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Abstract 

Silver complexes of norfloxacin (NOR) are interesting for therapeutic purposes due to possible synergistic bactericidal and 
antifungal potential provided by the metal and fluoroquinolones (FQ). In order to obtain new compounds with superior 
antibacterial and antifungal properties, we synthesized two silver complexes of NOR. A multi-analytical approach was 
carried out by using elemental analysis (C, H, N), conductivity measurement, differential scanning calorimetry and 
spectroscopic methods (FT-IR, 1H-NMR, UV-VIS and PL). The screening of antibacterial activity and antifungal of the 
complexes was performed by determination of minimal inhibitory concentration (MIC) through microtiter broth dilution 
method. 
 
Rezumat 

Complecșii argintului cu norfloxacina (NOR) sunt interesanți a fi utilizați în scopuri terapeutice datorită potențialului 
bactericid și antifungic sinergic conferit de ionul metalic și fluorochinolonă. Pentru a obține compuși noi cu proprietăți 
antibacteriene și antifungice, am sintetizat doi complecși ai argintului cu NOR. O abordare multianalitică a fost efectuată prin 
utilizarea analizei elementale (C, H, N), determinarea conductivității, calorimetriei cu scanare diferențială și a metodelor 
spectroscopice (FT-IR, 1H-RMN, UV-VIS și FL). Evaluarea activității antibacteriene și antifungice a complecșilor a fost 
realizată prin determinarea concentrației minime inhibitorii (CMI) prin metoda diluțiilor. 
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Introduction 

Quinolone antibacterial class contains numerous 
compounds which are currently commonly used in 
the treatment of different bacterial infections. This 
group consists of synthetic antibacterial agents, 
with broad spectrum activity, good oral absorption 
and bioavailability. Due to the particular chemical 
structure, fluoroquinolones (FQs) offer excellent 
chelating properties for metal ions. The most 
common way of complexing metal cations is 
through the 4-oxo and 3-carboxyl groups. In the last 
decades many metal complexes of FQs have been 
synthesized. The most interesting and useful effect 
is the increase of antimicrobial activity of the metal 
complexes versus the one of the free ligand. In 
addition, other biological effects can also be related to 

complexation, as the potential antifungal, anti-
parasitic, anti-inflammatory and cytotoxic effects 
[1, 41, 57]. Among the cations used in obtaining 
metal complexes, the silver ion is found because of 
its own bactericidal and antifungal properties [29, 
31, 37]. By combining an antibiotic molecule with 
silver ion there is a good chance in increasing the 
antibacterial and antifungal effect. Thereby, some 
studies have described the use of silver ion in order 
to obtain FQ metal complexes and it is known by 
now that the complexation occurs in a particular 
way, through the N4'-piperazine atom of the FQ 
ligand [52, 57]. Norfloxacin (NOR) (Figure 1) (1-
ethyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-1,4-
dihydroquinoline-3-carboxylic acid), is a second 
generation FQ with a piperazine substituent in 
position 7. NOR is effective against aerobic Gram 
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positive bacteria and exhibits improved activity 
also against Gram negative bacteria, compared with 
the first-generation compound; but it is not 
effective against obligate anaerobic bacteria. 

 

 
Figure 1. 

The chemical structure and numbering of the NOR 
 
NOR is indicated for the treatment of urinary tract 
infections caused by Escherichia coli, Klebsiella 
pneumoniae, Enterobacter cloacae, Proteus mirabilis, 
indole-positive Proteus spp., including Proteus 
vulgaris, Providencia rettgeri, Morganella morganii, 
Pseudomonas aeruginosa, Staphylococcus aureus, 
and Staphylococcus epidermidis, and group-D 
streptococci [5, 9]. As a FQ antibiotic, NOR inhibit 
DNA synthesis by targeting a type II bacterial DNA 
gyrase, and topoisomerase IV enzymes which are 
necessary for DNA replication and transcription, 
resulting in bacterial death. DNA gyrase is the 
primary target of action for Gram-negative bacteria 
and topoisomerase IV is the primary target of 
action for Gram positive bacteria [20]. Many 
metallic complexes of NOR have been studied 
before in terms of antimicrobial activity, biological 
evaluation against Trypanosoma cruzi, binding to 
DNA and to albumins, DNA cleavage ability and 
cell cycle cytotoxic activity [3, 8, 11, 17, 23, 39, 46, 
49, 50]. Silver complexes of antibacterial quinolones 
have been reported only for few ligands: nalidixic 
acid and pipemidic acid from the first generation, 
NOR, pefloxacin, and ciprofloxacin from the second 
generation, and moxifloxacin from the fourth 
generation [6, 12, 16, 28, 29, 51, 52]. The main 
objective of our paper was to obtain new NOR-
silver complexes through simple and accessible 
methods. For characterization of the synthetized 
complexes, several analysis methods were applied 
in order to characterize the complexes: elemental 
analysis, spectroscopic methods (FTIR, 1H-NMR, 
UV-VIS, and PL spectroscopy), thermal methods 
(differential scanning calorimetry), and screening 
of antibacterial and antifungal activity. 
 
Materials and Methods 

Chemicals and Reagents. NOR used in this study 
were obtained from the Ranbaxy Laboratories 
Limited (India) and silver nitrate (AgNO3) from SC 
UTCHIM SRL (Romania). Both substances were of 
pharmaceutical grade. Solvents and reagents: 
methanol (GR p.a., Lach-Ner, Czech Republic), and 

glacial acetic acid (Chemical Company, Romania). 
All chemicals used were of analytical reagent grade. 
Preparation of complexes. Method 1 (for complex 
1). A solution obtained from 10 mmol AgNO3 and 
50 mL water have been added into a mixture of 
5 mmol NOR and 50 mL glacial acetic acid (1:2 
molar ratio). The entire mixture was maintained for 
2 hours on reflux refrigerant at 60°C, the obtained 
solution was concentrated with a rotary evaporator 
at 40°C under vacuum. The resulting reaction 
mixture was filtrated, slowly dried in an oven set at 
40°C, and kept in a desiccator over anhydrous 
CaCl2, protected from light. Method 2 (for complex 
2). A solution obtained from 10 mmol AgNO3 and 
50 mL water have been added into a mixture of 
5 mmol NOR and 50 mL methanol (1:2 molar 
ratio). The entire mixture was stirred for 6 hours on 
a magnetic stirrer, in a sealed flat-bottom flask, 
protected from light. The resulting reaction mixture 
was filtrated, slowly dried in an oven set at 40°C, 
and kept in desiccator over anhydrous CaCl2, 
protected from light. 
Apparatus. Melting points were determined using a 
digital capillary melting point apparatus, Optimelt-
Stanford Research System. The molar conductance 
was determined for the 10-3 M solution of complex in 
dimethylformamide (DMF) with a multiparameter 
analyser CONSORT C830. Elemental analyses of 
C, N and H were carried out on a Perkin Elmer PE 
2400 analyser. Differential Scanning Calorimetry 
(DSC) analysis was carried out using a DSC 60 
Shimadzu apparatus. The weight of the samples was 
3 mg. The DSC curves were recorded in the range 
of 40 - 400ºC, with a temperature increase rate of 
10°C/min. FT-IR spectra were recorded on a FT-IR 
Thermo Nicolet (USA) spectrometer with samples 
prepared as KBr pellets in the range of 4000 - 
400 cm-1, and processed using Omnic V.6 software. 
NMR measurements were carried out on a Varian 
Unity Inova DDR spectrometer (599 MHz for 1H) 
with a 5 mm inverse-detection gradient probehead 
using dimethylsulfoxide-d6 (DMSO-d6) as solvent. 
Standard pulse sequences and processing routines 
available in VnmrJ 2.2C/Chempack 4.0 were used. 
The chemical shifts were referenced to the solvent 
signal of internal DMSO-d6 (2.500 ppm). UV 
spectra were recorded on a T70 + UV/VIS 
Spectrometer PG Instruments Ltd. Electronic 
spectra by diffuse reflectance technique, with 
Spectralon® as standard, were recorded in the range 
200 - 800 nm, on a Jasco V650 spectrophotometer.  
Photoluminescence (PL) spectra in solid state were 
recorded on a Jasco FP 6500 spectrofluorometer. 
Microbiological studies 
Antibacterial activity screening. The antibacterial 
activity of NOR and of the two synthesized 
complexes was analysed on six bacterial strains, 
three Gram positive (Staphylococcus aureus ATCC 
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29213, Staphylococcus aureus MRSA ATCC 
43300, Enterococcus faecalis ATCC 29212) and 
three Gram negative (Escherichia coli ATCC 
25922, Klebsiella pneumoniae ATCC 700603, 
Pseudomonas aeruginosa ATCC 27853). Anti-
microbial activity was analysed according to the 
standard CLSI microdilution method. In 96-well 
microtiter plates, binary dilutions were performed 
of each tested complex, to a final volume of 25 µL. 
Thus, 10.24 mg from each complex was dissolved 
in 10 ml of 24% dimethylsulfoxide (DMSO), in 
order to obtain a concentration of 1.024 mg/mL for 
the stock solutions. The 24% DMSO was required 
in order to obtain a maximum accepted value of 3% 
DMSO in final volume [2, 21, 26, 58]. From the 
stock solution 25 µL were added in the first well 
(128 µg/mL) of the microtiter plate, and from this 
we performed the binary dilutions; on the last well 
the complex concentration was 0.06 µg/mL. The 
bacterial inoculum was adjusted to a concentration 
of 0.5 McFarland. From this, 10 µL were mixed 
with 9990 µL Muller-Hinton broth, and 175 µL 
were inoculated into the corresponding wells. The 
plates were incubated at 35°C for 24 hours. For all 
samples, the minimum inhibitory concentration 
(MIC) was interpreted at the last dilution which 
presented no bacterial growth. The DMSO solvent 
was used as a sterility control (25 µL solvent and 
175 µL Muller Hinton broth). Muller Hinton broth 
was used as a negative control. The positive growth 
control consisted in a mixture of 25 µL Muller 
Hinton broth and 175 µL bacterial suspension [30]. 
Antifungal activity screening. Antifungal activity 
was assessed following the same protocol, as for 
bacterial MIC, excepting the fact that the Muller-
Hinton broth was supplemented with 2% glucose 

and that the plates were incubated for 48 hours. All 
experiments were carried out in triplicate. 
 
Results and Discussion 

Synthesis of the complexes. Although obtaining 
metal complexes of FQs involves basically rather 
simple methods, to obtain a silver complex with 
NOR is a challenging issue. In the preliminary 
study we tried to adapt several methods described 
in the literature which used a reaction temperature 
of 80 - 100°C [16, 29, 47, 51]. These methods have 
proven not been successful due to the fact that the 
Ag+ ion can easily generate Ag2O (black-brown 
precipitate) which partially decomposed to Ag and 
O2 (Ag2O → 2Ag + 1/2O2). Thus, we opted for a 
lower reaction temperature (60°C in method 1) or 
for a “cold” method, that does not use heat for the 
reaction (method 2). Also for drying the obtained 
substance, we choose to avoid as much as possible 
the high temperatures and the direct exposure to the 
light. The obtained complexes are solid, amorphous 
substances, and stable in the air. Both complexes 
were insoluble in usual solvents: water, methanol, 
ethanol, chloroform, dichloromethane, acetone, 
acetonitrile, cyclohexane, and 2-propanol. Complex 
(1) was slightly soluble in DMSO and DMF, very 
slightly soluble in diluted hydrochloric acid, and 
glacial acetic acid. Complex (2) was soluble in 
DMSO, DMF, insoluble in diluted hydrochloric 
acid, and glacial acetic acid. Both complexes were 
soluble in concentrated ammonia and dissolved in 
10% NaOH forming a black precipitate (Ag2O) 
[56]. The analytical data and some physical 
properties of the obtained complexes are listed in 
Table I. 

Table I 
Physical properties and elemental analysis of the synthesized complexes 

Complex Molecular 
formula 

aMW Yield 
(%) 

Colour bmp 
(oC) 

Analysis (%) found (calculated) Molar conductance  
ΛM (Ω -1 cm2 mol-1)  C H N 

 (1) C18H21FN5O11Ag3 826 72 shiny 
gray 

256 26.49 (26.17) 2.99 (2.56) 8.25 (8.48) 89.7 

 (2) C32H34F2N8O12Ag
2 

976 76 light 
brown 

236 40.05 (39.36) 4.01 (3.51) 11.71 (11.48) 81.0 

aMW – molecular weight; bmp – melting point 
 
The results of elemental analysis indicate that the 
ligand is coordinate to the Ag(I) in a 3:1 for 
complex (1) and 1:1 molar ratio, for complex (2), 
respectively. The melting points of the complexes 
are higher comparing to the NOR ligand (225°C, 
experimentally determined), revealing that the 
complexes are more stable than ligand. The molar 
conductance of complexes is within the range 80 - 
90 Ω-1·cm2·mol-1, indicating the electrolytic nature 
of complexes [22, 55]. 
DSC analysis. We registered and compared the 
DSC curves of NOR, complex (1) and the complex 

(2) (Figure 2). The reported melting point of NOR 
is 220 - 224ºC [19]. By DSC method we obtained a 
melting point of 224.26ºC for NOR (an endo-
thermic phenomenon) followed by a decomposition 
process, corresponding to values found in the 
literature. On the DSC thermogram of NOR it is 
noticeable, as we expected, a dehydration process 
around 108ºC [7]. Complex (1) start to decompose 
at 268.22°C, with an exothermic curve, with a high 
broad peak, followed by other peaks, with higher 
values at 302.59°C, 322.31°C,  324.49°C and 
333.24°C, very different from the one obtained 
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DSC thermograms for NOR. Complex (1) proved 
to be stable up to 268.22°C, and began to 
decompose steadily up to 400°C. Complex (2) start 
to decompose at 178.85°C, with an exothermic 
curve, with a high peak, followed by other peaks, 
with the higher values at 202.93°C and 238.05°C. 

Also the complex (2) proved to be stable up to 
238.05°C and began to decompose steadily up to 
400°C. The thermal behaviour of both complexes 
are different comparative with thermogram of NOR 
and also AgNO3 (mp 211.91°C, in according with 
reported data) [36]. 

 

 
Figure 2. 

The DSC curves of a) NOR, b) complex (1) and c) complex (2) 
 
The DSC thermogram for the complexes showed 
exothermic and endothermic peaks which correspond 
to the decomposition of the complexes leaving 
silver or silver oxide residues and prove that the 
chemical structure of the synthesized complexes is 
different comparative to the ligand. 

FT-IR spectroscopy analysis. The FT-IR spectrum 
of NOR was compared to those of the silver 
complexes in order to confirm the binding mode of 
the ligand to the silver in the obtained complexes 
(Table II). 



FARMACIA, 2016, Vol. 64, 6 

 926 

Table II 
FT-IR band assignments for NOR and complexes (1) and (2) 

Band position (cm�1) Assignments References 
NOR (1) (2) 

 3433 br 3446 w ν(N-H)  [43, 46] 
 3393 vw   

  3294 w ν(O–H); H2O and ν(N-H) [16, 53] 
 3035 w 3055 w ν(C-H) in Ar nucleus and/or in R1R2 = CHR3 [18] 
 2843 w 2858 w ν(N-H) [16] 

2848 vw  - ν(O–H); ν(C–H), ν(NH2
+) [43] 

2554 wv 2510 vw - ν(NH2
+ )  [18] 

- 1715 m 1716 m ν(C=O)carb [43] 
1621 vs 1631 vs 1621 vs ν(C=O)py [18, 46, 53] 
1581 m 1580 s  ν(C=C) in Ar nucleus [18] 

 1555 m   
 1550 m  
  1508 m 

1486 s   CH; deformation of –CH2– 
 

δO–H in COOH (for dimer) 

[18, 46] 
  1462 vs 1464 vs 

1457 m   
1454 m   
1444 m   
1401 w   
1379 m  1374 m ν(NO2

-) [34, 43] 
  1366 s  

1350 m   
1338 m 1336 m 1335 m 

 1309 m  ν(C-F) and ν(C-N) 
ν(C=C) 

[18, 46, 51] 
1289 m  1293 vs 
1270 s   

  1259 s ν(C-O) [18, 46] 
1207 vw   ν(C-O), ν(C-N) [46] 

 1216 vw    
 1195 w 1197 w   
 1107 vw    
 1090 vw    
 1033 vw    
 979 vw  δC-H in Ar nucleus [46] 

 934 vw   
 921 w 927 m 
 901 w  
 826 vw 825 s δC-H in Ar nucleus [18, 43] 

 823 w   
 806 s 807 s 

804 vw   
s – strong; w – weak; m – medium; v – very; ν – stretching; δ – deformation. 
 
NOR shows a value of absorption band of 3393 cm-1, 
2848 cm-1 and 2554 cm-1, attributable to the 
ν(-NH2

+) in their zwitterionic form [18, 43, 45]. In 
both silver complexes these weak bands appear 
shifted to different values. These shifts in the spectra 
suggest involvement in silver ion complexation of 
nitrogen atoms from the piperazine moiety. In 
previous studies, NOR has been described to show 
characteristic absorption bands for stretching 
vibrations of the carboxyl groups ν(C=O)carb at 
1716, 1727 - 1731 cm-1 and the pyridone ν(C=O)py 
at 1620 cm-1, respectively at 1628 - 1630 cm-1 [18, 
27, 46]. The decrease in the v(C=O)carb wave number 
in carboxyl group can be related to the formation of 

dimers and/or to the participation of carboxyl 
groups in complex conjugated systems. In our 
records the NOR characteristic absorption bands for 
stretching vibrations of the carboxyl group ν(C=O)carb 
is missing similar to other previous records for 
NOR [13, 35]. This particular aspect can be 
explained with the intramolecular H-bond between 
the 3-carboxyl and the 4-carbonyl groups, which 
stabilize the protonated forms of the carboxyl group 
[38, 44]. But it is also possible to have a hydrated 
NOR because, when water molecules are incorporated 
into the crystal structure, the response of carboxyl 
group ν(C=O)carb can be modified [13]. On the DSC 
thermogram of NOR it is noticeable as we expected 
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a dehydration process around 108°C (Figure 2). 
Absorption bands attributed to carboxyl group 
ν(C=O)carb can be found in both complexes spectra 
(1715 and 1716 cm-1) similar to other metal 
complexes with NOR obtained by the M.S. Refat 
[43]. The stretching vibration for the pyridone 
group ν(C=O)py mentioned in the literature are 
assigned 1630 cm-1 and 1620 cm-1 [18, 46]. 
Comparing the stretching vibration for the pyridone 
group v(C=O)py for both in NOR and complex (1), 
a shift occurs from 1621 cm-1 (NOR) to 1631 cm-1  
in the complex (1) suggesting that the 4-oxo group 
is involved in the coordination of silver ion. These 
data confirm that the 4-oxo and 3-carboxyl group 
are involved in the formation of complex (1). In the 
case of complex (2) the stretching vibration for the 
pyridone group v(C=O)py are identical, even in 
intensity, with NOR spectrum at 1621 cm-1 suggesting 
that the 4-oxo group is not involved in the coordination 
of silver ion. Taking into consideration these data 
we can conclude that the 4-oxo and 3-carboxyl 
group are not involved in complexation of silver in 
complex (2) structure. In the region between 1500 - 
1440 cm−1 the bands are attributable to the CH-

bending vibrations (δCH) and also the stretching 
vibration of the quinolone ring system (νring) are 
around 1400 cm-1 [35, 46]. An absorption band at 
1270 cm-1 is also present representing the vibrations 
of tension C-F [18, 27]. Characteristic bands of 
nitrate group (NO3

-) of our complexes are situated 
in the region 1380 - 1350 cm-1 as we expected, 
almost similar to the band of complex obtained by 
M.S. Refat reported at 1384 cm-1 [43], assigned to 
ν(N=O): NO3

- [34]. Thereby, the 1366 cm-1 absorption 
band values for complex (1) and 1374 cm-1 for 
complex (2) can be attributed to vibration strength 
for nitrate group (NO3

-), suggesting that is part of 
the obtained silver complex. Also strong bands are 
observed at 1462 cm-1 (for complex (1)) and 1464 
cm-1 (for complex (2)) corresponding to the 
stretching vibration ν(N=O) in agreement with M.S. 
Refat study [43]. 
NMR analysis. The complexation-induced 1H NMR 
chemical shifts are summarized in Table III. The 1H 
NMR spectra demonstrated the complex formation 
between silver ions and NOR; moreover, it can 
provide information about the coordination modes. 

Table III 
The complexation-induced 1H NMR chemical shift data (chemical shifts in ppm) of NOR, complex (1), and 

complex (2) 
Proton NOR Complex (1) Complex (2) 

2 8.939 8.963 
Δ = 0.024 

8.960 
Δ = 0.021 

5 7.912 7.941 
Δ = 0.029 

7.925 
Δ = 0.013 

8 7.149 7.189 
Δ = 0.04 

7.162 
Δ = 0.013 

12 4.582 4.599 
Δ = 0.017 

4.593 
Δ = 0.011 

2’ 6’ 3.234 3.333 
Δ = 0.099 

3.286 
Δ = 0.052 

3’ 5’ 2.892 3.041 
Δ = 0.149 

2.944 
Δ = 0.052 

13 1.228 1.233 
Δ = 0.005 

1.234 
Δ = 0.006 

 
The aromatic region of free NOR and complexes 
are very similar. The changes of chemical shifts 
clearly showed the complex formation between 
NOR and silver. However the piperazine protons 
revealed a considerable shift, indicating that the 
piperazine nitrogen atoms are the coordination sites 
for silver in both cases. The value of complexation-
induced chemical shift is higher in the case of 
complex (1). The complexation-induced chemical 
shift of aromatic protons is lower than piperazine 
ring though remarkable especially for complex (1), 
which can indicate that in this complex, not only 
the piperazine but the 4-oxo and 3-carboxilic 
groups can play a role for complex formation. 

Similar observations was published for Au(III)-FQ 
complexes by L.R. Gouvea et al. [24]. 
UV spectrophotometry analysis. UV spectra of the 
two complexes and NOR were registered in DMSO 
using 0.0125 mg mL-1 concentrations. Absorption 
maximum of the NOR is situated at 286 nm (A = 
1.046) and for the both complexes is at 285 nm 
(complex (1) with A = 0.968 and complex (2) with 
A = 1.051 respectively). The change of the UV 
spectra of the complexes cannot be considered 
significant. This suggests that no major structural 
changes occur in the chemical structure of the two 
synthesized complexes [54]. More information has 
been obtained also from the electronic spectra of 
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ligand and complexes registered in solid state 
(Table IV).  

Table IV 
UV-Vis data for NOR and its complexes 

Compound λmax (nm) Absorbance (a.u.) 
NOR 248.5  0.969 

 320  0.997 
 349.5 0.974 

Complex (1) 271 0.607 
 308 (sh) 0.675 
 379 0.757 
 451 0.522 

 Complex (2) 266 sh 0.644 
 383 0.854 
 455 sh 0.648 

 
 

The peak situated at 248.5 nm in the ligand 
spectrum is attributed to the n–π* transitions, while 
the two peaks that appear at 320 and 349.5 nm 
correspond to the π–π* transitions. These bands are 
bathochromic shifted in the UV-Vis spectra of both 
complexes (Δλ ~ 20 nm for the peak situated at 
248.5 nm and Δλ ~ 30 nm for the band with 
maximum at 349.5 nm) (Figure 3). 
A new band appears in the visible region of 
electronic spectra of complexes at ~ 450 nm. Since 
no d–d transitions are expected for a d10 complex, 
this band is assigned to metal to ligand charge 
transfer (MLCT) or ligand-cantered π–π* transitions, 
metal-metal interactions. The electronic spectra of 
Ag+ complexes are quite similar to each other. 
 

 

 
Figure 3. 

Electronic spectra in solid state of (a) NOR, (b) complex (1) and (c) complex (2) 
 
PL spectra analysis. The emission spectra of NOR 
ligand and complexes in the solid state at room 
temperature were investigated. Comparing the 
photoluminescent properties of the complex (1) 
with those of NOR at the same excitation 
wavelength, 271 nm (Figure 4), we noticed the 
following: (i) both compounds exhibit a strong 
photoluminescent emission band complex (1) at 
~425 nm, I > 1000 a.u.; NOR at 444 nm, I = 931 
a.u.) (λex = 271 nm); (ii) the emission band is more 
intense in the case of complex (1); (iii) a blue shift 
(~ 20 nm) occurs in the emission band of complex 
(1). 

 

 
Figure 4. 

Solid state emission spectra at λex = 271 nm of (a) 
NOR, and (b) complex (1) 

 
Similar observations could be made for emission 
spectra of NOR and complex (2) as a result of 
excitation at the same wavelength, 266 nm (Figure 
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5): λem = 427 nm, I = 758 a.u. for NOR, and λem = 
442 nm, I = 759 a.u. for complex (2), respectively. 

 

 
Figure 5. 

Solid state emission spectra at λex = 266 nm of (a) 
NOR, and (b) complex (2) 

 
The changes observed in the emission spectra of the 
complexes could be caused by the effect of the 
coordination process, but also can be a consequence 
of the interactions in the lattice of complexes, 
different from those from the lattice of ligand. In 
contrast with the strong PL of complexes at λex ~ 
270 nm, an opposite phenomenom was observed 
upon excitation at ~ 450 nm: a weak PL with 
emission maximum at 673 nm (I = 66 a.u., λex = 
450 nm) for complex (1) (Figure 6), and at 681 nm 
(I = 28 a.u., λex = 455 nm) for complex (2), 
respectively (Figure 7). Comparatively, at the same 
excitation and emission wavelengths, the ligand 
shows higher emission intensity: 134 a.u. (λem = 
673 nm, λex = 650 nm), and 128 a.u. (λem = 680 nm, 
λex = 455 nm). 
The emission band generated by excitation at ~ 450 
nm may be mainly originated from the intraligand 
1(π–π*) excited state of NOR, and it is severely 
quenched upon silver coordination [12]. 

 

 
Figure 6. 

Solid state emission spectra at λex = 271 nm of (a) 
NOR, and (b) complex (1) 

 

 
Figure 7. 

Solid state emission spectra at λex = 271 nm of (a) 
NOR, (b) complex (2) 

 
Microbiological studies. The susceptibility of 
bacteria against tested compounds and the 
antifungal tests are presented in Table V. The 
antifungal activity of synthesized complexes was 
analysed on four yeast species, namely Candida 
albicans, Candida krusei, Candida guilliermondii 
and Candida parapsilosis. The MIC values for 
Candida guilliermondii were not conclusive.

 
Table V 

MIC for antibacterial and antifungal activity of NOR, complex (1) and complex (2) 
Selected bacteria and fungi MIC (µg/mL) 

NOR Complex (1) Complex (2) 
Gram positive    
Staphylococcus aureus ATCC 29213 1.67 2 1.67 
Staphylococcus aureus MRSA ATCC 43300 1.67 4 2 
Enterococcus faecalis ATCC 29212 1 2 2 
Gram negative    
Escherichia coli ATCC 25922 ≤ 0.06 ≤ 0.06 ≤ 0.09 
Klebsiella pneumoniae ATCC 700603 0.75 0.5 0.75 
Pseudomonas aeruginosa ATCC 27853 0.5 0.5 0.5 
Candida spp.  48 48 
Candida albicans  96 96 
Candida krusei  24 24 
Candida parapsilosis  48 48 

 
Regarding the antibacterial activity against selected 
Gram positive and Gram negative strains, the two 
synthesized compounds show similar MIC values 
with NOR, though it was expected to exhibit higher 

antibacterial activity than the ligand due to the 
silver content. Silver sulphadiazine, developed in 
the 60s for the treatment of burns, showed strong 
activity against Escherichia coli, Staphylococcus 
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aureus, Klebsiella spp. and Pseudomonas spp.. In 
addition, the current trend is for the use of silver-
containing wound bandages to protect wounds, as 
there are numerous commercial products on the 
market which are impregnated with silver [10, 15, 
40, 42]. On the other hand silver ion is widely 
recognized as an antibacterial, antiseptic, anti-
inflammatory and cytotoxic [33]. However, in 
similar manner the silver antibacterial activity of 
silver complex of NOR synthesized by M.S. Refat 
[43] it was not significantly higher than the ligand 
against species Bacilis subtilis and Pseudomonas 
aeruginosa by filter paper disc method. Until now 
the antifungal activity of silver complex of NOR 
was reported in the case of the complex synthesized 
by M.S. Refat against Penicillium verrucosum  and 
no antifungal activity against Aspergillus flavus  
and Fusarium solani by filter paper disc method 
[43]. The MIC values obtained for the antifungal 
activity of the two synthesized compounds against 
the four selected species of Candida are relatively 
modest. We expected a significant antifungal 
activity because there are reported data for a 
significantly antifungal activity for other silver 
organic compounds [4, 14, 32, 48]. We have chosen 
for screening Candida spp because these are 
opportunistic yeasts found in the flora of skin. In 
patients with burns/lesions may occur more 
frequently overgrowth of Candida spp. It is noted 
that these patients frequently receive antibiotics for 
treatment that favour candidiasis [25]. From the 
perspective of our own microbiological data it 
seems that it is very important the structure of 
complexes for an increase of the antibacterial and 
antifungal activity [4]. In the complex (1) three 
silver ions are most probably bound by N1', N4' 
piperazinic atoms, and by 4-oxo group.  Following 
the performed analysis the molecular formula for 
complex (1) is Ag3(NOR)(CH3COO)(NO3)2. However, 
more investigations are needed, in order to 
determine what the appropriate chemical structure 
is. The complex (2) corresponds most likely to a 
dimer structure, [Ag2(NOR)2](NO3)2. NOR acts as a 
monodentate ligand and complexation occurs at the 
N'4 atom of the piperazine substituent (Figure 8), a 
structure different to the silver complex obtained by 
Li Y.X. et al. and similar to the structure reported 
by M.S. Refat [29, 43].  

 

 
Figure 8. 

The proposed chemical structure for complex (2) 
 

It is noteworthy that although it was used a 
different synthesis method and different molar ratio 
NOR:AgNO3, without the use of high temperature, 
the silver is coordinated by N'4 piperazine atom. 
The structure of the complex (2) presents a 
symmetrically structure with two silver atoms in the 
middle and NOR acts as a neutral monodentate to 
coordinate silver. 
 
Conclusions 

In our study we obtained two silver complexes of 
NOR in order to increase the antibacterial and 
antifungal effects of the new compounds in 
comparison with the ligand. We used two new 
different methods for obtaining the complexes that 
avoid high temperatures. Consequently physico-
chemical characterization, the chemical formula for 
complex (1) is Ag3(NOR)(CH3COO)(NO3)2 and the 
complex (2) correspond the most likely to a dimer 
structure [Ag2(NOR)2](NO3)2, with NOR acting as 
monodentate ligand, coordinated through the N4' 
piperazine atom. Although there is potential 
regarding the antibacterial and antifungal activity, 
our obtained silver complexes presented similar 
activity with NOR against Gram positive and Gram 
negative selected bacteria and a moderate 
antifungal activity against three Candida spp. The 
two complexes are not able to release in vitro 
enough silver ions for an additional antibacterial 
effect by comparison with NOR, probably due to 
particular chemical structure. Instead, the 
compounds exhibit some activity against four 
Candida species, also in accordance with the 
release of silver ion from the complexes. 
 
Acknowledgement 

The research was supported by a project funded 
through Internal Research Grants by the University 
of Medicine and Pharmacy of Tîrgu Mureş, 
Romania (grant contract for execution of research 
projects nr. 2/23.12.2014). 
 
References 

1. Akinremi C.A., Obaleye J.A., Amolegbe S.A., Adediji 
J.F., Bamigboye M.O., Biological activities of some 
Fluoroquinolones-metal complexes. Int. J. Biomed. 
Res., 2012; 1: 24-34. 

2. Alastruey-Izquierdo A., Gómez-López A., Arendrup 
M.C., Lass-Florl C., Hope W.W., Perlin D.S., Rodriguez-
Tudela J.L., Cuenca-Estrella M., Comparison of dimethyl 
sulfoxide and water as solvents for echinocandin 
susceptibility testing by the EUCAST methodology. 
J. Clin. Microbiol., 2012; 50: 2509-2512. 

3. Al-Mustafa J., Magnesium, calcium and barium 
perchlorate complexes of ciprofloxacin and 
norfloxacin. Acta Chim. Slov., 2002; 49: 457-466. 

4. Altaf M., Stoeckli-Evans H., Cuin A., Sato D.N., 
Pavan F.R., Leite C.Q.F., Ahmad S., Bouakka, M., 



FARMACIA, 2016, Vol. 64, 6 

 931 

Mimouni, M., Khardli F.Z., Hadda T.B., Synthesis, 
crystal structures, antimicrobial, antifungal and 
antituberculosis activities of mixed ligand silver(I) 
complexes. Polyhedron., 2013; 62: 138-147. 

5. Andriole V.T., The quinolones: past, present, and 
future. Clin. Infect. Dis., 2005; 41(2): S113-119. 

6. Baenziger N.C., Fox Jnr C.L., Modak S.L., The 
Structure of Silver Pefloxacin, an Antibiotic 
Related to Nalidixic Acid. Acta Crystallogr. C, 
1986; 42: 1505-1509. 

7. Barbas R., Prohens R., Puigjaner C., A new polymorph 
of norfloxacin complete characterization and 
relative stability of its trimorphic system. J. Therm. 
Anal. Calorim., 2007; 89: 687-692. 

8. Batista D.G.J., da Silva P.B., Stivanin L., Lachter 
D.R., Silva R.S., Felcman J., Louro S.R.W., 
Teixeira L.R., de Nazare C. Soeiro M., Co(II), 
Mn(II) and Cu(II) complexes of fluoroquinolones: 
Synthesis, spectroscopical studies and biological 
evaluation against Trypanosoma cruzi. Polyhedron, 
2011; 30: 1718-1725. 

9. Block J.H., Beale J.M. (eds), Wilson and Gisvold’s 
textbook of Organic Medicinal and Pharmaceutical 
Chemistry, 12th edition, Lippincott Williams&Wilkins. 
Philadelphia, 2011; 179-241. 

10. Bobiev G.M., Sufiev T.D., Shakhmatov A.N., Anti-
bacterial properties of coordination compounds of 
silver and tryptophan. Pharm. Chem. J., 2008; 42: 
614-615. 

11. Breda S.A., Jimenez-Kairuz A.F., Manzo R.H., Olivera 
M.E., Solubility behavior and biopharma-ceutical 
classification of novel high-solubility ciprofloxacin 
and norfloxacin pharmaceutical derivatives. Int. J. 
Pharmaceut., 2009; 371: 106-113. 

12. Chen Z.F., Yu L.C., Zhong D.C., Liang H., Zhu 
X.H., An unprecedented 1D ladder-like silver(I) 
coordination polymer with ciprofloxacin. Inorg. 
Chem. Commun., 2006; 9: 839-843. 

13. Chongcharoen W., Byrn S.R., Sutanthavibul N., 
Solid state interconversion between anhydrous 
norfloxacin and its hydrates. J. Pharm. Sci., 2008; 
97: 473-489. 

14. Coyle B., McCann M., Kavanagh K., Devereux M., 
McKee V., Kayal N., Egan D., Deegan C., Finn G.J., 
Synthesis, X-ray crystal structure, anti-fungal and 
anti-cancer activity of [Ag2(NH3)2(salH)2] (salH2 = 
Salicylic Acid). J. Inorg. Biochem., 2004; 98: 
1361-1366. 

15. Darrell R.W., Modak S.M., Fox C.L.Jr., 
Norfloxacin and silver norfloxacin in the treatment 
of Pseudomonas corneal ulcer in the rabbit. Trans. 
Am. Ophthalmol. Soc., 1984; 82: 75-91. 

16. Debnath A., Mogha N.K., Masram D.T., Metal 
Complex of the First-Generation Quinolone Anti-
microbial Drug Nalidixic Acid: Structure and Its 
Biological Evaluation. Appl. Biochem. Biotechnol., 
2015; 175: 2659-2667. 

17. Dinu-Pîrvu C., Arama C.C., Radu C., Uivarosi V., 
Preliminary preformulation studies for a new 
norfloxacin ruthenium (III) complex with biological 
activity. Farmacia, 2013; 61: 251-261. 

18. Dorofeev V.L., Infrared spectra and the structure of 
drugs of the fluoroquinolone group. Pharm. Chem. 
J., 2004; 38: 693-697. 

19. Dorofeev V.L., Arzamastsev A.P., Veselova O.M., 
Melting Point Determination for the Analysis of 
Drugs of the Fluoroquinolone Group. Pharm. 
Chem. J., 2004; 38: 333-335. 

20. Fàbrega A., Madurga S., Giralt E., Vila J., 
Mechanism of action of and resistance to 
quinolones. Microb. Biotechnol., 2009; 2: 40-61. 

21. Fothergill A.W., Sanders C., Wiederhold N.P., 
Comparison of MICs of fluconazole and flucytosine 
when dissolved in dimethyl sulfoxide or water. J. 
Clin. Microbiol., 2013; 51: 1955-1957. 

22. Geary W.J., The use of conductivity measurements in 
organic solvents for the characterization of coordination 
compounds. Coord. Chem. Rev., 1971; 7: 81-115. 

23. Golovnev N.N., Kirik S.D., Golovneva I.I., Synthesis 
of norfloxacin compounds with cobalt(II), zinc(II), 
cadmium(II), and mercury(II). Russ. J. Inorg. Chem., 
2009; 54: 223-225. 

24. Gouvea L.R., Garcia L.S., Lachter D.R., Nunes P.R., 
de Castro Pereira F., Silveira-Lacerda E.P., Louro S.R., 
Barbeira P.J., Teixeira L.R., Atypical fluoroquinolone 
gold(III) chelates as potential anticancer agents: 
relevance of DNA and protein interactions for their 
mechanism of action. Eur. J. Med. Chem., 2012; 
55: 67-73. 

25. Ha J.F., Italiano C.M., Heath C.H., Shih S., Rea S., 
Wood F.M., Candidemia and invasive candidiasis: 
a review of the literature for the burns surgeon. 
Burns., 2011; 37: 181-195. 

26. Hazen K.C., Influence of DMSO on antifungal 
activity during susceptibility testing in vitro. Diagn. 
Microbiol. Infect. Dis., 2013; 75: 60-63. 

27. Larkin P.Jr., IR and Raman Spectroscopy 
Principles and Spectral Interpretation, Elsevier, 
Amsterdam, Netherlands, 2011, 73-115. 

28. Li M.T., Sun J.V., Sha J.Q., Wu H.B., Zhang E.L., 
Zheng T.Y., An unprecedented Ag–pipemidic acid 
complex with helical structure: Synthesis, structure 
and interaction with CT-DNA. J. Mol. Struct., 
2013; 1045: 29-34. 

29. Li Y.X., Chen Z.F., Xiong R.G., Xue Z., Ju H.X., 
You X.Z., A mononuclear complex of norfloxacin 
with silver(I) and its properties. Inorg. Chem. 
Commun., 2003; 6: 819-822. 

30. M100-S23 Performance Standards for Antimicrobial 
Susceptibility Testing Twenty-Third Informational 
Supplement, CLSI, Wayne, USA, 2013; 142-171. 

31. Martínez-Abad A., Sánchez G., Lagaron J.M., Ocio 
M.J., Ligands affecting silver antimicrobial efficacy 
on Listeria monocytogenes and Salmonella enterica. 
Food Chem., 2013; 139: 281-288. 

32. McCann M., Coyle B., McKay S., McCormack P., 
Kavanagh K., Devereux M., McKee V., Kinsella P., 
O'Connor R., Clynes M., Synthesis and X-ray crystal 
structure of [Ag(phendio)2]ClO4 (phendio = 1,10-
phenanthroline-5,6-dione) and its effects on fungal 
and mammalian cells. Biometals, 2004; 17: 635-645. 

33. Medici S., Peana M., Nurchi V.M., Lachowicz J.I., 
Crisponi G., Zoroddua M.A., Noble metals in medicine: 
Latest advances. Coordin. Chem. Rev., 2015; 284: 
329-350. 

34. Meyers R.A. (ed.), Encyclopedia of Analytical 
Chemistry, John Wiley & Sons Ltd, Chichester, 
UK, 2000; 10815. 



FARMACIA, 2016, Vol. 64, 6 

 932 

35. Neugebauer U., Szeghalmi A., Schmitt M., Kiefer W., 
Popp J., Holzgrabe U., Vibrational spectroscopic 
characterization of fluoroquinolones. Spectrochim 
Acta A Mol. Biomol. Spectrosc., 2005; 61: 1505-1517. 

36. O'Neil M.J. (ed.), The Merck Index - An Encyclopedia 
of Chemicals, Drugs, and Biologicals. 13th Edition, 
Whitehouse Station, Whitehouse Station, New 
Jersey, USA, 2001; 1526. 

37. Paiva I.L., de Carvalho G.S.G., da Silva A.D., Corbi, 
P.P., Bergamini F.R.G., Formiga A.L.B., Diniz R., 
do Carmo W.R., Leite C.Q.F., Pavan F.R., Cuin A., 
Silver(I) complexes with symmetrical Schiff bases: 
Synthesis, structural characterization, DFT studies 
and antimycobacterial assays. Polyhedron, 2013; 
62: 104-109. 

38. Park H.R., Kim T.H., Bark K.M., Physicochemical 
properties of quinolone antibiotics in various 
environments. Eur. J. Chem., 2002; 37: 443-460. 

39. Patel M.N., Joshi H.N., Patel C.R., Copper(II) 
complexes with norfloxacin and neutral terpyridines: 
Cytotoxic, antibacterial, superoxide dismutase and 
DNA-interaction. Polyhedron, 2012; 40: 159-167. 

40. Percivala S.L., Bowlera P.G., Russell D., Bacterial 
resistance to silver in wound care. J. Hosp. Infect., 
2005; 60: 1-7. 

41. Psomas G., Kessissoglou D.P., Quinolones and 
non-steroidal anti-inflammatory drugs interacting 
with copper(II), nickel(II), cobalt(II) and zinc(II): 
structural features, biological evaluation and 
perspectives. Dalton Trans., 2013; 42: 6252-6276. 

42. Rai M.K., Deshmukh S.D., Ingle A.P., Gade A.K., 
Silver nanoparticles: the powerful nanoweapon 
against multidrug-resistant bacteria. J. Appl. 
Microbiol., 2012; 112: 841-852. 

43. Refat M.S., Synthesis and characterization of 
norfloxacin-transition metal complexes (group 11, 
IB): spectroscopic, thermal, kinetic measurements 
and biological activity. Spectrochim. Acta A, 2007; 
68: 1393-1405. 

44. Rusu A., Tóth G., Szőcs L., Kökösi J., Kraszni M., 
Gyéresi Á., Noszál B., Triprotic Site-specific Acid-
base Equilibria and Related Properties of Fluoro-
quinolone Antibacterials. J. Pharmaceut. Biomed., 
2012; 66: 50-57. 

45. Sadeek S.A., El-Shwiniy W.H., Zordok W.A., El-
Didamony A.M., Synthesis, spectroscopic, thermal 
and biological activity investigation of new Y(ΙΙΙ) 
and Pd(ΙΙ) norfloxacin complexes. J. Argent. Chem. 
Soc., 2009; 97: 128-148. 

46. Sadeek S.A., Synthesis, thermogravimetric analysis, 
infrared, electronic and mass spectra of Mn(II), 
Co(II) and Fe(III) norfloxacin complexes. J. Mol. 
Struct., 2005; 753: 1-12. 

47. Sarwade S.S., Jadhav W.N., Khade B.C., 
Characterization of novel complex Ciprofloxacin 
Ag(I). Arch. Appl. Sci. Res., 2015; 7: 36-41. 

48. Segura D.F., Netto A.V.G., Frem R.C.G., Mauro 
A.E., da Silva P.B., Fernandes J.A., Pa F.A.A., Dias 
A.L.T., Silva N.C., de Almeida E.T., Marques M.J., 
de Almeida L., Alves K.F., Pavan F.R., de Souza 
P.C., de Barros H.B., Leite C.Q.F., Synthesis and 
biological evaluation of ternary silver compounds 
bearing N,N-chelating ligands and thiourea: X-ray 
structure of [{Ag(bpy)(µ-tu)}2](NO3)2 (bpy = 2,2′-
bipyridine; tu = thiourea). Polyhedron, 2014; 79: 
197-206. 

49. Shaikh A.R., Giridhar R., Megraud F., Yadav M.R., 
Metalloantibiotics: Synthesis, characterization and 
antimicrobial evaluation of bismuth-fluoroquinolone 
complexes against Helicobacter Pylori. Acta 
Pharm., 2009; 59: 259-271. 

50. Shaikh A.R., Giridhar R., Yadav M.R., Bismuth-
norfloxacin complex: Synthesis, physicochemical 
and antimicrobial evaluation. Int. J. Pharmaceut., 
2007; 332: 24-30. 

51. Soayed A.A., Refaat H.M., El-Din D.A.N., 
Characterization and biological activity of 
Pefloxacin–imidazole mixed ligands complexes. 
Inorg. Chim. Acta, 2014; 421: 59-66. 

52. Soayed A.A., Refaat H.M., El-Din D.A.N., Metal 
complexes of moxifloxacin–imidazole mixed 
ligands: Characterization and biological studies. 
Inorg. Chim. Acta, 2014; 406: 230-240. 

53. Sousa I., Claro V., Pereira J.L., Amaral A.L., 
Cunha-Silva L., de Castro B., Feio M.J., Pereira E., 
Gameiro P., Synthesis, characterization and anti-
bacterial studies of a copper(II) levofloxacin ternary 
complex. J. Inorg. Biochem., 2012; 110: 64-71. 

54. Uivarosi V., Aramă C., Contributions to the spectro-
photometric analyses of norfloxacin. Farmacia, 
2002; 50: 71-77. 

55. Uivarosi V., Badea M., Olar R., Velescu B.Ş., Aldea 
V., Synthesis and characterization of a new complex 
of oxovanadium (IV) with naringenin, as potential 
insulinomimetic agent. Farmacia, 2016; 64(2): 
175-180. 

56. Uivarosi V., Dinu Pîrvu C., Ghica M., Anuţa V., 
Preformulation studies using cosolvent systems to 
increase the solubility of a new enrofloxacin 
ruthenium (III) complex with biological activity. 
Farmacia, 2013; 61: 127-142. 

57. Uivarosi V., Metal Complexes of Quinolone 
Antibiotics and Their Applications: An Update. 
Molecules, 2013; 18: 11153-11197. 

58. Wadhwani T., Desai K., Patel D., Lawani D., 
Bahaley P, Joshi P., Kothari V., Effect of various 
solvents on bacterial growth in context of 
determining MIC of various antimicrobials. The 
Internet Journal of Microbiology, 2008; 7: 1-6. 

 

 
 


