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Abstract 

A sesquiterpene lactone 10β-Hydroxy-11βH-guai-12,6α-olide has been isolated from hexane extract of fresh-water alga Vaucheria sessilis using 
bioassay-guided fractionation. Its structure was established by a combination of spectroscopic methods and chemical correlation. The sesquiterpene lactone 
was assayed against Bacillus subtilis, Bacillus cereus, Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Vibrio cholerae, Salmonella 
typhi and Kiebsiella pneumoniae. Disk-diffusion and the macrodilution methods were used as assay. The isolated compound inhibits growth of B. subtilis, B. 
cereus, E. coli, S. aureus and S. epidermidis in vitro with at a minimun inhibitory concentration (MIC) ranging from 25 to 50 μg/mL. It had no activity at 100 
μg/mL against other bacterial species. 

Keywords: Vaucheria sessilis; Sesquiterpene lactone; Antimicrobial activity. 

Resumen 

A partir del extracto hexánico del alga de agua dulce Vaucheria sessilis se aisló una lactona sesquiterpenica 10β-Hidroxi-11βH-guai-12,6α-olido, por 
medio de un fraccionamiento bioensayo-guiado y su estructura fue establecida por una combinación métodos espectroscópicos y correlación química. La 
lactona sesquiterpenica se ensayo por el método de disco con Bacillus subtilis, Bacillus cereus, Staphylococcus aureus, Staphylococcus epidermidis, 
Escherichia coli, Vibrio cholerae, Salmonella typhi y Kiebsiella pneumoniae. El compuesto aislado inhibe el crecimiento de B. subtilis, B. cereus, E. coli, S. 
aureus y S. epidermidis in vitro con una concentración mínima inhibitoria (MIC) de 25 a 50 μg/mL, pero no tuvo actividad frente a las demás especies de 
bacterias a 100 μg/mL. 

Palabras Clave: Vaucheria sessilis; Sesquiterpen lactona; Actividad antimicrobial. 
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INTRODUCTION 

Fresh water algae comprise a vast group of 
photopsynthetic heterothophic organisms, which have 
a extraordinary potential of cultivation as energy 
crops (Amsler, 2007). They are able to produce a 
wide range of commercially interesting byproducts 
such as fats, oils, sugars and functionally bioactive 
compounds. Discovering new therapeutic molecules 
is becoming increasingly important as more bacteria 
become resistant to the commonly used antibiotics. 
Antibacterial effects have been noticed in all algal 
classes. However, a few studies have been initiated in 
fresh water algae (Das et al., 2005).  

There are approximately 87 species of genus 
Vaucheria of which only Vaucheriale vaucheria has 
phytochemical studies of carotenoids (Kleinig et al., 
1967). A literature survey revealed that this alga has 
no reports on characterization of bioactive 
constituents. This paper reports identification of one 
antibacterial principle and their antimicrobial 
activity.  

MATERIALS AND METHODS 

Vaucheria sessilis (Vaucheriaceae) field samples 
were collected from Balsas basin in February and 
July 2006, from one spring, Los Manantiales, 
Xochimilco, Mexico state and were taxonomically 
authenticated in the Laboratorio de Investigación de 
Ficología de la Facultad de Ciencias UNAM and a 
voucher specimen of the plant is stored for reference. 
After collection, samples were kept in an ice chest. 
Upon return to the laboratory, samples were washed 
with distilled water and extraneous plant/animal was 
removed and subsequent use in the test. 

Preparation of extract 
V. sessilis samples were dried at room temperature 

and ground into a find powder heated to reflux 
temperature (Soxhlet) with 2.5 L of hexane, 
chloroform, methanol and water for 3 h 
consecutively. Solvents were removed under reduced 
pressure using a rotatory evaporator to constant 
weight. % yields obtained for hexane, chloroform, 
methanol and water extracts were of 5.74, 1.36, 4.1 
and 1.49%, respectively. 

General Experimental Procedure 
IR spectra were run in KBr on a Perkin Elmer 

1710 Spectrophotometer. All NMR experiments were 
performed on a Varian 300 Hz Spectrometer. 

Microorganisms 
Staphylococcus epidermidis (ATCC 55654), 

Escherichia coli (ATCC 25922), Salmonella typhi 
(ATCC 13310) and Bacillus subtilis (NCTC 542) 
were obtained from our laboratories; Bacillus cereus 
(ATCC 17689) Vibrio cholerae (ATCC 17689) and 
Staphylococcus aureus (NCTC 8531) were provided 
by the Departamento del Hombre y su Ambiente de 
la Universidad Autónoma Metropolitana-Xochimilco; 
Kiebsiella pneumoniae (ATCC 14786) was provided 
by the Departamento de Microbiología de la Escuela 
Nacional de Ciencias Biológicas, IPN. 

Evaluation of antimicrobial activity by paper 
disk-diffusion method 

Samples were dissolved in 1:10 diluted ethanol. 
Further dilutions were made with sterile distilled 
water. Paper disk-diffusion method was used for 
preliminary, qualitative evaluation of their 
antimicrobial effects (Mitscher et al., 1972). 
Overnight incubations of cultures of bacteria were 
adjusted to approx. 106 c.f.u mL according to Mc 
Farland turbidity standards (Orabi et al., 1991) and 
spread over the appropriate media (Mueller-Hinton 
agar for bacteria) in Petri dishes. Filter paper discs (Ø 
5 mm) impregnated with the solutions (each disc 
containing 200 µg of compound) was placed on the 
air dried surface of the media, and inoculated with 
respective microorganisms. Discs containing diluent 
were used as control; these did not show any 
antimicrobial activity. After overnight incubation at 
37 °C, zones of inhibitions around the discs were 
measured  

Evaluation of minimal inhibitory concentrations 
by macrodilution method 

Macrodilution method (Hufford et al., 1975) was 
used to determine minimal inhibitory concentration 
(MIC) values (µg/mL). The same test was carried out 
with alcohol (1:10) control which had no effect on 
microorganisms. They were tested to determine the 
quantitative antimicrobial effects in respective broth 
media. Gentamicine (10 µg/disc) and kanamicine (15 
µg/disc) were used as standard antibiotics. Results 
are shown in Table 2. 
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Extraction and isolation  
Air-dried powdered algae (200 g) of V. sessilis 

was extracted in a Soxhlet with hexane and the 
solvent eliminated under reduced pressure, giving an 
extract (11.5 g) which was subjected to 
chromatography on silica gel (400 g; 50 x 7 cm 
column) with chloroform to produce 7 fractions (F1-
F-7). F3 was applied on a silica gel column and 
eluted by chloroform/ethyl acetate 8:2 where 5 
fractions were obtained (F3-1 to F3-5). 

F3-4 followed by further purification on Sephadex 
LH-20 (80 g) with chloroform, collecting 9 fractions 
of 10 mL each. Fraction F34-2 was submitted to 
preparative silica gel thin layers chromatography (2 x 
20 x 20 x 0.1 cm) with hexane/acetone/chloroform 
1:6:8 v/v to give 6 fractions. F3424 to yield 60 mg of 
1 (0.03% weight of the dry algae).  

10β-Hydroxy-11βH-guai-12,6α-olide (1) 
Oil, yellow;  
HRFABMS: m/z 252. 1792 [M + H]+ (calcd for 

C15H24O3 252. 1725; IR νmax (KBr) 3424 (OH), 1719 
(C=O) cm-1. 

1H NMR (300 MHz, CDCl3): δ 2.20 (1H, ddd, J = 
8.0, 7, 9 Hz, H-1), 1.8-2.1 (2H, m, H-2α, 2β), 161-
1.76 (2H, m, H-3α 3β), 2.42 (1H, m, H-4), 2.32 (1H, 
m, H-5), 2.89 (1H, m, H-5), 2. 4.12 (1H, dd, J = 9.5, 
10.1Hz, H-6), 1.96 (1H, m, H-7), 1.46 (2H, m, H-8), 
2.52 (2H, m, H-9), 2.75 (1H, dq, J = 10.9, 7.5Hz, H-
11), 1.07 (3H, d, J = 7.5Hz, H-13), 0.96 (3H, d, J = 
7.5 Hz, H-14), 1.23 (3H, s, H-15). 

13C NMR (100 MHz, CDCl3): δ 51.3 (C-1), 27.9 
(C-2), 35.6 (C-3), 36.4 (C-4), 43.6 (C-5), 78.5 (C-6), 
42.6 (C-7), 25.1 (C-8), 35.7 (C-9), 74.6 (C-10), 42.4 
(C-11), 179.0 (C-12), 16.5 (C-13), 15.5 (C-14), 27.2 
(C-15). 

RESULTS AND DISCUSSION 

Antimicrobial activity of the crude extract, 
fractions, pure compound and two principal 
antibiotics were used in therapy. (Gentamicine and 
kanamicine) were detected by agar well diffusion 
method. Bioactivity data (zones inhibition in mm) of 
crude extract, fractions and antibiotics are shown in 
Table 1. 

Table 1. Antibacterial activity of  hexane extract and  fractions from V. sessilis and positive controls. 

                                         Zone of inhibition  (mm) ± SEM 

Microorganisms           Crude extract   
(200 μg/mL)                        

Fractions                           
(200 μg/mL)                      

Gentamicine    
(10 µg/disc)                       

Kanamicine  
(15 µg/disc)                       

Bacillus subtilis 
NCTC 542 
 

14 ±  1.25 F3       (18 ± 0.24) 
F3-4    ( 22 ± 0.43) 
F34-2  (27 ±  1.61) 

28 ± 1.21 15 ± 0.62 

Bacillus cereus 
ATCC 17689 
 

13 ± 1.67 F3       (19 ± 1.21) 
F3-4    (21 ± 2.43) 
F34-2  (23 ± 2.85) 

25 ± 2.31 16  ± 1.65 

Staphylococcus    
aureus 
NCTC 8531 

19 ± 1.98 F3        (10 ±  0.19) 
F3-4     (14 ± 0.16) 
F34-2   (17 ± 0.14) 

 22 ±  0.96 24 ± 4.23 

Staphylococcus 
epidermidis 
ATCC 55654 

17 ± 1.86 F3       (9 ±  1.31) 
F3-4    (11 ± 0.89) 
F34-2  (13 ± 0.93) 

19 ± 2.43 20 ± 3.72 

Escherichia coli 
ATCC 25922 
 

19 ± 2.43 F3        (10 ±  1.26) 
F3-4     (13 ± 1.23) 
F34-2   (15 ±  0.98) 

23 ± 1.32  18 ± 2.61 

Vibrio cholerae 
ATCC 17689 

- - 16 ± 2.6 18 ± 1.65 

Salmonella typhi 
ATCC 13310 

- - 23 ± 3.02 19 ± 3.54 

Kiebsiella pneumoniae 
ATCC 14786 

- - 18 ± 1.09 15 ± 1.32 
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Hexane extract of V. sessilis was subjected to 

column chromatography to produce antibacterial 
compound 1. Biological activity data (MIC) for 10β-
Hydroxy-11βH-guai-12,6α-olide are given in Table 
2. 
Table 2. Antibacterial activity of 10β-Hydroxy-11βH-guai-12,6α 
-olide  

Microorganismos MIC (μg/mL) 
Bacillus subtilis 50 
Bacillus cereus 50 
Staphylococcus aureus 25 
Staphylococcus epidermidis 25 
Escherichia coli  50 
Vibrio cholerae - 
Salmonella typhi - 
Kiebsiella pneumoniae - 
DMSO - 
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Elucidation of compound 1 
Structure of lactone 1 was determined by means 

of IR, 1H, 13C NMR spectra. Compound 1 was 
obtained as yellow oil. Presence of lactone was 
confirmed by IR bands at 1719 cm-1, tertiary-OH 
group was indicated by a band at 3424 cm-1 and by 
resistance to formation of an acetate. Its molecular 
formula was assigned as C15H24O3 after HRFABMS. 
DEPT spectra revealed that it possesses three methyl, 
four methylenes, and six methines. This 1HNMR 
spectrum shows singlet for one tertiary methyl group 
at δH 1.23, two secondary methyl groups at δ 1.07 
(3H, d, J = 7.5 Hz) and δH 0.96 (3H, d, J = 7.5 Hz,), a 
double doublet (δH 4.12, J = 9.5, 10.1, Hz) 
characteristic for a lactonic proton (H-6), indicated a 
guaia-12,6α-olide structure with trans-anelated 
lactone ring (Meng et al., 2000). 13CNMR spectrum 
indicated presence of two oxygenated carbon atoms 
at δC 74.6 C-OH) and δC 179.0 (C=O). No olefinic 
carbon could be detected. Methyl doublet at a lower 
field according to the characteristic chemical shift 
and COSY correlation to H-11 at δH 2.75 was readily 
assigned to H-13. Similarity of J11,13 to that in the 
related 11α-methylguaianolides (Safayhi et al., 1994; 
Abad et al., 1994) and large coupling constant of H-
11 to H-7 (J = 10.9 Hz, together with a NOESY H-
13, H-7 correlation indicated 11α-methyl 
configuration (Fuchino et al., 2000). Coupling 
patterns and magnitude of coupling constants of H-1, 
H-4 and H-5 to H-8 were in full agreement with the α 
stereochemistry for H-1. The strong NOE between H-
15 and H-6 fully accorded with 4β-Me geometry. 

Assignment of the given stereochemistry was 
accomplished by the NOE correlations of H-2 with 
H-14 and H-3 of 15 with H-3 and H-6, and H-7 with 
H-13 in the NOESY spectrum (Fig. 2). HMBC 
correlation is summarized in Fig. 3. One of methyl 
group was attached at C-10 from HMBC correlations 
observed between H-15 and C-10, C-1 could be 
assigned to a carbon further substituted by an oxygen 
function (Tan et al., 1998), indicated 10-hydroxy 
function (Neves et al., 1999). The second methyl 
group was connected to C-11 from correlation 
between H-13 and C-11, C-12 indicated presence of 
an α-methyl-γ-lactone moiety. Third methyl group 
was observed in the C-4 by correlation between H-3 
and C-2, C-4 C-5. In conclusion, structure of 
compound 1 was established as 10β-Hydroxy-11βH-
guai-12,6α-olide (Fig 1). 

Figure 1. Chemical structure of 10β-Hydroxy-11βH-guai-12,6-
olide (1)  
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Figure 2. NOESY connectivities for 1 
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Figure 3. 2J and 3J HMBC correlation for 1 
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In an attempt to separate components with 
antibacterial properties, three fractions from hexane 
extract were obtained on the basis of biological 
activity. Under identical test conditions, extract and 
fraction demonstrated a greater degree of activity 
against Gram positive and Gram negative bacteria. 

The guaianolide isolated was to be active against 
B. subtilis, B. cereus and E. coli with same MIC 
value of 50 µg/ml, while was active against S. aureus 
and S. epidermidis with a MIC of 25 µg/mL showed 
no activity against K. pneumoniae, V. cholerae and S. 
typhi but had no activity at 100 μg/mL against other 
bacterial tested.  

In research for antimicrobial activity of plant 
extracts some species have been shown to contain 
sesquiterpenes lactones, some of them being 
biologically active. Guaianolide, salograviolide A, its 
9-O-acetyl and 3-O-deacetyl-9-O-acetyl derivatives 
from Centaurea Nicolai revealed antifungal activity 
(Vajs et al., 1999). 

Sesquiterpenoid lactones, (4βH)-8α-(2-
methylpropenoyloxy)-2-oxo-1 (5),10(14), 11 (13)-
guaiatrien-12,6α-olide and (4βH)-5β-hydroxy-8α-(2-
methylpropenoyloxy)-1 (10),11 (13)-guaiadiene-
12,6α-olide were isolated from Peruvian 
Elephantopus mollis. They exhibited potent in vitro 
leishmanicidal activities against Leishmania major 
(Fuchino et al., 2001). In addition, a sesquiterpene 
lactone, belonging to a 12,6α-olide group 
(guaianolide), was isolated from Achillea atrata 8α-
hydroxy-1α,4α,5α, 11βH -guaia-l0(14) -en-12,6α-
olide showed antibacterial and antifungal activities 
(Aljancic et al., 1999). 

Also several sesquiterpene lactones have been 
isolated from algae. Brown algae of the Dictyotaceae 

family are peculiar in that they produced a series of 
xenicane lactones. Brown algae Dictyota dichotoma 
showed 4-acetoxydictyolactones, dictotyalide A, and 
B, and nordictyotalide (Midori et al., 1988). 
Gloeolactone, an epoxy lactone has been isolated 
from the blue-green alga, Gloeotrichia sp. (Stierle et 
al., 1998). In other study three acylhomoserine 
lactone have been isolated from the Korean red alga. 
Ahnfeltiopsis flabelliformis, these compounds were 
floridoside, betonicine and isethionic acid (Kim et al., 
2007). A δ-lactone named oedogonolide was isolated 
from Oedogonium capillare (Perez et al., 2006). 

CONCLUSION 

An activity-guided fractionation of the hexane 
extract of Vaucheria sessilis led to the isolation of an 
antibacterial sesquiterpene lactone, 10β-Hydroxy-
11βH-guai-12,6α-olide, which exhibits inhibitory 
activity against Bacillus subtilis, Bacillus cereus, 
Escherichia coli, Staphylococcus aureus and 
Staphylococcus epidermidis.. 
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