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Abstract 

From the dichloromethane extract of the whole plant of P. angulata growing in Vietnam, three withanolides including 
physagulin L (1), physagulin M (2), and withaminimin (3) were isolated by using various chromatography methods. Their 
chemical structures were determined by detailed analysis of 1D and 2D-NMR data and comparison with reported data. 
All isolated compounds were tested for their inhibitory activities against NO production in LPS-stimulated RAW 264.7 
macrophages. The results showed that compound 3 had a weak anti-inflammatory activity against NO production in RAW 
264.7 macrophages with IC50 value of 69.6±4.5 μM. 

Keywords. Physalis angulata, anti-inflammatory activity, physagulin L, physagulin M, withaminimin. 

 
1. INTRODUCTION 
 
Physalis angulata L. (Solanaceae), a herb known as 
“tam bop” or “lu lu cai” in Vietnam, widely 
distributed throughout tropical regions of Asia, 
Africa, and America.[12] The whole plant of P. 
angulata has been used as a traditional medicine to 
treat various illnesses in Vietnam, such as fever, 
diabetes, pharyngintis, furuncle, cough, and 
mastitis.[1] Previous chemical investigations have 
revealed withasteroids as the major type of secondary 
metabolites of this species.[3] Studies on chemical 
constituents of P. angulata have isolated over 70 
withasteroids.[4-9] Besides, pharmacological 
researches on extracts and isolated compounds from 
the plant showed anti-inflammatory, anti-allergic, 
anti-nociceptive, anti-parasitic, anti-bacterial, anti-
oxidant, diuretic, immunomodulatory, and cytotoxic 
activities.[9,10-14]. In the present study, we described 
the isolation and chemical structural elucidation of 
three withanolides from the dichloromethane extract 
of the whole plant of P. angulata (figure 1). 

Furthermore, the isolated compounds were examined 
for their inhibitory activities on LPS-induced NO in 
LPS-stimulated RAW 264.7 macrophages. 
 
2. MATERIALS AND METHODS 
 
2.1. Plant material 
 
The whole plant of P. angulata was collected at Thai 
Binh, Vietnam in August 2015, and was identified by 
Dr. Tran Thi Phuong Anh, Vietnam National 
Museum of Nature, VAST. A voucher specimen 
(TB14.2015) was deposited at Herbarium of 
Mientrung Institute for Scientific Research, VAST. 
 
2.2. General experimental procedures 
 
All NMR spectra were recorded on a Bruker AM500 
FT-NMR spectrometer (500 MHz for 1H-NMR and 
125 MHz for 13C-NMR). NMR measurements, 
including 1H-NMR, 13C-NMR, HSQC, and HMBC 
experiments were carried out using 5-mm probe tubes 
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at 22.2 oC in CD3OD solution, with TMS as an 
internal standard. Optical rotations were determined 
on a Jasco DIP-370 automatic polarimeter. Column 
chromatography was performed using a silica-gel 
(Kieselgel 60, 70-230 mesh and 230-400 mesh, 
Merck) or RP-18 resins (150 μm, Fuji Silysia 
Chemical Ltd.), thin layer chromatography (TLC) 
using a pre-coated silica-gel 60 F254 (0.25 mm, 
Merck) and RP-18 F254S plates (0.25 mm, Merck). 
 
2.3. Extraction and isolation 
 
The whole plant of P. angulata was ultrasound 
extracted with methanol (3 times x 4 L) at 50 oC. After 
concentrating under reduced pressure, the methanol 
extract (PA, 90 g) was suspended in distilled water 
(1.5 L) and partitioned with dichloromethane and 
ethyl acetate (3 times, 1.5 L each) to obtain 
corresponding soluble extracts, dichloromethane 

(PAD, 24.5 g), ethyl acetate (PAE, 4.6 g), and water-
soluble layers (PAW). The PAD fraction was 
subjected to a silica gel column chromatography 
eluting with mixtures of dichloromethane/methanol 
(0 to 100 % methanol in dichloromethane) to provide 
5 fractions, PAD1-PAD5. Three subfractions 
(PAD2A-PAD2C) were obtained from the fraction 
PAD2 using a silica gel column and eluted with 
dichloromethane/methanol (20/1, v/v). The PAD2A 
subfraction was continuously chromatographed on a 
silica gel column, then eluted with 
dichloromethane/acetone (6/1, v/v) to yield 
compounds 1 (10 mg) and 2 (8 mg). The fraction 
PAD5 was separated on an RP-18 reverse phase 
column and then eluted with acetone/water (2/1, v/v) 
to obtain three subfractions, PAD5A-PAD5C. 
Compound 3 (17 mg) was yielded from the PAD5A 
subfraction on a silica gel column eluted with 
dichloromethane/acetone (4/1, v/v). 

 

 

Figure 1: Chemical structures of compounds 1-3 

Physagulin L (1): White amorphous powder; 
ESI-MS: m/z 511 [M+H]+; 25][ D  +91.4 (c 0.1, MeOH); 
1H-NMR (CD3OD, 500 MHz) and 13C-NMR (125 
MHz, CD3OD), see table 1. 

Physagulin M (2): White amorphous powder; 
ESI-MS: m/z 529 [M+H]+; 25][ D  +42.3 (c 0.1, 

MeOH); 1H NMR (CD3OD, 500 MHz) and 13C-NMR 
(125 MHz, CD3OD) see table 1. 

Withaminimin (3): White amorphous powder; 
ESI-MS: m/z 529 [M+H]+; 25][ D  +96.7 (c 0.1, 

MeOH); 1H NMR (CD3OD, 500 MHz) and 13C-NMR 
(125 MHz, CD3OD), see table 1. 
 
2.4. Assay for inhibition of NO production 
 
The effects of isolated compounds on the NO 
production in LPS-stimulated RAW264.7 
macrophages were evaluated as previous description 
in Ref. [15]. The cells were sowed in a 96-well plate 
at a density of 2.5×105 cells/well and incubated for 

12 h. The plate was pretreated with isolated 
compounds in various concentrations (from 1 to 100 
µM) for 30 min and then incubated for another 24 h 
with or without 1 μg/ml LPS. 100 μL of the culture 
supernatant were transferred to other 96-well plate 
and 100 μL of Griess reagent was added. The 
absorbance of the reaction solution was read at 570 
nm with a microplate reader (XMark microplate 
reader, Biorad, USA). The nitrite level in each sample 
was calculated from a standard curve generated with 
sodium nitrite. Cell viability was measured with a 
MTT [3-(4,5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide]-based colorimetric 
assay. Cardamonin was used as a positive control 
(IC50 = 1.41±0.03 μM). 
 
3. RESULTS AND DISCUSSION 
 
Compound 1 was obtained as a white amorphous 
powder. The 1H-NMR spectrum of 1 observed signals 
of four olefinic protons at δH 5.66 (1H, d, J = 2.5 Hz), 
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6.01 (1H, d, J = 10.0 Hz), 6.27 (1H, d, J = 6.0 Hz), and 
7.12 (1H, dd, J = 6.0, 10.0 Hz); three oxymethine 
protons at δH 4.41 (1H, m), 4.61 (1H, t, J = 2.5 Hz), and 
5.24 (1H, d, J = 2.5 Hz); six methyl groups at δH 1.18 
(3H, s), 1.19 (3H, d, J = 6.5 Hz), 1.47 (3H, s), 1.85 (3H, 
s), 1.86 (3H, s), and 1.99 (3H, s) suggested the 
presence of a withanolide skeleton and an acetyl group. 
The 13C-NMR displayed 30 signals (table 1), which 
were in accordance with HSQC spectrum 
corresponded to 10 non-protonated (including three 
carbonyl carbons at δC169.1, 171.3, and 208.0); 10 
methine; four methylene; and six methyl carbons at δC 
12.4, 16.7, 18.0, 18.3, 20.3 and 21.1. The 1H and 13C-
NMR data suggest that compound 1 were a 
withanolide-type steroid with two double bonds at C-
2/C-3), C-4/C-5 and an acetyl group at C-15.[16] The 
HMBC correlations (figure 2) from H-19 (δH 1.47) to 
C-1 (δC 208.0)/C-5 (δC 160.6)/C-9 (δC 46.0)/C-10 (δC 

55.5), H-2 (δH 6.01) to C-4 (δC 118.4)/C-10 (δC 55.5), 
H-3 (δH 7.12) to C-1 (δC 208.0)/C-5 (δC 160.6) and H-4 

(δH 6.27) to C-2 (δC 126.5)/C-3 (δC 142.7)/C-6 (δC 

74.5)/C-10 (δC 55.5) confirmed the position of the 
carbonyl carbon (δC 208.0) at C-1 and two double 
bonds at C-2/C-3 and C-4/C-5. The position of an 
acetyl group at C-15 and a double bond at C-16/C-17 
were confirmed by the HMBC correlations from H-18 
(δH 1.18) to C-12 (δC 39.4)/C-13 (δC 53.5)/C-14 (δC 

83.0)/C-17 (δC 162.9), H-16 (δH 5.66) to C-15 (δC 

84.6)/C-17 (δC 162.9) and H-15 (δH 5.24) to C-29 (δC 

171.3). The HMBC correlations from H-27 (δH 1.86) to 
C-24 (δC 152.9)/C-25 (δC 122.0)/C-26 (δC 169.1) and 
H-28 (δH 1.99) to C-23 (δC 33.5)/C-24 (δC 152.9)/ C-25 
(δC 122.0) confirmed the presence of the lactone ring in 
the side chain. Besides, the HMBC correlations from 
H-6 (δH 4.61) to C-5 (δC 160.6)/ C-8 (δC 37.7)/ C-10 (δC 

55.5) and the chemical shifts of C-6 (δC 74.5) and C-14 
(δC 83.0) confirmed the position of two hydroxy groups 
at C-6 and C-14. Thus, the structure of 1 was 
elucidated as physagulin L.[16] 

 

Figure 2: Key HMBC correlations of compounds 1-3 

Compound 2 was also obtained as a white 
amorphous powder. The 1H-NMR spectrum of 2 
exhibited the proton signals of six methyl groups at 
1.07 (3H, d, J = 7.0 Hz), 1.24 (3H, s), 1.46 (3H, s), 
1.87 (3H, s), 1.88 (3H, s), and 1.99 (3H, s); three 
oxymethine protons at δH 4.61 (1H, t, J = 2.5 Hz), 
4.82 (1H, m), and 5.05 (1H, dd, J = 3.5, 8.5 Hz); 
three olefinic protons at δH 6.01 (1H, d, J = 10.0 Hz), 
6.27 (1H, d, J = 6.0 Hz), and 7.12 (1H, dd, J = 6.0, 
10.0 Hz). The 13C-NMR and HSQC spectra of 2 
showed the presence of three carbonyl, seven non-
protonated, nine methine, five methylene, and six 
methyl carbons. The analytical NMR data of 2 
indicated that the structure of 2 was close to those of 
1 (table 1), except for the presence of a methylene 
and an oxygenated quaternary carbon in 2 instead of 
a double bond at C-16/C-17 in 1. The differences 
were confirmed by the HMBC correlations from H-
15 (δH 5.05) and H-18 (δH 1.24) to C-13 (δC 51.5)/C-
14 (δC 88.0)/C-17 (δC 86.8), and H-16 (δH 1.52 and 
1.68) and C-13 (δC 51.5)/C-14 (δC 88.0)/C-20 (δC 

43.2) (figure 2). Consequently, compound 2 was 
determined as physagulin M by comparison with 
spectroscopic data in the literature.[16] 

Comparison of the 13C-NMR spectrum of 
compound 3 with those of physagulin L (1) (Table 1.) 
showed that the double bond at C-4/C-5 (δC 118.4, 
160.6) in 1 was replaced by a methylene group at δC 
36.8 and an oxygenated quaternary C-atom at δC 77.6 
in 3. The data indicated that 3 exhibited similar 
signals to 1, except for the absence of a double bond 
at C-4/C-5. This was also confirmed by the HMBC 
correlations from H-2 (δH 5.81) to C-4 (δC 36.8)/C-10 
(δC 53.1); H-3 (δH 6.68) to C-1 (δC 207.7)/C-5 (δC 

77.6); and H-19 (δH 1.29) to C-1 (δC 207.7)/C-5 (δC 

77.6)/C-10 (δC 53.1) (figure 2). From all the above 
evidences, compound 3 was identified as 
withaminimin.[17]  

All isolated compounds were examined for their 
inhibitory activities on LPS-induced NO in LPS-
stimulated RAW 264.7 macrophages. The results 
showed that compound 3 had a weak effect with IC50 



 
 
Vietnam Journal of Chemistry                                                                                     Hoang Le Tuan Anh et al. 

© 2019 Vietnam Academy of Science and Technology, Hanoi & Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim  www.vjc.wiley-vch.de 337 

value of 69.6±4.5 μM relative to the positive control,  

 
Table 1: The 1H- and 13C-NMR data for 1-3 and reference compounds

Pos. δC
#1 

1 
δC

#2 
2 

δC
#3 

3 

δC
a,b 

δH
a,c

 mult. 
(J in Hz) 

δC
a,b 

δH
a,c

 mult. 
(J in Hz) 

δC
a,b 

δH
a,c

 mult. 
(J in Hz) 

1 206.2 208.0 - 205.0 207.7 - 204.06 207.7 - 
2 125.9 126.5 6.01 (d, J = 10.0 

Hz) 
126.5 126.6 6.01 (d, J = 10.0 

Hz) 
128.71 129.0 5.81 (dd, J = 

2.5, 10.0 Hz) 
3 140.1 142.7 7.12 (dd, J = 6.0, 

10.0 Hz) 
139.7 142.8 7.12 (dd, J = 6.0, 

10.0 Hz) 
141.33 144.1 6.68 (m) 

4 117.6 118.4 6.27 (d, J = 6.0 
Hz) 

117.8 118.3 6.27 (d, J = 6.0 
Hz) 

36.03 36.8 2.05 (m) 
3.28 (dt, J = 
2.5, 19.5 Hz) 

5 158.1 160.6 - 157.4 160.7 - 77.22 77.6 - 
6 72.8 74.5 4.61 (t, J = 2.5 Hz)  73.6 74.5 4.61 (t, J = 2.5 

Hz) 
74.26 75.5 3.63 (t, J = 3.0 

Hz) 
7 34.3 36.3 1.46 (m) 

2.46 (dt, J = 3.0, 
13.5 Hz)  

34.3 35.9 1.36 (m) 
2.36 (m)  

26.47 28.2 1.95 (m 
2.01 (m)  

8 35.4 37.7 2.41 (brd, J = 3.0 
Hz) 

35.4 36.6 2.42 (m)  35.43 37.4 2.07 (m)  

9 44.0 46.0 1.94 (m) 43.1 44.9 2.09 (m)  35.43 37.1 2.75 (m)  

10 53.6 55.5 - 53.7 55.7 - 52.20 53.1 - 

11 21.2 21.8 1.44 (m) 

2.00 (1H, m, Hb-
11)  

20.0 21.1 1.54 (m) 
1.90 (m)  

23.18 24.6 1.25 (m) 
2.18 (m)  

12 38.2 39.4 1.43 (m)  

1.89 (m)  

47.7 48.5 1.84 (m)  
2.63 (m)  

38.82 39.8 1.69 (m)  
1.83 (m)  

13 52.0 53.5 - 50.5 51.5 - 52.23 53.7 - 
14 82.4 83.0 - 87.0 88.0 - 82.28 83.0 - 
15 83.6 84.6 5.24 (d, J = 2.5 

Hz) 
79.4 80.8 5.05 (dd, J = 

3.5, 8.5 Hz) 
83.36 84.2 5.40 (d, J = 3.0 

Hz) 

16 120.4 122.4 5.66 (d, J = 2.5 
Hz) 

30.4 31.6 1.52 (m) 
1.68 (dd, J = 2.5, 
10.0 Hz) 

120.37 122.3 5.65 (d, J = 3.0 
Hz)  

17 161.1 162.9 - 86.4 86.8 - 161.30 163.0 - 
18 16.6 16.7 1.18 (s) 15.0 15.7 1.24 (s) 16.80 17.1 1.14 (s) 

19 19.6 18.3 1.47 (s)  18.3 17.8 1.46 (s) 15.10 15.4 1.29 (s) 

20 35.6 36.4 2.58 (m) 41.7 43.2 2.19 (m) 36.11 36.4 2.58 (m) 

21 16.8 18.0 1.19 (d, J = 6.5 
Hz) 

9.7 9.7 1.07 (d, J = 7.0 
Hz) 

17.21 18.1 1.22 (d, J = 7.0 
Hz) 

22 78.2 80.6 4.41 (m) 76.9 78.7 4.82 (m) 78.47 80.6 4.42 (m) 

23 32.0 33.5 2.29 (dd, J = 3.5, 
18.5 Hz) 

2.54 (m) 

32.0 33.0 2.55 (d, J = 7.5 
Hz) 

32.35 33.5 2.32 (dd, J = 
3.0, 17.5 Hz)  
2.55 (m) 

24 150.9 152.9 - 150.5 153.3 - 150.25 152.9 - 
25 121.1 122.0 - 121.4 122.0 - 121.44 122.0 - 
26 167.8 169.1 - 167.1 169.3 - 167.52 169.2 - 
27 12.2 12.4 1.86 (s) 12.3 12.4 1.88 (s) 12.37 12.4 1.87 (s) 

28 20.4 20.3 1.99 (s)  20.5 20.5 1.99 (s)  20.64 20.3 2.00 (s)  

29 21.3 21.1 1.85 (s)  21.1 21.1 1.87 (s)  21.36 21.4 2.04 (s)  

30 169.7 171.3 - 169.2 171.0 - 170.63 172.5 - 

aMeasured in CD3OD, b125 MHz, c500 MHz, #1δC of physagulin L in CDCl3
[16], #2δC of physagulin M in CDCl3

[16]. #3δC of withaminimin in CDCl3 
[17]. 
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4. CONCLUSION 
 
cadamonin with IC50 values of 1.41±0.03 μM. The 
MTT assay showed that this compound had no 
significant toxicity to RAW 264.7 macrophages up to 
100 μM (cell viability in the range of 90-110 %), 
indicating that the inhibitory effect on NO production 
was not due to cytotoxicity. Compounds 1-2 were 
considered to be inactive (IC50 > 100 μM). 

A phytochemical study on the dichloromethane 
extract of the whole plant of P. angulata led to the 
isolations of three withanolides including physagulin 
L (1), physagulin M (2), and withaminimin (3). Their 
chemical structures were elucidated by 1D and 2D-
NMR spectra analysis and in comparison with those 
reported in the literature. Among isolated 
compounds, withaminimin (3) showed inhibitory 
activity against NO production in LPS-stimulated 
RAW 264.7 macrophages.  
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