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GABA and Glutamate

Method

LC-EC conditions

For the analysis of GABA and Glu in brain dialysates a pre-column

derivatization with orthophthaldialdehyde (OPA) and sulphite has
been used [1-2].

CHO o
3 -
+ RINH, ——» N—R1

over column 2. The valve switches column 1 (with GABA still on it)
to cell 2, thus bypassing the second column.

Table 1

Conditions

HPLC

Oven temperature
Flow rate

Flow cell

ADF™

ALEXYS GABA, Glu analyzer

35 °C (separation and detection)

200 pL/min

VT-03 with 2 mm GC WE and Ag/AgCl REF
0.02 Hz

Fig. 2. Reaction scheme of the derivatization of primary alkyl amines with o-
phthaldialdehyde and sulphite.

The formed N-alkyl-1-isoindole sulphonate derivatives are sepa-
rated and detected by HPLC with electrochemical detection.
Analysis of the two amino acid derivatives showed a large differ-
ence in retention times. Therefore, an ALEXYS® analyzer with a
DECADE [I™ Dual Cell Control (DCC) and column switching has
been applied (Fig. 3). This approach has three distinctive advan-

GABA

20 pA

tages:

e  Automated OPA-sulphite derivatization in autosampler for
better reproducibility. "1

. Glutamate, which is fast eluting, is well resolved from the

chromatographic front using a 5 + 15 cm C18 column in se-

ries. o 4 8 12 16 Min
e  The retention time of late eluting GABA is reduced consid-

erably due to elution over the shorter 5 cm column only. Re-

sulting in a total analysis time of 25 min per run, including the

derivatization step.

Glu

200 pA

. _ —JUIJYL

—5 T T T T T T T T

0 4 8 12

—
16 Min

Fig. 3. Glutamate (red) is resolved from the front of the chromatogram and
detected in cell 1. The run time of late eluting GABA (blue) is shortened by
column switching followed by detection in cell 2.

Fig.4. Analysis of GABA and Glutamate in pooled dialysate from Basal
Lateral Amygdala.

The concept of column switching is depicted in Fig. 3. Glutamate
is eluting over a 5 + 15 cm column in series. When glutamate is
on the second column, a valve switches and a second pump takes
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GABA and Glutamate

Column switching

The system consists of 2 pumps, 2 columns, 2 cells and a switch-
ing valve (Fig. 5). To avoid large pressure drops after valve
switching 2 restrictors are applied. In fact restrictor-205 balances
the pressure drop over column-205, the same holds for column
and restrictor 215. Both pumps have the same mobile phase and
run at the same flow rate.

Balancing the pressure drop over the columns and restrictors is
not only necessary to improve the column life time. It also im-
proves baseline stability and reproducibility of the analysis. To
balance the pressure of the different flow channels the following
procedure is executed: Measurement of the back pressure of both
LC channels (pump 1 and 2) with the CS valve in position A.

. Measurement of the back pressure of both LC channels with
the CS valve in position B.

. Calculation of the length of tubing to be removed of restrictor
205 and 215 to balance the back pressure over the different
LC channels.

. Subsequently, the calculated length of tubing is removed
from the pressure restrictors using a tubing cutter. The
resulting maximum pressure drop during column switching
should not exceed 1 bar.

PUMP 1

RESTRICTOR-215 —
CELL 2

RESTRICTOR-205 o

—
PUMP 1 ALB-205

—
RESTRICTOR-215 CELL 2

RESTRICTOR-205 g——
———— PUMP 2

Fig. 5. Schematic representation of the two valve positions for
column switching. Position A: 5 and 15 cm column in parallel,
position B: 5 + 15 cm column in series. (Preg = Phive)-
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Fig. 6. Pressure change when switching valve at t=6 min is 0.3 bar. Output
of 1 mV is 10 bar, system pressure is 118 bar.

A detailed description of the pressure balancing procedure can be
found in the LC connection kit installation guide 180.7001A ,
appendix Il [4] .

OPA-sulphite derivatization

Reagent - The derivatization procedure and composition of the
OPA reagent was modified from Smith and Sharp [2]. The OPA-
sulphite reagent is prepared in the following way:

. 25 mg OPA is dissolved in 250 pL methanol in a 10 mL glass
autosampler vial.

. 250 pL 1M sodium sulphite solution is added.

. Followed by addition of 4.5 mL 0.1 M borate buffer (adjusted
to pH 10.4 with 14 M sodium hydroxide).

The OPA-sulphite reagent including the 1M sodium sulphite solu-
tion should be prepared fresh each day.

Derivatization procedure - the sample derivatization is completely
automated by a user program in the autosampler. See document
213-019A, AS user program & settings for details [3]. The user
program comprises of the following steps:

e  Transfer of sample to a separate mixing vial.

e  Addition of reagent to the mixing vial.

. Mixing of sample-reagent solution (Multiple steps).
. Injection of the derivatized sample on column.

Sample/reagent ratio - The sample/reagent ratio not only affects

the sample dilution factor, but also the reproducibility of analysis.
Reproducibility of the mixing ratio of 20 uL sample with 2, 4 and 6
UL reagent has been investigated using a user program [3]. The
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213 019 #07 GABA and Glutamate

optimum in dilution factor vs. reproducibility of the signal and peak nA sem i em
area was found when adding 4 pL reagent. e e—
Itis not the transfer of small volumes that negatively affects repro- 1.474
ducibility. In particular the final concentration in the derivatization
mixture (OPA, sulphite as well as pH) must be sufficient, and is 1.46-
primarily affecting reproducibility. For example, if the pH of the 8
mixture is not high enough it will result in poor reproducibility and 1.454 !
decreased peak height.
1.444
Reproducibility
The reproducibility has been evaluated for standards of 10, 50 o " !
and 500 nmol/L GABA and Glu in water (Table 2) using 5 L 8 10 12 14 16 min
injection and column switching at 2 and 6 minutes. Standard
deviation in peak height is about 1% at 500 nmol/L and 2-3% at nA
50 nmol/L. This is slightly better than the RSD in peak area. 1.664 -
g S5em
Reproducibility (n=8)
Height, nA Area, nA*sec
Mean %RSD mean %RSD 1.621
10 nM
GABA 0.020 5 0.391 5 1.60\
50 nM K
Glu 0.021 3.3 0.37 5.1 1.5sz
GABA 0.067 1.7 1.28 2.5
500 nM
Glu 0.200 11 3.69 1.7 T LU
GABA 0.641 0.6 12.2 05 oli 4 4 810121416 min

Fig. 8. Overlay of 8 chromatograms of 50 nM GABA (bottom) and Glu (top).

The biologically relevant concentration can typically range from
10nM - 50 nM for GABA [5, 6] to several uM for Glu [7, 8], de- Linearity & Detection limits
pending on the brain region under investigation. At 10 nmol/L the
standard deviation of GABA peak height is approximately 5%.
Reproducibility of retention times is better than 0.2 % RSD in all

The linearity of the method was determined in the biologically
relevant concentration ranges for GABA and Glu. The method
showed an excellent linear detector response with correlation

our studies.
coefficients of 0.999 or better for both GABA and Glu, for peak
A heights as well as peak areas.
n.
14
1.96

—®- Glu, r=0.9998
~9— GABA, r=0.9998

1.95

@
<
£
1.94 g 0.1
©
ey
X
1.93 g
o
1.92-
0.01 -+ T d
‘ ‘ ‘ 10 100 1000
7 8 9 min Concentration (nmol/L)

Fig. 7. Overlay of 8 chromatograms of 10 nM GABA. Injection volume 5 pL.

Reproducibility parameters are listed in Fig. 9. Calibration plots of Glu and GABA in the concentration range 10- 70

nM (GABA) and 10-800 nM (Glu). Top: peak height vs. concentration.
Bottom: peak area vs. concentration.
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Table 3

Linearity
Conc Peak Height
nM a b r
GABA 10-70 0.00139 -0.00003 0.9998
Glu 100-800 0.00041 0.0051 0.9998

Linearity parameters of calibration curve (Y = aX + b) of GABA and Glu
(n=7 and n=8, respectively).

Detection limits were calculated as the concentration resulting in a
signal that is 3 times the peak-to-peak noise of the baseline. With
the ALEXYS system a Limit of Detection of 7 nM for Glu and 3 nM
for GABA could be reached under the specified conditions (5 pL
injections, flushed loop). This corresponds to an amount of 30
fmol Glu and 15 fmol GABA on column.

Analytical parameters

Several analytical parameters have been investigated during
method optimization.

Chromatographic conditions

As a starting point the chromatographic conditions from reference
[3] were applied. The conditions were modified to suite our spe-
cific needs. The modifications involved the addition of citric acid to
the mobile phase to have optimal buffering capacity in the pH
range 3 - 5, lowering both the MeOH concentration and pH for
better separation and retention behaviour.

MeOH concentration - The percentage modifier typically affect

retention of all sample components, increasing the percentage
modifier will decrease retention times. In figure 10 the retention
behaviour of GABA as function of modifier concentration is shown
on the 15 cm ALB-215 column.

30
254
20+
154

10

Retention GABA (min)

0 T T T T T
5 10 15 20 25

Percentage MeOH (%)

Fig. 10. Retention time of GABA derivative as a function of the percentage
MeOH in the mobile phase on a 15 cm column (ALB-215) only. pH of the
mobile phase was 4.5.

A modifier percentage of 5% MeOH was found to give the most

optimum retention behaviour for the separation and detection of
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GABA and Glu in our configuration. With 5% MeOH the retention
time of GABA is around 8 minutes on the 5 cm ALB-205 column.

pH of mobile phase - To further optimize the separation of Glu the
pH was varied between 4.5, 4.0 and 3.5.

nA
15

Glu
-Arg

= =
® $
> -GABA

12

104

NI\ VAN

| | |
2 3 4 5 6 7 8 9 10 11 12 min

Fig. 11. Overlay of chromatograms of 100 nM Glu, Arg and GABA deriva-
tives using a mobile phase with pH 4.5 (top), 4.0 (middle) and 3.5 (bottom)
on a5 cm ALB-205 column.

The retention of Glu increases with decreasing pH. A pH of 3.5
was necessary to resolve Glu from another co-eluting system
peak. Glu has a retention time of 14 - 16 minutes when eluting
over a5 + 15 cm ALB column, and under such conditions is well
resolved from the chromatographic front.

Table 4

Peak table
tR (min) H (nA) A (nA.s) N TP/m
Glu 5.01 0.50 5.9 83256
Arg 5.99 0.54 7.3 92729
GABA 10.64 0.34 7.6 111791

Peak parameters for 100 nM Glu, Arg and GABA eluting over a 5
cm ALB-205 column at pH 3.5.

Both modifier concentration and pH of the mobile phase are im-
portant parameters for tuning of the chromatography in case
baseline separation is not achieved for specific microdialysis
samples.

Influence of column switching on plate nhumber — The influence of

the 6-port switching valve on peak shape has been determined. It
can be concluded that the valve does not have a significant im-
pact on peak shape. The plate number (plates/ meter) was 72500
for Glu and 82500 for Arg , with less than 1% difference in case a
valve was connected between the two columns.
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nA
with |GV
no 6p|
1.50
2
1.454 | <
3
o
k 1
1.40q
1.35+
I I I I I I I I I
0O 2 4 6 8 10 12 14 16 18 min

Fig. 12. Overlay of two chromatograms with (blue curve) and without (red
curve) 6-port valve connected between the 5 and 15 cm column.

Sample preparation

The reaction time, sample pH and sample stability has been
investigated during optimization of the sample preparation proce-
dure.

Reaction time & sample pH - The rate of derivatization with OPA-

sulphite reagent is strongly pH dependent. At high pH (> 9.5) the
reaction occurs almost instantaneous [1]. Therefore, the OPA-
sulphite reagent is buffered at pH 10.4 by means of a 0.1 M bo-
rate buffer to assure fast conversion of the amino acids.

To determine the required reaction time for derivatization the
delay time between mixing and injection of the sample-reagent
solution was varied between 0 and 10 minutes. No difference in
signal was found between injections with different delay time,
indicating that all sample was already converted during the mixing
step.

Microdialysates are often acidified with perchloric acid (PCA)
immediately after sample collection to minimize sample degrada-
tion over time. It is advised not to acidify microdialysates prior to
OPA derivation. The acidic sample pH will decrease the pH of the
sample-reagent solution, which in turn will lead to a lower conver-
sion of sample and subsequent loss of signal/sensitivity.

Sample stability - It has been reported [1] that OPA-sulphite deri-
vates decompose at low pH (hydrolysis). This has been studied by
means of the following experiment. 250 nM Glu was analyzed
over a 5 cm column and 5 + 15 cm column. In the latter case Glu
is exposed to pH 3.5 for a significant longer time period.

It is evident from Fig. 13 that the magnitude of the Glu signal
(peak area) is dependent on the residence time on the analytical
column. An increase in retention time from 3.7 to 15.5 minutes
resulted in a loss of signal of 2,5 times.

Glu

e 5 cm column
5+15 cm column

[ {{]o-
dWL .

Time (min)

Fig. 13. Overlay of two chromatograms of a 250 nM Glu standard separated
on a5 (blue curve) and 5+15 cm column (red curve). The same flow cell
was used for detection of Glu in both chromatograms.

Table 5

Peak table

Column Retention Height Area nA*sec Plates
5cm 3.72 0.56 6.7 47892
15+5 15.46 0.13 2.6 66928

Peak parameters for a 250 nM Glu standard eluting over a 5 cm
and 5+15 cm ALB column at pH 3.5.

The stability of the OPA derivatives at low pH does not influence
the robustness of this method. The automated derivatization and
analysis procedure with fixed timing of each individual step as-
sures good method reproducibility, as demonstrated by our re-
sults. Furthermore, the loss in sensitivity of a factor 2.5 for Glu is
not a crucial factor, because the biologically relevant concentra-
tion range for Glu in microdialysates is much higher then the Limit
of Quantitation (LOQ) of this method (LOQ is approximately 20 nM
for Glu).

Analysis of microdialysates

The developed method has been applied for a number of dialys-
ates. The occurrence of a number of interfering peaks in the first
15 minutes emphasized the importance of resolving Glu from the
front peaks using the 2 columns in series. In Fig.4 a pooled mi-
crodialysate from the basal lateral amygdala was analyzed and a
concentration of 0.93 pM Glu and 23 nM GABA was measured.
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CONCLUSION

The ALEXYS GABA and Glu Analyzer is a dedicated LC- EC
solution for the trace analysis of GABA and Glu in microdi-
alysates. The system combines good chromatographic per-
formance with ease of use. The method includes a fully
automated derivatization and column switching step and
shows good linearity, reproducibility and detection limits.
The use of a column switching step results in a reduction of
the total analysis time and an improvement of the separation
of the fast-eluting Glu from the chromatographic front.
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Fig. 14. ALEXYS GABA and Glu Analyzer.

MBERS AND CONFIGURATIONS

180.0070B ALEXYS GABA and Glu Analyzer
250.1095 ALB-205 column, 50x 2 mm, 3um C18
250.1096 ALB-215 column, 150x 2 mm, 3um C18
250.1700 In-line filter (aqueous)
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. . . Lo . 043  Dispense to waste 1 0
Automated derivatization and injection 044 Wash 200
In table 1 all steps of the AS 100 user program are listen for the
analysis of GABA and Glutamate with the ALEXYS® ‘GABA, Glu o
Where:

analyzer.

Table 1. AS 100 user program for derivatization & injection. ¢ Speed: syringe speed used for aspiration or dispense steps

Step Action Speed  Volume (ul) (value: 1 -9, see AS 100 user manual).
| Sample transfer . Volume: aspirate, dispense or wash volume (in pL)
001 Valve to Load / 6-1 . Reagent A: OPA reagent in vial type C (Super LSV)
002 Wash 100 e Reagent B: Deionised water in Vial type C.
003  Aspirate from sample 1 0
004 Compressor ON The steps in the AS 100 user program comprises the transfer of
005  Aspirate from sample 11 sample to a separate mix vial, the addition of reagent to sample,
006 Compressor OFF mixing steps, and injection of the derivatised sample.
007  Aspirate from sample 1 0 . . . .
‘p ) P : In figure 1 a screen shot is shown of the User program interface in
008 Dispense to destination 1 10 h thod set  the Clarity HPLC soft
009 Dispense to waste 1 0 € method set-up ot the Llarity software.
010 Syringe valve to wash
. =
011  Syringe Load 20 Hethod vetup GABA I3 =]
. Select Sampler Sampler 1 [~ I Enabled
012  Syringe valve to needle
Spark Triathlen Sampler Method
013  Syringe Home Injection & Wash | Timebase | M User Program | System | vials | Tray |
014 Dispense to waste 2 0 b vave Position =
Valve Tnjector load [6-1  x
Wash 100.00
Il Addition of reagent o on ! : =
Aspirate Sample 1 1 11.0
015 Wash 100 Compress OFF
Aspirate Sample: 1 1 0.0
016  Aspirate from reagent-A 1 10 -—%z;::: oecination ! ! B2
017  Dispense to destination 1 1 ot e 0.0
T-Valve leedle
018 Dispense to waste 1 0 S o =l
019 Syringe valve to wash
X [Not Connected From s 45 Stabus
020  Syringe Load 20
021 Syringe valve to needle Event Table a5 LC Measurement | Acquisition | Integration | Calculation | Advanced
022 Syringe Home oK I Cancel | Apply | Report | Help
023 Dispense to waste 2 0 ) . .
Figure 1. Screen shot of AS 100 user program in Clarity.
i Mixing In the user program the destination vial is positioned relative to the
24 Wash 1 . .
0 as 00 sample vial location:
025 Aspirate from reagent-B 1 20
026  Aspirate from destination 1 6 o ) )
. . . = +
027  Dispense to destination 2 6 Destination Vial = Sample Vial + 40
028 Aspirate from destination 1 6
029 Dispense to destination 2 6 Method Seup GABSRI =l
030 Aspirate from destination 1 6 Select Sampler Samipler | 7| FlEnsbled
. . . Spark Triathlon Sampler Methad
031 Dispense to destination 2 6 Injection &wash | Timebase | Mix | User Program | System Yiels | Tray |
032  Aspirate from destination 1 6 R e
033 Dispense to destination 2 6 i | “E‘E“V
Seagment Type Yial Fram Yial To
Chresonvas)  [so o [ 1 [
\Y Injection Segment Type vial Mo
) - P el [coperiov =] | 1
034  Aspirate from destination 1 12 ® retend  Fane ] [T
035 Valve toinject/1-2 L P N e
036 Marker inject L [ieencolrol I e ] (O [
037  Aspirate from destination 1 0
038 Dispense to waste 1 0 [Not Connected From 45 45 Statis
039 Syringe valve to wash Event Table a5 [LC | Measurement | Acquisition | Integration | Calculation | advanced |
040  Syringe load 20 [ or | coeel | aoy | mepor | v |

041  Syring valve to needle
Figure 2. Screen shot of the vial menu in the AS 100 user program in

042  Syringe home Clarity.
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So 40 is the shift in vial position relative to the position of the
sample vial. For sample and destination vial type A is used.

Sample dilution

The AS 100 user program mode is a very versatile tool. It is pos-
sible to program automated sample dilution steps by means of a
user program. Automated sample dilution can be useful to create
calibration curves with standards, or in case of limited sample
availability, to dilute the available microdialysate volume to match
the minimal required sample volume for

derivatization & injection. The latter is an option when the concen-
tration levels of GABA & Glu in the microdialysates are sufficiently
higher then the limit of quantitation.

In Table 2 an example of a modified user program is shown which
results in a 1:2 dilution of the sample prior to derivatization. The
user program steps 1-27 (sample transfer & dilution) in Table 2
replaces the steps 1-14 (sample transfer) in Table 1. Note that the
total sample volume after dilution in the destination vial is the
same as for the undiluted sample, 10 pL. So the sample/reagent
ratio in the derivatization step itself is not affected by the dilution
step.

Table 2. Example of sample dilution with user program.

Step Action Speed Volume (pL)
| Sample transfer & dilution

001 Valveto Load/6-1

002 Wash 100
003  Aspirate from sample 1 0
004 Compressor ON

005 Aspirate from sample 6
006 Compressor OFF

007  Aspirate from sample 1 0
008 Dispense to destination 1 5
009 Dispense to waste 1 0

010 Syringe valve to wash

011  Syringe Load 20
012  Syringe valve to needle

013  Syringe Home

014 Dispense to waste 2 0
015 Wash 100
016 Aspirate from reagent-B 1 0
017  Compressor ON

018 Aspirate from reagent-B 6
019 Compressor OFF

020 Aspirate from reagent-B 1 0
021 Dispense to destination 1 5
022 Dispense to waste 1 0

023  Syringe valve to wash

024  Syringe Load 20
025 Syringe valve to needle

026  Syringe Home

027  Dispense to waste 2 0

Antec Leyden B.V. - Industrieweg 12 - 2382 NV - Zoeterwoude - The Netherlands - info@myantec.com - www.myantec.com
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Multiple injections from one sample vial

For reproducibility studies it can be useful to inject replicates from
a single sample vial. This can be achieved by preparing several
Clarity method files with different relative positions of the destina-
tion vial. The most easy way to achieve this is to copy the original
method file several times and change the destination vial position
as shown in Table 3. The parameter can be found under the "Vials
"tab in the AS 100 menu (see figure 2).

Table 3. Programming of Clarity method files in case of replicate injections
from 1 sample vial.
Run Method file Vial Rel. position of destination vial

1 GABA_INJ_V40.met 1
GABA_INJ_V41.met
GABA_INJ_V42.met
GABA_INJ_V43.met
GABA_INJ_V44.met

sample vial + 40
sample vial +41
sample vial + 42
sample vial + 43
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sample vial + 44

In case of the example in Table 3 five replicate injections from
sample vial 1 will be processed using the destination vials 41 to 45
for mixing and dilution. It is good practice to name the method files
in a systematic way for sake of clarity. In Table 3 the destination
position ‘_Vxx’ is included in the system filename (for example
GABA_INJ_V44.met).

Needle height adjustment

To minimise the occurrence of entrapped air bubbles in the mixing
vials (Fig. ) a needle height of 1 mm was programmed in the AS
100 system setting in the Clarity method (instead of the default 2
mm). Note: the actual needle height should be visually checked
and adjusted if necessary (see AS 100 user manual), to prevent
damage to the needle.

Fig. 3. On the bottom of the left destination vial an entrapped air bubble is
visible. The destination vial on the right was correctly filled.
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