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ABSTRACT

Four simple, sensitive and reproducible methods were developed for the
determination of gabapentin (GPT) in pureformand in pharmaceutical prepa-
rations. Methods A and B are based on the reaction of cupric chloride with
gabapentin to form stable complex, which could be measured spectropho-
tometrically at 2, 246 nm (method A) or by using conductometric tech-
nique (method B). While method C and D depends on the formation of ion
pair complex between the studied drug and bromothymol blue, bromocresol
green respectively which was extractabl e with methylene chloride. The con-
centration rangeswere 40-95 ug ml, 1-15mg, 100-800 and 10-150 ug mi-tfor
methodsA, B, C and D respectively. The optimization of various experimen-
tal conditions were described. The results obtained showed good recover-
ies, Ringbom optimum concentration ranges were calculated, in addition to
molar absorpivity, Sandell’s sensitivity, detection and quantification limits.
The methodswere successfully applied to the determination of GPT in bulk
and pharmaceutical preparations.The results were favorably comparable
withthe official method. The molar combining ratio for methods (A-B) was
found to be (2:1) (drug: reagent) while for method (C-D) it wasfound to be
(1.1). ©2011TradeSciencelnc.-INDIA
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INTRODUCTION

Gabapentin (1- (aminomethyl)cyclo-hexaneacetic
acid) isastructural analogue of g-aminobutyric acid
(GABA) scheme 1 and its action is attributed to the
irreversibleinhibition of the enzyme GABA-transami-
nase, thus preventing the physiologica degradation of
GABA inthebrain; asecondary mechanism of ablock-
ade for GABA uptake is also suggested, it is an
antiepileptic effectivein thetrestment of partia seizures
with or without secondary generalisation andisused as

adjunctivetherapy in patientsunresponsiveto or intol-
erant of standard anti epileptic drugs?. A survey of the
literaturereved sthat there werefew reported methods
for the determination of gabapentin using spectropho-
tometric technique®4, spectrofluorimetry™®, capillary
electrophoresis™, LC-M S8 and HPLC.
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Scheme2: Proposed reactionsof gabapentin with: (A) Cupricchloride, (B) Bromothymol blue, (C) Bromocresol green

Aningpection of both availablemethodsfor thecited
drug revealsthat only few spectrophotometric work
weredone, although conductometry isarapid method
and requires simple procedures, it has not been yet
applied to the determination of gabapentin. The USP
30 described aliquid chromatographic method for its
determination’®,

Theaim of this study wasto apply simple, accu-
rate, sensitive and reproducibl e reactionsto analyse
GPT inpureform and in pharmaceutical preparations,
this study described methodsthat can beused inlabo-
ratorieswhere modern and expens ve equipment, such
asthat required for GC or HPLC isnot avail able.

EXPERIMENTAL

Apparatus

Absorption spectrafor all measurementswere car-
ried out using Shimadzu UV-260 doubl e beam record-
ing spectrometer withal cm cell holder. All conducto-
metric measurements were recorded using
Conductometer moddl CM-1K, Tokyo TOA electron-
icsItd Japan. The pH values of solutionswere mea-

sured using aChemocadet pH meter.
Reagents

Analytical gradereagentsand doubledistilled wa
ter were used to preparedll solutions.

GPT pure drug was obtained from GodeckeAG,
Germany under license of Park-Davis,

Aqueoussolutionsof 1 and 4 mgmi-* of GPT was
prepared by dissolving 100 and 400 mg of puredrugin
100 ml biditilled water respectively.

Stock solution of cupric chloride (Aldrich Chemi-
ca Co. Ltd) wasprepared as0.1% solutionin bidistilled
water also 10 M solution was prepared by dissolving
0.172gmin100 ml bidistilled water.

Bromothymol blue sodium salt (BDH Chemicals
Ltd., Poole, England) was prepared as0.05% sol ution
inbidigtilled weter.

Bromocresol green (Aldrich Chemical Co. Ltd)
0.025% solution was prepared by dissolving the
weighed amount in 2.5 ml 0.1M NaOH then completed
to 100 ml using bidistilled water*y,

Borate buffer pH 7.5wasused by dissolving2.5g
of sodium chloride, 2.85 g of sodium tetraborate and
10.5gof boric acidin sufficient water to produce 1000
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ml. Adjust thepH if necessary!*?.

Also acetate buffer of pH 3.7 wasused by dissol v-
ing 10 g of anhydrous sodium acetatein 300 ml water,
adjust to pH 3.7 with glacial acetic acidand diluteto
1000 ml with water. If necessary, readjust to pH 3.7
with glacia acetic acid or anhydrous sodium acetate as
required, before use™.

Formulations

Gaptin capsules (labeled to contain 100 mg
gabapentin per capsule) were obtained from Delta
Pharma, Egypt.

Working solution

The contents of ten capsules were emptied, pul-
verized. An accurately wel ghed amount equivaent to
100 and 400 mg GPT were extracted by shakingwith
50 ml distilled water, filtered, transferred toa100 ml
volumetric flask, completed to themark using bistilled
water. Thegenera procedureswerethenfollowed us-
ing standard addition method.

General procedures

Spectrophotometric procedureusing cupric chlo-
ride(methodA)

Transfer aliquots containing 40-95 pg ml*of GPT
drug solutioninto 10 ml volumetric flasks, add 1 ml of
borate buffer pH 7.5, mix thenadd 2ml cupric chloride
0.1 % solution, completeto 10 ml using bidistilled wa-
ter, measure the absorbance at 246 nm, against are-
agent blank solution prepared in the sameway without
drug.

Conductometric procedure(method B)

Trandfer suitablediquot of samplesolution contain-
ing 1-15 mg of drug to a50 ml calibrated flask and
makeuptothemark with bidistilled water. Transfer the
contents of the calibrated flask to a beaker and im-
mersetheconductivity cel, titrate samplesolution using
102 M cupric chloride. M easurethe conductance sub-
sequent to each addition of reagent solution and after
thorough tirring for two minutes, correctit for dilution
effect!* by meansof thefoll owing equation, assuming

that conductivityisalinear function of dilution.
Qilcorrect = Qilobs [v1+v2/v1]

where Q)" _istheobserved e ectrolytic conductivity,

Hnalytical CHEMISTRY o

v, istheinitid volumeand v, isthevolume of reagent
added. Construct a graph of corrected conductivity
ver susthevolume of added titrant and determinethe
end-point.

lon pair procedure using bromothymol blue
(method C)

Into 125 ml separating funndls, transfer diquotscon-
taining 00— 800 pgml™*of GPT drug solution, treat the
drug solution with about 1.5 ml of acetate buffer pH
3.7, add 1.5 ml of 0.05 % bromothymol blue mix then
extract the agueous sol ution with an equal volume of
methylene chloride, shakefor 30 seconds, allow the
mixture to separate into two phases. Collect the or-
ganiclayer and dry with anhydrous sodium sulfate, com-
pleteto 10 ml with methylene chloride, measurethe
absorbance of the extractsat 411 nm, against areagent
blank prepared according to the sametreatment with-
out drug.

lon pair procedures using bromocresol green
(method D)

Into 125 ml separating funndls, transfer diquotscon-
taining10-150pgml* of GPT drug solution, add bout
1.5ml of acetate buffer pH 3.7, add 2.5 ml of 0.025 %
bromocresol green mix then extract the aqueous sol u-
tion with an equal volume of methylene chloride and
shake for 30 seconds, allow the mixture to separate
into two phases. Collect theorganiclayer and dry with
anhydrous sodium sulfate, completeto 10 ml withme-
thylene chloride, measure the absorbance of the ex-
tractsat 411 nm, against areagent blank prepared ac-
cording tothe sametreatment.

Determination of the stoichiometry of the reac-
tion
In order to ascertain the stoichiometry of reaction

Job’s method of continuous variation™ was carried out
using the samemolarity of drug and reagent.

RESULTSAND DISCUSSION

Spectrophotometric proceduresusing cupricchlo-
ride(method A)

Binary complexeswerewiddy usedin spectropho-
tometric andysisof many pharmaceutica compoundd®™

Au Tudian Yournal
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17, Inthis paper, theformed binary complex consistsof
the studied drug GPT and the metal ions, copper (I1).
Thiscomplex iswater solublewith absorption maxi-
mum at 246 nm, figure 1. The effects of the reagent
concentrations, pH, temperatureand dilution with re-
spect to maximum sengitivity, adherenceto Beer’s law
and stability, wasstudied through control experiments,
theexperimental conditionswere established by vary-
ing each parameter individually and observed the ef-
fect on the absorbance of the colored species®®, as
well as measured or calculated factors and param-
etersTABLE 1.

Effect of cupricchlorideconcentration

Theaddition of 2 ml of 0.1% cupric chloride solu-
tion was sufficient to obtain themaximum absorbance
for therecorded samples. Smaller anountsresultedin
incompl etecomplex formationwhileincreased concen-
trationshad no effect on complex formation (Figure 2).

Effect of buffer pH and volume

Different buffer solutionswere used toincreasethe
color intensity of theformed ion-pair. Variation of the
pH intherangefrom (2-11), resulted intheconclusion
that 1 ml of borate buffer pH 7.5 wasenoughto give
themaximum absorbance (Figure 3).

Effect of temperature

It wasfound that the reaction proceeds maximally
at room temperature, no heatingwasrequired.

Effect of diluting solvent

Different solventsweretried including bidistilled
water, methanol, ethanol and acetone, to achievemaxi-
mum absorbance water wasfound to bethe most con-
venient solvent.

Effect of reaction time

Maximum absorbance was obtained through 5
minute.

Conductometricproceduresusing cupricchloride
(method B)

Conductometric andysiscan beused inmany titra-
tion procedureswhenionic solutionsareinvolved. As
theconductanceof asolutionisrelated tothetotd ionic
content, it can be applied to follow reactionsthat re-

—= Fyll Paper

sultsin achangein thisquantity. Conductance mea-
surementsare used successfully inquantitativetitration
of sygemsinwhich theconductanceof thesolutionvaries
before and after the equiva ence point. In these cases,
thetitration curve can be represented by two linesin-
tersecting at the end point(*%29,

Investigationswerecarried out to establish themost
favorableconditionsfor theion associatesformation of
gabapentin with cupric chlorideto achievesharpend
point.

Theoptimum conditionsfor performingthetitration
inaquantitative manner were €l ucidated as described
below.

Effect of solvent

Seven different titrationswere attempted:
1. Aqueousdrug solution with agueous reagent sol u-
tion
Ethanol drug solutionwith ethanol reagent solution
3. Drug solutionwith reegent solution, bothin ethanol-
water (50%, v/v) mixture
4. Methanol drug solutionwith methanol reagent solu-
tion
5. Drug solutionwith reagent solution, both in metha
nol-water (50 v/v) mixture
6. Acetonedrug solution with acetone reagent solu-
tion
7. Drug solutionwith reagent solution, bothin acetone-
water (50% v/v) mixture
Preliminary experiments showed that procedurein
agueous mediawas the most suitablefor successful re-
sults, becausein other proceduresturbid solution was
formed which caused someerrors.

N

Reagent’sconcentration

Different concentrationsof cupric chloridesolution
weretried ranging from 2.5x103 to 2x102 Molar so-
lution. Theoptimum concentration of thereagent was
102 M intitration of the studied drug to achieveacon-
stant and highly stable conductancereading within 1-2
min of mixing. Concentrationslessor morethan these
limits showed only poor inflection at the end point.

Representativetitration curveisshowninfigure4.
Two straight linesare obtained, intersecting at theend-
point, thefirst branch ascending the second one, conduc-
tancevauesdightly increaseafter the equivalencepoint.
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Figurel: Absor ption spectra of thecomplex formed through
reaction of: 75 ug ml-tgabapentin with cupric chloridein
presenceof boratebuffer pH 7.5 (——), 75 ug mi-gabapentin
with boratebuffer pH 7.5 (), cupricchloridewith borate

buffer pH 7.5(——)
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Figure3: Effect of boratebuffer pH 7.5 volumeon thereac-
tion between cupric chlorideand 75 pg mi-gabapentin
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Figure5: Absor ption spectraof theion pair formed through
reaction of: 800 ng mi-tgabapentin with 0.05% bromothymol

blue (——), blank solution (

)
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Figure 2 : Effect of 0.1 % cupric chloride volume on the
reaction between cupricchlorideand 75 pug ml-*gabapentin
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Figure4: Conductometrictitration curveof 11 mggabapentin
vs102M cupricchloride
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Figure6: Effect of volumeof 0.05% bromothymol blueon
thereaction of bromothymol bluewith 800 pg mi-*gabapentin
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Figure7 : Effect of volume of acetate buffer pH 3.7 on the
reaction of bromothymaol bluewith 800 ug ml-*gabapentin
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Figure9: Effect of volumeof 0.025 % bromocresol green on
thereaction of bromocr esol green with 50 pg mi-*gabapentin

The conductances measured beforethe addition of
thetitrant (volumeof Cu*? equa zero) isrelaedtothe
dissociation of theproton of thecarboxylic group present
inthegabapentin molecule. Uptotheequivaencepoirt,
thetitrationinvolvesthegradua substitution of the pro-
tonsof the gabapentin molecule by cationsof Cu*2. This
increase of the conductanceis because the mobility of
theion H* islarger than that of ion Cu*?p, causing an
increasein thedopeof the conductometric curve (first
branch of the curve). After the equivalence point, the
measured conductanceisthesum of the Cu?p and CI-
present in the solution. Asthe sum of the mobilities of
thoseionsissmaller than that of theH* cation, thereisa
decreasein the s ope of the second section of thetitra
tion curve. Theequivaence point isdefined asthe point
of intersection of thetwo straight segments.

The conductometrictitrationsof different volumes
of 102 M cupric chloride solution wereperformed. The
results show an obvious maximum in the conductance
curve at drug-reagent molar ratio of (2:1). The opti-
mum concentration ranges for determination of

—— Fuyl] Paper
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Figure8: Absor ption spectraof theion pair formed through
reaction of: 100 ng ml-*gabapentin with 0.025% bromocr e-
sol green (——), blank solution (......)
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Figure10: Effect of acetatebuffer pH 3.7 volumeon thereac-
tion of bromocr esol green with 50 pg mi-*gabapentin

gabapentinwasintherangeof 1-15mg. At suchrange,
digtinct inflectionsand stable conductancereading were
obtained.

lon pair procedures using bromothymol blue
(method C)

The utility of bromothymol blueasion-pairing re-
agent in assay of gabapentinisinvestigated here. The
spectraof thereaction productsshow characteristicA,
at 411 nm (Figureb).

Theexperimental conditionswere established by
varying onevariableand observing itseffect onthe ab-
sorbance of the colored species asdiscussed bel ow:

Effect of bromothymol blue concentration

1.5ml of 0.05 % bromothymol bluewasfound to
be sufficient for giving best results, (Figure6).
Effect of buffer pH and volume

Using different buffersof different pH intherange

from (2-11), it wasfound that theintensity of thecolor
of theformed complex increased when 1.5 ml of ac-
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Figure 11 : Deter mination of the stoichiometry of thereac-
tion of: Gabapentin(5x103M)and cupricchloride(5x103M)
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Figure12: Deter mination of the stoichiometry of thereac-
tion of: Gabapentin (1.25x10°M) and bromothymol blue
(1.25x10°M)
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Figure13: Deter mination of the stoichiometry of thereac-
tion of: Gabapentin (1.25x10*M) and bromocr esol green
(1.25x10°M)

etate buffer of pH 3.7 wasused (Figure 7).
Effect of extraction timeand timesof extractions

It wasfound that asingle extraction of theternary
complex for 30 seconds was sufficient for complete
extraction.

Effect of or ganic solvent type

Chloroform, methylenechloride, diethyl ether and
benzenewereall tried.

Methylene chloridewasfound to bethe most con-
venient solvent for the sudied drug.

TABLE 1: Spectral characteristicsand statistical data of the
regression equationsfor the product for med through reac-
tions(A, Cand D)

Items Method A Method C Method D
Linearity range (ug mi™) 40-95 100-800 10-150
Ringbom range (ug mi™) 56.2-85.11 199.5-707.9 19.95-85.11
Molar absorptivity* (mol™* cm™) 1.33x10° 1.99x10° 1.54x10°
Zf‘g‘::’:!; Z;f‘(’)s_gévli% 776x10* 117x10%  8.98x10°

Regression equation

Intercept (a) -0.549 0.076 0.175
Slope (b) 0016 000092  0.0053
Correlation coefficient(r) 0.9995 0.9998 0.9999
Variance 1.09 1.38 171
Limit of detection LOD(ug mi™) 1.179 1.44 1.61
Limit of quantitation LOQ(ug mi™) 3.89 4.75 5.30

*calculated on the basis of the molecular weight of the drug
Effect of aqueousto organic phaseratio

Varyingtheratio of agueousphaseto organic phase
didn’t cause any reasonable change in the results so a
(1:1) ratiowasrather used.

lon pair procedure using bromocresol green
(method D)

The utility of bromocresol green asion-pairing re-
agent in assay of gabapentinisinvestigated here. The
spectraof thereaction productsshow characteristic__
at 411 nm (Figure8).

Theexperimental conditionswere established by
varying onevariableand observing itseffect onthe ab-
sorbance of the col ored species as discussed below:

Effect of bromaocresol green concentration

Experimentswascarried out in which thevolume
was kept congtant at 10 ml whilethe concentration of
reagent wasincreased; revealed that 2.5 ml of 0.025
% istheoptimum concentration (Figure9).

Effect of buffer pH and volume

Using different buffersof different pH intherange
from (2-11), 1.5 ml of acetate buffer of pH 3.7 was
found to bethe most convenient buffer (Figure 10).

Effect of extraction timeand times of extr actions

It wasfound that single extraction of theternary
complex for 30 seconds was sufficient for compl ete
extraction.

Hnalytical CHEMISTRY o
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TABLE 2: Deter mination of gabapentin by using methods(A-D)

Method A Method B Method C Method D
() (ugmiy REoovery % (T PO ReVry % (o (gl REVEY % (i (ugmiy REEHEY %
40 40.25 100.63 1 0.99 99.31 100 98.91 98.91 10 9.81 98.11
50 49.00 98.00 3 3.01 100.47 200 201.09 100.54 25 2491 99.62
60 58.88 98.13 5 5.00 100.00 300 303.26 101.09 50 50.00 100.00
75 74.69 99.58 7 7.02 100.29 400 405.43 101.36 75 76.42 101.89
85 83.13 97.79 9 8.99 99.89 500 492.39 98.48 100 101.13 101.13
90 89.25 99.17 11 10.96 99.63 800 803.26 100.41 150 149.62 99.75
95 94.56 99.54 13 1301 100.08
15 15.07 100.47
Mean*+S.D. 98.98+ 1.04 100.02 + 0.405 100.13+1.173 100.08 + 1.309
(p=0.05)
N7 8 6 6
S.D. 104 0.405 1173 1.309
R.S.D.1.05 0.404 1172 1.308
V 1.09 0.164 1.38 171
S.E. 0.394 0.143 0.479 0.534
*Mean of three different experiments
TABLE 3: Deter mination of gaptin capsule by using methods (A-D)
Method A Method B Method C Method D
;(?I(;eeg Founql Recoovery Taken Found Reooovery Zgg:g Founql Reooovery Zgg:g Fount»zl1 Recovery %
(ng mi (ngmi™) % (mg) (mg) % (ngmiY) (ngmi™) % (ngmiY) (ngml™)
40 - 40.56 101.41 2 1.99 99.30 100 - 101.09 101.09 10 - 9.62 96.23
40 40.69 101.72 4 4.01 100.18 400 395.65 98.91 10 10.19 101.89
60 59.44 99.06 8 8.01 100.13 500 493.48 98.70 20 20.38 101.89
65 66.19 101.83 10 1010 101.03 600 590.22 98.37 25 25.28 101.13
70 70.56 100.80 700 680.43 97.20 30 30.38 101.26
80 79.94 99.92 800 798.91 99.86 100 100.75 100.75
Mean*+S.D. 100.67 £ 1.18 100.16 £ 0.706 98.61 + 0.962 101.38 + 0.495
(p=0.05)
N5 4 5 5
SD. 118 0.706 0.962 0.495
V 1.39 0.499 0.926 0.245
S.E. 0.529 0.353 0.430 0.221

*Mean of three different experiments

Effect of or ganic solvent type

Chloroform, methylenechloride, diethyl ether and
benzenewereall tried.

Methylene chloridewasfound to bethe most con-
venient solvent for the sudied drug.

Effect of aqueousto organic phaseratio
Varying the ratio didn’t cause any reasonable

changeintheresultssoa(1:1) ratio wasrather used.
Soichiometricreationship

Using Job’s method of continuous variation, the
molar ratio of gabapentin to cupric chloridewasfound
tobe(2:1), whilefor bromothymol blue and bromo-
cresol greenit wasfound to be (1:1) (Figurell-13).
The mechanisms of the methods were suggested in
Scheme2.
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TABLE 4: Satigtical datafor thedeter mination gabapentin
using method (A-D) compar ed with r efer ence method

Reference
method

Mean+S.D.99.59+0.650 98.98+1.04 100.02+0.405 100.13+1.173 100.08+1.309

Item Method A Method B Method C  Method D

(p=0.05)
N 5 7 8 6 6
SD. 0.650 1.04 0.405 1.173 1.309
RSD 0653 1.05 0.404 1172 1.308
v 0.423 1.09 0.164 1.38 171
t - 1.15(2.228)* 1.48 (2.201)* 0.913(2.262)* 0.758(2.262)*
F - 258(453)* 258(412)* 326(5.19)* 4.04 (5.19)*

*Theoretical valuesof t and F at p = 0.05

METHODSOFVALIDATION

The devel oped andyticd methodswerevalidated
asper ICH guideline and USP requirement(?+22| ap-
plyingapharmaceutica preparation andyss. Under the
described experimental conditions, calibration graphs
were constructed for al of themethods, TABLE 1 ans
2summarizedthevauesof Beer’s Law limits, Ringbom
concentrationsranges, regression equations, correla
tion coefficients, molar aosorptivity, Sanddl’s sensitivety,
limit of detection (LOD) and limit of quantification
(LOQ) for each method. As can be seenfrom TABLE
1, linear relaionship wasfound between the absorbance
a2, andtheconcentration of thedrugintheranges
of 40-95 pug mi, 100-800 and 10-150 pug mi-*for meth-
ods A, C and D respectively. It was observed that
method D isthe most sensitive one. The optimum con-
centration ranges of gabapentin that can be measured
accurately aseval uated from the Ringbom plot were
56.2-85.11, 199.5-707.9, 19.95-85.11 ug mi* for
methodsA, C and D respectively. Thelimit of detec-
tion (LOD) and limit of quantification (LOQ) wereaso
determined.

To check accuracy of the proposed methods, the
standard addition techniquewas applied; theresults of
andysisof thecommercia dosageformsand there-
covery study areshownin TABLE 3.

Theaverage percent recoveriesindicating good ac-
curacy of the methods. Experiments showed that there
wasnointerferencefrom theadditivese.g. lactose, fruc-
tose, magnesium stearate and starch.

The methods performance was assessed using the

t-test (for accuracy )and avarianceratio F-valuesdid
not exceed thetheoretical va ues(95% confidencelimit),
so we concluded that the proposed methods does not
differ sgnificantly fromtheofficia one, (TABLE4).

CONCLUSION

The data given above revead s that the proposed
methodsintroduce new techniquesfor the determina
tion of gabapentin. The studied methods showed the
advantage of being smple, accurateand sendtivewith
good precision and accuracy. Using of bromocresol
green alowed the detection of gabapentin in small
amount of 10 ug ml-. Withthese methods, onecan do
theanalysisinashort timeat |ow cost without losing
accuracy. Theproposed methods can beused as alter-
native methodsto reported onesfor the routine deter-
mination of gabapentininthe pureformand in pharma:
ceutica formulations.
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