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and MeOH (100'X). Fraction DCM (100%) (2 g) 
was applied to CC over silica gel eluted with DCM 
followed by DCM wiih increasing percentages of 
EtOAc yielding lupeol [20 mg, 0.0025%, eluted 
with DCMlEtOAc (9: 1) and DCMIEtOAc (8: 2) 
in fractions 40-55 of lO0mL each] and /?-sito- 
slerol [30 mg, 0.004%, eluted with DCMIEtOAc 
(7 : 3) in fractioiis 65-77 o€  100 m L  each]. 

Fractioii DCMIEtOAc (1 : 1 vlv) ( G  g) was sub- 
jected to CC ovei. silica gcl eluted witli I X M  fol- 
lowed by BCM with increasing percentages of 
EtOAc yielding scopoletin [lOmg, 0.0013%. 
eluted with DCMIEtOAc (8:2) in fractions 20-28 
of 100 mL each] and quercetin [25 mg, 0.0032%, 
eluted with DCMlEtOAc (6 :4 v/v) in fractions 
45-60 of 100 mI, each]. 

Fiactioii ElOAc (100%) (5 g) was applied to CC 
over silica gel eluted with »(:M followed by DCM 
with increasiiig percentagcs of EtOAc yielding 
crude 1, eluted with DCMIEtOAc (Y :1 vlv) and 
DCMIEtOAc (8 : 2) i i i  fractions 82- 122 o€  100 inL 
each, and crude 2, eluted with EtOAcIMeOH 

TabIe l. NMR data (1)bISO-d6) of withaferin A (1). 

Posi tion (1 FI cfc Long-range 
connectivi ties 

1 203.3 H-2, H-3, Me-19 
2 6.01d (9.8) 132.8 H-4 
3 6.94dd (9.8: 6.3) 146.7 
4 3.42dd (6.3; 4.1) 70.1 H-2, H-6 
4-OH 5.533 (4.1) 
5 64.7 f1-3, Me-19, OH-4 
6 3.05br s 60.2 Ir-4 
7 2.30/1.20in 30.5 H-6 
8 1.901n 30.9 H-6 
9 0.65m 44.9 Me-1.9 

10 48.6 Me-19, H-2, H-6 
11 1.40/1.20rn 22.2 
12 1.8711.151n 32.9 
13 43.9 Me-18 
14 1.00rn 52.6 Me-18 
15 1.4510.95in 25.5 
16 1.65/1.15in 28.0 
17 0.80m 56.7 Me-18 

0.53s 
l8 1.14s 

12.8 
19 17.7 

1.70m 39.9 Me-21 
20 21 0.79d (6.6) 16.4 
22 4.17dt (1 3.1; 2.0) 79.0 Me-21 
23 2.30m 40.1 
24 156.3 Me-28? VI-17 
25 126.9 H-27, Me-28, H-27 
26 166.9 H-27 
27 4.02dq (16.6; 5.3) 56.0 OH-27 
27-OH 4.52t (5.3) 
28 1.88s 21.4 

(9 : l )  and EtOAcIMeOt-I ( 8 : 2 )  in fractions 140- 
145 of 100 JIIL each. 

Additional purification o f  fractions 82-122 by 
Sephadex LH-20 CC eluted with n-hexanelDC:Ml 
MeOH (2: 1 .S: 0.25 v/v) yielded pure 1 (1 00 tng, 
0.013%), and purification of fractions 140-145 by 
Sephadex CC eluted with n-hexanelDCMIMeOH 
f 1 :2 : 1) yielded compound 2 (40 mg, 0.005%). 
Roth compounds were crystallized from DCM 
with drops of MeOIJ. 

Witligferiri A (1): M.p. 243-245 "C [249-259 "C 
(Kupchan et d., 1965)]. - IR: u,,, = 3400, 2940, 
1675. 1230. 1030. 1010, 930, 810 cm-'. - 'H and 
'.3C NMR: see T:ihle 1. ESI-MS: t7dz = 964 
[2M+Na]', '1433 [3M+NaIi. 

D~lizauio~ze (2): M.p. 249-250°C. - UV 
(MeOH): l. ,,,, (log E )  = 216 (3.76), 256 (3.51), 
296sh, 358 (3.55) nm; (+NaOMe) 232,272,398 nm, 
unaltered in the time; (+NaOAc) 262, 372 iirn: 
(+NaOAc + H3RO3) 264, 372 nm; (kAICI,) 270, 
394 nm; (+AlCl3 + HCI) 270, 360 nm. - 'H and 
13C NMR: see Table 11. 

Table 11. NMR data (DiMSO-d6) ol' dunaurone (2). 

Position 0 H 6(. Long-range 
coiiriectivities 

2 156.6 I-1-/3 
0 7.53s 116.2 
3 177.3 H-7 
3a 103.9 OH-4. Fi-7, H-5 
4 161.2 OH-4, fI-5 
4-OH 12.60s 
5 6.1Yd (1.6) , 98.7 OH-4, H-7 
6 364.3 H-7. H-5 
7 6.39d (1.6) 93.6 H-5 
7a 156.4 H-7 
1' 121.1 H-5' 
2' 144.7 11-S', H-6' 
3' 133.2 1I-1" 
4' 148.4 H-5', H-6' 
5 ' 6.84d (8.6) 11 5.2 
6' 7.56d (8.6) 121.6 
1" 5.34d (7.0) 101.1 
2" 3.23-3.23R 74.0 
3" 3.23-3.23" 76.4 
4" 3.23-3.23" 70. 5 
5" 3.23-3.23" 75.8 
6" 3.71d (9.9); 67.0 

3.2.7-3.23" 
1 "' 4.38s 100.7 
2 "' 3.42-3.42h 70.3 
3"' 3.23-3.23" 68.2 
4"' , 3.07-3.07h 71.8 
5"' 3.07-3.07b 69.9 
6"' 0.99d (6.6) 17.7 

a -  I'' Overlapped. 
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Klehsiella pneumoniae (clinical isolated), Salmo- 
nella aviatirni (ATCC 2228), Pseudomonas neru- 
ginosa (A'I'CC 1 4207), S t a ~ ~ l ~ y l o c a c c w  aureus 
(ATCC 6538P), Micrococcus flavuv (ATCC 
10290), Bacrlli~ Y suhtllis (ATCC 6633), Caitdida ril- 
hicans and Saccharomyces cerevisiae (clinical iso- 
lated). The extracts were dissolved in DMSO. Di- 
lutions o l  100 and 200pg/mL were added to a 
fixed voluine of Piate Count Agar (PCA, Merck). 
They weie then superficially inoculated with an 
overnight culture of the differeiit microorganisms 
and incubaled at 37 OC for 24 h for bacteria and 
28 "C for 48 h for fungi and yeasts. liesulls were 
recorded as growth or growth inhibition at each 
extract concentration (Erazo et al., 2006). 

A bioautographic agar overiay assay by TI,C o i  
the resinous exudates and compounds 1 and 2 was 
carried out oii silica gel 60 G F251 plates developed 
with DCMIEtOAc (9: l  vlv) for 5 and EtOAcI 
MeQH (8:2) íor 2 (Rahalison et al., 1991). 

The turhidimetric melhod (Balow et al., 1991) 
was used with serial dilutiotis o i  the exlract in 4 
mL of Plate Count Broth or Tryplic Soy Rroth 
(Merck). Both media were used to assay the MIC 
values of cornpound 1 against S. aureus and E. coli 

Xanthine oxidase nctivity 

Both xanthine and xanthine oxidase (XO) werc 
. purchased from Sigma Co., and the standard in- 

hibilor allopurinol was obtained from Laborato- 
rios Saval (Santiago, Chile). The global methanol 
extract was evaluated at SOpglmL and further 
tested for JCso deteiinination with an inhibition 
value > 50% (Noro et al.. 1983). The inhibition of 
XO activily using xanthine as the substrate was 
spectropliotoinetrically measured in relation to 
the amouiit of uric acid, which was determined at 
290 nm. 

n l e  ICSo vaiue of allopurinol rvas 0.035pg/rnL 
( 0 . 2 6 7 ~ ~ ) .  For XO aclivity, the drug-induced 
chariges were statistically estii~iated using the Wil- 
coxon test for independent dala (Mollandei and 
Wolfe, 1973). Effects were significaiit for p : 0.05. 

Superoxide anion generatioiz 

'I'he enzyme xanthine oxidase is able to generate 
O2 ilt vivo I q l  osi<lation of reduced products from 
the intracellular ATP metabolism. The superoxide 
(SO) generated in this reaction sequence reduce 
the nitro blue letrazolium dye, leading to a 
chromophore with a maximum at 560 nm. 

Superoxide anion scavengers reduce the genera- 
liori of the chromophore. The activity was meas- 
ured spectrophotornetrically as reported previ- 
ously (Payá et al., 1992; Masaki et al., 1995). 
Compouiids isolated were evaluated at 50 pglmL. 

D PPH decolouration assay ~ 

The quenching o f  íree radicals by isolated com- 
pourids was evaluated spectrophotornetrically al 
517 nm through the residual absorbance of tlie 
DPPH radical (Sigma). The scavenging activity of 
substances was assessed by the decolouration o í  a 
metlianol solution of DPPH (Feresin et (11.. 2002). 
A freshly prepared DPPH solution (20 mg/L) was 
used lor the assavs. Samples were dissolved in 
metlianol and the DI'PH solution served as a con- 
trol. The degiee of decolouration indicales tlie 
free radical scavenging efiiciency of the .;amples. 
Quercetin, a free radical scavenger, was used as 
reference. The percentage of DPPI1 decolouration 
was calculated as follows: decolouration (74) = 
[l - (absorbance of compound with DPPH - ab- 
sorbance of blank sample)/(absorbance of DPJ'H 
control)] x 100. 

Cornpounds were assayed starting at a maxi- 
muni concentratioii ten times highei- (33 /LM) than 
the ICSo value of quercetin ( 3 . 3 , ~ ~ ) .  The ICSO 
value was calculated according to the scnvenging 
effjciency. 

Resiilts and Discussion 

Six compounds were isolated and characterized 
from Dunalin sprtiosa: lupeol, B-sitosterol, scopo- 
letin, quercetin. withaferin A (1) and dunaurone 
(2). 

T1)e antiiiiicrobial activity tests showed that nl l  
Dunalin extracts were active, the resiiious exudate 
being the niost active extract against S. ntii-eus, 13. 
subtilis, M. flavrrs. E. col¡ and K. pr~~ i t r~ro i~~r ie .  Bio- 
guided [ractionation led to the isolation of wilha- 
ferin A ( l ) ,  active against al1 this microorganisms: 
the new dunaurone (2) and its aglycone 3 weie 
weakly active agaiiist K. przeurnoniae and inactivc 
against al1 other mjcroorganjsms tested. 71te ex- 
tracts and isolated metabolites were inactive 
against the fungi. Ihe mirtimal inhibitorv concen- 
tration (MIC) of 1 delerminated against the inost 
sensibile microorganisms was 80 pg/mL Tor S au- 
reus (MIC for ampicillin as reference aritihiotic 
was 5 pgimL) and 30 pgiiiiL for E. coli (> 5 /rg/mL 
íor chloramphenicol). 



S. Erazo et al. . Metabolites from Dunalia spinosa 

Klebsiella pneumoniae (clinical isolated), Salmo- 
nellu rrviutum (ATCC 2228), Pseudomonas aeru- 
ginosa (ATCC 14207), Staphylococcus aureus 
(ATCC 6538P), Micrococcus flavus (ATCC 
30290), Bacillus suhtilis (ATCC 6633), Carldida nl- 
hicans and Saccharomyces cerevisiae (clinical iso- 
lated). The extracts were dissolved in DMSO. Di- 
lutions of 100 and 200pgImL were added to a 
fixed volurne of Plate Count Agar (PCA, Merck). 
They were then superficially inoculated with an 
overnipht culture of the different microorganisms 
and incubated at 37 "C for 24 h for bacteria and 
28 "C for 48 h for fungi and yeasts. Results were 
recorded as growth or growth inhibition at each 
extract concentration (Erazo et al., 2006). 

A bioautographic agar overlay assay by TLC of 
the resinous exudates and compounds 1 and 2 was 
carried out on silica gel 60 G F2S4 plates developed 
with DCMIEtOAc (9:l vlv) for S and EtOAcI 
MeOH (8: 2) for 2 (Rahalison et al.. 1991 ). 

The turbidinletric method (Balow et al., 1991) 
was used with serial dilutions of the extract in 4 
mL of Plate Count Broth or 'Tryptic Soy Broth 
(Merck). Both media were used to assay the MIC 
values of compound 1 against S. aureus and E. coli. 

Xanthine oxidase activity 

Both xanthine and xanthine oxidase (XO) were 
purchased from Sigma Co., and the standard in- 
hibitor allopurinol was obtained from Laborato- 
rios Saval (Santiago, Chile). The global methanol 
extract was evaluated at 50pgImL and further 
tested for ICSo determination with an inhibition 
value > 50% (Noro et ul., 1983). The inhibition of 
XO activity using xanthine as the substrate was 
spectrophotometrically measured in relation to 
the amount of uric acid, which was determined at 
290 nm. 

The ICSo value of allopurinol was 0.035 pgIinL 
( 0 . 2 6 7 , ~ ~ ) .  For XO activity, the drug-induced 
changes were statistically estinlated using the Wil- 
coxon test for independent data (Hollander and 
Wolfe, 1973). Effects were significant lor p 5 0.05. 

Superoxide aniorz generarion 

The enzyme xanthine oxidase is able to generate 
Oz ir1 vivo by oxidation of reduced products from 
the intracellular ATP metabolism. The superoxide 
(SO) generated in this reaction sequence reduce 
the nitro blue tetrazolium dye, leading to a 
chromophore with a maximum at 560 nm. 

Superoxide anion scavengers reduce the gcnera- 
tion of the chromophore. The activity was meas- 
ured spectrophotometrically as reported previ- 
ously (Payá et al., 1992; Masaki et al.. 1995). 
Compounds isolated were evaluated at 50 pg1mL. 

D PPH decolouration assay 

The quenching of free radicals by isolatcd com- 
pounds was evaluated spectrophotometrically at 
517 nm through the residual absorbance of the 
DPPH radical (Sigma). The scavenging activity of 
substances was assessed by the decolouration of a 
methanol solution of DPPH (Feresin et al., 2002). 
A freshly prepared DPPH solution (20 rng1L) was 
used for the assays. Samples were dissolved in 
methanol and the DPPH solution served as a con- 
trol. 'iñe degree of decolouration indicates the 
free radical scavenging efficiency of the samples. 
Quercetin, a free radical scavenger, was used as 
reference. The percentage of DPPH decolouration 
was calculated as follows: decolouration (%) = 
[ l  - (absorbance of compound with DPPH - ab- 
sorbance of blank sample)/(absorbance of DPPH 
control)] x 100. 

Compounds were assayed starting at a maxi- 
mum concentration ten times higher (33 p ~ )  than 
the IC5, vaiue of quercetin ( 3 . 3 , ~ ~ ) .  The ICS0 
value was calculated according to the scavenging 
efficiency. 

Results and Discussion 

Six compounds were isolated and characterized 
from Dunalia spinosa: lupeol, p-sitosterol, scopo- 
letin, quercetin, withaferin A (1) and dunaurone 
(2). 

The antimicrobial activity tests showed that al1 
Dunalia extracts were active, the resinous exudate 
being the most active extract agaiiist .S. aaureirs, B. 
suhtili.7, M.  ,flavus, E. coli and K. pneumoniae. Bio- 
guided fractionation led to the isolation of witha- 
ferin A ( l ) ,  active against al1 this microorganisms; 
the new dunaurone (2) and its aglycone 3 were 
weakly active against K. pneumon&e and inactive 
against al1 otlier microorganisms tested. The ex- 
tracts and isolated metabolites were inactive 
against the fungi. 'Ihe minimal inhibitorv concen- 
tration (MIC) of 1 determinated against the most 
sensihile microorganisms was 80pgln1L for S. au- 
r a s  (MIC for anlpicillin as reference antibiotic 
was 5 pglmL) and 30 pg/mL for E. coli (> 5 pgImL 
for chloramphenicol). 
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N o  significant resulis were obtained in t he  XO 
assay a t  50pg lmL of crude  extract. Only t he  di- 
chloromethane extract showed a weak inhibitory 
activity of 14.7%. Dunau rone  a t  2 2 ~ ~  showed a n  
important  activity of 45.7% in t he  SO assay com-  
pared  with withaferine A a t  the  same concentra-  
tion, which showed an activity of 9.1 %. None of 
them showed XO inhibition activity. 

. 

I n  t he  D P P H  assay t he  f ree  radical scavenging 
efficiency of dunaurone  was significant (CESO = 
2 7 . 9 ~ ~ )  compared with t he  s tandard quercet in 
(CE5(] = 3.3 PM). 
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