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ABSTRACT  
 

The essential oil of Lobelia pyramidalis was analyzed by GC and GC-MS. A total of 21 con-
stituents comprising 77.88 % of the total oil were identified. Perilla ketone constituted 
25.61 % of the oil followed by camphorquinone (12.16 %), dibutyl phthalate (10.66 %) and 
allyl nonanoate (8.47 %). The antimicrobial activity of the oil was evaluated using the disc 
diffusion method and the microdilution technique. The results showed that the oil exhibited 
moderate antimicrobial activity. 
 
Keywords: Lobelia pyramidalis, essential oil, perilla ketone, antimicrobial activity, minimal 
inhibitory concentration. 
 
 
 

INTRODUCTION 
Lobelia is a genus comprising over 200 

species and 22 are found in India. The 
plants are herbs or shrubs and are often lati-
ciferous (Bhattacharjee, 2008). Lobelia is 
reported to possess respiratory stimulant, 
antiasthmatic, antispasmodic, expectorant, 
and emetic properties. Traditionally, it has 
been used for bronchitic asthma, chronic 
bronchitis and, specifically, for spasmodic 
with secondary bronchitis. It is also used 
topically for myositis and rheumatic nod-
ules (Ebadi, 2007). Lobelia chinensis L. has 
been used as a diuretic, an antidote, a he-
mostat, and as carcinostatic agents for 
stomach cancer in Chinese folk medicine. 
Various alkaloids, for example lobeline, 
lobelanine, and lobelanidine are constitu-
ents of this herb (Shibano et al., 2001). 
Thomson and Cutler reported that Lobelia 
was used for the treatment of asthma in the 

period 1805-1809. Thus, during the nine-
teenth century Lobelia was one of the most 
medicinally important plants and was used 
as a valuable remedy for asthma. Lobelia 
inflata (Indian tobacco), so-called because 
the native Americans (the Penobscot tribes) 
smoked the dried leaves as a substitute for 
tobacco, was used to produce the effect of 
alkaloids on the central nervous system 
(Felpin and Lebreton, 2004). Five alkaloids, 
two triterpenoids and sitosterol have been 
isolated from Lobelia davidii (Zhang et al., 
1990). The whole plant of Lobelia inflata L. 
contains a variety of piperidine alkaloids 
such as lobeline, which has been used as a 
respiratory stimulant (Ishimaru et al., 
1991). The hairy roots of Lobelia sessilifo-
lia were shown to be rich in glycosylated 
polyacetylenes (Ishimaru et al., 1994). Acy-
lated cyanidin 3-rutinoside-5,3'-diglucoside 
was also isolated from the purple-red 
flower of Lobelia erinus (Saito et al., 1995). 
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Extracts of Lobelia inflata contain lobeline, 
which was found to show positive effects 
on the treatment of multidrug-resistant tu-
mor cells (Ma and Wink, 2008), and the 
leaves contain β-amyrin palmitate, which 
possesses sedative and antidepressant prop-
erties. The rhizomes of Lobelia chinensis L. 
were reported to contain the polyfructosan 
lobelinin, and the plant is used in China to 
treat fever and asthma, and the roots are 
considered depurative and antirheumatic in 
Indo-China. This plant is one of the con-
stituents of a tincture formulation used for 
the treatment of scars (Khare, 2007). Fur-
thermore, lobeline can be modified to 
lobelane, which was shown to decrease 
methamphetamine self-administration in 
rats (Neugebauer et al., 2007).  

Lobelia pyramidalis, locally known as 
Bhanguri, is an endangered herb that gener-
ally occurs at an altitude of 1500-3000 m. 
Its leaves and inflorescence are antispas-
modic (Manandhar, 2002) and used for 
asthma, bronchitis, and fever (Kumari et al., 
2011). This plant is also used to treat sciat-
ica and back pain (Bajracharya, 1979). The 
available literature indicates a lack of work 
published on the chemical composition and 
biological activity of Lobelia pyramidalis 
Wall. Therefore, we focused our study on 
the essential oil composition and antimicro-
bial activity of Lobelia pyramidalis Wall. 

 
MATERIALS AND METHODS 

Plant material  
The aerial parts of the plant were col-

lected from Daman, Nepal, in the month of 
September, 2010. The plant identification 
was confirmed by the Botanical Survey of 
India (BSI), Dehradun. A voucher specimen 
(No.113408) was deposited in the Herbar-
ium Section at BSI, Dehradun, India. 

 
Extraction of essential oil 

The fresh aerial parts of Lobelia pyra-
midalis (10 kg) were steam distilled and the 
distillate was saturated with NaCl and ex-
tracted with n-hexane. Anhydrous Na2SO4 
was then added to dry the organic phase. 
This was separated using a separating fun-

nel and the solvent was finally evaporated 
under reduced pressure. The oil yield was 
0.2 % (w/w). The essential oil was stored 
under refrigeration for 3 days and then used 
immediately for the analysis and evaluation 
of antimicrobial activity.  

 
GC and GC/MS 

The oil was analyzed using a Nucon 
5765 GC (30 m × 0.32 mm, FID) with split 
ratio 1:48, N2 flow of 4 kg/cm2. GC/MS 
analysis was performed using a thermo-
quest (Vienna, Austria) trace GC-2000 in-
terfaced with Finnigen MAT Polaries-Q ion 
trap mass spectrometer fitted with RTX-
5MS (Restek Corporation, Pennsylvania, 
USA) fused silica capillary column (30 × 
0.25 mm, 0.25 µm film coating). The oven 
temperature was programmed from 60°– 
210°C at 3 °C/min using helium as carrier 
gas at 1 ml/min. The injector temperature 
was 210 °C; injection volume was 0.1 µL 
prepared in hexane, split ratio 1:40. Mass 
spectra were taken at 70 eV Electron Im-
pact (EI) with mass scan range of m/z 40-
450 amu with mass scan time of 4 s.  
 
Microorganisms 

The antimicrobial activity was con-
ducted against one gram positive bacteria: 
Staphylococcus aureus (ATCC 25923) and 
three gram negative bacteria: Klebsiella 
pneumoniae (ATCC 22736), Pseudomonas 
aeruginosa (ATCC BAA-427), Escherichia 
coli (ATCC 9637), and six fungi Candida 
albicans (MTCC 183), Cryptococcus neo-
formans (ATCC 208821), Sporothrix 
schenckii (MTCC 1359), Trichophyton 
mentagrophytes (ATCC 9533), Aspergillus 
fumigatus (MTCC 343) and Candida 
parapsilosis (ATCC 22019). Required mi-
croorganisms were procured from the Insti-
tute of Microbial Technology, Chandigarh 
and National Chemical Laboratory, Pune, 
India. 

 
Antimicrobial activity 

The antimicrobial activity of essential 
oil from the aerial parts of Lobelia pyrami-
dalis was tested using the paper disc diffu-
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sion method according to the slightly modi-
fied National Committee for Clinical Labo-
ratory Standards Guidelines (NCCLS, 
1997). A suspension (106 CFU/mL) of mi-
crobial strains was used. The filter paper 
discs (6 mm in diameter, Whatman filter 
paper 1) were individually impregnated 
with 10 µL of the essential oil aliquots 
(200 mg/mL) and subsequently placed onto 
the surface of inoculated Petri dishes con-
taining Mueller Hinton Agar for bacterial 
strains and RPMI 1640 agar medium for 
fungal strains. The Petri dishes were kept at 
4 °C for 2 h and were then incubated for 
24 h at 37 °C for bacterial growth and for 
48 h at 27 °C for fungal growth. The diame-
ters of the inhibition zones were measured 
in millimeters, including the diameter of 
each disc. Controls were set up with 
equivalent quantities of DMSO (Quali-
gens), which was used as a solvent (20 %) 
when preparing the essential oil solution. 
All of the experiments were performed in 
triplicate and the results (millimeters of the 
inhibition zone) were expressed as mean 
values. 

 
Determination of the minimal inhibitory 
concentration (MIC) 

The broth microdilution technique was 
used to determine the MIC values (NCCLS, 
1999). All of the experiments were per-
formed in Mueller Hinton broth for the bac-
terial strains and RPMI 1640 medium for 
the fungal strains. Serial doubling dilutions 
of the essential oil were prepared in a 96-
well microtiter plate ranging from 0.10 to 
200 mg/mL. The prepared microtiter plates 
containing microorganisms and essential oil 
were then incubated at 37 °C for 24 h for 
bacterial growth and at 27 °C for 48 h for 
fungal growth. The growth of microorgan-
isms was indicated by turbidity, which was 
visually observed. All of the experiments 
were performed in triplicate. Controls were 
set up with equivalent quantities of DMSO 
(Qualigens), which was used as a solvent 
(20 %) when preparing the standard solu-

tions. Levofloxacin and clotrimazole were 
used as standards. 

 
RESULTS AND DISCUSSION 

Chemical composition of Lobelia pyrami-
dalis essential oil 

Steam distillation of the aerial parts of 
the plant yielded 0.2 % (w/w) of the essen-
tial oil. The oil sample was analyzed by GC 
and GC-MS and the constituents were iden-
tified on the basis of the retention index, 
library mass search database (NIST & 
WILEY) and Adams (Adams, 1995). A to-
tal of 21 constituents were identified, repre-
senting 77.88 % of the total oil constituents 
detected (Table 1), which included 54.33 % 
monoterpenes. The major constituents of 
the oil were perilla ketone (25.61 %), cam-
phorquinone (12.16 %), dibutyl phthalate 
(10.66 %), isobornyl isobutanoate (2.94 %), 
isophytol (2.76 %) and 2,5,9-trimethyl de-
cane (2.06 %). To the best of our knowl-
edge, this is the first report to determine the 
constituents of the essential oil of this plant. 
 
Antimicrobial activity 

The essential oil of Lobelia pyramidalis 
was studied for its antimicrobial activity. In 
vitro antimicrobial studies were carried out 
against bacterial and fungal strains as pre-
viously described. The results obtained for 
the zones of growth inhibition (mm) and 
minimal inhibitory concentrations (MICs) 
in Mueller Hinton Agar for bacterial strains 
and RPMI 1640 medium for fungal strains 
are summarized in Table 2. 

The results showed inhibition zones 
against all strains except C. neoformans and 
K. pneumoniae. The data obtained from the 
disc diffusion method indicated that the es-
sential oil was most active against S. aureus 
among the bacterial strains and T. men-
tagrophytes among the fungal strains with 
largest inhibition zones of 18 mm and 
20 mm, respectively. 
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Table 1: Essential oil composition of Lobelia pyramidalis Wall 

S.No. Compound K.I Leaf 
Oil % 

Mode of 
Identification 

1 Mycrene 985 0.28 a,b 
2 α-Phellandrene 999 .19 a,b 
3 δ-Carene 1011 0.24 a,b 
4 Limolene 1025 1.42 a,b 
5 Acetophenone 1061 .64 a,b 
6 Perilla Ketone 1243 25.61 a,b, 
7 Camphorquinone 1290 12.16 a,b, 
8 Allyl nonanoate 1378 8.47 a,b 
9 n-Tetradecane 1400 1.17 a,b 

10 Isobornyl isobutanoate 1430 2.94 a,b 
11 Vestitenone 1444 3.02 a,b 
12 2,5,9-Trimethyl decane 1480 2.06 a,b 
13 < (E)-o- > Methoxycinnamaldehyde 1525 1.24 a,b 
14 < 1,10- > Decanediol 1545 .75 a,b, 
15 Thujopsan-2- β-ol 1585 1.16 a,b 
16 1,2-Benzenedicarboxylic acid, butyl-

2-methylpropyl ester 
1614 .88 a,b 

17 Dibutyl phthalate 1624 10.66 a,b 
18 1,2-Benzenedicarboxylic acid, butyl-

2-ethylhexyl ester 
1630 .98 a,b 

19 1,2-Benzenedicarboxylic acid, bis(2-
methylpropyl) ester 

1636 1.025 a,b 

20 Isophytol  1946 2.76 a,b 
21 n-Tetracosane 2400 .23 a,b 

  Total  77.88   

 
 

Table 2: Antimicrobial activity of the essential oil of Lobelia pyramidalis Wall 

Microorganisms Essential oil Standards 
 IZ (mm) MICa (mg/ml) MICb(µg/ml) 
     
   LVF CL 
Staphylococcus aureus (MTCC 3160) 18 3.12 .32 NT 
Klebsiella pneumoniae (ATCC 22736) NA NT 4.0 NT 
Pseudomonas aeruginosa (ATCC BAA-427) 14 12.50 .30 NT 
Escherichia coli (ATCC 9637) 14 12.50 .20 NT 
Candida albicans (MTCC 227) 16 6.25 NT 2 
Cryptococcus neoformans (ATCC 208821) NA NT NT 2 
Sporothrix schenckii (MTCC 1359) 13 6.25 NT 32 
Trichophyton mentagrophytes (ATCC 9533) 20 3.12 NT 8 
Aspergillus fumigatus (MTCC 343) 14 12.50 NT 12.5 
Candida parapsilosis (ATCC 22019) 17 6.25 NT 0.5 

 
IZ: Diameter of zone of inhibition (mm) including disc diameter of 6 mm  
MICa  (mg/ml)   of essential oil, MICb (µg/ml) of standards, NA: Not active, NT: Not tested,  
LVF: Levofloxacin, CL: Clotrimazole 
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The results of the MICs showed that S. 
aureus and T. mentagrophytes had the low-
est MIC of 3.12 mg/mL, which was corre-
lated with the greatest inhibition zones for 
S. aureus and T. mentagrophytes, whereas 
the highest MIC was 12.50 mg/mL for P. 
aeruginosa, E. coli and A. fumigatus. 

From the above results it can be con-
cluded that the essential oil of Lobelia pyra-
midalis showed a moderate level of antim-
icrobial activity. The antimicrobial proper-
ties of the essential oil of Lobelia pyrami-
dalis may be due to the presence of ter-
penes. There are several reports on the an-
timicrobial activity of plant essential oils 
containing perilla ketone (Yu et al., 2011) 
and isophytol (Saidana et al., 2008). In ad-
dition, the components present at lower 
amounts such as α-phellandrene, δ-carene, 
limolene, and mycrene could also contrib-
ute to the antimicrobial activity of plant es-
sential oils (Oliviera et al., 2007; Barros et 
al., 2009; Liolios et al., 2009). It has been 
reported that the components present at 
lower concentrations might be involved in 
synergism with the other active components 
(Marino et al., 2001). 

 
ACKNOWLEDGEMENTS 

The authors are highly thankful to Cen-
ter for Aromatic Plants, Dehradun, Uttara-
khand, India, for GC and GC/MS analysis 
of the essential oil. We are equally grateful 
to Department of Pharmaceutical Sciences, 
Bhimtal, Nainital, India, for providing nec-
essary lab facilities for antimicrobial activ-
ity. 
 

REFERENCES 
Adams RP. Identification of essential oil 
components by gas chromatography/mass 
spectrometry. Carol Stream, IL: Allured 
Publ. Co., 1995. 
 
Bajracharya MB. Ayurvedic medicinal 
plants and general treatment. Kathmandu, 
Nepal: Piyusavarsi Aushdhalaya Maha-
boudha, 1979. 
 

Barros JC, Conceicao ML, Neto NJG, 
Costa ACV, Siqueira JP, Basilio ID et al. 
Interference of Origanum vulgare L. essen-
tial oil on the growth and some physiologi-
cal characteristics of Staphylococcus aureus 
strains isolated from foods. Food Sci Tech 
2009;42:1139-43. 
 
Bhattacharjee SK. Handbook of medicinal 
plants. Jaipur: Pointer Publ., 2008. 
 
Ebadi M. Pharmacodynamic basis of herbal 
medicine. Boca Raton, FL: CRC Press, 
Taylor & Francis, 2007. 
 
Felpin F-X, Lebreton J. History, chemistry 
and biology of alkaloids from Lobelia in-
flate. Tetrahedron 2004;60:10127-53. 
 
Ishimaru K, Yonemitsu H, Shimomura K. 
Lobetyolin and lobetyol from hairy root 
culture of Lobelia inflate. Phytochemistry 
1991;30:2255-7. 
 
Ishimaru K, Arakawa H, Yamanaka M, 
Shimomura K. Polyacetylenes in Lobelia 
sessilifolia hairy roots. Phytochemistry 
1994;35:365-69. 
 
Khare CP. Indian medicinal plants. An il-
lustrated dictionary. NewYork: Springer 
International Ed., 2007. 
 
Kumari P, Joshi GC, Tewari LM. Diversity 
and status of ethno-medicinal plants of Al-
mora district in Uttarakhand, India. Int J 
Biodiv Conserv 2011;3:298-326. 
 
Liolios CC, Gortzi O, Lalas S, Tsaknis J, 
Chinou I. Liposomal incorporation of car-
vacrol and thymol from the essential oil of 
Origanum dictamnus L. and in vitro anti-
microbial activity. Food Chem 2009;112: 
77-83. 
 
Ma Y, Wink M. Lobeline, a piperidine al-
kaloid from Lobelia can reverse P-gp de-
pendent multidrug resistance in tumor cells. 
Phytomedicine 2008;15:754-58. 
 



EXCLI Journal 2011;10:274-279 – ISSN 1611-2156 
Received: November 18, 2011, accepted: December 04, 2011, published: December 06, 2011 

 

279 

Manandhar NP. Plants and people of Nepal. 
Portland, OR: Timber Press, 2002. 
 
Marino M, Bersani C, Comi G. Impedance 
measurements to study the antimicrobial 
activity of essential oils from Lamiaceae 
and Compositae. Int J Food Microbiol 
2001;67:187-95. 
 
NCCLS (National Committee for Clinical 
Laboratory Standards). Performance stan-
dards for antimicrobial DISK susceptibility 
test, 6th ed. Approved Standard, M2-A6. 
Wayne, PA: NCCLS, 1997. 
 
NCCLS (National Committee for Clinical 
Laboratory Standards). Performance stan-
dards for antimicrobial susceptibility test-
ing. In: Proceedings of the 9th international 
supplement M100-S9. Wayne, PA: NCCLS, 
1999. 
 
Neugebauer NM, Harrod SB, Stairs DJ, 
Crooks PA, Dwoskin LP, Bardo MT. Lo-
belane decreases methamphetamine self-
administration in rats. European J Pharma-
col 2007;571:33-8. 
 
Oliveira DR, Leitao GG, Bizzo HR, Lopes 
D, Alviano DS, Alviano CS et al. Chemical 
and antimicrobial analyses of essential oil 
of Lippia origanoides H.B.K. Food Chem 
2007;101:236-40. 
 

Saidana D, Mahjoub MA, Boussaada O, 
Chriaa J, Cheraif I, Daami M et al. Chemi-
cal composition and antimicrobial activity 
of volatile compounds of Tamarix boveana 
(Tamaricaceae). Microbiol Res 2008;163: 
445-55. 
 
Saito N, Toki K, Kuwano H, Moriyama H, 
Shigihara A, Honda T. Acylated cyanidin 
3-rutinoside-5,3'-diglucoside from the pur-
ple-red flower of Lobelia erinus. Phyto-
chemistry 1995;39:423-6. 
 
Shibano M, Tsukamoto D, Masuda A, Ta-
naka Y, Kusano G. Two new pyrrolidine 
alkaloids, radicamines A and B, as inhibi-
tors of a-glucosidase from Lobelia chinen-
sis Lour. Chem Pharm Bull 2001;49:1362-
5. 
 
Yu JQ, Lei JC, Zhang XQ, Yu HD, Tian 
DZ, Liao ZX et al. Anticancer, antioxidant 
and antimicrobial activities of the essential 
oil of Lycopus lucidus Turcz. var. hirtus 
Regel. Food Chem 2011;126:1593-8. 
 
Zhang MZ, Wang JC, Zhou SH. Alkaloids 
and triterpenoids of Lobelia davidii. Phyto-
chemistry 1990;29:1353-4. 


