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Abstract-Pure preparations of the high-K,,, aldchydc reductase from rat brain catalyse the NADPH- 
dependent reduction of succinic semialdehyde to y-hydroxyhutyrate, The high-speed supernatant fraction 
from rat brain contains a second enzyme. succinic scmialdehyde reductasc. that will catalyse this reaction 
using either NADPH or NADH but. unlike the high-k;,, aldehyde rcductasc. ih insensitive to inhibition 
by barbiturates. Alcohol dehydrogenase is also able to catalyse the reversible NAD--dependent oxidation 
of y-hydroxybutyrate. The kinetic parameters of these enzymes hate been compared and indicate that 
only the succinic semialdehyde reductase is likely to play a Ggnificant role in the mctaholism of this 
compound in vitro. 

Succinic semialdehyde (SSA) formed by transami- 
nation of the neurotransmitter y-aminobutyric acid. 
is largely metabolised in brain by oxidation to suc- 
cinate in a reaction catalysed by SSA dehydrogenase 
(see e.g. [l]). It can, however, also be reduced to 
y-hydroxybutyrate (GHB) and this compound has 
been shown to be a naturally-occuring metabolite in 
brain [2,3]. Systemically administered GHB has 
been shown to have a number of pharmacological 
effects [4]. These include an anaesthetic action [S, 61 
and anesthetic doses of GHB have been shown to 
cause an increase in the concentrations of dopamine 
in brain [7,8]. Despite these intriguing actions little 
is known about the factors that may effect GHB 
levels in the brain and the nature and properties of 
the enzymes involved in its formation are still poorly 
understood. 

Two major enzymes have been identified that are 
capable of catalysing the reduction of the aldehydes 
derived from the biogenic amines to the correspond- 
ing alcohols in mammalian brain [9, IO]. Since these 
differ in their K,, values for a number of aldehydes 
they have been termed the high- and low-K,,, alde- 
hyde reductases. The high-K,,, enzyme appears to be 
specific for NADPH as the coenzyme whereas the 
low K,,, enzyme can also use NADH, although less 
efficiently. Other differences between them include 
substrate specificity and inhibitor sensitivity, the high 
K,,, enzyme being, for example, considerably more 
sensitive to inhibition by barbiturates 19-121. Evi- 
dence for the involvement of either, or both. of these 
two enzymes in the production of GHB is con- 
troversial. 

Tabakoff and von Wartburg [ 131 reported that the 
high-K, aldehyde reductase was not involved in SSA 
reduction in rat brain, but Anderson et ul. [ 141 dem- 
onstrated the presence of an NADPH-dependent 
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and barbiturate-sensitive SSA-reducing enzyme in 
the cytoplasm. These workers also suggested that 
there were two cystosolic enzymes that catalysed 
SSA reduction. Two such enzymes have recently 
been purified from human brain [15.16] one of which 
appeared to be typical of the high-K,,, aldehyde 
reductase, but the other which did not resemble the 
low-K,,, enzyme, was highly specific for SSA. An 
NADPH+-dependent enzyme capable of intercon- 
verting GHB and SSA has also been purified from 
hamster liver and brain and shown to be sensitive 
to inhibition by barbiturates [ 171. 

It has been suggested that alcohol dehydrogenase 
may play a role in SSA reduction 1181, but a proposal 
that lactase dehydrogenase might be involved [19] 
is unlikely since inhibition of this enzyme does not 
affect SSA reduction [13. 141. It has been shown that 
both NADPH- and NADH-dependent SSA reduc- 
tion are largely confined to the cytoplasm [ 14.171 
and in this study the enzymes responsible for SSA 
reduction in rat brain cytosol have been investigated. 

MATERIAIS AND METHODS 

Succinic semialdehyde and p-nitrobenzaldehyde 
were obtained from Sigma Chemical Company (Lon- 
don) Ltd., Poole, Dorset, UK. y-hydroxybutyrate 
(sodium salt) was obtained from Aldrich Chemical 
Company Ltd., Gillingham. Dorset, UK and D-&I- 

curonate, o,L-glyceraldehyde and acetaldehyde were 
from British Drug Houses, Poole, Dorset, UK. 
Sodium barbitone was from May & Baker, Dagen- 
ham, Essex, UK and pyrazole from Eastman Chem- 
icals, New York, USA. Coenzymes of the highest 
purity available were obtained from The Boehringer 
Corporation (London) Ltd., Lewes. East Sussex, 
UK. Lactaldehyde was synthesised by the method 
of Zagalak er al. [20]. 

p-Nitrobenzaldehyde (mp. 105-107”) was recrys- 
tallised from water and )t-hydroxybutyrate was 
recrystallised from ethanol. 

The dinitrophenylhydrazone of SSA was made by 
addition of a saturated solution of 2.4-dinitrophen- 
ylhydrazine in 2N HCI to a 1 M solution of SSA. 
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After leaving in the cold for a few hours the yellow, 
2,4_dinitrophenylhydrazone precipitate was filtered 
off and recrvstallised from ethanol, its melting-point 
was determined as 202-204”. 

The concentration of SSA was determined using 
purified rat brain succinic semialdehyde dehydro- 
genase assuming total conversion to succinate. The 
assay mixture consisted of SSA and 325pM NAD+ 
in 0.1 M sodium pyrophosphate buffer containing 
10 mM 2-mercaptoethanol, pH 8.6. Reactions were 
started by the addition of enzyme and the change 
in absorbance at 340 nm was measured spectropho- 
tometrically for three different concentrations of 
SSA. 

Thin-layer chromatography of succinic semialde- 
hyde was carried out using silica plates developed 
with chloroform/methanol (10 : 1 vol : vol). The plates 
were pre-run before use. SSA was detected by spray- 
ing the developed plates with 2.4-dinitrophenylhy- 
drazine (0.4%, wt:vol. in 2 N HCI). 

Enzyme preparations. Rats (Wistar strain) were 
killed by decapitation and a 20% (wt:vol.) 
homogenate in 0.1 M sodium phosphate buffer, 
pH 7.4, was made using a Dounce homogenizer. This 
was then centrifuged at 48,OOOg for 1 hr and the 
resulting supernatant was used for enzyme assays. 
All operations were carried out at a temperature of 
O-4”. 

The high-K,,, aldehyde reductase from rat brain 
was purified by a modification (Rivett, Smith and 
Tipton, manuscript in preparation) of the method 
of Felsted et al. [Zl] to give a preparation that was 
homogeneous as judged by polyacrylamide gel elec- 
trophoresis, both in the presence and absence of 
sodium dodecylsulphate. The enzyme from rat liver 
was prepared in a similar way. 

Assay methods. Enzyme activities were deter- 
mined spectrophometrically by following the changes 
in absorbance at 340 nm at 30”. For assays of alde- 
hyde reducing activity the reaction mixture con- 
tained, in a total volume of 3 ml, 100 FM NADPH 
or NADH, 0.1 M sodium phosphate buffer, pH 7.0, 
the aldehyde substrate and the enzyme-containing 
preparation. Unless otherwise stated the concentra- 
tions of the aldehyde substrates were: 200/1M suc- 
cinic semialdehyde. 330 PM y-nitrobenzaldehyde. 
3 mM o,L-glyceraldehyde. and 10 mM o-glucuron- 
ate. The reverse reaction was determined in a reac- 
tion mixture containing 1 mM NADP+, 0.1 M 
glycine-NaOH buffer, pH 9.5, either 10OmM 

propane-l, 2-diol or 100 mM y-hydroxybutyrate and 
the enzyme-containing preparation in a total volume 
of 3 ml. In all cases any blank rates, determined in 
the absence of substrate, were subtracted. 

The activity of alcohol dehydrogenase was deter- 
mined by the coupled assay procedure described by 
Raskin and Sokoloff [22]. Linear relationships 
between initial velocity and enzyme concentration 
were established in each case. 

Kinetic treatments. When p-nitrobenzaldehyde and 
o,L-glyceraldehyde were used as substrates for 
enzymes preparations containing both the high- and 
low-K,, aldehyde reductase activities, the kinetic 
parameters for both these enzymes were determined 
from double-reciprocal plots using a computer pro- 
gram to fit the data to the equation for the sum of 

two hyperbolas: 

Where V,, K,,,, and V,, K,,*? are the maximum vel- 
ocities and K,, values for the high and low K,,, 
enzymes respectively. Estimation of the kinetic con- 
stants by extrapolation of the two apparently linear 
portions of a biphasic double-reciprocal plot does 
not give accurate estimates of these parameters 
[23.24]. 

For mixed-substrate experiments initial velocities 
were determined using K,,, concentrations of each 
aldehyde substrate and then with a mixture of the 
two substrates at the same concentrations. If a single 
enzyme is involved in catalysing the reactions involv- 
ing both the substrates, competition between them 
will result in the activity determined with the mixture 
being 67 per cent of the sum of the activities deter- 
mined when each substrate was assayed alone 1251. 

RESULTS 

Some kinetic parameters of the high-K,,, aldehyde 
reductase purified from rat brain are shown in Table 
1. Similar values were obtained for the rat liver 
enzyme and in both cases the K,,, value for SSA was 
found to be about 130pM. No significant activity 
could be detected when NADPH was replaced by 
100pM NADH as the cofactor and the activity 
towards these substrates was inhibited by 0.1 mM 
sodium barbitone to the extent of about 75 per cent. 
When the reverse reaction was assayed slow rates 
of GHB and propane-1,2-diol oxidation could be 
detected. The rates of oxidation of these two sub- 
strates were similar and corresponded to some 5-10 
per cent of the SSA-reducing activity determined in 
the presence of 450 PM SSA. 

Mixed substrate experiments showed that the puri- 
fied enzyme preparation contained only a single 
enzyme that was responsible for the NADPH-depen- 
dent reduction of these substrates (Table 2). 

The presence of both the low- and high-K,,, alde- 
hyde reductav in r&brain \upernatant was indicated 
by non-linear double-reciprocal plots of initial rate 

Table 1. Kinetic constants for the purified rat hrain high- 
K,, aldehyde reductase 

Substrate K,,, Relative V 

p-Nitrobenzaldehyde 80 /IM ( 100) 
D-Ghtcuronate 4.S mM x7 
D,L-Glyceraldehyde 1.5 mM 41 
Succinic semialdehyde 130 /lM x3 
NADPH 3-5 AIM 

The relative maximum velocities are cxpresscd as per- 
centages of that given when p-nitrobenzaldehyde was used 
as the substrate. Assays were carried out in 0.1 M sodium 
phosphate buffer. pH 7.0, as described in the text. Kinetic 
parameters for the aldehyde substrates were determined 
in the presence of 100 PM NADPH, and K,,? values in the 
range shown for NADPH were determined in the presence 
of 10mM D-glucuronate. 450,nM SSA or 333 !tM p- 
nitrobenzaldehyde. 
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Table 2. Mixed substrate experiment with purified rat brain high-K, aldehyde reductase 
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Substrates Added 
D-Glucuronate SSA p-Nitrobenzaldehyde ” 

(mM) (PM) (PM) (nmoles/min) 
(V&J x 100 s 

v, + 112 

4.5 - 7.0(7 - 
130 - 6.54 - 

- - x0 7.x - 
4.5 130 - 9.56 70 
- 130 80 Y.69 h7 
J.S - 80 Y.X (Ih 

Initial rates of NADPH oxidation were determined as described in text. 11 is the average value lrom 

two determmatlons. Vt,hr is I) measured with two substrates present. (1, and o? are the rates with the 
two substrates separately. 

data obtained with either p-nitrobenzaldehyde or 
D, L-glyceradehyde as the substrate. Figure 1 shows 
the double-reciprocal plot determined when a wide 
range of p-nitrobenzaldehyde concentrations were 
used, and a qualitatively similar curve was obtained 
with D,L-glyceraldehyde as the substrate. Since sim- 
ilar plots were linear when the purified enzyme was 
used, such curves can be ascribed to the presence 
of the two aldehyde reductases in the supernatant 
fraction. The kinetic constants determined by com- 
puter fitting of these data are given in Table 3. 

When the supernatant from rat brain was used as 
the enzyme source the double-reciprocal plot, 
obtained from initial-rate measurements with SSA 
as the substrate was non-linear (Fig. 2) although the 
curvature was not nearly so marked as that shown 
in Fig. 1. The double-reciprocal plot obtained with 
this substrate, in the same concentration range, 
showed no deviation from linearity when the purified 
high-Km aldehyde reductase was used. The relatively 

I I I 
02 04 06 

I 
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Fig. I. Double-reciprocal plot for the reduction of p-nitro- 
benzaldehyde by rat brain supernatant. Assays were carried 
out in 0.1 M sodium phosphate buffer, pH 7.0. in the 
presence of 100 ,uM NADPH. Other details are as described 
in the text. The points are experimental values and the line 
is that determined by computer as the best fit for the 

presence of two enzymes. 

small degree of curvature shown in Fig. 2 renders 
computer analysis of the data in terms of two enzyme 
components inaccurate, although an estimate of K,,,, 
by this procedure gave a value similar to that 
obtained from studies with the purified high-K, 
enzyme. 

Low levels of NADH-dependent aldehyde-reduc- 
ing activity could be detected in rat brain supernatant 
using p-nitrobenzaldehyde, D,L-glyceraldehyde or 
SSA as the substrate, but no such activity could be 
detected when D-glucuronate was used (Table 4). 
With D-glucuronate as the substrate initial-rate 
measurements of NADPH oxidation gave a linear 
double-reciprocal plot, as shown in Fig. 3, that gave 
a similar Knt value to that calculated from studies 
with the purified preparation. These results suggest 
that, in the concentration range used, only the 
high-K,,, aldehyde reductase has significant activity 
towards D-glucuronate. Assuming this to be the case 
the relative activity of the two SSA-reducing enzymes 
can be estimated at different SSA concentrations by 
comparing the activities of the brain supernatant and 
the purified enzyme using SSA and o-glucuronate 
as the substrates. From this comparison it is possible 
to calculate the contribution of the high-K,,, aldehyde 
reductase to the total SSA-reducing activity of the 
supernatant fraction, and thus the contribution of 
any other activities. Application of the approach to 
the results shown in Fig. 2 gave the curves shown 
in Fig. 4. The double-reciprocal plot, calculated for 
a range of SSA concentrations, for the component 
distinct from the high-K,,, reductase, can be seen to 
be linear. The K,, value for SSA was approximately 
1520yM and the maximum velocity was about 6 
per cent of that of the high-K,,, aldehyde reductase 
in the preparation. 

The purified high-k, aldehyde reductase from rat 
brain was found to be non-competitively inhibited 
by sodium barbitone with a K, value of 30-40,uM. 
When the brain supernatant was used with 5mM 
D-glucuronate and 100yM NADPH the same K, 
value could be determined from Dixon [26] plots, 
supporting the conclusion that this substrate is 
reduced only by the high-K,, aldehyde reductase. 
With either SSA or p-nitrobenzaldehyde, at concen- 
trations of 20yM, inhibition by sodium barbitone 
was found to be considerably less than that obtained 
with the purified enzyme (Table 5). 

The rate of NADP’-dependent oxidation of GHB 



A. J. RIVE?“~. I. L. SMITH and K. F. TIYION 

Table 3. Kinetic constants for the NADPH-dependent reduction of aldchydcs I~! 
rat brain supcrnatant 

Substrate k’,,,, Kg,,, c’,: I’, 

Details of the assay methods are a\ dchcribcd in the text. Tbc v;ducs for I>- 
nitrt~benz~~tdeh~d~ and n.r.-glycr:raldchyde wt‘~c‘ obt~incd from eomputcr-lit\ to 
curves such as that shown in Fig. I. ‘rhctse ior I,-$ucuronatc wcrc dctcrrnined from 
the data shown in Fig. 3. and the method dcscrihed in the tat :tnd illustr;ltcd ill 
Fig. 4 was used to calculate the values for succinic semialdehyde. R,,,, and C’, arc 
the kinetic parameters of the enzyme with the higher K,,, v:lluc and K,,,: and l,‘, 
those of the enzyme with the lower value in each cast. 

by the brain su~rnatant (assayed as described in 
Materials and Methods) was about 10 per cent of 
the maximum rate of SSA reduction. From a com- 
parison of the rates of the reverse reaction relative 
to those of the forward reaction, with SSA and D- 
glucuronate as the substrates, for the supernatant 
and purified preparations it was found that the 
high-K,,, aldehyde reductase could account for only 
about 75 per cent of the total GHB dehydrogenase 
activity of the brain supernatant. 

Using NADH as the coenzyme the K,,, value of 
the brain supernatant for SSA was found to be 
lOO-200+~M and that for p-nitrobenzaldehyde was 
130-190 yM. Mixed-substrate experiments using 
~00~ NADH with 120 PM SSA and 200 @l p- 
nitrobenzald~hyde gave an initial rate for the mixture 
of approximately 95 per cent of that calculated for 

I 

[%.A] mM-’ 

Fig. 2, D~ubl~-r~cjprnc~i plot for the reduction ot’succinic 
scmiafdehyde by rat brain supernstunt. Assays were carried 
out in 0.1 M sodium phosphate bufcer. pH 7.0. in the 
presence of 100 gM NADPH. Other details are asdescribed 
in the text. A and 0 represent data obtained from two 

separate experiments. 

the sum of the rates given when the two substrates 
were assayed separately. Because of the low 
NADH-dependent activities inhibition studies were 
difficult to perform with great accuracy. In the pres- 
ence of 0.1 mM sodium barbitone the activity with 
SSA as the substrate was inhibited bv less than 10 
per cent and the activity towards ~-~itrobenzalde- 
hyde was inhibited by about 20 per cent. No inhi- 
bition by pyrazole (2 mM) oxaloacetate (5 PM) or 
ethanol (200mM) could be detected when either of 
the substrates was used. The effects of pH on the 
activity of the NADH-dependent SSA reductase 
activity in the brain supernatant are compared with 
the effects on the NADPH-dependent activity of the 
purified high-K,,, aldehvde reductase in Fig. 5. It was 
not possible to determme the activity in the super- 
natant at pH values much below 6.0 because protein 
precipitation occurred. 

Because of its very low activities and the presence 
of interfering enzymes, alcohol dehydrogenase can- 
not be easily detected in brain by direct spectropho- 
tometric methods (27). Using the coupled-assay of 
Raskin and Sokoloff [22] the rate of NAD’-depen- 
dent oxidation of GHB was found to be similar to 
that of ethanol. A high-speed supernatant fraction 
of rat liver showed a higher NADH-dependent 
activity in SSA reduction than that in the presence 
of NADPH when 450 !IM SSA was used. Apparently 
linear double-reciprocal plots were (obtained using 
both coenzymes and I(,, values of 150 i&M and 
1.8mM were calculated for the NADPH- and 
NADH-dependent activities respectively. The 
NADPH-dependent activity was inhibited by sodium 
barbitone to a similar extent to that found with the 
purified high-K,j, aldehyde reductase whereas the 
NADH-dependent activity was inhibited by 
pyrazole. 

DISCC’WON L L L 

The specificity data for the purified high-K,,, alde- 
hyde reductase, shown in Table 1, are similar to 
those reported for the enzyme from other sources 
[9,12,28,30] and the mixed-substrate experiments. 
shown in Table 2, indicate that the same enzyme is 
responsible for the oxidation of o-glucuronate. p- 
nitrobenzatdehyde and SSA. There has been some 
disagreement as to whether the high Km, aldehyde 
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Table 4. Releative specific activity for the reduction of aldehydes by rl;t brain supernatant 

Rat brain supernatant 

NADPH NADH 

Purified high-K,,, aldchyde 
reductase 

NADPH NADH 

D-Glucuronate 
(IO mM) 

SSA (30 PM) 

(300 ,LLM) 
(2 mM) 

p-Nitrobenzaldehyde 
(lo~lM) 

(300 r/M) 

100 0 100 0 
31 - 26 - 

104 9 98 0 
90 XJ - 

30 IX - 

I42 II 130 0 

Assays are carried out in 0.1 M sodium phosphate buffer. pH 7.0. as described in the text 
and NADPH and NADH were used at concentrations of IOO,UM. Relative specific activit) 
was taken as the percentage of the specific activity obtained with D-glucuronate and NADPH 
for supernatant or purified enzyme 

reductase is active towards SSA. Whittle and Turner 
[31] reported that it was a substrate for the enzyme 
from ox brain, but no such activity could be detected 
by Tabakoff and von Wartburg [13]. These latter 
workers also found that the total NADPH-depen- 
dent SSA-reductase activity was only some 10 per 
cent of that obtained with p-nitrobenzaldehyde 
(assayed at substrate concentrations of SOO,UM), a 
value much lower than that obtained in this work 
(Table 4). It may be that the reason for these dis- 
crepancies is the presence of impurities in the prep- 
aration of .%A used. The preparation used by 
Tabakoff and von Wartburg [13] was synthesised by 
the oxidation of y-butyrolactone [32]. Thin layer- 
chromatography of this preparation using the meth- 
ods described earlier, yielded a number of spots that 
stained with 2,4_dinitrophenylhydrazine whereas 
that obtained from Sigma Chemical Company, which 
is prepared by hydrolysis of formyl succinate [33] 
gave only a single spot. We found that the material 
prepared by the oxidation of y-butyrolactone gave 
much lower initial rates with aldehyde reductase than 
that obtained from Sigma. and from experiments 
with purified liver aldehyde reductase using this 
preparation Felsted, et al. 1341 obtained a K,, value 

/I* 
I 

[ D-glucwonah,] mM+ 

Fig. 3. Double-reciprocal plot for the reduction of O-glu- 
curonate by rat brain supernatant. The assay conditions 

were as described in the legend to Fig. I. 

of 10.9mM, which is considerably higher than the 
value of 130,~M determined in this work. SSA syn- 
thesised from glutamate [33] was also found to con- 
tain several impurities as judged by thin layer 
chromatography, and Bruce et al. [36] have also 
reported the presence of impurities in SSA prepared 
by this method. The melting points of the 2,4-dini- 
trophenylhydrazones derived from SSA prepared 
from glutamate or y-butyrolactone have also been 
reported to be slightly lower at 200-202” [32,35] 
than that reported here for the material supplied by 
Sigma. 

The curved double-reciprocal plot obtained for 
the NADPH-dependent reduction of p-nitrobenzal- 
dehyde catalysed by the brain supernatant (Fig. 1) 
is similar to that found with pig brain [9] and the 
relative activities of the two reductase are similar to 
those determined in that [9] and other [lo] sources. 
The higher K,, values for p-nitrobenzaldehyde and 
D,L-glyceraldehyde determined from analysis of the 
curves agreed well with those found for the purified 
high-K,,, aldehyde reductase (Tables 1 and 3). The 

60 

r 

Fig. 4. Determmation of the kinetic parameters for succinic 
semialdchyde reduction by rat brain supernatant. The bro- 
ken line shows the experimentally determined curve (see 
Fig. 2). The solid line represents the activity of the high- 
K,,, aldehyde reductase calculated as described in the text. 
From the difference between this and the experimental 
curve the line represented by (W-m) was drawn as the 

contribution of the SSA reductase. 
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Table 5. Inhibition of aldehyde-reducing activity of rat brain supernatant and purilied high-k’,,, aldchy~ic 
by sodium harhitonc 

-.... 
‘, Aclivitl 

Sodium barhitone 5 mM ‘O~rM 71) jrhl 
(mM) i&lucuronatc SSA ~~-Nitt-tri~ci~i;ll~l~l~~~l~ 

0.05 
0. I 

h I 
il 

7-i 

9) 

0.2 - .32 -Ii> 

Purified high-& 0 100 IOil I(111 
aldehyde 0.05 J(I 41 -11 
reductase 0.1 7-1 76 2: 

--- 
Assays were carried out in 0.1 M sodium phosphate buffer. pH 7.0 with 100 {tM N/\I>PI I ;I\ colactor. 

Activity = 1WX for each substrate when no inhibitor is present. Other details are as clescrihcd in the 
text 

lower K, values are likely to be less accurate because 
of the difficulties involved in spe~trophotometri~ 
assays at such low substrate concentrations. D-GIu- 
curonate is apparently only, reduced by the high-K,,, 
reductase at the concentrations used here, in agree- 
ment with the results of Tulsiani and Touster [ll] 
who could detect no reduction of this compound by 
the low-K,, reductase from mouse liver. 

The slight curvature of the double-reciprocal plot 
with SSA as the substrate (Fig. 2) suggests that this 
substrate is reduced by more than one enzyme in 
agreement with the results of Anderson et ul. [14]. 
Comparison of the aldehyde-reducing activities of 
the brain supernatant with those of the purified 
high-K,,, aldehyde reductase provided further evi- 
dence for the involvement of a second enzyme that 
was capable of reducing SSA with NADPH as the 
coenzyme and allowed approximate values for its 
kinetic constants to be calculated. Comparison of 
the NADH-dependent activity and the effects of 
sodium barbitone indicated that this enzyme could 
also use that coenzyme and that it was relatively 
insensitive to inhibition by barbiturates. 

2r 

E 
‘Z 
3 

ii I- 

g 

z 

I I 1 / 

60 70 80 

PH 

Fig. 5. The effects of pH on the activities of succinic semi- 
aldehyde-reducing enzymes from rat brain. AII assays were 
carried out in 0.1 M sodium phosphate buffers. The SSA 
concentration was 450 FM and the coenzyme concentration 
was 3OOpM. f+) denotes the activity of the purified 
high-&, aldehyde reductase assayed with NADPH. and 

0 is that of SSA reductase assayed with NADH. 

Although the low-K,,, aldehyde reductase may 
have a predominantly initochondria~ location [ 14] 
(see also 1131). several observations support the 
results presented here indicating that a proporti~~n 
of the low-K”, reductase is present in the high-speed 
supernatant fractions obtained after relatively mild 
homogenisation procedures [Y, Il. 371. The mixed- 
substrate experiments suggested that the NADH- 
dependent activity did not correspond to that of the 
low-K,, aldehyde reductase but was due to a separate 
SSA reductase. Higher K,,, values were found for 
both these reductases when NADPH was replaced 
by NADH. A similar result has been reported for 
the ox brain aldehyde reductase with In-nitroben- 
zaldehyde as the substrate 1381. 

The Kn, value for SSA and sensitivity to inhibition 
by sodium barbitone indicate that the NADPH- 
dependent SSA-reducing activity in rat liver super- 
natant is due to the high-K,,, aldehyde reductase. 
Since the activity of this enzyme is greater in liver 
than in brain it would be difficult to detect the 
presence of the specific SSA-reductase activity unless 
it too was present in significantly higher concentric- 
lions. The sensitivity of the NADH-dependent 
activity to inhibition by pyrazole suggests that it is 
mainly due to alcohol dehydrogenase, and the K,,, 
value determined for SSA (1.8 mM) is similar to the 
value reported for this compound as a substrate for 
horse liver alcohol dehydrogenase [IX]. Since brain 
and liver alcohoi dehydrogenases are proba~~ly iden- 
tical [3Y] it is reasonable to conclude that this enzyme 
is also capable of reducing SSA in brain. and studies 
using the coupled assay system of Raskin and Soko- 
loff [22] indicate that the reverse reaction could take 
place with GHB as the substrate. The observation 
that pyrazole had no significant effect on the 
NADH-dependent reduction ot SSA or p-nitroben- 
zaldehyde catalysed by the brain supernatant. how- 
ever, indicates that, because of the high K,,, value 
and low activity of rat brain alcohol dehydrogenase. 
it did not play any significant role under the condi- 
tions used here. The insensitivity of this activity to 
inhibition by oxafafe supports earlier conclu&ns 
that lactate dehydrogenase is not involved in SSA 
reduction [ 13,14]. 

The SSA reductase detected in rat brain appears 
to be quite similar to that from human brain [ 15. I h/ 
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in its insensitivity to inhibition by barbiturates, its 
K,, value for SSA, its relatively low pH optimum 
and its lower activity with NADH as the substrate. 
Recently, however, the enzyme from human brain 
has been shown also to have significant activity 
towards p-nitrob~nzaldehyde [46). The non-specific 
SSA reducing enzyme found in human brain [IS. 161 
may correspond to the high-K,,, aldehydc reductase 
although the K,*, value determined for that tissue 
(St, ilM) was lower than that deternlined in this work. 
The properties of the NADP’-dependent GHB 
reductase purified from hamster liver and brain by 
Kaufmann ef al. 1171 also has similar properties to 
the rat brain high-&, aldehyde reductase. These 
workers also detected the presence of a small amount 
of an NADPH-dependent SSA-reducing activity 
with a higher molecular weight. which may be the 
same as the SSA reductase described here, but they 
did not characterize it. SSA also has been reported 
to be a substrate for I.-hexanoate dehydrogenase (401 
but this enzyme may be identical with the high-x,,, 
aldehyde reductase (411. 

Although it appears that rat brain contains three 
enzymes that are capable of reducing SSA, the rela- 
tively high k’,,, values of alcohol dehydrogenase and 
the hi~h-~~~~ aldehyde rtductase suggest that these 
two enzymes will not play important roles in the 
metabolism of SSA in oirjo. This conclusion is sup- 
ported by the observations that barbiturates have no 
effect on the levels of GHB [42f or on its formatiorl 
from y-aminobutyric acid 1331 and that pyrazole, 
which inhibits ethanol metabolism in oiuo 1441 has 
no effect on the formation of GHB 1431 or on its 
further metabolism 1451. 

Since this paper was completed Rumigny er al. 
[47] have reported the separation of SSA-reducing 
enzymes from rat brain. The properties of the specific 
SSA-reductase detected by these workers were sim- 
ilar in several ways to those reported here. although 
these workers did not investigate its kinetic with 
NADH as the cofactor and the pH optima for enzyme 
activity that they reported with NADPH were rather 
different from those determined here. 
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