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ABSTRACT 

In vitro raised Acmella calva (DC.) R.K. Jansen was extracted using various solvent systems and screened for their phytochemical and antimicrobial 
activity using disc diffusion method. Acmella calva was raised through in vitro culture of nodal segments. Murashige and Skoog (MS) medium 
supplemented with 2.22µM BA was found to be most effective in inducing plantlet growth. The methanol and water extract exhibited good 
antibacterial and antifungal activity. These finding is important for pharmacology and potential to develop natural active constituents from these 
improved elite lines would be useful and profitable. 
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INTRODUCTION 

Acmella calva (DC.) R.K.Jansen (Synonym: Spilanthes acmella (L.) 
Murr) is an important medicinal and ornamental plant belonging 
to Asteraceae family, commonly known as “Akarkara” or 
“toothache plant”1. It grown in the tropics and subtropical parts of 
the world and can be found in damp pastures, at swamp margins, 
on rocks near the sea and as a weed of roadsides2. It is mainly 
found in the shola under stories of the high hills of Nilgiris, 
Western Ghats, India3. It is an erect annual herb attaining a height 
of 50 - 60 cm and it has yellow cone like flowers4. The genus 
consists around 60 species5 spread throughout Mexico and Central 
America, Cuba, Curacao, India and Tanzania6. In India, the plants 
have been growing in the northern and southern hills and 
plateaus. There are around five species of Spilanthes are growing 
in India7. The extract of this genus has been used as folk medicine 
since ancient times to cure severe toothache, affections of throat 
and gums, stomatitis, paralysis of tongue, and psoriasis8. Flowers 
and leaves of the plant have a pungent taste and have been used as 
a spice for appetizers and as folk medicine for stammering, 
toothache, stomatitis, and throat complaints9, 10. It is a rich source 
of therapeutic elements and has been well documented for its anti-
inflammatory, pesticidal, larvicidal, antibacterial, and antifungal 
properties10-13. The flowers of Acmella calva used as a remedy for 
stammering children in western parts of India14. The plant is 
highly toxic to adult houseflies, Anopheline and Culicine larvae. The 
hexane extract of dried flower buds of Acmella calva contains 
bioactive N-isobutylamides effective against the housefly, Aedes 
aegypti larvae10. The plant has marked larvicidal potential against 
the Culex quinquefasciatus15. The roots, flower heads and the 
whole aerial part yield a compound known as spilanthol, is a 
powerful stimulant, sialogogue and local anesthetic3. Recently, 
scopoletin has also been detected in Spilanthes flower buds13 
treating cardiovascular disease, tumors and thyroid disorders16

MATERIALS AND METHODS 

. 
The present study is to report the development of an efficient in 
vitro regeneration protocol for the growth of Acmella calva using 
nodal explant and evaluates the antimicrobial activity and 
phytochemical screening of in vitro derived plants. 

Plant source and media preparation 

Acmella calva (DC.) R.K. Jansen was collected from the foot hills of 
Vellingiri, Tamil Nadu (India) in the month of August, 2010 and was 
identified by the Taxonomy section of Botany Department, 
Karpagam University, Coimbatore, India. Voucher sample was 
prepared and deposited in the Herbarium for reference. The nodal 
explants were surface sterilized using 70% ethanol and 0.1% 
mercuric chloride (Hi media, India) and inoculated on MS basal 
medium at pH 5.6, supplemented with 0.088M sucrose, 0.8% agar 

and BA 2.22 µM (Data not shown) for multiple shoots induction. The 
in vitro nodal explants obtained from the multiple shoots were used 
for further experiments. The cultures were transferred to fresh 
medium at 4-week intervals. 

Extract of plant material 

Table 1: Percentage yield and color of the extracts from Acmella 
calva in various solvents. 

Extracts Percentage yield (w/w) Color  
Petroleum ether 1.07% Green  
Benzene 0.26% Green  
Acetone 0.94% Green  
Methanol 0.60% Light Green  
Distilled Water 1.13% Pale yellow  
[ 

In vitro grown plants were washed with distilled water and dried 
on room temperature under shade. Dried plants were ground into 
fine power. A total 100 g powered material successively extracted 
with petroleum ether, benzene, acetone, methanol and water by 
soxhlation. For each gram of dry material 2 mL of solvent were 
used17

Qualitative phytochemical analysis 

. After extraction, each extract was passed through 
Whatman filter paper No . 1. The extracts were evaporated to 
complete dryness by vacuum distillation and stored in refrigerator 
for further use. 

The color and percentage yield was noted. Qualitative 
phytochemical analysis was carried out according to the methods 
described by pavala rani18, Sudhanshu19, Raaman20

Microorganisms used 

. 

The test organisms used included Pseudomonas aeruginosa ATCC 
27853 (P. aeruginosa), Enterococcus faecalis ATCC 29212 (E. 
faecalis), Escherichia coli ATCC 25922 (E. coli), Staphylococcus 
aureus ATCC 25923 (S. aureus), Candida albicans (C. albicans), 
Klebsiella pneumoniae (K. pneumoniae) and Staphylococcus 
epidermidis (S. epidermidis). All the strains were collected from 
American Type Culture Collection, Manassas, USA and Kovai 
Medical Centre and Hospital (KMCH), Coimbatore, India. The 
organisms were subculture on Nutrient agar (NA) slants and 
incubated at 37 ºC for 24 h. The organisms were then stored at 4 
ºC until needed. 

Media preparation and antimicrobial activity 

The antimicrobial assay was performed by agar disc diffusion 
method. The molten potato dextrose agar (PDA) was distributed 
to sterilized petri dishes. 100 µl of the inoculums were (108 
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cfu/mL) spreaded onto the petri plate containing PDA. The 
sterile filter paper disc (0.6 cm in diameter), individually 
impregnated with 25 µl of the test extract at concentration of 1 
mg/mL in Dimethyl sulfoxide (DMSO), allowed to dry and was 
introduced on the upper layer of the seeded PDA plate. All the 
plates were incubated at 37 ºC for 24 h. For each bacterial strain, 
positive and negative controls were maintained. For positive 
control tetracycline disc (30 µg/disc) and for negative control 
disc containing DMSO was used instead of the extract. The result 
was obtained by measuring the zone of inhibition in millimeters. 
The experiment was done three times and the mean values are 
presented. 

Minimum Inhibitory Concentration  

Minimum Inhibitory Concentration (MIC) was checked according to 
Bauer21 with modifications, briefly 9 mL of nutrient broth was taken 
in test tubes for each microorganism. Various concentrations of 
plant extracts ranging 0.125, 0.250, 0.375, 0.500, 0.625, 0.750, 0.875, 
1.0, 1.125 and 1.250 mg/mL (w/v) concentration were incorporated 
into the broth and the tubes were then inoculated with 0.1 mL of 
inoculums of respective microorganism (105 

 

CFU/mL) and kept at 
37 ºC for 24 h. The test tube containing the lowest concentration of 
extract showing reduction in turbidity when compared with control 
was regarded as MIC of that extract. 

Table 2: Preliminary phytochemical analysis of in vitro derived plantlet of Acmella calva 

Phytochemical constituents Petroleum ether Benzene Acetone Methanol Distilled water 
Carbohydrates 
i) Molish test 
ii) Fehling test 
iii) Benedict test 

 
- 
- 
- 

 
- 
- 
- 

 
+ 
+ 
- 

 
+ 
+ 
+ 

 
+ 
- 
+ 

Phenolic compound 
i) Ferric chloride 
ii Lead acetate 

 
+ 
- 

 
+ 
- 

 
+ 
+ 

 
+ 
+ 

 
- 
+ 

Flavonoids + + + + + 
Cardiac glycoside - - - - - 
Alkaloid test 
i)Dragon droff test 
ii)Mayer’s test 

 
- 
- 

 
- 
- 

 
+ 
+ 

 
+ 
+ 

 
+ 
+ 

Phlobatannins - - - - + 
Terpinoids + + + + - 
Glycoside 
i) Borntrager test 

 
- 

 
- 

 
+ 

 
+ 

 
+ 

Tannins - - + + + 
Saponins - + + + + 
Phlobatannins test - - - - + 
Phytosterol test + + + - - 
Gum and Mucilage - - - - + 

Here, +: present, -: not present 

Table 3: Antimicrobial activity as zone of inhibition (mm) of in vitro derived plantlet of Acmella calva. 

Microorganism Petroleum ether Benzene Acetone  Methanol Water Positive control 
(Tetracycline) 

Negative control 
(DMSO) 

S. aureus - - - 11.0±1.35 8.0±0.35 28.0±0.24 - 
P. aeruginosa - - - .10.0±0.0 - 20.0±0.50 - 
E. faecalis - - 11.0±0.0 8.0±0.0 12.0±0.70 18.0±0.19 - 
K. pneumonia - - 8.0±0.0 - 10.0±0.0 18.0±0.24 - 
S. epidermidis - - - 10.5±0.35 - 20.0±0.14 - 
C. albicans  - - 8.5±0.70 7.0±0.14 8.0±0.35 18.0±0.35 - 
 

RESULTS 

In vitro propagated plantlets of Acmella calva on the MS media (Fig 1) 
supplemented with 0.088M sucrose, 0.8% agar and BA (2.22 µM) were 
used for preliminary phytochemical analysis and antimicrobial activity. 

Preliminary phytochemical analysis of in vitro derived plantlet 
of Acmella calva 

The maximum percentage yield was observed in water extract and 
minimum in benzene extraction. Color changes recorded was green 
to pale yellow in petroleum ether to distilled water (Table 1). The 
phytochemical screening of in vitro derived plantlets of Acmella 
calva (Table 2) revealed the presence of carbohydrates, phenol, 
alkaloids, terpenoids, glycosides, Tannins and saponins. The 
Preliminary Phytochemical analysis revealed that the water extract 
shows the maximum phytochemical constituents followed by 
acetone and methanol. 

Antimicrobial screening of in vitro derived plantlet of Acmella calva 

The antimicrobial activities of various solvent extracts of in vitro 
derived Acmella calva at the concentration of 1 mg/mL showed 
significant variations against six microorganisms tested as shown in 
Table 3. Among the five extracts, methanol extract shows wide range 

of antimicrobial potential against four bacteria and a fungi, followed 
by water extract and then by acetone. No activity was observed on 
petroleum ether and benzene extracts. The largest zone of inhibition 
was found on water extract against Enterococcus faecalis (12 mm). 
Methanol extract of in vitro derived Acmella calva was effective 
against Staphylococcus aureus (11 mm) and Staphylococcus 
epidermidis (10.5 mm) as well as the acetone extract of Acmella calva 
shows effective against Enterococcus faecalis (11.0 mm). 

 

Table 4: Minimal inhibitory concentration of in vitro raised 
plant extract against microorganisms 

Microorganisms MIC of methanol extract (mg/ml) 
S. aureus 1.0 
P. aeruginosa 0.5 
E. faecalis 1.25 
S. epidermidis 0.75 
C. albicans 1.0 
 

The methanol, acetone and water extracts of in vitro derived Acmella 
calva showed the most potent inhibition over Enterococcus faecalis 
and Candida albicans. Whereas minimum activity was observed 
against Candida albicans (7 mm) when methanol extract used. The 
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diameter of zone of inhibition for each extracts against the microbes 
were compared with standard positive control (Tetracycline 30 
mcg/disc), No zone of inhibition was found on negative control. 

 

 

Fig. 1: In vitro derived multiple shoots of Acmella calva. 

The present study was the first to report the antimicrobial activity of 
in vitro derived plantlets of Acmella calva. It also possesses 
remarkable activity against many pathogens as well as leads to 
development of new ideas in the field of antimicrobial activity on in 
vitro generated plantlets. 

Minimum Inhibitory Concentration of in vitro derived plantlet 
of Acmella calva 

Minimum Inhibitory Concentration (MIC) of active methanol extract 
is shown in Table 4. In vitro derived Acmella calva showed the 
strongest antimicrobial activity with MIC values of 0.5 mg/mL, 
against Pseudomonas aeruginosa followed by Staphylococcus 
epidermidis (MIC of 0.75 mg/mL). The in vitro derived Acmella calva 
showed the strongest activity over Pseudomonas aeruginosa and 
moderate activity against Staphylococcus epidermidis, Klebsiella 
pneumonia, Candida albicans, Staphylococcus aureus and 
Enterococcus faecalis. 

Due to the presence of phytochemical properties there is also 
difference in the antimicrobial activity among species. The potential 
of antimicrobial compounds from plants lead to the development of 
phytomedicine against pathogens. Plant-based antimicrobial 
products have enormous therapeutic potential as they can serve the 
purpose with lesser side effects that are often associated with 
synthetic antimicrobials22

DISCUSSION 

. 

The phytochemical result was similar to the results of Shanthi and 
Amutha23 in which the aqueous extract of in vivo Acmella calva 
showed positive result for reducing sugar, anthraquinone, 
flavanoids, saponins, tannins, alkaloids and glycosides as well as 
saponins were present in all the extracts of whole plant. The 
chemical constituents present in the in vitro derived plant extract 
shows that the plant was pharmacological important. Flavonoids, 
terpenes, tannins and steroids are known to have antimicrobial and 
bactericidal properties against several pathogens24, 25. Yadav26

Antimicrobial results were obtained by Panthi and Chaudhary

 
reported that the alcohol extract of in vivo Spillanthus acmella 
showed the presence of alkaloids, carbohydrates, tannins, steroids, 
carotenoids, sesquiterpenes and amino acids. 

27 on 
Acmella calva inflorescence and by Sabitha28 on petroleum ether 
extract of flower head of Spilanthes acmella against fungi Aspergillus 
niger (1.1 cm) and Aspergillus parasiticus (0.9 cm). The result of 
Ali29, in which the methanol extract of Spilanthes leaves shows 
activity against Staphylococcus aureus (15 mm), Pseudomonas 
aeruginosa (8 mm) and Klebsiella species (7 mm). The antimicrobial 

activity of Acmella calva extract may be due to the presence of 
spilanthol, alkamides, non-volatile sesquiterpenoids and saponins9, 

30, 31

Minimal inhibitory concentration was similar to Holetz

.  
32, stated that 

the ethanol extract of Spillanthus acmella is greater than 1mg/mL 
for P. aeruginosa, Staphylococcus aureus, and Candida albicans. 
Available literature determine that the strong activity is due to the 
MIC values in the range between 0.05-0.50 mg/mL, then the 
moderate activity was in the range between 0.6-1.50 mg/mL and 
weak activity was above 1.50 mg/mL33
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