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A micellar thin-layer chromatography (TLC) method has been developed and validated for the
determination of gamma-aminobutyric acid (GABA) in pharmaceutical formulation “Aminalon” (coated
tablets). Aqueous micellar mobile phase contained 0.005 mol-L" of non-ionic surfactant Brij-35, adjusted
fo pH 2.0 with hydrochloric acid was used for GABA separation. The reaction with ninhydrin was applied
for visualization of chromatographic spots. The developed micellar TLC method allows assaying GABA
in 20 min. The method was validated with respect to linearity, specificity, accuracy, precision and
robustness. GABA response showed good linearity in the range of 240—-360 ug-mL", LOD and LOQ
were 8.3 ug-mL"and 25 ug-mL-, respectively. The average %RSD value did not exceed 1.0%. The
method is accurate, reproducible, cost-effective, and can be used in routine quality control analysis and
for stability-indicating analysis.
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Memod muuennspHol moHKocouHoU xpomamoepaghuu (TCX) 6bin ucronb3oeaH rnpu paspabomke
u eanudayuu Mmemoduku ornpedernieHus 2amma-amuHobymarosol Kucriomsl (TABA) & 2omosom
nekapcmeeHHoM cpedcmee «AMuHanoH» (mabnemku, nokpsimsle obomnoykol). [ns onpedeneHusi TABA
bbina ucrionb3oeaHa eo00Has MuuesnnspHas nodsuxHas ¢haza cocmaea 0.005 Mornb/1 HEUOHO2EHHO20
lAB bBpudx-35, 0osedeHHass 0o pH 2.0 KOHUEeHMpUPOBaHHOU X/I0pPUCMOB0OOPOOHOU KUCIOMOLU.
HAns  eusyanusayuu onpedensiemMo2o aHanuma 6biT  UCMob308aH HUH2UOPUH. PaspabomaHHasi
memoduka roaeosnsiem riposecmu orpedeneHue TABA 3a 20 muHym. Memoduka bbina sanuduposaHa
8 coomeemcmeuu ¢ cospeMeHHbIMU mpebosaHusiMu: Ouarnas3oH UHelHocmu Haxodumcsi 8 rpedenax
240-360 mke/mn, npeden OemekmuposaHusi u rnpedesi KOIU4eCmeeHHo20 onpederneHusi cocmasurnu
8.3 mke/mn u 25 mka/mi1, coomeemcmeeHHo. BenuduHa RSD nipu onpedeneHuu moyHocmu, npasusibHocmu
u eocripoussodumocmu mMemoOluku He rnpesbiwana 1%. Memoduka eocripou3goduma, 3KOHOMUYHa U
moxem 6bimb pekomeHAo8aHa Ot PymMUHHO20 aHarnu3a u ornpedeneHusi cmabunibHocmu fipernapama 6
meyeHue e2o cpoka 200HOCMU.

KniouyeBble cnoBa: raMMa-aMMHO6yTaHOBaﬂ KMCnoTa; amuHanoH, TabneTku, NOKpPbITbIE 000no4Kon;
MuuennapHasa TOHKOCIIOMHas xpomaTorpacbvm; Bannaauuna
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Gamma-aminobutyric acid (GABA) is one of the
most prominent amino acid neurotransmitters in the
central nervous system [1]. GABA arises through
decarboxylation of glutamate via the enzyme glutamic
acid decarboxylase and regulates many neuronal
processes [2], and is involved in many aspects of
normal brain functioning.

GABA is often quantified with a standard analytical
technique reversed-phase HPLC coupled with the
fluorescence [3], electrochemical [4] or MS detection
[5, 6]. Since GABA as amino acid has low UV/Vis light
absorption, providesinsufficientMS sensitivityand does
not show prominent reduction/oxidation properties, the
pre- or post-column derivatization is usually required
for its HPLC determination. Derivatization of amino
acids has been carried out with o-phthalaldehyde
[7], dabsyl chloride [8], phenylisothiocyanate
[91, 9-fluorenylmethylchloroformate [10],
2, 4-dinitrofluorobenzene [11, 12], etc. However, all
those derivatization methods have limitations that are
discussed elsewhere.

TLC as a simple, rapid, inexpensive and high
effective technique for separation of complex mixtures
can also be used for amino acids determination
[13-15], especially after combining with densitometric
detection. In the last years aqueous micellar solutions
of surfactants [16-21] were widely used as mobile
phases for TLC method development as a green
alternative to organic and aqueous-organic mobile
phases. Unfortunately, application of pure micellar
solutions usually results in poor efficiency and
asymmetric chromatographic spots. Thus, small
amounts of short chain alcohols are added to improve
the efficiency in micellar TLC [20, 21].

In this work we developed a simple, accurate,
faster and cost-effective method for determination of
GABA as an active ingredient in the pharmaceutical
preparation. We completed an extensive validation of
green micellar TLC method for GABA quantification
during in-process control, assay in tablets, and
stability-indicating investigation during its storage.

Experimental method and instrumentation

Gamma-aminobutyric acid (purity >99%) standard
was from Sigma-Aldrich Chemie (Taufkirchen,
Germany). Nonionic surfactant Brij-35 (purity >99%),
methanol, n-butanol, formic acid, glacial acetic acid,
acetonitrile, formic acid, ninhydrine and lactose were
of analytical grade and purchased from Fluka Chemie
(Buchs, Switzerland) and Sigma-Aldrich Chemie
(Taufkirchen, Germany). Double-distilled water was
used in all experiments.

The pharmaceutical formulations (“Aminalon”
tablets) are commercially available on the Ukrainian
medical market.

Sample were spotted on aluminum-backed plates
Sorbfil-PTLC-UV-A (15x15 cm, 100-um thickness,
IMID Ltd, Krasnodar, Russian Federation) using
Linomat 5 automatic sample applicator with a
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Hamilton syringe of 100 pL capacity. A rectangular
flat bottomed development tank and CAMAG TLC
Sprayer (CAMAG, Muttenz, Switzerland) was used for
thin-layer chromatograms development. The obtained
chromatograms were scanned with CAMAG TLC
Visualizer.

ESI mass spectra were obtained using quadruple
time-of-flight mass spectrometer (QTOF) Agilent 6510
(Agilent Technologies, Waldbronn, Germany) using
following settings: capillary voltage 1750 V in negative
mode and 1850 V in positive mode; gas (nitrogen)
temperature: 325 °C; gas flow: 5 L-min™'; fragmentor:
175V, skimmer 1:65 V; octopole RF peak: 750 V; mass
range 50-2200 m/z; MS/MS range 20-2000 m/z; MS
scan rate: 1, MS/MS scan rate 2; flow rate infusion:
2 pL-'min”'. Samples for ESI-MS analysis were the
same as were used for TLC analysis, but 50 times
diluted. After the reaction of GABA with ninhydrin the
spot was extracted with 25% acetonitrile, 0.1% formic
acid in water and used for ESI-MS/MS analysis.

Solution preparation,
development and detection

GABA stock solution was prepared by dissolving
150.0 mg of GABA standard in 100-mL of methanol.
The prepared standard was stored at +4 °C. Working
standard solutions were freshly prepared each day
by dilution of GABA stock solution with methanol to
obtain five different concentrations within the range of
interest: 240.0, 270.0, 300.0, 330.0 and 360.0 pg mL-".

Samples were prepared by accurate weighing
of powdered tablets that contained approximately
75 mg of GABA. Powder was dissolved in 25-mL
methanol and sonicated for 10 minutes. Afterwards
the suspension was cooled to room temperature,
diluted to 50 mL with methanol and mixed thoroughly.
20 mL of the obtained suspension was centrifuged at
10000 x g for 10 min. 5.0 mL of supernatant was
diluted to 25.0 ml with methanol and used for micellar
TLC analysis.

TLC plates were activated for 60 min at 105 °C
before chromatographic development. Plates were
placed between two sheets of glass to prevent
deformation of the aluminum back during the heating
process. 10 uL of samples and standard solutions
were spotted in bands of 5 mm width. Ascending
development of the plate with a migration distance of
100 mm, was performed using an aqueous 5 mmol-L"
Brij-35 solution adjusted to pH 2.0 with hydrochloric
acid, as a mobile phase. Chromatographic chamber
was not saturated before TLC analysis due to low
volatility of micellar mobile phase. The average
development time was 20 min. The plate was dried
in a stream of air, sprayed with ninhydrin solution
(0.3 g ninhydrin in 100 mL of n-butanol with 3 mL of
glacial acetic acid), warm air dried for 10-20 sec, and
heated at 100 °C during 5 min to detect GABA as a
pink-violet spot.

Plates were then scanned at white light with the

chromatographic
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CAMAG TLC Visualizer; collected pictures were
saved as unpacked file in .bmp format. TLC Manager
ver. 4.0.2.3 D planar chromatographic software (in-
house written program) was used for data acquisition
and peaks integration.

Results and Discussion

Method Development. In order to separate GABA
from excipients of tablet pharmaceutical preparation
the composition of micellar mobile phase and sample
preparation procedure was optimized. It was found,
that a significant amount of lactose (non-active
excipients in tablets) exerted the influence on the form
of the GABA spot and prevented GABA migration
on TLC plate. To eliminate this problem we applied
alcohols (methanol, ethanol) for sample preparation
of tablet, because lactose is practically insoluble
in pure alcohol. The presence of small amounts
of water in ethanol resulted in partial dissolving of
lactose that prevented GABA separation. Methanol
showed reproducible results on GABA recovery
and was used for sample and standard preparation
in further experiments. Micellar mobile phases
on the basis of pure non-ionic (Brij 35) or cationic
(cetylpyridinium chloride, CPC) aqueous solutions
without pH adjustment did not provide ideal form of
GABA chromatographic spot due to tailing. In order
to reduce the tailing of GABA spot we systematically
tested different micellar mobile phase on the basis of
CPC and Brij 35 with and without small additives of
alcohols (methanol, propanol, butanol) and aliphatic
carboxylic acid (acetic, propionic, butyric). Micellar
mobile phases on the basis of Brij-35 with addition of
aliphatic carboxylic acids or with pH adjusted to 2.0
with hydrochloric acid allowed to obtain symmetrical
chromatographic spot of GABA. The aqueous micellar
mobile phase contained 0.005 mol-L-' of Brij-35
adjusted to pH 2.0 with HCI was selected for GABA
separation and quantitative method development. The
separation was completed in 20 min, R_ of GABA was
around 0.7.

The influence of chromatographic chamber
saturation on GABA chromatographic behavior was
investigated under the selected separation conditions.
The separation of GABA was performed after
chamber saturation for 0, 30, 60 and 120 min. The
obtained R_ did not depend on the time of chamber
saturation and were in the range 0.73+0.03. It was
demonstrated, that there is no need for the preliminary
chamber saturation with using micellar mobile phase.
This significantly simplified analytical procedure in
comparison with traditional normal phase TLC, where
volatile organic solvents are used as mobile phase
components. All further investigations were carried
out without preliminary saturation of TLC chamber.

Method validation. The procedures and parameters
used to validate the chromatographic developed
method are those described in the International
Conference of Harmonization (ICH) Guidelines

[22] and recently published works on TLC methods
validation [22-27].

TLC method selectivity was demonstrated
during the optimization of the micellar mobile phase
composition. The chromatograms obtained during the
method development showed that method is specific
for the GABA assay and selective for the active
pharmaceutical ingredient, since there were no blank
interferences from the excipients (Fig. 1).
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Fig. 1. Typical 3D densitogram of the solution

containing 3 pg.spot’ of GABA using micellar
mobile phase with 0.005 mol-L" Brij-35 adjusted
to pH 2.0 by HCI, chamber without saturation, TLC
plate 7 cm x 15 cm, sample volume 10 yL. Track 1:
gamma-aminobutyric acid standard solution; track 2:
placebo solution (contained only excipients); track 3:
methanol (solvent).

The ninhydrin reaction with primary amino
groups is used to detect amino acids, peptides and
proteins since 1910. After more than a century of
ninhydrin application it is generally accepted that
during the reaction with alpha-amino acids, amines,
cysteine etc. Ruhemann’s purple dye is formed [28].
However, the reaction mechanism is very complex
and involve formation of a set of intermediates [29].
In this work we conducted an attempt to reveal the
reaction products between GABA and ninhydrin using
ESI MS/MS analysis. GABA has intense peaks at 104,
87 and 86 m/z in positive mode, which correspond to
[GABA+H'T*, [GABA-NH,+H]* and [GABA-H,O+H]
(Fig. 2A). Ninhydrin (C,H,O,) in negative mode has
high abundant signals at 177 [Ninhydrin-H] and
160 m/z [Ninhydrin-OH]. The spectra of reaction
products in positive mode shows the presence of
non-reacted GABA (m/z 104) and excess of
[Ninhydrin-OH+H*] with m/z 162. This indicate that the
linearity range for could be limited by the number of
accessible sites of GABA on the surface of TLC plate.
Among the products we observed Ruhemann’s purple
(m/z 304), and most probably adduct of Ruhemann’s
purple with a molecule of GABA (m/z 407) (Figure 2C).
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Linearity was evaluated across the range of
analytical assay. Preliminary experiment for linearity
investigation (diapason from 1 to 10 pg-spot’ with
step 1 ug-spot') showed, that dependence of coloring
spot area vs GABA concentration has the significant
deviation from linearity at GABA concentration above
5 pg-spot?’. The good linearity response of GABA
determination after reaction with ninhydrin was in the
range of 1-5 ug-spot™.

To validate assay for GABA determination in
tablet we selected the range from 240 pug-mL" to
360 pg'mL" (2.4-3.6 ug-spot’) that corresponds
to 80-120% from nominal concentration of 300
ug-mL*' (3 pg.spot’) of GABA in analyzed sample.
The regression line was calculated as Y=A+BX,
where X is GABA concentration in pg-spot' and Y
is the spot area. Parameters of the calibration curve
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Y=(7 £ 4)-10? + (3.3 £ 0.1)-10%-X were obtained using
the linear least-squares regression. The correlation
coefficient (r) was close to unity (0.9968).

Limits of detection (LOD) and quantitation (LOQ)
were calculated in accordance with the 3.3N/B and
10N/B criteria, respectively, where N is a standard
deviation of the spot area of the estimate, and B is the
slope of the calibration curve. The calculated LOD and
LOQ were 8.3 ug-mL-"and 25 pg-mL", respectively.

During the validation study it was observed that
parameters of the calibration curve are strongly
affected by the batch of chromatographic plate and
derivatization conditions. Thus, we decided to add
standard solutions on each chromatographic plate
and estimate the parameters of the corresponding
linear equation during the data analysis (Table 1).
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Fig. 2. ESI-MS spectra of gamma-aminobutyric acid solution (A) measured in positive ionization mode; ninhydrin
solution (B) measured in negative ionization mode; products of reaction between GABA and ninhydrin (C)

measured in positive mode.

Table 1. Recovery of GABA studied during 4 days at 3 different concentrations.

Linearity equation and correlation Added Founded GABA using corre- Recovery.%
coefficient, obtained in different GABA, sponding linearity equation, ry, 7o
plates Mg-spot™ Hg-spot
240.0 240.4 100.2
= . 2 . 3.
Y=(6£3) 18 :0(3'9773 0.2)10%X 300.0 299.8 99.9
) 360.0 361.1 100.3
240.0 238.9 99.5
= . . 3.
YRR 40 (6.1 = 04)107X 300.0 301.2 100.4
) 360.0 358.8 99.7
240.0 240.9 100.4
= . 3 . 3.
Y=(1£2) 1?:0(3593 0.3)10%X 300.0 300.3 100.1
) 360.0 361.7 100.5
Y=(5+£5)-102+ (3.7 £ 0.5)-10%-X 240.0 239.4 99.8
= 09988 300.0 301.1 100.1
’ 360.0 363.0 100.8
mean value 100.1
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This allowed avoiding biasesin GABAdetermination
that is proved by study of GABA recovery (Table 2).
GABA recovery on average was equal to 100.1 £ 0.2.

Accuracy was estimated by analyzing a sample of

known concentration and comparing the measured
value with the true value. Results obtained during
accuracy investigations are presented in Table 3. The
method showed a good accuracy.

Table 2. Accuracy, repeatability (intra-day) and reproducibility (inter-day) precision data for GABA determination

by MLC.

Accuracy

Concentration of Experimental

working standard concentration founded*, Accuracy, % A
solutions, pug-mL-" Mg-mL-"
240.0 238.3 99.3 -0.7
300.0 301.5 100.5 +0.5
360.0 358.9 99.7 -0.3
Mean, RSD, % 99.4,0.3

Repeatability and reproducibility

Cont_:entration in Intra-day* _ Inter-da;: * .
work_lng standarfj Mean, % + RSD, % Relative amount, % + RSD, %
solutions, pg.mL1 Day 1 Day 2 Day 3

240.0 (100%) 99.9+0.7 100.1+0.4 100.4 £ 0.5 99.8+0.7
300.0 (100%) 101.1+£0.8 99.3+0.9 100.1 £ 0.5 101.2+£0.7
360.0 (100%) 99.9+04 100.8+0.8 99.6+0.7 100.2+0.5

* mean value of the three determinations

Table 3. Results of GABA assays in different batches of “Aminalon” tablets using RP-HPLC and micellar TLC

methods.
Sample MLC*, mg RP-HPLC*, mg A Calculated  Calculated
F-values t-values
Aminalon, coated
tablets 250 mg. 258.7 £ 0.7 257.9+0.3 +0.8 2.55 1.88
Sample 1
Aminalon, coated
tablets 250 mg. 260.3+0.7 260.8+0.3 -0.5 1.36 1.04
Sample 2
Aminalon, coated
tablets 250 mg. 2475+0.8 2479+ 0.2 -0.4 2.02 1.03
Sample 3
labeled drug content 237.5— 262.5 mg per tablet F**=6.39 t**=2.31

*

Also accuracy of micellar TLC method was
estimated by comparing the obtained results with
results of reversed-phase HPLC [8]. Results are
summarizes in Table 3. Student t-test and the F-test
did not show statistically significant difference between
micellar TLC and RP-HPLC results.

The repeatability (intra-day) and intermediate
(inter-day) precision of the method were demonstrated
by analyzing GABA working standard solutions with
concentration 240, 300 and 360 pg-mL"' during
one day and on each of three days under the same
conditions. The obtained results are summarized

mean value of the three determinations; ** tabulated t and F values are given for P=95%

in Table 3 as mean relative amount (%). We did not
observe significant difference between assay results
either within-day or between days, implying that the
precision of the proposed method is satisfactory
(%RSD less than 0.9 %).

The stability of GABA solutions during the
storage was also investigated. The GABA working
standard solution with concentration 300 pg-mL~’
were measured in 0, 1, 3, 5, 7, 9, 24 and 36 h after
preparation. The obtained results were compared
with the results from the freshly prepared solution.
The obtained data indicated that decreasing of GABA
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concentration was negligible during 36 h. Correlation
of GABA concentration in freshly prepared working
standard solutions and working standard solution
stored 24 h at 4 °C was about 98%.

To measure robustness, the experimental
conditions were deliberately changed slightly, and
the effect on the results was examined. The studied
parameters were saturation time, mobile phase
composition and its pH value, development chamber
and reagent manufacturers. Except for chemicals
and development tank, other parameters were varied
in a range of £+10%. Changing concentration of Brij-
35, pH value and time of chromatographic chamber
saturation had no significant effect on R_ value of
GABA (R.=0.73%0.03).

Three different analysts carried out the GABA
analysis in friplicates, and the %RSD of peak area
was calculated. The %RSD value for GABA was
0.95% for analyst 1, 1.55% for analyst 2 and 1.42%
for analyst 3. The observed %RSD was less than 2%
in all cases that indicated that developed method is
robust [22-27].

Aminalon Assay and Stability Investigation.
The validated micellar TLC method was applied to the
determination of GABA in three different batches of
Aminalon coated tablets. Table 3 shows satisfactory

results for GABA content in tablets that were in good
agreement with the labeled drug content (237.5 mg
to 262.5 mg per tablet). Typical densitogram obtained
during GABA assay is presented in Fig. 3.

SsuodSoy
= = m o -1
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Fig. 3. 3D densitogram obtained during GABA assay.
Micellar mobile phase: 0.005 mol-L" Brij-35 adjusted
to pH 2.0 by HCI; chromatographic chamber without
saturation; sample volume 10 pL. Tracks 1-3: gamma-
aminobutyric acid standard solutions (concentration
2.7, 3.0, 3.3 pg-spot’, respectively); tracks 4-6:
sample solution from different Aminalon batches.

Table 4. Stability data obtained under accelerate (40 °C/75% relative humidity) ICH stability conditions over a

12-month storage period.

GABA assay,
% relative to start 0 months 3 months 6 months 9 months 12 months
value
Sample 1 100.0 99.5+0.8 99.8+0.6 100.4 + 0.8 99.9+0.7
Sample 2 100.0 99.1+0.9 100.3+0.9 99.2+0.9 99.5+0.9
Sample 3 100.0 100.1 £ 0.7 99.5+0.5 100.6 £ 0.8 100.1 £ 0.8

Conclusions

A new micellar TLC method for gamma-
aminobutyric acid assay was developed and validated
according to ICH guidelines. The proposed method
is simple, fast, accurate and cost-effective for routine
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