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Abstract

Lamotrigine is known as an anticonvulsant or antiepilectic drug. Trace level of cyanide may remain in
the product in cyanation step during manufacturing process. Based on the principle of sensitive
colorimetric procedure, converting the product to cyanogen chloride, CNCI by reaction with chloramine-
T and subsequently the formation of colored complex Quinquevalent Cyanide with pyridine-barbituric
acid reagent, the residual cyanide content was determined. The method was validated for various
parameters such as System suitability, Linearity, Method Precision, Accuracy and Intermediate precision
by employing UV-Spectrophotometer. A wide linear range concentration of 0.015-0.1 mg/Kg was
observed with r2 values > 0.99. The sample was spiked at concentration level of 0.025; 0.05; 0.075 and
0.1 mg/Kg respectively and better recoveries between 80-120% with the acceptable relative standard
deviation (RSD) i.e. <20% were obtained. The proposed technique efficiently screens residual cyanide in
Lamotrigine API as residual Cyanide.
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1. Introduction

Lamotrigine (3, 5-diamino-6-(2,3-dichlorophenyl)-1,2,4-triazine), a phenyl-traizine derivative
was first disclosed in the early 1980s by researchers at the Wellcome Foundation [ 2.
Lamotrigine continues to be a front-line anti-convulsant medicine for the treatment of
epilepsy, bipolar disorder, and other conditions [I. As per literature reported, it is chemically
unrelated with other antiepileptic drugs in current use, differing in structure and pharmacology
and has a broad spectrum in antiepileptic activity [ 51,

Lamotrigine is completely absorbed after oral administration. It exhibits excellent oral
bioavailability with first-order linear pharmacokinetics and has a mean plasma half-life of
approximately 24 h 61, Lamotrigine (Figure 1) is a lipophilic weak base with plasma protein
binding of 55%. It gets extensively metabolized in human liver via hepatic glucuronidation by
uridine 50-diphosphate-glucuronosyl transferase (UGT1A4) 1,

In the intervening years, vast majority of syntheses of Lamotrigine have been reported
following the general synthetic route ©13 with 2,3- Dichlorobenzoic acid (2,3-DCBA) as the
key starting material (main moiety) as shown in Scheme 1. Therefore, it can be stated that the
cyanation of 2,3-DCBA is the route for the synthesis of lamotrigine.

Among these routes, the reported conditions for cyanation of the acid chloride intermediate to
give the acyl cyanide are the most varied 420 Known systems differ in cyanide source,
solvent, reaction temperature and additive/catalyst. Classic methods for the cyanation of acyl
chlorides involve high-temperature (>150°C) treatment with CuCN, often conducted neat.
Finally, combining alternative cyanide sources such as NaCN, Zn(CN)?, or K4Fe(CN)® with
various catalysts has also been reported previously for cyanation of aroyl chlorides [20-22,
Condensation of the 2,3-dichlorobenzoyl chloride with copper (1) cyanide was useful for the
preparation of 2,3-dichlorobenzoyl cyanide.

The presence of cyanide in the body leads to inhibition of cell respiration, as a result of the
merger of cyanide ion with trivalent iron cation of cytochrome a3, an integral component of
cytochrome oxidase, located in the mitochondria of the liver. Hypoxia results in disorder in
functioning of all cells; however, the most sensitive to the toxic effects of cyanide are those
tissues with the fastest oxygen metabolism like cardiac muscle and the brain [23 241,

~ 1069~



International Journal of Chemical Studies

Hence, there exists a need to evaluate any traces of cyanide
left unreacted in the produced drug. Therefore, the analysis of
cyanide in samples with different matrix compositions
becomes a very important issue.

Several instrumental methods have been established for
cyanide detection %1, including UV-Vis spectroscopy, Raman
spectroscopy, voltammetry, chromatography, potentiometry
with cyanide-selective electrodes, flow injection (FI) -
amperometry and atomic  absorption  spectroscopy.
Measurement of cyanide in different matrices including water,
soil, air, exhaled breath, food and biological fluids (blood,
urine, saliva, etc.) have also been reported. Typically, when
analyzing concentrations of a target analyte i.e. cyanide in the
sample matrices, the extraction method is as important as the
analytical technique. With the growing interest in cyanide
determination; almost all aspects of modern instrumental
analysis and related publications have appeared during the last
five years. Recently, Xu et al. and Zelder and Ménnel-Croisé
have respectively reviewed optical sensors and colorimetric
measurement of cyanide 2],

A review of the literature indicates that colorimetric methods
are superior to the others ?71, Spectrophotometry has widely
been used to determine cyanide 8. These methods have
mainly been based on measuring the absorbance of
complexing agents due to complexation with cyanide. In the
sensitive colorimetric measurement, the cyanide is converted
to cyanogen chloride, CNCI, by reaction with chloramine-T at
a pH less than 8 without hydrolyzing to the cyanate.On
completion of reaction, color is formed on addition of
pyridine-barbituric acid reagent. This colored compound is a
complex of Quinquevalent Cyanide and is determined
spectrophotometrically 21, The sensitivity of this method
surpasses the other reported spectrophotometric methods.

The aim of the present scope of the work is to optimize a
sensitive spectrophotometric method for the determination of
residual cyanide in Lamotrigine drug involving validation
parameters.

2. Materials and Methods

2.1 Chemicals and reagents

Potassium Cyanide Standard Solution (100g/L) was procured
from Chem-Lab. Chloramine-T Solution AR grade from Merk
was used. Pyridine and Hydrochloric Acid of LR grade were
purchased from Thomas Baker. Barbituric acid, AR grade
from Loba Chemical was used in the present study. The
aqueous solutions were prepared with deionized water (Milli
Q Millipore). All absorbance measurements were carried out
on UV-Visible spectrophotometer, Shimadzu UV1800
(A11635101719), equipped with 1.0 cm quartz cell.

2.2 Preparation of reagents and standard solutions

2.2.1  Preparation of Chloramine-T solution

About 1.0 g of Chloramine-T was weighed and dissolved in
100mL of Milli-Q water. This solution was prepared freshly.

2.2 Preparation of Pyridine-Barbituric acid Reagent
solution

Barbituric acid of about 6.0-7.0 g was taken into 100mL of
volumetric flask containing 10mL of water followed by slow
addition of 30mL Pyridine (portion wise 10mL) and cooled
the mixture in ice bath. Then to this mixture, slowly added
portion wise of 6-7 mL concentrated hydrochloric acid (Conc.
HCI) in ice bath with proper shaking. The volume was made
up to the mark with water.
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2.2.3 Preparation of Standard solution stock (1000 mg/kg
Cyanide solution)

Cyanide standard stock solution of 1000 mg/Kg concentration
was prepared by taking accurately 0.25 mL standard solution
of Potassium cyanide (100g/L = 10%) into 10.0 mL
volumetric flask. Dissolved in 5 mL of water and made upto
the mark with same, mixed well and vortexed.

2.2.4 Preparation of working standards

Working standard solutions were prepared by serial dilution
of the standard stock solution into 10 mL volumetric flasks
containing 0.2mL of Chloramine-T solution and 2.5mL of
Pyridine-Barbituric acid to achieve the desired linearity range
concentration 0f0.015-0.1 mg/Kg of Cyanide. After shaking
for 5 min, final volume was made up to the mark with chilled
water.

2.2.5 Preparation of Sample and Blank solution

About 0.05 g of Lamotrigine sample was weighed accurately
into 10 mL volumetric flask. To this added 5 mL chilled water
and mixed well. Followed by addition of 0.2 mL of
Chloramine-T solution and slowly addition of 2.5 mL of
Pyridine-Barbituric acid Reagent solution. This was then
shaken for 5 min and made upto the mark with chilled water.
Blank solution was prepared by the same procedure without
taking cyanide sample.

2.3 Instrumentation and conditions
Instruments: UV —Spectrophotometer
Wavelength: 578 nm

3. Results and Discussion

Method validation

As per the ICH guidelines Validation of the analytical method
was performed by carrying out Linearity, Precision,
Accuracy, Intermediate precision and limit of quantification

(LOQ).

3.1 Linearity

The linearity regression analysis was demonstrated to check
the acceptability of the method for quantitative determination
range of LOQ to 150% of the specification limit. The
regression coefficient r> = 0.99 is also well within limit. In
this study, five concentration levels of Cyanide standard
solutions ranging from 0.015 to 0.1mg/kg were analyzed to
evaluate the linearity of the calibration curves by plotting the
peak areas which were used as the analytical signal response
versus concentration. The linearity data for both the methods
is shown in Table 1 whereas Linearity graph is shown in
Figure 2.The calibration curves obtained were linear within
the range and showed good regressions (correlation
coefficients (r?) > 0.99).

Table 1: Linearity regression analysis

Concentration (mg/Kg) | Absorbance (Reading) Rf
0.015 0.022 681.8182
0.025 0.040 625.0000
0.05 0.080 625.0000
0.075 0.117 641.0256
0.1 0.158 632.9114

3.2 Limit of Quantification (LOQ)
The limit of quantitation (LOQ) was determined by gradually
decreasing the concentrations of standard solution of cyanide
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and reading the absorbance. The limits of quantification found
was 0.015mg/kg.

3.3 System suitability

System  suitability was performed using0.05 mg/kg
concentration of standard solution and calculating the relative
standard deviation of six replicate absorbance readings of the
same. The relative standard deviation was less than 2.

Table 2: Precision of Standard Solution (0.05 mg/Kg)

Standard solution Absorbance % RSD
Solution 1 0.083
Solution 2 0.083
Solution 3 0.083
Solution 4 0.080 162
Solution 5 0.081
Solution 6 0.081

Method Precision

Method precision was determined by repeatability (intra-day)
and intermediate precision (inter-day). Precision were
evaluated with six replicates of sample fortified at 0.015
mg/Kg. The intra- and inter-day precision results are shown in
Table 3 and 4. The intra- and inter-day precision of the
fortified samples were satisfactory with RSD less than 2%.

Table 3: Precision data of Intra-day fortified at 0.015 mg/Kg

S. No Sample wt. (g) Sample Abs % RSD
1 0.0498 0.018
2 0.0499 0.018
3 0.0535 0.020
4 0.0545 0.020 139
5 0.0551 0.020
6 0.0542 0.020

Table 4: Precision data of Inter-day fortified at 0.015 mg/Kg

S. No Sample wt. (g) Sample Abs % RSD
1 0.0532 0.017
2 0.0541 0.017
3 0.0535 0.017
4 0.0545 0.017 154
5 0.0521 0.016
6 0.0485 0.015
3.5 Accuracy

Typically, accuracy is represented and determined by
recovery studies. The accuracy of the method was evaluated
by spiking the samples at four levels i.e. 30, 50, 100 and
150% of the specification level i.e. at concentration level of
0.025; 0.05; 0.075 and 0.1 mg/Kg respectively. The recovery
data for the methods is as shown in Table 5. Three absorbance
reading were taken at each level. The relative standard
deviation (% RSD) for all spiked levels were found lower
than 20% and the recovery obtained were between 92.4% to
96.9%.

Table 5: Recovery data for cyanide

Specification Level %|Concentration level (mg/Kg)% Recovery,
30 0.025 92.4
50 0.05 93.0
100 0.075 96.9
150 0.1 95.8
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Fig 1: Chemical structure of Lamotrigine

HH,

[« [+] cl 0 o I{;’=<'H:

LNy X J'l\sq Cn S J\cu [+ N /“\,.

I o CuCX, KI ‘ DMF, MeSOH | CN
— K# a> o

MNH
"
"-:'-—H—ﬁ/ HCl
2,3-Dichlorobenzoic acid (2,3-DCBA) 1 N 2
1-PrOHKOH
a ) /,-.___LH\TH—::
a ‘ N
REMeOH Sy -
—_—
| HHz
L

Scheme 1: Synthetic route of Lamotrigine

4. Conclusion

The simple, sensitive analytical method has been validated for
the residual content of Cyanide in Lamotrigine. No trace
amount of cyanide was detected in Lamotrigine samples. The
data of the spiked samples showed relatively high recoveries.
Quantitative calibrations performed in a standard matrix
showed excellent linearity and precision. The validation data
showed that this method has good accuracy and sensitivity.
The method is simple, reproducible and accurate for
determination of residual cyanide in Lamotrigine API. The
developed analytical method is useful as a routine alternative
choice for the trace determination of cyanide. The
applicability of the proposed spectrophotometric procedure
for the determination of residual cyanide could be applied in
other API samples. The method well suits for the intended
purpose.
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