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Abstract. Secondary metabolites rrom Bupleurum salicifolium were tested against viruses, Gram-positive and 
Gram-negative bacteria, the yeast Candida albicans, the nematodes Globodera pallida and G. rostochiensis, the 
insect Spodoptera littoralis and the crustacean Artemia salina. These compounds were also tested against tumoral 
and non-tumoral cell lines. The polyacetylene 8S-heptadeca-2( Z) -9( Z)-diene-4,6-diyne-1 ,8-diol exhibited toxicity 
for A. salina and specific antibiotic activity against Gram-positive bacteria. Nine of the lignans and one coumarin 
showed toxicity for A. salina, and the lignans bursehernin and matairesinol inhibited the hatching of the two 
nematode species. These are the first lignans that have been reported as affecting phytoparasitic nematodes, and the 
first natural products known to have an effect on the hatching of G. pallida. Lignans may playa role in the defence 
mechanisms or po tato plants, as allelopathic substances acting against cyst-forming nematodes. 
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Bupleurum salic!{olium is native to the western Canary 
Islands from Gran Canaria to El Hierro, where is 
frequently found on diffs up to 1000 m aboye sea leveJ1. 
The plant is highly specialized in biosynthesizing sec
ondary metabolites, principally lignans, coumarins and 
flavonols2- 7 derived from shikimic acid. 
Biologically active lignans and acetylenes are natural 
products which are attracting increasing attention. Sev
eral biological effects are ascribed to various structures 
found in these substances8 -

10. Sorne lignans extracted 
from B. salicifolium have aIread y shown nematostatic 
activity against potato cyst nematodes (Globodera pal/
ida and G. rostochiensis) 11, and a polyacetylene from the 
lea ves of the same species has exhibited potent antibi
otic activityl2. 
This work is part of a larger project on the study of 
bioactive compounds from the Macaronesian flora and 
reviews the biological activities of the secondary 
metabolites isolated from Bupleurum salicifolium, giving 
the results of new assays to determine antiviral or 
cytostatic activity, or toxicity for invertebrates. 

Materials and methods 

Isolation and characterization of compounds. The com
pounds shown in figure 1 were isolated by repeated 
chromatography on a silica gel column and Sephadex 
LH-20, from the ethanolic extracts of leaves, roots and 
seeds of B. salicifolium. AH compounds were rigorously 
characterized using spectroscopic techniques (UV, IR, 

* To whom correspondcncc should be addrcssed. 

lB, MNR, l3C NMR, HMBC, HMQC, MS) and chem
ical data47

. 

Compounds tested. Due to the limited availability of the 
different compounds, not all the substances were tested 
in all assays. However, all basic skeletons except the 
dybenzyl-butenolide lignan for brine shrimp assay, and 
the tetrahydrofuran lignans and the coumarin ror cyto
toxicity and antibiotic activities, were tested. For antivi
ral, antifeedant, nematicidal and nematostatic activities, 
only the majority metabolites isolated from B. salicijólium 
(dibenzyl-butyrolactone lignans) werc tested, and their 
activity compared with other lignan types (table 1). 
Brine shrimp assay. Brine shrimp (Artemia salina) as
says were performed in triplicate in 27% sea salt brine 
with distiHed H 2 0 and 1°1<, DMSO, using the methodol
ogy described by Meyer et a!.13, and tour concentrations 
(0.1, 1, 10, 100 ~lgfml) of the compounds. After 24 h the 
percentage of dead larvae was recorded, and mortality 
at the higher dose ( 100 Ilgfml) was analyzed by a com
pletely randomized ANOV A. The means were separated 
by Duncan's multiple range test at 5';;, significance leve!. 
The theoretical LCso was estimated for the most effec
tive compounds from the best fitted line calculated by 
regression of the percentage of dead larvae and the 
natural logarithm of the concentration. 
Antiviral activity. The compounds were tested against 
herpes simplex virus type 1 (HSV-l) strain KOS and 
vesicular stomatisis virus (VSV) strain Indiana, propa
gated in HeLa cells grown in Dulbecco's modified Ea
gle's medium (DMEM), supplemented with 10'10 new
born calf serum. Monolayers of HeLa cells were in
fected with HSV- I and VSV at adose of 0.5 and 0.1 pfu 
(plaque forming unit) per ceU, respectively, in the pres-
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1 Guayarol (*) 9 Nortrachelogenin 17 Allohydroxy matairesinol 
2 Buplerol (*) 10 Nortrachelogenin triacetate (**) 18 2,3-dehydro nortrachelogenin (**) 
3 Matairesinol 11 2-hydroxy-thujaplicatin-methyl-ether 19 Syringaresinol 
4 Matairesinol dimethyl ether 12 Kaerophyllin 20 Busaliol (*) 
5 Bursehemin 13 Guamarol (*) 21 Busalicifol (*) 
6 Pluviatolide 14 Isokaerophyllin (*) 226,7,8, trimethoxy coumarin 
7 Thujaplicatin methyl ether 15 Isoguamarol (*) 23 Quercetin 
8 2-chloro-matairesinol (**) 16 Salicifoline (*) 248S-heptadeca-2(Z)-9(Z)-diene-4,6-diine-l,8-diol 

(*) Novel compound; (**) Synthetic 

Figure 1. Structure of the secondary mctabolites isolated from B. salicifolium. 

ence of several concentrations of the compound to be 
tested. After 48 h (HSV-l) or 24 h (VSV) of incubation 
at 37 oC in a CO2 incubator, the cell monolayer was 
examined under a phase contrast microscope and the 
cytopathic effect recorded; toxicity was also estimated in 
uninfected cells. In order to get more accurate and 
quantitative data for the antiviral and cytotoxic activity, 
protein synthesis was measured as described in Alarcón 
et al. 14. 

Cytotoxic activity. Four cell lines were used including 
tumoral (HeLa and Hep-2) and non-tumoral (Vero and 
BHK-2l) celllines. Cytotoxic activity was measured by 
Mossmann'slS colorimetric assay based on the reduc
tion of MTT (3-( 4,5-dimethylthiazol-2-yl)-2,5-diphenyl 

tetrazolium bromide). Optical density was recorded us
ing a micro ELlSA reader at 600 nm. The percentage 
of cell viability was plotted against compound concen
tration and 50'10 cell viability (lCso ) was ca1culated; the 
experiment was repeated three times. 
Antibiotic assay. The activity of the compounds was 
tested against Gram-positive (Staphylococcus aureus 
ATCC 6538, Bacillus subtilis CECT 39, Micrococcus 
luteus CECT 241) and Gram-negative (Escherichia coli 
CECT 99, Salmonella sp CECT 456, Pseudomonas 
aeruginosa AK 958) bacteria and the yeast (Candida 
albicans UBCl). The bacteria were maintained on 
nutrient agar and the yeast on Sabouraud agar. The 
minumum inhibitory concentration (MIC) of products 



Table l. Compounds used in each test. 

Compound Type Test systcm* 

BS AV C AB AF NN 

1 Dibenzyl-y -butyrolactone + + + + 
2 + + + + + 
3 + + + + + 
4 + + + + + 
5 + + + + + + 
6 + 
7 + + + 
8 + + + 
9 + + 

10 + 
11 + 
l2 Benzylidene-benzyl-y-butyrolactone + + + + + 
13 + 
14 + + + 
15 + 
16 + + 
17 6-hydroxy-dibenzyl-y-butyrolactone + + + 
18 Díbenzyl-butenolide + + 
19 Furofuran lignan + + + + 
20 Tetrahydrofuran líguau + 
21 + 
22 Coumarín + 
23 Flavonol + + + 
24 Polyacctylene + + + 

*BS: brine shrímp; A V: antvíríal; C: cytostatic; AB: antibíotic; AF: antifccdant; NN: ncmatostatic and nematicidal. 

exhibiting actlVlty in the antimicrobial assays in agar 
media was estimated in Iiquid medium following the 
method of Buttiaux et al. l6

. 

Antifeedant activity. Larvae of the inscct Spodoptera 
littoralis in fifth instar, bred under laboratory conditions 
on a semi-artificial diet l7

, were used in a choice test with 
1 cm 2 lettuce disks. The compounds to be tested were 
uniformly distributed over the surface of the disk by 
application of 10 ~g of compound in acetone, which was 
then evaporated off to give the treated disks (TD). 
Control disks (CD) were prepared in the same manner 
but without test compounds. For each bioassay, four TD 
and four CD were placed alternate1y in a Petri dish with 
five larvae and kept in the dark undcr constant condi
tions, with five replicates for each compound tested. The 
consumed are as of the treated disks (CTD) and those of 
the control (CCD) were measured simultaneously at 
regular 30-min intervals for 4 to 5 h to calcula te the 
feeding ratio (FR = CTDjCCD) 18. FRs(j, the feeding 
ratio when the CD has been 50% consumed, was used as 
a measure of antifeedant activity. 
Nematostatic and nematicidal activities. Nematostatic 
activity was investigated by studying the effect of lig
nans on po tato cyst nematode hatching. Po tato cyst 
nematodes are specific parasites of solanaceous plants, 
and hatching occurs naturally only in response to an 
unknown stimulus exerted by the plant roots. Certain 
salts can induce cysts to hatch l9

, and for this assay 

ZnS04 was used as the hatching agent. Batches of ten 
cysts were placed in an aqueous solution containing 
50 flgjml of the compound and 10 mM ZnS04 , with the 
total volume of the mixture assay being 2 mI. Hatched 
juveniles were counted regularIy, the cysts washed thor
oughly with distilled water, and the test solution re
placed with fresh stock. Each treatment was applied to 
four replicates (except for lignan 19, when only two 
replicates were available) and the controls, one (Cl) 
with distilled water plus 0.5% EtOH and the other (C2) 
with the hatching agent plus 0.5'Yo EtOH, the solvent 
used with the lignans. The experimental design was a 
randomized complete block and the results were 
analyzed by a two-way ANOV A. After examination of 
the data a log transformation was needed to standardize 
the data and one unit was added to all the replicates to 
avoid zero values. The mean numbers of hatched juve
niles at the end of the experiment were compared using 
Duncan's multiple range test at 5% significance leve!. 
The lignans were al so tested for nematicidal activity 
against second stage juveniles of the potato cyst ne
matodes Globodera rO.l'tochiensis and G. pallida. Batches 
of up to 1000 cysts were induced to hatch using a 
10 mM ZnS04 solution. Aliquots (lOO ~l) containing 
about 50 juveniles were placed in a water solution 
containing 250 ~gjml of the compound, and appropri
ate controls were set up. After 24 h, the percentage of 
mortality was recorded. 



Tablc 2. Mortalíty of A. salina larvae as affeeted by seeondary 
metabolites isolated from B. salicifólium. 

Compound Mean ('/.) dcad) Rangc* 
(100 ¡¡g/mI) 

24 lOO a 
6 90 ab 

19 83.33 ab 
8 75.15 be 
4 60 cd 

J3 56.06 ede 
5 50 def 

22 36.56 cfgh 
7 32.73 fghi 
2 26.67 ghij 

17 26.3 ghij 
20 22.69 ghij 
15 19.53 hij 
11 16.06 hij 
12 13.33 ij 
21 11.61 ij 
23 11.5 ij 

I 6.67 j 
Control 6.67 j 

LSDo05 = 18.692; Error mean squarc = 128.42. 
*Treatments sharing the same letter have non-signineant differ
enees at 5'1'0 levcl by Duncan's multiplc range test. 

Results and discussion 

The brine shrimp assay gives an idea of the potential 
biologieal aetivity of eompounds 13

. In these experi
ments, the lignans 4-8, 13, 19, the eoumarin 22 and the 
polyaeetylene 24 killed signifieantly more larvae of A. 
salina than the control at a concentration of 100 llg/ml 
(table 2), with the polyacetylene being the most active 
compound. eertain relationships between lignan struc
ture and activity could be observed: the furan-type 
lignans 20-21 were in active whereas the furofuran lig
nan 19 showed high activity against A. salina larvae. 
Among the benzylidene-benzyl butyrolactone-type lig
nans, 13 were active whereas 12 was not; the only 
difference between the two was the double-bond stereo
chemístry, E and Z, respectively. In the dibenzyl y-buty
rolactones a corre1ation was observed between the 
number of hydroxy groups in the A ring and the activ
ity: lignan 4 which had two methoxy groups 2, with one 
methoxy and one hydroxy group, and 1 with two hy
droxy groups, were significantly different from one an
other. The introduction of a chlorine atom onto C-2 of 
the butyrolactone skeleton seemed to augment the activ
ity of lignan 8. The lethal concentration (Le5o ) for the 
six most active compounds (table 3) ranged from 
0.49 !1g/ml for the polyacetylene 24 to 193.06 !1g/ml for 
lignan 4. 
Dnder the experimental conditions described aboye, 
none of the compounds tested showed activity against 
the viruses HSV -1 and VSV or cytotoxicity against the 
cellular lines at adose of 20 !1g/ml. 
In the antibiotic assays of the compounds, an inhibition 
halo was observed in the agar growing medium only for 

Table 3. Thcoretieal toxicity LCso on A. salina larvac of sec
ondary metabolites isolated from B. salicoJóliUln. 

Compound 

24 
6 
8 

19 
13 
4 

LCso (¡¡g/mI) 

0.49 
4.64 

16.74 
33.22 
82.35 

193.06 

Table 4. Antifeedant activity of secondary metabolites isolated 
from B. saliciJ()/ium against larvac of Spodoptera littoralis. 

Compound 
(10 ¡¡g/em2

) 

3 
2 
4 
5 

12 

*Mcan sl<uidard dcviation. 

FRso ± MSD* 

0.60 ± 0.42 
0.74 ±0.36 
0.80 ± 0.41 
1.20 ± 0.51 
1.43 ± 0.76 

polyacetylene 24, which showed specificity for Gram
positive bacteria and was inactive against Gram-nega
tive bacteria and the yeast. The MIe of compound 24 in 
liquid medium was: 10 !1g/ml for S. aureus, 5--10 !1g/ml 
for B. subtilis and 10-15 !1g/ml for M. luteus. 
In the antifeeding assays, no significant differences were 
noted in the FRso for the insect Spodoptera littoralis 
when the compounds were tested at 10 Ilg/cm2 (table 4). 
The study of the possible nematostatic activity of the 
compounds showed up highly significant differences 
(p < 0.01) between treatments, time and the interaction 
treatments x time in the ANOV A analysis. Duncan's 
multiple range test clustered the mean s in non-signifi
cant groups (table 5). After 14 days of being exposed to 
the lignans, aH treatments stimulated the hatching of 
more juveniles than distilled water (el), but the lignans 
5 and 3 significantly reduced hatching compared to the 
control with hatching agent (e2), reducing the number 
hatching by 70% and 55%, respeetively. The hatch
inhibiting dose (HIDso) was estimated for bursehernin 
(5) from the best fitted curve. Only 16.42 !1g/ml of the 

Table 5. Nematostatic activity of lignans against Globodera spp. 

Compound Mean [Iog( 1 + x)] Range* 
(50 ¡¡g/mI) 

10 1.33945 a 
C2 1.26882 ab 
2 1.14898 abe 

19 1.12140 be 
1 1.07055 be 
3 0.97771 cd 
5 0.84377 d 

Cl 0.62399 e 

LSDo05 = 0.18; Error mean square = 0.08. 
*Treatments sharing the same letter have non-signifieant differ
ences at 5% level by Duncan's multiple range test. 



Table 6. Mortalíty of G/obodera spp juveníles as affected by 
secondary metabolítes ísolated from B. salíófolium. 

Compound 
(250 J.lg/ml) 

None 
3 
5 

10 
1 

19 
2 

% Mortalíty (24 h) 

30.6 
20 
23.1 
24.2 
25.9 
31.3 
34.5 

lignan was needed to reduce hatching by 50(% over a 
two-week periodo No differences were noted in the in
hibitory effect of the lignans of G. pallida or G. ros
tochiensis. It would seem that the presence of a 
methylene-dioxy group in the aromatic ring B of the 
dibenzyl-butyrolactone skeleton played a part in the 
nematostatic activity of the compounds tested: whcn the 
methylene-dioxy group of 5 was replaced by a methoxyl 
and a hydroxyl in 2 or two hydroxy groups as in 1, 
activity was significantly reduced. In the lignans with no 
methyIene-dioxy groups, activity increased according to 
the number of free hydroxy groups 1, 3> 2 > 10. Lig
nan 10 also has a relatively voluminous aceta te group at 
position 2 in the lactone ring, which may partly figure 
as a possibIe steric bulk between this compound, and 
the receptor on the nematode eggshell whose existence 
was hypothesized by Atkinson and Taylor20

•
21

• 

None of the compounds tested showed nematicidal ac
tivity when tested on second-stage juveniles of Glo

boelera pallida and G. rostochiensis (tabIe 6). 
It has been reported that raw root diffusates from 
several umbelliferous plants inhibit hatching of G. ros
tochiensis by 36 ~ 56'Y;) (ref. 22). It is possible that sorne 
biogenetic compounds from the shikimic pathway, with 
similar structurcs to those of the compounds studied 
here were involved in this effect. 
Bursehernin and matairesinoI are the first natural prod
ucts known to affect hatching of G. palliela and the first 
lignans ever reported to have an effect on a phytopara
sitic nematode. Matairesinol is active on cyclic 
adenosine-3', 5'-monophosphate (cAMP) metabolism23 

and the hatch-inhibition effect recorded from this Egnan 
and bursehernin may be related to their effect on res
piratory metabolism. 
A tetrahydrofuran-type compound, a stress lignan, has 
also been isolated24 from the roots and stolons of pota-

toes infected with Globodera rostochiensis. It seems 
probable that lignans form part of the defensive mecha
nisms of po tato pIants, as alle10pathic substanccs for 
defence against cyst-forming nematodes. 
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