+ (calcd for
C30H50O3Na, 481.3658).

3.3.5. 3-Hydroxymogrol (8)
White powder; ½a�20

D þ 58 (c 0.05, MeOH); IR (KBr) mmax 3431
(OH), 2945, 1635, 1468, 1379, 1020, 958, 557 cm�1; 1H NMR and
13C NMR, see Tables 1 and 2; ESIMS m/z 521.5 [M+COOH]�; HRE-
SIMS m/z 521.3837 [M+COOH]� (calcd for C31H53O6, 521.3842).

3.4. Identification of compounds 2 and 3 as artifacts

Compound 7 (100 mg) was dissolved in methanol (3 mL), then
3 mL of 4 N HCl was added, and stirred for 2 h at 80 �C. The mixture
was cooled and neutralized with 1 N KOH, then extracted with
EtOAc. We further analyzed the EtOAc extract by LC–MS and de-
tected the presence of compounds 2 and 3 by comparison their
molecular weights and retention times with those of standard
samples (see Supplementary data).
3.5. Cell culture

HepG2 cell line was maintained in MEM supplemented with
10% fetal bovine serum and the cells were grown at 37 �C in an
environment of 5% CO2.

3.6. Western blot analysis

Equal amounts of the whole cell extracts were fractionated by
SDS–PAGE and transferred to Hybond-c nitrocellulose membrane
(Amersham Bioscience). The membranes were blocked for one
hour at room temperature and then incubated overnight at 4 �C
in TBST buffer (5% milk) containing related antibody. The mem-
branes were then incubated for an hour at room temperature in
TBST buffer (5% milk) containing anti-rabbit IgG or anti-mouse
IgG (Jackson-ImmunoResearch, West Grove, PA). Blots were visual-
ized by incubation with SuperSignal West Dura chemilumines-
cence kit (Pierce Biotechnology) and exposing to light-sensitive
film.

3.7. Statistical analysis

All the data were reported as mean ± standard deviation of the
mean (SD). Data were analyzed in either one-way ANOVA with an
appropriate post hoc test for comparison of multiple groups or un-
paired student’s test for comparison of two groups as described in
figure legends (Graphpad Prism software).
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