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Abstract 

An acetate bridged binuclear Cu(II) complex of the antiparasitic drug ornidazole was synthesized 

and characterized by different techniques. Structure of the complex determined by single crystal 

X-ray diffraction was found to be paddle wheel. Enzyme assay experiments performed under 

anaerobic conditions on ornidazole and its Cu(II)-complex using xanthine oxidase as a model 

nitro-reductase suggests complex formation is able to cause a significant decrease in the 

reduction of the nitro group on the imidazole ring. Although not directly coordinated to the metal 

center, such decrease in generation of nitro radical anion through complex formation is important 

for its reported neurotoxicity. Decrease in nitro radical anion also implies the complex could be 

less cytotoxic since reduction products of 5-nitroimidazoles interact with DNA causing 

destruction in double helical structure and strands leading to inhibition of protein synthesis. This 

could be a disadvantage from the standpoint of drug efficacy. For this reason, other aspects 

associated with drug action of 5-nitroimidazoles, like binding to DNA, were studied. 

Experiments using cyclic voltammetry revealed binding of the complex was almost comparable 

to ornidazole. Bactericidal activity of ornidazole and the complex was studied on two separate 

bacterial strains showing the complex was comparable to ornidazole. Since generation of nitro 

radical anion is known to affect the central nervous system adversely, this study showing its 

controlled formation by the complex is important. The study showed an ability of the complex to 

decrease the generation of NO2
٠– to an extent that struck the correct balance for beneficial 

activity since cytotoxicity due to ornidazole was not affected. 

 

Keywords 

Ornidazole, crystal structure, xanthine oxidase, nitro-radical anion, DNA binding, cyclic 

voltammetry, antibacterial activity. 
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Introduction 

5-nitroimidazoles are heterocyclic compounds with proven efficacy on a number of parasitic and 

bacterial infections.1-3 Being small molecules they efficiently enter parasites or infecting bacteria 

[4]. Metronidazole (Mnz), tinidazole (Tnz) and ornidazole (Onz) are important members of the 

5-nitroimidazole family having recognized efficacy. The molecules themselves are not active but 

anaerobic reduction forms the cytotoxic nitro radical anion responsible for its efficacy.1-4 These 

compounds are reduced in the hydrogenosome of the parasite by enzymes like pyruvate 

ferredoxin oxidoreductase (PFOR) where they act as electron sink, capturing electrons from 

reduced ferredoxin that would otherwise have been donated to hydrogen ions to form hydrogen 

gas in a hydrogenase reaction.5,6 Since parasites lack mitochondria they use hydrogenosomes to 

accomplish fermentative carbohydrate metabolism with hydrogen as the electron acceptor.5 

Reduction of the nitro group in 5-nitroimidazoles is important for it helps these drugs to enter the 

cell by passive diffusion.4,6 Reduction is reported to equip them, enabling more drugs to enter the 

cell by creating a favorable concentration gradient while reduction proceeds intra-cellularly.4-6 

Once inside the cell, the nitro radical anion binds to DNA, disrupting or breaking strands and is a 

cause of cell death.6,7  

Although an extremely important class of drugs for different types of infections several problems 

confront 5-nitroimidazoles. The two main areas of concern are that of drug resistance and neuro-

toxic side effects.8-13 Clinical resistance exists if there is a failure to cure an infection even after 

at least two consecutive courses of the drugs.4 Although accurate figures are not available, an 

estimate suggests ~ 2.5-5.0 % of all cases of trichomoniasis for example, display some level of 

resistance to Mnz.5,13 Resistance affects both aerobic and anaerobic mechanisms. In resistance by 

aerobic mechanisms, there is a decrease in transcription of the ferredoxin gene, decreasing the 
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ability of the cell to activate 5-nitroimidazoles. Reduced ferredoxin expression results in lowered 

activation for which there are fewer drugs inside the cell. Besides, oxygen-scavenging pathways 

are affected. In anaerobic resistance, the performance of PFOR and hydrogenase are decreased or 

rendered non-existent. Decreased hydrogenase activity, together with reduction in hydrogen 

production becomes a crucial factor in impaired oxygen-scavenging mechanisms in the 

hydrogenosome. Since oxygen is an efficient electron receptor, increased levels of cellular 

(hydrogenosomal) oxygen result in impaired reduction and activation of 5-nitroimidazoles. 

Therefore, when these drugs are not reduced, concentration becomes similar in intracellular and 

extracellular fluids and no additional drug enters the cell. Moreover, in the presence of oxygen, 

reduced nitro free radical is oxidized to its native form with simultaneous formation of 

superoxide anion achieving only limited cell damage (by superoxide anions) compared to cell 

death by nitro free radicals.1 

Owing to aspects of drug resistance reported for Mnz and Tnz, Onz [1-chloro-3-(2-methyl-5-

nitro-1H-imidazol-1-yl)propan-2-ol], another 5-nitroimidazole, is currently being tried in 

different pharmaceutical formulations. Although formation of nitro radical anion is important for 

drug efficacy, too much formation is harmful, being a reason for concern. Hence suitably 

modified forms that generate the correct amount necessary for cytotoxic action and leave no 

excess could take care of toxic side effects. To look at such alternatives we prepared a Cu(II) 

complex of Onz. 
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Structure of ornidazole (Onz) 

 

Results and discussion 

Structure description of [Cu2(OAc)4(Onz)2]  

The compound crystallizes in monoclinic space group P21/c. Structure determination reveals it is 

a discrete, centrosymmetric dimeric complex, where two different acetate units connect two 

copper(II) centers to form a paddle-wheel Cu2(CO2)4 dinuclear secondary building unit, in which 

each copper(II) centre is connected to Onz. ORTEP3 view of [Cu2(OAc)4(Onz)2] with 30% 

ellipsoid probability is shown in Figure 1. In the dimer, two square-pyramidal copper(II) centers 

are bridged by two centrosymmetrically related acetate anions in µ-1,3 fashion leading to 

relatively small Cu…Cu distance [2.648(5) Å]. Within the dimeric unit, each of the two square-

pyramidal copper(II) centers is coordinated equatorially by four oxygen atoms (O1, O2, O3 and 

O4) of acetates, comprising the basal plane [bond length lying between 1.948(1) Å and 1.981(1) 

Å]. One nitrogen atom, N(1), from an Onz ligand coordinates axially at a rather long distance 

(2.185(3) Å) furnishing a square-pyramidal (4+1) geometry for each copper(II) center in the 

dimeric complex. A summary of the crystallographic data is provided in Table 1. Selected bond 

lengths and bond angles are given in supplementary information (Tables ST1 and ST2 

respectively). The geometry of a penta-coordinated metal complex may conveniently be 

measured by the Addison parameter14, (trigonality index, τ = (α-β)/60, where α and β are the two 

largest L–M–L angles of the coordination sphere) that is ideally zero for a square-pyramidal 

complex and is one for a trigonal bi-pyramidal one. In the present case, copper(II) centres assume 

square pyramidal geometries with Addison parameter 0.01. As usual for square pyramid 
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structures, the copper(II) centres are slightly pulled out of the mean square planes towards the 

apical donor atoms at distances of 0.2095(4) Å.  

The hydroxyl H atoms (H6) attached to O7, forms bifurcated intermolecular H bond with 

the nitrogen atom N3 and oxygen atom O5 [Figure S1]. Details of the H-bonding are given in 

Supplementary Information (Table ST 3). 

Spectroscopic studies  

 UV-VIS spectra  

Electronic spectra for Onz and the complex show intense UV bands at 318 nm attributed to intra-

ligand (IL) transitions. The band at 704 nm for the complex could be assigned to the 

characteristic d-d transition [dxy, dyz → dx2-y2] for Cu(II). However, as expected intensity of the 

peak at 704 nm was very weak [ε = 72 M-1cm-1]. Electronic spectra of the complex (in solution) 

recorded at different time intervals within a span of 24 hours showed no significant change 

indicating it was stable with no dissociation of any kind. The value of ε at 318 nm was 8082 M-

1cm-1 for  ornidazole and 17990 M-1cm-1 for [Cu2(OAc)4(Onz)2]. 

IR spectra 

IR spectrum of Onz shows a band at 1538.21 cm-1 assigned to ν(C=N) imidazole ring stretching 

that shifts to higher wavenumbers 1551 cm-1 in case of the complex suggesting coordination of 

the metal ion by imidazole nitrogen (Fig. S2 and S3). The two NO2 stretching vibrations, νas 

1471 cm-1 and νs 1385.92 cm-1 in the complex were similar to Onz clearly indicating NO2 does 

not participate in bonding. IR spectrum of the complex (Fig. S3) shows two intense bands at 

1630 cm-1 and 1425 cm-1 respectively that were absent in Onz being characteristic of νas (CO2) 

and νs (CO2). The magnitude of splitting ∆ν (CO2) being 205 cm-1 that is generally observed for 
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bridging acetates indicating presence of such units in the complex. X-ray crystal structure and IR 

data corroborate each other and was in agreement with similar structures reported earlier.15-17 

Magnetic property  

The effective magnetic moment recorded for the complex at 299 K (1.23 BM) was significantly 

lower than that expected for d9 configuration suggesting reasonably strong anti-ferromagnetic 

coupling between Cu(II) centers. The value was close to µeff values reported for Cu(II) acetates and 

other binuclear Cu(II) compounds, supporting a dimeric structure with interaction between Cu(II) 

centres. While discussing the X-ray crystallographic data we mentioned that in each binuclear 

unit, Cu(II) centers were found separated by 2.648 Å representing moderately strong Cu(II)….Cu(II) 

interaction. The magnetic susceptibility measurements only strengthened this thought further. 

EPR spectrum 

The EPR spectrum at X-band frequency for [Cu2(OAc)4(Onz)2] taken from 0 to 800 mT at 25 °C 

showed three signals at 30 mT (Hz1), 470 mT (H┴2), and 605 mT (Hz2) respectively (Fig. S4). 

Small resonance signals in the region from 300 – 400 mT were due to monomer impurities which 

are often observed for carboxylato-bridged Cu(II) compounds.18,19 The spin Hamiltonian for the 

triplet state of dimeric copper (II) compounds may be represented by Eq. 2, 

H = β HgS + DSz2 + E(Sx2 - Sy2) – 2/3D    (2) 
    

 
where D and E are zero-field splitting parameters, β is the Bohr magneton, and x, y, and z are 

principal axes coordinate system fixed with respect to the Cu–Cu bond20. Since in case of a 

powdered sample it is impossible to align the magnetic field along a given direction, the 

observed spectrum is the sum over all possible orientations. Three resonance fields observed for 

such axially symmetric complexes and the g values (g|| and g┴) at room temperature for a 

powdered sample are related by the following equations: 
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H┴2 = (ge/g┴)2[H0(H0+D′)] 

Hz1 = - (ge/gz) (H0-D′) 

Hz2 = (ge/gz) (H0+D′) 

 
 

where H0 = hν/geβ and D′ = D/geβ. The g values obtained using the above equations, 2.35 (g||) 

and 2.04 (g┴) compare well with those found for a large number of dimeric Cu(II)-carboxylato 

complexes possessing axial symmetry.18–23 The EPR data was characteristic of tetragonal 

structures (g║ > g┴) where the unpaired electron was present in a dx
2

-y
2

 orbital. 

Enzyme assay 

In the presence of the enzyme xanthine oxidase (XOD), hypoxanthine is reported to reduce nitro-

imidazoles to a nitro radical anion.24 This reduction was followed by monitoring the loss of 

absorbance of Onz, the complex and a 1:1 mixture of Onz and Cu(II) taken as Cu(OAc)2.H2O 

without pre-complexation at 320 nm for a specified period of time.24 Enzyme assay revealed 

there was a decrease in absorbance for Onz but not for the complex. In case of the mixture the 

decrease in absorbance at 320 nm was less than Onz but greater than the complex. Fig. 2(A) and 

Fig. 2(B) indicate unlike Onz, [Cu2(OAc)4(Onz)2] did not show a gradual decrease in 

absorbance. While the nitro group in free Onz was reduced, the same in case of the complex as 

well as the 1:1 mixture of Cu(II) and Onz was affected, registering comparatively insignificant 

decrease at 320 nm (Fig. 3). This was inspite the fact that the complex possesses two nitro 

groups in its structure. The change in absorbance at 320 nm for the 1:1 mixture of Onz and 

Cu(OAc)2.H2O is shown in Fig. 2(C). Thus the metal ion (Cu(II)) is involved in some way in 

preventing the reduction of the nitro group. This could happen due to two reasons. One could be 

that the orientation of the nitro group in the complex was not quite favorable for reduction i.e. 
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the directional covalent bonds of the -NO2 moiety was not properly oriented to accept electrons 

from hypoxanthine. The other possibility is reduction of -NO2 to nitro radical anion was followed 

by an intramolecular electron transfer to the Cu(II) centre thus regenerating -NO2.25-27 In either 

case, the absorbance at 320 nm would remain more or less constant which was actually observed. 

Whatever little decrease was observed for absorbance of the complex at 320 nm was attributed to 

either a partial reduction of the nitro centre or inability of all nitro-radical anions formed to 

transfer their electron to Cu(II). In case of the 1:1 mixture of Onz and Cu(II), upon mixing they 

may undergo chemical reaction to some extent to form the complex. Therefore, the decrease in 

reduction of the nitro radical anion in case of the mixture with respect to Onz may be attributed 

to a combination of in situ complex formation as well as the presence of free Cu(II) in the 

medium. In case of the complex, this has a lot of significance since it is largely believed 

reduction products of 5-nitroimidazoles interact with DNA causing destruction of double helical 

structure leading to inhibition of protein synthesis and cell death, a reason for its efficacy on 

target systems (parasites and bacteria). The same nitro radical anion is toxic to the central 

nervous system. Hence, any attribute that can modulate the formation of the nitro-radical anion 

should be able to reduce toxic side effects. In order to see if the Cu(II) complex of Onz was 

effective as Onz itself we performed a study of Onz and its Cu(II) complex on two different 

bacterial strains and the results are discussed later. 

Cyclic voltammetric studies 

The cyclic voltammogram of Onz in aqueous buffer at a scan rate of 0.1 V s−1 shows a reduction 

peak at − 900 mV against Ag/AgCl, satd. KCl. [Figure S5]. The peak was assigned to reduction 

of –NO2 on the imidazole ring of Onz.28-31 Cyclic voltammogram of a similar concentration of 

[Cu2(OAc)4(Onz)2] showed a reduction peak at − 885 V (scan rate of 0.1 V s−1) [Fig. S5]. 
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Voltammograms for reduction of the nitro group were also obtained at various scan rates for both 

compounds. Ipc was plotted against square root of scan rate according to Eq. 1 for both 

compounds (Fig. S6). Straight lines were obtained passing through the origin that clearly 

demonstrated the compounds undergo reduction in a diffusion-controlled pathway and that there 

was no adsorption on the electrode surface. Comparing the voltammogram of Onz with that of 

[Cu2(OAc)4(Onz)2], we found a two-fold increase in reduction peak current (Ipc) for the complex 

compared to Onz (Fig. S5) [17].  

 

DNA binding studies  

Under the experimental conditions, Onz shows a reduction peak at -900 mV while 

[Cu2(OAc)4(Onz)2] shows a peak at -885 mV. In case of Onz, on increasing the concentration of 

c t DNA, the peak current gradually decreased (Fig. 4) while for [Cu2(OAc)4(Onz)2], the peak 

current gradually increased (Fig. S7). Based on the change in peak current (∆I) for Onz and the 

complex binding constants were evaluated considering the equilibrium in Eq. 2.  

  (2) 

In case of Onz, a decrease in peak current during titration with DNA is suggestive of the fact that 

the nitro group of Onz immediately upon formation of the nitro radical anion interacts with DNA 

resulting in structural changes that progressively make it difficult for -NO2 reduction 

electrochemically. This happens because as Onz molecules start interacting with DNA there 

occurs changes in the orientation of the nitro group of bound molecules preventing reduction. 

Hence this attribute of unbound molecules making their nitro groups available for reduction i. e. 

being able to interact with electrons at the electrode surface was used to measure the amount of 

Onz interacting with c t DNA. However, the situation is exactly the reverse in case of the 
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complex. Here upon adding DNA, the peak increases implying the nitro group of the bound form 

of the complex not only remains electrochemically active but is definitely more suited to 

reduction at the electrode surface. If this was not the case then during titration for a fixed 

concentration of the complex there is no reason why successive currents (Ipc) should increase with 

addition of DNA. This increase in peak current could then be used as a measure of the extent of 

interaction between [Cu2(OAc)4(Onz)2] and c t DNA. Hence, at any point of the titration of the 

complex, the cathodic peak current corresponds to contributions both from free and bound forms. 

Thus, ∆I for the complex corresponds to (m'cb
i - mcf

i) where cb
i refers to the concentration of the 

bound form of [Cu2(OAc)4(Onz)2], cf
i being its corresponding concentration in the absence of 

DNA.32 m is a constant equal to 0.4463 (F3/RT)1/2 n3/2 A0 D[Cu2(OAc)4(onz)2]
1/2 v1/2 for the free form 

of [Cu2(OAc)4(Onz)2] while m' is the same constant for the bound form of [Cu2(OAc)4(Onz)2].32 

 

Equation SE 1 is a linear plot of the reciprocal of ∆I with the reciprocal of (CD – C0) whose slope 

provides an estimate of the dissociation constant Kd  = (1/Kapp) while the intercept yields 1/∆Imax 

(Fig. S8). Kapp denotes the apparent binding constant for the interaction (Table 2). The value of 

∆Imax was used to find the ratio ∆I/∆Imax which was then plotted against concentration of added c 

t DNA. This was done for both compounds and the plot was fitted according to the non-linear 

square fit analysis, [Eqs. SE 2 and SE 3] (Fig. 5). Kapp obtained from double reciprocal and non-

linear fits were compared (Table 2). Site size of interaction (nb) was determined with the help of 

the mole ratio plot (Fig. S9) where ∆I/∆Imax was plotted against ratio of the concentration of 

DNA to that of the compounds. nb denotes the number of nucleotide bases bound to a molecule 

of each compound. Multiplying Kapp with nb the overall binding constant (K*) was obtained.17 

The titrimetric data was also fitted to the Scatchard equation (Eq. SE 4, Fig. 6) and overall 

binding constant and site size of interaction was evaluated for both compounds (Table 2). 
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Binding parameters were more or less similar for both compounds. Hence, in this case, the DNA 

interaction study does not attest to complex formation being regarded as an improvement in the 

direction of biological activity.  

Interaction of Onz and [Cu2(OAc)4(Onz)2] with bacterial cells 

Efficacy of the compounds was studied on two bacterial strains. Results suggest Onz and 

[Cu2(OAc)4(Onz)2] are almost comparable in their performance on Staphylococcus aureus  

(ATCC 29213) and Escherechia coli (ATCC 25922) as revealed by MIC assay. MIC values were 

found in the range 20.25 µM to 40.5 µM for both compounds (Table ST4, S I). Control 

experiments were done using free Cu(II) from copper(II) nitrate and copper(II) acetate, a Cu(II) 

complex of a non-toxic ligand EDTA, EDTA itself in the form of Na2EDTA and a 1:1 mixture of 

Onz and CuII (taken as  Cu(OAc)2.H2O).  The control experiments showed free Cu(II) was not 

active against cells, registering a very high MIC value. Experiments carried out with the Cu(II) 

complex of EDTA did not show significant activity and was similar to that obtained with EDTA. 

The mixture of the 1:1 mixture of Onz and Cu(II) showed results exactly similar to that observed 

for Onz (Table ST4, S I). An earlier study with the dimeric Cu(II) complex of tnz revealed that the 

complex had a lower MIC value on the same bacterial cells than tnz.17 

 

Conclusion  

A Cu(II) complex of ornidazole was prepared and characterized. Using Onz and the complex we 

showed that the complex was able to drastically decrease the formation of the nitro-radical anion 

in an enzyme assay where hypoxanthine reduces the nitro group in the presence of Xanthine 

oxidase. DNA binding experiments with Onz and the complex revealed no improvement in 

binding in favor of the complex. However, efficacy of the complex remained unaltered towards 

Page 12 of 29Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



bacterial cells Staphylococcus aureus and Escherechia coli. Since formation of the nitro radical 

anion is responsible for antiparasitic - antibacterial activity as well as toxic side effect to the 

central nervous system it appears from this study even with decreased nitro radical anion the 

complexes are quite active. This study therefore suggests complex formation strikes the correct 

balance for the generation of nitro radical anion that is able to maintain efficacy on bacterial cells, 

leaving no excess for toxic side effects. 

 

Experimental 

Materials 

Onz and copper(II) acetate [Cu(OAc)2.H2O] were purchased from Sigma-Aldrich, USA and E. 

Merck, India respectively. These were used without further purification for preparing the CuII 

complex of Onz. Hypoxanthine was obtained from Sisco Research Laboratories, India. Xanthine 

oxidase (XOD) isolated from cow milk was obtained from Sigma Aldrich as a suspension in 

ammonium sulphate solution. Calf thymus DNA was purchased from Sisco Research 

Laboratories and dissolved in triple distilled water. Concentration of c t DNA in terms of 

nucleotide was determined considering the molar extinction coefficient at 260 nm to be 6600 mol-

1 dm3 cm-1. Aqueous solution of Tris buffer (Spectrochem Pvt. Ltd., India) having pH ~7.4 and 

NaCl (AR, Merck, Germany) was used to maintain physiological conditions in DNA binding 

experiments. Stock solutions of Onz and [Cu2(OAc)4(Onz)2] were prepared in ethanol. All 

experimental solutions were prepared in triple distilled water. 

Bacterial strains: Staphylococcus aureus (ATCC 29213) and Escherichia coli (ATCC 25922) 

were used in this study.33–35 The strains were stored at −70 °C in 15% (vol/vol) glycerol until 
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subcultured onto respective media. Bovine heart infusion media (High Media Laboratories, 

India) was used for culturing bacterial cells. 

Methods   

Preparation of [Cu2 (OAc)4(Onz)2]  

The complex [Cu2(OAc)4(onz)2] was prepared by methods described earlier.15-17 A solution of 

ornidazole (0.22 g, 1.00 mmol) in hot methanol (25 ml) was added to a solution of 

Cu(OAc)2.H2O (0.2g, 1.00 mmol) in hot methanol (25 ml). The mixture was heated under reflux 

at a temperature of ~ 60oC for 6 hours. Green crystals were obtained after a week by slow 

evaporation of the solvent. Yield: 78 %. Anal. Calc. (%) for [Cu2(OAc)4(Onz)2]  i.e. C22 H30 Cu2 

N6 O14 Cl2: C, 33.00; H, 3.75; N, 10.50. Found: C, 33.07; H, 3.72; N, 10.56. Cu(II) present in the 

complex was estimated using standard procedure (Found: 15.76 % Anal. Calc.: 15.875 %).36  

 

Crystallographic Data Collection and Refinement  

Single crystals of the complex, having suitable dimensions, were used for data collection using a 

‘Bruker SMART APEX II’ diffractometer equipped with graphite-monochromated Mo-Kα 

radiation (λ = 0.71073 Å) at 298 K. The molecular structures were solved using the SHELX-97 

package.37 Non-hydrogen atoms were refined with anisotropic thermal parameters. The hydrogen 

atom attached to oxygen was located by difference Fourier maps and was kept at fixed position. 

All other hydrogen atoms were placed in their geometrically idealized positions and constrained 

to ride on their parent atoms. Multi-scan empirical absorption corrections were applied to the 

data using the program SADABS.38 CCDC reference number is 1016461.  The figures were 

prepared using DIAMOND39 and ORTEP.40 

Physical measurements  
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FTIR data of solid samples as KBr pellets were obtained in the range 4000-400 cm-1 using a 

Perkin Elmer RX-I spectrophotometer. UV-Vis spectra for ornidazole and [Cu2(OAc)4(Onz)2] in 

methanol were recorded on a JASCO V-630 spectrophotometer, JASCO, Japan. Magnetic 

susceptibility measurements of powdered samples at room temperature (298 K) were recorded by 

Gouy method using Magway MSB MK1, Sherwood Scientific Ltd. EPR was recorded on JEOL 

JES-FA 200 ESR Spectrophotometer. Mass spectrum was recorded on Micromass Q-Tof 

microTM, Waters Corporation. 

Enzyme assay 

The method for enzyme assay, previously reported in the literature, uses xanthine oxidase (XOD) 

as a model nitro-reductase.24 Hypoxanthine was the reducing substrate while Onz and 

[Cu2(OAc)4(Onz)2] were electron acceptors. The XOD suspension (225 µL) was diluted to 1.5 

mL with 0.025 M phosphate buffer (pH 7.4) in a quartz cuvette sealed with a rubber septum. 

Oxygen was purged of by the passage of a stream of argon through the solution. The enzyme 

(XOD) solution had a specific activity of 0.3 units/mg of protein and contained ~10 units in 1.5 

mL. In another quartz cuvette, 1.0 mL hypoxanthine (0.01M) in 0.1 M phosphate buffer (~pH 

7.4) was taken along with 125 µL of 1600 µM Onz or [Cu2(OAc)4(Onz)2], that was earlier 

dissolved in DMF. The volume was made up to 2.0 mL with phosphate buffer (0.1M). The 

cuvette was sealed with a rubber septum and oxygen was purged of by the passage of argon 

through the solution. To initiate the reaction, 500 µL of the deoxygenated enzyme solution 

maintained in another cuvette, was added with the help of a gas-tight syringe to the degassed 

solution containing hypoxanthine and test compounds. The final assay solution (2.5 mL) was 

0.26 units/mL in XOD, 80 µM with regard to either Onz or [Cu2(OAc)4(Onz)2] and 4 mM in 

hypoxanthine. The cuvette was inverted to mix and monitored by UV-Vis spectroscopy against a 
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buffer-DMF blank. Spectrum of the solutions for the assay was taken every 5 minutes for 2 

hours. The change in absorbance at 320 nm was noted for Onz and [Cu2(OAc)4(Onz)2]. 

Cyclic voltammetry of Onz and [Cu2 (OAc)4(Onz)2]   

Cyclic voltammetry was carried out using Metrohm Autolab electrochemical analyzer. The 

conventional three- electrode system was used. A glassy carbon electrode of surface area 0.1256 

cm2 served as the working electrode, a platinum wire was the counter electrode while Ag/AgCl, 

satd.KCl was the reference electrode (0.199/V). Before an experiment, the solution was degassed 

for 30 min using high-purity argon. The temperature was maintained with the help of a 

circulating water bath. Results were analyzed according to the Randles-Sevcik equation [Eq. 1]. 

41,42 The electrochemical reduction of the nitro group in Onz and [Cu2(OAc)4(Onz)2] was used to 

understand interaction of the compounds with c t DNA. 

  

ipc = (2.69 × 105).n3/2. D0
1/2.A.C. ν1/2     (1) 

ipc refers to current in amperes at the cathodic peak potential, n indicates total number of 

electrons involved in electrochemical reduction, D0, diffusion coefficient of the species, A, area 

of electrode in cm2, C, the concentration of the substance in moles/cm3 and ν, scan rate in V s-1. 

DNA binding 

Since the response of Onz and [Cu2(OAc)4(Onz)2] in the visible part of the electromagnetic 

spectrum was very weak, interaction of the compounds with DNA was not followed using 

absorption spectroscopy.17 Again, although Onz and [Cu2(OAc)4(Onz)2] had an absorption at 318 

nm, DNA interaction was not studied in this region since DNA itself absorbs at 260 nm and the 

tailing of its absorbance interferes with those of the compounds.17,28  Interaction was not followed 

using fluorescence spectroscopy owing to lack of strong fluorescence in either compound. Hence, 
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we chose to study the interaction of Onz and [Cu2(OAc)4(Onz)2] using cyclic voltammetry 

monitoring the reduction of the nitro group.17,28,43 Although compelled to use this technique it 

was actually a blessing in disguise since interaction of nitroimidazoles with DNA proceeds via 

formation of the nitro radical anion that can only be realized properly if the interaction is 

followed by cyclic voltammetry.6,7,17,28,43 Change in response of the nitro radical anion was 

followed to understand interaction of the compounds with c t DNA.7,17,43 Experiments were 

performed at a scan rate of 100 mV/sec. The change in current ∆I being a measure of the extent to 

which the compound interacts with the added c t DNA.17,32,44 Change in ∆I was put in standard 

equations (supplementary section) yielding values for binding constants and site size of 

interaction.17,32,44 750 µL of 1000 µM Onz or [Cu2(OAc)4(Onz)2] along with 600 µL of 100 mM 

Tris buffer and 720 µL of 500 mM NaCl was taken in a cell for electrochemical analysis. Volume 

was made up to 3.0 mL using triple distilled water. The final working solution was 250 µM with 

respect to Onz or [Cu2(OAc)4(Onz)2], 20 mM in Tris buffer and 120 mM in NaCl. A glassy 

carbon electrode of surface area 0.1256 cm2 served as the working electrode, a platinum wire as 

counter electrode while Ag/AgCl, satd. KCl was the reference electrode. The experimental 

solution was degassed for 30 min using high-purity argon prior to recording a voltammogram. 

Biological assay on two bacterial strains  

In vitro antimicrobial activity of the compounds with Staphylococcus aureus, ATCC 29213 

(gram-positive bacteria) and Escherechia coli, ATCC 25922 (gram-negative bacteria) were 

studied by performing minimum inhibitory concentration (MIC) assay. This was determined in 

Mueller Hinton Broth (MHB, HiMedia Laboratories, India) by micro-dilution technique using a 

96-well round-bottomed microtitre plate (Corning Incorporated, Corning, NY) according to 

Clinical Laboratory Standards Institute (CLSI 2006b, formerly NCCLS) guidelines with a final 
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inoculum of 2 × 105 CFU/mL. MIC was the lowest drug concentration preventing visible 

turbidity after 18 h of incubation at 37 °C. 

 

Abbreviations used: Mnz: Metronidazole; Tnz: Tinidazole; Onz: Ornidazole; 

[Cu2(OAc)4(Onz)2] : CuII complex of ornidazole; PFOR: pyruvate 

ferredoxin oxidoreductase; XOD: Xanthine oxidase; CV: cyclic 

voltammetry.  
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Legends to Figures: 

Fig. 1: ORTEP3 view of [Cu2(OAc)4(Onz)2] with 30% ellipsoid probability. Only relevant atoms 

are lebelled. Hydrogen atoms are not shown for clarity. Selected bond lengths (Å) and 

bond angles (°): Cu(1)–O(1) 1.978(2), Cu(1)–O(2) 1.961(1), Cu(1)–O(3) 1.948(1), 

Cu(1)–O(4) 1.981(1), Cu(1)–N(1) 2.185(3), O(1)-Cu(1)-O(4) 167.91(11), O(2)-Cu(1)-

O(3) 167.55(9), O(1)-Cu(1)-N(1) 93.39(11), O(1)-Cu(1)-O(3) 91.42(6).    

Fig. 2:UV-Vis spectra of  Onz (A), [Cu2(OAc)4(Onz)2]  and 1:1 mixture of Onz and 

Cu(OAc)2.H2O (C) in the presence of xanthine oxidase and hypoxanthine in 5% DMF 

medium. Each spectrum was taken at 5 minutes interval.  

Fig. 3: Comparison of the rate of reduction of Onz (■) and [Cu2(OAc)4(Onz)2] (•) and 1:1 

mixture (▲) of Onz and Cu(OAc)2.H2O under anaerobic conditions. (Initial 
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concentrations = 0.2 U/mL in XOD, 80 µM in Onz or [Cu2(OAc)4(Onz)2] or in the 

mixture, 4 mM in  hypoxanthine, and 5% in DMF. 

Fig. 4: Cyclic voltammograms obtained for Onz in the absence (1) and presence of different 

concentrations of c t DNA, 140.64µM (2), 279.43µM (3), 618.55µM (4), 946.87µM (5), 

1783.26µM (6); [Onz] = 250 µM; [NaCl] = 120 mM; pH= 7.4; T = 25○C. 

Fig. 5:  Binding isotherm for Onz (A) and [Cu2(OAc)4(Onz)2] (B) interacting with c t DNA; the 

line is the fitted data corresponding to a non-linear fit that follows (Eqs. SE 2 and SE 3). 

[Onz] = [Cu2(OAc)4(Onz)2] = 250 µM, [NaCl] = 120 mM; pH= 7.4; T = 25○C. 

Fig. 6: Titrations of Onz (A) and [Cu2(OAc)4(Onz)2] (B) with calf thymus DNA were fitted to 

Eq. SE 4 plotted as r/Cf vs. r; [Onz] = [Cu2(OAc)4(Onz)2] = 250 µM, [NaCl] = 120 mM; 

pH= 7.4; T = 25○C. 
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Tables 

Table 1: Crystallographic and structural refinement parameters for [Cu2(OAc)4(Onz)2]  

Formula C22H30N6O14Cl2Cu2 

Formula Weight 800.52 

Crystal Size (mm) 0.20 x  0.20 x  0.30 

Temperature (K) 293 

Crystal  system Monoclinic 

Space group P21/c 

a(Å) 8.0418(7) 

b(Å) 7.8054(6) 

c(Å) 26.761(2) 

β(deg) 102.099(4) 

Z 2 

dcalc (g cm-3) 1.619 

µ(mm-1) 1.529 

F(000) 816 

Total Reflections 3761    

Unique Reflections 3761   

Observed data [I > 2 σ (I)] 1636 

R1, wR2 (all data) 0.0134, 0.0469 

R1, wR2 [I > 2 σ (I)] 0.0133, 0.0464 

Largest diff. in peak and hole (eÅ-3) -0.28, 0.28 
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Table 2: Binding constants and site size of interactions 

 

Compound Kapp (double 

reciprocal 

plot) 

Kapp (non-

linear plot) 

Site size 

(mole ratio) 

K* 

(scatchard 

plot) 

Site size 

(scatchard 

plot) 

Onz 1.706 × 104 1.464 × 104 1.50 2.77 × 104 1.39 

[Cu2(OAc)4(Onz)2] 5.257 × 103 4.941 × 103 2.40 1.15 × 104 2.25 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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