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Abstract 
 

Fluoroquinolones are known widely used synthetic antibacterial agents. Generally, there were some obstacles associated with their 

therapeutic use. Moreover, many research studies all over the world proved the variable biological effects of fluoroquinolones such 

as antituberculosis, anticancer, or even antiviral activities. The current review is focused on modifications that occurred in the 

fluoroquinolone scaffold for their repositioning from antibacterial into anticancer agents especially modifications at C-7 or at the 

carboxylic C-3 groups. In addition, it includes the recent research studies carried out to improve the potency, spectrum of activity, 
or pharmacokinetics of antibacterial fluoroquinolones.  Hence, this review may be useful for researchers in the design and 

synthesis of new fluoroquinolones with improved biological activities. 
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1. Introduction 

Quinolones (oxo-quinolines) are a member of 

quinoline family, and they represent one of the most essential 

classes of antimicrobial agents in the field of medicinal 

chemistry. The first antimicrobial quinolone 1 was discovered in 

the early 1960s [1], as a side reaction during the synthesizing of 

the antimalarial compound, chloroquine, possessing anti-Gram-

negative bacterial activity. But due to its narrow spectrum 

antimicrobial activity and unfavorable pharmacokinetic, it is not 

significant enough to be useful in therapy [2].  Nalidixic acid 2 
is the first developed quinolone. Since this time, many 

derivatives with different properties have been synthesized and 

evaluated for their activities [3]. Several quinolone derivatives 

based on naphthyridine nucleus  were synthesized and estimated 

for their antibacterial activities leading to appearing of the first 

generation of quinolone antibiotics which characterized by Lack 

of broad activity and rapid developing bacterial resistance 

(Figure 1)[4]. 

 

 

 

 
 

 

 

 

 

 

 

 

Consequently, considerable work has been performed to 

develop new quinolone derivatives with high potency, wide 

spectrum of activity, and long half-life, besides, good 
physicochemical properties. Certain modification such as, 

substitution with (F) atom at C-6 site of quinolones gives 

fluoroquinolones (FQ)[5], which facilitated penetration into the 

bacterial cell with a broad spectrum of antibacterial activities. 

Other modification includes the substitution of quinolone at C7 

with piperazinyl, piperidinyl and pyrrolidinyl moieties that 

participated in an increasing spectrum of antibacterial activities, 

especially against Pseudomonas aeruginosa[6]. Recent 

fluoroquinolones have a broad spectrum of antibacterial 

activities. These activities include Gram-negative, Gram-

positive, aerobic, and anaerobic bacteria. Moreover, 

fluoroquinolones are characterized by a short period of 

treatment, a low rate of developing bacterial resistance[7,8], and 
a good pharmacokinetic profile[9]. Fluoroquinolones, also 

acquired other biological activities such as antifungal[10,11], 

antitubercular [12], antitumor[13-15], anti-HIV-1 integrase, 

anti- HCV-NS3 helicase[16], antimalarial[17], and anti-

Alzheimer activities[18].  

Due to high costs and higher failure rates for discovering new 

anticancer agents for clinical treatment, the most convenient 

approach is repositioning existing drugs and reevaluating them 

for new biological activities as it requires less time and money. 

Different fluoroquinolone derivatives have been used as 

antimicrobial agents for a long period, so, repositioning of 
fluoroquinolones as antitumor agents seems to be acceptable 

due to their apoptotic potential, anti-proliferative activity, and 

induction of cell cycle arrest [19]. Fluoroquinolones display 

their antibacterial activities by inhibiting the vital cellular 

processes such as replication and transcription of bacterial DNA 

through targeting the essential Topoisomerase enzymes, gyrase, 

and/or topo IV enzyme. These enzymes are present in 

prokaryotic bacterial cells, other similar subtypes are present in 

the eukaryotic mammalian cell. Fluoroquinolones are highly 

selective and sensitive towards bacteria subtypes, for 

repurposing to anticancer, modifications based on increasing its 

selectivity toward mammalian subtypes [20]. 
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Figure 1: chloroquine and Nalidixic acid 
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2.Generations of quinolones 

Quinolones have been categorized into four generations, based 

on their spectrum of activity and pharmacokinetic features [21-

23]. The first generation of quinolones displayed antibacterial 

activities only toward the species of Gram-negative bacteria, but 

they have restricted uses due to short duration of action and 

rapid renal clearance [24]. Also, they are suffering from 

minimum serum level, narrow spectrum of activity, and rapid 

development of bacterial resistance. So, they are only used as 

therapy for Gram-negative bacteria caused urinary tract disease 

but are seldom used nowadays (Figure 2) [24-26]. 

  
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 
 

Second-generation of quinolones (Figure 3) were obtained by 

substitution with a fluorine atom at C-6, lead to an increase in 

the spectrum of the activity in comparison with the first 

generation. So, they showed good antibacterial activities toward 

Gram-negative bacteria, P. aeruginosa, in addition to, Gram-

positive species with longer duration of action [21,24]. These 

agents are used in the treatment of several diseases caused by a 

bacterial infection such as pyelonephritis, urinary tract 

infections, pneumonia, bladder infections, and sexually 

transmitted diseases as well as, skin infections [27]. 
Ciprofloxacin 7 is the most important example of this class due 

to its excellent pharmacokinetic properties and ease of oral and 

intravenous administration, high potency, broad antimicrobial 

activities toward different bacterial organisms such as Gram-

positive, Gram-negative, and atypical bacterial species. Also, it 

exhibited activity against Mycobacterium tuberculosis and short 

period of treatment in addition, reduced frequency of bacterial 

resistance particularly against the recent derivatives         

(Figure 3)[28].  

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Third-generation quinolones are characterized by long serum 
half-lives and a wide spectrum of activity than first and second 

generations. The drugs belonging to this generation showed a 

good spectrum of activities against different bacterial species, 

Gram-negative, P. aeruginosa, Gram-positive, M. tuberculosis, 

atypical and anaerobic bacteria (Figure 4) [29,31]. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

Moreover, the fourth generation of quinolones exhibited higher 

activity against Gram-positive bacteria especially, 

Streptococcus pneumonia, atypical and anaerobic bacteria as 

well as, Mycobacterium tuberculosis. Moreover, these drugs are 

characterized by a long serum half-life, excellent tissue 

penetration, lack of unexpected toxicity, and limited bacterial 

resistance. Also, they act by inhibition of both DNA gyrase and 

topo IV enzymes (Figure 5) [29,32,33].  

 
 

 

 

Figure 2; First generation of antibacterial quinolones 

 

Figure 3: Second generation of antibacterial quinolones 

 

 

Figure 4: Third generation of antibacterial quinolones 
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Figure 5: Fourth generation of antibacterial quinolones. 

 

Delafloxacin drug 25 is a new member of the antibacterial 

fluoroquinolone family that received approval in the USA and 

become available in sixty eight countries located in Europe, 

Asia, Australia, and America [34]. The drug Delafloxacin was 

approved by FDA as medication for different pathogenic 

bacterial diseases such as acute bacterial skin, and skin structure 

infections (ABSSSI), Gram-positive and Gram-negative 

bacterial species, including (MRSA) subtype [35,36]. 

 

 
 

 

 

 

 

 

 

 

 

3. Chemistry of quinolones  

The basic structure of quinolone is based on a bicyclic system of 

pyridine-4-one-3-carboxylic acid merged at 5 and 6 positions 

with another six-membered aromatic or heteroaromatic system. 

Two major groups have been developed from this basic 
structure, quinolones 26 and naphthyridones 27. Quinolone 26 

has a carbon atom at position 8, otherwise, bioisosteric 

replacement with (N) atom at this site gives naphthyridones 27. 

Moreover, some derivatives have belonged to different ring 

systems, namely cinnoline 28 and pyridopyrimidine nucleus 

29[20,37,38]. Generally termed "quinolones" is a common 

name for this drug family based on these four ring systems 

(Figure 6).  

 

 

 
Figure 6: Common ring systems in quinolone drugs 

 

 

 

In general, the medicinal importance of quinolone derivatives 

encouraged many researchers to prepare numerous and different 

chemical quinolone compounds. Several procedures in literature 

were described for the synthesis of quinolones. 

 

 

3.1. Methods for quinolones synthesis  

Gould-Jacobs synthesis of quinolones 

One of the most common synthetic methods of quinolone ring is 

Gould-Jacobs method [39]. This reaction was performed 

through an addition-elimination reaction between aniline 30 and 

ethylethoxymethylenemalonate 31 to give intermediate 32, 

followed by cyclization at high temperatures to give the 

quinolone compound 33 as shown in (Scheme 1). 

 

 

 

 

 
 

              Scheme 1: Gould-Jacobs reaction 

 

Conrad-Limpach synthesis 

The condensation reactions of aniline 30 with different 

acetoacetic ester derivatives 34 gave intermediate 35. The 

intermediate was tautomerized followed by cyclization at high 

temperature to yield 4-quinolone derivative 36 (Scheme 2) [40].  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

Camps quinoline synthesis 

In this reaction [41], 2-acetamidoacetophenone derivative 37 

undergoes intramolecular condensation in the presence of a 

hydroxide ion to give quinolin- 2-ol 38 and quinolin-4-ol 39 in 

the percentage of 70%, 20%, respectively (Scheme 3). 

 

 

 

 

 

 

Biere-Seelen synthesis 

This approach of quinolone synthesis [3] was developed 

through a Michael addition of o-aminobenzoate ester 40 to  

 

Scheme 2: Conrad-Limpach quinolone synthesis 

 

 

 

Scheme 3: Camps quinoline synthesis 

 

136 



 

 

 
J. Adv. Biomed. & Pharm. Sci . 

Samir et al . 

 
acetylene dicarboxylate ester 41 that gives rise enaminoester 42. 

The ester then undergoes cyclization to quinolone dicarboxylic 

acid ester 43 in the presence of a strong base. The dicarboxylic 
acid 44 or ester acid 45 are obtained after regioselective or 

complete alkaline hydrolysis of 43. Compound 45 undergoes 

decarboxylation of the acid moiety to yield the corresponding 

quinolone ester 46 (Scheme 4).  

 

 

Scheme 4: Biere-Seelen synthesis 

Snieckus synthesis 

3-Alkyl-substituted 4-quinolones 50 can be synthesized by the 

Snieckus group [42], through the condensation reaction of an 

ortho-substituted aniline 47 with a ketone 48 to give 

intermediate 49. This intermediate undergoes deprotonation and 

intramolecular cyclization to yield quinolone 50 in the presence 

of a base (Scheme 5). 

 

  

 

 

 

 

Scheme 5: Snieckus synthesis of 4-quinolones 

 

Dieckmann cyclization 

Compound 51 is a diester derivative of anthranilic acid which 

undergoes intramolecular cyclization using a catalytic amount 

of alkali to give the dihydroquinolone derivative 52, followed 

by oxidation to afford the 4-quinolone-3-carboxylate derivative 

53 (Scheme 6) [43].  

 

 
 Scheme 6: Dieckmann cyclization approach to 4-quinolones 

 

4. Mechanism of action of fluoroquinolones 

Quinolones act by interfering with the normal process of DNA 

topo I and II enzymes (especially, II) leading to inhibit the DNA 

synthesis [44,45]. Topoisomerase enzymes have been 

performed essential functions during cell life by keeping the 

proper DNA topology intact[46]. They manage the DNA 
supercoiling levels during the process of unwinding and 

rewinding of DNA double helix that’s happened throughout the 

process of replication, recombination, repairing, and cell 

division [47-49]. Topoisomerase enzymes have induced the 

formation of DNA breaks followed by religation after the 

passage of the other DNA strands through these breaks [44,46]. 

Quinolones drugs can affect the activity of topoisomerase 

enzymes either by inducing the formation of DNA breaks [50] 

or stabilization of a transient DNA break that formed by a 

covalent adduct with the enzyme, through which strand passage 

can occur and keep it from going back to the original DNA[51] 
or through intercalation of DNA[52] leading to inhibit the cell 

division and induce apoptosis. Topoisomerase II enzyme 

represents the target for quinolone derivatives as antimicrobial 

and anticancer agents [14,53]. Moreover, certain quinolones 

exhibited anticancer activity by targeting Topoisomerases I and 

II enzymes [14]. In addition, some quinolones exhibited 

antiproliferative activities through different mechanisms such as 

protein kinases CK2 inhibition [54,55]. or antimitotic activity 

[56] or different cell cycle arrest pathways [57]. 

Several anticancer drugs, known as Topoisomerase I & II 

inhibitors, for example, camptothecin 54 [58] and its silicon-
including analog, Karenitecin 55 [58] as topo I inhibitors. Also, 

etoposide 56 [59,60] and doxorubicin 57 [61] are topo II 

inhibitors (Figure 7). 

 

 
     Figure 7: Structure of Topoisomerase I and II inhibitors 
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5. Structure activity relationships (SAR) of 

cytotoxic quinolones  

Several studies based on structural modifications of antibacterial 

fluoroquinolones were performed to identify the cytotoxic 

structural features of fluoroquinolones against eucaryotic cells. 

These modifications directed the activity of fluoroquinolones 

from antibacterial to anticancer agents [62]. At the same time, 

the Topo II inhibitory activity and pharmacokinetic features of 

fluoroquinolones are significantly influenced by the 

modification types that occurred at the piperazinyl N-4 and or 
C-3 position of the fluoroquinolone system[63]. Hence, new 

fluoroquinolone analogs can be developed by structural 

modifications at 7 and/or 3 positions of fluoroquinolones which 

diminished the zwitter ion effect and greatly influenced the 

lipophilicity nature as well as cytotoxic activity of 

fluoroquinolones. Also, the other modifications at the different 

sites of quinolone structure were reported (Figure 8). 

 Position 1: The N atom at this is necessary for activity, the 

changing of N-1 substituent ethyl group to cyclopropyl group at 

this position was found to increase the antiproliferative activity 

and produce better quinolones interference with Topo II than 

with Gyrase. Also, phenyl and thiazolyl moieties at this site 
were found to be valuable [64,67].  

Position 2 and 3: Substitution at these positions should be 

coplanar with the main quinolone nucleus and does not disturb 

the coplanarity of the quinolone nucleus [68]. The isothiazole 

ring fused at position 2 and 3 with the quinolone ring was 

reported to increase the activity [65].  

The C3-COOH or its isosteric groups are an essential 

requirement for quinolone's antibacterial activity. The acidic 

moiety can participate with the ketone at position 4 in metal 

ions chelation or hydrogen bonding with the targeting enzymes. 

However, these groups can be replaced with H and still 
cytotoxic for the eukaryotic Topo II enzyme. Although in 3-H 

derivatives small substituents can be useful at C-2. If the 

carboxylate group remaining at this position, no such 

modification can be performed, it will destabilize the planarity 

of the ring system [68]. 

Also, the introduction of a phenyl moiety or a related 

heteroaromatic ring at C-2 through a methylene linker can 

enhance the Topo II poisoning activities. Furthermore, 

increasing in antitumor activity was achieved upon the addition 

of the hydroxyl group into the phenyl moiety. For example, the 

2,6-dihydroxybenzyl compound was exhibited potent in vitro 

cytotoxic activity, as well as, murine antitumor activity [69].  
Position 4 carbonyl group was essential for quinolones 

antibacterial activity, substitution at this position abolish the 

activity [56]. However, other studies revealed that substitution 

with alkoxy and amino groups at this position gave potent 

anticancer agents [70,71]. 

Position 5: Substitutions at this position have a great influence 

on the planarity and structural configuration of quinolones, as 

well as, cell permeability and affinity of the drug to bind with 

the target [72]. Further, the cytotoxic activity will be improved 

upon the introduction of an amino group at this position [62,71]. 

Also, position 5 could be occupied with aromatic or 
heteroaromatic moieties [73]. 

Position 6: Substitutions at this position with different 

substituents especially, fluorine and chlorine atoms have been 

reported. The fluorine substituted derivatives were found to be 

potent antitumor compounds. Furthermore, the substituted 

analogs with fluorine at both 6 and 8 positions provided better 

inhibitory activities against eukaryotic Topo enzymes [56]. 

However, some studies reported that the un substitution at this 
position may be better for antitumor activity [64]. On the other 

hand, other studies reported that C6 carbon substituted with 

methoxy group may improve the antitumor activity [71]. 

 Position 7:  Different substitutions at this site have been 

reported by several studies, these substitutions have a great 

effect on the quinolones interaction with the Topo enzyme-

DNA complex [74]. 

Additionally, modifications at this position are strongly 

directing the inhibitory activities of quinolones selectively, 

against bacterial Topoisomerases, gyrase, and Topo IV enzymes 

[74] or mammalian Topoisomerases, I and II enzymes [75]. 
Furthermore, some studies reported that increasing the aromatic 

system at this site improved the antitumor activities [76,77]. For 

example, 4'-hydroxyphenyl moiety attached to the piperazine 

group increased the anticancer activity [78]. Besides, the nature 

of the attached substituents at this site has great effects on the 

physicochemical and pharmacokinetic features of the quinolone 

scaffold [14,63]. 

Position 8: Similarly to position 5, Substitution at position 8 has 

a significant effect on the quinolones configuration and its 

affinity to the target site [72]. The activity of quinolones against 

mammalian Topo II enzymes was increased by fluorine 

substitution at this site [79]. Certain studies reported that some 
quinolones derivatives with a fused ring at positions of C7 and 

C8 have potent anticancer activities (Figure 8) [73].  

 

 

Figure 8: Structure-activity relationship of 
fluoroquinolones as anticancer agents. 

 

6. Fluoroquinolone derivatives with anticancer 

activity          

In the fact, that type II Topoisomerase enzymes are essential for 

the formation of required DNA during the cellular processes 

such as replication, transcription, folding, and unfolding of 

DNA.[48, 80, 81] The existence of DNA Topoisomerases in 

both mammalian and bacterial cells makes them a good target 

for antibacterial and antitumor developing drugs [20,82] 
Mammalian Topoisomerases represent a potential target for 

antitumor drug design. For example, camptothecin and 

doxorubicin are anticancer drugs that target Topo I and Topo II 

enzymes, respectively [83,84]. The quinolone drugs act by 

inhibition of Topoisomerases II in both prokaryotic and 

eukaryotic cell, due to these similarities of the prokaryotic and 

eukaryotic type; many studies were performed to selectively 

shifting of quinolones from an antibacterial to an antitumor 

activity [13, 20, 85]. 

Quinolones having many required characteristic properties as 

cancer therapy such as less toxic, low frequency of developing 
tumor resistance, and a fewer possibility for the development of 
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drug-caused secondary tumors, as well as favorable 

physicochemical and pharmacokinetic properties [86]. 

Voreloxin 58, was the first quinolones derivative approved by 
the FDA as therapy for acute myeloid leukemia [87,88].  
 

 

 

Also, ciprofloxacin was reported as a Topo II inhibitor and 
antitumor  activities89 against different human cancer cell lines 

such as colorectal [90], leukemia [91], and osteosarcoma [92] 

human cancer cell lines.  

Moreover, the Topoisomerase inhibition and the tissue 

penetration of quinolones are greatly affected by the 

modification at C3 and C-7 positions, which transforms its 

selectivity from bacterial to human Topoisomerase II [93]. 

Hence, new cytotoxic fluoroquinolone analogs can be 

developed through different modifications at 7 and/or 3 

positions of quinolones scaffold leading to decreases zwitterion 

characters, hydrophilicity nature and subsequently enhance the 

quinolones cytotoxic activity. 

6.1. Modifications of fluoroquinolones at 7-

position 

Several studies primarily discussed the structural modification 

of fluoroquinolone derivatives belong to N-4 of piperazinyl 

moiety. Compound 59 is a hydrazone derivative attached to 

ciprofloxacin. The ciprofloxacin derivative bearing hydrazone 

moiety at 7-position 59a and 59b [94] showed significant in 

vitro antitumor activities with IC50 values 0.75 µM and 0.72 µM 

against UO-31 cancer cell line, respectively.  Similarly, 
compound 59b displayed IC50 of 1.02 and 0.75 µM against 

NCI-H226 and IGROV1 cancer cell line, respectively. The 

hydrazones 59a and 59b showed inhibitory activities against 

Topo II with IC50 of 0.75 and 0.72 µM, respectively.  Moreover, 

they revealed a potent pro-apoptotic effect through induction of 

apoptosis and increasing the level of active caspase-3 compared 

to control and cell cycle arrest at G2/M phase. 
 

 

 

 

 

 

 

The ciprofloxacin-chalcone hybrids were investigated for their 

in vitro antitumor activities. Some of these derivatives showed a 

wide range of anticancer activities and induction of cell death 

against many of the investigated cancer cell lines. Similarly, it 

showed strong Topo I and II enzymes inhibitory activity very 

close to reference drugs, camptothecin, and etoposide. 

Trimethoxy derivative 60 was the most potent one in this series 

(IC50 = 2.82 μM). Also, compound 60 revealed high selectivity 

toward the leukemia cancer cell line [14]. 

 

 

New urea-linked hybrids of ciprofloxacin with chalcone 

derivatives have been synthesized and investigated for 
antiproliferative activities, the compounds 61a and 61b 

exhibited significant anticancer activities toward colon HCT-

116 and leukemia SR cancer cell lines with IC50 = 2.53, 0.73, 

2.01 and 0.64 μM, respectively, compared to camptothecin 

(IC50, 17.36 and 3.32 μM), topotecan (IC50, 12.23 and 13.72 

μM) and staurosporine (IC50, 3.1 and 1.17 μM) according to 

MTT assay method. Furthermore, the compounds 61a and 61b 

showed Topo I inhibitory activities with inhibition percentage, 

51.19% and 56.72%, respectively, compared to camptothecin 

(inhibition % = 60.05%), as well as Topo IIβ inhibitory 

activities with inhibition percentage = 60.81% and 60.06%, 

respectively, compared to topotecan (inhibition % = 71.09%). 
Furthermore, the compound 61b display cell cycle arrested 

against leukemia SR cell line at G2/M phase, apoptosis 

induction via activation of proteolytic caspases cascade 

(caspases-3, 8, and 9) and cytochrome C releasing from 

mitochondria, in addition to upregulation of proapoptotic Bax 

and down-regulation of Bcl-2 protein level [95]. 

 

Compound 62 is a hybrid of ciprofloxacin with aryl acetamide 

at the piperazine N‐7 site. This hybrid exhibited potent 

anticancer activities toward non‐small cell lung cancer A549, in 

comparison with the reference drug doxorubicin with IC50 = 

14.8 and 1.0 μM, respectively. Besides, cell cycle arrest at the 

G2/M phase leading to overexpression of p53/21 and 

downexpression of Cdc2/B1 proteins [96]. In a similar manner, 

ciprofloxacin was hybridized with 4‐(substituted)piperazin‐1‐yl 

acetamide, this analog 63 exhibited antiproliferative activity 
against (CCRF-CEM) leukemia cancer cell line, (MDA-MB-

468) breast adenocarcinoma cell line, and (HCT-116) human 

colon cancer cell line with activity comparable to stander drug, 

doxorubicin [97]. 
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Also, compounds 64, 65 are hybrids of norfloxacin and 
ciprofloxacin respectively, with different arylsulfonyl moieties 

at the N‐7 position of quinolones. These analogs exhibited 

potent anti-proliferative activities; some of these analogs gave 

activities higher than standard drugs, erlotinib, and 

5‐fluorouracil. Compound 64 achieved the highest potency in 

this series with GI50 of 2.30–3.15 μM [98]. Moreover, the 

ciprofloxacin hybrid 65 exerts potent antitumor activities 

comparable to the stander drug irinotecan against all the tested 

cancer cell lines with IC50 ranges: 0.032–0.071 and 0.032–0.044 

μM, respectively, in addition to Topo I inhibitory activity [99]. 

 

 

Hybridization of oximes and substituted oximes with 

norfloxacin and ciprofloxacin has been reported, where the 

norfloxacin and ciprofloxacin have been linked with oximes 

derivatives, 2‐(furan‐2‐yl)‐2‐oxyiminoethyl and 

2‐(thiophen‐2‐yl)‐2‐oxyiminoethyl at N-7 of piperazine group. 

The synthesized analogs have cytotoxic activities close to or 

higher than the reference drug, etoposide. Compound 66 is the 

most active analog in this series where it was showed cytotoxic 

activities more than etoposide with IC50 range: 1.4- 6.4 and 

0.17-19.8 μM, respectively, when investigated against many 
different cancer cell lines using the MTT assay method [100]. 

The compounds 67 are also hybrids of quinolone drugs, 

ciprofloxacin, norfloxacin, and enoxacin with N‐[2-(5-

chlorothiophen-2-yl)-2-oxyiminoethyl] moieties linked at N-7 of 

the quinolone ring. The derivatives 67 exhibited 

antiproliferative activities higher than the quinolones, 

ciprofloxacin, norfloxacin, and enoxacin and comparable to 

Etoposide when the activity was evaluated against six different 

cancer cell lines using the MTT assay method. The results 

revealed that this type of hybridization enhanced the cytotoxic 

activity of the antibacterial quinolones [101]. 

 

 

Moreover, the N‐1‐decyl fluoroquinolone derivatives 

substituted with benzimidazolyl moiety at C-7 position were 

exhibited in vitro antiproliferative activity against human 

cervical carcinoma (HeLa), human breast carcinoma (MDA-

MB-231), human pancreatic carcinoma (MIA PaCa), and human 

neuroblastoma cell (IMR32). Compound 68 was the most potent 

one in this series with activity higher than the reference drugs, 

doxorubicin, and paclitaxel with IC50 0.01, 0.034, and 0.062 

μM, respectively against neuroblastoma IMR‐32 cell line [102].  

The fluoroquinolone series, substituted with N‐(substituted 

azetidine‐3‐carbonyl)‐N‐methylhydrazino derivatives showed 

cytotoxic activity toward Breast cancer cell line, MCF-7, Colon 

cancer cell line, HCT-116, and Lung adenocarcinoma cell line, 

A549, and some of them exhibited higher activity than 

ciprofloxacin and the positive control drug SAHA. Compound 
69 exhibited the highest activity among this series against 

MCF‐7 breast cancer cell line with GI% range, 23–56 % at a 

concentration range 1–50 μM [103].  

The norfloxacin analogs substituted at N‐7 with 

benzo[d]thiazolyl moiety through butyramide linker were 

evaluated for the cytotoxic activities against A549, lung cancer 

cell line. Compound 70 exhibited the highest activity among 

these derivatives with GI50 of 28.8 μg/ml [104].  

Otherwise, the ciprofloxacin derivatives substituted at the N-7 

site with 1,3,4‐thiadiazol moiety through acetamide linker does 

not give the expected cytotoxic activities. Where, compound 71 

provides the lowest growth percent, (81 %) against A579, lung 

cancer cell line [105]. 

 

 

 

 

 

 

 

 

 

 

 

Two series of quinolone analogs were synthesized by the 

hybridization of ciprofloxacin and pipemidic acid at N-7 

position with different tetrazol‐5‐thiol derivatives. These 

hybrids exhibited promising in vitro antiproliferative activities 

when investigated against SiHA human cervical cancer cell line, 

MDA‐MB‐235 human adenocarcinoma, and PANC‐1 

pancreatic cancer cell line using the sulforhodamine B (SRB) 

assay method. Compounds 72 and 73 gave the highest activities 

among these analogs and higher than the reference, tamoxifen 

against SiHA and MDA‐MB‐231 cell lines with GI50 values, 

0.07, 0.09, 0.06, 0.08, 0.12, and 0.24 μM, respectively [106]. 
 

 

Mitochondria are essential cellular organelle to produce energy 

in mammalian cells. Generally, the molecules containing 

hydrophobic and cationic moieties may provide the possibility 

of mitochondrial targeting due to the negative membrane 

potential in the mitochondrial matrix. Cy3 is a cationic cyanine 
dye, commonly used to label molecules for cell fluorescence 

studies. This dye is relatively small, hydrophobic in nature, and 

highly delocalized cations. However, Cy3 is a mitochondrion 

targeting as a single molecule or hybrid and can carry a variety 

of compounds, such as a peptide, heterocycle, and metal-

complex to mitochondria to perform cellular effects. 

Ciprofloxacin-cyanine dye conjugate was designed and 

synthesized to increase the uptake of ciprofloxacin to 

mitochondria in cancer cells, that is meaning, the Cy3 dye acts 
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as a carrier for the ciprofloxacin. Moreover, Cy3 hybrids have 

higher cytotoxic activity against cancer cells than non-cancer 

cells, due to the higher negative mitochondrial membrane 
potential in cancer cells than non-cancer cells. The results 

showed that Cy3-ciprofloxacin hybrid 74 exhibited cytotoxic 

activities against cancer cell, HeLa, and less activity against the 

normal cell, HEK with (EC50, 3.9  6.7) mM, respectively,  

higher than the ciprofloxacin drug (EC50, 1101, 1036 mM) and 

cyanine dye (EC50, 25.8, 55.3) mM against the same cells [107]. 

 

 

Hybrids of fatty acid with ciprofloxacin derivatives have been 

designed to increase cellular uptake by cancer cells and improve 

its bioavailability so, the new hybrid was investigated as 
anticancer agents. The results of the investigation revealed that 

the oleic acid conjugate 75 was the most potent one in this 

series. Hybrid 75 showed antitumor activity (IC50, 7.7 μM) 12 

times higher than for CP alone (IC50, 101.4 µM) against prostate 

cancer PC3 and potent apoptosis inducer with high percentage 

against PC3 cells line in late apoptosis (81.5% ± 3.9). Besides, 

compound 75 achieved significant apoptotic activities toward 

SW480 colon cancer cell line using the MTT assay method 

[108].  

 

 

Novel hybrids of ciprofloxacin with a series of different 

phenolic compounds through Mannich reaction at C-7 of 

piperazine were synthesized and evaluated for antiproliferative 

activities. The hybrids 76a and 76b among this series exhibited 

the highest potent antitumor activities. The compound 76a 

exhibited a wide range of cytotoxic activities with GI50 range, 

2.5–6.79 μM with high selectivity toward renal and prostate 

cancer cell lines with selectivity range, 0.17 to 6.79. 

Furthermore, the compound 76a exhibited anticancer activities 

against HOP-92 cancer cell line (IC50, 6.66 μM) while 

compound 76b displayed potent activity toward OVCAR-3 

ovarian cancer cell line (IC50 of 0.97 μM) using MTT assay 

method and the reference drug, Doxorubicin with IC50, 0.36 and 

0.34 μM respectively. In addition, the compound 76b exhibited 

induction of cell cycle arrest at G2/M phase and apoptosis, as 

well as, over-expression of caspase-3 protein level (449.2 ± 

7.95) compared to doxorubicin (578.7 ± 14.4 pg/mL) [109]. 
 

 

6.2. Modifications of fluoroquinolones at 3-

position 

Replacement of the C-3 carboxylic group of fluoroquinolones 

antibacterial analogs with bioisosteric triazolyl heterocyclic ring 

is possible for developing novel antitumor analogs [13]. Schiff 

bases and Schiff–Mannich bases are two series of s-triazole 

analogs, which were investigated in vitro for antitumor activities 

against L1210 murine leukemia cell line, HL60 human leukemia 

cell line, and CHO Chinese hamster ovary cell line using the 

MTT assay methods. The results revealed that compounds 78 

exhibited higher anticancer activities (IC50 range, 0.14–17.6 

µM) than hydrazone derivatives 77 (IC50 range, 10.5–50.2 µM). 
Additionally, phenolic moiety-bearing derivatives exhibited the 

highest activities than the other. Furthermore, the results 

revealed that the substitution of quinolone carboxylate group 

with another pharmacophore, hydrazones, or Mannich bases is a 

promising approach for developing novel anticancer agents. 

 

 

The ciprofloxacin hydrazone derivatives 79 exhibited in vitro 

antitumor activities [110] against Chinese hamster ovary cancer 

cell line, CHO, human leukemia cancer cell line, HL60, and 

murine leukemia cell line, L1210 with IC50 value within 25.0 

mM concentration more active than ciprofloxacin (IC50 > 150 

mM) using standard MTT assay method.  Also, compound 80 

QNT11 [111] displayed potent cytotoxic activities toward cancer 

cell lines, Hep3B, SMMC-7721, MCF-7, and HCT-8 with IC50 

range, 2.17 - 2.79 mM. Additionally, it showed apoptotic 

activity associated with mitochondrial dysfunction and 
regulation of Bcl-2 signaling against Hep3B hepatic cell cancer 

cell line, as well as QNT11 inhibited topoisomerase II enzyme, 

regulate of cleaved DNA strands, and induced cell cycle arrest at 

G2/M phase. 

 

 

Compound 81 [112] is norfloxacin C3 hydrazone derivatives of 

Salicylaldehyde that showed the highest anticancer activity with 

IC50 range 8.6–10.3 μM against human leukemia HL60 cell line, 

murine L1210 cancer cell line, and CHO tumor cells. That is 

indicated the ability of such carboxylic modification to improve 

antitumor activity. In a similar manner to QNT11, compound 82 

(QNT4) [113] is a C-3 hydrazone derivative of ciprofloxacin 

instead of levofloxacin. QNT4 showed antiproliferative activity 

against SMMC-7721, MCF-7, and HCT-8 cell lines with IC50 

values 2.956, 3.710, and 3.69μmol/L, respectively. QNT4 

exhibited apoptotic activity against SMMC-7721 cancer cell 
line through Topo II inhibiting activity and interfering with 

mitochondrial-dependent pathways. 
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Also, the modification of the carboxyl group of some 

quinolones derivatives have been reported, many of these 

analogs gave good cytotoxic activities when investigated against 

a variety of cancer cell lines, such as (HeLa) cervical 

adenocarcinoma, (HT-29) colorectal adenocarcinoma, (AGS) 

gastric adenocarcinoma, (MCF-7 and MDA-MB-261) breast 

adenocarcinoma, (A549) lung carcinoma, (HepG2 and Hep3B) 

hepatocarcinoma, (PC-3) prostate adenocarcinoma, (THP-1) 
acute monocytic leukemia cells, (K562) chronic myelogenous 

leukemia cells and (U937) acute myeloid leukemia cells. 

Compound 83 exhibited the highest anticancer activities with 

IC50 range 0.2–0.6 μM against the used cancer cell lines. This 

compound exerts its activity through inhibition of Topo I, 

induction of apoptosis, and stimulation of DNA breaks 

formation [114]. However, the fluoroquinolones ester analog of 

4‐(1,2‐dithiol‐3‐thione)‐phenol moieties did not give the 

expected anticancer activity. Only ciprofloxacin analog 84 

exhibited moderate activity toward renal cancer cell line 786‐0 

[115]. 

 

 

 

 

 

 

 

The C-3 group of pefloxacin was modified and replaced by 

bioisosteric moiety, s‐triazole Schiff-base carboxylic acid 

derivatives. The antiproliferative activities of these derivatives 

were investigated against (SMMC-7721) hepatocellular 

carcinoma, (L1210) murine leukemia cancer cell line, and 

(HL60) human leukemia cell line. The results revealed that the 

tested compounds possessed anti-proliferative activity more 
than the parent quinolone, pefloxacin with comparable activity 

to the control drug, doxorubicin. Compound 85 exhibited the 

most potent activities among these derivatives against SMMC-

7721 cells with IC50 ranges 2.7–5.2 μM. This indicates that 

using bioisosteric S-triazole moieties as a replacement for the 

carboxylic moiety is beneficial to improve the anti-proliferative 

activities of quinolones [116]. Moreover, a series of the fused 

bis‐fluoroquinolones at the C-3 site through 

[1,2,4]triazolo[3,4‐b][1,3,4]thiadiazole was reported and 

investigated for their antitumor activities against different tumor 

cell lines, HL60, L1210, and CHO cell lines. The results 
revealed that the tested compounds showed significant 

anticancer activities with GI50 range, 0.12–26.2 μM. Compound 

86 exhibited the highest activity with GI50 range, 0.12–3.4 

μM).117 Similarly, the fused C-3 bis-fluoroquinolones 88 and the 

parent triazole quinolone 87 were investigated for antitumor 

activities. Derivatives 87 exhibited moderate activity against 

L1210 cell line (IC50 rang, 0.2–2.5 μM), whereas the quinolone 

derivative 88 showed significant antitumor activity with IC50, 

0.2 μM [117]. 

 

 

 

 

 

 

 

 

 

Also, certain a bioisosteric replacement of ciprofloxacin 

carboxylate moiety with thiazolo-triazolone derivatives have 

been reported and the antitumor activities have been revealed 

against leukemia HL60, hepatoma Hep‐3B, and pancreatic 

ductal adenocarcinoma Capan‐1 cancer cell lines using MTT 

assay method. Compound 89 exhibited higher antitumor 

activities than the reference antitumor drug, doxorubicin with 

IC50 ranges 0.3–1.5 and 1.7–3.5 μM, respectively) [118]. 

Meanwhile, the carboxylic group of pefloxacin was replaced 

with fused thiazolo[2,3- b][1,2,4]triazolone moiety. The in vitro 

antiproliferative activity was achieved when investigated 

against leukemia HL60 cell line, pancreatic ductal 
adenocarcinoma Capan‐1, and murine (SMMC‐7721 and 

L1210) cell lines. Compound 90 showed the highest activity 

among these analogs, particularly toward cancer cell lines, 

Capan‐1 (IC50, 2.6 μM) and SMMC‐7721 (IC50, 3.4 μM) 

compared to doxorubicin (IC50, 4.8 μM and 2.8 μM) 

respectively [119]. 

 

 

 

 

 

The derivatives with a 5‐amino‐1,3,4‐thiadiazole ring instead of 

the ciprofloxacin carboxylate group revealed that the compound 

91 was exhibited potent anticancer activities against the human 

hepatocellular carcinoma, Huh‐7 with IC50, 25.7 μM using the 

MTT assay method [120]. Enoxacin derivatives (LZ‐106), 92 

were exhibited significant anticancer activities against 

non‐small‐cell lung cancer A549 and large cell lung cancer 

NCI‐H460 with IC50, 7.59, and 6.97 μM, respectively, 

comparable to, etoposide, with high safety profile. compound 92 
mediates a reactive oxygen species leading to DNA damage and 

apoptosis induction at low concentrations [121]. 
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Histone deacetylase (HDAC) enzymes play an essential role in 

the proliferation of cancer cells. So, HDAC inhibitors are an 

attractive approach to developing new antitumor agents against 
several types of tumor. The promising drugs, vorinostat 

(SAHA) and romidepsin were approved by FDA as HDAC 

inhibitors [122.123]. The quinolone analogs 93 are designed as 

HDAC inhibitors by substitution at N‐1 with hydroxamic acid 

as a zinc-binding group (ZBG) and C-3 position with amide 

derivatives. The compound 93 showed inhibition activity of 

HDAC enzyme and antitumor activities against colon cancer 

cell lines HCT-116, lung cancer cell lines NCI-H460 and 

glioblastoma cancer cell lines U25 higher than the reference 

drug, SAHA with IC50 40 and 110 nM, respectively [124].    

Also, Levofloxacin was conjugated with HDAC inhibitory 
acting moiety at C-3 position as a strategy for targeting both 

HDAC and tubulin polymerization enzymes. These analogs 

showed potent inhibitory activities of both enzymes when 

investigated against four different cancer cells, A549, HepG2, 

PC-3, HeLa, and selective anticancer activity especially against 

MCF-7 with lower toxicity toward normal cells. Compound 94 

showed potent anticancer activities (IC50 range, 0.3–4.9 μM) 

higher than SAHA drug with (IC50 range, 2.9–6.4 μM). 

Additionally, it showed HDAC inhibitory activity (IC50 range, 

0.021–0.041 μM) comparable to the reference (IC50 range, 

0.012–0.044 μM) and tubulin polymerization inhibition activity 

with (IC50, 1.79 μM) comparable to the reference drug, 
colchicine with (IC50, 1.77 μM) [125].  

 

 

 

 

 

 

 

Berberine is a natural isoquinoline alkaloid that possesses 

antitumor activity against several tumor cell lines with poor 

bioavailability and moderate therapeutic activity. Therefore, a 

novel berberine-ciprofloxacin hybrid was designed to improve 

antiproliferative and apoptosis-inducing activities of the 

quinolones scaffold. The results revealed that berberine-

ciprofloxacin hybrid 95 showed growth inhibitory and 
apoptosis-inducing activities against different cancer cell lines. 

The designed compound exhibited significant anticancer 

activity against leukemia cancer cell line HL-60 with IC50 

values for 24 and 48 h, are 19.3 and 15.7 μM, respectively, 

more potent than references, berberine, and ciprofloxacin with 

IC50 values, (43.7 and 27.1 μM),  and (200 and 142 μM), 

respectively for the same experimental periods using MTT 

assay method. Additionally, it displayed cell cycle arrest at 

G2/M and S phases [126]. 
 

 

 

 

6.3. Modifications of fluoroquinolones at 3 and 7-

position 

Consequently, some modification includes both C-3 and C-7 

sites of the fluoroquinolone, such as compound 96 was 

functionalized at these positions with hydrazone moieties. Such 

modifications are greatly improved antitumor activity, where 

the ciprofloxacin analog 96 exhibited antineoplastic activities 

toward murine leukemia, L1210, Chinese hamster ovary, CHO, 

and human leukemia, HL60 cell lines with IC50 range of 1.5–2.8 

μM using MTT assay method [110, 127]. These activities were 

higher potency than that of parent ciprofloxacin, indicating that 

antitumor activity of fluoroquinolone doesn't have to retain a C-
3 carboxyl and a C-7 piperazine ring. 

 

 

The human tumor cells are different from normal healthy cells 

by over-expression of thymidine phosphorylase (TP) associated 

with progression and proliferation of cancer as well as, 

accumulation of 2-deoxy-D-ribose compound catalyzed by the 

reaction of thymidine phosphorylase (TP). Both thymidine 

phosphorylase (TP) and 2-deoxy-D-ribose are responsible for 

promoting tumor cell angiogenesis. Therefore, developing new 
thymidine phosphorylase (TP) inhibitors represent a promising 

method for tumor therapy. New ciprofloxacin derivatives have 

been synthesized and investigated for inhibitory activity against 

the thymidine phosphorylase enzyme. Most of the new 

ciprofloxacin analogs showed good inhibitory activity against 

thymidine phosphorylase with IC50 range, 39.71-161.89 μM, 

compared to the reference, 7-deazaxanthine with IC50, 37.82 

μM. Additionally, ciprofloxacin-based inhibitor 97 is the most 

potent derivative among this series with IC50, 39.71 μM [128]. 
 

 

New series of 3,7-bis-benzylidenes derivatives of ciprofloxacin 

have been synthesized and evaluated for their antitumor 

activities. The results revealed that most of these compounds 

exhibited significant antiproliferative activity. Additionally, 

compounds 98a and 98c displayed potent and wide spectrum 
anticancer activities compared to doxorubicin with IC50 of 1.21, 

0.87, 1.21; 0.41, 0.57, 1.31 and 1.26, 1.79, 0.63 µM, respectively 

against leukemia cancer cell line HL-60 (TB), colon cancer cell 

line HCT-116 and breast cancer cell line MCF7, respectively 

using MTT assay method. Moreover, the derivative 98c induced 

cell apoptosis at the G2/M phase. In addition to, compounds 

98a, 98b, and 98c exhibited promising dual Topo I and II 

inhibitory activities with IC50, (16.6, 12.1 and 15.1 µM for Topo 

Iα) and (120.9. 97.3 and 86.5 pg/ml for Topo IIB) comparable 

to Camptothecin IC5o, 10.5 µM, and Etoposide IC50, 90.6 pg/ml, 

respectively [129]. 
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6.4. Other strategies of fluoroquinolones 

modifications 

Ruthenium metal complex of 1,10-phenanthroline and p-

cymene with fluoroquinolone, lomefloxacin, levofloxacin, and 

ciprofloxacin have been synthesized, characterized, and 

evaluated for their anticancer activities. The binding studies 

showed that the complexes have a good binding affinity toward 
the DNA and BSA due to the planarity phenanthroline rings 

attached to the metal center capable of intercalating within the 

DNA base pairs and their hydrophobic nature of (p-cymene) 

moiety that increases the affinities toward BSA. The compounds 

99, 100, and 101 (phenanthroline) type exhibited cytotoxic 

activities toward A549 non-small cell lung cancer with IC50, 

304, 71.5, 308 μM respectively. Furthermore, the compounds 

102, 103, and 104 (p-cymene) type showed cytotoxic activities 

against MCF7 cancer cells with IC50, 209, 185, and 222 μM, 

respectively higher than references NAMI-A and RAPTA, IC50, 

˃1600, 750 μM. The gene expression studies on BAX and BCL-

2 genes and FACS analysis presented important evidence on the 
role of the complexes in triggering apoptosis in cancer cells and 

revealed the merits of the Ru(II) metal complexes containing 

fluoroquinolones as potent anticancer agents [130]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Antimicrobial activity  

Antibacterial fluoroquinolones are one of the most important 

antibiotic families and are widely used for the treatment of 

various infectious diseases. The main problems associated with 

the therapeutic applications of these drugs are resistance 

developed by bacterial strains through the development of 

mutant DNA-binding proteins or efflux pump mechanisms 

[131]. So, it is necessary for designing and developing new 

fluoroquinolone derivatives based on some modification of the 

structures at different sites, such as modification at C3-
carboxylate moiety, replacing with isosteric groups, and 

modification of the structures at piperazine moiety. Besides, 

hybridization of fluoroquinolones with different synthetic or 

natural molecules having antibacterial activities can enhance the 

antibacterial activities through increasing the affinity of 

fluoroquinolones to their binding sites or improving the 

physicochemical and pharmacokinetic properties to overcome 

the different mechanisms of bacterial resistance. A 

multitargeting antibiotic approach is a novel strategy for 

developing more potent fluoroquinolones antibiotics with a 

broad spectrum of activity. This new tactic is based on the 
conjugation of fluoroquinolones with other antibiotic drugs 

acting through different mechanisms leading to the production 

of new hybrids characterized by a broad spectrum of activity 

and low incidence of developing bacterial resistance. For 

example, hybridization of ciprofloxacin with fidaxomicin 

antibiotic, the antibacterial activities of the new hybrid were 

greatly improved against Gram-positive bacteria, as well as the 

solubility and pharmacokinetic proprieties of fidaxomicin are 

greatly enhanced [132]. Another example is the 

cephalosporin−ciprofloxacin prodrug, this prodrug was 

selectively activated by β-lactamase producing bacteria and only 

showed bactericidal activity after activation by a β-lactamase 
enzyme. This is a new strategy for selective targeting of drug-

resistant pathogens without disrupting the host bacteria, 

reducing the rate of secondary infections and drug side effect, 

besides, a broad spectrum of activity [133].  

It is known that EMAU, 6-(3-ethyl-4-methylanilino) uracil 

derivatives are a new class of antibacterial agents that exhibited 

bactericidal activities toward a variety of Gram-positive 

bacterial species, because of their ability to inhibit polymerase 

IIIC enzyme and DNA synthesis. Hence, fluoroquinolones are 

efficient antibacterial agents against both Gram-positive and 

Gram-negative bacteria through inhibiting bacterial enzymes, 
Topo IV, and gyrase. Developing of anilinouracil-

fluoroquinolone (AU-FQ) hybrid, 105 maintained the inhibition 

activities against DNA polymerase IIIC in addition to 

Topoisomerase enzymes. The results indicated that this hybrid 

exhibited potent activities against B. subtilis and DNA 

polymerase IIIC (Ki: 0.024 and 0.019 μM) in addition to drug-

resistant bacteria with MIC of 0.313–2.5 μg/mL. Additionally, 

the AU-FQ hybrid displayed antibacterial activity against both 

anilinouracil- and fluoroquinolone-resistant strains, such as 

VREF F118 and MRSA species. Therefore, these hybrids 

provide a promising approach of multi-targeting drug 
pharmacophore with a dual-acting mechanism and highly 

effective antibacterial activities against a variety of species 

especially, antibiotic-resistant pathogens [134-136]. 

 

 

The quinolone-triazole hybrids substituted with different aryl 
groups were synthesized via microwave-assisted click chemistry 

technique. The compounds 106, 107, and 108 exhibited good 

antibacterial activities against Gram-positive bacteria, S. aureus, 

and St. pyogenes higher than parent drugs, ciprofloxacin, 

norfloxacin, and pipemidic acid with MIC range, 0.2–0.5 

μg/mL. In addition to, antibacterial activities against the Gram-
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negative bacteria, Salmonella typhi, and E. coli with MIC range, 

0.2–0.5 μg/mL with acceptable pharmacokinetic properties[137]. 

 

 

Otherwise, a series of fluoroquinolone-1,2,4-triazole hybrids 

have been reported. The antifungal and antibacterial activities of 

hybrid 109 were evaluated against different fungal and bacterial 

strains using Norfloxacin, Chloromycin, and Fluconazole as 

reference drugs. The new compound 109 exhibited activity 

against E. typhosa with MIC range, 0.5–8 μg /mL higher than 

standard drugs Norfloxacin (MIC, 4 μg /mL) and Chloromycin 
(MIC, 32 μg /mL).  Moreover, it was achieved growth inhibition 

activity against MRSA species (MIC, 0.5-16 µg/mL) higher 

than the reference drug Chloromycin (MIC, 16 µg/mL) [138 ]. 

3-Arylfuran-2(5H)-one derivative is a novel multi-targeting 

antimicrobial agent act through inhibition of tyrosyl-tRNA 

synthetase (TyrRS), Compound 110 showed the highest 

activities among these series against different resistant bacterial 

strains such as Gram-negative, Gram-positive bacteria, and 

antibiotic-resistant strains of E. coli with MIC, 0.11 μg/mL that 

is 51-fold more active than ciprofloxacin. Besides. It was 

exhibited enzyme inhibitory activities against DNA gyrase and 
TyrRS enzymes with IC50, 1.15, and 0.12 μM, respectively 

[139]. 

 

 

 

 

 

 

 

 

Moreover, a series of fluoroquinolone-based benzothiazolyl-4-

thiazolidinone hybrids have been synthesized and investigated 
for their antimicrobial activities against different bacterial 

strains including, S. aureus, and B. subtilis, E. coli, and P. 

aeruginosa. The synthesized compound 111 exhibited highly 

potent antibacterial activities with MIC range, 1–2 μg /mL that 

was higher than the drug ciprofloxacin, MIC range, 3.12– 6.25 

μg/mL, especially against E. coli and P. aeruginosa with MIC, 

2.0 μg/mL [140].  

The fluoroquinolone-based oxazolidinone hybrids displayed 

effective antibacterial activities against Gram-negative and 

Gram-positive pathogens particularly, fluoroquinolone, 

linezolid, and vancomycin-resistant strains. The compound 112 
showed potent in vitro antibacterial activities with MIC range, 

0.125–4 μg/mL and MIC range, 0.25–0.5 μg/mL against all 

tested organisms including fluoroquinolone, vancomycin, and 

linezolid resistant bacteria. So, these types of hybrids are 

promising for fighting drug-resistant and multidrug-resistant 

bacteria [141]. 

 

 

 
 

 

A series of N-7 carbamate-linked quinolone-cephalosporin 

conjugates were reported as antibacterial agents against M. 

tuberculosis. Compound 113 exhibited antitubercular activity 

with MIC value of 1.2 μM [142]. Also, a group of 1-aryl 

fluoroquinolones has been reported as an agent possessing in 
vitro antibacterial activities against M. tuberculosis H37Rv. 

Compound 114 with 2-fluoro-4-nitrophenyl derivative exhibited 

98% growth inhibition [143]. 

 

 

 

 

 

 

 

 

 

 

A new series of antipyrine hybrids with Ciprofloxacin and 

Norfloxacin were synthesized and evaluated for antimicrobial 

activity.  The results revealed that compounds 115 and 116 

showed excellent antituberculosis activity with (MIC, 

0.12μg/mL) compared with streptomycin (MIC, 4 μg /mL). In 

addition to, excellent activities against Gram-negative and 

Gram-positive bacteria with (MIC range, 0.12-0.48 μg /mL) 

compared to Ampicillin (MIC, 10 – 128 μg /mL) using disc 

diffusion technique [144].  
 

 

A hybrid of ciprofloxacin-cyclam analog was designed to 

improve the activity against multidrug-resistant Gram-negative 

bacteria, especially multidrug-resistant phenotypes developed 

by Pseudomonas aeruginosa by reducing permeability and/or 

overexpressed efflux pumps. The antibacterial results revealed 

that conjugate 117 exhibited antibacterial activities with (MIC, 

32, 4, and 1 μg/ml) against efflux deficient mutant strains of P, 

aeruginosa, PAO1, PAO200, and PAO750 respectively [145]. 

 

 
 

 

 

145 



 
 

 J. Adv. Biomed. & Pharm. Sci . 

Samir et al . 

 
 

Novel cephalosporin-ciprofloxacin derivatives have been 

designed as antibacterial prodrug selectively targeting and 

activated by β-lactamase producing bacteria. This prodrug 118 
showed its antibacterial activities just after hydrolysis occurred 

by the action of the β-lactamase enzyme therefore it's not 

observed in strains without β-lactamase. This represents a way 

for selectively targeting a special type of drug-resistant 

pathogens without disturbing the host bacteria, reducing the rate 

of bacterial resistance and subsequent antibiotic use. Prodrug 

118 shows growth inhibitory activity similar to ciprofloxacin 

against uropathogenic E. coli expressing the diverse ESBLs 

CTX-M-1, NDM-1, and KPC but little activity against strains 

that did not express β-lactamases. The activity of prodrug 118 

may be due to an increase in permeability to pathogenic Gram-
negative bacteria; β- lactamase mediated intracellular release of 

ciprofloxacin upon cleavage of the cephalosporin and activation 

of the prodrug by a broad range of β-lactamases. For example, 

uropathogenic E. coli (UPEC) is a major cause of UTIs and 

frequently expresses β-lactamase. The prodrug is expected to 

result in high concentrations of active ciprofloxacin at the site of 

infection (bladder and kidneys), without disrupting the host 

microbiota [133].   
 

 

The ciprofloxacin-organometallic conjugates were synthesized 

and characterized for their biological activity. The antimicrobial 

results showed that conjugates can significantly enhance the 

antimicrobial activity through two independent mod of actions; 

the first mod through inhibition of Topoisomerase enzymes, 

caused by the action of ciprofloxacin; the second mod, through 

the initiation of oxygen-reactive molecules produced by the 

action of the organometallic group. Generally, compounds 119 

and 120 exhibited potent antibacterial activities against Gram-

negative bacteria, E. coli ATCC 25922 (MIC, 0.0006 and 0.0001 

μM) higher than ciprofloxacin (MIC, 0.01 μM). additionally, 
compound 120 displayed antibacterial activity against S. aureus 

ATCC 6538 and K. pneumoniae ATCC 13883 (MIC, 0.4 and 

0.001 μM respectively), while ciprofloxacin MICs, 0.8, 0.05 

μM, respectively [146]. 

 

 

Novel gallium (III) complex of ciprofloxacin-functionalized 

desferrichrome (D2) as siderophore-mediated transport was 

designed and developed as a potential therapeutic for bacterial 

infection as an effective strategy for targeting the bacterial peri- 

or cytoplasm and improving the transportation of wide-spectrum 

antibiotics to their targets and subsequently, enhancing the 

antimicrobial activity. The results showed that Ga-D2 121 

exhibited antibacterial activities against Escherichia coli with 
MIC, 0.23 μM while ciprofloxacin MIC, 0.23 μM. Also, the Ga-

D2 exhibited potent antibacterial activities against other 

bacterial strains, S. aureus, P. aeruginosa, and K. pneumonia 

with MIC, 1.9, 3.8, and 12.5 μM, respectively using 

ciprofloxacin as reference drug with MIC, 1.9, 0.94, and 3.12 
respectively [147]. 

 

 

The glycosylated macrocyclic antibiotic fidaxomicin displayed 

good to excellent in vitro antibacterial activity against many 

Gram-positive bacteria with MIC range, 0.012 - 0.25μg/mL and 

especially against Clostridium difficile strain, otherwise not 

used for the treatment of systemic infections due to the low 

water solubility and its poor systemic absorption. The 
semisynthetic fidaxomicin-ciprofloxacin hybrid was developed 

to improved antibiotic activities of ciprofloxacin against Gram-

positive bacteria and pharmacokinetic proprieties of 

fidaxomicin and subsequent availability for systemic treatment. 

The hybrid 122 exhibited excellent activity against all C. 

difficile strains with MIC range, 0.015 – 0.12μg/mL more than 

ciprofloxacin itself (MIC, 16μg/mL) [132].  

 

 

 

 

 

 

 

Copper (II) complexes of the ciprofloxacin-Enaminones hybrid 

were synthesized and investigated for their antibacterial 

activities against a series of S. aureus, E. coli, K. pneumonia, 

and ESBL positive K. pneumonia, species. The copper complex 

of modified quinolones was expected to enhance the 

antibacterial activity of the quinolone due to six transition metal 
complexes. The results showed that all synthesized hybrids are 

sensitive against the tested organism, and some of them are 

exhibited activity higher than the parent drug, ciprofloxacin. 

The compound 123 was the potent compound in this series and 

displayed antimicrobial activities against S. aureus, E. coli, and 

K. pneumonia with inhibition zone, 37, 40, and 11mm 

respectively higher than ciprofloxacin with inhibition zone, 

21mm for all organism using Kirby–Bauer disk diffusion 

method [148]. 
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Fluoroquinolones exert their antibacterial activities through 

targeting the GyrA subunit of a heterodimeric A2B2 enzyme 

and are widely used as a therapy against several types of Gram-
positive and Gram-negative infections. DNA gyrase B inhibitor-

ciprofloxacin hybrids were developed as an antibacterial agent 

against Escherichia coli through binding to both site of the E. 

coli GyrA and GyrB subunits, that facilitating the entry of 

nonpermeating GyrB inhibitors into bacteria by conjugation 

with ciprofloxacin, a highly permeable GyrA inhibitor, leading 

to a strong antibacterial activity and slowly development of 

bacterial resistance. The DNA gyrase supercoiling assay results 

showed weak inhibitory activity of the hybrids 124 and 125 

against E. coli DNA gyrase with IC50 range, 0.17 - 6.2 µM than 

by the GyrB inhibitors, IC50 range, 9 - 66 nM and very close to 
the GyrA inhibitor, ciprofloxacin IC50, 0.2µM. Also, the two 

hybrids 124 and 125 exhibited antibacterial activity against the 

E. coli strains ATCC 25922 and K-12 MG1655 in the presence 

of the efflux pump inhibitor PaβN with MIC range, 130-439 

ng/mL (Ciprofloxacin MIC, 4.4 ng/mL) and MIC range, 1481 - 

3333 ng/mL in the absence of PaβN, (Ciprofloxacin, MIC, 6.6 

ng/mL) for the same strains, which indicated that the hybrids 

124 and 125 are not intensively effluxed in E. coli strains [149]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Novel glycosylated-fluoroquinolones, hybrids of ciprofloxacin, 

norfloxacin, and moxifloxacin coupled with a glucosamine 

moiety at the C-3 position of fluoroquinolones were developed 

and evaluated for antimicrobial activity. Glucosamine moiety is 

a carbohydrate analog of N-Acetyl Glucosamine (NAG), one of 

the bacterial cell-wall constituents which act as a carrier of the 
fluoroquinolones in this prodrug conjugate, to enhance the 

selective uptake of fluoroquinolones into the microbial cells, 

hence enhancing the selectivity, potency and lowering 

cytotoxicity of the fluoroquinolone drugs. The results of the In 

vitro antimicrobial activities showed that the hybrids 126a, 

126b, and 126c exhibited potential antimicrobial activity against 

fluoroquinolone-resistant Escherichia coli with MIC values, 

0.2668, 0.1358, and 0.0898 µM, respectively, compared to 

ciprofloxacin (MIC 0.5098 µM) and norfloxacin (MIC 0.2937 

µM) standard drugs. Furthermore, the compound 126b also 

exerted a potential antifungal activity against Candida albicans 

and Penicillium chrysogenum with MIC values, 0.0056 and 
0.0453 µM respectively compared to the stander drug, 

Fluconazole (MICs, 0.4081 and 0.2041 µM respectively) [150].  

 

 

 

 

 

The fluoroquinolones, norfloxacin, ciprofloxacin, and 

lomefloxacin have been functionally coupled at C-7 position 

with fluorosulfonylvinyl (enaminyl sulfonyl fluorides) moiety. 

The new hybrids have been investigated for their antibacterial 

activities against Gram-positive and Gram-negative bacteria in 

addition to, fungi. The compound 127 exhibited potent 

antibacterial activities against many different bacterial 

organisms including S. aureus, MRSA, P. aeruginosa and E. coli 
species with (MIC = 1.56, 0.78, 0.39 and 6.25 μM), while 

compound 128 (MIC = 0.39,  0.39,  0.19 and 6.25 μM)  and 

compound 129 (MIC = 0.78, 0.78, 0.78 and 50.00 μM) against 

the same organisms, using reference drugs, norfloxacin (MIC = 

3.12, 3.12, 0.78 and 3.12μM), ciprofloxacin (MIC = 1.56, 0.78, 

0.19 and 0.78 μM)  and lomefloxacin (MIC = 3.12,  3.12,  0.39 

and 6.25 μM)  respectively [151].  

 

 

New fluoroquinolone hybrids, ciprofloxacin, and levofloxacin 

with hydroxamic acid, hydrazide, and amide at C3, carboxylic 

moiety, were synthesized and evaluated for antibacterial 

activities against urease splitting bacteria, Proteus mirabilis. 

The urease inhibitory activities were estimated using the 

indophenol method. The results revealed that the compounds 

130, 131, and 132 showed significant inhibitory activities 

against Proteus mirabilis species with IC50, 1.29, 1.22, and 2.20 

μM, respectively higher than the reference N-acetyl 
ciprofloxacin (IC50, 2.26 μM) [152].  

 

 

The drugs, ciprofloxacin, and norfloxacin were hybridized with 

some derivatives of ketones and its nitric oxide-releasing 

oximes, as well as evaluated for antibacterial activities against a 

variety of different species of bacterial organisms includes M. 

tuberculosis H37Rv, S. aureus, E. coli (ATCC 8739), B. cereus 

(AUMC No B‐52), M. luteus (AUMC No B‐112), K. pneumonia 

(AUMC No B‐77), P. aeruginosa (AUMC No B‐73), and S. 

marcescens (AUMC No B‐54) using standard agar cup diffusion 

method. The results showed that the hybrids, 133a and 134a  
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exhibited antibacterial activities against M. tuberculosis species 
with MIC, 1.5 μM higher than the reference fluoroquinolones, 

ciprofloxacin, and norfloxacin MIC, 2.4, 9.8 μM respectively. 

Besides, the compounds 134b-d showed activities against 

Klebsiella pneumonia (MIC, 0.06, 0.08, and 0.034 μM, 

respectively) more potent than norfloxacin, MIC, 0.5 μM. 

Furthermore, the compounds, 133b, and 135a exhibited 

antibacterial activities against Gram-positive species, 

Staphylococcus aureus (MIC, 0.7 and 0.38, respectively), higher 

than ciprofloxacin MIC, 1.6 μM [153].  

The new hybrids of fluoroquinolones-nitrate esters have been 

synthesized and investigated for (NO) releasing activities using 
the modified Griess colorimetric method and antibacterial 

activities against M. tuberculosis H37Rv strain. The results 

revealed that the compounds 136a, 136b, 137, 138, and 139 

exhibited antitubercular activities with (MIC, 1.7, 1.4, 1.8, 1.7, 

and 1.7 mM respectively) higher than the parent drug, 

ciprofloxacin (MIC, 2.4 mM). As well as these compounds 

display DNA cleavage stimulation activities against 

mycobacteria species but less than parent ciprofloxacin. The 

growth inhibitory activities of these hybrids may be due to 

gyrase poisoning activities or NO-releasing effect [154]. 

 

 

 

 

New Mannich base hybrids of ciprofloxacin with a series of 

phenolic compounds have been synthesized and investigated for 

antibacterial activities against different species of bacterial 
strains, MRSA (reference strain), MRSA (clinical strain), S. 

aureus, K. pneumonia, E. coli, and P. aeruginosa using standard 

agar plates method. The hybrids, 140 exhibited high 

antibacterial activities against E. coli and P. aeruginosa species 

with MIC, 0.036 and 0.043 μg/mL, respectively. While 

compound 141 displays potent activities against S. aureus and 

MRSA (reference strain) with MIC, 0.061 and 0.066 μg/mL, 

respectively, higher than reference drug, ciprofloxacin with 

MIC, 1.6 and 1.5 μg/mL, respectively [109]. 

 

 

 

 

 

8.Conclusion  

Drug repositioning is the redirection of the drug from its 

original medical indication to another, based on two approaches 

“On-Target” meaning that a known drug target is involved in 

other diseases and “Off-Target” meaning that the drug target 

differs from the known target [19,155]. These studies have two 

possibilities, the drug targeting a protein, that could be 

participated in the manifestation of more than one disease or a 
drug binds to many proteins. The first one can be more useful 

since a single drug can be used for treating multiple diseases 

this known as a multitargeting drug. While the second is not 

useful due to severe side effects [156]. The current review 

summarizes the new strategies of multitargeting and 

repositioning of fluoroquinolones from antibacterial to 

antitumor activities as well as the new strategies for developing 

new antibacterial fluoroquinolones with improved properties. 

Fluoroquinolones exert their anticancer activities via inhibition 

of mammalian DNA Topoisomerases type II. Different 

Fluoroquinolones structural modifications and hybridization 

have been reported to convert the antibacterial Fluoroquinolones 
to antitumor analogs. Most of these modification strategies were 

at position 7 related to piperazine moiety, carboxylate group at 

position 3, or modification at both sites as well as other 

strategies may be involved such as metal complexation. These 

modifications were greatly affecting the inhibition of 

Topoisomerase enzymes, physicochemical properties, and 

pharmacokinetics of the newly developed analogs, in addition to 

decreasing the zwitter ion nature and increasing the lipophilicity 

that participates in the improvement of fluoroquinolone 

properties. For example, compounds 61a, b are linked urea-

hybrids of ciprofloxacin with chalcone derivatives at position-7. 
These hybrids displayed antiproliferative activities against colon 

HCT-116, leukemia SR cancer cell lines, Topo I and Topo IIβ 

inhibitory activities higher than reference drugs, camptothecin, 

topotecan, and staurosporine. As well as cell cycle arrested 

against leukemia SR cell line at G2/M phase and apoptosis 

induction [95]. Another multitarget Fluoroquinolones is 

compound 94, a levofloxacin hybrid with HDAC inhibitory 

acting moiety at C-3 position as a strategy for targeting both 

histone deacetylase (HDAC) and tubulin polymerization, in 

addition to Topoisomerase enzymes. Compound 94 showed 

anticancer activities higher than the reference drug, SAHA 

against MCF-7, HDAC inhibitory activity, and inhibitory 
activity against tubulin polymerization comparable to a drug, 

colchicine [125]. Compounds 98a-c are 3,7-bis-benzylidenes 

hybrids of ciprofloxacin. These hybrids exhibited potent 

antiproliferative activity comparable to Doxorubicin against 

leukemia cancer cell line HL-60 (TB) colon cancer cell line 

HCT-116, breast cancer cell line MCF7, and induced apoptosis 

at G2/M phase, as well as exhibited promising dual Topo Iα and 

Topo IIB inhibition activities comparable to reference drugs 

Camptothecin and Etoposide [129].  

New strategies for developing new antibacterial 

fluoroquinolones analogs are necessary to improve the 
antibacterial activities of fluoroquinolones against different 

species of organism, including Gram-positive, Gram-negative, 

aerobic, and anaerobic bacteria. Besides, these modifications 

can overcome the developed bacterial resistance and enhance 

the pharmacokinetic properties of new fluoroquinolones 

analogs. Multi targets fluoroquinolones, compound 105 is a 

hybrid of fluoroquinolone with uracil derivatives and it was 

designed to targeting DNA polymerase IIIC, Topoisomerase IV,  
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and gyrase enzymes. It was showed potent antibacterial against 

B. subtilis and DNA polymerase IIIC inhibitory activities. In 

addition to excellent activity against various drug-resistant 
bacteria, such as, VREF F118 (linezolid-resistant) and MRSA 

B42876 [134-136]. Compounds 119 and 120 are ciprofloxacin-

organometallic conjugates, the antimicrobial activities were 

significantly enhanced due to two independent antibacterial 

mechanisms of action, bacterial Topoisomerase inhibitory 

activity and generation of reactive oxygen species caused by the 

organometallic moiety. The antibacterial activities of these 

hybrids were greatly enhanced against the E. coli ATCC 25922, 

S. aureus ATCC 6538, and K. pneumonia ATCC 13883 than the 

parent drug, ciprofloxacin [146]. Glycosylated- 

fluoroquinolones, hybrids 126a-c were designed as a prodrug by 
coupling with a sugar part, glucosamine moiety at 

fluoroquinolones C-3 position to increase the uptake of 

fluoroquinolones into the microbial cells, hence enhancing the 

selectivity, potency and lowering fluoroquinolones side effects. 

So, significant antimicrobial activities against fluoroquinolone-

resistant Escherichia coli, Candida albicans, and Penicillium 

chrysogenum have been reported [150]. From all previously 

discussed data, the researchers become more interested in 

developing new more safe anticancer agents and look for 

optimal antibiotics based on fluoroquinolones scaffold. 
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