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Abstract 

Five ecdysteroids, makisterone A (1), 24-epi-makisterone A (2), 24-methylene-shidasterone (3), polypodine B (4), 
and  20-hydroxy-ecdysone (5), were isolated from the methanol extract of Achyranthes bidentata by various 
chromatographic methods. Their structures were elucidated by spectroscopic methods including nuclear magnetic 
resonance (NMR) and electrospray ionization mass spectrometry (ESI-MS), and comparison of their spectral data with 
reported values. Compounds 1-4 were isolated from A. bidentata for the first time. 

Keywords: Achyranthes bidentata, ecdysteroid.  

 
1. INTRODUCTION 
 

Achyranthes bidentata (Amaranthaceae) is 
perennial herb, 60 - 100 cm high. This plant was 
cultivated in both plain and mountainous areas. The 
plant was used in folk medicine to treat 
rheumarthritis, hypertension, menstrual pain, back 
ache, and also malaria. The root of A. bidentata was 
found to show an anti-inflammatory effect. A 
decoction of the root markedly increased blood flow 
in the rat hind limb, and reduced the inflammation in 
rat paws induced by egg white. Oral administration 

of the decoction to mice exerted an analgesic action. 
An intravenous injection of the aqueous extract to 
rabbits caused a prompt reduction in blood pressure; 
this hypotensive effect was reversible. Previous 
investigations indicated that triterpene saponins and 
ecdysteroids are main constituents of this species [1-
3].  

As a part of our investigation on this medicinal 
plant, the present paper deals with the isolation and 
structure elucidation of five ecdysteroids (Figure 1) 
from a methanol extract of A. bidentata. 
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Figure 1: Chemical structures of compounds 1-5 
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2. EXPERIMENTAL 

2.1. General experimental procedures 

The electrospray ionization (ESI) mass spectra 
were obtained using an Agilent 1100 LC-MSD Ion 
Trap spectrometer. The 1H NMR (500 MHz) and 13C 
NMR (125 MHz) spectra were recorded on a Bruker 
AM500 FT-NMR spectrometer, TMS was used as 
an internal standard. Column chromatography (CC) 
was performed on silica gel (Kieselgel 60, 70–230 
mesh and 230–400 mesh, Merck) and YMC RP-18 
resins (30–50 μm, Fuji Silysia Chemical Ltd.). Thin 
layer chromatography (TLC) used pre-coated silica 
gel 60 F254 (1.05554.0001, Merck) and RP-18 F254S 
plates (1.15685.0001, Merck). Compounds were 
visualized by spraying with aqueous 10% H2SO4 and 
heating for 3–5 minutes.  

2.2. Plant materials 

The samples of the plant - Achyranthes bidentata 
were collected in Quang Binh during December 
2011 and identified by MSc Nguyen The Cuong, 
Institute of Ecology and Biological Resource. The 
specimen was deposited at Institute of Marine 
Biochemistry. 

2.3. Isolation 

The dried samples of A. bidentata (5 kg) were 
cut into small pieces, well grinded, and extracted 
three times with hot methanol (50oC) resulting the 
methanol residue (250 g). This was suspended in 
distilled water (2 L) and partitioned with CH2Cl2 (3 
× 2 L) and ethyl acetate (3 × 2 L) to obtain the 
CH2Cl2 (AB-C, 155.6 g), ethyl acetate (AB-E, 25 g) 
residues and water layer (AB-W). The ethyl acetate 

residue was crudely separated on silica gel CC using 
stepwise elution of cloroform/MeOH 50/1 - 1/1 to 
obtain five fractions, AB-E1 to AB-E5. Fraction 
AB-E3 (0.65 g) was further separated into three 
subfractions, AB-E3A to AB-E3C. Compounds 1 
(27 mg), 2 (13 mg), 3 (7 mg), and 5 (30 mg) were 
purified from fraction AB-E3B (220 mg) by silica 
gel CC eluted with chloroform/MeOH/water 8/1/0.1, 
followed by YMC RP-18 CC with MeOH/water 1/1. 
Fraction AB-E3C (120 mg) was purified by silica 
gel CC using chloroform/MeOH/water 7/1/0.1 as 
eluent to furnish compound 4 (13 mg). 

Makisterone A (1): White powder; ESI-MS m/z 
495 [M+H]+, molecular formula C28H46O7, M = 494; 
1H-NMR (500 MHz, DMSO-d6) and 13C-NMR (125 
MHz, DMSO-d6) see Table 1. 

 24-Epi-makisterone A (2): White powder; ESI-
MS m/z 495 [M+H]+, molecular formula C28H46O7, 
M = 494; 1H-NMR (500 MHz, DMSO-d6) and 13C-
NMR (125 MHz, DMSO-d6) see table 1. 

 24-Methylene-shidasterone (3): White powder; 
ESI-MS m/z 475 [M+H]+, molecular formula 
C28H42O6, M = 474; 1H-NMR (500 MHz, CD3OD) 
and 13C-NMR (125 MHz, CD3OD) see Table 1. 

Polypodine B (4): White needles; mp. 326oC; 
ESI-MS m/z 497 [M+H]+, molecular formula 
C27H44O8, M = 496; 1H-NMR (500 MHz, CD3OD) 
and 13C-NMR (125 MHz, CD3OD) see table 2. 

20-Hydroxyecdysone (5): White powder; ESI-
MS m/z 481 [M+H]+, molecular formula C27H44O7, 
M = 480; 1H-NMR (500 MHz, CD3OD) and 13C-
NMR (125 MHz, CD3OD) see table 2. 

 
3. RESULTS AND DISCUSSION 

Compound 1 was isolated as white powder. The 
1H and 13C-NMR data were typical for an 
ecdysteroid, one of main constituents of A. 
bidentata. The 1H-NMR exhibited signals of five 
tertiary methyl (each 3H, s) at H 0.70 (H-18), 0.83 
(H-19), 1.05 (H-21), 1.01 (H-26), and 1.02 (H-27) 
and one secondary methyl at H 0.80 (3H, d, J = 6.5 
Hz, H-28). In addition, the signals at H 3.60 (1H, m, 
H-2), 3.76 (1H, br s, H-3), 3.24 (1H, m, H-22), and 
5.62 (1H, s, H-7) were indicative for three 
oxymethine and one olefinic protons. The 13C-NMR 
spectrum of 1 exhibited 28 carbon signals including 
six methyls [C 17.17 (C-18), 23.85 (C-19), 20.84 
(C-21), 26.66 (C-26), 27.23 (C-27), and 14.25 (C-
28)], three oxymethines [C 66.78 (C-2), 66.60 (C-
3), and 73.12 (C-22)], three oxygenated quaternary 
carbons [C 83.00 (C-14), 75.85 (C-20), and 71.10 
(C-25)], one ketone [C 202.72 (C-6)], and one 
trisubstituted double bond [C 120.42 (CH, C-7) and 
165.25 (C, C-8)]. From above results, the 13C-NMR 
data of 1 were compared with those of makisterone 
A [4] and found to match (Table 1). To confirm the 
structure of 1, the HSQC and HMBC spectra were 
recorded. The HMBC correlations between H-18 (H 
0.70) and C-14 (C 83.00)/C-17 (C 48.59), H-21 (H 
1.05) and C-17 (C 48.59)/C-20 (C 75.85)/C-22 (C 
73.12), H-28 (H 0.80) and C-23 (C 33.12)/C-24 (C 
39.50)/C-25 (C 71.10) confirmed positions of 
hydroxyl groups at C-14, C-20, C-22, and C-25. The 
positions of two hydroxyl groups at C-2 and C-3 was 
confirm by HMBC cross peaks between H-19 (H 
0.83) and C-1 (C 36.61), 2-OH (H 4.45) and C-1 
(C 36.61)/C-2 (C 66.78), and 3-OH (H 4.34) and 
C-3 (C 66.60)/C-4 (C 31.55). Moreover, H-5 (H 
2.20) correlated with C-6 (C 202.72) and H-7 (H 
5.62) correlated with C-5 (C 50.10)/C-9 (C 33.12) 
and C-14 (C 83.00), confirming the ketone group at 
C-5 and double bond at C-6/C-7. Detailed analyses 
of other HMBC correlations (Fig. 1) confirmed 
compound 1 to be makisterone A. 
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Table 1: NMR data (500 MHz) of 1 - 3, and reported compounds 

C aC 
1b 

cC 

2b 

dC 

3e 

C
 H

 

mult. (J = Hz) 
C

 H
 

mult. (J = Hz) 
C

 H
 

mult. (J = Hz) 
1 37.9 36.61 1.25 m/1.60 m 38.0 36.62 1.26 m/1.60 m 37.5 37.38 1.43 m/1.77 m 
2 68.0 66.78 3.60 m 68.1 66.78 3.60 m 68.9 68.72 3.84 m 
3 68.1 66.60 3.76 br s 68.1 66.61 3.76 br s 68.7 68.52 3,96 br d (2.5) 
4 32.4 31.55 1.47 m/1.57 m 32.5 31.52 1.48 m/1.65 m 33.2 32.88 1.71 m/1.74 m 
5 51.4 50.10 2.20 m 51.4 50.10 2.20 m 51.9 51.80 2.39 m 
6 203.5 202.72 - 203.5 202.71 - 206.6 206.40 - 
7 121.6 120.42 5.62 s 121.6 120.43 5.61 s 122.3 122.14 5.82 d (2.0) 
8 166.1 165.25 - 166.2 165.25 - 168.1 167.91 - 
9 34.4 33.12 3.00 br t (8.5) 34.4 33.17 3.00 br t (8.5) 35.3 35.10 3.17 br t (8.5) 
10 38.6 37.62 - 38.6 37.63 - 39.4 39.25 - 
11 21.1 20.06 1.53 m/1.65 m 21.1 20.06 1.52 m/1.66 m 21.6 21.48 1.66 m/1.77 m 
12 31.8 30.90 1.72 m/2.00 m 31.7 30.85 1.72 m/2.00 m 32.5 32.31 1.82 m/2.03 m 
13 48.1 46.89 - 48.1 46.84 - 48.4 48.24 - 
14 84.1 83.00 - 84.1 83.00 - 85.4 85.27 - 
15 32.0 30.29 1.50 m/1.80 m 32.0 30.33 1.50 m/1.78 m 31.8 31.69 1.63 m/1.96 m 
16 21.3 20.06 1.53 m/1.97 m 21.5 20.33 1.63 m/1.86 m 22.0 21.87 1.82 m/1.96 m 
17 49.9 48.59 2.21 m 49.9 48.60 2.26 m 52.0 50.85 2.41 m 
18 17.9 17.17 0.76 s 17.9 17.15 0.75 s 18.35 18.20 0.86 s 
19 24.4 23.85 0.83 s 24.5 23.85 0.83 s 24.5 24.39 0.98 s 
20 76.9 75.85 - 77.0 76.10 - 76.8 76.61 - 
21 21.6 20.84 1.05 s 21.3 20.58 1.04 s 20.7 20.60 1.23 s 
22 74.6 73.12 3.24 m 76.1 75.89 3.27 dd (5.0, 7.0) 82.4 82.22 3.93 t (8.0) 
23 34.6 33.12 0.95 m/1.40 m 35.1 33.97 0.84 m/1.72 m 35.6 35.49 2.55 br d (8.0) 
24 41.8 39.50 1.60 m 43.5 42.69 1.50 m 158.3 158.14 - 
25 72.0 71.10 - 72.2 71.44 - 83.2 83.01 - 
26 26.5 26.66 1.01 s 26.9 26.36 1.01 s 27.9 27.79 1.29 s 
27 28.2 27.23 1.02 s 29.0 27.63 1.04 s 29.2 29.07 1,34 s 
28 15.4 14.25 0.80 d (6.5) 16.7 16.59 0.91 d (6.5) 104.1 103.99 4.82 s/4.91 s 

2-OH  - 4.45 d (5.5)  - 4.44 d (6.0)    
3-OH  - 4.34 br s  - 4.34 br s    

14-OH  - 4.64 s  - 4.62 s    
22-OH  - 4.30 d (5.0)  - 4.31 d (5.0)    

aC of makisterone A in pyridine-d5 [4], brecorded in DMSO-d6, 
cC of 24-epi-makisterone A in pyridine-d5 [4], dC of 

24-methylene-shidasterone in CD3OD [5], erecorded in CD3OD. 
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Figure 2: Key HMBC (H  C) correlations of 1, 3, and 5 

The 1H and 13C-NMR data of 2 were close to 
those of 1 suggesting that these two compounds 
have quite similar structures. The difference between 
these two compounds was only in  the signals of the 
side chain. The carbon signals at C-22 (C 75.78), C-
24 (C 42.69), and C-28 (C 16.59) of 2 were 
strongly downfield shifted in comparison with those 

of 1 at C 73.12 (C-22), 39.50 (C-24), and 14.25 (C-
28), respectively, indicating the difference of 
stereochemistry at C-24 between the two compounds 
[5]. The agreement of the 13C-NMR data of 2 (table 
1) with those of 24-epi-makisterone A [4] and 
detailed analyses of the HSQC and HMBC data led 
to the determination of 2 as 24-epi-makisterone A. 
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Table 1: NMR data (CD3OD, 500 MHz) of 4, 5, and reported compounds 

C bC 
bC 

4 
cC 

5 

C
 H

 

mult. (J = Hz) 
HMBC 
(H  C) 

C
 H

 

mult. (J = Hz) 
1 34.77 36.2 34.19 1.75 m  37.36 37.38 1.43 m/1.83 m 
2 67.89 70.2 68.37 3.97 m  68.70 68.71 3.84 m 
3 69.81 68.4 70.19 4.01 br d (3.0) 5 68.52 68.52 3,96 br s 
4 35.90 34.4 36.15 1.80 m/2.10 m  32.86 32.86 1.75 m  
5 79.83 80.3 80.26 -  51.79 51.79 2.39 br d (5.0) 
6 200.89 202.3 202.35 -  206.45 206.44 - 
7 119.86 120.6 120.51 5.78 d (2.5) 5, 9, 14 122.13 122.14 5.82 d (2.5) 
8 166.74 167.5 167.55 -  167.97 167.96 - 
9 38.20 39.0 38.96 3.21 m 7, 8 35.09 35.09 3.17 m 
10 44.69 45.4 45.39 -  39.26 39.27 - 
11 22.02 22.5 22.47 1.78 m/1.84 m  21.50 21.50 1.77 m/1.84 m 
12 31.97 32.6 32.56 1.90 m/2.17 m  32.51 32.52 1.89 m/2.15 m 
13 48.06 48.6 48.59 -    48.45 - 
14 83.92 85.0 85.01 -  85.23 85.23 - 
15 31.62 31.7 31.70 1.62 m/2.00 m  31.78 31.78 1.99 m/1.61 m 
16 21.34 21.4 21.43 1.76 m/2.01 m  21.50 21.50 1.75 m/2.03 m 
17 59.90 50.4 50.41 2.41 t (9.5) 13, 18, 21 50.53 50.54 2.42 m 
18 17.82 18.0 18.03 0.91 s 12, 13, 14, 17 18.05 18.05 0.91 s 
19 17.13 17.0 16.95 0.94 s 1, 5, 8, 9, 10 24.40 24.41 0.98 s 
20 76.73 77.9 77.86 -  77.90 77.90 - 
21 21.64 21.0 21.05 1.21 s 17, 20, 22 21.05 21.05 1.21 s 
22 77.48 78.4 78.38 3.34 dd (1.5, 10.5)  78.42 78.43 3.35 br d (5.5) 
23 27.43 27.3 27.32 1.32 m/1.58 m  27.34 27.35 1.31 m/1.68 m 
24 42.61 42.4 42.35 1.45 m/1.83 m  42.40 42.40 1.47 m/1.84 m 
25 69.46 71.3 71.27 -  71.29 71.29 - 
26 30.15 29.7 29.69 1.22 s 3, 4, 5, 30 29.70 29.70 1.224 s 
27 30.10 28.9 29.00 1.21 s 3, 4, 5, 29 28.95 29.97 1,220 s 

aC of polypodine B in pyridine-d5 [6], bC of polypodine B in CD3OD [7], cC of 20-hydroxyecdysone in CD3OD [8]. 

 
The NMR data of 3 were similar to those of 1 

except for the signals of side chain. The easily 
visible change is the presence of a 1,1-disbstituted 
double bond at C 158.14 (C, C-24)/103.99 (CH2, C-
28) in 3 instead of a methine and a methyl groups in 
1. The HMBC correlations between H-21 (H 1.23) 
and C-17 (C 50.85)/C-20 (C 76.61)/C-22 (C 82.22) 
and H-23 (H 2.55) and C-20 (C 76.61)/C-25 (C 
83.01)/C-28 (C 103.99) indicated positions of a 
hydroxyl at C-20 and the double bond at C-24/C-28. 
The carbon signals at C-22 and C-25 of 3 were 
strongly downfield shifted in comparison with those 
of 1 indicating the presence of an epoxy bridge 
between C-22 and C-25 [5]. Thus, compound 3 was 
characterized as 24-methylene-shidasterone [5]. 

The NMR data of 4 and 5 were also indicative 
for ecdysteroid derivatives. However, only 27 
carbon signals were observed in the 13C-NMR 
spectra of both 4 and 5 suggesting for the absence of 
the methyl group at C-24. Detailed analyses of the 
1D and 2D NMR data and comparison of them with 
the reported values allowed the elucidation of 
compounds 4 and 5 as polypodine B [6, 7] and 20-
hydroxyecdysone, respectively. 

4. CONCLUSION 
 

In conclusion, five ecdysteroids, makisterone A 
(1), 24-epi-makisterone A (2), 24-methylene 
shidasterone (3), polypodine B (4), and 20-
hydroxyecdysone (5), were isolated from the 
methanol extract of the medicinal plant Achyranthes 
bidentata. Their structures were elucidated by 
spectroscopic methods. This is the first report of 
compounds 1-4 from A. bidentata. 
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