
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Voltammetric detection and quantification of 
pentacyano(isoniazid)ferrate(II), a metal-based drug 
candidate for the treatment of tuberculosis 

ABSTRACT 
A voltammetric method was employed to detect 
and quantify pentacyano(isoniazid)ferrate(II) 
compound (IQG-607), which is an inorganic 
complex with anti-tuberculosis (TB) activity. 
The technique used was adsorptive stripping 
voltammetry (AdSV) and application of a differential 
pulse scan in the stripping step (DPAdSV). The 
McIlvaine buffer was used as the base electrolyte. 
The compound presented three peaks at -0.70 V, 
-0.95 V and -1.1 V. Optimization of the method to 
improve the peak current was carried out by 
varying different factors such as pulse amplitude, 
pulse time, deposition time, deposition potential, 
and pH of the base electrolyte. The calibration 
curve was linear for IQG-607 concentrations 
ranging from 1 to 20 µg mL-1, and the limit of 
detection (LOD) and limit of quantification (LOQ) 
were 0.5 µg mL-1 and 1 µg mL-1, respectively. 
The stability of IQG-607 stock solution at two 
temperatures was investigated by the DPAdSV
 

method, and concomitant M. tuberculosis 2-trans- 
enoyl-ACP(CoA) reductase (MtInhA) enzyme 
activity measurements were carried out. These 
results suggest the formation of isonicotinic acid 
(INA) at -1.2 V as the degradation product, and 
revealed that the compound is stable for at least 
1 week at 4 ºC in solution. In addition, the correlation 
between reduction in the value of the first-order 
rate constant of MtInhA enzyme inhibition and 
IQG-607 chemical stability provides evidence that the 
latter, and not its metabolite(s), is the active chemical 
compound. The optimization of experimental 
conditions to detect and quantify the IQG-607 
compound by the DPAdSV method represents an 
experimental approach on which to base further 
pharmacokinetic studies in complex biological 
fluids, before embarking on costly clinical assays. 
The IQG-607 compound may be an example of a 
promising metal-based antimicrobial that inhibits the 
activity of a validated and druggable target (MtInhA) 
aiming at the development of an anti-TB agent. 
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To the best of our knowledge, there has been no 
analytical method described in the literature to 
detect and quantify the IQG-607 compound. We 
have tried a number of experimental protocols to 
detect the IQG-607 compound by high performance 
liquid chromatography (HPLC) using a variety of 
mobile phases and column types, including normal 
and reverse phases. However, no attempt was 
successful, probably due to the high polarity of 
IQG-607, which could lead to a strong retention in 
chromatographic columns [8, 16]. Issues associated 
with the analysis of pentacyanoferrate complexes 
by mass spectrometry, such as loss of cyanide and 
changes in oxidation state, have also been reported 
[17]. However, it needs to be shown whether or 
not there is any cyanide release or change in the 
oxidation state for IQG-607 in solution. Voltammetry

Fig. 2. Chemical structure of IQG-607. 

Fig. 1. Chemical structures of INH (A) and INA (B).
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INTRODUCTION 
Tuberculosis (TB) is an infectious disease, whose 
main pathogen is Mycobacterium tuberculosis. 
Isoniazid (INH) (Fig. 1A) is a first-line antibiotic 
used in TB therapy [1]. INH is a prodrug that is 
activated by a catalase-peroxidase enzyme (KatG) 
forming a covalent adduct with the nicotinamide 
adenine dinucleotide, reduced form (NADH) 
cofactor. The INH-NAD adduct has been shown 
to inhibit the M. tuberculosis 2-trans-enoyl-
ACP(CoA) reductase (MtInhA) enzyme, which 
belongs to the mycobacterial type II fatty acid 
synthase (FAS-II) system [2-4]. However, the 
emergence of M. tuberculosis strains resistant to 
both INH and to other drugs currently used for the 
treatment of TB has reinforced the need for the 
development of new chemotherapeutic agents to 
treat this disease [5-7]. 
The pentacyano(isoniazid)ferrate(II) compound 
(IQG-607) is an inorganic complex designed 
to act against the INH-resistant strains of  
M. tuberculosis harboring mutations in the catalase-
peroxidase gene, katG [8, 9]. This compound (Fig. 2) 
is a slow-binding inhibitor of MtInhA enzyme, 
with a true overall dissociation constant value of 
70 x 10-9 mol L-1 [10]. The presence of penta-
cyanoferrate(II) moiety is thought to mimic the  
in vitro activation of INH by (KatG) enzyme, 
indicating that IQG-607 would not require the 
mycobacterial catalase-peroxidase enzyme to exert 
its action, and thus might overcome this mechanism 
of INH resistance [10, 11]. 
The in vitro effectiveness of IQG-607 was observed 
in the macrophage model of M. tuberculosis 
infection, showing a similar effect to that displayed 
by INH and rifampicin (RIF) [12]. The in vivo 
efficacy of IQG-607 was also observed in the 
murine model following oral administration of  
M. tuberculosis with an effect comparable to INH 
[13]. Interestingly, high doses of IQG-607 (10-
fold larger than INH) were administered in mice, 
and no signs of toxicity were observed [13]. 
Accordingly, the IQG-607 compound appears to 
be a promising candidate for the anti-TB drug 
development efforts. However, a number of 
development steps should be taken before embarking 
on costly clinical assays [14, 15]. A critical step is 
the development of an analytical method to detect 
the primary compound and, hopefully, its likely 
metabolites. 
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characterized according to Oliveira et al. [10]. 
INH 99% (Acros Organics, Belgium) and Isonicotinic 
acid (INA) 99% (Sigma-Aldrich, USA) were used 
as controls. The supporting electrolyte McIlvaine 
buffer was prepared by dissolving appropriate 
amounts of sodium phosphate dibasic (Na2HPO4) 
≥99.0% (Sigma-Aldrich, USA), 0.2 mol L-1 and 
citric acid anhydrous ≥99.5% (Sigma-Aldrich, 
USA), 0.1 mol L-1. Milli-Q water (Millipore) was 
used in the preparation of all solutions. The  
2-trans-dodecenoyl-CoA (DD-CoA) substrate was 
synthesized according to the protocol described in 
“MtInhA enzyme inhibition assay” section. The 
Na2HPO4 buffer pH 7.5 (Synth, Brazil), NADH 
(Acros Organics, Belgium), and PIPES (Sigma-
Aldrich, USA) were the chemicals used in MtInhA 
enzyme inhibition assays. 
Voltammetric measurements 
For voltammetric measurements, 5 mL of McIlvaine 
buffer electrolyte (pH 7.5) was added to a 
voltammetric vessel of 5 mL, and 100 µL of 
Milli-Q water was added. The ‘measure blank’ 
analysis option (757 VA Computrace Software 
2.0) was activated to subtract the signal of the 
electrolyte, for obtaining a straight baseline. IQG-
607 detection method was optimized by varying 
the following parameters: pulse amplitude in the 
range 0.01-0.1 V, pulse time (0.02-0.1 s), deposition 
time (0-120 s) and deposition potential (-0.3 –  
-1.4 V), to obtain the best sensitivity. The effect 
of pH of the electrolyte on the peak potential (V) 
and peak current (nA) of the IQG-607 was also 
evaluated in the range 2.5-9. Hence, the analysis 
was performed under the following optimized 
parameters: 1 kgf cm-2 of nitrogen purge gas for 
150 s, -0.3 V deposition potential, 90 s deposition 
time, 10 s equilibration time, 0.012 V voltage 
step, 75 mV pulse amplitude, 20 ms pulse time, 
0.4 V voltage step time, -0.3 V starting potential 
and -1.4 V end potential (cathodic direction). 
After the reading of the signal electrolyte was 
recorded, the electrolyte was discarded from the 
voltammetric vessel. A volume of 5 mL of the 
electrolyte was again added to the vessel, and  
100 µL of the standard solution of IQG-607 with a 
concentration of 15 µg mL-1 was also added, and 
AdSV voltammogram was recorded after applying 
a differential pulse scan in the stripping step 
(DPAdSV). The voltammetric analysis of INH 

is an alternative technique that should be 
investigated, as several reports have shown the 
usefulness of electrochemical methods in the 
analysis of INH [18-24] and pentacyanoferrate 
complexes [25-28]. Stripping voltammetry methods 
are amongst the most efficient electrochemical 
techniques for trace analysis and species analysis 
as the analyte accumulates before its detection, 
resulting in increased sensitivity and selectivity. 
Adsorptive stripping voltammetry (AdSV) is suitable 
for the analysis of organic compounds having 
surface-active properties that may allow them to 
be adsorbed at the electrode surface, and differential 
pulse as a valuable scan mode (DPAdSV) to decrease 
detection limit. 
The aim of the present study was to apply and 
optimize a voltammetric method for the determination 
of IQG-607 by adsorptive stripping voltammetry 
(AdSV) using differential pulse voltammetry as 
the scan mode (DPAdSV). Chemical stability of 
IQG-607 was also evaluated by the DPAdSV 
method under various experimental conditions, and 
the results were compared with the changes in 
the MtInhA enzyme inhibition by IQG-607. It is 
hoped that the analytical method here described 
will provide a foundation on which to base 
pharmacokinetic studies in biological fluids 
(Absorption, Distribution, Metabolism, and Excretion) 
of IQG-607, a metal-based compound with potential 
anti-TB activity. 
 
MATERIALS AND METHODS 

Measuring apparatus 
757 VA Computrace (Metrohm, Switzerland) was 
used for AdSV measurements, applying a differential 
pulse (DP) in the stripping step (DPAdSV). 
Multimode electrode (MME) as the working electrode 
operating in the hanging mercury drop electrode 
(HMDE) mode, platinum (Pt) auxiliary electrode, 
and silver/silver chloride (Ag/AgCl) reference 
electrode containing 3 mol L-1 of potassium chloride 
(KCl) were used. All experiments were carried 
out at room temperature (25 ºC). For MtInhA 
enzyme inhibition assays, a UV-2550 UV/Visible 
spectrophotometer (Shimadzu, Japan) was employed. 
Reagents and solutions 
The IQG-607 was synthesized with purity higher 
than 99%, and its chemical structure was
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Fig. 1A) and INA (Fig. 1B), both at a 
concentration of 15 µg mL-1, were performed 
under the same conditions as described for IQG-
607. The limit of detection and the limit of 
quantification (LOD and LOQ, respectively) for 
IQG-607 were evaluated by employing the optimized 
method. The LOD was determined from the current 
obtained with the lowest concentration of the 
compound that could be detected, as compared 
with the blank, to distinguish the signal of IQG-
607 from any background signal. The LOQ was 
performed in triplicate by the manual standard 
addition method, and the accuracy and precision 
values were obtained using statistical software, 
evaluating the acceptable values (precision of 
20% and accuracy of 80-120%). The analytical 
curve was constructed in the range of 1-20 µg mL-1, 
after successive additions of a standard solution of 
the analyte. The stability of two stock solutions of 
IQG-607 (15 µg mL-1) was evaluated. The first 
stock solution was stored at 4 ºC, and the second 
was incubated at 37 ºC, both in amber bottles. 
Changes in the electrochemical behavior were 
evaluated at time zero, seven (7) days, and thirty 
(30) days after the date of preparation. 

MtInhA enzyme inhibition assay 
An IQG-607 time-dependent inhibition assay of 
MtInhA was carried out to determine if the 
changes in the electrochemical behavior have any 
effect on its inhibitory activity, corroborating the 
voltammetric analysis of the compound. Recombinant 
MtInhA was expressed and purified as described 
elsewhere [29, 30]. The substrate DD-CoA was 
synthetized from coenzyme A and 2-trans-dodecenoic 
acid as previously reported [29], and purified  
by reverse-phase high performance liquid 
chromatography (HPLC) (GE Health Care Life 
Sciences, UK) using a 19 x 300 mm C18 µBondapak 
column (Waters Associates, USA) as described 
elsewhere [31]. The concentration of MtInhA was 
determined spectrophotometrically by diluting  
10 µL of purified enzyme to 500 µL using 100 mM 
PIPES (pH 7.0), and using a molar absorption 
coefficient of 29,220 M-1 cm-1 at 282 nm. The 
enzyme activity assay of MtInhA was carried out 
in the presence of substrates DD-CoA and NADH 
by monitoring the oxidation of NADH to NAD+ at 
340 nm (εNADH = 6220 M-1 cm-1) for 60 s at 25 °C 
using a UV-2550 UV/Visible spectrophotometer. 
MtInhA time-dependent inactivation by the 
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compound IQG-607 was performed as described 
by Oliveira et al. [10]. In brief, 3 μM of MtInhA 
was incubated with 500 μM of IQG-607 (final 
concentration in a cuvette of 17 μg mL-1) and  
100 mM Na2HPO4 buffer. Aliquots of this mixture 
were taken at different times and added to the 
cuvette containing 100 μM of DD-CoA and  
200 μM of NADH to make up the final volume to 
500 μL and measure the remaining enzymatic 
activity. The following equations were employed 
to determine the kobs and the t1/2 of inhibitor IQG-
607 in each condition, respectively:  

tkobsevv −= 0         (1) 

obsk
t 2ln

2/1 =         (2) 

where v is the remaining MtInhA enzyme activity 
at time t, v0 is the enzyme activity at time zero, 
kobs is the observed first-order rate constant for 
MtInhA inhibition, t is the time in seconds, and t1/2 
is the half-life of the first-order rate constant for 
enzyme inhibition.  
 
RESULTS AND DISCUSSION 

Voltammetric characteristics of IQG-607 
DPAdSV voltammograms of blank solution and 
IQG-607 in McIlvaine buffer electrolyte are 
presented in fig. 3. No interfering peaks were 
observed in the blank solution (Fig. 3A). The 
IQG-607 compound is characterized by the 
formation of three peaks after the cathodic 
sweeping (Fig. 3B), according to the instrumental 
parameters already optimized (the optimization of 
the method is presented in the next section). The 
presence of three peaks indicates that the 
molecule has three electroactive sites, with 
corresponding peaks at -0.70V, -0.95 V, and  
-1.10V (Fig. 3B). Previous studies demonstrated 
that INH has two electroactive sites when 
analyzed by differential pulse voltammetry [19, 
21, 23]. Furthermore, analyzing INH using the 
McIlvaine buffer electrolyte, Leandro et al. also 
found one of the peaks in the potential of 
approximately -1.10 V [23]. Sulaiman et al. [19] 
and Asadpour-Zeynali et al. [21] reported a peak 
at approximately -1.08 V by differential pulse 
voltammetry. Analysis of INH (15 µg mL-1) in the 
experimental conditions here described showed a
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The peak at -0.95 V can be attributed to the 
reduction of the carbon-nitrogen double bond of 
the pyridine ring of IQG-607, which is likely to be 
the same reduction process that occurs with INH 
[32]. However, comparing figs. 3B and 4, the peak 
for INH appears at a more negative potential than 
for IQG-607. As IQG-607 has a different electronic 
configuration due to the presence of the metal  
center, the reduction occurs at a different potential.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
peak at -1.10 V (Fig. 4). These results suggest that 
INH and IQG-607 have the same electrochemically 
active site with a corresponding peak at -1.10 V. 
As IQG-607 can be regarded as an INH analog, 
this finding is not surprising. Accordingly, it is 
tempting to suggest that this peak corresponds to 
the same reduction process, namely, hydrazide 
group reduction and ammonia release, as reported 
by Angulo et al. [32].  
 

Fig. 3. Differential pulse adsorptive stripping voltammogram for: (A) McIlvaine buffer pH 7.5 (blank), and (B) 15 µg mL-1

of IQG-607 in McIlvaine buffer electrolyte (pH 7.5). The analysis was performed under optimized conditions. 
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subsequently employed. The dependence of the 
peak current was also evaluated by varying the 
deposition time (Fig. 5C). There was a gradual 
increase in the current up to 90 s, followed by a 
decrease in longer deposition time (Fig. 5C). 
Accordingly, a deposition time of 90 s was chosen 
for improved sensitivity. The influence of deposition 
potential on the peak current was studied by varying 
potentials between -0.3 V and -1.4 V (Fig. 5D) at 
the deposition time of 90 s. As lower peak current 
values were observed for larger deposition potential 
values (Fig. 5D), a value of -0.3 V for deposition 
potential was deemed more appropriate. Thus, 
according to the results here presented, the 
parameters employed in IQG-607 analysis were 
75 mV pulse amplitude, 20 ms pulse time, 90 s 
deposition time and -0.3 V deposition potential. 
The other voltammetric parameters were used as 
recommended by the equipment manufacturer. 
The dependence of peak current and peak 
potential on the pH of the electrolyte was also 
evaluated (Fig. 6). No peak could be observed at 
pH values lower than 2.5, whereas there was an 
increase in peak current for pH values ranging 
from 4.5 to 7.5 (Fig. 6A). A decrease in the peak 
current at pH value of 9 was observed (Fig. 6A). 
Therefore, pH 7.5 was chosen as optimal for  
the analysis in terms of sensitivity. In addition,  
the influence of pH on the peak potential 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The peak at -0.70 V may correspond to a reduction 
process similar to the one which occurs with 
sodium nitroprusside [28, 33, 34]. However, 
further investigation is required as a different 
reduction process may be involved in the metal 
center considering the electronic configuration of 
IQG-607. INH (Fig. 4) presents peak current 
values larger than IQG-607 (Fig. 3B). Furthermore, 
the peaks that differentiate IQG-607 from INH are 
those that appear at -0.70 V and -0.95 V (Fig. 3B), 
and between these two peaks, the peak at -0.95 V 
has a larger current intensity value. Accordingly, 
the peak at -0.95 V was deemed more appropriate 
to build an analytical method for IQG-607 detection. 

Optimization of the voltammetric method 
The influences of different voltammetric parameters 
such as pulse amplitude, pulse time, deposition 
time, and deposition potential on IQG-607 peak at 
-0.95 V were evaluated. The peak current of IQG-
607 augmented with increasing pulse amplitude in 
the range that was evaluated (Fig. 5A). Although 
the highest peak was obtained at 100 mV, the 
peak at 75 mV was chosen due to its high 
sensitivity without loss of peak resolution, which 
is preferable for analytical purposes. In the pulse-
time parameter, it is possible to observe a 
decrease in the peak current with increasing time 
(Fig. 5B). A pulse time of 20 ms was thus 
 

Fig. 4. Differential pulse adsorptive stripping (DPAdSV) voltammogram for 15 µg mL-1 of INH in 
McIlvaine buffer electrolyte (pH 7.5). The analysis was performed under optimized conditions. 
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Linearity, limit of detection (LOD), and limit of 
quantification (LOQ) 
The peak current showed a linear dependence on 
IQG-607 concentrations ranging from 1 to 20 µg mL-1 
(Fig. 7), under optimal experimental conditions 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

is illustrated in Fig. 6B. Accordingly, these results 
show that a pH value of 7.5 is appropriate to 
detect IQG-607 compound by AdSV, employing a 
differential pulse scan in the stripping step 
(DPAdSV) and recording the peak at -0.95 V.  
 
 

Fig. 5. Effect of different voltammetric parameters on the peak current for 15 µg mL-1 of IQG-607 in McIlvaine 
buffer electrolyte. (A) Pulse amplitude: 10, 25, 50, 75, and 100 mV. (B) Pulse time: 20, 40, 60, 80, and 100 ms. 
(C) Deposition time: 0, 20, 60, 90, and 120 s. (D) Deposition potential: -0.3, -0.6, 0.95, and -1.4 V.  

Fig. 6. Effect of different pH values (2.5, 4.5, 6, 7.5, and 9) of the McIlvaine buffer electrolyte on the peak current (A) 
and peak potential (B) for 15 µg mL-1 of IQG-607. The analysis was performed under optimized voltammetric parameters. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

82 Adilio da S. Dadda et al.

and -1.2 V showed a further increase, and the 
peak at -1.1 V showed a further decrease. An 
approximately 8-fold reduction in MtInhA 
inhibition rate constant was observed after 30 
days of incubation at 4 ºC (Table 1). The new 
peak at -1.2 V observed in the DPAdSV probably 
indicates isonicotinic acid (INA) as a degradation 
product of IQG-607, which is consistent with the 
decrease in enzyme inhibition rate constant after  
1 month at 4 ºC (Table 1). The peak at -1.2 V 
showing the formation of INA was confirmed 
when the INA standard was analyzed by 
DPAdSV, under the same experimental conditions 
(Fig. 9), which is in agreement with the previous 
reports [35, 36]. Interestingly, it has been shown 
that INA is the main product generated upon 
oxidation of IQG-607 by H2O2 [8, 16]. It is thus 
tempting to suggest that the formation of INA 
could account for the decrease of the peak at -1.1 V, 
which is likely due to a lower concentration of the
 

(pulse amplitude: 75 mV, pulse time: 20 ms, 
deposition time: 90 s and deposition potential:  
-0.3 V). The correlation coefficient (r) value of 
0.9991 indicates good linearity. The LOD was  
0.5 µg mL-1 and the LOQ was 1 µg mL-1, with a 
relative standard deviation (RSD) of 1.64 %. 

Evaluation of stability 
The stability of a stock solution of IQG-607  
(15 µg mL-1) stored at 4 ºC was estimated by 
DPAdSV (Fig. 8A). After 7 days, the peaks at -0.7 V 
and -0.95 V had a slight increase, the peak at -1.1 V 
decreased, and a new peak appeared at -1.2 V. 
Measurements of MtInhA activity were carried 
out to enable to correlate these changes with the 
reduction of enzyme inhibition by IQG-607. The 
kinetic results showed no reduction in the enzyme 
inhibition rate constant after 7 days (Table 1). 
After 30 days, the DPAdSV peaks at -0.7 V, -0.95 V,  
 

Fig. 7. Linearity of the analytical curve of DPAdSV optimized method for the determination of IQG-607 in 
McIlvaine buffer electrolyte. The curve was obtained using the following IQG-607 concentrations: 1, 2.5, 5, 
7.5, 10, 15, and 20 µg mL-1. The analysis was performed under optimized conditions. The inset shows the 
influence of increasing IQG-607 concentrations on the peak current (current versus potential). 
 

Table 1. Inhibition parameters of IQG-607 after storage at 4 ºC and 37 ºC 
over different periods of days. 

Temp. (°C) Time (days) kobs (min-1) t1/2 (min) 
- Zero 0.87 (± 0.01) 0.79 (± 0.01) 
4 7 0.80 (± 0.07) 0.86 (± 0.08) 
4 30 0.11 (± 0.01) 6.07 (± 0.56) 
37 7 0.048 (± 0.004) 14.4 (± 1.2) 
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overall changes in the peaks as occurred with the
stock solution stored at 4 ºC (Fig. 8B). However, 
the increase in the peaks that appear at -0.7 V and 
-0.95 V, and the decrease at -1.1 V are more 
pronounced. Besides, the intensity of the peak at  
-1.2 V was greater, indicating that a greater 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

hydrazide chemical group of the INH moiety of 
IQG-607 (Fig. 8A). In addition, with the loss of 
hydrazide, the peaks at -0.7 V and -0.95 V exhibit 
an increase in the current.  
The stock solution of the IQG-607 analyzed by 
DPAdSV upon storage at 37 ºC showed similar
 

Fig. 8. DPAdSV voltammogram for 15 µg mL-1 of IQG-607 before and after incubation at (A) 4 ºC and (B) 
37 ºC. (a) Freshly prepared solution; (b) after 1 week; (c) after 1 month. The electrolyte was McIlvaine buffer 
(pH 7.5). The analysis was performed under optimized conditions. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

detect and quantify IQG-607 chemical compound. 
This method has the advantages of being simple, 
fast, cost-effective, and having good sensitivity 
(LOD = 0.5 µg mL-1; LOQ = 1 µg mL-1). Moreover, 
IQG-607 chemical stability was monitored by the 
voltammetric measurements and associated with 
the loss of its inhibitory activity of MtInhA 
enzyme. These data provide evidence that IQG-
607 (not its metabolites) is the inhibitor of MtInhA 
activity. Information on appropriate temperature 
of storage should aid further studies to be pursued, 
including stability in drug formulations. It is hoped 
that the voltammetric method here described may 
be employed for detection, stability and quality 
control studies on IQG-607 chemical compound. 
The method here described represents a fundamental 
step towards the development of an analytical 
method to be employed in biological fluids for 
pharmacokinetic studies, which is required before 
embarking on costly clinical phases of anti-TB 
drug development. Lastly, IQG-607 may be an 
example of a metal-based drug with antimicrobial 
activity [37], that inhibits the activity of a validated 
and druggable target (MtInhA), for the development 
of a chemotherapeutic agent to treat TB. 
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amount of INA is already formed during the first 
7 days of storage. Moreover, the compound has 
shown a faster loss of enzyme inhibitory activity, 
since there was an approximately 18-fold decrease 
in the first-order inhibition rate constant after  
7 days of incubation (Table 1). On the thirtieth 
day of storage, the DPAdSV peaks showed the 
same trend, but with smaller intensity (Fig. 8B). 
No enzyme activity measurements were carried 
out on the thirtieth day as the inhibitory activity of 
IQG-607 was already rather low at day seven 
(Table 1). Taken together, these results also show 
that intact IQG-607 is the inhibitor of MtInhA 
enzyme activity, and not its degradation products. 
The results here reported show that the observed 
electrochemical changes of IQG-607 upon storage 
are associated with the loss of enzyme inhibitory 
activity. Accordingly, it can be proposed that the 
IQG-607 compound is stable for at least 1week at 
4 ºC. The only degradation product observed by 
voltammetry was INA. However, it should be 
pointed out that other degradation products may 
have been formed but not detected by voltammetry, 
as this experimental approach detects electroactive 
chemical groups.  
 
CONCLUSION 
As far as we are aware, the results here presented 
are the first report on the use of the DPAdSV to
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Fig. 9. DPAdSV voltammogram for 15 μg mL-1 of INA in McIlvaine buffer electrolyte (pH 7.5).  
The analysis was performed under optimized conditions. 
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ABBREVIATIONS 
ACP :  acyl carrier protein 
AdSV :  adsorptive stripping voltammetry 
DD-CoA :  2-trans-dodecenoyl-CoA 
DP :  differential pulse 
DPAdSV :  applying a differential pulse scan in  

   the stripping step of AdSV method 
FAS-II :  mycobacterial type II fatty acid  

   synthase system 
HMDE :  hanging mercury drop electrode 
INA :  isonicotinic acid 
INH :  isoniazid 
IQG-607 :  pentacyano(isoniazid)ferrate(II)  

   compound 
KatG :  Mycobacterium tuberculosis catalase-

   peroxidase 
LOD :  limit of detection 
LOQ :  limit of quantification 
MME :  multimode electrode 
MtInhA :  Mycobacterium tuberculosis 2-trans-

   enoyl-ACP(CoA) reductase 
RIF :  rifampicin 
TB :  tuberculosis 
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