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ABSTRACT  
 
The main objective of the present investigation was to design an in vitro protocol 
for mass multiplication of Cleome felina L. by simple tissue culture protocol using 
different concentration and combination of growth hormones. Maximum response 
and number of shoots (12.2±0.24) were obtained from BAP and IAA combination 
and good response and roots (8.2±0.54) were responded from the in vitro raised 
plants from IAA. Finally, the anti-microbial activity of leaf and leaf derived callus of 
C. felina L. were screened against different microbial pathogens. This study may 
help to protect the plant species C. felina L. and to find a novel secondary 
compound through in vitro culture. 
 
Key words:  Cleome felina L., sterilization, anti-microbial, callus induction, 
gardening. 

 
 
INTRODUCTION  
 
Plant tissue culture is an important tool to conserve plant 
population. Majorly, it supports large scale propagation of 
superior clones, conservation of rare endangered and 
economically important plant species. Tissue culture 
technique has been recommended as an efficient procedure 
for rapid and mass propagation of all kind of plants. 
Micropropagation involves in the production of superior 
clones from various explants. This method also plays a vital 
role in the conservation of plant species, particularly having 
good pharmacological values (Vinoth and Ravindhran, 
2013).  

Cleome felina Linn is an annual erect herb, 30-60 cm high, 
much branched, leaves 3-foliolate, leaflet 10-25 mm. Long, 
obtuse, equaling or shorter than the petioles.  Flower 
auxiliary, solitary on long pedicels, 12-18 mm long, purple 
or pink, stamens about 30 filaments. Capsule 8 times long 
as broad, compressed, linear and long, acute at both ends, 
striate, glabrous, seeds large, glabrous, and tubercle (Joseph 
et al., 2014). Cleome is the largest genome pertains to 
Cleomaceae family. A variety of cleome species has been 
studied for its medicinal properties used in Analgesic, anti-
inflammatory, antipyretic, etc., (Joseph et al., 2014). The 
rapid production of healthy and desired clones, within a 
short time period, is facilitated by large scale 

micropropagation (Morais-Lino et al., 2008). There were 
about 250,000 higher plant species on earth, in which more 
than 80,000 species are reported to have significant 
medicinal importance.  

In recent times, Indian medicinal practitioners are 
following traditional system of medicine such as Unani 
(used about 700 species), Ayurveda (used about 700), 
Siddha (used about 600 species) and modern medicine 
(used about 30 species). Approximately 80% of people in 
developing countries still rely on traditional medicine for 
their primary health care (Pandey et al., 2013). In the 
present study, shooting and rooting of the in vitro culture of 
C. felina Linn was observed with the effect of auxins in 
callus induction and also elucidated antibacterial activity 
against the microbes. 
 
 
MATERIALS AND METHODS 
 
Explant selection 
 
Disease free explants were collected from young and tender 
C. felina L. Then it washed under continuous flushing of 
running  tap  water  for  30 min.  The  plants  were  collected  
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and taxonomically identified with the generosity of Fr. Dr. S. 
John Britto SJ, Director, Rapinat Herbarium and centre for 
Molecular systematics, St, Joseph’s College (Campus), 
Tiruchirappali- 620 002, Tamil Nadu, India.  
 
 
Sterilization  
 
Aseptic transfer of tissue was done in laminar air flow hood. 
The interior was swabbed with 95% ethanol before 
inoculation. The autoclaved instruments were flame 
sterilized before using them for tissue transfer using 95% 
ethanol. The explants were treated with 0.1% mercury 
chloride for 1.5 min and washed with sterilized double 
distilled water for 3 times. At final, the explants were 
treated with 70% ethanol for 30 s and then washed with 
sterilize double distilled water for 3 times. 
 
 

Preparation of medium 
 
The MS medium (Murashige and Skoog, 1962) was 
prepared with various concentrations and combinations of 
growth regulators were added before adjusting the pH up 
to 5.8 using 0.1N NaOH or 0.1 HCl and gelled with 0.8% 
agar and melting the agar in a boiling water bath. Then the 
media with all necessary ingredients were dispensed into 
culture tubes, conical flasks and wide mouthed bottles and 
were plugged with non-adsorbent sterile cotton plugs and 
autoclaved at 121C. Culture was incubated under 
continuous light from fluorescent tubes at a constant 
temperature of 25±2C and 80±5 % relative humidity, 
under 16 h/day light with illumination of 3000 Lux light 
intensity. 
 
 
Direct regeneration of Cleome felina L. 
 
Stem explants of C. felina L. were cultured on MS basal 
medium and achieved shoot proliferation with IAA (0.5 
mg/l) and BAP (1.0 mg/l). Shoot formation of explants was 
recorded after 55-60 days after inoculation. Thereafter, 
shoot clumps were separated and cultured on MS medium 
containing IAA, in which root formation was recorded after 
10 days. 
 
 
Callus induction  
 
Stem explants were cultured on MS medium, where 
maximum callus was observed with 2,4-D (2.5mg/l)  after 
50-55 days of inoculation. 
 
 
Acclimatization/ hardening 
 
All the rooted plants were carefully removed and washed in 

tap water to remove agar gel and transferred to clay pots, 
containing autoclaved soil mixture (red soil, garden soil and 
sand) within the ratio f 1:2:1. In vitro regenerated plants 
were covered with polythene bag to maintain high 
humidity. All the plants were maintained under the 
laboratory conditions at 30±2C under continuous 
irradiation, with a white fluorescent tube (30µmol m-2 s-1) 
for a photoperiod of 5 weeks. Finally, the regenerated 
plants were successfully transferred to green house 
condition. A total of 10 plants were taken for this 
experiment and were repeated for 5 times. Plant survival 
percentage data were also recorded from this experiment. 
 
 
Phytochemical analysis 
 
In the phytochemical analysis of chloroform: methanol, C. 
felina L. extracts were obtained to analyze the presence of 
potential secondary metabolites and to study the biological 
activity against microbes. 

 
 
RESULTS 
 
Effect of growth regulators on mass propagation of 
Cleome felina L.  
 
Multiple shoots were induced, when the explants were 
cultured on MS medium supplemented with different 
concentration and combination of growth regulators. Shoot 
clumps were observed after 8 days inoculation. Among the 
total concentration and combination (BAP+IAA, BAP+NAA, 
BAP+IBA) tested, the maximum shoots were obtained from 
the nodal explants of C. felina L. on BAP and IAA (0.5+1.0 
mg/l), about 95% shooting response with 12.2±0.25 
number of shoots and an average length of 6.10±0.24cm 
shoots from stem explants also were observed. Low 
frequency (55%) multiple shoot induction with 6.8±0.73 of 
BAP (1.0 mg/l) and IBA (0.5 mg/l) number of shoots and an 
average length of 1.40±0.67 cm shoots on MS medium were 
observed and the results are presented in Table 1 and 
Figure 1. 

 
 
Effect of growth regulators on root induction 
 
MS medium was fortified with different concentration of 
auxins IAA (0.5-3.0 mg/l), NAA (0.5-3.0 mg/l), IBA (0.5-3.0 
mg/l). The newly regenerated C. felina L. cultured on MS 
medium supplemented with IAA (2.5 mg/l) fortified 
medium induced high frequency of 97% rooting with 
8.2±0.54 and number of micro roots and an average length 
of 6.20±0.27 cm roots from stem explant. It was observed 
low frequency of 52% multiple root induction with 
1.4±0.89 number of roots and an average length of 
1.60±0.70 cm roots, and  the  result  are  shown  in  Figure 2  
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Table 1: Effect of growth regulators on shoot induction from Cleome felina L. of plant explants. 
 

MS medium (mg/l) % of responses Number of total shoots Shoot length(cm) 

BAP+IAA    

0.5+1.0 95 12.2±0.24 6.10±0.24 

0.5+2.0 85 10.9±0.80 3.42±0.85 

0.5+2.5 70 6.2±0.54 2.49±0.23 

0.5+3.0 76 11.9±0.45 1.12±0.54 

0.5+4.0 74 2.8±0.74 1.47±0.45 

    

BAP+NAA    

0.5+1.0 64 4.8±0.44 2.60±0.23 

0.5+2.0 76 5.0±0.56 4.50±0.67 

0.5+2.5 87 3.8±0.32 5.70±0.56 

0.5+3.0 80 2.2±0.34 1.50±0.89 

0.5+4.0 61 10.0±0.70 3.70±0.48 

    

BAP-+IBA    

0.5+1.0 57 6.8±0.73 4.20±0.82 

0.5+2.0 81 9.8±0.41 2.75±0.87 

0.5+2.5 72 8.8±0.70 5.50±0.53 

0.5+3.0 69 4.7±0.65 3.50±0.76 

0.5+4.0 55 3.6±0.83 1.40±0.67 
 

50 explants were taken for each experiment. Each experiment was repeated 5 times. 

 

 

after 8 days inoculation. Among the total concentration and combination (BAP+IAA, 

BAP+NAA, BAP+IBA) tested, the maximum shoots were obtained from the nodal explants of 

C. felina L. on BAP and IAA (0.5+1.0 mg/l), about 95% shooting response with 12.2±0.25 
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Figure 1: Shoot induction from Cleome felina stem. 
a. Explant, b. shoot formation in 55-60 days, c. shoot initiation, d. shoot elongation, e-k. multiple shoot 
formation, g-p multiple shoot after 65-70 days. 
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Figure 2: Rooting of in vitro raised shoots from Cleome felina of stem. 
a. newly regenerated Cleome felina L., b. Root formation in 65-70 days, c. Root initiation, d. Root 
elongation, e-h. Multiple root formation, i & j Multiple shoot after 70-75 days, k Hardening. 

        
 

Table 2: Effect of growth regulators on rooting of in vitro raised shoots from Cleome felina of stem. 
 

MS medium (mg/l) % of responses Number of total roots Root length (cm) 

IAA    

0.5 71 3.2±0.44 3.50±0.20 
1.0 59 1.1±0.31 4.45±0.84 
1.5 68 3.8±0.83 2.60±0.54 
2.0 63 2.8±0.44 2.45±0.43 
2.5 97 8.2±0.54 6.20±0.27 
3.0 53 4.2±0.44 2.50±0.65 

    

IBA    

0.5 73 3.0±0.70 4.50±0.76 
1.0 85 6.8±0.70 2.75±0.63 
1.5 79 4.2±0.44 3.50±0.58 
2.0 77 2.6±0.54 4.60±0.54 
2.5 89 2.4±0.54 3.40±0.58 
3.0 58 5.4±O.89 2.50±0.27 

    

NAA    

0.5 52 1.4±0.89 1.60±0.70 
1.0 69 3.4±0.54 3.40±0.34 
1.5 64 4.2±0.83 2.25±0.49 
2.0 89 2.2±0.83 2.15±0.71 
2.5 90 7.4±0.89 3.15±0.82 
3.0 88 6.8±0.89 2.20±0.84 

 

50 explants were taken for each experiment. Each experiment was repeated 5 times. 

 
 
and Table 2. 
 
 
Effect of callus induction from stem 
 
Young stem explants induce diverse types of callus, when 
cultured on MS medium containing different combination of 

growth regulators. Among the auxin tested individually 
with (2,4-D, IAA, IBA) and in combination with cytokinin 
(BAP+IAA), about 85% green compact callusing response 
with maximum of 190±0.89 mg, fresh mass was observed in 
2, 4-D (3.0 mg/l), low callusing response in BAP+ IAA 
(1.0+0.5 mg/l) and 50% response was observed (Figure 3 
and Tables 3 and 4). 
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Figure 3: Callus induction on Cleome felina from stem explants of Cleome felina L. 
a. shoot formation in 55-60 days, b. shoot initiation, c-f. shoot elongation, g-h. multiple callus formation, i-l 
multiple shoot after 65-70 days. 

 
 

Table 3: Effect of growth regulators on callus induction on Cleome felina L. from stem explants of Cleome felina L. 
 

MS medium(mg/l) % of responses Fresh weight of callus(mg) Callus morphology 

2,4-D    

0.5 62 165±0.65 Green compact 

1.0 57 130±0.76 Green friable 

2.0 59 150±0.75 Yellow friable 

3.0 85 190±0.89 Yellow compact 

4.0 63 78±0.76 Green compact 

5.0 67 90±0.54 Yellow compact 

    

IAA    

0.5 68 167±0.82 Yellow compact 

1.0 72 132±0.72 Yellow friable 

2.0 75 174±0.84 Yellow friable 

3.0 78 143±0.74 Green friable 

4.0 65 186±0.86 Green friable 

5.0 67 120±0.87 Yellow compact 

    

IBA    

0.5 69 157±0.60 Yellow nodular 

1.0 58 120±0.10 Green compact 

2.0 55 170±0.58 Yellow compact 

3.0 84 120±0.37 Green nodular 

4.0 79 170±0.59 Yellow nodular 

5.0 68 126±0.37 Green friable 

    

BAP+IAA    

0.5+1.0 50 87±0.70 Yellow compact 

0.5+1.5 59 178±0.50 Yellow friable 

0.5+2.0 61 120±0.76 Green compact 

0.5+2.5 64 132±0.60 Green compact 

0.5+3.0 72 150±0.40 Yellow nodular 
 

Data were expressed as fresh weight of callus, 50 explants were taken for each experiment, each experiment was repeated 5 
times. 
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Table 4: Phytochemical analysis of Cleome felina L. (chloroform: methanol) extract. 

 

Phytochemical Reagents 
Plant extract 

(chloroform: methanol) 

Alkaloid Wagner’s test + 
Hager’s test + 

   
Carbohydrate Benedicts reagent - 

Fehling’s reagent - 
   
Tannins and phenol Ferric chloride, gelatin test + 
Phytosterols Libermann + 
Saponins Foam - 
Protein and amino acid Ninhydrin - 
Flavanoid Lead acetate test - 

 

Indication of sign (+) present and (-) absent. 

- 

 
 

 

E. coli                       Citrobacter                      Pseudomonas              Agrobacterium  

       Klebsiella                      S. marescens                    S. aureus                     E. aerogenes 

     Vibrio                       Proteus                  S. epidermis              E. facalis                B. subtilis  
 

Figure 4: Antibacterial activity of Cleome felina L. (chloroform : methanol) extract. 

 
 
Antibacterial activity 
 
In this study, we screened the anti microbial potential of 
field plant stem and stem derived callus extracts of C. felina  
L., tested against Gram positive and Gram negative bacterial 
pathogens.  Sensitivity tests were conducted using agar well 
diffusion method. The test bacterial stains  were  inoculated  

 
 
on Mueller Hinton Agar medium and the zone  of  inhibition  
was calculated by measuring the zone around the well. In 
the present study, the whole plant extract was found to be 
more effective against the tested pathogens, followed by the 
moderate response found in whole plant extract and 
minimum zone of inhibition was observed (Figure 4 and 
Table 5). 
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Table 5: Antibacterial activity of Cleome felina L. (chloroform: methanol) extract. 

 

Microorganisms 
Cleome felina (plant extract) 

Leaf (mm) Whole plant (mm) 

E. coli 07 08 

Citrobacter  sp 05 06 

Pseudomonas aeruginosa 05 12 

Agrobacterium sp 05 06 

Klebsiella pneumoniae 07 12 

Serratia marcescens 10 13 

Staphylococcus aureus 06 10 

Enterobacter aerogenes 06 08 

Vibrio paraheamolyticus 06 08 

Proteus vulgaris 07 08 

Staphylococcus epidermidis 06 08 

Enterococcus faecalis 05 07 

Bacillus subtilis 09 13 

 

 
 

Table 6: Minimum inhibitory concentration of Cleome felina L. plant (chloroform: methanol) extract. 
 

Micro organism 
Cleome felina plant extract 

25 (µl) 50 (µl) 100 (µl) 

Saccharomyces cerevisiae 04 05 07 

Yersinia enterocolitica 09 09 09 

Proteus vulgaris 05 07 06 

Klebsiella pneumoniae 07 11 15 

Pseudomonas mendocina 08 06 10 

Staphylococcus epidermidis 05 10 15 

Staphylococcus aureus 05 07 08 

Enterococcus faecalis 05 06 07 

Vibrio paraheamolyticus 05 05 07 

 
 
 
Minimum inhibitory concentration 
 
In this study, modified serial dilution method was adapted 
to measure the MIC. The crude extract of whole plant was 
dissolved in chloroform: methanol. To obtain a 
concentration range, 25, 50, and 100 µl were added. 100 µl 
of each dilution was added into wells and were incubated at 
37C for 24 h. The minimum concentration of each extracts 
showing a clear zone of inhibition was considered as the 
MIC (Table 6). 
 
 
Minimum inhibitory concentration of Cleome felina L. 
 
Minimum inhibitory concentration of C. felina L. (whole 
plant extract) was performed using well plate method. In 
total, 3 wells were cut with sterilized cork borer, where 
wells were filled with various concentrations (25, 50 
and100 µl), and the MIC were recorded. 

DISCUSSION 
 
C. felina L. was selected in present study for its restricted 
distribution and especially investigated for mass 
propagation. In the present study, the direct shoot 
multiplication was achieved from shoot tip on MS medium 
supplemented with different concentrations of BAP and 
combination with IAA. Shoot clumps were observed after 
55-60 days of inoculation. Among the various combination 
and concentration were tested, maximum shoots were 
achieved on BAP and IAA (0.5+1.0 to 0.5+5.0) in which, 
about 95% explants were responded with 12.2±0.24 
number of shoots. The nodal explants of R. tuberose also 
achieved multiple shoot with kinetin alone and BAP with 
kinetin. These results were in concurrence with earlier 
findings in Pedalium murex and Physalis angulata. These 
results indicated that the cytokinins play an important role 
on the multiple shoot formation. During subculture, the 
basal  axillary  buds  underwent  initiation.   The   developed  
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axillary buds enhanced the shoot multiplication 
(Lakshmanan and Gabriel, 2015). 
The regenerated plants were successfully transferred to 
earthen pot containing soils. Almost all (90%) in vitro 
regenerated plants successfully survived under green 
house conditions. Similarly, the success of transplantation 
was 85%, where the plantlets were sufficiently vigorous 
with new growth. They were subsequently transferred to 
larger pots and gradually acclimated to outdoor conditions. 
The protocol reported here is reproducible, where it has a 
potential for being utilized to conserve the germplasm, a 
large scale micropropagation of important medicinal plants. 
In this study, the rooted C. felina L. were transferred on 
autoclaved soil mixture of red soil, garden soil and sand, 
where the results were closely observed and in line with 
the results of previous study (Anburaj et al., 2010)  

Differentiation of callus to different organs is a complex 
process controlled by many factors. PGRs play an important 
role in cell differentiation and organ formation, and the 
effective concentration of cytokinin and auxin can be 
different between tissues and species (Dakah et al., 2014). 
In vitro callus was directly initiated from leaf explants of 
Cleome viscosa cultured on different culture media (B5, 
WPM, SH and Y3), devoid of plant growth regulators. 
Several authors used different explants, where some 
reports indicated that leaf explants are the best for callus 
induction (Anburaj et al., 2011). However, in the present 
investigation, calli were initiated from stem explants of C. 
felina L., after 50-55 days of culture on MS medium, fortified 
with different auxins and cytokinin, NAA (0.5-5.0 mg/l), IAA 
(0.5-5.0 mg/l), IBA (0.5-5.0 mg/l), 2,4-D (0.5-5.0 mg/l) and 
BAP+IAA (0.5+1.0 to 0.5+3.0 mg/l). About 85% callusing 
response with maximum of (190±0.89 mg) fresh mass was 
observed in stem explants with 2,4-D (3.0 mg/l), and low 
frequency (50%) callus induction with (120±0.10 mg) fresh 
mass was observed in stem explants with IAA (5.0 mg/l). 

Similar studies have been conducted on Wattakaka 
volubilis cultured, where the callus was initiated from the 
cut region of the explants after one week. In this study, 1.0 
mg/l  2,4-D, 2.0 mg/l  KIN, 1.5 mg/l BAP, 1.0 mg/l NAA and 
2.0 mg/ IAA were found to be optimum concentration 
(Vinothkumar and Senthilkumar, 2015). The presence of 
2,4-D in the culture media was essentially required to 
induce callus formation in this species, even though the 
cytokinin was absent. The effectiveness of 2,4-D in inducing 
callus can be attributed to its main characteristics, which 
can stimulate cell division of plant tissues and strongly 
suppress organogenesis in the presence of 2,4-D (Osman et 
al., 2015).  
 
 
 
 
 
 
 

Conclusion 
 
In the present study, we designed a standardize protocol 
for in vitro culture of the medicinal plant C. felina L. 
Subsequently, we were able to attain the maximum success 
rate of the culture, for mass propagation and secondary 
metabolites production from callus culture. The presence of 
antimicrobial activities in our plant had a huge impact in 
the derivation of novel medicine. 
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