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Abstract 
 
Discovery of novel compounds with pharmaceutical 
application in algae suggested that Oscillatoria limnetica 
and Hydrodictyon reticulatum species can be candidates 
for the bioprocess of target compounds. Antispasmodic 
effect of hexane, chloroform and methanol extracts from 
Oscillatoria limnetica and Hydrodictyon reticulatum were 
studied in vitro on guinea pig ileum against three 
spasmogens, acetylcholine, histamine, and barium 
chloride. In all cases hexane extract produced a significant 
antispasmodic effect on contractions of rat ileum induced 
by acetylcholine, histamine and barium chloride. IC50 for 
each was determined. Results show that hexane extract 
from O. limnetica and H. reticulatum possesses both 
anticholinergic and antihistaminic properties. 
 
 
Key words Antispasmodic activity, Oscillatoria limnetica, 
Hydrodictyon reticulatum 

Resumen 
 
El descubrimiento de nuevos compuestos aislados de algas  
con aplicación farmacéutica sugieren que las especies 
Oscillatoria limnetica  y Hydrodictyon reticulatum pueden ser 
de utilidad para la obtención de compuestos activos. El efecto 
antiespasmódico de los extractos de hexano, cloroformo y 
metanol obtenidos de las algas Oscillatoria limnetica y 
Hydrodictyon reticulatum se estudió in vitro  sobre el íleo 
aislado de cobaya empleando los espasmógenicos 
acetilcolina, histamina y cloruro de bario. En todos los casos el 
extracto de hexano produce un efecto antiespasmódico 
significativo sobre las contracciones del íleo inducidas por 
acetilcolina, histamina y cloruro de bario. Para cada 
experimento se determinó el IC50. Los resultados obtenidos 
indican que el extracto de hexano de O. limnetica y H. 
reticulatum posen propiedades anticolinérgicas y 
antihistamínicas. 
 
Palabras clave: Actividad antispasmodica, Oscillatoria 
limnetica. Hydrodictyon reticulatum 
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Introduction 
Cyanobacteria dominate both, cell number and 
biomass of summer phytoplankton in eutrophic 
lakes and reservoirs (Spodniewska, 1986). Large 
number of algae has proved to be rich sources 
and variety of bioactive natural products of 
scientific and commercial interest (Skulger, 2000). 
Oscillatoria cf. limnetica affects in varying degrees 
growth of gram-positive and gram-negative 
heterotrophic bacteria, as well as of yeast 
Saccharomyces cerevisiae (Heyduck-Soller and 
Fisher, 2000). Five diacylated sulfoglycolipids and 
four acylated diglycolipids were isolated from the 
cyanobacteria O. limnetica (TAU strain NG-4-1-2), 
and were found to inhibit HIV-1 RT enzymatic 
activity to different extents (Reshef et al., 1997). 
Subjected to test were the five pathogenic species 
Staphylococcus aureus, Klebsiella aerogenes, 
Pseudomonas aeruginosa, Salmonella 
typhimurium and Candida albicans as well five 
bacterial contamination indicators Escherichia coli 
(faecal indicator), Streptococcus faecalis 
(enterococci), Enterobacter aerogenes 
("coliforms"), Staphylococcus epidermidis (dermic 
germ) and Bacillus subtilis ("contamination 
germ"). It was found that Hydrodictyon reticulatum 
exerts a strong antibacterial effect (Graf and 
Baier, 1981). Antibacterial substances 
(unsaturated fatty acids with 16 or 18 C-atoms) 
from H. reticulatum, were effective only against 
grampositive strains (Olfers-Weber and Mihm 
1979). Hexadecenoic acid (C16:1) of aerobically 
grown O. limnetica was shown to contain delta 7 
(79%) and delta 9 (21%) isomers, while 
octadecenoic (C18:1) acid was entirely delta 9 
acid (Jahnke et al., 1989). Both algae have not 
been reported in pharmacological studies. This 
paper reports antispasmodic activity of hexane 
extracts from algae O. limnetica and H. 
reticulatum on guinea pig ileum.  
 

Materials and Methods 
Source sample collection 
O. limnetica and H. reticulatum field samples were 
collected from water treatment plant of Cerro de la 
Estrella, in Mexico City in March 2006 and were 
taxonomically authenticated by 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, the samples were washed with 
distilled water and extraneous plant/animal was 
removed and subsequently used in test. 
 
 

Preparation of extract 
O. limnetica and H. reticulatum samples were 
dried at room temperature and ground into fine 
powder. 100 g of each was heated to reflux 
temperature (Soxhlet) for 3h with 1.5 L of hexane, 
chloroform, methanol and water. Solvents were 
removed under reduced pressure using a rotatory 
evaporator to constant weight. % yields of 
hexane, chloroform, methanol and water from O. 
limnetica were 2.5, 4.8, 8.5 and 14.0%, 
respectively; H. reticulatum were 15.3, 10.8, 9.4 
and 9.8%, respectively. Extracts of O. limnetica 
and H. reticulatum were sonicated before addition 
to organ bath; acetylcholine (Ach), histamine and 
adrenaline were prepared by adding the 
substance directly to Tyrode solution.  
Biological experimental procedures 
Animals 
Male guinea pigs (250 to 400 g) were used for all 
experiments. Animals were housed in a cage 
under conditions of standard light (light on from 
7.0 a.m. to 7.0 p.m.), temperature (22±1˚C) and 
room humidity (60±10%) conditions for one week 
before the experimental sessions. Animals were 
given a commercial feed prepared by Purina and 
allowed tap water ad libitum. Procedures involving 
animals and their care conformed to international 
guidelines Principles of Laboratory Animals Care. 
Tissue preparation 
Male guinea pigs (250 to 400 g) were sacrificed 
by a blow to base of skull and cervical dislocation 
and 2 cm pieces of the ileum were dissected from 
ileum segment 10 to 20 cm proximal to the 
ileocecal valve. Material was mounted for tension 
recording and allowed to equilibrate for 1-2 h in 
10-mL chambers containing Tyrode solution 
[composition (mM): 136.0 NaCl, 5.0 KCl, 0.98 
MgCl2, 2.0 CaCl2, 36 NaH2PO4, 11.9 NaHCO3, 
and 5.5 glucose], pH 7.4 maintained at 37 °C and 
bubbled with air (5% CO2 and 95% oxygen). A 
solution with elevated [K]+, [Na]+ was 
simultaneously added to maintain isosmolarity 
(Pochocha and Grampurohit, 2001). 
Concentration-effect curves for extracts were 
performed by cumulative addition to bath. In 
experiments examining relaxation of basal tonus 
of ileum, paired segments of ileum were set up; 
one piece exposed to extract and the other 
received no treatment. Relaxation was taken to be 
different between tonus of control and test 
segments for recording contractions using force 
traducers connected to a polygraph (Grass D) as 
previously described (Astudillo et al., 2004). 
Measurement of contractile activity 
After 30 min stabilization test extracts were added 
to the bath. Extracts, were dissolved in 
dimethylsulfoxide (DMSO, Merck). A control 
preparation of DMSO up to 100 μL was added to 
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organ bath to determine whether this vehicle 
alone was able to induce contractions. Next, 
antispasmodic effect was investigated according 
to the following experimental schedule:  
(a) Hexane, chloroform, methanol and water 
extracts at concentrations of 50, 100, 200 and 300 
µg/mL organ bath: 15 min contact period.  
(b) When stable submaximal responses to 
standard agonist histamine 3x10-7 M, 
acetylcholine 10-8 M, and barium chloride 10-4 M 
were obtained. Extracts, were added to the bath 
(Van Den Broucke and Lemli, 1980). Percentage 
inhibition of histamine, acetylcholine or barium 
chloride induced contraction, in presence of 
extracts, was calculated for each concentration 
(Begum et al., 2000). 
(c) Antispasmodic activity of extract was 
compared with standard antispasmodic agent, 
papaverine (1.0-6 μg/mL), (Bezerra et al., 2000).  
(d) Median inhibitory concentration of IC50 was 
determined from graph plotted of % inhibition 
versus log dose.  
Data analysis  
Inhibition of ileac contractions by extracts was 
expressed as percentage of basal value (mean ± 
SEM). Statistical significance (p< 0.05) of 
differences between means was assessed by 
analysis of variance (ANOVA) followed by 
Tukey´s test (Daniel, 1987). Confidence intervals 
(c.l.) were calculated with software Advanced 
Graphics Software, Inc. 

Results  
Addition of each hexane extract of O. limnetica 
(50-300 µg/mL) and H. reticulatum (50-300 
µg/mL) elicited a progressively increasing 
relaxation of spontaneous tonus of ileum with IC50 
= 78.70 µg/mL (c.l.: 69-85 µg/mL, n = 6) for O. 
limnetica and IC50 = 129.4 µg/mL (c.l.: 106-133 
µg/mL, n = 6) for H. reticulatum (Figs. 1). In a 
preliminary screening acetylcholine induced 
contraction in rat ileum with IC50 = 27 μg/mL (c.l.: 
15-30 μg/mL, n = 6), (Fig.2), histamine with IC50 = 
22 μg/mL (c.l.: 12-28 μg/mL, n = 6), (Fig. 3) and 
barium chloride with IC50 = 48 μg/mL (c.l.: 25-52 
μg/mL, n = 8) (Fig. 4). Papaverine, used as 
reference compound, were IC50 = 3.4 μg/mL (c.l.: 
1.2-4.5 μg/mL, n = 6) for histamine IC50 = 3.8 
μg/mL (c.l.: 2.1-5.1 μg/mL, n = 6) for acetylcholine 
IC50 = 3.0 μg/mL (c.l.: 1.8-4.2 μg/mL, n = 6) for 
barium chloride induced contractions, 
respectively. Data obtained from present 
pharmacological evaluation shows both extracts 
were active with IC50 comparable with those 
obtained for papaverine when used as positive 
control. Results are shown in Fig. 1, 2, 3, and 4. 
Hexane extract of O. limnetica shows a 
concentration-dependent inhibition of tone and 

amplitude of spontaneous contraction of guinea-
pig ileum acetylcholine with a IC50 = 90.57 µg/mL 
(c.l.: 69-85 µg/mL, n = 7), (Fig. 2) IC50 = 79.06 
µg/mL (c.l.: 67-82 µg/mL, n = 7), (Fig. 3)  for 
histamine, and with IC50 = 123.3 µg/mL (c.l.: 101-
127 µg/mL, n = 7), (Fig. 4)  for barium chloride. 
Addition of hexane extract of H. reticulatum 
induced relaxation of basal tone of ileum, with an 
IC50 = 104.2 µg/mL (c.l.: 83-109 µg/mL, n = 7), for 
acetylcholine, IC50 = 91.83 µg/mL (c.l.: 79-95 
µg/mL, n = 7) for histamine, and IC50 = 130.6 
µg/mL (c.l.: 108-135 µg/mL, n = 7) for barium 
chloride. Antispasmodic effect of papaverine is 
shown in Figs. 2, 3 and 4. Contrastingly, 
methanol, water and CHCl3 extracts from O. 
limnetica and H. reticulatum did not show any 
inhibitory effect. 

Discussion  
The present study has shown that hexane extract 
from O. limnetica and H. reticulatum exerts 
reversible relaxant and antispasmodic effect on 
guinea-pig ileum.  
This is in accord with our previous study, 
indicating that both extracts relax basal tone of 
this muscle with maximum amplitude similar to 
that of well-characterized smooth muscle relaxant 
papaverine. We have used it as a positive control, 
as it is an antispasmodic used as a therapeutic in 
men. Our current data shows that extracts are 
also capable of inhibiting response of a wide 
range of contractile stimuli, such as 
neurotransmitters acetylcholine and histamine, 
BaCl2 releases bound (Ca2+) although showing no 
obvious selectivity between contractile agents. 
Hexane extract from O. limnetica and H. 
reticulatum shows a direct action on smooth 
muscles of guinea-pig ileum. Present experiments 
demonstrate that both algae cause a relaxant 
effect on ileum but they also antagonized effect of 
spasmogens like acetylcholine, histamine and 
BaCl2. Results confirm that crude extracts acted 
as competitive antagonist of contractions induced 
by acetylcholine, histamine and BaCl2. 
Antagonism against these spasmogens, which 
have different modes of action, suggests that 
hexane extracts may act on a common 
contraction-induced to contraction mechanism 
induced of these spasmogens. Acetylcholine, 
opens receptor-operated calcium channels and 
releases calcium from its storage sites, thus 
inducing phasic and tonic contractions (Bezerra et 
al., 2000). Since extract inhibited acetylcholine 
and histamine induced spasms, it can be 
concluded that hexane extracts inhibited both 
muscarinic and histaminic receptors.  
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Fig. 1. Inhibitory effects of the hexane extracts of O. limnetica (A) and H. reticulatum (B) 
(50, 100, 200 and 300 μg/mL) on spontaneous contraction of Isolated guinea - pig ileum. 
Results are expressed as mean ± S.E.M. *p<0.05, ** p<0.01 , *** p<0.001 (n=6)
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Fig. 2. Concentration - response of the inhibitory effects of the hexane extracts of O. 
limnetica (A) and H. reticulatum (B) (50, 100, 200 and 300 μg/mL) on the contraction 
induced by acetycholine. Each bar represents mean ± S.E.M. *p<0.05, ** p<0.01 , 
***p<0.001 (n=6)
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Fig. 3.  Effects of the hexane extracts of O. limnetica (A) and H. reticulatum (B) (50, 100, 
200 and 300 μg/mL) on  contraction induced by histamine in isolated guinea - pig ileum 
.Contraction is expressed as a percentage against control contraction induced by 
histamine in the absence of samples. Each value shows the mean ± S.E.M. *p<0.05, ** 
p<0.01, ***p<0.001 (n=6)
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Fig. 4.  Effects of the hexane extracts of O. limnetica (A) and H. reticulatum (B) (50, 100, 
200 and 300 μg/mL) on  contraction induced by BaCl2 in guinea - pig ileum .Contraction 
is expressed in % of the maximal contraction obtained in the same tissue before the 
administration of antiespasmodic. Results are expresed as mean ± S.E.M. *p<0.05, ** 
p<0.01, ***p<0.001 (n=7)

0

20

40

60

80

100

Control 50 100 200 Papaverine

%
 in

hi
bi

tio
n

XX

X

XXX

X

300

XX

0

20

40

60

80

100

Control 50 100 200 300

%
 in

hi
bi

tio
n

XX

XXX

XX

XXX XXX

Papaverine

Dose μg/mL

A

Dose μg/mL

B

 
 

BLACPMA Marzo de 2007; Vol 6; Num. 2; Pág. 34 



Pérez Gutiérrez and Vargas Solís: Smooth muscle relaxing properties of freshwater algae 

Hexane extracts from the O. limnetica and H. 
reticulatum both possessing anticholinergic and 
antihistaminic properties (Hayasi et al., 2002). 
Effect of extract on transmitter release and 
receptor functions as evidenced by inhibition of 
contractions elicited by acetylcholine and 
histamine suggest a neurotropic mechanism 
(Cunha et al., 2003, Aquino et al., 2001)  and 
probably inhibits smooth muscle responsiveness, 
interfering with Ca2+ availability to contractile 
apparatus by inhibiting release of bound Ca2+ 
(Varagic et al., 1984). 
In conclusion, data obtained provides evidence to 
support antispasmodic activity of algae O. 
limnetica and H. reticulatum. Fractionation of 
hexane extracts is in progress to identify active 
fractions, to isolate and characterize active 
compounds. 
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