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Abstract.- Two simple, rapid and accurate Spectrophotometric melhods are pres€nted lor the determination ol

b"Oip"ntin. ine trsi method is based on the reactibn of the primary amino group ol gabapentin with. ninhydrin

;;G"i in a water bath in the presence ol sodium hydroxide to yield a_bluish violet product which absorbs

;ni[;;ntt at S66 nm. Beer's taw is obeyed in the con6enlration range 8-5O pgml-t ol gabapentin' The second

method depenO" on the reaclion of gab-apentin with l, 2-naphthoquinone4'sodium sulphonate in boiling.water

Oaft in preien"e ol sodlum trydro<id6 to lbrm a brown colored product.measure,ble at ilO nm. The absobance

L-p.p,irtonat to gabapendn ipncentration in lhe range 5-25 pgmli. The oPtimlt,n experimental paramelers for

Ooin rLaaOns traG UeLn snrOeO. Statisfical analysis ol the results has been canied out revealing high accuracy

and good precft$on.The suggeded prooedur€s could be used lorthe determination of gabapenlin in pharmaceu'

tical capsules.

1. Introduction

Gabapentin fi-(aminomethyl) cyclohexaneacetic acid] is a new generation antiepilepticdrug
used for the treatment of partial seizures with or without secondary generalized tonic-clonic
convulsions. Gabapentin is a structural analogue of y-aminobutyric acid (GABA), an inhibitory
neurotransmitter and its action is attributed to the irreversible inhibition of the enzyme GABA-
rransarninase, thus preventing the physiological degradation of GABA in the brain (Parfitt

and Martindale, 1999). Gabapentin and its pharmaceutical dosage forms are not found in any

pharmacopoeia and different analytical methods are reported for their determination. These

include gas chromatography-mass q)ectrometry (Borrey et al., 2005: Kushnir et al., 1999; Van

Lente and Gatautis, 1998), liquid chromatography-mass spectrometry (Ifa et al., 20ol; Oertel

et al., 2009; Carlsson and Reubsaet,200/.\, ultra performance liquid chromatography-mass

spectrometry (Kasprzyk-Horden et al., 2008), high performance liquid chromatography
(Ciavarellaetal.,20f.T;Sagirli et a1.,2006; Bahrami andKiani, 2ffi6;Zhu and Neirinck,2N2;
Vermeij and Edelbroek, 2004; Tang et al, 1999; Jiang and Li, 1999; Wad and Kramer, 1998),
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sulphonale; Phamaceulical analysis.
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tiquid chromaography (Chung et al., 2006), capillary electrophoresis (Sekar and Azhaguvel,
2gtgt4; Rada et al., 1998), electro-oxidation (Hedge et al., 2009), spectrofluorimetry (Belal et
al,2OO2:. Hassan et al., 2001), spectrophotometry applying Hantzsch reaction (Al-Zehouri et
a1.,2001), flow analysis spectrophotometry applying piezoelectric pumping (Ribeiro et a1.,2007).

Visible spectrophotometric methods are cornmonly used in industrial laboratories because
of their simplicity, selectivity and sensitivity.

Gabapentin was determined in pharmaceutical preparations by one specrophotometric method
(Abdellatef and Khalil, 2003). Therefore, the need for a fast, low cost, accurate, precise and
sensitive method is obvious, especially for a routine quality control analysis of pharmaceutical
products 6patainilg gabapentin.

The aim of the present work is to develop simple, sensitive, and selective spectrophometric
procedures for the determination of gabapentin in pure and in pharmaceutical capsules. The
proposed methods are based on the reaction of primary amino group of gabapentin with ninhy-
drin and with 1,2-naphthoquinone-4-sodium sulphonate reagents in alkaline medium.

2. Experimental
2.1. Apparatus

All the absorption spectral measurements were made using Llltrospec 2100 pro-88683
Biochrom UV-Visible Spectrometer (Cambridge, UK) with I cm marched quartz cells.

2.2. Materials and reagents

All reagents were of analytical grade. Double distilled water was used. Gabapentin pure
drug was obtained from EVA Pharma Co. @atch No.2O060404) and Neurontin capsules (La-
beled to contain 300 mg gabapentin) were obtained from Godecke AG/Germany under license
of Park-Davis, Pfizer (Batch No. 0021026).

Stock gabapentin solution of 100 pgml-' was prepared by dissolving 0.01 g in distilled
water and adjusted to 100 ml with distilled water in 100 ml measuring flask. Working solutions
of lower concentration were prepared by serial dilutions.

I.2Vo (wlv) aqueous solutions of ninhydrin reagent (E. Merclq DARMSTADT) and 0.2Vo
(dv) 1,2-naphthoquinone-4-sodium sulphonate reagent, NQS @DH chemical Ltd.) were freshly
prepared. Aqueous solutions of 0.03M and 0.005 M sodium hydroxide (BDH Laboratory Sup-
plies) were prepared by dissolving an appmpriarc weight in 100 ml distilled water.

2.3. General procedures
2.3.1. Method I (Using ninhydrin rcagent)

Into 10 ml measuring flasks, different aliquots of stock drug solution were transferred to
provide final concentratbn raqge 8-50 pgml-t.To each flask,0.3 ml of 0.03 M NaOH and 0.8
ml of 1.2?o ninhydrin reagent were sucoessively added. Each flask was heated in a water bath
of 90 t 2'C for 15 min. After the flask had been cooled to room temperaure, the solution was
made up to the mark with distilled water. The absorbance of each colored solution was mea-
sured against a reagent blank at 566 nm. The calibration graph was prepared by plotting absor-
bance versus concentration of gabapentin. Alternatively, the corresponding regression equation
was derived.
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2.32. Method 2 (Using NQS reagent)

Into l0 ml measuring flasks, different aliquots of standard drug solution were transferred to
provide final concentration range 5-25 pgmht. To each flaslq 0.5 rrl of 0.005 M NaOH and 0.4
nl of O.27o NQS reagent were successively adM. Each flask was heated on a water bath at 80
+ 2oC for l0 min. After the flasks had been cooled to room temperature, each solution was
made up to the mark with distilled waler. The abaorbances of the colored solutions were mea-
sured against a reagent blank at 54O nm. Tbe calibnation graph was prepared by plotting absor-
bance versus concentration of gabapentin. Alternativeln the corrcsponding regreision equation
was derived.

2.4. Procedure for capmles

The content of four c4sl€s was emptied out as completely as possible. An accurately
weighed amount of fu powder equivalent to 0.0Ig of the dmg was dissolved in 100 ml of
distilled water. The procedure was continued as described under general procedures. Nominal
content of capsules was calculated either from the prevlous ploned calibration gr_aph or by
using the regression equation.

3. Results and discussion

Gabapentin contains a primary aliphatic amino group which is known to undergo condensa-
tion reaction in alkaline medium with ninhydrin reagent or substitution reaction with NeS
reagent (Pesez and Bartos, 1974).

3.1. Optimization of the reactions conditions
3.1.1. Method I (using ninhydrin reagent)

Ninhydrin reagent is used for the determination of an aliphatic primary amine or an amino
acid group (Rahman and Aznri, 20Ol; Nobrcga Jde et al., 1994). The preience of an aromatic
ring inhibits the response; the inhibition increasing the nearer amine group is to the ring. The
reaction is usually carried out by heating for a short time in an atkaline-medium of s6dium
hydroxide. Gabapentin reacts with ninhydrin reagent in NaOH medium via oxidative deamina-
tion of the primary amino group followed by the condensation of the reduced ninhydrin to
form the colored reaction product-Ruhemenn's purpre-with l,* at 566 nm (Frg. l).
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Figure-I .' Absorption spectrum of Gabapentin/ninhydrin product in presence of NaoH.
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To optimize tbe conditions, a number of parameters such as reagent concentration, tempera-
ture and time were investigated. The optimum conditions were established by varying one
variable and observing the effect on the absorbance of the colored producL

3.1.1.1. Efiect of concentration of NaOH

In alkaline medium ninhydrin condenses with gabapentin to give the bluish-violer colored
species.

It is noteworthy to mention that NaOH is essential for the production and stabiliry of the
color. The role of NaOH may be to stabilize the electron deficient carbon atom in the colored
product formed which is measurable at 566 nm. Various volumes of NaOH were tested and
found to be 0.3 ml of 0.03 M.

3.1.1.2. Effect of concentration of ninhydrin reagenl

0.8 milliliters of I.2g (dv) of ninhydrin reagent was found optimum to maximize the color
intensity.

3.1.1.3. Effect of temlrcrature and time

Gabapentin was capable of reaction with ninhydrin only at higher temperanres. Maximum
color was obtained by heating on a water bath at 90 + 2lC for 15 min. The develo@ color was
stable for 2h.
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Figure-2 .' Determination of Stoichemistry of the reaction of gabapentin (0.001M) and
ninhydrin (0.mI M) by continuous variation method at 566nm.

3.Lf.4. Stoichiometry of the reaction

The Stoichiometry of the reaction of gabapentin with ninhydrin was studied by the continu-
ous variation method (Job's method) (Inczedy, 1976). This experiment was conducted by using
aqueous solutions of 0.001 M gabapentin and 0.001 M ninhydrin. Nine mixtures of gabapentin
and ninhydrin wee prepared. The volumes of gabapentin solution used varied from 9.0 to 1.0
ml, and those of ninhydrin solution from 1.0 to 9.0 ml; total volume was always 10.0 ml, then
the procedure was continued as described under general procedures. The Jobls plot (Fig-2)
reached a maximunr value at a mole fraction of 5.0, which confirmed that molar ratio between
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gabapentin and ninhydrin in the reaction product is l:2. Hence, the reaction pathway in Scheme

I was proposed-

3.1.2. Method 2 (using NQS reagent)

o,q-."'n?f**q{,+o
oo

t*r*qtit (b{crirt Viob+roduct

Schcnc (f) .- pnopced mcfuism of rb re*tion bctween gabapentin and ninhydrin in presence of NaOH'

1,2-Naphthoquinonea-sodium sulphonate reagent (NQS) is used for the determination of

aliphatic;tt*"ty and secondary u-itto- Gabapentin reacts with NQS reagent in NaOH me-

Aium wi*r t""thg in a water bath where replaccment of the- sulnfonate group of the naphtho-

quinone sulphonii aeid by the amino group on gabapentin takes place 
!9 Sile the color Product,

N-alkylaminoriaphthoquinone which absorbs maximally at 540 nm (Fig. 3). Sc-h3me 2 shows

the possible reaction iathway predicted from literature @esez and Bartos' 1974) and from

results of the present work.
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Figwe-3.' Absorption spectrum of Gabapentin/NQS product in presence of NaOH.
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Scheme (2) : proposed rnechanism of the reaction between gabapentin and NQS in preibnce of NaOH.
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The absorptiometric properties of the colored species as well as the influence of different
parameters on the colordevelopment are extensively studied to determine optimal conditions of
the assay prccedue; The reaction was studied as a function of the concentration of reagents,
heating, time and stability.

3.12.1. Effect of concentration of NaOH

This reaction is affected strongly in alkaline medium, where maximum color intensity was

obtained upon using 0.5 ml of 0.005 M NaOH.

3.122. Efiect of concentration of NQS reagent

It was found that 0.4 ml of 0.2% (Vv) aqueous NQS solution is optimal for maximum
development of the brown color.

3.1.23. Efrect of temperature and time

Maximum development of the brown color was also attained after heating in water bath at l

80 + 2t for 10 min. After cooling the color intensity was found to be stable for 2 h.

3.2. Validation

The methods were tested for linearity, accuracy and precision. By using the above spectro-
photometric procedures, linear regression equations were obtained. The rcgression plots showed
a linear dependence of absorbance over Beer's law range given in Table-I. The table also shows

the results of the statistical analysis of the experimental data, such as the slopes, the intercepts,
and the correlation coefficients obtained by the linear least-squares treatment of the results. The
limits of detection and quantitation were established according to IUPAC definitions (IUPAC,
1978) and recorded in Table-1.

Tabte-I : Optical and regression characteristics of gabapentin using the proposed methods.

Parameters

-

l.* (nm)

Linearity ranges (pgml-r)

Detection limits (pgml-r)

Quantitation limits (pgmF)
* Regression equation:

Slope (b)

Intercept (a)

Correlation coefficient (r)

Method I (using ninhydrin) Method 2 (udne NQS)

566

8.0 - 50.0

2.0

5.0

540

5.0 - 25.0

1.0

3.0

0.017

0.0089

0.9998

0.0576

-0. I l0
0.9998

. * With respect to A = a + bC where C is concentration of drug in pgnrl-r and A is absorbance.

In order to determine the accuracy and precision of the methods, solutions containing dif-
ferent concentrations of pure samples of gabapentin were prepared and analyzed applying the
proposed procedures. The analytical results obtained from this investigation are summarized in
Table-2.
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fdfth ninhydrln rcegent With NQS reagent Reference

methodp
Ecr (trgnfr) Reovery (%) Iblen (FSpr) Recovery (%)

hc tftncrtij
(Bx- e0.o{}

Ith + RIt
t-v:lG
F-dio
llcrmrir 3Ut mgr
(B-r- qt2l026)

Mean r S.D.

t-value

F-ratio

8.0

lo-o
15.0

20.-o

3{t-o

'fO-O
50-o

8.0

10.0

r 5.0

20.0

30.0

40.0,'

50.0

98.8

98.O

r00.7

l0l-0
tot.0
loo.3
99.6

99.9t l.l6
0.r r4(2.20tr

1.39(4.39)"

98.8

98.0

100.0

101.0

t0 1.0

t00.0

99.6

99.8i1.10
o.6t7(2.228)

r.26(6. t6r

5.O

8.O

t0.0
15.0

20.o

25.O

5.0

8.0

10.0

15.0

20.0

2s.o

t 00.0

98.8

101.0

t 00-?

t00.0
99.6

10O.0t0.79

o.278(2.228)"

3.03(5.0s)"

98.0

100.0

102.0

100.7

99.5

t00.0

100.0*l 32

o.42(2.262)
r .814(6.26).

99.82t1.37

(n=6)

99.7t0.98
(n=5)

SFa TROPNOMME'TRIC DETERMINATION OF GABAPENTIN IN PHARMACEUTICAL,..

llctcrmioatian of gabapendn in purc and dosage forms by the proposed and reference methods.

'A cdod@b dod (Abddf*ef er ef_, Zm3lh Pa*e-Ddris, Pfur
' The frgrrrcs ir prcde'b iu rb ,.bnread vds of r ed F ar 95% confidence rimits.

3.3. Analyficel l1lplicrdons
Th proposed methods for the determination of gabapextin were successfully applied tocomrnercial capEules together with the reference metfr'od (iudettater and Khalil, 2003). Thesedeterminations were carried out on the same Latch of samples. The results obtained showed that ,the calculated surdent's t-test (for accuracy), and variance tatio F-;;;"if; o"r**o""irir{irr",and Miller, 2000) did not exceed the theoreticar uaro"i f-gii, conRaence limits for the fivedegrees of freedom, Tabre-2), indicating no significan"" Jin"r*;;;;;ffi"1o*i*o

methods regarding accuracy and precisi6n. The-propor"d ;;;;; were more accurate wirh.high recoveries compared tL the referen." 
"otoriril#;ffi:**4. Conclusion

The data given above reveSl that the proposed methods are simple, accurate, sensitive withgood precision and accuracy' less time.bo*^ing ana 
""i"g 

ril;i:'and inexpensive reagenrs.The proposed methods catt-be used as atternatiue-mettr;; r? ;-;""ported ones for the routinedetermination of gabapentin capsules. rr,ir 
"o"o*uges 

their ru".".rfol use in routine analysisof this drug in qualitycontnol laboratories 
r.v' rulvwDr
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