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Abstract 
Background: Plumbago indica L. produces bioactive compounds with anti-inflammatory, antifungal, 
antibacterial, antiparasitic, antifertility, anti-oxidant, wound healing, anticancer and antiviral activities. 
The study aimed to isolate, separate and evaluate compounds’ antifungal activities from the branches 
of P. indica.
Methods: The crude dichloromethane and ethyl acetate extracts of branches of P. indica were 
individually separated and purified by various column chromatographic techniques. The structures 
were elucidated using spectroscopic techniques. The isolated compounds were evaluated for antifungal 
activity against Aspergillus flavus and Talaromyces marneffei.
Results: Plumbagin (1), β-sitosterol (2), maritinone (3) and 7–7´-biplumbagin (4) were isolated from 
dichloromethane extract, while cis-isoshinanolone (5) and trans-isoshinanolone (6) were isolated from 
the ethyl acetate extract of the branches of P. indica. 
Compound 1 antifungal activity against A. flavus and T. marneffei with zones of inhibition of 40.0 and 
70.0 mm (at 1.0 mg/disc). Compound 5 exhibited antifungal activity against A. flavus and T. marnef-
fei with zones of inhibition of 7.0 and 12.0 mm, respectively (at concentrations of 1.0 and 0.25 mg/
disc), and compound 6 showed activity against A. flavus and T. marneffei with zones of inhibition of 7.0 
and 10.0 mm, respectively (at concentrations of 1.0 and 0.25 mg/disc). Compounds 3, 4 and 6 were  
obtained from this plant for the first time.
Conclusions: Six constituents, plumbagin (1), β-sitosterol (2), maritinone (3), 7–7´-biplumbagin (4), 
cis-isoshinanolone (5) and trans-isoshinanolone (6), were isolated from the branches of P. indica. 
From these results, plumbagin can be considered the active chemical constituent responsible for 
the antifungal activity against A. flavus and T. marneffei. This study is the first to report the isolation 
of compounds 3, 4 and 6 from P. indica and the antifungal activity of compounds 1, 5 and 6 against  
A. flavus and T. marneffei.
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Introduction 
	 The genus Plumbago belongs to the Plumbag- 
inaceae family which consists of approxi- 
mately 24 genera and 400 species1. Plumbago 
indica L. is widely distributed in the tropical 
and subtropical regions of Africa, Australia, 
and Asia including Thailand. P. indica, known as 
Chettamuun Phloeng Daeng, is commonly used 
in Thai traditional medicine where its root 
extract is used to prepare adaptogenic drugs 
for cancer patients2. Studies on the pharma- 
cological properties of P. indica have  shown 
a wide range of biological activities, such as 
anti-inflammatory3, anticancer2,4-6, antimicrobial7-9, 
antioxidant10, antidiarrheal11-12, antifertility13, 
antifungal14 and wound healing activities15-16. 
Previous phytochemical investigations on P. indica 
have revealed an array of structurally diverse 
quinones, alkaloids, flavonoids, saponins, 
glycosides and tannins17. Preliminary bioactivity 
tests of the crude extract revealed that 
a dichloromethane extract from P. indica 
showed antifungal activity against Aspergillus 
flavus and Talaromyces marneffei. A. flavus  
produces aflatoxin and poses a significant risk 
of liver cancer while T. marneffei is considered 
to commonly cause infection in individuals with 
human immunodeficiency virus (HIV) infection. 
The present study will describe the isolation 
and biological evaluation of metabolites from 
the branches of P. indica. This is the first report 
of compounds 3, 4 and 6 from P. indica.

Method
General experimental procedures
	 Nuclear Magnetic Resonance (NMR) spectra 
were recorded on a Bruker AVANCE III HD system 
(Billerica, MA, USA) (400 MHz for 1H-NMR, 
100 MHz for 13C-NMR) and Bruker AVANCE III 
(500 MHz for 1H-NMR, 125 MHz for 13C-NMR). 
The HR TOF mass spectra were obtained  
using a microtOF Bruker spectrometer. Column 
chromatography was performed using silica gel 
(< 63 µm, 40-63 µm and 63-200 µm, Merck, 
Whitehouse, NJ, USA), Sephadex LH-20  
(Amersham Biosciences) and reversed-phase 
C18 silica gel (40-63 µm, Merck. Analytical 
thin-layer chromatography (TLC) was performed 

using precoated silica gel 60 GF254 plates 
(Merck).
Plant material
	 Dried branches of P. indica L. were purchased 
from a herbal pharmacy (TPC-HERB, Bangkok, 
Thailand) in 2017. A voucher specimen has been 
deposited at the Department of Chemistry, 
Faculty of Science, Srinakharinwirot University, 
Bangkok, Thailand.
Fungal materials
	 Aspergillus flavus (TISTR 3041) was obtained 
from the Thailand Institute of Scientific and 
Technological Research (TISTR), Pathum Thani, 
Thailand. Talaromyces marneffei (ATCC18224) 
was purchased from the Microbiology 
Department, Faculty of Medicine, Chiang Mai 
University, Thailand.
Extraction and isolation
	 Extracts were obtained from the dried 
branches of P. indica using dichloromethane  
(CH2Cl2) and ethyl acetate (EtOAc) five times, 
each extraction for 2 d at room temperature. 
Evaporation of the filtrate under reduced  
pressure gave 5.47 g of CH2Cl2 extract and 
78.31 g of EtOAc extract. The CH2Cl2 extract was  
subjected to silica gel column chromatography 
(CC) using a gradient of hexane-EtOAc (10:0 to 
3:7) to obtain 10 fractions (C1-C10). Fraction C2 
(581.5 mg) was purified by silica gel CC eluting 
with a gradient of hexane−CH2Cl2 (9:1 to 0:10) 
to yield compound 1 (156.5 mg). Fraction C4 
(398.5 mg) was separated by silica gel CC eluting 
with hexane-EtOAc (9.8:0.2 to 0:10), yielding 19  
fractions (C4,1-C4,19). Fraction C4,5 (184.2 mg)  
was crystallized from CH2Cl2-MeOH to obtain  
compound 2 (70.0 mg). Fraction C4,6 (81.6 mg) 
was further purified by silica gel CC eluting with 
hexane-EtOAc (9.6:0.4) to yield compound 3 
(17.0 mg). Fraction C5 (900.3 mg) was subjected 
to silica gel CC eluting with hexane−CH2Cl2 (6:4 
to 0:10) to give 11 fractions (C5,1-C5,11). Fraction 
C5,4, C5,5 and C5,6 (64.2 mg) were combined then 
fractionated by silica gel CC with hexane−CH2Cl2 
(1:1 to 0:10) to provide compound 4 (1.5 mg). 
The EtOAc extract (78.31 g) was subjected to silica 
gel CC eluting with CH2Cl2-MeOH (10:0 to 1:1) to 
obtain 14 fractions (E1-E14). Fraction E8 (2.2509 g) 
was separated by silica gel CC with hexane 
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-EtOAc (9.5:0.5 to 7:3), yielding 15 fractions 
(E8,1-E8,15). Fraction E8,11 (242.6 mg) was further 
purified by silica gel CC eluting with hexane−
CH2Cl2 (2:8) to give 15 fractions (E8,11,1- E8,11,15). 
Fraction E8,11,4 (156.0 mg) was further purified 
by size exclusion CC on Sephadex LH-20 eluting 
with CH2Cl2-MeOH (3:7) to provide 4 fractions 
(E8,11,4,1-E8,11,4,4). Fraction E8,11,4,3 (142.2 mg) was 
fractionated by silica gel CC with hexane-EtO-
Ac (1:9) to yield compound 5 (15.7mg) and  
compound 6 (14.8 mg). 
Characteristics of compounds
	 Compound 1: red solid; ESITOF-MS: m/z 
187.0405 [M-H]-, calculated for C11H7O3 187.0401. 
1H-NMR (CDCl3) δH: 11.97 (1H, s, 5-OH), 7.63 (1H, 
dd, J = 8.1, 1.4 Hz, H-8), 7.60 (1H, dd, J = 8.1, 7.5 Hz, 
H-7), 7.25 (1H, dd, J = 7.5, 1.4 Hz, H-6), 6.80 (1H, q, 
J = 1.5 Hz, H-3), 2.19 (3H, d, J = 1.5 Hz, 11-CH3). 
13C-NMR (CDCl3) δC : 190.2 (C-4), 184.7 (C-1), 
161.1 (C-5), 149.6 (C-2), 136.1 (C-7), 135.4 (C-3), 
132.0 (C-9), 124.1 (C-6), 119.2 (C-8), 115.1 (C-10), 
16.5 (11-CH3). 
	 Compound 2: white solid; ESITOF-MS:m/z 
437.3750 [M+Na]+, calculated for C29H50ONa, 
437.3754. 1H-NMR (CDCl3) δH: 5.35 (1H, d, J = 5.3 
Hz, H-6), 3.52 (1H, m, H-3), 1.00 (3H, s, H-29), 
0.93 (3H, d, J = 6.5 Hz, H-21), 0.86 (3H, t, J = 7.2 
Hz, H-29), 0.81 (3H, d, J = 6.6 Hz, H-26 and H-27). 
13C-NMR (CDCl3) δC : 140.8 (C-5), 121.7 (C-6), 
71.8 (C-3), 56.8 (C-14), 56.1 (C-17), 50.1 (C-9), 
45.9 (C-22), 42.3 (C-13), 42.3 (C-4), 39.8 (C-12), 
37.3 (C-1), 36.5 (C-29), 36.1 (C-10), 34.0 (C-20), 
31.9 (C-7), 31.9 (C-8), 31.7 (C-2), 29.2 (C-25), 
28.2 (C-16), 26.1 (C-21), 24.3 (C-15), 23.1 (C-23), 
21.1 (C-11), 19.8 (C-28), 19.4 (C-27), 19.0 (C-19), 
18.8 (C-26), 12.0 (C-29), 11.9 (C-24).
	 Compound 3: red solid; ESITOF-MS: m/z 
397.0677 [M+Na]+, calculated for C22H14O6Na, 
397.0683. 1H-NMR (CDCl3) δH: 12.58 (1H, s, 5-OH), 
7.20 (1H, d, J = 8.7 Hz, H-7), 7.29 (1H, d, J = 8.7 
Hz, H-6), 6.81 (1H, q, J = 1.4 Hz, H-3), 2.01 (3H, 
d, J = 1.4 Hz, 11-CH3). 

13C-NMR (CDCl3) δC : 190.5 
(C-4), 185.2 (C-1), 161.3 (C-5), 150.0 (C-2), 138.0 
(C-7), 134.9 (C-3), 128.2 (C-9), 124.3 (C-6), 135.6 
(C-8), 115.5 (C-10), 16.6 (11-CH3). 
	 Compound 4: red solid; ESITOF-MS: m/z 
375.0861 [M+H]+, calculated for C22H15O6, 
375.0855. 1H-NMR (CDCl3) δH: 12.5 (1H, s, 5-OH), 

7.73 (1H, s, H-8), 7.73 (1H, s, H-8), 6.85 (1H, q, 
J = 1.3 Hz, H-3), 2.22 (3H, d, J = 1.3 Hz, 11-CH3). 
13C-NMR (CDCl3) δC: 190.5 (C-4), 184.5 (C-1), 
158.9 (C-5), 149.8 (C-2), 131.2 (C-7), 135.5 (C-3), 
131.9 (C-9), 118.7 (C-6), 137.7 (C-8), 115.3 (C-10), 
16.5 (11-CH3).
	 Compound 5: colorless oil; ESITOF-MS: m/z 
191.0711 [M-H]- , calculated for C11H11O3 191.0714). 
1H-NMR (CDCl3) δH: 12.40 (1H, s, 8-OH), 7.47 (1H, 
dd, J = 7.5, 8.3 Hz, H-6), 6.92 (1H, dd, J = 8.4, 1.0 
Hz, H-5), 6.91 (1H, dd, J = 7.4 Hz, H-7), 4.73 (1H, 
br d, J = 2.4 Hz, H-4), 2.85 (1H, dd, J = 11.0, 17.6 
Hz, H-2a), 2.55 (1H, dd, J = 17.6, 4.3 Hz, H-2b), 
2.42 (1H, m, H3), 1.98 (1H, d, J = 3.0 Hz, 4-OH), 
1.16 (3H, d, J = 6.9 Hz, 11-CH3). 

13C-NMR (CDCl3) 
δC: 204.9 (C-1), 162.8 (C-8), 145.2 (C-10), 137.1 
(C-6), 118.8 (C-5), 118.2 (C-7), 115.1 (C-9), 71.2 
(C-4), 40.8 (C-2), 34.5 (C-3), 16.3 (11-CH3). 
	 Compound 6: white solid; ESITOF-MS: m/z 
191.0715 [M-H]- , calculated for C11H11O3 191.0714). 
1H-NMR (CDCl3) δH: 12.36 (1H, s, 8-OH), 7.50 (1H, 
t, J = 8.0 Hz, H-6), 7.11 (1H, d, J = 7.5 Hz, H-5), 
6.90 (1H, d, J = 8.3 Hz, H-7), 4.50 (1H, br d, J = 7.4 
Hz, H-4), 2.91 (1H, dd, J = 4.1, 17.4 Hz, H-2a), 2.43 
(1H, dd, J = 17.4, 10.15 Hz, H-2b), 2.27 (1H, m, 
H3), 2.18 (1H, d, J = 6.5 Hz, 4-OH), 1.18 (3H, d, J = 
6.4 Hz, 11-CH3). 

13C-NMR (CDCl3) δC: 203.9 (C-1), 
162.6 (C-8), 146.0 (C-10), 137.2 (C-6), 117.4 (C-5), 
117.3 (C-7), 115.4 (C-9), 73.8 (C-4), 43.5 (C-2), 
37.6 (C-3), 17.9 (11-CH3). 

Antifungal assay
	 The antifungal assay used a modified disc  
diffusion method as previously described18.  
A. flavus (TISTR 3041) was grown on Potato 
Dextrose Agar (HiMedia, Mumbai, India) at 28 °C 
for 7 d, while T. marneffei (ATCC) was cultivated 
on Malt Extract Agar (HiMedia) at 28 °C for 14 d. 
Briefly, the fungi were harvested in 0.01 % Tween 
80 by scraping with a sterile cotton swab then 
filtering through cotton wool. The fungal conidia 
were counted and diluted to 1 x 105 conidia/mL. 
One hundred µL of 1 x 104 conidia were used for 
the pour agar plate assay. The extract was diluted 
to obtain 20 µL of 0.25, 0.5 and 1 mg then spotted 
on a paper disc placed on a plate containing the 
target fungus. The control disc was spotted with 
20 µL of DMSO. The antifungal activity of each 
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extract on the fungus was measured after  
incubation for 2 and 3 d at 28 °C and defined as 
the diameter of the inhibition zone.

Results and Discussion	
	 Purification of a crude dichloromethane  

extract of the branches of P. indica using silica 
gel column chromatography gave four compounds, 
including plumbagin (1), β-sitosterol (2), 
maritinone (3), and 7–7´-biplumbagin (4).Cis- 
isoshinanolone (5) and trans-isoshinanolone (6) 
were isolated from the ethyl acetate extract 
of the branches of P. indica. The structures of  
compounds 1-6 were characterized by analyses 
of their 1D and 2D NMR spectroscopic data, 
and finally confirmed by comparison with data 
in the literature. Plumbagin (1) is a major bio-
active compound of P. indica, which possesses 
various biological activities, such as anticancer, 
antibacterial, antioxidant, antifungal, neuropro-
tective, hypolipidemic, and anti-inflammatory 
activities19-20.
	 The structure of compound 3 was char-
acterized by analyses of the 1H, 13C, DEPT  
(Distortionless Enhancement of Polarization 
Transfer) spectra, 1H-1H COSY (Correlated spectro- 
scopy), HSQC (Heteronuclear Single Quantum 
Coherence), and HMBC (Heteronuclear Multiple 

Bond Correlation) spectroscopic data (Table 1). 
The 1H-NMR spectrum of 3 demonstrated  
resonances of a hydroxy proton (δH 12.58), three 
aromatic protons (δH 7.29, 7.20, 6.81) and methyl 
protons (δH 2.01). Analyses of the 13C and DEPT 
of 3 revealed the presence of three methine, 
one methyl, and seven quaternary carbons. The 
HSQC spectrum helped to assign the attached 
protons to their corresponding carbon atoms, 
while the 1H-1H COSY spectrum demonstrated 
the partial structure from H-6 to H-7. The HMBC 
spectra showed the correlations of the OH-5 to 
C-5, C-6, and C-10 and from the methyl protons 
H-11 to C-1, C-2, and C-3, thus establishing that 
the OH group was attached to C-5 and the methyl 
groups H-11 to C-2, respectively. The HMBC 
spectrum also showed the correlations of H-3 to 
C-1, C-10, and C-11; H-6 to C-5, C-8, and C-10; 
H-7 to C-5, C-8, and C-9. The splitting pattern for 
H-6 and H-7 was simplified due to the absence 
of H-8, which established the dimer linkage  
at C-8 to C-8′, suggesting that compound 3 was  
a dimer of compound 1. The structure of 
compound 3 was identified as 8,8’-biplumbagin 
by spectroscopic methods (1D and 2D NMR)  
including a comparison with data reported in  
the literature21 and was named maritinone 
(Figure 1). 
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Figure 1. Structures of compounds 1–6.
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	 Compound 4 was obtained as a red solid. 
Like compound 1, the 1H and 13C NMR spectra of 
compound 4 (Table 1) showed the characteristic 
signals of the plumbagin skeleton at δH 12.50 (1H, 
s, OH-5), 7.73 (2H, s, H-6 and H-8), 6.84 (1H, q,  
J = 1.4 Hz, H-3), and 2.22 (3H, d, J = 1.4 Hz, H-11); 
δC 190.5 (C-4), 184.5 (C-1), 158.9 (C-5), 149.8 (C-
2), 137.7 (C-8), 135.5 (C-3), 131.9 (C-9), 131.2  
(C-7), 118.7 (C-6), 115.3 (C-10), and 16.5 (C-11). 
The NMR comparison of compound 4 with  
compound 1 revealed that an aromatic proton, 
H-7, in compound 1 (δH 7.60) was absent. The 
doublet of doublet proton signals at H-6 and H-8 
in compound 1 were replaced by singlet protons 
at H-6 and H-8 in compound 4. Therefore,  
compound 4 was a dimer of plumbagin that 
showed a linkage between the 7 and 7′ positions. 
Analyses of 1H-1H COSY and HMBC spectra of 
compound 4, combination with a comparison 
of data from the literature22, led to the assign-
ment of the proton and carbon resonances in 
compound 4. The key HMBC correlations were 
as follows: H-3 to C-1, C-2, C-10 and C-11; OH-5 

to C-5, C-6, and C-10; H-6 to C-5, C-7, C-8 and 
C-10; H-8 to C-1, C-6, C-7 and C-10; and H-11 to 
C-1, C-2 and C-3. The structure of compound 4 
has thus been established in the present study 
as 7–7´-biplumbagin22, the first time it has been 
isolated from P. indica.
	 Compound 5 (15.7 mg, 0.29%) was obtained 
as a colorless oil. The 1H NMR spectrum (Table 2) 
showed ten resonances: two hydroxy protons [δH 
1.98 (1H, d, J = 3.0 Hz, OH-4) and 12.40 (1H, s, 
OH-8)], three aromatic protons [δH 6.92 (1H, dd, 
J = 8.4 and 1.0 Hz, H-5), 7.47 (1H, dd, J = 8.3 and 
7.5 Hz, H-6) and 6.91 (1H, dd, J = 7.4 and 1.0 Hz, 
H-7)], two methine protons [δH 4.73 (1H, br d, J 
= 2.4 Hz, H-4) and 2.42 (1H, m, H-3)]; methylene 
protons [δH 2.85 (1H, dd, J = 17.6 and 11.0 Hz, 
H-2a) and 2.55 (1H, dd, J = 17.6 and 4.3 Hz, 
H-2b)] and methyl protons (δH 1.16, 3H, d, J = 
6.9 Hz, H-11). The 13C NMR and DEPT spectral 
data revealed eleven carbon signals, character-
ized as: five methine carbons at δC 34.5 (C-3), 
71.2 (C-4), 118.2 (C-7), 118.8 (C-5), 137.1 (C-6); 
a methylene carbon at δC 40.8 (C-2); a methyl 

Table 1. 1H, 13C and HMBC NMR spectroscopic data of compounds 1, 3 and 4 in CDCl3.

Position
Compound 1 Compound 3 Compound 4

δH (mult., J 
in Hz) δC

δH (mult., 
J in Hz) δC HMBC δH (mult., 

J in Hz) δC HMBC

1 - 184.7 - 185.2 - - 184.5 -
2 - 149.6 - 150.0 - - 149.8 -
3 6.80, q 

(1.5)
135.4 6.81, q 

(1.4)
134.9 C-1, C-10, 

C-11
6.85, q 
(1.3)

135.5 C-1, C-2, 
C-10, C-11

4 - 190.2 - 190.5 - - 190.5 -
5-OH 11.97, s 161.1 12.58, s 161.3 C-5, C-6, 

C-10
12.5, s 158.9 C-5, C-6, 

C-10
6 7.25, dd 

(7.5, 1.4)
124.1 7.29, d 

(8.7)
124.3 C-5, C-8, 

C-10
7.73, s 118.7 C-5, C-7, 

C-8, C-10
7 7.60, dd 

(8.1, 7.5)
136.1 7.20, d 

(8.7)
138.0 C-5, C-8, 

C-9
- 131.2 -

8 7.63, dd 
(8.1, 1.4)

119.2 - 135.6 - 7.73, s 137.7 C-1, C-6, 
C-7, C-10

9 - 132.0 - 128.2 - - 131.9 -
10 - 115.1 - 115.5 - - 115.3 -

11-CH3 2.19, d 
(1.5)

16.5 2.01, d 
(1.4)

16.6 C-1, C-2, 
C-3

2.22, d 
(1.3)

16.5 C-1, C-2, 
C-3
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Table 2. 1H and 13C and HMBC NMR spectroscopic data (δ  in ppm, J in Hz) of compounds 5 and 6 in 
CDCl3.

Position
Compound 5 Compound 6

δH (J in Hz) δC HMBC δH (J in Hz) δC HMBC

1 - 204.9 - - 203.9 -
2 2.85, dd (11.0, 

17.6)a

2.55, dd (17.6, 
4.3)b

40.8 C-1, C-3, C-4, 
C-9, C-11

2.91, dd (4.1, 
17.4)a

2.43, dd (17.4, 
10.15)b

43.5 C-1, C-3, C-4, 
C-9, C-11

3 2.42, m 34.5 C-1, C-2, C-11 2.27, m 37.6 C-1, C-2, C-4, 
C-10, C-11

4 4.73, br d (2.4) 71.2 C-2, C-3, C-5, 
C-9, C-10, C-11

4.50, br d (7.4) 73.8 C-2, C-3, C-5, 
C-9, C-10, C-11

4-OH 1.98, d (3.0) - C-3, C-4, C-10 2.18, d (6.5) - C-3, C-4, C-10
5 6.92, dd (8.4, 

1.0)
118.8 C-4, C-6, C-7, 

C-9, C-10
7.11, d (7.5) 117.4 C-4, C-6, C-7, 

C-9, C-10
6 7.47, dd (7.5, 

8.3)
137.1 C-4, C-5, C-7, 

C-8, C-10
7.50, t (8.0) 137.2 C-5, C-7, C-8, 

C-10
7 6.91, dd (7.4, 

1.0)
118.2 C-5, C-6, C-8, 

C-9
6.90, d (8.3) 117.3 C-5, C-8, C-9

8-OH 12.40, s 162.8 C-7, C-8, C-9 12.36, s 162.6 C-7, C-8, C-9
9 - 115.1 C-2, C-4, C-3 115.4 -

10 - 145.2 - - 146.0 -
11-CH3 1.16, d (6.9) 16.3 C-2, C-3, C-4 1.18, d (6.4) 17.9 C-2, C-3, C-4

a,b Interchangeable resonances.

carbon at δC 16.3 (CH3-11); and four quaternary 
carbons at δC 204.9 (C-1), 162.8 (C-8), 145.2  
(C-10) and 115.1 (C-9). The 1H-1H COSY spectrum 
revealed the proton-proton connectivity of 
H-2 to H-4, H-5 to H-7 and also the coupling  
between H-3 and H-11. The HMBC correlation 
established the connections of proton signals 
from H-2, H-7, and OH-8 to C-9; H-4, H-5, H-6, 
and OH-4 to C-10; and H-2 and H-3 to C-1, thus 
suggesting the naphthoquinone unit. The relative  
configurations at C-3 and C-4 of compound 5 
can be proposed from the observed vicinal 1H-1H 
coupling constant (J = 2.4 Hz) between H-3 and 
H-4, indicating an axial-equatorial orientation  
of these protons, thus supporting a 3,4-cis 
configuration. Therefore, compound 5 was 
identified as cis-isoshinanolone. It has been 
previously isolated from various plant families, 

for example, Iridaceae, Plumbaginaceae, Nepen-
thaceae, Dioncophyllaceae, Ancistrocladaceae, 
and Ebenaceae23-24.
	 Compound 6 was obtained as a white solid. 
Comparison of the 1H and 13C NMR spectroscopic 
data with that of compound 5 revealed that 
compound 6 had a similar pattern except for  
the coupling constant (J = 2.4 Hz) between H-3 
and H-4 in compound 5 (Table 2). The large  
coupling constant (J = 7.4 Hz) between H-3  
and H-4 indicated 3,4-trans configuration. 
Consequently, compound 6 was identified as 
trans-isoshinanolone23-24.

Antifungal assay
	 The antifungal activities of compounds 1-3 
and 5-6 were evaluated against A. flavus and  
T. marneffei (Table 3). Compounds 1, 5 and 6  
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exhibited zones of inhibition of 40.0, 7.0, and 7.0 
mm (at 1.0 mg/disc), respectively, for A. flavus. 
Compounds 5 and 6 exhibited zones of inhibition 
of 12.0 and 10.0 mm (at 0.25 mg/disc), respec-
tively, for T. marneffei. Compound 1 showed  
a remarkable level of activity against T. marneffei, 
exhibiting zones of inhibition of 67.5, 67.5,  

and 70.0 mm at 0.25, 0.5 and 1.0 mg/disc,  
respectively. The linkage between the 8 and 8′ 
positions of plumbagin in compound 3 led to  
a significant loss of antifungal activity.  
Compounds 5 and 6 exhibited similar antifungal 
activity, indicating that the cis- and trans-  
configurations between H-3 and H-4 were not 
critical for their antifungal activity.

Conclusion
	 The present study has described the isolation 
and characterization of six constituents, plum-
bagin (1), β-sitosterol (2), maritinone (3), 7–7´ 
-biplumbagin (4), cis-isoshinanolone (5), and trans- 
isoshinanolone (6), extracted from the branches 
of P. indica. This is the first report on the isolation 
of compounds 3, 4 and 6 from P. indica. 
The antifungal activity of some of the compounds 
was also evaluated, with compounds 1, 5 and 
6 displaying inhibition against A. flavus and 
T. marneffei, and compounds 2 and 3 exhibiting 
no antifungal activity. These results suggest 
that plumbagin can be considered the active 
chemical constituent in P. indica responsible 
for the antifungal activity against A. flavus 
and T. marneffei. This is the first study  to report 
on the antifungal activity of compounds 1, 5 and 
6 against A. flavus and T. marneffei.
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