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Abstract: Sulfur is the key element in a large number of drugs and bioactive molecules. Organo-sulfur
compounds inhibit the catalytic efficiency of Hg®* by forming a stable complex with it. The Hg*
catalyzed exchange rate of cyanide with pyrazine from [Ru(CN)s]* will be reduced by the addition of
the sulfur-containing drug, D-penicillamine (D-PCN). This inhibitory property of D-PCN can be
employed for its micro-level kinetic determination. Optimum reaction condition viz. Temperature =
450+0.1°C,1=0.1 M (KCI), [Hg**] = 1.5 x 10* M, [pyrazine] = 7.5 x 10 M, pH = 4.0 + 0.02, and
[RU(CN)s*] = 5.25 x 10" M were utilized to investigate the kinetic measurements at 370 nm (Amax Of
[RU(CN)s Pz]* complex). To acknowledge the inhibition induced by D-PCN on Hg®* catalyzed
substitution of cyanide with pyrazine from [Ru(CN)e]*, a modified mechanistic scheme has been
proposed. D-PCN can be quantitatively determined up to 1.0 x 10 M level by the proposed analytical
method. The methodology can be economically and effectively employed for the quantitative
determination of D-PCN in different samples. This methodology can also be convincingly adopted for
the quick determination of D-PCN in the pharmaceutical samples with good accuracy and
reproducibility. The addition of common excipients in pharmaceuticals even up to 1000 times with [D-
PCN] does not interfere significantly in the estimation of D-PCN.
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catalyst inhibitor complex; pharmaceutical preparations; excipients.
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1. Introduction

Sulfur is an important element in a large number of drugs and bioactive molecules.
Sulfur, present in a cell's enzymes and structural proteins, plays a key role in various metabolic
processes [1-4]. Thus, developing an effective methodology to determine sulfur-containing
drugs and bioactive molecules in distinct samples quantitatively is of huge importance and the
pharmaceutical industry's demand. Penicillamine, a tri-functional organic moiety, contains
carboxylic, amino, and thiol groups. Between the two enantiomeric forms, L- penicillamine is
quite toxic [5], while D- penicillamine (D-PCN) has been listed as an essential medicine by
World Health Organization and commercially sold with the trade names of Depen, Aaramine,
Pendramine, Artin, Cuprenyl, and Cuprimine. D-PCN is a strong chelating agent and is
effectively used to treat Wilson’s disease by forming a stable complex with iron and copper
and subsequently removing them via the kidney, in urine [6]. Chang et al. reported that the
high dose zinc sulfate combined with low dose D-penicillamine is effective and safe for treating
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pediatric Wilson disease [7]. D-penicillamine has been extensively used to treat mild/moderate
lead poisoning via oral chelation therapy [8-9]. Results showed that the lower D-PCN dose
reduces its adverse effects without significantly affecting the drug’s efficacy [10].
Penicillamine protected Agzo nanoclusters [11], penicillamine coated gold nanoparticles [12],
penicillamine functionalized graphene [13]. Various D-penicillamine derivatives show great
potential for the effective detection of Cu(ll) ions in distinct samples, including human blood
[14]. Zhang et al. developed a sensor containing D-penicillamine capped copper nanoparticles
for histamine micro-level determination in red wine, pork, and fish [15]. It also reduces cystine
excretion in cystinuria and can be used as a disease-modifying antirheumatic drug (DMARD)
to treat the patient with severe active rheumatoid arthritis [16].

The Kinetic investigation and mechanistic elucidation of catalyzed and uncatalyzed
ligand exchange/oxidation reaction of transition metal complexes in an aqueous medium are
fundamental [17-20]. The immediate applications of such reactions in synthetic and analytical
chemistry attracted many environmentalists and chemists over the last century [21-22]. In this
connection, numerous Kinetic studies of coordinated cyanide from low-spin
hexacyanoruthenate(l1) with various ligands containing —N, -S, -P, and —O donor atoms were
investigated by several authors [23-24].

Numerous literature is available to quantitatively estimate the sulfur-containing
compounds in analytical and biological samples and pharmaceutical preparations [25-28]. The
estimation methods include spectrophotometry [29,30], NMR-spectrometry [31],
potentiometry [32], voltammetry [33], fluorimetry [34], flow injection analysis [35],
chromatography [36-38], and colorimetry [25]. High cost for sample analysis, heavy
instrumentation, time-consuming process, and high initial capital investment are the major
disadvantages of most reported methods. A small number of kinetic records are present using
different determination processes [39-41].

Ruthenium complexes with various bioactive molecules shows wide-range applications
as DNA binder [42], Antitumor [43], Antileukemic [44], Immunosuppressant [45],
Antimetastatic [46], Anticancer [47], Antiamebic [48], and Antifungal [49]. Several reports
are available on the metal-catalyzed exchange of cyanide with nitrogen donor heterocyclic
ligand from [Ru(CN)e]* in aqueous / surfactant medium [23,24]. The catalytic property of
mercury (1) on the exchange of cyanide ligand with pyrazine from [Fe(CN)s]* has been
successfully employed for the micro-level estimation of Hg(ll) [50]. The stability of various
metal complexes can be explained by the HSAB (hard-soft acid-base) concept. Organo-sulfur
compounds inhibit the catalytic efficiency of Hg?* by forming a stable complex with it [39-41].
This inhibitory function of organo-sulfur compounds can be employed for its Kinetic
determination at the micro-level. D-PCN suppresses the Hg?* catalyzed substitution rate of
cyanide with pyrazine from hexacyanoruthenate(ll). This inhibitory property of D-PCN
developed our interest to establish a precise and simple kinetic spectrophotometric method for
the micro-level estimation of D-PCN. The current reaction system in hand produces more
accurate results for the D-PCN determination. The uncatalyzed reaction between pyrazine and
hexacyanoruthenate(ll) is insignificant under the stipulated experimental condition [51]. The
current communication deals with developing a new and accurate analytical method, which
permits D-PCN estimation in various samples down to 1.0 x 10 M with good accuracy and
reproducibility. This technique can also be convincingly utilized for the quick determination
of D-PCN in pharmaceutical preparations.
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2. Materials and Methods
2.1. Reagent used.

In all kinetic measurements, double deionized water and analytical-grade reagents were
used. The weighed amount of K4[Ru(CN)s].3H20 (Sigma-Aldrich) and pyrazine (Merck) was
used to prepare their stock solutions and kept in the dark to prevent their possible photo-
degradation. D-penicillamine, procured from Hi-media, was used without further purification.
Its dilution was done before the Kkinetic run to prevent the loss of Hg?* via adsorption on the
glass surface. KCI (CDH Fine Chemicals) was used to regulate the ionic strength (ux). At the
same time, the pH of the reaction medium was managed by NaOH/HCI (Sigma-Aldrich).
Potassium hydrogen phthalate procured from S D Fine Chemical Limited.

2.2. Instrumentation.

Mettler Toledo F20 digital pH meter was used to carry out pH measurements. The pH
meter was calibrated with the predefined buffer solutions. All Kinetic measurements were
carried out on Lasany double beam microprocessor UV-Visible spectrophotometer model-LI-
2700 by recording the hike in absorbance at 370 nm, the Amax Of stable yellow-colored
[Ru(CN)s Pz]* complex.

2.3. Kinetic procedure.

No modification in absorbance was applied as only [Ru(CN)s Pz]*~ absorbs strongly. At
the same time, the other reactants and catalysts show negligible absorption at this wavelength.
All the reacting solutions were thermally equilibrated for 30 min at 45 °C and were mixed in
the order of pyrazine, mercuric chloride, buffer, and KCI. Hexacyanoferrate(ll) was injected
lastly to initiate the substitution reaction. The absorbance values recorded with time at 370 nm
were used to compute the initial reaction rate. The initial rate (the relative measure of reaction)
was calculated by the slope of the graph plotted between absorbance and time. The influence
of [pyrazine], ionic strength, [Fe(CN)s*], and temperature on substitution rate were discussed
with the initial rate, whereas to address the influence of [Hg?'] and pH on reaction rate, the
fixed time procedure was adopted.

2.4. Determination of D-Penicillamine.

The optimized reaction condition exhibiting an appreciable change in the absorbance
values was judiciously selected from the detailed kinetic study [51]. All the reacting solutions
viz., [Hg*¥ = 1.5 x 10* M, 1=0.1 M (KCI), [pyrazine] = 7.5 x 10* M, buffer = 4.0 + 0.02,
[RU(CN)6*] = 5.25 x 10° M and D-PCN were thermally equilibrated for 30 min at 45 °C and
were mixed rapidly in the sequence: pyrazine, mercuric chloride buffer solution, KCI, and D-
PCN. Hexacyanoruthenate(ll) solution was injected lastly to initiate the substitution reaction.
The reaction mixture was vigorously shaken and transferred promptly to the
spectrophotometric cuvette having a temperature-controlled cell compartment. The
advancement of the indicator reaction was pursued by observing the hike in absorbance
corresponding to the stable yellow-colored [Ru(CN)sPz]* complex at 370 nm. A calibration
plot drawn between the absorbance measured at 370 nm and varying [D-PCN] was used for
the quantitative determination of D-PCN.
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3. Results and Discussion

The Hg(I1) promoted an exchange of CN- with pyrazine from [Ru(CN)s]* results in a
stable yellow-colored [Ru(CN)s Pz]* complex. The final product's slope ratio and mole ratio
studies confirm that pyrazine and [Ru(CN)e]* reacts in a 1:1 mole ratio. Metal to ligand charge
transfer (MLCT) complex is responsible for the strong absorption band for the product at 370

nm.
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Figure 1. The repetitive spectrum of the typical catalytic kinetic run.

Experimental Conditions: Temperature = 45.0 + 0.1 °C, [Hg?®*] = 1.5x 10“* M, 1 =0.10
M (KCI), [Pyrazine] = 7.5 x 10 M, pH = 4.0 + 0.02, and [Ru(CN)s*] = 5.25 x 10° M.

The spectral changes of the typical catalytic kinetic run recorded between 200-560 nm
clearly depict that only one product [Ru(CN)sPz]* is formed in the reaction. The continuous
hike in absorbance observed at 370 nm is ascribed to the increase in the concentration of
[RU(CN)sPz]* complex (Fig. 1).

The effect of distinct process parameters viz. ionic strength, temperature, [catalyst], pH,
and [reactants] on the reaction rate was studied to optimize the reaction condition. Pseudo-first-
order condition was maintained by taking minimum 10 fold excess of [pyrazine] over

[Ru(CN)s*] throughout the kinetic investigation.
3.1. Optimization of reaction conditions.
3.1.1. Influence of pH on the initial reaction rate.

The previous reports on cyanide imitation with nitrogen heterocyclic ligands from
[RU(CN)e]* clearly indicate that pH is one of the key parameters which firmly influences the
reaction rate [23,24.51]. To get the optimum pH condition, pH was varied from 2.0 to 6.5, and
absorbance was recorded at a fixed time of 10 and 15 min after the sequential mixing of

reagents (Fig. 2).
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Figure 2. Influence of pH on the initial reaction rate.

Experimental Conditions: Temperature = 45.0 + 0.1 °C, [Hg**] = 1.5 x 10* M, 1 =0.10
M (KCI), [Pyrazine] = 7.5 x 10* M, and [Ru(CN)s*] = 5.25 x 10° M

The figure depicts that the substitution rate increases very sharply with pH from 3.25,
attains its maximum value at ~ 4.0, decreases steeply from pH ~ 4.0 to 5.5, and then remains
unaltered with a further increase in pH up to 6.5. The production of [(HCN)Ru(CN)sOH]?,
the less reactive protonated species of cyanide, is the possible reason for the sharp decline in
the initial rate at lower pH. Furthermore, the predominant existence of a diprotonated form of
pyrazine and tetra-protonated hexacyanoruthenate(ll) (Hs[Ru(CN)s]) in strong acidic condition
will reduce the effective concentration of pyrazine and [Ru(CN)es]* thereby resulting in a
reduced rate [51,52].

The predominant existence of a deprotonated form of pyrazine and
hexacyanoruthenate(l1) at higher pH reduces the availability of H" [51,52]. The decreased rate
at higher pH can be ascribed to the scarcity of H* ions necessary for the regeneration of catalytic
moiety and/or the possible hydrolytic precipitation of catalyst as hydroxide [23]. The lower
regeneration of catalyst Hg?" and its precipitation as hydroxide decreases the effective
concentration of Hg(l1) and, therefore, the reaction rate.

3.1.2. Influence of [pyrazine] on the initial reaction rate.

The optimized pH (4.0 £ 0.02) at 45 °C temperature, under pseudo-uni-molecular
reaction condition (by taking excess of pyrazine over [Ru(CN)s*1), was applied to examine the
impact of [pyrazine] on the substitution rate. The initial rate of reaction was evaluated in the
varied concentration range of pyrazine (8.0 x 10° to 1.0 x 10 M) while fixing the other
reaction parameters at a constant value. The graph of the initial rate against [pyrazine],
presented in figure 3 states that the reaction rate increases with an increase in [pyrazine],
reaches the maximum at 7.5 x 10* M, and further decreases in the studied concentration range
of pyrazine. The lower rate at higher [pyrazine] is due to the lower availability of the catalyst
as the Hg-pyrazine complex's formation decreases the effective concentration of Hg(ll). The
predominant existence of diprotonated species of pyrazine at its low concentration may be the
possible reason for the slowness of reaction at lower [pyrazine] [52].
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Figure 3. Influence of [Pyrazine] on the initial reaction rate.

Experimental Conditions: Temperature = 45.0 + 0.1 °C, [Hg**] = 1.5 x 10* M, 1 =0.10
M (KCI), pH = 4.0 = 0.02, and [Ru(CN)s*] = 5.25 x 10° M

3.1.3. Influence of [Ru(CN)s*] on the initial reaction rate.

To examine the influence of [Ru(CN)s*] on cyanide substitution rate, we vary
[Ru(CN)s]* concentration from 2.3 x 10° to 1.0 x 10, confining the other process parameters
at a constant value. The graph plotted between logVi versus log[Ru(CN)s*] speculates variable
order kinetics in the studied concentration range of [Ru(CN)s]* (Fig. 4). The reaction exhibits
first-order kinetics at a lower [Ru(CN)s*], becomes fractional-order when the [Ru(CN)s*] is
more than 7.5 x 10 but not inclined towards zero-order kinetics.
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Figure 4. Influence of [Fe(CN)s*] on the initial reaction rate.

Experimental Conditions: Temperature = 45.0 + 0.1 °C, [Hg**] = 1.5 x 10* M, I = 0.10
M (KCI), [Pyrazine] = 7.5 x 10* M, and pH = 4.0 + 0.02.
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3.1.4. Influence of [electrolyte] and temperature on the initial reaction rate.

The impact of electrolyte concentration on the reaction rate was examined by varying
the ionic strength (0.025 to 0.25) using potassium chloride at 45 °C keeping [Hg*?] = 1.5 x 10°
*M, [pyrazine] =7.5 x 10* M, pH = 4.0 £ 0.02, and [Ru(CN)s*] = 5.25 x 10" M. The observed
decreasing trend in the initial rate with increasing electrolyte concentration is due to the
negative salt effect (Fig. 5).

The influence of temperature on the Hg?" promoted cyanide exchange rate with
pyrazine from [Ru(CN)s*] was inspected in the temperature range of 30-50 °C. The reaction
was not attempted at higher temperature due to the possible degradation of substitution product,
([Ru(CN)sPz]*) formed during the reaction, also at a higher temperature, the reaction proceeds
at a very fast rate, and thus no significant change was observed in In(A«-At) value. As expected
reaction rate increases with the temperature rise. 45 °C was considered as an optimum reaction
temperature as the substitution reaction proceeds smoothly with a reasonable rate at that
particular temperature.
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Figure 5. Influence of electrolyte concentration on the initial reaction rate.

Experimental Conditions: Temperature = 45.0 + 0.1 °C, [Hg?'] = 1.5 x 10* M,
[Pyrazine] = 7.5 x 10* M, pH = 4.0 + 0.02, and [Ru(CN)s*] = 5.25 x 10° M

3.1.5. Influence of [Hg?*] on the initial reaction rate.

The investigation of [catalyst] (Hg?*) variation on the initial rate of the reaction is
significant as the high catalytic efficiency of Hg?* at its lower concentration can be immediately
applied in the trace level estimation of Hg?" in distinct water samples [50,53]. To study the
varying role of Hg?" on substitution rate, the absorbance after 10 min of mixing of the reactants
under specified reaction condition (Temperature =45.0 £ 0.1 °C, I = 0.05 M {KCI}, [pyrazine]
=75 x 10* M, pH = 4.0 + 0.02, and [Ru(CN)s*] = 5.25 x 10 M) was recorded at different
[Hg?*] ranging from 1.0 x 107" M to 6.0 x 10* M. The graph plotted between absorbance with
[Hg?*] (Fig. 6) exhibits a linear dependency at lower [Hg?*]. With further increase in [Hg?'],
the initial reaction rate increases in a non-linear manner until [Hg?*] and [Ru(CN)s*] becomes
approximately equal. The intercept obtained on the Y-axis through the extra-plotation of the
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curve administers the uncatalyzed substitution reaction rate. At higher [Ru(CN)s*], white
precipitate occurs immediately after the mixing of Hg®" and [Ru(CN)s]* in a minimum 2:1
mole ratio. The growth in initial rate with [Hg?*] up to 1 x 10 M can be ascribed to the
binuclear adduct formed between [Ru(CN)s]* and Hg?" [50]. The absorption of cyanide by
Hg?* leads to the production of more labile [Ru(CN)sH20]%", which then reacts very rapidly
with pyrazine to form the final substitution product. The enhanced abstraction of CN- by Hg?*
is responsible for the sharp decline in the initial reaction rate at higher [Hg?*] when the ratio of
[Hg?")/[Ru(CN)s*] >2 the complete abstraction of CN” by Hg?" leads to the formation of Ru?*.
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Figure 6. Influence of [Hg?*] on the initial reaction rate.

Experimental Conditions: Temperature = 45.0 £ 0.1 °C, | = 0.05 M (KCI), [Pyrazine] =
7.5x10* M, pH = 4.0 +£0.02, and [Ru(CN)s*] =5.25 x 10° M

3.2. Kinetic determination of D-penicillamine.

The previous reports on sodium thiosulphate, thioglycolic acid, and methionine reveal
that the sulfur compounds inhibit the Hg?* catalyzed substitution rate of cyanide from
[RU(CN)6]* by nitrogen donor incoming ligand [39-41]. The rate of investigated reaction will
also decrease by adding D-penicillamine as it forms a stable catalyst—inhibitor [Hg?*---- D-
PCN] complex with Hg?". The formation of this complex reduces the effective concentration
of Hg?* that ultimately results in the loss of its catalytic activity. A proportional decrease in the
reaction rate was observed with the inclusion of D-PCN. The change in absorbance (At) after
15 and 20 min of mixing of reactants with varying [D-PCN] (1.0 x 10 M to 10 x10° M) was
recorded under optimum reaction conditions. The graph plotted between A: and [D-PCN]
exhibits a linear relationship in the concentration range of 1.0 x 10° M to 10 x10° M (Fig. 7).
The plot can be used as a calibration curve for the quantitative estimation of D-PCN. The
expressions relating At and [D-PCN] can be represented as Eg.1 and 2.

A5 = 0.128 — 1.143 X 10 3[D — PCN] (1)

A,y = 0.161 — 1.429 x 10 3[D — PCN] (2)
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The graph plotted between At and [D-PCN] exhibits standard deviation and linear
regression coefficient of 0.002, 0.0008, and 0.9981, 0.9963 for Ais and Ax. Recovery
experiments for D-PCN determination were performed by taking a calculated amount of D-
PCN in distilled water to check the current method's accuracy and reproducibility. Table 1
shows the recovered D-PCN along with standard deviation and percentage error. The D-PCN
can be quantitatively determined up to 1.0 x 10® M level by the proposed analytical method.
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Figure 7. Calibration curve for the D-Penicillamine determination.

Experimental Conditions: Temperature = 45.0 + 0.1 °C, [Hg**] = 1.5 x 10* M, 1 =0.10
M (KCI), [Pyrazine] = 7.5 x 10% M, pH = 4.0 £ 0.02, and [Ru(CN)s*] = 5.25 x 10° M

Table 1. Recovery results and % error for D-PCN determination.
Experimental Conditions: Temperature = 45.0 £ 0.1 °C, [Hg?*] = 1.5 x 10 M, 1 = 0.10 M (KCI), [pyrazine] =
7.5x%10%M, pH =4.0 £ 0.02, and [Ru(CN)e*] =5.25 x 10° M

Ais A2
[D-PCN]x105 M 3 3

[D-PCN]x105 M 0 [D-PCN]x105 M 0
(Taken) (Recovered) Yo Error (Recovered) Yo Error
1.03 1.05+0.04 +0.019 1.00 £ 0.03 —0.030
1.25 1.24 +0.08 —0.008 1.28 + 0.04 +0.023
1.76 1.76 £ 0.00 0.000 1.73 £ 0.06 -0.017
2.10 2.09 £0.05 —0.005 2.10 +£0.00 0.000
2.52 2.50+0.01 —0.008 2.55+0.08 +0.012
2.85 2.88 £0.07 +0.010 2.81 £ 0.07 -0.014
4.50 458 +0.12 +0.021 4,51 +0.02 +0.011
7.50 7.41 +0.09 -0.019 7.45 +0.07 -0.016

To acknowledge the inhibition induced by sulfur donor ligand, D-PCN on Hg?*
catalyzed exchange of cyanide with pyrazine from [Ru(CN)s]*, a modified mechanistic scheme
has been proposed by equations (3) — (7) (Scheme 1). The current reaction system in hand
produces more accurate results for the D-PCN determination as the uncatalyzed reaction
between pyrazine and hexacyanoruthenate(l1) is insignificant under the stipulated experimental
condition (not presented in the proposed scheme) [51].
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3.3. Interference of co-existing components.

The influence of excipients, which are usually present along with drugs in
pharmaceutical preparations, was checked by performing the recovery experiments from the
solution containing 4.0 pgml™* D-PCN under the optimum reaction condition and a large
number of diverse species. The recovery results using the Azs calibration curve suggest that the
addition of excipients even up to 1000 times with the [D-PCN] does not significantly interfere
with the determination of D-PCN (Table 2).

[Ru(CN)J* + Hg?* + H,0 =—= [(CN)sRuCN (Hg™") H,01%  (3)

- Inhibitor (1) || + Inhibitor (1)
2-

,CNHg
(Catal tIT\gtl)'t lex) [(CN)sRu = A’ @
atalyst Innipitor complex AN
y P OH,
-HgCN™ | (slow)
Y
[Ru(CN)sH,01* (5)
-H,0 | + Pyrazine
fast |
[Ru(CN)S-Pyrazine]3' (6)
HgCN* + HY = Hg>* + HCN (7)

Scheme 1. Plausible mechanism

Table 2. Recovery results of D-Pencilliamine (4.0 pg ml?) in the presence if excipients.
Experimental Conditions: Temperature = 45.0 + 0.1 °C, [Hg?*] = 1.5 x 10 M, |1 = 0.10 M (KCI), [pyrazine] =
7.5%x10% M, pH =4.0 £ 0.02, and [Ru(CN)*] =5.25 x 10° M

Additives [Additives] / [D-PCN] Recovery + RSD (%)
Sodium alginate 500 100.7 £ 0.5
Calcium sulphate 1000 99.5+0.8
Starch 500 100.6 £ 0.7
Magnesium stearate 500 99.6 £0.3
Lactose 500 100.6 £ 0.5
Citrate 1000 99.8+0.2
Glactose 1000 100.2 £ 0.6
Glucose 1000 99.7+0.4

3.4. Application in pharmaceutical preparations.

The proposed kinetic spectrophotometric method was effectually employed for the
quantitative determination of D-PCN in pharmaceutical samples. D-PCN's content from 10
capsule/tablet was finally grounded and dissolved in 100 ml of deionized distilled water, which
after sonication for 20 min was filtered off using Whatman filter paper. The solution was further
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diluted with deionized distilled water to bring [D-PCN] within the calibration range. Five
different pharmaceutical samples of D-PCN (capsule/tablet) were subjected to the
spectrophotometric determination of D-PCN. The statistical comparison of the result obtained
by the designed method with the standard method indicates the developed method's precision
and accuracy for D-PCN determination (Table 3) [54].

The mean recovery (99-101) demonstrates that the proposed analytical method can be
effectively employed for the quick quantitative estimation of D-PCN in the pharmaceutical
samples with good accuracy and reproducibility.

Table 3. Determination of D-PCN in Pharmaceutical samples and statistical comparison with the official
method.
Experimental Conditions: Temperature = 45.0 + 0.1 °C, [Hg?*] = 1.5 x 10 M, |1 = 0.10 M (KCI), [pyrazine] =
7.5 x10* M, pH = 4.0 £ 0.02, and [Ru(CN)s*] =5.25 x 10° M

Pharmaceutical Samples Proposed Method Official Method
Recovery + RSD (%) Recovery + RSD (%)

Aaramine 250 mg Capsule 100.46 + 0.69 99.94 +0.38

(RR life science Pvt. Ltd.)

Pendramine 250 mg Tab. 101.02 £ 0.52 99.94 +0.38

(Kent Pharmaceuticals Ltd.)

Artin 150 mg Capsules 99.53+0.73 99.94 +0.38

(Arvinol Laboratories Pvt. Ltd.)

D Penamine 125 mg Tab. 100.68 + 0.39 99.94 +0.38

(Alphapharm)

D-Penicillamine 150 mg Capsule 99.62 +0.48 99.94 +0.38

(Taj Pharma)

4. Conclusions

Using the inhibitory effect of sulfur compounds towards Hg(ll), a new, rapid, and
accurate Kkinetic spectrophotometric method was developed to determine D-PCN
quantitatively. The current reaction system in hand produces more accurate results for the D-
PCN determination. The uncatalyzed reaction between pyrazine and hexacyanoruthenate(ll) is
insignificant under the stipulated experimental condition. The inclusion of D-PCN only reduces
the rate of substitution reaction. The addition of common excipients in pharmaceuticals even
up to 1000 times with the [D-PCN] has no significant interference in the determination of D-
PCN. The D-PCN can be quantitatively determined up to 1.0 x 10° M level by the proposed
analytical method. The statistical comparison of the result obtained by the designed method
with the standard method indicates that the proposed methodology can be convincingly adopted
for the rapid determination of D-PCN in the pharmaceutical preparations with good accuracy
and reproducibility.
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