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ABSTRACT

The activities of 4-aminobutyric-2-oxoglutaric acid transaminase (GABA-T)
and succinate semialdehyde dehydrogenase (SSADH) were determined in mouse
hypothalamus after peripheral injections of cholecystokinin-& (CCK-&)and/or
caerulein (CLN). GABA transaminase activity was measured utilizing endogenous
succinatesemialdehydedehydrogenaseto convert the product of GABA-T, succinate
semialdehyde, to succinate. The concurrently formed NADH was used as anestimate
of GABA-T activity. Similarly, the activity of SSADH was determined in terms of
NADH. Injection of CCK-8 and/or CLN inhibited the GABA-T and SSADH
activitiesin dose-dependentresponses. The activities of GABA-Tand SSADH were
diminished by 52 and 66 percent respectively, 30 minutes after injection of CCK-§
(50 pg/kg body weight).Similarly, peripheral injection of CLN (50 pg/kg body
weight) reduced the activity of GABA-T and SSADH by 56 and 65 percent
respectively,in 30 minutes. Using i» vifro models, the full activities of GABA-T and/
or SSADH, after incubation with CCK-& and/or CLN, were restored following 30
hours of dialysis at 4°C. These results indicate direct and reversible interactions
between the catabolizing enzymes of GABA (GABA-T and SSADH) and the
peptides CCK-8 and CLN.
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INTRODUCTION

Cholecystokinin octapeptide (CCK-8), purified (rom
gastrointestinal and central nervous tissues.' and cacrulein
{CLN), a decapeptide closely related (o the C-terminal
octapeptide of cholecystokininand isolated from the skin of
the frog Hyla caerulea.? were found (0 possess various and
similar central activities,

Using animal models, these physiological activities
have heen classified as analgesia, antinociception,”
antistereotypy.” satiety * sedation.” and hypothermia "
Although the exact mechanism(s) of action ol CCK-K and
CLN in the central nervous system have not been worked
out in detal. based on the enhanced release of GABA [rom
ratcerebral contex slices, altereitherCCK-8 orCLN treannent
in vitro." or elevation in the threshold for drug-induced
convulsions.” it has been concluded that CCK-8 and CLN
may actupon the central GABAergic system. Additionally.,
it has been reported that peripheral injection of CLN to rats
has altered dopamine turnover in striatum.'t Since the
regulation of the activity of the dopaminergic system is
under the influence of GABAergic and ghlitininergie
system, it is possible that CLN and CCK-8 may modulate
the central GABAergic system. In a study conducted by
Nagahama,'¥ ithas become evident that peripheral injection
of CCK-8and CLN tomice caused areduction inthe GABA
contentof striatum, while the GABA content was increased
inhypothalamus and frontal cortex 60 mintues ater injection.
On the other hand, with CLN and CCK-8, the GABA
accumulation after AOAA treatment decreased in striatum
and hypothalamus 30 minutes after injection. Although the
modulation of the GABAergic system with CCK-8 or CLN
is evident from these observations, the reason for different
ceflects ol these peptides onGABA content and accurmnulation
in the hypothadamus is not clear and further investigation is
required.

In the present study, the acute effects(s) of peripheral
injection of CLN and CCK-8 on the activities of two of the
catabolizing enzymes of GABA, namely, GABA-T
(E.C.2.6.1.19)andSSADH (E.C.1.2.1.16). wercinvestigated
using the mouse hypothalamus.

MATERIALS AND METHODS

Materials

GABA, Triton x-100. 2-oxoglutaric acid. SSA.
GABASE. 2-mercaptocethanol, sucrose. cthinol, NAD*,
NADH, and Tris-HCl werepurchased from Sigma Chemical
Compiny (Paris, France). CCK-8 (sulfated form) and CLN
were obtained from Peninsula Laboratories Europe Ltd.
(Merseyside, England). CCK-8 and CLN were dissolved in
physiological saline for injections. Chemicals were used
without further purifications and distilled water wis used
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Fig. 1. Effect of peripheral injection of CCK-8(A) and/ar CLN(B),
SO pg of each of per kg body weight, an GABA-T autivity at
different times alter injection. N=6 for each determination.
P<0.01 vs. control(student s t-test). The vertical bars represent
+S.D.
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Fig. 2. GABA-Tactivity at different substrate concentrations. The
Lineweaver-Burk plot of the NADH production by GABA-T
at different GABA concentrations shows the inhibitory effect
of thesubstrate on the enzyme activity at concentrations higher
than 3.0 mmol/ml. N=6 for cach determination. Vertical hars
indicate +S.D.
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Fig. 3. Effect of peripheral injection of CCK-8(A) and/or CLN(B).
50 pg of each per kg body weight, on SSADH activity at
different times after injection. N=6 for each determination.
P<0.01 vs. control (student’s t-test). The vertical barsrepresent
+S.D.
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Fig. 4. SSADH activity at different substrate concentrations. The
Lineweaver-Burk plot of the NADH production by SSADH at
different SSA concentrations shows the inhibitory effect of the
substrate on theenzyme activity at concentrations higher than
0.3 mmol /ml. N=6 for each determination. Vertical bars
indicate £5.D.
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throughout this investigation.

Male NIH mice, weighing about 25-30 g purchased
from Hesarak (Karaj, Iran) were kept in groups of 13 in
cages in aroom with 10-hr light cycle from 8 a.m. to 6. p.m.
with free access to standard laboratory chow and water.

Methods

Tissue extract: Mice were injected with CCK-8 or CLN
(50 pg/kg) intraperitoneally and the control group were
injected with equal volume of physiological saline. The mice
were killed by decapitation and their brain was removed from
the skull in less than 1 minute. The hypothalami were
removed from the brains on an ice chilled glass-plate, were
quickly weighed, and finally were subjected to extraction: a
10% W/V homogenate was prepared by homogenizing the
hypothalamus in a Teflon-glass homogenizer with an ice-
cold solution containing 0.32 M sucrose and 4.5 mM 2-
mercaptoethanol. A small portion of the homogenate was
added to 3 volumes of ice-cold Triton medium (0.67% W/V
Triton x-100, 50 mM Tris-HCI, pH 8.5, containing 4.5 mM
2-mercaptoethanol) and keptin ice water for 1 hr before use
as described by Jung and Boer.'®"
Enzyme assays: For GABA-T assay a coupled enzyme
system was used in which GABA was convertedinto SSA by
transamination and subsequently oxidized to SA by the
hypothalamic SSADH in the presence of NAD*.'""7 The
incubation mixture contained: 50 mM Tris-HCI (pH 8.5), 3.0
mM GABA, 2.0 mM 2-oxoglutaric acid, 20 mM 2-
mercaptoethanol, 1.1 mM NAD*, and 0.2 ml of Triton-
treated homogenate in a total volume of 1.125 mi. After a
preincubation period of 30 min in the absence of GABA at
22°C,0.1mlofa33.75 mMsolution of GABA was added to
the ice-cold incubation mixture and the reaction was started
by keeping the reaction tubes at room temperature (22°C).
The  formation of NADH was measured
spectrophotometrically at 340 nm as described by Jung.'®

The SSADH activity of the hypothalamic homogenates
was measured by converting the SSA to SA in the presence
of NAD* according to the method described by Boer and
Bruinvels.'” The incubation mixture contained: S0 mM Tris-
HCI (pH 8.5), 0.25 mM NAD*, 0.3 mM SSA, 8.2 mM 2-
mercaptoethanol, and 0.2 ml of Triton-treated homogenate in
atotal volume of 1.125 mi. Afterapreincubation period of 30
min at 22°C in the absence of SSA, 0.1 ml of 3.375 mM
solution of SS A was added to the ice-cold incubation mixture
and the reaction was started by keeping the reaction tubes at
22°C. The reaction was stopped after the appropriate
incubation interval by placing the reaction tubes in ice water.
The NADH production wasmeasured by the method described
for GABA-T assay.
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TABLE I The combined effects of CCK-8 and CLN on GABA-T activity in mouse

hypothalamus

Percent GABA-T activity
remaining after injection of
€CK-8 (0.047 mmol/kg)

and/or CLN (0.037 mmol/ |
kg); observed values

Percent GABA-T activity
remaining afterinjection of
CCK-8 (0.024 mmol/kg)
plus CLN (0.019mmol/kg);

| observed values

Percent GABA-T activity
remaining afterinjection of
CCK-8 (0.024 mmol/kg)
plusCLN (0.019 mmol/kg);
calculated values

CCK-8 CLN

52.15+0.011 | 48.3710.1

48.58+0.01

50.27+0.00

The values represent mean +S.D.% of control (control=100%).
P<0.01 vs. control (student’s t-test). N=6 for each determination.

RESULTS

The acute effect of CLN and CCK-8 on GABA-T activity

The effect of CCK-8 and CLN on GABA-T activity is
shown in Fig. 1A and Fig. 1B, respectively. As shown, both
peptides caused a marked inhibition, about 55%, in GABA-
T activity at the first half hour after peripheral injection of
mice. However, as is evident from both parts of Fig. I, the
activity of the enzyme was gradually restored to about 90%
of that of the control groups in 10 hours after peptide
administration. The GABA-T activity was measured in all
cases at 3.0 mM concentration of the substrate (GABA)
whichis, asshown inFig, 2, in the non-inhibitory zone of the
substrate concentration.

The acute effect of CCK-8 and CLN on SSADH activity

The peripheral injection of CCK-8 and/or CLN ata dose
of 50 pg/kg body weight inhibited the SSADH activity by
about 65 percent in the first 30 minutes after injection, as
shown in Fig. 3. As with the GABA-T, almost full activity
of SSADH was restored in 10 hours after injection. The
activity of SSADH was measured at 0.3 mM concentration
of the substrate whichis, asshown in Fig. 4, a non-inhibitory
concentration for the enzyme.

Combined effect of CCK-8 and CLN on GABA-T and
SSADH activities

Table 1 shows the combined effect of CCK-8 and CLN
onGABA-Tactivity inmousebrain at3.0 mM concentration
of GABA. The combined injected dose of CCK-8 and CLN
(0.024 and 0.019 mmole/kg, respectively) inhibited the
activity of GABA-T by 51 percent. The corresponding value
calculated from the observed values, which were obtained
from independent injection of CCK-8 and/or CLN showed
S0 percent inhibition of the enzyme activity. Similarly,
using acombined dose of CCK-8 and CLN (0.024 and 0.019
mmol/kg, respectively) at 0.3 mM concentration of SSA,
theactivity of SSADH wasinhibited by 59 percent,compared
to the calculated values of 57 percent, as shown in Table IL.
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Fig. 5. The in vitro effect of CCK-8 (O-O) and /or CLN (@-@) on
the GABA-T activity at differentconcentrations of each peptide.
The substrate and the enzyme concentrations have been kept
constant throughout the measurements at 3.0 and 8.15 mmol/
ml, respectively. For experimental details seethe experimental
section.

In vitro effect of CCK-8 and/or CLN on GABA-T and
SSADH activities

AsshowninFig. 5, both peptides could interact with the
GABA-T and caused depression of its activity almost to the
swne extent. Similar observations were made concerning
the SSADH activity in the presence of different
concentrationsof CCK-8 and/or CLN (Fig. 6). However, the
full activity of both enzymes was restored after 30 hours of
dialysis against Tris-HCI (50 mM, pH=8.5) buffer as shown
in Table II1.

DISCUSSION

The results obtained from in vivo and in vitro
investigations showed that there is reversible inhibition of
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TABLE II. The combined effects of CCK-8 and CLN on SSADH activity in mouse
hypothalamus

PercentSSADH activity
remaining after injection of
CCK-8 (0.047 mmol/kg)
and/or CLN (0.037 mmol/
kg); observed values

Percent SSADH activity

remaining after injectionof
CCK-8 (0.024 mmol/kg)
plus CLN(0.019mmol/kg);
observed values

Percent SSADH activity
remaining afterinjectionof
CCK-8 (0.024 mmol/kg)
plus CLN (0.019mmol/kg);
calculatd values

CCK-8 CLN

38.76+0.002 |46.1740.02

40.53%0.002

42.47+0.00

The values represent mean £S.D.% of control (control=100%).
P<0.01 vs. control (student’s t-test). N=6 for each determination.
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Fig. 6. The in vitro effect of CCK-8 (O-O) and/or CLN (@-@) on
the SSADH aclivity atdifferent concentrations of each peptide.
The substrate and the enzyme concentrations have been kept
constant throughout the measurements at 0.3 and 8.15 mmol/
ml, respectively. For experimental details sec the experimental

section.

GABA-T and SSADH activity by CCK-8 and CLN. These
observations indicate that there is an interaction between
CCK-8 and/or CLN and the GABAergic system in the
mouse brain. The present findings are in agreement with
Nagah:ana’s finding, which states that CCK-8 and/or CLN
affect the GABA content and accumulation induced by
AOAA treaunent in the mouse striatum, hypothalainus, and
frontal cortex.'* In addition, it has been reported that CLN
and CCK-8enhance GABA release from rat cerebral cortex
slices in vitro." Other reports conceming the physiological
effects of CLLN and CCK-8 on monoarninergic, cholinergic,
and GABAergic systems can be seen in the references.'!'
13,19

267

Despite the accumulated datain the literatureconcerning
thebehavioral and physiological changes induced in the test
animals by CCK-8 and/or CLN administration, the exact
mechanism of action and the exact site(s) of action of these
two peptides in the central nervous system have not been
reported.

In the present study, it was indicated that there is direct
interaction between CCK-8 and CLN on two of the
catabolizing enzymes of GABA, namely, GABA-T and
SSADH (Figs. 5 and 6). Based on the data shown in Figs. [
and 2, similareffects have been observed in vivo concerning
the acute inhibitory role of CCK-8 and CLN on GABA-T
and SSADH. Inhibition of GABA-T and SSADH activity
probably explains the increased GABA contentin the mouse
hypothalamus after peripheral injection of CCK-8 and CLN
as reported by Nagahama." In this case, it is vilal to
investigate the side effects(s) of higher GABA content on
the whole enzyme systems of GABA metabolism, mainly
onGAD. Itisalso necessary to investigate the acute and long
lasting direct effect(s), if any, of CCK-8 and CLN on GAD
in the central nervous system of mice. These investigations
are in progress and will be published soon.

The combined effect of CCK-8 and CLN on GABA-T
and SSADH activity compared to the independent and
individual injection of CCK-8 and/or CLN, at the same
molecular dose, as shown in Tables 1 and II, probably
indicates that CCK-8 and CLN compete for the sarne site on
the enzyme structure. The other altemative is the presence
of two independent interaction sites on the enzyme with the
same final effect on the enzyme activity. Further
investigations are required to clarify these points.

In conclusion, the present data indicate that peripheral
injection of CCK-8 and/or CLN ata dose level of 50 pg/kg
body weight has acute inhibitory effects on GABA-T and
SSADH, two of the catabolizing enzymes of GABA. The
inhibitory effect is most probably due to thedirectinteraction
between the enzymes and the peptides at the molecular
level.
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TABLE 1I. Effect of dialysis on the re-establishment of GABA-T and SSADH
activity. For experimental details see the experimental section.

Sample Percent Enzyme Activity Remaining
GABA-T SSADH
before | Control 100+0.018 100+0.007
dialysis
CCK-8 25.28+0.007 29.06+0.008
CLN 23.27+0.009 19.32+0.015
Control 95.08+£0.013 98.10+0.006
after
dialysis | cCK.-8 89.49+0.006 95.49+0.018
CLN 91.50+£0.015 96.85+0.01

The values represent meantS.D.% of the control (control=100%). N=6 for
each determination and P<0.01 vs. control (student’s t-test)
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