SPECTROPHOTOMETRIC DETERMINATION OF LAMOTRIGINE IN PHARMACEUTICAL PREPARATIONS AND URINE SAMPLES USING BROMOTHYMOL BLUE AND BROMOPHENOL BLUE
(Penentuan Spektrofotometrik Lamotrigina dalam Persediaan Farmaseutikal dan Sampel Urin mengunakan Bromotimol Biru dan Bromofenol Biru )
Fadhil M. Najib* and Kosar H. H. Aziz

Chemistry Department, College of Science, Sulaimani University, Sulaimani, Kurdistan Region, Iraq

*Corresponding author: fadhil.najib@univsul.net
Abstract
Two simple and sensitive spectrophotometric methods have been developed for the determination of the antiepileptic drug lamotrigine (LMT) in pharmaceutical preparations and urine samples.  The methods are based on the interaction of LMT with two sulphonphthalein dyes, namely, bromothymol blue (BTB) and bromophenol blue (BPB) in dichloromethane (DCM) medium to form stable and yellow-colored ion-pairs with  λmax 410 and 413 nm respectively. The ion-pair LMT-BPB has been extracted from aqueous solutions at pH 3.25±0.25 using DCM; while LMT-BTB ion-pair was directly prepared in DCM. Interferences from the compounds of the urine samples, in case of LMT-BPB were removed using a suppressing solution (S.S.) prepared from the salts of the interfering ions.  In LMT-BTB method, the urine of normal person not taking LMT, was used as a blank to remove the effect of interferences.  Under optimum conditions, the calibration curve of LMT-BTB was linear over the range of 1–12 µg.ml-1, ε =1.97×104 L.mole-1.cm-1, r2 = 0.9983, and D.L of 0.13 µg.ml-1. The corresponding values for (LMT-BPB) ion-pair were 0.5–12 µg.ml-1 linear range, ε =1.92× 104,  r2= 0.9980, and D.L= 0.24 µg.ml-1.  The stoichiometry of the ion-pairs were found to be 1:1, based on Job’s , mole ratio and slope ratio methods.  The recoveries (%R) for both methods were in the range of 97%-101.8% and 95%-97.1% with RSD ≤ 1.68% and 3.1% respectively.  For LMT- spiked urine samples, the recoveries were 98.5%- 106.6% with RSD ≤ 1.66%. Interferences from phenobarbital and carbamazepine were in the range of 25 – 40 folds.  Statistical comparison of the results with a published method using F and t-tests showed no significant differences between each of the two methods and the reported one at 95% confidence level.  A standard addition method, gave high accuracy with LMT-BPB method.  The proposed methods were successfully applied for the determination of LMT in pharmaceutical preparation and urine samples.  
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Dua kaedah spektrofotometri mudah dan peka telah dibangunkan bagi penentuan ubat anti-epileptik lamotrigine (LMT) di dalam persediaan farmaseutikal dan sampel air kencing (urin). Kaedah ini berasaskan kepada interaksi di antara LMT dengan dua pewarna sulfonftalein iaitu bromotimol biru (BTB) dan bromofenol biru (BPB) dalam medium diklorometana (DCM) membentuk pasangan ion yang stabil dan berwarna kuning dengan λmax masing – masing 410 dan 413 nm. Pasangan ion LMT-BPB telah diekstrak daripada larutan akueus pada pH 3.25 ± 0.25 menggunakan DCM. Manakala pasangan ion LMT-BTB disediakan langsung di dalam DCM. Gangguan matriks air kencing, bagi kes LMT-BPB, disingkirkan menggunakan larutan penghalang (SS) yang disediakan daripada garam ion penganggu. Bagi kaedah LMT-BTB, air kencing daripada orang biasa yang tidak mengambil LMT, digunakan sebagai blank bagi menyingkirkan gangguan. Pada keadaan optimum, keluk tentukuran LMT-BTB adalah linear dalam julat 1-12 μg.ml-1, ε = 1.97 × 104 vL.mol-1.cm-1, r2 = 0.9983 dan DL = 0.13 μg.ml-1.  Bagi pasangan ion LMT-BPB julat linear adalah 0.5-12 μg.ml-1), ε = 1.92 × 104, r2 = 0.9980, dan DL = 0.24 μg.ml-1. Stoikiometri pasangan ion adalah 1:1 berdasarkan kaedah-kaedah plot Job, nisbah mol dan  nisbah cerun. Perolehan semula (% R) untuk kedua-dua kaedah adalah dalam lingkungan 97% -101.8% dan 95% -97.1% dengan RSD masing – masing adalah ≤ 1.68% dan 3.1%. Perolehan semula sampel air kencing yang dipaku dengan LMT adalah 98.5 - 106.6% dengan  RSD ≤ 1.66%. Gangguan daripada phenobarbital dan carbamazepine adalah dalam lingkungan gandaan 25 - 40. Analisis statistik perbandingan menggunakan Ujian  F dan Ujian t pada aras keyakinan 95%, menunjukkan tiada perbezaan yang bererti di antara setiap kaedah. Kaedah tambahan piawai memberikan kejituan yang tinggi bagi kaedah LMT-BPB. Kaedah yang dicadangkan telah berjaya digunakan bagi penentuan LMT di dalam persediaan farmaseutikal dan sampel air kencing.
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                                                                               Introduction
Lamotrigine (LMT) or Lamictal, [6-(2,3-dichlorophenyl)-1,2,4-triazine-3,5diamine] is an antiepileptic drug of the phenyltriazine class, is chemically unrelated to other anticonvulsants [1,2] it has a pKa of 5.7 and its chemical structure shown in Figure 1.  It is slightly soluble in water, a little more in HCl and H2SO4 at 25C and of good solubility in methanol and acetone [3-5].
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Figure 1. The chemical structure of lamotrigine (LMT)
LMT is used in the treatment of epilepsy as monotherapy or adjunct with other antiepileptic drugs [6].  It is rapidly and completely absorbed with elimination half-life of about 24 hours of the administered dose, 70% can be recovered in urine 90% of which is in the form of glucuronide conjugate and 10% unchanged LMT [7]. Various analytical techniques to estimate LMT in dosage forms and biological fluids have been reported in the literature.  But most of the methods utilized HPLC techniques, due to their suitability, either normal or reversed-phase [8–11] and Gas chromatography too [12] in a mixture or with its metabolized species.  Electroanalytical methods, including Ion-selective electrodes [13] and differential pulse adsorptive stripping voltammetry [14, 15] were among selective and sensitive methods used for the analysis of this drug.  Extensive search in the literature has shown few spectrophotometric methods (absorption or emission) for the determination of LMT [2-6,16,17].
The emission method [2] in pharmaceutical formulations and biological fluids has been based on reaction of LMT with o-phthalaldehyde in the presence of 2-mercaptoethanol in borate buffer of pH 9.8 to yield a highly fluorescent derivative. Some of the absorption methods were in the UV region at 275 nm [5] and 307 nm [16] in bulk and in dosage form.  In the visible region, however, charge transfer ion pair formation [17], p-chloranilic acid,  Bromocresol green, Bromocresol purple, Chlorophenol red, and Bromophenol blue in chloroform or dichloromethane solvents [3-6,17]  after extraction with chloroform and more recently the reagent 7,7,8,8-tetracyanoquinodimethane (TCNQ), as π-electron acceptors have been used for the spectrophotometric determination of LMT [18]. Although most of the methods applied for determination of LMT are sensitive and selective, but they require expensive instrumental set up. The aim of the present work was to develop easy spectrophotometric methods. Practical tests on many reagents revealed that sulphonphthalein dyes, namely bromophenol blue (BPB) and bromothymol blue (BTB), of the chemical structures shown in Figure 2 [19] were two suitable reagents to form colored ion-pair complexes with LMT.
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I.bromothymol blue (BTB)                                     II.bromophenol blue (BPB)

Figure 2. The chemical structure of (I) BTB  and (II) BPB

Experimental
 Materials
All spectra and absorbance measurements were taken with (Heλiosα UV-visible spectrophotometer V4.6) with 1cm path length quartz cells. (OAKTON pH-meter) with combined glass electrode (1100/2100) bench top meter USA. Shaker (Yamato, model SA-3IR) Micropipetspretech (variable and fixed).  Sensitive balance (Sartorius) model: BL210S.  Propipet controller accu-jet.Dispensette E.CAL. (0.2-2 mL, 1-10 mL) Germany.

Chemicals and Preparations
All chemicals used were analytical reagent grade and were from (Fluka, Rohm and Haas, Alpha chemika, Scharlauchemie S.A, Gainland Chemical Company GCC, and Merck) without further purification.  Pure and standard powder of lamotrigine was obtained from the (Hikmacompany, Jordan).  Both standard carbamazepin and Phenobarbital were obtained from (Samarra drug-company-Iraq).  

Two concentrations of standard LMT were prepared: (І) 0.02 mg/mL LMT in CH2Cl2 and (II) 0.1mg/mL LMT in 10 mL 0.1M HCl, completing the volume to 1L with D.W in a volumetric flask. Bromothymol blue (BTB 624.4 g/mole) 5×10-3M was prepared by dissolving 0.3122 g BTB in about 60 ml CH2Cl2 completing the volume to 100 ml in a volumetric flask with the same solvent.  Bromophenol blue (BPB 670 g/mole) 4×10-3M and 10–3M were prepared by dissolving 0.67 g or (0.1675 g) BPB in 10 mL methanol and the volumes were completed to 250 mL in volumetric flasks with D.W.  The buffers citrate, tartarate, phthalate and phosphate were prepared according to [20] and adjusted to the desired pH by NaOH or HCl.

The suppressing Solution (S.S.):was prepared by dissolving a mixture of 1.8825 g .Na2HPO4,1.4515 g. K2 HPO4, and 0.15 g. creatinine, which give 6100, 6500 and1500 ppm each of Na+, K+ and creatinine, respectively in100 mL volumtric flask. The pH of the solution was adjusted to 6 with 0.1M HCl.

Deproteinization of samples: 
This was performed as follows:1). Five mL of LMT- spiked urine were collected in a beaker. 2). Three mL of 0.15M Ba(OH)2 were added to the urine sample followed by 3 mL of 2.5% w/v ZnSO4.7H2O and mixed well. 3)-The mixture was filtered through a whatman no.41 filter paper and the filtrate was diluted to 100 mL by D.W in a volumetric flask [21].

 Preparation of tablet samples:
Ten tablets were accurately weighed and grounded into a fine powder. A quantity of the powder                                                                                                                                                                      Equivalent to 5.0 mg of LMT was dissolved in 50 mL CH2Cl2 and transferred quantitatively into a 100 mL volumetric flask. Then content was shaken thoroughly for 20-25 min. then filtered through a Whatman No.41 filter paper and washed three times with 5mL portions of CH2Cl2. The filtrate was diluted to 100 mL in a volumetric flask with CH2Cl2.

Preparation of urine samples for analysis by using BPB:
In order to decrease the effect of those interferences present in urine samples, after deproteinization mentioned before, the filtrate was diluted to 100 mL with D.W.in a volumetric flask ready for analysis.

 Determination of LMT using BPB; In Tablets and Urine Samples:
 A volume of 1.5 mL 4×10-3M BPB reagent was added to a mixture of a series of 0.25, 0.5, 0.75 till 6  mL of 0.01 mg.mL-1 LMT standard or a suitable volume of the sample solutions of the tablet or of urine containing between (0.5-12 μg.mL-1) LMT with 1mL buffer (pH 3.25). This is followed by adding 1mL 0.1M NaCl (plus 0.2mL S.S in, case of urine samples only).  The mixture was mixed well and diluted to 10 mL in a volumetric flask using D.W. The resulting ion-pair formed between LMT and the reagent was transferred into a separating funnel (100 mL capacity) and extracted using 5 mL CH2Cl2 in two portions to wash out the volumetric flasks for quantitative transfer of the solution. The separating funnel was shaken for 2 min.  After separation, the organic layer was used for drawing calibration curves and for spectrophotometric measurements of LMT at 413 nm.  The blanks were run in exactly the same way throughout the whole procedure.  The LMT concentration was obtained from the standard calibration curve.

Determination of LMT using BTB
In Tablets
The calibration curve between absorbance and the concentration of LMT,  was prepared  by taking  aliquots of 0.5, 1, 1.5 and 6.0 mL, accurately from  (0.02 mg/mL) standard  LMT solution in CH2Cl2,  into a series of 10 mL volumetric flasks, or a suitable volume of the tablet sample solutions.  To each flask, 1mL of 5×10-3M BTB was added, diluted to the mark with CH2Cl2 and mixed well.  The absorbance of the resulting yellow color ion-pair was measured against the reagent blank. The content of LMT in each tablet was calculated from the prepared calibration curve.

In human urine:
A calibration curve was first prepared from fresh urine collected from a healthy volunteer. A series of 1 mL of this urine was spiked with 0.2, 0.4, 0.8,----, 2.8 mL, 0.1 mg/mL standard solution of LMT plus 0.5 g NaCl salt, 3 mL of phosphate buffer, to adjust pH to 7.0.  Each solution, and in the same way the urine sample of the patient, was transferred to a separating funnel quantitatively and 10 mL of CH2Cl2 were added and shaken for 10 min.  The two phases were allowed to separate, then a 5 mL of the CH2Cl2 layer was transferred into a10 mL volumetric flask followed by addition of 1 mL 5×10-3M BTB and diluted to the mark with CH2Cl2. The absorbance of each solution was measured at 410 nm against the corresponding blank, which was prepared exactly in the same way without addition of LMT. 

Results and Discussion
Many experiments and conditions were tried to perform this study of LMT determination with the two selected reagents BTB and BPB, in aqueous medium without any indication of colored ion-pair formation.  Therefore it was decided to follow the mechanism route of LMT with one of the reagents starting from aqueous medium while organic for the other.  Thus, the necessity of searching for an organic solvent suitable, favorably, for both of them to understand similarities and differences between the two mechanisms.

Choice of a suitable organic solvent
 Several organic solvents such as (chloroform, carbon tetrachloride, diethyl ether, acetone methanol, ethanol, dichloromethane cyclohexane, xylene, toluene, acetophenon and benzene) for extracting the ion-pairs formed between BPB and BTB with LMT were tested.  Among these solvents, dichloromethane was preferred as the most suitable solvent for both reagents.  To choose one of them for extraction from aqueous solution, as was pointed out, it was found that LMT-BPB more suitable for this purpose.  This was because in case of LMT-BTB the aqueous and organic phases could not be separated well.

The Absorption Spectra:
 The absorption spectra of the complexes LMT-BTB and LMT-BPB against blank and of the reagents BTB and BPB against dichloromethane are shown in Figure 3a and b respectively. The solution of LMT in both dichloromethane and aqueous solution was nearly colorless therefore the absorption bands appeared in the visible region after the addition of the dyes BTB or BPB to fixed concentrations of the drugs in dichloromethane indicated the formation of ion-pair complexes between the drug and the dyes.  The absorption maximum of the ion-pair LMT-BTB complex in dichloromethane without extraction was 410 nm. While that of LMT-BPB ion-pair was also obtained in CH2Cl2 but after extraction from aqueous solution.  The optimum pH 3.25 of the aqueous phase, which will be shown in the next section, was applied to extract the ion-pair LMT-BPB into dichloromethane and the absorption maximum was 413 nm.  The absorbance of the reagent blank was insignificant in both methods. This is a useful phenomenon to enhance the sensitivity of LMT determination.  The reagent blank and the complexes with most of the other solvents were of the same absorbance. Therefore dichloromethane was a chosen solvent.
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Figure 3. The absorption spectra of: A- (LMT-BTB) and B- (LMT-BPB) ion-pair complexes  against the corresponding blank (a) and the reagents  alone (b) against the solvent CH2Cl2

Optimum pH and choice of a buffer for LMT-BPB extraction
A constant pH between 3 to 3.5 was observed and the pH chosen was 3.25.  The buffers examined for pH adjustment were Tartarate, Citrate, KH-phthalate and Citric acid-Na2HPO4.  The experiments were performed by the addition of 1ml of each buffer and the basic procedure was applied for two levels of LMT concentration.  Citric acid-NaOH buffer that has pH 3.18 was found suitable.  The volumes between (0.5 to 3 mL) were added to a constant drug concentration and a constant absorbance region was obtained between 1-3 mL, hence 1mL of this buffer was used for all subsequent experiments

Optimization of the extraction conditions
The influence of the concentration of BTB and BPB on the intensity of the color developed at the selected wave length and constant drug concentration was studied by using different  amounts  (0.2 - 2 mL) of 5×10-3M BTB and
 (1 - 9 mL) of 10-3M BPB and found that 1 mL and 6 mL were the best respectively.

Under optimum conditions, the volume of dichloromethane for the extraction of the (LMT-BPB) drug-dye complex from aqueous solution was studied between 3 - 8 mL with shaking time from 0.5 - 4 min. After the first extraction, the absorbance of the organic layer was negligibly small. Hence a single extraction with 5 mL CH2Cl2 and 2 min shaking time were found suitable and also sufficient to complete the analysis. 

The following salting-out agents [KCl, KNO3, KSCN, NH4Cl, (NH4)2SO4, MgSO4, MgCl2, and NaCl] were tested to enhance the distribution constant for a better extraction of the ion-pair into the organic phase. The results indicated that NaCl was suitable and the presence of 1mL 0.1M NaCl was the optimum amount to be used. 
 

All possible orders of addition of the LMT, BPB, NaCl, and the buffer were tried after completing all other optimizations. The study performed on 0.5 mL and 4 ml of 0.01 mg/mL LMT, revealed that the best order of addition was when LMT is added first, then the buffer followed by BPB and NaCl the last.

The nature of LMT-BPB ion pair, stability and stoichiometry
 Although, the structure of the reagent BPB at pH 3.25 behaves as an anion (Scheme II) and LMT as a cation, it was decided to verify this behavior, especially their combination product and to prove whether or not the (LMT-BPB) ion pair can form in aqueous solution as was pointed out earlier. For this purpose, cation and anion exchanger resins were used as the easiest and available technique. The reagent, the analyte and their reaction products were passed through the   resins and the basic procedure was applied on the eluents.  Comparisons between absorbance before and after passing through the resins showed that LMT was in a cation form that is why it has been retained on the cation type resin.  In a similar way BPB was in anion form.  Clear information was obtained after passing (LMT- BPB), ion-pair through both types of the resins, and that was the cation or anion part of the complex has retained on the corresponding resin. This has indicated that the complex is not sufficiently stable in aqueous solution that is why it should be extracted into the organic phase.   

The stability of the ion-pair complexes formed between LMT and BTB or BPB was performed by measuring the absorbance against time. The optimum reaction time for the development of the color at room temperature was found to be instantaneous with both reagents.  The color formed was stable for at least 60 min. in both cases.  However, semi-quantitative measurements have shown that the ion-pair complexes are stable for at least 24 hours.
    
The stoichiometry of the ion-pair complexes formed between LMT and reagent dyes (BTB and BPB) were examined by three methods namely, (a) Job’s continuous variation, (b) mole ratio, and (c) slope ratio methods, at wave lengths of 410 and 413 nm respectively. In Figure 4, the plot reached a maximum value at mole fraction of 0.5 indicating a molar ratio of 1:1.  The mole ratio method, in Figure 5, also, shows that one mole of each of the reagent and the analyte participated in the ion-pair formation. Still, more confirmation by slope ratio method indicated the formation of 1:1 ion pair complex.   Accordingly, the composition of the ion-pair complexes were suggested and shown in Figure 6.  The anionic dyes BTB and BPB have formed ion-pair complexes with the positively charged nitrogen containing molecule LMT.  
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Figure 4.  Job’s plot for the ion-pair complexes (a) (LMT-BTB  and (b) for  (LMT-BPB).
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Figure 5. The mole ratio determination of the stoichiometry of (a) the (LMT – BTB) and (b) for (LMT-BPB) ion pair complexes. BTB and BPB were of constant No. of moles.





Figure 6. The suggested mechanism of the reaction pathway to form ion-pair complex between the drug and reagent dyes. Positively charged nitrogen of LMT and negatively charged sulfonate of BTB or BPB forms an ion-pair complex in dichloromethane.

Calibration curves, precision and accuracy of the methods:
Calculations showed molar absorptivity of 1.97×104 and 1.92×104   L.mole-1.cm-1 and the detection limit (D.L.) of 0.13 and 0.24 µg/mL (n=10) (LMT- BTB) and (LMT-BPB) respectively.  Other properties of the calibration curves are given in table 1. The table also shows the precision of LMT determination by both reagents BTB, and BPB.  Both methods show reasonable precision but, slightly lower in case of (LMT-BPB) due to the extraction steps.





The percentage recovery for the determination of known concentrations of standard LMT solution, shown in the table, is quite reasonable for both methods.  Calculations also showed the difference between the mean () and the true value (μ) tested for the existence of a systematic error in the results of the table.  These were obtained by the

Table 1: Properties of the calibration curves in this study

	
Method
	LMT taken μg/ml
	LMT found n=3
	%R
	Lin. range
μg/ml
	r 2
	Molar abs.

	D.L.
	       % RSD

	
	
	
	
	
	
	
	
	type  A
	Type  B

	LMT-BTB
At 410nm.
	2
	1.94
	97.1
	
1 - 12
	0.9983
	1.97×104
	0.13
	0.71
	1.68

	
	10
	10.18
	101.8
	
	
	
	
	0.37
	0.66

	
	
	
	
	
	
	
	
	
	

	LMT-BPB
At 413nm.
	2
	1.90
	95.0
	
0.5 -1 2
	0.9980
	1.92×104
	0.24
	0.70
	3.1

	
	10
	9.71
	97.1
	
	
	
	
	0.47
	1.47


Recovery (%r), linear range (lin.range), correlation coefficient (r2) and relative standard deviation (%rsd): type a: 10 times repeating of the same product, and type b: 10times repeating of the whole procedure.




Percentage recovery for the determination of known concentrations of standard LMT solution, shown in the table, is quite reasonable for both methods.  Calculations also showed the difference between the mean () and the true value (μ) tested for the existence of a systematic error in the results of the table.  These were obtained by comparing the actual difference (- μ) and the term [t.S /] at 95% confidence limit DOF = 2   using t-test.   The difference was not significant at 95% C.L for (LMT-BTB), indicating the existence of no or a very small systematic error. In the case of (LMT-BPB), however, the difference was   significant at high concentration (10 µg/ml) indicating the existence of a systematic error which was mainly due to the extraction steps.  But the errors were still within the allowable values and required no treatments.

Selectivity of the methods
Study of interferences on LMT-BPB ion-pair complex
The interfering effects expected in the most common antiepileptic drugs administrated as an                                                                                                                                                                   adjunct with LMT were examined with both reagents BTB and BPB. The ions and compounds expected to be present in urine and pharmaceutical preparations were also studied. These ions did not have any effect on LMT determination by BTB, since this method was performed in an organic medium.  Interferences of the most common antiepileptic drugs co-administered with LMT, such as phenobarbital and carbamazepine, showed that phenobarbital did not interfere in the range of 1 to 40 folds, while the effect was more severe in the presence of carbamazepine. The effects were 25 and 32 folds on each of BTB and BPB respectively for 5% maximum error (tolerance level T.L), which are quite acceptable.
 
Results of table 2 show the effects of the most possible ions present in urine and also those additives usually used in pharmaceutical preparations, on the determination of LMT in those samples using BPB.  The table shows the maximum quantity of the interference on 2 mg/L of lamotrigine, which can cause not more than 5% error (T.L.).  The cations chosen were (Na+, K+, Ca2+, Mg2+, and Fe3+) in the forms of  (Cl-, HPO42-, HCO3- and NO3-). It was found that the effect is mostly due to creatinine which was present in urine at a high level and some cations and anions.  The separation of creatinine from the urine was tried by using phosphotungstic acid which forms a precipitate with creatinine.  The attempt was not successful because LMT itself formed a precipitate with phosphotungstic acid at high concentration. 




The effect of the  cation interferences was confirmed by examination of  the first four cations in the table (Na+, K+, Mg2+, and Fe3+) all in chloride form showing that K+ and Mg+2 have lower tolerance level than other cations.  The cations [Na+, K+, and Ca2+] were more effective when they were in the form of (HPO4-2).  This has indicated that the effect of HPO4-2 was more severe than the other anions and sodium lauryl sulfate which was used as an additive in tablets gave effective error in the negative direction.

The table also shows the effect of the compounds [urea, starch, glucose, fructose, and sucrose], which are either present in urine or as an additive in pharmaceutical preparations.  These compounds showed very small interferences, in which their tolerance level ranged between 2000 – 5000 folds. 

Table 2: The tolerance levels (T.L.) of interferences on 2 ppm of LMT

	Cations
	Salts of cations
	T.L (folds)
	Error direction

	Na+
	NaCl
	16
	-ve

	K+
	KCl
	8
	-ve

	Mg2+
	MgCl2.6H2O
	6
	-ve

	Fe3+
	FeCl3
	> 500
	------

	Na+
	NaHCO3
	22.5
	-ve

	Na+
	Na2HPO4
	6
	-ve

	K+
	K2HPO4
	2.5
	-ve

	Ca2+
	CaHPO4.2H2O
	8
	-ve

	K+
	KNO3
	18
	-ve

	Ca2+
	Ca(NO3)2.4H2O
	100
	-ve

	Mg2+
	Mg(NO3)2.6H2O
	3.6
	-ve

	Fe3+
	Fe(NO3)3.9H2O
	56
	-ve

	Na+
	Na-lauryl sulfate
	2
	-ve

	Creatinine
	C4H7N3O
	1
	+ve

	Glucose
	C6H12O6
	> 2000
	-------

	Urea
	(NH2)2CO
	> 5000
	-------

	Fructose
	C6H12O6
	>2500
	-------

	Sucrose
	C12H22O11
	>2500
	-------

	Starch
	-------
	No effect
	-------

	Uric acid
	C5H4N4O3
	> 2500
	-------



To remove interferences a solution, which was named by the present authors as a (suppressing solution, S.S.) was proposed.  This solution was containing all of the interferences (the cations were in HPO4-2 form), with concentrations that thought to be present in the urine sample in the normal range [22].  The use of suppressing solution will be discussed in the next section

Removing interferences using suppressing solution (S.S)
The basic principle of this idea is of two approaches: First, is that, those interferences which are expected to be present in urine sample are also added to the calibration standards and to the blank.  The net result will be subtraction of their effect from the sample. In addition to that, however, the second approach is that all interferences were of negative effect as was shown in table 2, except creatinine which has a positive effect. Thus suppressing the effect of negative errors by compensation. This solution will be added only when the urine sample is analyzed.   Studying the quantity of this solution needed to be mixed with (0.8 ml) of 10 mg.L-1 LMT was 0.2 mL. as an optimum volume of S.S for removing the effect of interferences including creatinine.





Application of the methods for real samples:
Determination of LMT in tablets
The proposed methods were applied for the determination of LMT in commercial tablets and the results obtained were compared with those of a published method [17] applying F-test and t-test.   Results of table 3 show that, calculated F-values and t-test are less than the tabulated values at 95 %confidence level, which indicate that the difference between the two methods is not significant.  This is an indication that the proposed methods were as good

Table 3: statistical comparison of the proposed and the published methods for the   determination  of  LMT in tablets. Results are the mean of 3 determinations.

	Tablet brand name
(mg/tablet)
	                                           % Found  ± SD (n=3)

	
	Published method
	BTB method
	BPB method

	Loxol-Hikmajordan
100
	97.3±0.892
	97.95±0.862
F =1.07
t =0.91

	98±1.100
F =1.52
t =0.86


	Lametec-India
100
	99.1±1.09
	98.4±1.39
F =1.63
t =0.70

	97.8±0.91
F =1.43
t =1.59


	BioGran-German
200
	97.1±0.412
	95.98±1.041
F =6.38
t =1.73

	96.2±0.526
F =1.63
t =2.33


	Lamictal-Glaxo
U.K
50
	102.24±0.891
	102.14±0.56
F =2.53
t =0.16
	103±0.8
F =1.24
t =1.1


	F table(2,2) 95% CL =19  …t table, DOF 4 at 95% CL =  2.77



Determination of lamotrigine in urine sample
The proposed methods were also applied for the determination of lamotrigine in urine samples with different procedures

Using BTB:
Optimum conditions for extraction of LMT from urine samples including pH, ionic strength and volume of dichloromethane were examined.The effect of pH on the extraction of LMT from urine was studied in the range of pH 1 to 9 using HCl or NaOH. The results showed that maximum extraction was obtained at pH 7.0.  Thus, the pH was adjusted to 7 using phosphate buffer.  Again NaCl was chosen as a salting out agent, and that 0.5 g was optimum amount to be added.  For the volume of dichloromethane solvent optimization, different volumes of the solvent between (5-14 mL) were used. A volume of 10 ml of the solvent was found suitable and sufficient for extraction of LMT from urine.

Using BPB with a Suppressing Solution (S.S): 
Because no patient taking LMT could be found, a 5 mL portion of fresh urine was spiked with a known amount of standard solution of LMT.  After deproteinization, the filtrate was diluted to 100 mL in volumetric flasks by D.W. in order to lower the effect of interferences present in the urine sample). An amount of 0.8 mL of this solution was taken plus 0.2 mL suppressing solution and the basic procedure was followed. The results were compared with the same concentration of standard LMT solution with and without 0.2 mL S.S.  It was found that correct result in the presence of S.S.was obtained when the filtrate of urine sample was diluted to 100 ml (20 folds dilution) after deproteinization. 

The calibration curves were drawn for the (LMT-BTB) and (LMT-BPB) ion-pairs accordingto optimizations of the previous sections and the results of Table 4 show reasonable linearity and sensitivity of the methods.  The correlation coefficient was found to be 0.9974 and 0.9964 for the (LMT-BTB) and (LMT-BPB) methods respectively. By comparing the results of this table with those of normal calibration curves in table 1, it is observed that the sensitivity and linearity of normal calibration curves in both methods were better than the calibration curves obtained for urine assay.  Furthermore, it is indicated that the suppressing solution has slightly lowered the sensitivity in case of the (LMT-BPB) ion-pair compared with the results of table 1.

Table 4: Sensitivity and Linearity for Determination of LMT in Urine Samples.

	Parameter
	Method of
(BTB)
	Method of
(BPB) with S.S

	λmax.
	410
	413

	Linear range (µg/mL)
	1 - 14
	1 – 13

	r 2
	0.9974
	0.9964

	Molar absorptivity
L.mole-1.cm-1
	1.6×104
	1.86×104

	D.L (µg/mL) n=10
	0.43
	0.41



















Accuracy and precision of the methods:  
Urine samples were taken from normal persons not taking LMT or other drugs followed by adding a known amount of standard solution of LMT and were then determined by both methods. The % recovery was calculated from the calibration curves for both methods. The results obtained were statistically compared with those obtained using a published method [17] and shown in table 5. This method involves spectrophotometric determination of lamotrigine using bromocresol purple in chloroform at 415 nm.[17].  It is worth mentioning that the published method has used urine of normal persons as a blank for removing interferences.  This is not an easy task compared to the suppressing solution used in the present study, although the published method has been used in the present work with modification, in case of (LMT-BTB) ion pair only. 

Statistical analysis of the results, using F-test and t-test shown in table 5, revealed no significant difference between the performance of the proposed and published methods, because the calculated values of F and t-tests at 95 % confidence level are less than the tabulated values.



These tests have also been performed to compare between the two methods developed in the present work and the results are shown in tables 5 and 6. The differences between the means of any two pairs of the proposed methods at 2 and 10 mg/L levels LMT, of table 5, were calculated by comparing the values (1-2),  with the term 

t.Spooled× at 95% C.L, DOF = 18.  The results show no significant difference at 2 mg/L but significant in case of 10 mg/L. This may be due to insufficient amount of S.S for such higher value of 10 mg/L LMT.  But as shown in the table the % error did not exceed 6.6%, and this value is approximately close to the allowable limit of error, therefore, more treatments were not needed.

More comparison tests of the two methods are presented in table 6. Two series of ten urine samples mentioned before have been spiked with 2 mg/L and 10 mg/L standard LMT solution and determined by both methods. The low values of the %RSD and %Error with good %Recovery indicate high precision and good accuracy of the methods. The accuracy of the (LMT-BTB) method was better than the (LMT-BPB) method which may be due to the 



effect of the blank solution.  In the first method the urine of the healthy person was used as a blank while in the second method the effect of interferences were minimized by using S.S. The %Error in case of 10 mg/L of LMT-BPB method was slightly more than 5%.  The difference between the mean () and the true value (μ) was performed to test for the existence of a systematic error in the results. The difference between (- μ) and [t.S /] was significant at 95% C.L in both methods, mentioned before.  But the % error did not exceed 6.6% in case of 10 mg/L, and as mentioned above, more treatment were not needed. 

Table 5: Statistical Comparison of the Proposed Methods and the Published Method for the 
                                                          Determination of LMT In Urine Samples.

	Methods
	sample
	LMT added (μg/mL)
	LMT   found (µg/mL)
	%recovery
	
Mean % recovery±SD

	Published method
	Urine(1)
	2
4
6
	1.93
3.92
5.88
	96.5
98
98
	97.5±0.87

	
	Urine(2)
	2
4
6
	2.1
3.93
6.14
	105
98.25
102.33
	101.86±3.4

	LMT       +        BTB
	Urine(1)
	2
4
6
	1.96
4.09
5.78
	98
102.25
96.33
	98.86±3.1
F =12.7
t =0.73

	
	Urine(2)
	2
4
6
	2.11
4.09
6.08
	105.5
102.25
101.33
	103.03±2.19
F =2.41
t =0.62

	LMT       +        BPB
	Urine(1)
	2
4
6
	1.97
4.13
6.29
	98.5
103.25
104.83
	102.19±3.3
F =14.39
t =2.38

	
	Urine(2)
	2
4
6
	2.05
4.21
6.48
	102.5
105.25
108
	105.25±2.75
F =1.53
t =1.34

	F(2,2) table at 95%  CL is 19,   t table  at  95%  CL and DOF 4 is 2.77
Urines,1&2 were taken from healthy volunteers not taking any drug.














[image: ]

Fig.4 : Standard addition for the determination of LMT in urine sample after deproteinizationand in the presence of (S.S) solution LMT taken was (1µg/ml).

Application of standard addition method for (LMT-BPB) ion-pair method:
 Standard addition method was performed on urine samples, in the presence of suppressing solution, and by using BPB reagent after deproteinization.  The % recovery calculated from the graph in Fig. 4 was 101.85%, indicating that the standard addition method has improved the accuracy. 

Table 6: Statistical Comparison between Accuracy and Precision of Both Methods

	Method
	LMT added (µg/mL)
	LMT found (µg/mL) ±SD n=10
	%Recovery
	%Error
	%RSD
	
(- μ)
	
[t.S / ]

	LMT-BTB
	2
	2.05±0.034
	102.5
	2.5
	1.66
	0.05
	0.024

	
	10
	9.85±0.12
	98.5
	-1.5
	1.22
	0.15
	0.086

	LMT-BPB
	2
	2.07±0.028
	103.5
	3.5
	1.36
	0.07
	0.02

	
	10
	10.66±0.16
	106.6
	6.6
	1.5
	0.66
	0.11


The value of t-table at 95% confidence level and DOF = 9 is 2.26

Conclusions
Two sensitive and simple Spectrophotometric methods were developed for the determination of the drug (lamotrigine) in a pure form, tablets, and urine, through the formation of ion-pair	complexes with the both Bromothymol blue  and Bromophenol blue complexing reagents in dichloromethane.  Interferences expected to be present in the urine samples could be removed by addition of a suppressing solution to the both samples and blank solutions in case (LMT-BPB) or by using urine of a normal person not taking the drug LMT as a blank in case of (LMT-BTB) method.  The additives present with the tablets did not make any interference because most of them were removed through the dissolution and filtration.  Also the proposed methods are selective for the determination of LMT in the presence of other co-administered antiepileptic drugs such as phenobarbital and carbamazepine.  The suppressing solution was prepared from the salts of most interfering ions in case of the (LMT-BPB) method.  The stoichiometry for the ion-pair complexes was found by Job’s method, mole ratio and slope ratio methods; and all gave 1:1 composition of the drug: reagent.    

The proposed methods were compared with another spectrophotometric method available for LMT determination in the literature, with no significant difference at 95% C.L. Visible spectrophotometric methods based on ion-pair formation published in the literature are only applicable for the determination of LMT in tablets and the spectrophotometric technique in UV region are also only applicable for the determination of LMT in tablets and less sensitive than the present methods.    The use of suppressing solution in the present study in the case of (LMT-BPB) method for the determination of LMT in urine samples was much easier task compared to the use of urine of a normal person as a blank in the case of (LMT-BTB) method.    In contrast to other complicated and expensive methods for the determination of LMT, the proposed methods require only dyes as reagents with some other materials which are cheaper and readily available, can be applied at ambient temperature, color development is instantaneous, with almost the similar sensitivity, accuracy and precision.  The two methods can also be useful in quality control as well as reliability for urine analysis.
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