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Abstract - In this present investigation pharmacologically active compounds were isolated from red algae (Asparagopsis 
taxiformis) and their efficacy was evaluated against the Leptospira javanica isolates of rodent carriers. The GC-MS analy-
sis of the purified compound revealed the presence of 4,5-dimethyl-1H-pyrrole-2-carboxylic acid ethyl ester (56.012%), 
fattyacids, 14-methyl-pentadecanoic acid methyl ester (26.6%), octadecanoic acid methyl ester (8.46%), octadec-9-enoic 
acid 2,3-dihydroxy-propyl ester (4.11%), 9-octadecanoic acid, methyl ester (4.535%) and trace amount of chlorobenzene 
(0.09%). MICs and MBCs of the purified compound against pathogenic leptospiral strains belonging to 14 serovars and 11 
isolates belonging to serovar javanica of Leptospira borgpetersenii were determined in a range of 100-1600 μg/ml. The 
antibiotics penicillin and doxycycline were used as the standards for the efficiency determination of the seaweed extract 
against the leptospiral reference serovars and isolates. The minimal inhibitory concentration of penicillin and doxycyline 
were in the range of 25-200 μg/ml. The seaweed active fraction exhibited comparable MIC and MBC values with that of 
the standard antibiotic doxycycline. In the present study the seaweed compound has been developed to apply for the 2nd 
nodal point of transmission cycle, the environment. Thus the present study draws the development of a novel drug to 
treat leptospires particularly in environments augmented with rodent carriers.
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INTRODUCTION

Leptospirosis occurs in a variety of urban and rural settings, 
and is considered to be the most widespread zoonosis in 
the world. Spirochetal bacteria of the genus Leptospira 
are responsible for leptospirosis, causing both endemic 
and epidemic disease in human and animals (Faine et 
al., 1999). Infections may be clinically inapparent or may 
produce a febrile illness ranging in severity from mild to 
life threatening. The typical symptomatic presentation of 
leptospirosis is a mild febrile illness without pathognomonic 
findings. Definitive diagnosis relies upon either culture 
which has a low yield and requires incubation of 4 to 6 
weeks or serological testing of acute and convalescent-
phase samples. Therefore, initial therapy of leptospirosis is 
often empirical, based upon a broad differential diagnosis 
that includes leptospirosis and other etiologies of acute 
febrile illness in the community.
 Data regarding the in vitro efficacy of the antibiotics 
or natural pharma are very scanty. In vivo testing for the 

activity of antimicrobials against Leptospira sp. is limited to 
few agents for human in epidemic situations. Most of the 
available data were relevant to randomized trials among 
the humans, which includes the evaluation of intravenous 
penicillin in treatment of severe or icteric disease (Edwards 
et al., 1988; Watt et al., 1988). In another study, the oral 
doxycycline for treatment of acute febrile illness (McClain 
et al., 1984) as well as for the prevention (Sehgal et 
al., 2000) have been evaluated. These studies reported 
decreased symptoms with the used antimicrobials and 
have been used in small scale to examine the activities 
of numerous drugs against Leptospira isolates (Broughton 
and Flack, 1986; Prescott, 1991; Murgia and Cinco, 
2001). A simple and effective method of testing various 
antimicrobial agents against Leptospira sp. would point out 
a potential alternative therapy for leptospirosis. 
 The bacterial diseases are usually tackled by preventing 
disease outbreaks or by treating the actual disease with 
drugs or chemicals. The use of antimicrobial agents has 
increased significantly and the pathogenic bacteria acquire 
resistance to drugs due to indiscriminate uses of antibiotics. 
It becomes a greater problem of giving treatment against 
resistant pathogenic bacteria. Moreover, the cost of the 

* Corresponding Author. Phone: + 914312407082; Fax: 
+914312407045; E-mail: natarajaseenivasan@rediffmail.com



432 K. VEDHAGIRI et al.

drugs is high and also they cause adverse effect on the 
host. The decreased efficacy of the antibiotics and the 
resistance of pathogens to various antibiotics have made 
necessary the development of new alternatives (Smith 
et al., 1994). Many bio and pharmacologically active 
substances have been isolated from algae. Seaweeds 
provide a rich source of structurally diverse secondary 
metabolites. These secondary metabolites offers defense 
against herbivores, fouling organisms and pathogens. 
Harder (1917) was the pioneer to observe the antimicrobial 
potentials of seaweeds. Many algal species have been 
shown to have bactericidal or bacteriostatic substances 
(Glombitza, 1979; Michanek, 1979; Fenical and Paul, 
1984; Paul and Puglisi, 2004). 
 Transmission of pathogenic leptospires occurs in a 
cyclic fashion from the rodent carriers to the human/ 
domestic animals through the environment. There is no 
proper remedy for the environmental control of leptospires. 
Therefore in the present study, we reported the efficacy of 
the seaweed extract of Asparagopsis taxiformis along with 
the antibiotics penicillin and doxycycline as standards for 
the leptospiral reference strains and the rodent isolates of 
Leptospira borgpetersenii serovar javanica. 

MATERIALS AND METHODS

Collection of seaweeds. Field collection of healthy and matured 
seaweed was made from rocky intertidal region of (08°54’ N and 
76°38’ E) of Kollam coast. Voucher specimens were depos-
ited in the laboratory in 4% formaldehyde for future analysis. 
Immediately after the collection the seaweed thallus was gently 

washed with filtered seawater to eliminate epibiota and other 
algal contaminants. Cleaned samples were then surface dried 
under shade for one week at room temperature. Dried fronds of 
seaweed were powdered in a coffee grinder and packed in poly-
ethylene bags and stored in moisture free place until extraction.

Extraction of crude bioactives. For the extraction of crude 
bioactives, 100 g of coarsely powdered algal material was soaked 
in methanol:water (1:10) and fermented at 120 rpm for seven 
days. After one week, algal material was collected by centrifuga-
tion at 8000 x g for 20 min and re-extracted with methanol in a 
3 l capacity round bottom flask at 60 °C for 3 h. The individual 
crude extracts were pooled and filtered through Whatman No. 1 
filter paper fitted with a Buchner funnel using suction pressure. 
The pooled extract was reduced to a dark green oily natured 
crude mass in a rotary vacuum evaporator (Yamato) at 40 °C. 
The resultant extracts were collected in air-tight plastic vials and 
stored at 4 °C and used for further analysis. 

Leptospiral strains. In the present study a total of 24 
Leptospira strains were used, out of which 13 were reference 
strains (received from the Leptospira Reference Laboratory, Port 
Blair) and 11 test strains (recovered from rodents of semi urban 
area of Tiruchirappalli, India and coded as TR1L, TR1R, TR2L, 
TR2R, TR3L, TR3R, TR4L, TR4R, TR5L, TR5R, and TR6R) (Table 
1). All the isolates were identified at serovar level at Leptospira 
Reference Laboratory, Brisbane, Australia. All the strains used in 
the study were maintained in Ellinghausen-McCullough-Johnson-
Harris (EMJH) medium (Faine et al., 1999).

Antimicrobial agents. The antimicrobial agents like penicillin 
G, benzylpenicillin potassium salt (60 mg/l), doxycycline hyclate, 

TABLE 1 - MIC, MBC and EC50 of penicillin (P), doxycycline (D) and seaweed extract (SE) against leptospiral pathogenic 
strains and isolates

Leptospira serovar (strain) MIC (μg/ml) MBC (μg/ml) EC50 (μg/ml)

P D SE P D SE SE

australis (Ballico) 50 200 100 100 400 400 127.4
autumnalis (N2) 25 200 200 100 400 800 64.24
ballum (Mus127) 25 100 100 50 200 400 35.48
bataviae (Swart) 50 100 200 100 400 400 96.53
canicola (HondUtrechIV) 50 200 200 100 400 800 101.8
cynopteri (3522C) 25 100 100 100 200 400 163.9
grippotyphosa (MoskvaV) 25 200 200 100 400 400 64.66
icterohaemorrhagiae (RGA) 50 200 200 100 400 400 56.66
javanica (Poi) 50 200 400 100 400 1600 185.6
manhao (L60) 50 100 100 100 200 400 197.2
pomona (Pomona) 25 100 400 50 400 1600 312.1
pyrogenes (Salinem) 25 200 400 50 400 800 322.9
tarassovi (Perpelistian) 25 50 100 50 100 200 264.2
TR1L 50 200 200 100 400 800 179.1
TR1R 25 100 200 100 200 400 110.8
TR2L 50 200 200 100 400 800 133.8
TR2R 50 200 200 100 400 1600 316.7
TR3L 50 100 400 100 400 1600 183.6
TR3R 50 100 200 100 200 400 153.0
TR4L 25 200 200 50 200 400 91.91
TR4R 25 100 200 50 200 400 94.41
TR5L 50 100 200 50 200 400 128.3
TR5R 50 100 200 100 200 400 141.8
TR6R 2 50 200 50 100 400 90.61
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doxycycline hydrochloride hemiethanolate hemihydrate (1 mg/
ml) (Sigma, USA) were used as standards. Initial antibiotic stock 
was prepared as per the manufacturer’s instructions, filter steri-
lized and stored at -20 °C until use.

Fractionation and purification of bioactive compounds 
from Asparagopsis taxiformis. The concentrated methanolic 
extract of A. taxifomis (1 g) was loaded in a silica gel (60-120 
mesh) (Merck) column equilibrated with petroleum ether. An 
isocratic elution with petroleum ether and ethyl acetate (9:1 
to 1:9 and 100% ethyl acetate) followed by ethyl acetate and 
methanol (9:1 to 1:9 and 100% methanol) was carried out to 
yield seven fractions. Individual fractions were collected and 
tested for bioactivity against the Leptospira isolates used in the 
present study. The active antileptospiral fraction was further 
purified by preparative TLC using silica gel G as stationary phase 
with 1% methanol in dichloromethane as mobile phase. After the 
development of chromatogram, the resolved spots were analyzed 
by spraying with 50% sulphuric acid for detecting the lipophilic 
compounds. The TLC resolved spot were recovered by scrap-
ping off the adsorbent at the appropriate place and eluted with 
methanol, centrifuged at 10000 x g for 5 min. The supernatant 
with bioactivity was subjected to HPLC (Shimadzu) and GC-MS 
analysis (Hewlett Packard).

Antileptospiral assay. The Minimal Inhibitory Concentration 
(MIC) was determined by the broth dilution method (Hospenthal 
and Murray, 2004). Antibiotics and seaweed extract dilutions were 
made in EMJH medium in order to reach the final concentration in 
the range of 12.5, 25, 50, 100, 200, 400, 800 and 1600 μg/ml. 
Seven-day-old culture of Leptospira was used as inoculums and 
the concentration were determined under dark field microscopy 
(Natarajaseenivasan and Ratnam, 1997). Inoculums were added 
to make a final concentration of 1 x 106 organisms/ml and the 
tubes were incubated at 30 °C for 7 days. All the experiments 
were performed in triplicates. The EMJH medium tubes without 
any antimicrobial additives were inoculated with the leptospires 
and served as a control. The MIC was recorded as the lowest 
concentration that did not show any presence of live leptospires. 
For the Minimum Bactericidal Concentration (MBC) all the tubes 
were sub cultured in fresh EMJH media without any antimicrobial 
agents and incubated at 30 °C for 7 days. Further, the lowest 
concentration that showed 90% reduction in the growth of the 
leptospires was considered as MBC. 

EC50 and statistical analysis. Frequency of inhibition (EC50) 
at each concentration of antibiotic and bioactive compounds was 
determined by counting the numbers of live leptospires in tested 
and control group and graphs plotted using graph pad software 
Prism (version 5.0). The statistical analysis was performed using 
student’s t-test for two independent variables using SPSS (ver-
sion 11.0) and the significance between the antibiotics and sea-
weed extracts were studied.

RESULTS AND DISCUSSION

Antileptospiral activity of Asparagopsis taxiformis
The methanolic extract of A. taxiformis showed maximum inhi-
bition against 20% (Leptospira tarassovi, Leptospira australis, 
Leptospira ballum, Leptospira cynopteri, Leptospira manhao) and 
moderate activity against 80% of the reference and recovered 
strains. In our preliminary screening experiments it has been 
proved that the marine seaweed has antimicrobial potential 

through their variety of secondary metabolites against a wide 
range of multidrug resistance pathogens (Shanmughapriya et al., 
2008). The diverse groups of marine seaweed from members of 
Chlorophyta, Rhodophyta and Phaeophyta with a seasonal vari-
ation in the distribution of the seaweeds both at the genus and 
species level in Kollam, the south west coast of India have also 
been studied. But the results obtained in the present study threw 
light on the dark edge of the bioactive potential of seaweeds viz., 
the antileptospiral activity which have seldom been explored or 
studied.

Fractionation and purification of Asparagopsis taxiformis 
bioactives
The highly active methanolic extract of A. taxiformis was frac-
tionated through column chromatography. The active fraction 
was eluted with petroleum ether: ethyl acetate (1:1) and it 
was fractionated using preparative TLC to obtain a single spot 
with Rf value of 0.487. The active TLC resolved spot was again 
purified with reverse phase HPLC (Shimadzu chromatographic 
system Kyoto, Japan) at 254 nm with methanol at a flow rate 
of 1 ml/min; head pressure at 25 kgf/cm2. The whole setup was 
maintained at room temperature (25 °C) and three peaks with 
retention time (min) of 3.307, 3.863 and 4.730 respectively were 
attained at 254 nm (Fig. 1). The eluted HPLC peak that retained 
antimicrobial activity was chosen for GC-MS analysis. 

Chemical characterization of the bioactive principle
A high resolution mass spectrometer equipped with a data sys-
tem in combination with Gas Chromatography (Hewlett Packard) 
was used for the chemical analysis of active fraction. The active 
fraction on the basis of spectral data by GC-MS was found to be 
a mixture of fatty acids with volatile compounds. The active frac-
tion showed the presence of 5 prominent peaks corresponding to 
chlorobenzene (MW 112), 14-methyl-pentadecanoic acid methyl 
ester (MW 270), octadec-9-enoic acid 2,3-dihydroxy-propyl 
ester (MW 365), 9-octadecanoic acid, methyl ester (MW 298), 
octadecanoic acid methyl ester (MW 296), 4,5-dimethyl-1H-
pyrrole-2-carboxylic acid ethyl ester (MW 167).
 The active fraction was composed of volatile metabolites and 
fatty acids. The relative percentage and chromatogram of identi-
fied compounds is summarized in Table 2 and Fig. 2. It was found 
that the main constituent of the purified fraction correspond to 
4,5-dimethyl-1H-pyrrole-2-carboxylic acid ethyl ester (56.012%), 
fattyacids, 14-methyl-pentadecanoic acid methyl ester (26.6%), 
octadecanoic acid methyl ester (8.46%), octadec-9-enoic acid 
2,3-dihydroxy-propyl ester (4.11%), 9-octadecanoic acid, methyl 
ester (4.535%) and trace amount of chlorobenzene (0.09%). 
The antimicrobial properties of the seaweed extract against the 
leptospires are first of its kind and it has showed significance feat 
against Leptospira reference strains and isolates.

Mechanism of antibiosis
The MIC of both antibiotic and purified compound for the 24 
leptospiral strains of the genus Leptospira are shown in Table.1. 
The MIC of penicillin against the leptospiral strains were in the 
range of 25-50 μg/ml and it was 50-200 μg/ml for doxycycline. 
In comparison with the antibiotics the purified compound has 
increased MIC in the range of 100-400 μg/ml. Even though the 
antimicrobial potential of penicillin was found to be superior 
against all the reference strains as well as for the rodent isolates 
the antibiotic doxycycline and the purified compound displayed 
comparable MIC values. The purified compound showed effective 
antileptospiral activity against the freshly isolated rodent isolates. 
Moreover the purified compound showed a better efficacy for the 



434 K. VEDHAGIRI et al.

locally predominant leptospiral strains of human and of animals 
like Autumnalis, Grippotyphosa, Icterohaemorrhagiae, Pomona 
and Javanica. 
 Invariably all the tubes tested for MIC were sub cultured in 
fresh EMJH media to find out the MBC. For penicillin MBC was 
observed in the range of 50-100 μg/ml and for doxycycline it 
was in the range of 100-400 μg/ml. Similar to the results of 
MIC, MBC for penicillin was attained at a comparatively lesser 
concentration than that of doxycyline and purified compound. 
But still a comparable MBC value existed between doxycycline 
and purified compound. For the strains of Autumnalis, Canicola, 
Javanica, Pomona, TR1L, TR2L, TR2R, TR3L the MBC obtained 
was in the range of 800-1600 μg/ml. Thus the result obtained 
clearly depicts that the final working concentration of 1600 μg/
ml of the purified compound was required for the environmental 
applications against the Leptospira. Penicillin and doxycyline 
are the drugs of choice in the treatment of human leptospirosis 
(Hospenthal and Murray, 2003). This is based chiefly on the fact 
that they are the only agents that have been studied widely in 

randomized controlled clinical trials. Considering this fact these 
two antibiotics were used as the standards for the comparison 
of the results of the seaweed extract. Our study is in accordance 
with the prior in vitro efficacy testing of penicillin and doxycline 
(Hospenthal and Murray, 2003) and the MIC and MBC values 
observed were in homogeny among the strains from various 
serovars and isolates. There is no much disparity among the 
various leptospiral serovars in the MIC and MBC as reported 
earlier. Most of the earlier reports one or two isolates of interest 
only has been utilized (Murgia and Cinco, 2001). In the present 
investigation, leptospiral serovars of various genomospecies were 
incorporated and considering the environmental control a wide 
number of rodents isolates also included to find out the efficacy 
of the purified seaweed compound.
 The frequency of inhibition (EC50) has varied from one sero-
var to another and also in strains; it implies that the antigenic 
nature, surface protein moieties and lipopolysaccharide of the 
Leptospira sp. have a wide variation among different serovars. 
Further the EC50 level ranged from 35.48-322.9 μg/ml, clearly 

TABLE 2 - GC-MS data of active fraction of Asparagopsis taxiformis

Systematic name Retention 
time

Overall 
(%)

Fragmentation

Benzene, chloro 3.276 0.09 112 (M+), 77

14-Methyl-pentadecanoic acid-methyl ester 27.930 26.683 270(M+), 227, 213, 143, 129, 74

Octadec-9-enoic acid-2,3-dihydroxy-propyl ester 30.552 4.1195 265(M+), 211, 209, 151,111, 73, 55

9-Octadecenoic acid methyl ester 30.886 4.537 255(M+), 241, 209, 191, 143, 101, 55

Octadecanoic acid methyl ester 32.379 8.648 209(M+), 191, 151, 149, 73

4,5-Dimethyl-1H-pyrrole-2-carboxylic acid ethyl ester 34.899 56.012 167(M+), 121

FIG. 1 -  HPLC profile of active TLC fraction of Asparagopsis taxiformis.
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indicating the efficiency of the compound is not similar for all the 
serovar tested. In rodent strains the EC50 value was in the range 
of 126.3 ± 55 μg/ml (Table 1, Fig. 3) showing significant activity 
against locally isolated strains. Significant difference (P < 0.001) 
was observed for MIC and MBC values of the antibiotic penicillin, 
doxycycline and seaweed extract at 95% confidence interval.
 Control strategies for leptospirosis are generally targeted at 
any of the three nodal points in the transmission cycle of the 
disease, i.e. the animal carriers, the environment or humans. 
Traditional strategies that target rodents, the reservoir hosts, 

farm and pet animals, the carrier hosts and the environment are 
not practical in developing countries like India. Control strategies 
that advocate use of protective kit at the workplace are impracti-
cal, as such measures are difficult to implement because of the 
economic overheads and the lack of community acceptance in 
underdeveloped countries. Vaccination and chemoprophylaxis 
are two of the alternative measures that target humans. Due to 
the difficulty in designing vaccine candidates against the large 
number of circulating serovars of leptospires, chemoprophylaxis 
appears as the only option for the prevention of this disease. 

FIG. 2 -  A: GC-MS chromatogram of the active fraction of Asparagopsis taxiformis. B to G: MS spectrum of the individual compounds 
analyzed from NIST library.
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With this argument, Sehgal et al. (2000) evaluated the efficacy 
of doxycycline chemoprophylaxis as a possible control measure 
in preventing infection and disease by conducting a randomized 
control trial. Alternatively in this investigation the efficacy of the 
seaweed extract was developed to apply for the second nodal 
point the environment, because it plays a key role in the trans-
mission of leptospires in rodent manifest areas. 

CONCLUSION

Infection by pathogenic Leptospira species is an important and 
frequently life-threatening cause of human disease which is char-
acterized by hematogenous dissemination to multiple organs like 
brain, aqueous humor, liver, lungs, and kidneys (Vijayachari et 
al., 2004). It is caused by heterologous Leptospira sp. belong-
ing to the genus Leptospira. More than 300 serovars have 
been described in Leptospira interrogans sensu lato whereas 
Leptospira biflexa sensu lato contains 45 serovars (Kmety and 
Dikken 1993). The pathogenic leptospires are mainly responsible 
for the human/animal infection. The early and accurate diagnosis 
of leptospirosis is obligatory to start the treatment and prevent to 
lead up further complications like pulmonary haemorrhages and 
renal failure (Vijayachari et al., 2008). The present findings have 
developed a seaweed based extract for the applications of con-
trolling the leptospires. It has been proved based on the determi-
nation of the MIC and MBC for the seaweed extract Asparagopsis 
taxiformis in comparison with the routinely administered antibi-
otics like penicillin and doxycycline for the treatment of clinical 
leptospirosis. The seaweed extract has showed comparative MIC 
and MBC with that of the antibiotic doxycycline, proving it to be 
an environmental controlling agent for the leptospires and its 
transmission may be routinely applied. 
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