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ABSTRACT: A simple, reproducible, and rapid kinetic method for the N-acetylcysteine (NAC) determination has been 
proposed and linked to NAC quantification in pharmaceutical preparations. The method is based on the inhibitory 
feature of N-acetylcysteine. NAC forms a stable complex with Hg2+ and reduces the actual Hg2+ concentration and 
ultimately the rate of reaction between pyrazine (Pz) and [Ru(CN)6]4- catalyzed by Hg2+. Under the optimized reaction 
conditions with [Ru(CN)64-] = 7.25 × 10-5  mole dm-3, I = 0.1 mole dm-3 (KCl), Temp = 45.0 ± 0.1 o C, [Hg+2] = 1.5 × 10-4 mole 
dm-3, [Pyrazine] = 8.5 × 10-4 mole dm-3, and pH = 4.0 ± 0.02, fixed time of 12 and 17 min was selected to compute the 
absorbance at 370 nm corresponding to the ultimate reaction product [Ru(CN)5 Pz]3-. The inhibitory action of NAC 
towards cyanide imitation by pyrazine from [Ru(CN)6]4-, catalyzed by Hg2+ has been demonstrated by a redesigned 
mechanistic scheme. With the proposed kinetic spectrophotometric method, the micro level quantification of NAC in 
distinct water samples can be done down to 1.5 × 10-6 mole dm-3. The developed procedure is highly reproducible and 
can be efficiently used to quantitatively estimate the NAC in the drug samples with high accuracy. The general additives 
present in drugs do not substantially interfere in the determination of NAC even up to 1000 times with [NAC]. 

 
KEYWORDS: Hexacyanoruthenate(II); pharmaceutical preparations; excipients; catalyst inhibitor complex;  N-
acetylcysteine; ligand substitution reaction; inhibitory effect. 

1.  INTRODUCTION 

N-acetylcysteine (NAC), a precursor of glutathione is a natural antioxidant found in onion. It is listed 
as an essential medicine in the World Health Organization (WHO) model list since 1960. N-acetylcysteine is 
used for the treatment of the overdose of paracetamol and to loosen the thicker mucus in individuals and 
with chronic bronchopulmonary disorders such as bronchitis and many more like pneumonia [1-4]. N-
acetylcysteine itself or in conjugation with other supplements used as a dietary product in various 
psychiatric conditions [5]. As NAC slow down the blood-clotting, person having bleeding disorder or who 
takes blood-thinning medicines should not take it [6]. NAC is potentially effective in degenerative processes 
caused by aging [7].  

For centuries, sulfur continues to be the dominating heteroatom in the wide varieties of FDA 
approved drugs and bioactive molecules. Organosulfur compounds play specific role in distinct metabolic 
process as enzyme and structural proteins [8-11]. Pharmaceutical industry is always looking towards the 
analytical chemists for the efficient methodology for the detection and quantification of sulfur bearing 
bioactive molecules and drugs in distinct samples. The fundamental importance and immediate applications 
of redox/ligand exchange reactions of transition metal complexes in synthetic, analytical, and 
organometallic chemistry attracted many chemists for their kinetic study [12-16]. Numerous kinetic reports 
on oxidation of Fe(II) / Co(II) complexes and cyanide substitution from cyano complexes of Fe(II) / Ru(II)  
are available in literature [17-19].   

Different approaches for the quantification of thio compounds in biological, analytical and drug 
samples are often used [20-23]. The quantification methodology includes voltammetry [24], flow injection 
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analysis [25], NMR-spectrometry [26], fluorimetry [27], colorimetry [20], chromatography [28-30], 
spectrophotometry [31, 32], and potentiometry [33]. The main drawbacks of above-mentioned methods may 
include high initial investment, time-consuming process, heavy instrumentation, and high cost for sample 
analysis. Very few reports are available on kinetic spectrophotometric method, which require only UV-
Visible spectrophotometer for drug quantification [34-36].  

Bioactive ruthenium complexes exhibit wide range applications as antiamebic [37], 
immunosuppressant [38], DNA binder [39], antifungal [40], antileukemic [41], antimetastatic [42], antitumor 
[43] and anticancer [44]. The metal catalyzed Hg(II) / Ag(I), cyanide substitution from cyano complexes of 
Fe(II) / Ru(II) by heterocyclic ligand containing nitrogen have been reported by several authors [19, 45]. 
These reactions have also been successfully used for the micro level determination of employed catalyst and 
drugs / compounds that can bind strongly with catalyst. Organosulfur compounds form a stable complex 
with Hg(II), thereby decreasing the cyanide substitution to a considerable extent as the organosulfur 
compounds substantially inhibit the catalytic efficacy of Hg(II). This inhibitory feature of thio compounds 
(with sulfur as –S-. –SH and S-) can be used for its trace level quantification using kinetic spectrophotometric 
method. NAC also reduces the catalytic efficacy of Hg(II), thereby decreasing the Hg(II) catalyzed rate of 
cyanide substitution with pyrazine from [Ru(CN)6]4-. 

More authentic result will be observed with the reaction in hand as the uncatalyzed reaction between 
pyrazine and [Ru(CN)6]4- was not noticed under the studied reaction condition. Because of the strong 
inhibitory action of NAC towards the catalytic efficacy of Hg(II), we conceived a simple, reproducible, and 
rapid kinetic spectrophotometric approach for the micro level quantification of NAC in distinct water 
samples down to 1.5 × 10-6 mole dm-3. The current system is also employed for the quick quantification of 
NAC in drug samples with high reproducibility and good accuracy.  

In this section, the authors should state the objectives of the work, define the scope of your paper, 
summarize relevant work to the study being reported and provide an adequate background. A detailed 
literature survey or a summary of the results should be avoided. It should not be a review of the subject area, 
but should finish with a clear statement of the question being addressed. The introduction must be designed 
to inform the reader of the rationale and significance of the study. Do not leave blank lines or paragraph 
spacing between the adjacent paragraphs. 

2. RESULTS AND DISCUSSION 

The final reaction product [Ru(CN)5 Pz]3- is formed by the  Hg(II) catalyzed reaction between pyrazine 
and [Ru(CN)6]4-. During the reaction [Ru(CN)6]4- and pyrazine reacts in 1:1 mole ratio that was confirmed by 
mole ratio and slope ratio examination of final reaction product. Since the all reacting solutions except the 
final reaction product exhibit no appreciable absorption at the studied wave length, no correction in the 
absorption values were applied [45]. The strong absorption band at 370 nm (spectra not represented) belongs 
to the final product [Ru(CN)5 Pz]3- and is due to the metal to ligand charge transfer (MLCT) complex.    

The preceding literature on D- penicillamine, thioglycolic acid, sodium thiosulphate, methionine, and 
carbocisteine admit that the sulfur compounds reduces the rate of Hg(II) catalyzed  reaction between 
nitrogen donor ligand and [Ru(CN)6]4- [34-36, 46-49]. The observed reduced rate is due to the formation of 
stable complex by added sulfur compounds with Hg(II), which eventually reduces the active concentration 
of Hg(II). NAC forms a stable complex with Hg2+ and reduces the actual Hg2+ concentration and ultimately 
the rate of reaction between pyrazine and [Ru(CN)6]4- catalyzed by Hg2+. Figure 1 exhibits the structure of N-
acetylcysteine.  
 

 
Figure 1. Structure of N-acetylcysteine [NAC] 
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The absorbance (At), corresponding to the ultimate reaction product [Ru(CN)5 Pz]3-, with varying 
[NAC] was computed at fixed time (12 and 17 min after mixing of reactants). A plot (calibration curve) of 
absorbance versus [NAC], found to be linear in 1.5 × 10-6 - 5.35 × 10-5 mole dm-3 concentration range of NAC, 
did the quantification of NAC (Figure 2). The regression line relating At and [NAC] can be expressed as Eq.1 
and 2.  

 
Figure 2. Calibration curve for quantification of N-acetylcysteine at 

[Ru(CN)64-] = 7.25×10-5 mole dm-3, I = 0.1 mole dm-3(KCl), Temp = 45.0 ± 0.1 o C, [Hg+2] = 1.5 ×10-4 mole dm-

3, [Pyrazine] = 8.5×10-4 mole dm-3, and pH = 4.0 ± 0.02 

A12 = 0.198 − 2.64 × 103[NAC]                                          (1) 

A17 = 0.239 − 3.06 × 103[NAC]                                         (2) 

The calculated value of linear regression coefficient and standard deviation for A12 and A17 plot (At 
versus [NAC]) was 0.9953, 0.9976 and 0.0026, 0.0028 respectively. The absorbance (after 12 min.) was noted 
down after adding calculated amount of NAC to the reaction system. By calibration curve (Figure 2) the 
value of recovered NAC was calculated (Table 1). Recovered NAC confirmed the reproducibility and 
accuracy of the reported method.   

The inhibitory action of NAC towards cyanide imitation from [Ru(CN)6]4- by pyrazine, catalyzed by 
Hg2+ has been demonstrated by a redesigned mechanistic scheme (equations 3 – 7). More authentic result 
will be observed with the reaction in hand as the uncatalyzed reaction between pyrazine and [Ru(CN)6]4- 
was not noticed under the studied reaction condition [45]. 
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Considering hexacyanoruthenate(II) as a single substrate with initial concentration So. In the presence 
of inhibitor (NAC), the catalyzed reaction rate can be deduced parallel to the enzyme-catalyzed reaction. 
Equation 8 represents the rate of catalyzed reaction (Vo) in the defection of NAC.  

Vo =
Vmax

1 +
Km

[So]

                                                                (8) 

Here Km and Vmax give maximum rate at larger reactant concentration and Michaelis-Menten 
constant respectively. The straight-line form (1/Vo versus 1/[So]) of the above equation having intercept and 
slope 1/Vmax and Km/Vmax respectively, represented by Eq. 9, is in accordance with Lineweaver-Burk 
expression [50]. 

Table 1: Recovery results for NAC quantification 

 

[NAC]×105 mole dm-3 

(Taken) 

A12 A17 

[NAC]×105 mole dm-3 

(Found) 
Error 

[NAC]×105 mole dm-3 

(Found) 
Error 

0.45 0.46 ± 0.029 + 0.022 0.47 ± 0.046 + 0.044 

0.65 0.65 ± 0.03   0.000 0.64 ± 0.05 - 0.015 

1.40 1.41 ± 0.038 + 0.007 1.40 ± 0.00 0.000 

1.80 1.78 ± 0.06 - 0.011 1.75 ± 0.042 - 0.028 

2.30 2.30 ± 0.00 0.000 2.28 ± 0.06 ̶  0.009 

3.05 3.08 ± 0.040 + 0.01 3.09 ± 0.03 + 0.013 

3.80 3.76 ± 0.073 - 0.011 3.81 ± 0.068 + 0.003 

4.55 4.59 ± 0.057 + 0.009 4.51 ± 0.042 - 0.009 

Reaction Condition: [Ru(CN)64-] = 7.25×10-5 mole dm-3, I = 0.1 mole dm-3 (KCl), Temp = 45.0 ± 0.1 o C, [Hg2+] = 1.5 ×10-4 

mole dm-3, [Pyrazine] = 8.5×10-4 mole dm-3, and pH = 4.0 ± 0.02 

 
 

1

Vo

=  
1

Vmax

+  
Km

Vmax

1

[So]
                 (9) 
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The Km value calculated using slope and intercept of Figure 3 was 0.4967 ± 0.0272 mM. 

 
Figure 3. The Lineweaver-Burk plot at constant [Hg+2] in the absence of NAC at 

I = 0.1 mole dm-3 (KCl), Temp = 45.0 ± 0.1 o C, [Hg2+] = 1.5 ×10-4 mole dm-3, [Pyrazine] = 8.5×10-4 mole dm-3, and pH = 4.0 

± 0.02 

The apparent M-M constant “K’
m”, in the inhibitor’s presence, at constant catalyst concentration can be 

represented as: 

Km
′ =  Km (1 +  

[Io]

KCI
′ ) 

Where K’
CIcorresponds to the catalyst-inhibitor complex’s (C-I) dissociation constant while initial 

[NAC] is represented by Io. The initial rate (Vi) in the inhibitor’s presence, at constant catalyst concentration 
can be represented by Eq. 10 [51]. 

Vi =  
Vmax

1 + 
Km

′

[So]

                                                   (10) 

Vi =  
Vmax

1 + 
Km

[So]
 (1 + 

[Io]

KCI
′ )

                                  (11) 

The straight-line form of Eq. 11 in accordance to Lineweaver-Burk equation can be given as Eq. 12.  

1

Vi

 −  
1

Vmax

=  
Km

[So]Vmax

+  
Km

[So]Vmax

[Io]

KCI
′                   (12) 

The intercept and slope of the linear plot between (
1

Vi
−

1

Vmax
) and initial [NAC] was used to determine 

the K´
CI and Km (in the presence of NAC) value and were found to be 4.21 × 10-5 ± 0.18 and 0.4943 ± 0.0208 

mM respectively (Figure 4). The calculated Km value in the presence and absence of NAC is almost same. The 
lower dissociation constant value (4.21 × 10-5 ± 0.18) suggests the highly stable nature of catalyst inhibitor 
complex. 
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Figure 4. The plot of (1/Vi – 1/Vmax) versus initial [NAC] at 
[Ru(CN)64-] = 7.25×10-5 mole dm-3, I = 0.1 mole dm-3 (KCl), Temp = 45.0 ± 0.1 o C, [Hg2+] = 1.5 ×10-4 mole dm-3, [Pyrazine] 

= 8.5×10-4 mole dm-3, and pH = 4.0 ± 0.02 

3.1 Interference of co-existing components 

Excipients, other than the active pharmaceutical ingredient are the inert compounds that are used as 
the vehicle, preservatives, coloring agents and fillers in pharmaceutical preparations. Optimized reaction 
conditions using the A12 calibration curve, containing 4.0 µgml-1 NAC and large number of distinct 
excipients was utilized to check the influence of excipients by performing recovery experiments. The 
recovery results show that the general additives present in drugs do not substantially interfere in the 
determination of NAC even up to 1000 times with [NAC] (Table 2). 

Table 2: NAC Recovery results in the presence of excipients 

Additives [Additives] / [NAC] Recovery ± SD (%) 

Maltitol 1000 100.3 ± 0.4 

Sorbitol 500 99.7 ± 0.6 

Citrate 500 100.4 ± 0.2 

Sucrose 1000 99.2 ± 0.8 

Magnesium stearate  500 100.2 ± 0.3 

Lactose 1000 100.8 ± 0.6 

Sodium Lauril sulphate 1000 99.6 ± 0.5 

Gelatin 500 99.3 ± 0.7 

Reaction Conditions: [Ru(CN)64-] = 7.25×10-5 mole dm-3, I = 0.1 mole dm-3 (KCl) Temp = 45.0 ± 0.1 o C, [Hg2+] = 1.5 ×10-4 

mole dm-3, [Pyrazine] = 8.5×10-4 mole dm-3, and pH = 4.0 ± 0.02 

3.2 Application in pharmaceutical preparations 

The quantitative determination of NAC in various drug samples was done by the suggested kinetic 
spectrophotometric method, for that the ground content of 10 tablet/capsule was dissolved in double 
distilled water (100 ml). The solution thus obtained was sonicated for 20 min, after filtration via Whatman 
filter paper the dilution of solution was done to bring drug concentration within the A12 calibration range. 
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Five different drugs containing only NAC and excipients, obtained from local drug dealer were applied to 
the suggested kinetic method for the quantification of NAC. The obtained result is compared with the 
official method (Table 3) [52]. The statistical comparison and mean recovery (99-101) results demonstrate the 
replicability and accuracy of the proposed method for the NAC quantification in water samples and drug 
formulations. 

Table 3: NAC quantification in drug samples and comparison with the official method 

Pharmaceutical Samples Proposed Method 
Recovery ± SD (%) 

Official Method 
Recovery ± SD (%) 

Munex 600 Mg Tablet 
(Reckitt Benckiser India Limited, New 

Delhi) 

99.69 ± 0.68 99.62 ± 0.75 

Cysklis 600 Mg Tablet 
(APA Pharmaceuticals, Chandighar) 

101.08 ± 0.59 100.71 ± 0.49 

Mucomix 600 Mg Capsule 
(Samarth Life Sciences Pvt Ltd, Mumbai) 

 

99.94 ± 0.73 98.94 ± 0.38 

Mucobet 300 Mg Tablet 
(Edolf Healthcare Private Limited) 

 

100.76 ± 0.72 101.54 ± 0.51 

Acetynet 600 Mg Tablet 
(Care Formulation Labs Pvt Ltd, New Delhi) 

 

99.46 ± 0.52 100.52 0.68 

Reaction Conditions: [Ru(CN)64-] = 7.25×10-5 mole dm-3, I = 0.1 mole dm-3 (KCl) Temp = 45.0 ± 0.1 o C, [Hg2+] = 1.5 ×10-4 

mole dm-3, [Pyrazine] = 8.5×10-4 mole dm-3, and pH = 4.0 ± 0.02 

*Data represented is the average of three kinetic run 

3. CONCLUSION 

A new rapid, simple and highly reproducible kinetic method, based on the inhibitory property of 
sulfur bearing compound NAC towards Hg(II) have been proposed for the quantitative estimation of NAC. 
Since under the studied conditions, pyrazine and hexacyanoruthenate(II) do not undergo any chemical 
reaction in the absence of  Hg(II), the reaction system under investigation produces more accurate results for 
NAC determination. The general additives present in drugs do not substantially interfere in the 
determination of NAC even up to 1000 times with [NAC]. With the proposed kinetic spectrophotometric 
method, the micro level quantification of NAC in distinct water samples can be done down to 1.5 × 10-6 mole 
dm-3. The current system was also employed for the quick quantification of NAC in drug samples. The 
statistical comparison and mean recovery (99-101) results demonstrate the replicability and accuracy of the 
proposed method for the quantification of NAC in water samples and drug formulations. The methodology 
can be effectively used for the trace level determination of various drugs and biological molecules that can 
significantly inhibit the catalytic efficacy of Hg(II).  

4. MATERIALS AND METHODS 

4.1 Chemicals Used  

Analytical grade reagents and double deionized water was utilized through the whole kinetic study. 
To prevent the possible photo-degradation of pyrazine (Merck) and K4[Ru(CN)6].3H2O (Sigma-Aldrich), 
their stock solution were kept in amber colored bottles. N-acetylcysteine was purchased from Sigma-Aldrich 
and was used as supplied. HgCl2 (Merck) solution was prepared daily as it may be adsorbed on glass 
surface. Potassium hydrogen phthalate (Himedia) and HCl / NaOH (CDH Fine Chemicals) was applied to 
control the pH of the reaction medium while to regulate ionic strength of the reaction mixture KCl (Merck) 
was used. 

4.2 Instrumentation and Kinetic Procedure 
The pH of the reacting solutions was checked by Oakton digital benchtop pH meter model WW-

35419-10, calibrated with predefined buffer solution. To record the absorbance at 370 nm corresponding to 
the ultimate reaction product [Ru(CN)5 Pz]3-,A51119500C Multiskan Sky High Microplate Spectrophotometer 
(ThermoFisher Scientific) was used. Since the all reacting solutions except the final reaction product do not 
exhibit appreciable absorption at the studied wave length, no correction in the absorption values were 

http://dx.doi.org/10.29228/jrp.262


Lal et al. 
Quantification of N-acetylcysteine in drug formulations 

Journal of Research in Pharmacy 

 Research Article 

 

 

 
http://dx.doi.org/10.29228/jrp.262 

J Res Pharm 2022; 26(6): 1713-1722 

1720 

applied. From the detailed, kinetic study of the reaction, an ideal reaction condition was judiciously selected 
that exhibit significant absorption change at 370 nm [45]. After thermal equilibration (for 30 min at 45 °C) of 
all the reacting solution viz., [Ru(CN)6

4-] = 7.25 × 10-5  mole dm-3, KCl = 0.1 mole dm-3, [Hg2+] = 1.5 × 10-4 mole 
dm-3, [Pyrazine] = 8.5 × 10-4 mole dm-3, buffer of pH = 4.0 ± 0.02, and NAC they are mixed promptly in the 
order: Pyrazine, HgCl2, buffer solution, KCl, NAC, and [Ru(CN)6

4-]. After brisk shaking, the reacting solution 
was promptly transported to the temperature controlled spectrophotometric cell. The temperature of the cell 
compartment was managed by self-designed circulating water arrangement system. The surge in absorbance 
corresponding to the ultimate product was recorded at fixed time. A plot (calibration curve) of absorbance 
versus varying [NAC] did the quantification of NAC. 
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