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Abstract: In the present study, the effects of administrating 4 mM and 300 mg kg~ b.wt. of quinolinic acid were
studied, in vitro and in vive, respectively, to evaluate its mhubitory activity on phosphoenolpyruvate
carboxykinase in diabetic rats. The results of in vitro studies have clearly indicated the inhibitory effect of
quinolinic acid on enzyme activity. The hill plot showed the binding stoichiometry of quinolinic acid per enzyme
to be 4:1. The in vivo studies showed that intra peritoneal injection of 300 mg kg™ b.wt. initiates reduction of
blood glucose level in 1 h after injection, restoring the blood glucose to its normal level at 2 h post injection and
keeping it constant for at least further 4 h. Based on present results we concluded that quinolinic acid and
hence its precursor tryptophan having induced obvious hypoglycemic effects in normal and diabetic rats at

high enough concentrations, they are worthy of further study and research for their hyperglycemic effect in

other diabetic animal models.
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INTRODUCTION

PEP-
carboxykinase EC number 4.1.4.32, catalyzes the first
committed rate liniting step m gluconeogenesis
(Nordlie and Lardy, 1963). This reaction involves
carboxylation of oxalacetate to phosphoenolpyruvate
(PEP) using one nucleoside triphosphate (GTP or ITP) and
two equivalent of cations such as Mn™ or Fe™™:

Phosphoenolpyruvate carboxykinase,

Oxalacetate + GTP «»> PEP+HCO, +GDP

The reaction is an important step in the formation of
glucose from non carbohydrate carbon sources via
gluconeogenesis.  Cellular of PEP-
carboxykinase is species dependent, however, it is
predominantly found in the cytoplasmic fraction of liver

localization

cells in rat, mouse and hamster (Nordlie and Lardy, 1963,
Ballard and Honson, 1967; Soling and Kleineke, 1976), in
the mitochondrial fraction of chicken and pigeon cells and
in both fractions of liver cells in rabbit, pig and human
(Nordlie and Lardy, 1963; Holten and Nordlie, 1965).
The PEP-carboxykinase plays its physiological role
through participation in glucose production in fasting
conditions (Landau et al., 1996; Katz and Tayek, 1998;
Grammer and Pilkis, 1990; hingermann, 1992; Jungermenn
and Kietzmann, 1996). While, cytoplasmic isoform of

PEP-carboxykinase responds to hormonal control, the
mitochondrial 1soform remains unchanged under different
physiological conditions (Xu et al, 2005, Hanson and
Reshef, 1997, Drewnowsk et al, 2002). The over
expression of cytoplasmic isoform under diabetic or
fasting states and the blockage of its biosynthesis in
feeding states by msulin induced mechanism have been
extensively reviewed (Rajas et al,, 2000, Beale et al., 2002;
Franckhauser et al., 2002). The increased activity of
PEP-carboxykinase in diabetes causes hyperglycemia in
both types of diabetes namely TDDM (Insulin Dependent
Diabetes Mellitus) and NIDDM (Non Insulin Dependent
Diabetes Mellitus) (DeFronzo and Ferrannini, 1991,
Consoli et al., 1989, Beale et al., 2002). Nevertheless, the
cytoplasmic 1soform  of PEP-carboxykinase 1s
necessary for life so that its complete absence
results in persistent hypoglycemia and finally in death
(Hakimi et al., 2005; She et al., 2000, 2003; Vidnes and
Sovik, 1976, Hanson and Reshef, 1997; Beale et al., 2002).
Tt has been shown that inhibition of PEP-carboxykinase
decreases diabetic hyperglycemia suggesting that its
inhubitors can be of pharmacological potential m treating
the diabetic hyperglycemia. Inhibition through post
transcriptional gene silencing by vector RNAiI was
reported to cause a reduction in glucose production
(Gomez-Valadés et al, 2006). On the other hand,
tryptophan  admimstration to fasted and diabetic rat
resulted in hypoglycemic effect.
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The inhibitory effects of tryptophan on
gluconeogenesishas been attributed to quinolinic acid,
the well known metabolite of tryptophan, which requires
40mm lag time for its metabolic production (Snoke et al.,
1971). However, there exist conflicting reports about the
mhibitory effects of tryptophan and quinolmic effects on
PEPCK enzyme and the resulting hypoglycemic effect
(Alvares and Ray, 1974). In the present study we
comparatively studied the previous reports on quinolinic
acid and examined its inhibitory potency ir vive and
in vitro on gluconeogenesis in diabetic rat.

MATERIALS AND METHODS

This study 1s the result of research project conducted
from 12 March 2008 to 10 Feb 2009 in the Department of
Biology of Shalnd Chamran University of Ahvaz.

All chemicals were purchased from sigma chemical
Co. and from Aldrich chemical Co.

Diabetes production: Diabetes was produced in rat by
intra peritoneal injection of 100 mg kg™ of body
weight Streptozotocin (STZ) dissolved in 0.9% sodium
chloride. Diabetic rats with blood glucose values at
over 300 mg/100 ml., determined by glucose oxidase
method, were used as a diabetic model one week after the
STZ injection.

Injection of inhibitor: Quinolinic acid at 300 mg kg™ b.wt.
dose were suspended m an appropriate volume of 0.9%
sodium chloride and myected mtraperitoneally to the
animals. The quinolinic acid was injected to seven
diabetic rats and the same volume of saline was also
mjected to 5 diabetic rats as control group. The blood
glucose changes were monitored using glucose oxidase
method to measure blood glucose level as descried in
glucose determination part. The same protocol were used
to show the decreased activity of PEP-carboxykinase in
the presence of mhibitors, in this case animals were
killed 2 h after the injection time with a blow to the
head, their livers quickly removed and placed in ice-cold
0.25 M sucrose for enzyme purification.

Glucose determination: Blood glucose was determined
using oxidase/peroxidase (GOD-POD) method as
described by Trinder (1969).

Enzyme purification: PEP-carboxykinase was purified
from rat liver cytosol according to the method of Balard
and Hanson (1969) and Chang and Lane (1966) as follows:
twenty Wistar rats weighting about 300 g were starved for

24 h prior to killing. This period of starvation increases the
amount of PEP-carboxykinase activity. All the rat's livers
were homogenized in 2 volume of 0.25 M sucrose,
containing 0.05 M Tris-HCl buffer (pH 7.4), with a coaxial
homogemnizer and centrifuged at 100,000 g for 1 h to obtain
450 mL of clear supernatant. To obtain ammonium sulfate
fractionation of enzyme, sufficient solid ammonium sulfate
was added to the supemnatant from the previous step to
bring the solution to 45% saturation. Tt was usually
necessary to add some 1 M Tris during this fractionation
to maintain the pH of enzyme solution at 7.0. After
standing for 15 min the suspension was centrifuged at
5000 g for 15 min and the precipitate was discarded.
Additional solid ammonium sulfate was added to increase
the percentage saturation of the solution to 65% and after
standing for 15 min this suspension was centrifuged as
before. The precipitate was dissolved m 0.05 M Tris-
chlorid, pH 8 to give a volume of approximately 75 mL. All
steps in the punification were carried out at 0-4°C to avoid
instability of the enzyme at higher temperatures.

Enzyme assay: The assay used in all experiments was
essentially as reported by Chang and Lane and
meodified by Ballard and Hanson (1969) and Chang and
Lane (1966). The enzyme activity was determined in
conversion of oxalacetate to phosphoenolpyruvate
direction. This coupled with malate
dehydrogenase reaction 1.e., excess amourt of malate,
NAD® and malate dehydrogenase were taken in the
reaction mixture to provide enough amourt of oxalacetate
as enzyme substrate for enzyme assay. The 2 mL
reaction mixture contained 240 units of malate
dehydrogenase, 2 mM MnCl,, 0.0536 g malate, 100 pL
of purified PEP-carboxykinase and 0.0527 g NAD" were
incubated in 200 mM Tris-HC1 pH7.5 in a water bath 37°C
for 1.5 h. After this period of time the absorbance change
at 340 nm was constantly zero. Then the buffer pH was

reaction 1s

brought to 8 by adding enough sedium hydroxide
(optimum pH of PEP-carboxykinase). The oxalacetate
formed from malate dehydrogenase was determined
spectrophotometrically by measuring the NADH
generated in the reaction after equilibration at 37°C for
4 min. Nine micro of GTP was added to start the reaction.
Initial rates were taken from the linear portion of the
recording to measure the enzyme activity. The specific
activity of PHP-carboxykinase is expressed in nmol
phosphoenolpyruvate formed per min per mg protein.
Enzyme assay was carried out using a Shimadzu model
UV-3100  (Japan)  spectrophotometer and a
thermostatically controlled cell compartment with a Haak
D& water bath.
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Statistical analysis: The data expressed as MeantSEM,
the statistical analysis was performed using one way
Analysis of Variance (ANOVA). The level of statistical
significance was set at p<0.05. Calculations were
performed using the SPSS statistical package.

RESULTS AND DISCUSSION

In an in vitro inhibitory experiment the effects of
4 mM concentrations of quinolinic acid were examined in
optimum conditions on purified PEP-carboxykinase
activity. In Fig. 1 the inhibitory effect of quinolinic acid on
PEP-carboxykinase has been presented as enzyme
activity. The remaining activity of enzyme in the presence
of Quinolinic acid was 18.4 nmol min~' mg which was
equal to 63% inhibition in enzyme activity.

In vitro effect of different concentrations of
quinolinic acid on enzyme activity is depicted in Fig. 2.

It 18 obvious that at 4 mM concentration, the enzyme
activity was completely mmhibited. The Hill plots of enzyme
activity in the presence of quinolinic acid shows four
bindmg sites for qunolinic acid on PEP-carboxykinase.
Also, the inhibitory constant of quinolinic acid (Ki)
was shown to be equal to as previously reported by
Snoke et al (1971) and McDaniel et al. (1972).

Figure 3 shows the effect of quinolinic acid
injected intraperitoneally at 300 mg kg™ b.wt. to diabetic
and normal rats a week after induction of diabetes,
depicting blood glucose level and its changing trend in
time.
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Fig. 1: Enzyme activity of purified PEP-carboxykinase in
the presence and absence of 4 mM concentration
of quinolinic acid m Tris buffer, pH: 8, 200 mM
concentration, 37°C temperature and 4 min
incubation time

The inhibitory effect of quinolinic acid began at
1.5 h post-injection causing blood glucose decline with
time, which continued for 3 more hs before its recovery
(data not shown) probably because of degradation of
qumolimic acid by rat liver. The most evident
hypoglycemic effect on blood glucose was observed
about 3 h after injection.

As shown i Fig. 4 intraperitoneal imjection of
quinolinic acid at 300 mg kg™ b.wt dose cause a
significant reduction in PEP-carboxykinase activity.

Gluconeogenesis 18 a biochemical pathway by
which glucose is synthesized in fasting conditions from
non carbohydrate precursors.

60.
504 53 ¥ =-9259x-4.417
40- g

g

0.0 0.5 1.0
log{Q.A)

Enzyme activity (nmol min mg ")

wh
o

0 1 2 3 4
(QA)mM

Fig. 2: Effect of different concentrations of quinolinic
acid on PEP-carboxykinase activity. Tris buffer,
pH: 8, 200 mM concentration, 37°C temperature
and 4 min mncubation Time. Hill plot 1s shown
inside the curve
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Fig. 3: Alteration of glucose homeostasis in diabetic and
control rat following intraperitoneal injection of
300 mg kg™ of body weight of quinelinic acid to
diabetic 24 h fasted rats. The blood glucose
determined by enzymatic method in samples
obtained from the tail vein. The values are
expressed as the MeantSE, p<0.05 for seven
animals 1 each groups
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Fig. 4: In vive determmation of PEP-carboxykinase
activity after injection of 300 mg kg™ of body
weight quinolinic acid. Seven diabetic rats in
treated group and five diabetic rats m control
group were chosen. Ammals killed 2 h after
injection and the PEP-carboxykinase extracted and
its activity
methods. The wvalues are expressed as the
Mean+SE, p<0.05

determined as described in

Three key enzymes namely PEP-carboxykinase,
Fructose-1,6-bisphosphatase (FBPase) and glucose-6-
phosphatase are mvolved n this pathway (Barthel and
Schmoll, 2003) the former of which, PEP-carboxykinase,
catalyzes the first rate limiting step of gluconeogenesis. In
fed state, msulin 15 the most important factor inlubiting
gluconeogenesis via suppressing biosynthesis of
glucogenic enzymes. In low carbohydrates diet, fasting or
diabetes, glucogenic enzymes increase dramatically. The
failure in insulin biosynthesis in diabetes results in over
production of glucogemc enzymes, accelerating
gluconeogenesis and consequently hyperglycemia. Thus,
the inhibition of gluconeogenesis, e.g., by enzyme
mbibitors in diabetes 1s of great interest, because
of its compensatory effect on hyperglycermia. The
PEP-carboxykinase, in contrast to other glucogenic
enzymes, is placed in a much more strategic point
allowing a metabolic sink of non carbohydrates
mtermediates to mter the gluconeogenic pathway. This 1s
why PHEP-carboxykinase inhibition has been subject of
mumerous studies for diug design purposes. Tryptophan
and 1its metabolites have vastly been studied for their
hypoglycemic effects. Smith and Pogson (1977) have
shown that injection of tryptophan decreases glucose
production in fed and fasted rats. They observed a 40 min
lag time in tryptophan hypoglycemic effect, which was
proposed to be the time required for qunolimc acid

production via kynurenine pathway (Bender, 1985).
Quinolinic acid inhibits PEP-carboxykinase by cooperative
manner with K1 values ranging from 0.039 to 0.078 mM
(McDaniel et al., 1972). The results also shown that
the hypoglycemic effect of quinolinic acid ceases after
1.5 h because of its metabolic degradation. Elliot et al.
(1977) studied the uptake of quinolimc acid by rat
liver. They showed that the rate at which qunolimic
acid enters rat liver cells was low, measuring about
0.013¢ mM min~". However, (Alvares and Ray, 1974)
studies came up with three mnportant findings. First,
diabeticconditions  increased  phosphoenolpyruvate
carboxykinase activity so that higher concentrations of
inhibitors were necessary to produce the same inhibitory
effects. Smith et al. (1978) obtained mlibitory response at
higher concentrations of inlubitor. Cook and Pogson
(1983) also reported that oxaloacetate, the substrate of
PEP-carboxykinase, increases more in diabetic than in
fasting conditions. Assuming the cooperative
mechanism of quinolnic acid intubition, the presence of
increased concentrations of oxaloacetate — prevents
quinolinic acid action. Second, there was a significant
time course activation of quinolinic acid, where pre
incubation of perfused liver with quinolinic acid showed
the least decrease in glucose production from lactate.
However the simultaneous addition of quinelinic acid and
lactate showed more mhibition in glucose production.
Considering these findings, the contradictions about
quinolinic acid effects on gluconeogenesis could be
understood. To shed light on this ambiguity, we decided
to re-examine the mhibitory effect of relatively higher
dose of quinolinic acid using in vivo trials with diabetic
animals. Our in vitro experiments (Fig. 1) showed that
Qumolinic acid at 4 mM concentration was required for
inducing significant inhibition of PEP-carboxykinase.
The Hill plot shows that binding stoichiometry of
Quinclinicacid/PEP-carboxylkinase is 4:1 and the:

Ki=38x10""M

Tt is clear that due to competitive behavior of
quinelinic acid, ensuring its effective concentrations is a
determinant parameter in achieving the expected results.
From careful study of procedures used in others
works, wecame up with the hypothesis that increased
gluconeogenesisflux, increased xaloacetateconcentrations
and therefore increased PEP-carboxykinase activity
may require a higher concentration of quinelinic
acid, if hypoglycemic effect m diabetic amimals was to be
achieved. This was found to be at more than 200 mg kg™
b.wt. of quinolinic acid. As depicted in Fig. 2, the blood
glucose began to decrease after 1 h reachung the normal
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level after 2 h and remains constant for at least 4 h before
resuming to increase to higher levels. Tn this work, we
decided to check whether the PEP-carboxvkinase activity
is changed after I.P. injection of 300 mg kg™ b.wt. or
not. In other word, we wanted to know if the
quinolinic acid acts via PEP-carboxykinase inhibition or
other mechamsm. Figure 4 shows the result of thus
experiment. PEP-carboxykinase activity 1s diminished from
40 nmol min~" mg to about 6.7 nmol min~' mg after 2 h.
Present data clearly suggest that quinolinic acid or its
precursor tryptophan has a prominent hypoglycemic
effects in decreasing glucose level in diabetic rats and
causing a significant relief in diabetic hyperglycemia and
could be considered as a hypoglycemic drug for more
precise experimental and clinical trails and we suggest it
as a food additive (especially tryptophan ammo acid) for
preventing hyperglycemic conditions and diabetic
consequences.
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