


Ciprofloxacin's Antibacterial Effect on Sensitive and Resistant Isolates of Enterococcus faecalis


Abstract 
     That An investigation was carried out to research the antibacterial properties of ciprofloxacin against susceptible and resistant isolates of Enterococcus faecalis and studying When susceptible individuals are exposed to sub-MIC in vitro, resistance develops.For this purpose  After determining the inhibitory zone and ciprofloxacin MIC, the sensitive isolates were subjected to sub-MIC continuously for 21 days. The findings demonstrated the minimum inhibitory concentrations (MICs) for susceptible and resistant Enterococcus faecalis were, respectively, 0.26±0.07 and 29.82±9.33 μg/ml. In concern to susceptible E. faecalis, the inhibition zones were (15.50 ± 0.30, 21.00 ± 0.50 and 23.50 ± 0.70 mm) with significant difference (P<0.05) save for the range of 0.5 to 1MIC, whereas those of the resistant E. faecalis were 9.80 ± 0.40, 13.00 ± 0.30 and 18.50 ± 0.60 mm. with substantial distinction (P 0.05) hroughout all concentrations. When comparing the absorbance to those from day zero, the spectrophotometer's measurements of the bacterial density at various intervals ranging from 0 to 21 days revealed a substantial steady increase (P<0.05). Finally, after 21 days of exposure to sub-MIC, ciprofloxacin resistance developed in susceptible Enterococcus faecalis.
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Introduction 
Antimicrobials are especially significant medications, but a global concern is the growing evidence of strains resistant to both ancient and contemporary antibiotic compounds. (Davies, 2014). A significant global concern is antibiotic resistance (AMR)., according to multiple sources, it's a serious issue that impacts both industrialized and developing nations. Antimicrobial resistance (AMR) might have disastrous consequences for millions of people and harm the world economy between 2017 and 2050, based on a World Bank simulation.  (Bank, 2017 (AMR has become a significant threat to public health, with estimates that it will result in 10 million deaths yearly by 2050. (Dixit et al., 2019). Due to sepsis resistance against first-line medicines, more than 50,000 infants every year pass away. (Dixit et al., 2019). O’Neil (2019) projected that by 2050, antibiotic resistance will have multiplied tenfold worldwide, with deaths expected to occur in all continents (O'Neil, 2019). and according to Sabrina et al. (2018),  Genes that resist antibiotics (ARGs)  are considered a new type of environmental pollution. By reducing the rate at which antibiotic resistance develops, antibiotics can be utilized more effectively and their useful life can be increased. (Laureti et al., 2013).
Among the sub-therapeutic doses are acknowledged causes of unsuccessful therapies or reduced effectiveness, which promotes bacteria's ability to survive or develop resistance to antibiotics. it is crucial to use antibiotics in real illnesses caused by bacteria and at dosages that will maximize the possibility that they will be beneficial. (Cantón and Morosini, 2011). According to estimates, the MSC for a wide variety of microbes falls  ranging from 1/4 to 1/230 of the MIC values. In 2016, Bengtsson-Palme and Larsson. Numerous research has looked at what happens when environmental bacterial strains are exposed over an extended period of time antibiotics in insufficient doses A significant effect on bacterial genomes appears to result from such exposure., as evidenced by the discovery that roughly 5–10% of bacterial genes had their transcription levels altered as a result of this exposure. These genes are involved in numerous physiological activities, including protein synthesis and glucose metabolism, in addition to those involved in the object of antibacterial activity . (Laureti et al., 2013). Sub-inhibitory quantities of antibiotics can cause the bacterial repair mechanism to be activated, which increases the likelihood of mobile genetic elements, such as those causing antibiotic resistance, horizontal gene transfer, and genome mutation. (Blázquez et al., 2012). A study like this one   sought to determine how well ciprofloxacin worked to isolate resistant and vulnerable Enterococcus faecalis strains and to develop resistance in susceptible strains by subjecting them to ciprofloxacin concentrations. below the inhibitory level.




Materials and Methods 
Microbes used for experimentation
The antimicrobial drug ciprofloxacin was obtained from Pharmaceutical Companies. The susceptible microorganism We acquired Enterococcus faecalis from Medical city teaching Hospital, while the resistant isolates obtained from University of Baghdad / College of Medicine.
Minimum inhibitory concentration
	The process of broth macro-dilution was employed to measure the ciprofloxacin's minimum inhibitory concentration (MIC) in accordance with the (CLSI 2000). MH broth cultures were used for the 24-hour inoculation of the microorganisms, and the suspension was adjusted to turbidity of 0.5 McFarland standard. This is roughly 1.5x108 CFU/ml. All of the culture tubes were then filled with a  Two-fold serial ciprofloxacin dilution , which varied from 0.03 to 1 μg/mL for susceptible Enterococcus faecalis and from 2 to 32 μg/mL for resistant isolates. The tubes were then incubated for 24 hours at 37˚C. Following the incubation period, turbidity in the tubes was visually examined. The existence of cloudiness suggested that the medium's content of antibacterial medicine had not stopped the development of bacteria. A minimum indicated concentration of antibacterial is known as a MIC.
Determination of the inhibition zone 
To evaluate inhibition of Enterococcus faecalis by ciprofloxacin, 500 ml of sterile Mueller Hinton agar was thoroughly mixed with 5 ml of standardised bacterial stock suspension (1.5 × 108 cfu/ml) of tested bacteria. This was done using the agar well diffusion approach, as per Kavanagh (1972) and Perez et al. (1990). Each received Sterilised Petri dishes containing 25 millilitres of the inoculated Mueller Hinton agar . In each of these plates, three wells measuring 6 mm in diameter were created, and after the agar had solidified for 10 minutes, 100 microliters of ciprofloxacin in three different concentrations were placed in each well. then left to diffuse for two hours at ambient temperature. The plates were incubated for 24 hours at 37°C. For each antibacterial dose, three repetitions were performed, and each well's inhibitory zone diameter was measured in millimetres relative to the organism under test in order to determine the activity.

Development of resistance
Following the establishment of the minimum inhibitory concentration MIC of ciprofloxacin against susceptible isolates of Enterococcus faecalis were subjected to a incubated ciprofloxacin at sub-MIC for two nights. The most recent passage's sub-MIC concentration culture is used to inoculate a fresh batch of antimicrobial agents that have been diluted   . The MIC is determined the following day and could either grow or decrease. Up to 21 days may pass during the process. (Mani et al., 2006).
Results 
Determination of The Minimum Inhibitory Concentration
	Results of determination of the MIC of the The results of the ciprofloxacin test against Enterococcus faecalis indicated that the MIC values between Enterococcus faecalis that were sensitive and resistant were within the range given by the CLSI. 0.26±0.07 and 29.82±9.33μg/ml respectively, Table 1. 
Table 1.: The lowest inhibitory concentration of ciprofloxacin (μg/ml) against Enterococcus faecalis
	Bacteria
	Drugs
	MIC (μg/ml)

	Enterococcus faecalis
	Susceptible
	0.26 ± 0.07 μg/ml

	Enterococcus faecalis
	Resistant
	29.82 ± 9.33 μg/ml

	
	LSD
	14.449



[bookmark: _41mghml]Ciprofloxacin-induced inhibition zone measurement against Enterococcus faecalis
	In this test, To ascertain the inhibition zone against the susceptible isolate of Enterococcus faecalis, ciprofloxacin MIC, 0.5 MIC, and 2 MIC were employed. The results showed to susceptible E. faecalis, the inhibition zones were (15.50 ± 0.30, 21.00 ± 0.50 and23.50 ± 0.70    mm) with significant difference (P<0.05) aside from the range of 0.5 to 1MIC, whereas those of the resistant E. faecalis were9.80 ± 0.40,13.00 ± 0.30 and18.50 ± 0.60 All concentrations showed a significant difference (P<0.05) in mm. Table 2, Fig. 1.

Table 2:  Inhibition zones  comparing Enterococcus faecalis isolates that are susceptible and resistant at various ciprofloxacin doses :

		Ciprofloxacin Concentration
	Susceptible Enterococcus faecalis (mm)
	  Resistant Enterococcus faecalis (mm)




		           0.5 µg/mL
	[bookmark: _Hlk177318563][bookmark: _Hlk177315027]                        15.50 ± 0.30 c
	[bookmark: _Hlk177315728]                                        9.80 ± 0.40 c




		          1 µg/mL
	[bookmark: _Hlk177315060]                             21.00 ± 0.50 b
	                                       13.00 ± 0.30 b




		          2 µg/mL
	[bookmark: _Hlk177318717]                              23.50 ± 0.70 a
	                                       18.50 ± 0.60 a





	Concentration
	LSD Value (Susceptible)
	LSD Value (Resistant)

	0.5 µg/mL
	1.50
	1.10

	1 µg/mL
	2.00
	1.50

	2 µg/mL
	2.50
	1.80




[bookmark: _2dlolyb][image: ][image: ]

Fig.1: Ciprofloxacin concentrations varied, resulting in an inhibition zone against susceptible and resistant Enterococcus faecalis isolates.
Increased resistance to ciprofloxacin in Enterococcus faecalis
In this test, sensitive Enterococcus faecalis isolates were continually treated to 50, 25, and 12.5% of the ciprofloxacin minimum inhibitory concentration (MIC) for 21 days. Following the exposure's conclusion (21 days later), ciprofloxacin MIC climbed to 4-fold the breakpoint value, becoming 1μg/ml and 1.8μg/ml against Enterococcus faecalis, respectively, according to the data. In comparison to the absorbance on day zero, the spectrophotometer's measurements of the bacterial density at various intervals spanning from 0 to 21 days revealed a significant gradual increase (P<0.05) in the absorbance, indicating an increase in the density, or more specifically, an increase in the number of these bacteria. and concentration and absorbance have an inverse relationship. The bacteria Enterococcus faecalis showed the highest absorbance least absorption at the higher concentration (0.5 MIC) and the lowest at the lower concentration (0.125 MIC). during all exposure times (7, 14, and 21 days).with substantial discrepancy in the absorbance of all concentrations, Table 3. 
Table 3: Absorbance Measurements at Various Sub-MIC Concentrations
	
Drug
	
Concentration
(μg/ml)
	
Periods/Day
	
0 (Control)
	
7 Days
	
14 Days
	
21 Days

	Cipro
	0.5 MIC
	Absorbance
	D0.08±0.00a
	C0.08±0.001c
	B0.39±0.001c
	A1.20±0.001c

	Cipro
	0.25 MIC
	Absorbance
	D0.08±0.00a
	C0.15±0.001b
	B0.80±0.002b
	A1.85±0.001b

	Cipro
	0.125 MIC
	Absorbance
	D0.08±0.00a
	C0.56±0.001a
	B1.48±0.001a
	A3.11±0.002a

	LSD
	-
	-
	-
	-
	-
	0.0031


Table 4: Absorbance Measurements at Various Drug Concentrations
	Drug
	Concentration (μg/ml)
	0 Days
	7 Days
	14 Days
	21 Days

	Cipro
	0.5 MIC
	D0.08±0.00a
	C0.08±0.001c
	B0.39±0.001c
	A1.20±0.001c

	Cipro
	0.25 MIC
	D0.08±0.00a
	C0.15±0.001b
	B0.80±0.002b
	A1.85±0.001b

	Cipro
	0.125 MIC
	D0.08±0.00a
	C0.56±0.001a
	B1.48±0.001a
	A3.11±0.002a

	LSD
	-
	-
	-
	0.0031
	


Table 5: Absorbance Measurements for Enterococcus faecalis
	Concentration (μg/ml)
	Time Period
	Absorbance


	0.5 MIC
	0 Days
	D0.08±0.00a

	0.5 MIC
	7 Days
	C0.08±0.001c

	0.5 MIC
	14 Days
	B0.39±0.001c

	0.5 MIC
	21 Days
	A1.20±0.001c

	0.25 MIC
	0 Days
	D0.08±0.00a

	0.25 MIC
	7 Days
	C0.15±0.001b

	0.25 MIC
	14 Days
	B0.80±0.002b

	0.25 MIC
	21 Days
	A1.85±0.001b

	0.125 MIC
	0 Days
	D0.08±0.00a

	0.125 MIC
	7 Days
	C0.56±0.001a

	0.125 MIC
	14 Days
	B1.48±0.001a

	0.125 MIC
	21 Days
	A3.11±0.002a

	LSD
	-
	0.0031



Discussion 
A dilution susceptibility test using broth or agar,the MIC is the minimal antibiotic concentration (amount of the drug needed to halt observable growth of a microbe). To determine antibiotic susceptibility interpretations and breakpoints, these MIC values must be used in conjunction with bacterial identification. In order to determine whether a particular species of bacteria is sensitive to the antibiotic or resistant to it, the antibiotic's chosen concentration is known as a "breakpoint." (MacGowan and Wise, 2001). Bacteria are classified as resistant or intermediately susceptible depending on whether For a pair of bacteria that are antibiotics, their MIC value is either more or less than the breakpoint. have established breakpoints for every antibiotic-bacteria combination.When deciding which targeted antibiotic should be delivered to a patient, doctors can use these figures as crucial information.
According to optical density (OD) spectroscopy, the increased absorbance of the two isolates' suspensions under study, Staphylococcus aureus and Escherichia coli, following 21 days of extended exposure to ciprofloxacin at sub-MIC may be the result of an increase in the populations of these bacteria. is a technique for measuring a single wavelength's loss of light due to absorption and scattering (Myers et al., 2013). The amount of light that passes through a sample will decrease as the number of cells in the sample increases, as OD is directly correlated with cell count. (2016). Shao and others.  At the end of the exposure (after 21 days), the ciprofloxacin MIC increased to four times the breakpoint values, according to the data. As a result, both a rise in the number of bacteria and a decrease in the antibacterial drugs' effectiveness at the MIC indicate that the bacteria have evolved a defence mechanism that prevents them from being impacted by these agents. developed resistance due to exposure to sub-inhibitory concentrations, which was in contrast to a study by Al-Samarraae that found ciprofloxacin to have the lowest resistance rate. (Al-Samarraae, 2019).
[bookmark: _GoBack]However, pathogens may come into contact with when undergoing using antibiotics or spending time in the outdoors for a variety of reasons, sub-inhibitory antibiotic concentrations (sub-MICs) may be present. (Yang et al., 2020). First, due to the pharmacokinetics of antibiotics, antibiotic concentrations gradually decline to below the minimum inhibitory concentrations (MICs) after injection. (Sasso et al., 2003). Secondly, drug-drug interactions in non-blood regions where pathogens come into direct touch with antibiotics are the cause tissues or the interior environment of bacterial biofilms that contain antibiotic sub-MICs.(Kümmerer, 2009). Third, waste emissions from healthcare facilities, other treatment centers, or pharmaceutical companies may result in the generation of antibiotic sub-MICs. Fourth, bacterial evolution and the emergence of drug-resistant organisms can lead to antibiotic sub-MICs. (Yang et al., 2020). Fifth, in the clinic as a result of poor adherence, incorrect therapy, and subpar drugs (Chatterjee et al., 2018; Fisher et al., 2018). Additionally, several nations still permit the use of antimicrobials in stock farming at sub-MIC levels to increase animal productivity or guard against bacterial illnesses. (Hao et al., 2014). 
In the past ten years, there has been a lot of research done on the significant affect the morphology, development of biofilms, and expression of pathogenicity in both Gram-positive and Gram-negative bacteria. (Hodille et al., 2017). A range of bacterial characteristics, including pathogenicity, Expression of genes, gene transfer, quorum sensing, and biofilm development, can undergo similar changes when antibiotics of distinct classes and hence different mechanisms of action are used in sub-MIC concentrations (Andersson and Hughes, 2014). The minimal antibiotic concentration that promotes the sub-inhibitory concentration (concentrations below the MIC) is the concentration at which a resistant mutant is selected over wild-type bacteria cells, causing to continue to grow at a slower rate (MSC).

Conclusion 
The results of the study demonstrate that Enterococcus faecalis growth is efficiently inhibited by ciprofloxacin, with notable variations between susceptible and resistant strains. Susceptible strains exhibit reduced MICs, and the MIC values are within CLSI guidelines. Smaller inhibition zones are seen in resistant strains, though. Resistance development may be accelerated by extended exposure to sub-MIC doses, with MIC values tripling in just 21 days.
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