


Characteristics of Escherichia coli Exposed to Pseudomonas aeruginosa-Inoculated Medium Pretreated with a Herbal Drug



ABSTRACT
The acquisition and transfer of antimicrobial resistance has been a serious issue in the clinical treatment of bacterial infections. The determination of the effectiveness of an antimicrobial agent against a pathogen can be achieved through antimicrobial susceptibility testing which can be done either by diffusion or dilution methods. In this research, E. coli is studied under two different conditions, which include its treatment or exposure to P. aeruginosa secreted products only, in Tryptic Soya Broth (P+B) and its treatment or exposure to Ruzu herbal bitters and P. aeruginosa secreted products both in Tryptic Soya Broth (P+B+R). The conditions were compared with a negative control (B). The zone of clearance of E. coli isolates which has been treated with P. aeruginosa secreted products and the Ruzu herbal bitters when determining its susceptibility to Gentamycin and Ceftriaxone, using the diffusion method, showed a reduction in clearance zone when compared to the negative control with Ceftriaxone being more effective than Gentamycin. Also, evaluation of P. aeruginosa secreted products treated E. coli and Ruzu- P. aeruginosa-secreted products treated E. coli biofilm formation using the 24-well plates method, revealed that the formation of biofilm in these conditions were higher than biofilm formed in the negative control, with more biofilm formation occurring in wells of E. coli isolates treated with combination of Ruzu herbal bitters and P. aeruginosa secreted products. Furthermore, plate count of the E. coli isolates in these conditions showed higher growth of the isolates in the presence of Ruzu and P. aeruginosa secreted products combined followed by P. aeruginosa-secreted products treated E. coli. The results obtained from this research showed that E. coil could resist most antimicrobials through their biofilm production. 
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INTRODUCTION
The activities and secretory products of microorganisms have been known to cause tremendous effects on other microbial inhabitants within their habitat. These effects have resulted to most variations in the behavior of microorganisms such as the acquisition or loss of specific characteristics among microbes, resulting to the evolution of new strains. Secretory products of pathogenic or non-pathogenic microorganisms in a living or abiotic environment tends to affect the behavioural patterns in terms of antimicrobial resistance and growth rate of other microbes. This has lead to most pathogenic organisms, as well as other opportunistic microbes, to develop resistance to various antimicrobial agents. Presently, this is becoming alarming as the consumption of inappropriate medicinal products whose pharmacodynamics has not been appropriately studied and understood, for the purpose to eliminate certain pathogenic microorganisms, has contributed to the changes seen in most pathogens due to the action of these substances or products secreted by the target organism or the action of drug and secreted product complex. Furthermore, this has given rise to more urgent health issues as the treatment of most infectious diseases has not yielded comfortable results and more pathogenic strains are increasingly becoming multi-drug resistant (Brooks et al., 2012).
In this study, we are interested in the effects of herbal drugs on the features and interactions, on and among microbes. E. coli, known as a harmless commensal usually present in the human gut, has also been known as a typical pathogen which can cause broad range of diseases in humans (Rasheed et al., 2014). They belong to the family Enterobacteriaceae and are moderately sized, non-acid fast, aerobic and facultative anaerobic, gram negative bacilli, which do not form spores (Parija, 2012). The acquisition of multiple-drug resistance phenotypes, which can involve co-resistance to about four or many unrelated families of antimicrobials by emerging E. coli isolates, has been reported in the past and is greatly considered a serious health challenge (Saenz et al., 2004). These multiple drug resistance posed by E. coli should be of major concern since the resistant genes in each strain are easily transferred to other strains and species of bacteria. Resistance to cephalosporin has increased among members of Enterobacteriaceae principally due to the spread of extended-spectrum β-lactamase (ESBL) and cycling of pathogens through edible substances, which is common. This has been the causes of certain advances in pathogenic microbes and potential health risk to consumers (Rasheed et al., 2014).
P. aeruginosa which is ubiquitous, obligatory aerobic non-fermentative, motile, gram negative bacteria belongs to the family Pseudomonadaceae. They are known to be the principal cause of nosocomial infections and have the ability to develop innate resistance to several antibiotics (Parija, 2012). P. aeruginosa is a highly adaptable pathogenic organism. It can grow and survive on many varieties of substrates or media, altering its genotypic and phenotypic properties in response to the alterations in the environment which they are situated (Lambert, 2002). This can be accompanied with the secreting of substances, usually proteins by the strains of P. aeruginosa, which has the potential to influence the survival and phenotypic characteristics of other microbes present. The outstanding ability of P. aeruginosa to evade numerous activities of antimicrobial treatments and the emergence of mutator variants as well as the production of inferable AmpC cephalosporinase and other vital features makes P. aeruginosa one of the most feared pathogens (Cabot et al., 2016).
Due to the remarkable level of antimicrobial resistance, pathogenic organisms possess much attention towards the treatment of infectious diseases through the use of plant extracts and other biological compounds is rapidly rising (Jahani et al., 2016). Despite this diversification in the treatment of infectious diseases, this rising era of herbal treatment still poses challenges in the medical world as scientists and medical researchers are still making great efforts in finding suitable alternatives through investigation of the antimicrobial activities of plant or herbal drugs due to the extremity of their side effects on chemical drugs (Jahani et al., 2016). A significant feature which makes these herbal drugs effective against most pathogens is the presence of natural phytochemicals which has offered alternatives to most synthetic antibiotics and has also been a promising path taken by many for the treatment of dental problems and other oral infections (Yim et al., 2013).
This study was carried out to investigate the effects of herbally-triggered P. aeruginosa-secretory products on the phenotypic characteristics of E. coli. Antimicrobial resistance by pathogenic bacteria is tremendously increasing (Lambert, 2002). This study focuses on the contribution of herbal drugs to antimicrobial resistance development. This study enables the understanding of the interactions among bacterial pathogens, which has not only influenced their antimicrobial resistance but has also influenced other phenotypic features such as their growth and biofilm production. The aim of this study is to investigate the characteristics of E. coli exposed to P. aeruginosa inoculated medium, pretreated with a herbal drug. 

MATERIALS AND METHOD
Collection of Herbal Drug
The herbal drug, Ruzu herbal bitters, was purchased from Mile 3 market, Diobu, Port Harcourt.
Collection of Antibiotic Agents
10µg Gentamycin and 30µg Ceftriaxone, were purchased from Mile 3 market, Diobu, Port Harcourt.
Materials
Autoclave, Bunsen burner, incubator, wire loop, conical flask, measuring cylinder, bijou bottles, weighing balance, alcohol, distilled water, Petri dish, Tryptic Soya Broth medium, Tryptic Soya Agar medium, cotton wool, test tubes, micropipette, ruler, filter paper (Whatman No.1), spectrophotometer, 24-well plate, centrifuge and spreader.
Collection of Organisms
Pure isolates of P. aeruginosa and E. coli molecularly identified at Lahor Research Laboratories, Benin, Edo State. These organisms were stored in 50% glycerol at 20oC until further use.
Preparation of Tryptic Soya broth (TSB)
Tryptic Soya Broth was prepared by weighing 30g of TSB powder and dissolving in 1 litre of distilled water. It was thoroughly mixed and sterilized in the autoclave for 15 minutes at 121oC. It was kept to cool and aseptically poured into each clean sterile bijou bottle for inoculation of test organism.
Preparation of Tryptic Soya Agar (TSA) 
Tryptic Soya Agar was prepared by weighing 40g of TSA powder and dissolving in 1 litre of distilled water. It was thoroughly mixed and sterilized in autoclave for 15 minutes at 121oC. It was allowed to cool to about 47oC and then volume of 20ml was aseptically poured into each sterile Petri dish. The plates were allowed to solidify at room temperature and stored at 40oC.
Exposure Studies of E. coli to the Conditions
The exposure studies were performed in three experimental conditions: TSB (B), TSB inoculated with P. aeruginosa (B+P) and TSB inoculated with P. aeruginosa in Ruzu herbal drug (B+P+R). in three sterile 250ml bottles, 100ml of TSB were added and labeled as B, B+P, and B+P+R. overnight culture of P. aeruginosa were added to only two conditions, B+P and B+P+R. Then 50ml of Ruzu herbal drug (final concentration 0.06gml-1) was dispensed to only condition B+P+R. The three conditions were incubated for 24 hours. The media was harvested by centrifuging at 12000rpm for 20 minutes. The supernatants were separated and store at 4oC.
Growth Response Assay
Overnight culture of E. coli at optical density of 0.5 was serially diluted to 10-6 (approximately 102 CFU/ml). 1ml of this dilution was aliquoted into the wells of a 24-well polystyrene plate. Three experimental conditions were made. First column of the plate had only 2ml of the overnight E. coli broth. Second column was treated with B+P medium. Third column was treated with B+P+R medium. These were performed in duplicate and incubated at 37oC for 24 hours. Growth were enumerated on nutrient agar and analyzed statistically on a chart as mean ± standard deviation.
Biofilm Crystal Violet Assay
The experiment was performed as described in section 3.8. After 24 hours incubation at 37oC, the media in the 24-well plate were discarded. The plate was rinsed with normal saline and air dried. 2% crystal violet (1ml) was used to stain the plate. Plate was further rinse three times with normal saline. The 1ml of ethanol was used to solubulise the bacterial exopolysaccharide and the absorbance was read in a spectrophotometer at 590nm.
Antibiotic Susceptibility of E. coli in the Conditions to Antibiotic Agents
Tryptic Soya Agar medium (TSA), labeled with each different conditions were flooded with the stocks containing E. coli and spread evenly over the surface of the medium with the aid of a sterile spreader. Four holes were punched in the medium using sucture pipette. 100µl of sterile distilled water was added to each hole, after which 75µl of ceftriaxone (30µg) was pipette into two holes while 40µl of gentamycin (10µg) was pipette into the other two holes. This is done for all volumes of the stock or conditions. The plate was incubated at 37oC for 24 hours after which the zones formed were measured by a ruler.
RESULTS
Gentamycin and Ceftriaxone Sensitivity on P. aeruginosa-Treated E. coli and Ruzu-P. aeruginosa-Treated E. coli 
The susceptibility of E. coli isolates treated separately with P. aeruginosa secreted products and Ruzu herbal bitters-P. aeruginosa secreted products to gentamycin and ceftriaxone antibiotics was determined by agar-well method. This was done by streaking inoculums of P. aeruginosa secreted products treated E.coli (B+P) and inoculums of Ruzu-P. aeruginosa products-treated E. coli (B+P+R) from concentrations of 12.5%, 25% and 50% on the TSA and pipetting 10µg of gentamycin into two bored holes and 30µg of ceftriaxone into the other two holes. The zone formed after 24 hours incubation, was measured using a ruler. The E. coli showed decreased susceptibility when compared to the control (B) lacking P. aeruginosa secreted products but was more susceptible to ceftriaxone than gentamycin.









Fig 1. Gentamycin Sensitivity of P. aeruginosa Secreted Products Treated E.coli and Ruzu-P. aeruginosa Secreted Products Treated E.coli. The sensitivity of E. coli treated in P. aeruginosa secreted products treated medium and Ruzu-P. aeruginosa secreted products treated medium in  Gentamycin was analyzed on TSA and expressed in mm.









Fig 2 Ceftriaxone Sensitivity of P. aeruginosa Secreted Products Treated E.coli and Ruzu-P. aeruginosa Secreted Products Treated E.coli. The sensitivity of E. coli treated in P. aeruginosa secreted products treated medium and Ruzu-P. aeruginosa secreted products treated medium in  Ceftriaxone was analyzed on TSA and expressed in mm.
Effect of P. aeruginosa Secreted Products and Ruzu-P. aeruginosa-Secreted Products on E. coli Biofilm Formation
Biofilm formation by E. coli in P. aeruginosa secreted products treated medium and Ruzu herbal bitters-P. aeruginosa-secreted products treated medium in concentrations of 12.5%, 25% and 50% was determined using the 24-well plate method. Fig 2 shows and compares the formation of E. coli biofilm in TSB containing P. aeruginosa secreted products  (P+B), E. coli biofilm formation in TSB containing Ruzu and P. aeruginosa secreted products  (P+B+R) and E. coli biofilm formation in TSB lacking P. aeruginosa secreted products  (Control). The results were read after 48 hours incubation at 590nm spectrophotometrically. It was observed that E. coli showed increased biofilm formation in TSB containing Ruzu and P. aeruginosa secreted products, followed by TSB containing only P. aeruginosa secreted products on the well plate than in the control.




Fig 3. Effect of P. aeruginosa Secreted Products and Ruzu-P. aeruginosa-Secreted Products on E. coli Biofilm Formation. Biofilm formation by E. coli in a 24-well plate after 48 hours incubation at 37oC, in the TSB containing P. aeruginosa secreted products  (B+P), Ruzu-P. aeruginosa secreted products (B+P+R) and control were compared with each other. 
Effect of P. aeruginosa Secreted Products and Ruzu Bitters-P. aeruginosa Secreted Products  on E. coli Colony Forming Unit
Growth response of P. aeruginosa secreted products treated E. coli and Ruzu herbal bitters-P. aeruginosa secreted products  treated E. coli on TSA, was examined using bacterial plate count as shown in figure 3. This growth response was compared with the control containing no P. aeruginosa secreted products to determine the effect of P. aeruginosa secreted products \ and Ruzu-P. aeruginosa secreted products on the growth of E. coli after 18 hours incubation. The Ruzu-P. aeruginosa-secreted products treated E. coli grew higher followed by P. aeruginosa-secreted protein treated E. coli. Both grew higher than the E. coli isolates from the control and the increase in growth of E. coli isolates is directly proportional to the increase in concentrations of the conditions (B+P and B+P+R).







Fig 4 Effect of P. aeruginosa Secreted Products and Ruzu Bitters-P. aeruginosa Secreted Products  on E. coli Colony Forming Unit. 100µl overnight inoculums from concentrations of each conditions diluted in 10mls distilled water were pipetted 10µl on TSA and the bacterial growth was evaluated after 18 hour incubation at 37oC.


DISCUSSION
This study investigated the antimicrobial effect of the herbal drug, Ruzu herbal bitters, when consumed in the treatment of infection, on close interacting bacteria in humans. Furthermore, it screened the degree of antimicrobial susceptibility and alterations in the characteristics of E. coli isolates exposed to the herbal drug along with P. aeruginosa which is an enzyme secreting opportunistic organism. The antimicrobial susceptibility of the E. coli isolates was tested against gentamycin and ceftriaxone. The degree of susceptibility to the antimicrobial agents was determined by well diffusion technique. E. coli is an etiologic agent for both hospital and community acquired infections in humans and is an essential component of the gut flora (Paitan, 2018). P. aeruginosa was used in this study due to its ability to produce or secrete products or substances particularly when exposed to unfavourable conditions or drugs with low concentration that impose very minimal or no inhibition to its survival. E. coli as well as P. aeruginosa is known to possess the ability to develop single and multidrug resistance to numerous antibiotics and this has posed huge challenges in the treatment of infections caused by these organisms.

The determination of the result of the effect of P. aeruginosa-secreted products treated E. coli and E. coli which is further exposed to Ruzu herbal drug to gentamycin and ceftriaxone were done by agar-well susceptibility method. This method which is used to determine the efficacy of antibiotics invitro was employed due to the limitations of disk diffusion method. 

This study sought to find out if the P. aeruginosa secreted products and Ruzu herbal bitters interfered with the susceptibility of E. coli to these antibiotics. It was found as seen in figures 1 and 2 that gentamycin and ceftriaxone were highly effective against E. coli isolates obtained from the control (TSB containing neither Ruzu herbal bitters nor P. aeruginosa secreted products), with ceftriaxone being more effective. P. aeruginosa-secreted products treated E. coli did not show considerably level of zone of clearance when compared to the control. That means these secreted products enhanced the resistance ability of E. coli to these antibiotics. Furthermore, this condition, in the presence of Ruzu herbal bitters increased the zone of clearance but not as to the control. That means with time, E. coli isolates will acquire more resistance, which will result in decreased zone of clearance.

Also, the growth response assay was done to determine the effect of the P. aeruginosa secreted products  alone to E. coli isolates and its effect also when Ruzu herbal bitters was added. One of the method by which this was done was by colony forming unit plate counting. According to figure 4, which is an expression of the result derived from the experiment, this showed that P. aeruginosa-secreted products treated E. coli isolates and E. coli isolates which were further treated with Ruzu herbal bitters showed increased numbers than those in the control with Ruzu herbal bitters-P. aeruginosa-secreted products treated E. coli, appearing more in numbers. That means the P. aeruginosa secreted products enhanced the growth of E. coli and also interfered with the possible antimicrobial effect of the Ruzu herbal bitters and might have caused mutation in the E. coli isolates which made them grow rapidly and higher than those in the control. 

According to Klein et al., it was also observed that exposure of E. coli to P. aeruginosa secreted products or co-inoculation of E. coli with P. aeruginosa enhanced the growth of E. coli.


The biofilm assay of E. coli treated with P. aeruginosa secreted products alone and Ruzu-P. aeruginosa-secreted products was also determined using the 24-well plates. The degree of biofilm formed was evaluated by reading spectrophotometrically at 590nm after staining with crystal violet.  It was observed as seen in figure 3, that higher biofilm of E. coli were formed in wells treated with the Ruzu herbal drug (B+P+R) followed by wells treated with P. aeruginosa secreted products (B+P). The E. coli isolates in the control (B) formed lesser biofilm compared to those treated with the P. aeruginosa secreted products (B+P) and those treated with combination of Ruzu herbal bitters and P. aeruginosa secreted products (B+P+R). The 24-well plate methodology used in this experiment is different from that used by Culotti & Packman, 2014. They employed flow cells which involve 2-D planar flow cell and single channel microfluidic flow cell to study the formation of biofilm by E. coli co-inoculated with P. aeruginosa. Similar result was observed that P. aeruginosa enhanced E.coli biofilm formation.
The research question behind this study was “Does certain bacterial secreted substances as well as locally made drugs affect the resistance or susceptibility of other bacteria, thereby conferring resistance?” In this research, undiluted concentration of the herbal drug was added to one bijou bottle containing TSB-inoculated with P. aeruginosa, so the study was conducted without inferring with the maximum effect which the herbal drug was supposed to impact. The research also used low inoculums of E. coli due to its very fast generation time so as to easily detect any changes caused by the herbal drug or P. aeruginosa secreted products to the E. coli isolates. P. aeruginosa is known as an opportunistic bacterium that secrete significant amount of additional phospholipid which can be identified as 2’ alanyl-phosphatidylglycerol (A-PG) particularly when exposed to acidic medium (Klein et al., 2009). E. coli lacks the ability to produce A-PG but as seen in the experiment conducted by Klein et al., 2009, incorporation of P. aeruginosa A-PGS into E.coli genome leads to the efficient synthesis of A-PG by E.coli in the co-inoculated medium. This is known to be one of the reasons why the growth or biofilm formation of E. coli is enhanced in the presence of P. aeruginosa or its secreted products.

CONCLUSION
The data obtained from this research showed that although E. coli are able to resist most antimicrobials through their self-mechanisms, most of the resistance occurs or are enhanced by their interaction with other bacteria or bacterial products secreted into their habitats. The products secreted by P. aeruginosa as shown, enhanced the resistance of E. coli to the orthodox drugs (gentamycin and ceftriaxone) as well as to the herbal drug and no matter the concentration of herbal drug effective in the course of treatment, as time goes on, resistance to that concentration will occur. Also, since herbal drugs and proteins secreted by most bacteria are of biological origins, these interactions are capable of providing an adequate medium that enhanced the resistance ability of E. coli.

RECOMMENDATIONS
The use of herbal drugs in the eradication of bacterial infections, if preferred in the course of treatment, should be done under monitored clinical conditions particularly in mixed infection. More attention should be given to drugs that are not only capable of eliminating the pathogens but also their products. The production of herbal drugs and its mode of interaction should be investigated by drug agencies and people should only patronize government approved drugs. Also, the presence and possible impact of other bacteria should be considered in the course of treatment of bacterial infections.
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