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In the current investigation the traditional aqueous and ethanolic extraction products from leaves of Sphaeranthus	indicus	and	flowers of Helianthus	annus were evaluated for antibacterial activity against multi drug resistant (MDR) bacterial isolates from the clinical samples. Standard tube dilution and disc diffusion methods were employed to assess the antibacterial activity. The results showed, ethanolic sphaeranthus extract at a minimum inhibitory concentration (MIC) of 3mg/ml by tube dilution & 1.8 mg/ml by disc diffusion method inhibited the growth of MDR Staphylococcus	and	Klebsiella. Further the MDR	E.coli	 and pseudomonas	were effectively inhibited by the ethanolic extract of Helianthus at a concentration of 4 mg/ml and 2.5 mg/ml by tube dilution and disc diffusion methods respectively. The aqueous extracts of both the herbs showed a transient antibacterial activity against MDR staphylococcus isolate, while there was no observable activity against MDR E.coli, pseudomonas or klebsiella isolates. Collectively targeting the MDR isolates may pave a way for future class of drugs from natural products in way they have been extracted and used for generations.   
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1.	Introduction 

*In the recent decades, modern research methodologies are developed and aim at authenticating the traditional herbs for its potential anti-infectious activities regardless of the agents associated with the cause (Kowalska, 2015; Awan et al., 2013; Komolafe OO, 2003). In most of the studies, use of complex extraction methods, processing and formulations of the plant products have been introduced with varied success. However the traditional extraction methods or the classical formulations are still available today with the oriental system of medical practitioners, which are less attended by these authenticating studies and investigations. Though there are very few such evaluation studies done in past, there are no recommendations for oriental plant based medicines to be included in the drug lists used in modern medicine (Chen et al., 2015). There are no scientific data available on bioactivity of herbal drugs to the oriental medical practitioner, with very few exceptional entries of translational research data in recent past. The use and misuse of anti-microbial agents especially antibiotics resulted in the evolution of MDR organisms posing a threat to healthcare systems. The need for broad-spectrum drugs has 
                                                 * Corresponding Author.  Email Address: ccharishjabali@gmail.com 

pushed the researchers to look for new agents from natural products, herbs, small molecules to combat the growing infections due of emergence of MDR organisms (Komolafe OO, 2003; Mellon et al., 2001). There are good number of herbs identified in traditional, folklore and tribal medicine prescribed to combat diseases which will resemble the bacterial infections and modern defined diseases, while many preliminary works for evaluating such herbal extracts against bacterial isolates has been successful without any further translational approach towards bedside in modern medicine (Gromek et al., 2015; Tulunay et al., 2015). The use of the Sphaeranthus as a drug is mentioned in ayurvedic system of medicine for varied clinical conditions like Jaundice & leprosy (Ramachandran, 2013). The herb is rich in sesquiterpene and all parts of the plants are used in oriental medicine, while leaves play a prominent part in the drug formulations and preparations. Few studies have documented sphaeranthus for its antibacterial properties (Basu and Lamsal, 1946; Galani et al., 2010; Selvi et al., 2011; John and Tamilmaraiselvi, 2011). Sunflower plants are widely studied for biological and chemical activities. Helianthus	annuus is widely grown as commercial crop, whole plant and leaf extracts has been traditionally used as anti-inflammatory, anti-tumor agent and antibacterial agents (Rajakannu and Sritharan, 2012; Ukiya et al., 2003; Sechi et al., 2001). The sunflower oil (Oleozon) 



Harish. C. Chandramoorthy/ International Journal of Advanced and Applied Sciences, 3(1) 2016, Pages: 1‐8 

2 
 

extracted from flowers has been used as food and an additive of drug and cosmetic formulations (Casetti et al., 2011).  All these medical herbs have been documented and studied for its phytochemical constituents. However, we are not sure on the bioavailability of the individual secondary metabolites (the phyto-active chemicals) activity against bacteria or tumor cells, when it comes as isolated and purified component. It has been known that many modern extraction procedures reduces the phytochemicals into unavailable forms or in many cases compromise the bioactivity or generally documented as synergistic in action (Yang et al., 2014). As early as 1946, there were reports on the drug resistance to penicillin and speed at which the single drug resistance to the bacteria turned to MDR was not predictable (Barber, 1947). Mechanism of the action for MDR is a dynamic process and over the decades it has developed into additional types of the mechanisms of drug tolerance or resistance. Drug binding proteins, drug modification by enzymes, mutated drug targets, altered membrane permeability and enhanced efflux mechanism are some the recent modifications observed in the MDR strains. Many of the mechanisms are through adaptive changes which alters the genetic makeup of the bacterial strains. Recently drug resistance plasmids, transposon like complex, conjugative, bacteriophage and integron are some of the adaptations which conferred drug resistance and pose a great threat to the general health (Alekshun et al., 2007). Today antibiotic abuse has revived the authentication of the herbal and traditional drugs with multiple numbers of drug resistance strains. In many developing countries there are no proper antibiotic policies or monitoring system aiding more on MDR infections. Collectively emerging new strains of MDR organisms in an alarming rate has pushed the pharmaceutical industries to look for alternative and new drugs (WHO, 2000). The current lacuna in the search is that many screening reports or studies have no clear-cut validation and reproducibility on the bioactivity, especially with clinical isolates, which forms a larger part of MDR organisms. Further we do not find enough evidence from the literature on use of aqueous and ethanolic extracts of the herbs directly on the clinical isolates that are clinically relevant than the commensals and non-virulent strains that are frequently used in these studies (Kumar et al., 2006).  In the current study we have authenticated two widely used herbs Sphaeranthus	 indicus	 and	
Helianthus	annus, which were screened primarily for antibacterial activities on common laboratory bacterial strains and MDR strains isolated from clinical specimens. 
2.	Materials	and	Methods		

2.1.	Plants	(Herbs)		

2.1.1.	 Sphaeranthus	 indicus	 and	 Helianthus	
annuus	

Sphaeranthus	indicus is distributed widely in hilly and damp landscape of tropical regions. The herb belongs to the family Asteraceae. The whole plant is used in the Ayurveda and Siddha system of the oriental medicine (Ramachandran, 2013). Helianthus	
annuus is an important cash crop (oil seed) widely cultivated throughout the tropical regions. It belongs to the family of Asteraceae (Rajakannu and Sritharan, 2012). The flower and seeds are used in many folklore and traditional system of medicine (Thiyagarajan, 2006). The leaves of sphaeranthus were collected from the social forest areas in around Chennai and leaves of the helianthus were collected form the farm lands of the rural north Tamil Nadu, a Taxonomist identified the herbs.  
2.2.	Use	in	traditional	medicine	

Sphaeranthus	indicus:		The leaves of sphareanthus was demonstrated to have ovicidal, antitussive, wound healing, anxiolytic, neuroleptic, immunomodulatory, antifeedant, antihelmintic and analgesic/antipyretic activities.  Apart from the above said medicinal properties this herb has been documented to have antidiabetic/ antihyperlipidemic/ antioxidant activities along with few documented studies on antimicrobial activities. Further sphaeranthus leaves have been used in the both Siddha (as Veezhi Ennai or Veezhi oil) and Ayurveda (Navaratnaraja and Guduchi taila) system of medicine (Ramachandran, 2013; Basu and Lamsal, 1946; Galani et al., 2010). 
Helianthus	annuus:	 It has been documented for anti-inflammatory, antimalarial, anti-asthmatic, anti-oxidant, anti-tumor and antimicrobial agent. In the traditional system and folklore medicine it has been widely used to treat catarrh, blindness, sinusitis, diarrhea, dysentery, hemorrhoids, and scorpion stings /snake bite etc. (Sechi et al., 2001; Rajakannu and Sritharan, 2012; Ukiya et al., 2003).  

2.3.	Bacterial	cultures		The multi-drug resistant isolates of Escherichia	
coli, Staphylococcus	aureus, Pseudomonas	aeruginosa, 
and	Klebsiella	 pneumoniae	were obtained from city hospitals and were identified using recommended morphological and biochemical tests (data not shown).  The cultures were grown in Muller Hinton broth at 370C and maintained in nutrient agar slopes at 40C. Antibiotic sensitivity pattern were determined by Kirby baur method (Baur et al., 1966). 
2.4.	Preparation	of	the	leaf	extracts	The freshly collected leaves were cleaned, shade dried for two weeks, pounded to coarse powder in 



Harish. C. Chandramoorthy/ International Journal of Advanced and Applied Sciences, 3(1) 2016, Pages: 1‐8 

3 
 

bender, stored in an airtight container for further extraction processes. Briefly for the preparation of aqueous and ethanolic extract, 50 g of the leaf powder was mixed with 300ml of water and ethanol respectively. The homogenate was kept in orbital shaker for 48hrs and filtered through muslin cloth. The supernatant was dried at 550C and stored in airtight vessel at 40C. The sediments were re-extracted and processed as described above. The working solutions were prepared by dissolving 10mg/1ml of the extract dissolved in phosphate buffered saline (PBS) for aqueous and 0.25% dimethyl formamide (DMF) in case of ethanolic extract. For disc diffusion known concentration of the extract were poured into the small discs of filter paper and dried. The discs were stored in a labeled ziplock bags at 40C.  For the tube dilution technique, the appropriate amount of extract was added to the testing medium (Muller Hinton Broth) to make the final concentration from1mg/ml to 10mg /ml. Appropriate controls were included in the assay (Harish CC et al., 2010). 
2.5.	Disc	diffusion	method	The multidrug resistant clinical isolates were surface swabbed in Muller-Hinton agar plates with 100μl of the logarithmic phase bacteria at a density adjusted to; 0.5 McFarland turbidity standard (108 cfu/ml). The prepared sphaeranthus and helianthus discs were placed into the medium with 2 cm spacing respectively. The plates were incubated at 370C for 24-48 hours. The lowest concentration that prevented visible growth “zone of clearance” was measured as MIC (Harish et al., 2010).  
2.6.	Tube	dilution	Method	

Serial dilutions 10mg/ml to 1mg/ml of the leaf extracts were prepared in 2.6 ml of Muller Hinton broth to make final volume of 3.6 ml. Initial OD were measured at 590nm, to which 0.4ml of the bacterial suspension containing 1X106 cfu/ml was added to 3.6ml of the susceptibility test broth. The final medium volume was 4 ml. The test was performed in triplicates. The tubes were incubated at 370C for 24- 48hours. The Final OD of the incubated tubes was measured. The difference between the initial and final OD determined the bacterial inhibition. A blank tube with only media and one with the test bacteria served at the negative and positive internal controls respectively. The concentrations showing fall in OD compared with positive control was noted as MIC of the drug (Harish et al., 2010; Manavathu et al., 1996). 
3.	Results		Results depicted in Table 1 confirm the multi-drug resistance and antibiotic sensitivity pattern of the clinical isolates. The results of the bioactivity of the aqueous and ethanolic extracts of Sphaeranthus	
indicus and Helianthus	 annuus are summarized for disc dilution method in Table 2 & Fig. 1, 2 & 3, while fall in the OD were tabulated in Table 3 for tube dilution method and results are summarized in Table 4 for convenience. The residual toxicity for ethanolic extracts (though well dried) were measured (data not shown) with routine alcohol identification test, that resulted negative. The overall study results showed both S.aureus and E.coli were susceptible to the ethanolic extracts of S.indicus and H.annuus. The aqueous extract of the both the herbs had relatively fair activity over these clinical isolate.  

Table	1: Antibiotic susceptibility pattern of the clinical isolates                     Clinical Isolates     Antibiotics S.aureus	 K.pneumoniae	 E.coli	 P.aeruginosa	Ampicillin (A) NA 0 0 NA Amoxyclov (Ac) NA 0 0 NA Amikacin (Ak) NA 12 0 NA Ceftazidime (Ca) NA 0 0 0 Cephotoxime (Ce) NA 0 0 5 Ciproflaxicin (Cf) NA 0 0 6 Cefuroxime (Cu) NA 0 0 NA Cefazolin (Cz) NA 0 NA NA Gentamycin (G) 13 0 0 0 Imipeneum (I) NA 14 20 0 Nalidixic acid (Na) 0 0 0 NA Nitrofurantoin (Nf) 18 4 0 NA Netillin (Nt) NA 0 4 NA Norfloxacin (Nx) NA 0 0 0 Penicillin (P) 0 0 0 NA Rifampicin [R] 0 NA NA NA Vancomycin (Va) 0 NA NA NA The zone of clearance or inhibition zone (IZ) was measured in mm; Value 0 refers to nil zone of clearance, NA - Not Applicable  
Staphylococcus	 aureus:	 The clinical isolate was sensitive only to nitrofurantoin and gentamycin, while resistant to almost all antibiotics tested (Table 1).	
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Table	2: Antibacterial activity of aqueous and ethanolic extracts of Sphaeranthus	indicus and Helianthus	annuus	by disc diffusion method  Herb Nature of extracts Clinical Isolates  
Zone of inhibition (IZ) in mm10mg/ml 5mg/ml 4mg/ml 3mg/ml 2mg/ml 1mg/ml

S.indic
us

 
Aqueous S.aureus 7 2 0 0 0 0

K.pneumoniae	 0 0  0 0 0 0
E.coli 25 18 13 7 2 0

P.aeroginosa	 0 0  0 0 0 0
Ethanolic S.aureus 22 19 14 12 10 7

K.pneumoniae	 17 15 9 2 0 0
E.coli 33 27  22 15 12 9

P.aeroginosa	 0 0 0 0 0 0

H.annu
us

 

Aqueous S.aureus 19 15 7 4 0 0
K.pneumoniae	 0 0 0 0 0 0

E.coli 12 5 0 0 0 0
P.aeroginosa	 0 0 0 0 0 0

Ethanolic S.aureus 25 22 17 15 11 6
K.pneumoniae	 8 0 0 0 0 0

E.coli 22 17 13 8 5 2
P.aeroginosa	 15 7 0 0 0 0The zone of clearance or inhibition zone (IZ) was measured in mm; Value 0 refers to nil zone of clearance.

  
Table	3:	Antibacterial activity of aqueous and ethanolic extracts of Sphaeranthus	indicus and Helianthus	annuus	by tube dilution method Herb Nature of extract Clinical Isolates Positive control OD (nm) Concentration (mg/ml) of the extract versus growth OD (nm) values 10 5 4 3 2 1 

S.indic
us

 

Aqueous 
S.aureus	 1.84 ± 0.2 0.46 ± 1.3 0.55 ± 0.2 0.66 ± 0. 1 0.74 ± 0.2 0.91 ± 0.2 1.42 ± 0.2 

K.pneumoniae	 0.79 ± 0.4 0.80 ± 0.2 0.77 ± 0.2 0.80 ± 0.2 0.78 ± 0.1 0.79 ± 0.3 0.74 ± 0.2 
E.coli	 1.34 ± 0.3 0.52 ± 0.1 0.59 ± 00 0.66 ± 0.2 0.68 ± 0.2 0.91 ± 0.2 0.96 ± 0.2 

P.aeroginosa	 0.94 ± 0.3 0.91 ± 0.3 0.96 ± 0.2 0.89 ± 0.2 0.96 ± 0.1 0.92 ± 0.2 0.93 ± 0.2 
S.aureus	 1.84 ± 0.2 0 0 0 0.18 ± 0.3 0.26 ± 0.2 0.56 ± 0.2 Ethanolic K.pneumoniae	 0.79 ± 0.4 0.47 ± 0.2 0.40 ± 0.1 0.43  ± 00 0.45 ± 0.2 0.76 ± 0.2 0.79 ± 0.2 
E.coli	 1.34 ± 0.3 0 0 0.33 ± 0.2 0.41 ± 0.2 0.52 ± 0.2 0.51 ± 0.2 

P.aeroginosa	 0.94 ± 0.3 0.99 ± 0.1 0.96 ± 0.2 0.92 ± 0.2 0.98 ± 0.2 0.99 ± 0.1 0.93 ± 0.4 

H.annu
us

 

Aqueous 
S.aureus	 1.84 ± 0.2 0.57 ± 0.1 0.74 ± 0.3 0.81 ± 0.2 0.92 ± 0.2 1.78 ± 0.2 1.76 ± 00 

K.pneumoniae	 0.79 ± 0.4 0.76 ± 0.2 0.74 ± 1.2 0.72 ± 0.2 0.81 ± 0.5 0.78 ± 0.2 0.83 ± 0.2 
E.coli	 1.34 ± 0.3 0.36 ± 0.2 0.41 ± 0.2 0.52 ± 0.1 0.53 ± 0.5 0.89 ± 0.2 1.51 ± 0.2 

P.aeroginosa	 0.94 ± 0.3 0.91 ± 1.2 0.92± 0.2 0.99 ± 0.1 0.96 ± 0.2 0.98 ± 0.2 0.99 ± 0.2 
S.aureus	 1.84 ± 0.2 0 0.26 ± 0.3 0.48 ± 0.3 0.40 ± 0.1 0.52 ± 0.2 0.56 ± 0.4 Ethanolic K.pneumoniae	 0.79 ± 0.4 0.44 ± 0.2 0.63 ± 0.1 0.71 ± 0.2 0.72 ± 00 0.71 ± 0.2 0.79 ± 0.3 
E.coli	 1.34 ± 0.3 0 0 0.15 ± 0.1 0.26 ± 0.2 0.38 ± 0.1 0.49 ± 0.2 

P.aeroginosa	 0.94 ± 0.3 0.45 ± 0.1 0.51± 0.2 0.91 ± 0.6 0.94 ± 0.2 0.98 ± 0.2 0.92 ± 0.2 Growth is measured by difference in OD at 590 nm due to the turbidity and color change of bacterial growth. CV = initial OD - final OD compared to OD of the positive control (without extracts) at 590nm  The results of the disc diffusion and tube dilution method were varied as ethanolic extract of S.indicus showed a significant activity over staphylococcus at a concentration as low as 2 mg/ml effectively (Table 2 & 3, Fig. 1a). The effective dose (ED) was 3 mg/ml. On the other hand the aqueous extract of the 
S.indicus did not show clear-cut activity by disc diffusion compared to the tube dilution method (Table 2 & 3 and Fig. 1a). The results aqueous and 

ethanolic extracts of the H.annuus were highly significant with ED as low as 3 mg/ml (Table 2, 3 and Fig. 1b) over MDR Staph	aureus. 
Klebsiella	 pneumoniae: The clinical isolate was susceptible to amikacin and imipeneum, while mild sensitivity observed towards nitrofurantion (Table 1). The aqueous extract of S.indicus did not show any activity, however the ethanolic extracts were active 
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present in the extracts. However many such pure phytochemicals have not shown satisfactory antibacterial activity with few or more exceptions but still to hit the market? Further in our case of the herbs selection, there has been some literature on the isolated and purified phytochemicals showing antibacterial activity however there has not been subsequent follow up on these phytochemicals over normal or MDR strains. On the other hand still in the classical medicine practice, these extracts are used as therapeutic intervention, with varied success and poor documentation. Put all these results together, we do have some medicinal herbs potent to fight against the MDR strains that can be easily transmitted through hospitals, feco-oral route etc. 
5.	Conclusion	Both aqueous and ethanolic extracts of S.indicus and H.annuus showed antibacterial activity against MDR strains of Staphylococcus,	Klebsiella	 and E.coli with varying degree of activity. The ethanolic extracts showed more potent activity even at low concentrations like 2 and 1 mg/ml. The results of both disc diffusion and tube dilution methods were in good agreement with previously published literatures. In our investigation we observed that 
S.indicus did not show any observable activity over 
Pseudomonas while ethanolic extract of H.annuus inhibited the growth of Pseudomonas at higher concentrations, was very much different from published sources. In conclusion more studies have to be undertaken to identify herbs and medicinal plants to test MDR strains, which will open the gate for new class of antibacterial agents for the therapeutic adaptation. 
Acknowledgement	I sincerely thank Dr. A.Saffiullah, S.S. Lab (Research and Development Wing), Royapettah, Chennai, Tamil Nadu with India for his help with the clinical isolates and reagents therein. 
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