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Antibacterial activity of Root and Leaf Extracts of Carissa spinarum  against Methicillin-
resistant Staphylococcus aureus (MRSA) and other Clinically Pathogenic bacterial strains
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 INTRODUCTION
    The growing of infectious diseases due to development of 
increasing antibiotic resistant pathogens need to search for new 
antimicrobial agents. Plants and plant-based medicaments are the basis of 
many of the modern pharmaceuticals which we use today for our diverse 
ailments. ( (Kumar 2009). The available antimicrobial compounds seems to 
contribute to a significant increase in resistant bacteria, particularly resistant 
Gram-positive organisms. Streptococcus pneumoniae, methicillin-resistant 
Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci 
(VRE) are well known over recent years (Schoenfeld  et al 2010). The high 
percentage human infections result from facts that micro-organisms 
present in the biofilm are highly resistant to killing (Nanda 2016). C. 
spinarum  roots are traditionally used to treat worm infested wounds in 
animals (Teklehaymanot and Giday 2007).
 People are using herbal medicines from centuries for safety, 
efficacy, cultural acceptability and lesser side effects (Kumar et al 2014). 
The interest to study the plants is because of their medicinally and 
pharmacologically important active ingredients (Kumar 2010).  Carissa 
spinarum L. is a evergreen small shrub growing throughout India. Carissa 
spinarum L.  has been used in the Ayurvedic medical system because of its 
therapeutic effects against liver disease, epileptic disease, microbial 
disease, cytotoxic, viral diseases, etc (Verma S. and  Chaudhary 2011).  In 
the present study we focus on the need for the alternative sources of the 
antibiotics as the pathogenic microbes are gaining resistance against 
standard antibiotics. 

MATERIALS AND METHODS
Collection of plant material
  The plant material used was the dried roots and leaves of Carissa 
spinarum (Wild Karaunda) collected from village Fedij, Shimla (H.P.) and 
from Selaqui, Dehradun and identified from Forest Research Institute (FRI, 
Dehradun).

 Extraction of plant material
  The whole plant material were thoroughly washed. The roots and 
leaves were cut into pieces and air dried for 2 days and in an oven at 60oC 
for 3 hrs. and pulverized together. The sample was extracted at a solute-
solvent ratio of 1:10 for 6 hrs. in a soxhlet extractor by using respective 
solvents. The different solvents were used for leaf powder such as water, 
methanol, ethanol, petroleum ether, ethyl acetate, and hexane for leaf 
extracts.  The different solvents used for root powder were water, methanol, 
ethanol, chloroform, petroleum ether, and ethyl acetate. The solvent 
extracts so obtained were then evaporated at a constant temperature until a 
very concentrated extract was obtained.

Storage
o  The plant extract were stored at the temperature of 4 C. Bring out 

all extract at room temperature when required at the time of checking 

antimicrobial activity and phytochemical analysis.

Phytochemical Screening
 The powered plant parts as well as the extracts were subjected to 
preliminary phytochemical screening following the methodology of Kumar 
et al. 2011. Phytochemical test of isolated extracts were performed to find 
the presence of the active chemical constituents such alkaloids, glycosides, 
tannins, steroid, flavonoids, starch, saponin, carbohydrates and proteins. 

Micro-organisms 
 The bacterial cultures used for antibacterial activity of plant 
extracts were MRSA, E. Coli , Proteus, and Pseudomonas fluorescence 
brought from Himachal Institute Of Life Sciences, Paonta (H.P.). 

Antimicrobial assay
 Antibacterial activities of the extracts were carried out by disc 
diffusion method (Lorian, 1996). The minimal inhibition concentration (MIC) 
values were also studied for the isolated microorganisms which were 
determined as sensitive to the extracts in the disk diffusion assay.

Chemicals and Reagents
  All the chemicals  and reagents  were procured from local 
suppliers and were of analytical grade. The Evimectin-A and antibiotics 
ofloxacin and tetracycline were brought from pharmaceutical store as 
prescribed by physician.

Statistical Analysis
 The statistical analysis was carried out by analyzing the triplicate 
(n=3) results for each culture. These results have been reported as mean ± 
SD.

RESULTS AND DISCUSSION
Phytochemical characterization of root & leaf extract of Carissa 
spinarum  
 On the basis of phytochemical analysis of root and leaf extracts in 
various solvents alkaloids, saponin, tannins, carbohydrates, steroids were 
abundantly found, whereas flavonoids and glycosides were rare. Proteins 
and starch were absent. From the phytochemical analysis, alkaloids, 
flavonoids, saponin, tannins, glycosides and steroids were found in root 
extract with solvents petroleum ether, ethyl acetate, and chloroform. In leaf 
extracts with solvents water, ethanol, hexane and petroleum ether of 
Carissa spinarum.
         Our results of phytochemical test are not in favour of Beck et. al. 2013, 
who proposed that the saponin are not found in leaf extracts, while we 
observed that saponin was found in all four leaf extracts. Our results of 
phytochemical test are in favour of Onotu.  et. al.2013. who proposed that 
the  alkaloids, flavonoids, saponins, tannins, glycosides and steroids are 
found in Carissa spinarum extracts.
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Root and Leaf Extracts of Carissa spinarum were evaluated against 15 isolates of methicillin-resistant S. aureus isolates and 
other Clinically Pathogenic bacterial strains. Antimicrobial activity of Carissa spinarum root and leaves extracts obtained with 
different solvents viz., water, methanol, ethanol, hexane, petroleum ether, chloroform and ethyl acetate was evaluated against 
some selected pathogenic microorganisms such as Proteus, Pseudomonas flouorescence, MRSA and Escherichia coli using 
disk diffusion method. Antimicrobial activity of root extract of ethyl acetate is high (25mm) and in leaf hexane extract has showed 
the highest activity (30mm). From the phytochemical analysis alkaloids, flavonoids, saponin, glycoside, tannins and steroid was 
found active constituents and is believed to be responsible for their antimicrobial  activities.
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    Antibiotics Salmonella  (%)/ N=104   

    R   S   

  Amoxicillin 8 (7.7 %)   96 (92.3 %°)   

            

 Penicillin Amoxicillin + clavulanic acid  8 (7.7 %) 96 (92.3 %)   

            

  Tircacillin  48(46.15 %) 56 (53.85 %)   

            

  Cefalotin  10 (9.7 %) 98 (94.23 %) 

            

Cephalosporin Cefoxitim 0 (0 %) 104 (100 %)   

            

  Cefotaxim  1 (0.96 %) 103 (99.04 %) 

             

Gentamycin  11 (10. 58 %) 93 (89.42 %)   

             

Chloramphenicol  31 (29.8 %) 73 (70.2 %)   

amide             

Cotrimoxazol  97 (93.37 %) 7 (6.73 %)   

            

 Nalidixic acid   37 (35.76 %) 67 (64.42 %) 

          

Ciprofloxacin  30 (28.85 %) 74 (71.15 %)   

             

Tetracyclin  76 (73.08 %) 28 (26.92 %)   

  

Table 1: Phytochemical analysis of root extract of Carissa spinarum.

Table 2: Phytochemical analysis of leaf extract of Carissa spinarum.

S.No. Tests                             Extracts 
PETROLEUM 
      ETHER 

    ETHYL 
  ACETATE 

CHLOROFORM 

1. Alkaloids + + + 
2. Carbohydrates - + + 
3. Flavonoid - - - 
4. Protein - - - 
5. Saponin + - + 
6. Glycosides - + + 
7. Steroids + + + 
8. Tannins + + + 
9. Starch - - - 

 

S.No. Tests                                            Extracts 
PETROLEUM 
      ETHER 

    ETHANOL HEXANE WATER  

1. Alkaloids + + + + 

2. Carbohydrates - + - + 

3. Flavonoid - - - + 

4. Protein - - - - 

5. Saponin + + + + 

6. Glycosides - + - - 

7. Steroids + + + + 

8. TANNINS - + - + 

9. STARCH - - - - 

 

Bacterial 
Cultures 

                                                                   Solvents 

Water Ethanol Methanol Ethyl 
Acetate 

Petroleum 
Ether 

Chloroform Ofloxa
cin 

Tetracyc
lin 

E.coli 7mm 6mm 7mm 25mm 23mm 20mm 35mm 28mm 

Pseudomonas 7mm 7mm 8mm 12mm 19mm 10mm 34mm 28mm 

Proteus 7mm 8mm 10mm 20mm 17mm 20mm 36mm 28mm 

MRSA 7mm 6mm 7mm 15mm 20mm 20mm 34mm 26mm 

 

Bacterial 
Cultures 

Solvents 

Water Ethanol Methanol Ethyl 
Acetate 

Petroleum 
Ether 

Hexane Ofloxacin Tetracycli
n 

E.coli 11mm 13mm 8mm 7mm 16mm 16mm 35mm 28mm 

Pseudomonas 7mm 16mm 8mm 7mm 8mm 9mm 34mm 28mm 

Proteus 19mm 17mm 10mm 10mm 23mm 30mm 36mm 28mm 

MRSA 9mm 16mm 8mm 8mm 17mm 15mm 34mm 26mm 

 

Table 3: Antibacterial activity of root extracts of Carissa spinarum.

Table 4: Antibacterial activity of leaf extracts of Carissa spinarum.

Antibacterial Activity of Carissa spinarum   
 The results for the antimicrobial sensitivity test (inhibition zone 
diameters in mm) for the extract against species of Gram negative bacteria 
and Gram positive bacteria are given in Table 3 and 4. Antibacterial activity of 
root and leaf extracts against E.coli, Pseudomonas fluorescence, Proteus, 
and Methicillin-resistant Staphylococcus aureus (MRSA) is given as follows.

MIC of different extracts against bacterial cultures
 After the observation of antibacterial activity of plant extracts, we 
have studied the MIC of the plant extract for this we have prepared the plant 
extracts at different concentration with the help of serial dilution methods.
From the Table No. 3 & 4 it is now cleared that the root & leaf extracts of 

 Carissa spinarum show higher antibacterial activity against 
E.coli, Proteus sp and MRSA than Pseudomonas fluorescence. Ethyl 
acetate, Petroleum ether and Chloroform extracts of root are most effective. 
The highest inhibition zone observed is 25mm & 23mm against E.coli of  
Ethyl acetate and Petroleum ether extracts respectively. The extract with 
solvents Water, Ethanol and Methanol were not much effective the inhibition 
zone observed in these solvents were ranging between 6mm –10mm.
 Ethanol, Hexane and Petroleum ether extracts of  leaves shows 
higher antibacterial activity against E.coli, Proteus sp and MRSA than 
Pseudomonas fluorescence. The highest inhibition zone observed is 30mm 
& 23mm against Proteus of Hexane and Petroleum ether extracts 
respectively. The extracts with solvents water, methanol and ethyl acetate
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 Fish  
Station A  Station B Station C 

Dry Wet Dry Wet Dry Wet  
-Wiener diversity index (H’)  4.30 4.63 4.32 4.64 4.33 4.60 

-D) 0.99 0.99 0.99 0.99 0.99 0.99 

 

Extracts                                         Concentration Of Extracts 

100mg/500 µl 50mg/500µl 25mg/500µl 12.5mg/500µl 6.25mg/500µl 

Ethyl Acetate 25mm 20mm 18mm 15mm 13mm 

Chloroform 20mm 17mm 15mm 12mm 9mm 

Petroleum Ether 23mm 19mm 15mm 12mm 8mm 

 

Table 5: : MIC of root extracts against E.coli .

Table 6: : MIC of root extracts against Proteus.

Extracts                                         Concentration Of Extracts 

100mg/500 µl 100mg/500 µl 100mg/500 µl 100mg/500 µl 100mg/500 µl 

Ethyl Acetate          20mm             17mm        15mm            12mm              9mm 

Chloroform          20mm             16mm        14mm            11mm              9mm 

Petroleum Ether     17mm        15mm         12mm       10mm        8mm 

 

Extracts                                         Concentration Of Extracts 

100mg/500µl 100mg/500 µl 100mg/500 µl 100mg/500 µl 100mg/500 µl 

Ethyl Acetate          15mm             12mm        10mm            9mm              8mm 

Chloroform          20mm             17mm         15mm            17mm              9mm 

Petroleum Ether 
         20mm         18mm         15mm         12mm         9mm 

 

Table 7: : MIC of root extracts against MRSA .

  Extracts                                                              Concentration Of Extracts 

100mg/500 µl 100mg/500 µl 100mg/500 µl 100mg/500 µl 100mg/500 µl 

Ethyl Acetate          13mm             11mm        10mm            8mm              8mm 

     Hexane          16mm             15mm         13mm            10mm              8mm 

Petroleum Ether 
         16mm        14mm         13mm       10mm        8mm 

 

Table 8: MIC of leaf extracts against E.coli  .

Extracts                                                           Concentration Of Extracts 

100mg/500 µl 50mg/500µl 25mg/500µl 12.5mg/500µl 6.25mg/500µl 

Ethyl Acetate          17mm             15mm        12mm            10mm              9mm 

     Hexane          30mm             22mm         17mm            14mm              12mm 

Petroleum Ether 
         23mm     19mm         16mm     14mm                  9mm 

 

Table 9: MIC of leaf extracts against Proteus .
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were not much effective the inhibition zone observed in these solvents were 
ranging between 8mm-10mm. Ethanolic leaf extract shows moderate 
antibacterial activity against all four bacterial cultures.
 Our results are in favour of Maobe et.al.2013 who reported that 
the antimicrobial activity of the ethanolic extract of leaves against E.coli. & 
Staphylococcus aureus was 12mm & 16mm respectively.  According to 
Maobe et.al.2013  the ethyl acetate leaf extract is also effective against 
E.coli. & Staphylococcus aureus i.e. 12mm & 23mm respectively, In case of 
ethyl acetate extracts against E.coli. & Staphylococcus aureus our results 
are not in favour of Maobe et.al.2013, our results of  leaf extract of ethyl 
acetate against E.coli. & Staphylococcus aureus are 7mm & 8mm 
respectively.
 Overall study of antibacterial activity shows that ethyl acetate, 
petroleum ether, and chloroform root extracts are quite effective against 
E.coli, Proteus sp and MRSA. While leaf extracts with hexane and 
petroleum ether against Proteus is most effective i.e. 30mm & 23mm 
respectively.

CONCLUSION
 In the present study of antimicrobial activity of root and leaf 
extracts of Carissa spinarum we have concluded that among all other 
solvents, ethyl acetate, petroleum ether and chloroform extract of root & 
petroleum ether, hexane and ethanol extracts of leaves show good 
antimicrobial activity. Overall studies show that ethyl acetate extract of root 
is most effective against  E.coli (25 mm)  &  Proteus (20mm), hexane 
extracts of leaves is most effective showing inhibition zone of 30mm against 
Proteus. Aqueous extract of leaves is also effective against Proteus showing 
inhibition zone of 19mm. Considering the rich diversity of the plant, it is 
expected that screening and scientific evaluation of plant extract for their 
antimicrobial activity may provide new antimicrobial substances. Our 
studies also revealed that the plant extracts can also be effective against 
antibiotic resistant bacteria i.e. MRSA.  
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Extracts                                                           Concentration Of Extracts 

100mg/500 µl 50mg/500µl 25mg/500µl 12.5mg/500µl 6.25mg/500µl 

Ethyl Acetate          16mm             14mm        13mm            10mm              8mm 

     Hexane          15mm             14mm         11mm             9mm              7mm 

Petroleum Ether 
         17mm 15mm         13mm    11mm                 8mm     

 

Table 5: MIC of leaf extracts against MRSA .
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