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In this paper an analytical colorimetric method is presented where 2,4-dinitro-
phenyl hydrazine is used to measure small amounts of succinic semialdehyde in the
presence of 2-oxoglutarate. This method is applicable to the measurement of 4-amino-
butyrate-2-oxoglutarate aminotransferase activity, where succinic semialdehyde formed
during the enzymatic reaction has to be measured in the presence of 2-oxoglutarate.

A wide variety of methods have been
devised to measure the activity of 4-ami-
nobutyrate-2-oxogIutarate aminotransfe
rase (GABA-T) (14, 16). The two prod
ucts of the transamination reaction can
be measured. Glutamate has been deter
mined colorimetrically and enzymatically,
using fluorometric (2) or manometric (1,
8) techniques. Succinic semialdehyde has
been measured enzymatically (11) or by
conversion to an a-metilated derivative
with specific fluorometric properties. Pitts
et al. (14) described a fluorometric meth
od in which NADH formed during con
version of succinic semialdehyde into suc
cinic acid was measured by means of
purified kidney succinic semialdehyde de
hydrogenase. Jakoby et al. (12) assayed
the GABA-T by measuring the increase
in optical density at 340 nm due to the 

formation of NADPH using purified suc
cinic semialdehyde dehydrogenase from
Pseudomones fluorescens. A radiometri
cal method was used by several authors
(6, 10, 18) while others (7, 16), used a
coupled enzyme method for the assay of
GABA-T activity in subcellular fractions.

In the present paper one report a meth
od where the succinic semialdehyde formed
during the GABA-T reaction is mea
sured by means of the hydrazone forma
tion from succinic semialdehyde an 2,4-
dinitrophenyl hydrazine (2,3-DNPH) un
der defined conditions. In spite of this va
riety of methods to measure the GABA-T
activity a great number of limitations
exist since these methods can not be gen
erally applied; for instances, the radio
chemical method is very sensitive but it
is not possible to know the effective spe



180 M. P. GONZALEZ, S. CANADAS, F. MUNOZ, J. SANCHEZ-PRIETO AND V. MORALES

cific activity for the substrate and the
use of coupling reactions is not very ade
quate to assay the action of effectors.
Our method presents the adventage of
measuring directly the succinic semial
dehyde in the presence of 2-oxoglutarate.

Materials and Methods

Succinic semialdehyde hydrazone. The
method is based on the reaction between
succinic semialdehyde and 2,4-DNPH. The
semialdehyde hydrazone is extracted with
xylol and borate buffer; under these con
ditions the hydrazone from 2-oxoglutarate
is not extracted.

Reagents. 2,4-dinitrophenyl hidrazine
at 0.2 % (w/v) in 2 M HC1; Borate buf
fer pH 10 prepared according to Gomori
(9); Xylol and absolute ethanol; 5 M
NaOH; 10 % trichloroacetic acid (w/v)
prepared extemporaneously; Succinic semi
aldehyde prepared and purified accord
ing to Bruce et al. (5) and evaluated by
the hydrazone method (4) using pyruvate
as standard.

Succinic semialdehyde assay. Samples
with different concentrations of succinic
semialdehyde in a volume of 200 pl were
kept in an ice-bath and the following
procedures carried out:

Add 300 p\ of 10-% trichloroacetic
acid; Add 1 ml of 2,4-DNPH at intervals
of 30 s and keep in the ice-bath for 8 min
exactly; Add 5 ml of xylol and stir mechan
ically for 30 s; Keep at room temper
ature until separation of two layers; Take
4 ml of the uper layer and add 3 ml of
borate buffer, stir mechanically during
30 s Keep at room temperature until sep
aration of the two layers and remove
the upper layer; Take 2 ml from the
lower layer and add 2 ml of absolute
ethanol; Keep for 5 min and then add
1 ml of 5 M NaOH; Measure the absor
bance at 420 nm in less than 3 min after
addition of NaOH.

Enzyme preparation. Rat brains, Wis-
tar strain, were homogenized in mechani
cal glass pestle Potter, with 6 volumes of
0.3 M Tris-HCl buffer pH 8.6 containing
0.5 % Triton X-100 and then centrifuged
at 0° C for 30 min at 35.000 X g. The
supernatant was used as enzymatic prep
aration.

Proteins were measured by Lowry et
al. method (13).

Results

The formation of hydrazones from suc
cinic semialdehyde at the experimental
conditions was lineal versus succinic semi
aldehyde, at least, between concentra
tions of 0.09 to 0.74 /xmoles of succinic
semialdehyde. The best resolution was
obtained when 10 mM of 2,4-DNPH
(5 mM in the reaction medium), were
used (fig. 1). Higher 2,4-DNPH concen
trations were not used because the low
solubility of this reagent in aquous solu
tions. Under the experimental conditions
described above, the hydrazones from
2-oxoglutarate were not extracted. The
presence of 2-oxoglutarate in the reaction
medium diminished the sensibility in the
formation of hydrazone from succinic

Fig. 1. Effect of 2,4-DNPH on formation of
hydrazones from succinic semialdehyde.

Succinic semialdehyde at indicate concentra
tions, in a total volume of 1 ml plus 1 ml of
2,4-DNPH concentration of * —* —* 1 mM;

5 mM and • 10 mM.
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Fig. 2. Effect of 2-oxoglutarate on formation
of hydrazones from succinic semialdehyde.
Succinic semialdehyde at the indicate concen
trations in a total volume of 200 /xl plus:

• without 2-oxoglutarate; & — - %
with 10 mM of 2-oxoglutarate; *—*—* with
25 mM of 2-oxoglutarate. The hydrazones from
succinic semialdehyde were checked as indi

cated in Materials and Methods.

Fig. 4. Effect of the enzyme concentration
on GABA-T activity using two concentrations

of 2-oxoglutarate.
As in figure 3 except that the concentration
of 2-oxoglutarate was: • 12.5 mM or
O—O—O 31 mM, and the protein concentra

tion as indicated.

semialdehyde but without loss of lineality
(fig. 2) what allowed the evaluation of
of the real concentration of succinic semi
aldehyde present in the medium.

Experiments with rat brain homoge-

Fig. 3. Effect of the Incubation time on
GABA-T activity when the reaction Is mea

sured by the hydrazone method.
30 /xmoles Tris-HCl buffer pH 8.6; 12.5 /anoles
of 2-oxoglutarate; 12.5 /xmoles of GABA;
0.008 /xmoles of reduced glutation; 0.016
/xmoles of PLP, about 1 mg protein (from enzy
matic extract) in a total volume of 200 /xl.
Incubations were carried out during 1 hour.
The reaction was stopped by addition of 300
/xl of 10 % trichloroacetic acid. The super
natant, after centrifugation, was used to mea
sure the succinic semialdehyde formed during

reaction.

nates were carried out to establish the op
timal conditions for the assay of GABA-T
activity. The rate of GABA-T from whole
brain homogenates was lineal versus both,
incubation time (fig. 3) and enzyme con
centration (fig. 4).

The enzymatic activity was checked at
two 2-oxoglutarate concentrations, namely
31 and 12.5 mM; in both cases the reac
tion was lineal. The enzymatic activity,
when 31 mM of 2-oxoglutarate was used
was not different from that with 12.5 mM
(fig. 4) which means the absence of inter
ferences of 2-oxoglutarate in the assay of
the succinic semialdehyde formed during
the reaction.

A standard curve of succinic semial
dehyde in the presence of the adequated
2-oxoglutarate concentrations (fig. 2) was
obtained for each set of samples in order
to allow correlation of the optical density
and /xmoles of succinic semialdehyde
present.

Discussion

It is described an analytical method
based on the use of 2,4-DNPH to deter
mine succinic semialdehyde in the pres
ence of 2-oxoglutarate, which is applica



182 M. P. GONZALEZ, S. CANADAS, F. MUNOZ, J. SANCHEZ-PRIETO AND V. MORALES

ble in the valoration of GABA-T activity
where hydrazones from succinic semial
dehyde are assayed in the presence of
2-oxoglutarate. Although 2-oxogIutarate
interferes with the succinic semialdehyde
hydrazone formation (fig. 2) it is possible
to calculate the real formation of succinic
semialdehyde hydrazones. It must be tak
en into account that the sensibility of
this method is a great advantage since
the reaction could be measured even at
low enzyme concentration while referen
ces in the literature require higher con
centrations (18). This method shows sev
eral advantages: 1) Over spectrophoto
metric methods because there are coupled
methods and require a great additional
work because succinic semialdehyde de
hydrogenase need to be purified from
Pseudomones fluorescens. 2) Over radio
metrically methods because we can not
measured the enzyme activity with higher
concentrations of substrates which insure
the measure of the activity in optimum
conditions; and 3) because with our meth
od several samples can be simultaneously
assayed.

Resumen

Se presenta un m&odo colorimStrico utili-
zando 2,4-dinitrofenilhidrazina, mediante el cual
pueden medirse pequenas cantidades de semi-
aldehido succinico en presencia de 2-oxoglu-
tarato. Es aplicable en la valoracidn de la
4-aminobutirato-2-oxoglutarato aminotransfera-
sa (GABA-T), en donde el semialdehido suc
cinico formado durante la reaction enzimatica
tiene que medirse en presencia de 2-oxogluta-
rato, uno de los sustratos de la reaction.
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