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Abstract: Problem statement: The role of 5-HT has been investigated in many behavioral activities.
Thus, studies using raphe lesion showed that 5-HT is involved in sleep, general activity levels,
habituation, aggression, pain sensitivity and morphine analgesia, avoidance behavior, self-stimulation
and water consumption. Approach: The metabolic interaction between serotonin (5hydroxytrptamine) and indole-3-aldehyde and xanthine via aldehyde oxidase (EC 1.2.3.1) and xanthine
oxidase (EC 1.1.3.22), respectively, were studied in liver tissue homogenate of Dunkin-Hartley guinea
pigs by following the decrease in substrate concentration using spectrophotometer. Homogenates of
liver were incubated with indole-3-aldehyde in the presence and absence of serotonin or
(chlorpromazine and allopurinol a potent and selective inhibitors for aldehyde oxidase and xanthine
oxidase, respectively). Oxidation of indole-3-aldehyde to indole-3-acetic acid was reduced up to 63.2%
in the presence of serotonin (100 µM), while oxidation of xanthine to uric acid was reduced up to
51.6% under the same conditions. Results: In comparison, incubation of the substrates with their
specific inhibitors (100 µM of chlorpromazine and 100 µM allopurinol) give almost complete
inhibition. These results demonstrate that in the guinea pig liver a metabolic interaction between
serotonin and indole-3-aldehyde or xanthine via molybdenum hydroxylases system may take place in
liver, which is the main tissue for xenobiotics detoxification. Conclusion: The overall conclusion from
this research is that serotonin could be a protector for neurons and other tissue from the insult of oxidation
of aldehydes and xanthines by molybdenum hydroxylases.
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aldehyde), thereby converting them to the respective
carboxylic acid (indole-3-acetic acid). As a result of this
reaction, aldehyde oxidase is capable of producing
superoxide as well as hydrogen peroxide (Al-Fayez et al.,
2007; Beedham, 1987; Beedham et al., 1995).
The central or midline (raphe) location of the large
neurons of the brain steam has attracted the attention of
anatomists since the time of Ramony Cajal, who
described these cells as large multipolar neurons with
uncertain projections. No one suspected that they
contained the same chemical substance distributed
throughout the body. For many years, investigators had
known of a blood-brone chemical that produced
vasoconstrictions (a’ Serum’ factor that affected blood
vessel ‘tonus’ hence the same Serotonin) and of a
substance present in the gut that increased intestinal
motility (enteramine). In the mid-twentieth century,
serotonin or 5-Hydroxy Tryptamine (5-HT), the single
compound producing both these effects, was isolated

INTRODUCTION
Molybdenum-enzymes are needed for key
reactions in the metabolism of carbon, sulfur and
nitrogen containing compounds and up to now more
than 50 different mononuclear molybdenum-enzymes
have been found in nature. However, only two classes
are present in human and other mammals, namely,
xanthine oxidase family which represented by xanthine
dehydrogenase, aldehyde oxidase, pyridoxal oxidase
and nicotinate hydroxylase, the second class
represented by sulfite oxidase and nitrate reductase. In
general, reactions catalyzed by molybdenum-enzymes
are characterized by the transfer of an oxygen atom,
ultimately derived from or incorporated into water, to
or from a substrate in a two-electron redox reaction.
Aldehyde oxidase proteins are cytoplasmic enzymes
that catalyze the oxidation of a variety of aromatic and
non-aromatic heterocycles and aldehydes (indole-3-
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and synthesized and its molecular structure was
elucidated (Ruddell et al., 2008).
Shortly thereafter, 5-HT was found to be present in
the mammalian CNS in significant quantities and to be
concentrated in varying amount in different regions of
the brain. This led to the proposal of 5-HT as a CNS
neurotransmitter. Localization of the cell bodies and
axon terminals was initially visualized in the 1960's
with the Falck-Hillarp method of formaldehydeinduced histofluorescence (Osborne, 1973). However,
the instability of the fluorophore produced meant that
this method could not provide information on the
serotonergic innervation of the brain at the same level
of sensitivity as it did for the catecholaminergic
innervation. Alternatively methods were subsequently
used to localize 5-HT in the brain: Autoradiography
either at the light microscope or at the electron
microscope level (Al-Balool, 2007; Reader, 1982);
lesion studied combined with biochemistry (Kِhler and
Steinbusch, 1982; Steinbusch, 1981) or histochemistry
(Johansson et al., 1981). More recently, the preferred
method of immunohistochemistry with antibodies
against 5-HT has demonstrated the full extent of
serotonergic innervation (Lidov and Molliver, 1982a;
1982b; 1982c). The serotonergic cell bodies are
restricted to clusters in the brain stem, but their fibers
using most of the known longitudinal pathways,
innervate nearly every area of the brain (Lidov and
Molliver, 1982b; 1982c) the serotonergic cell bodies are
restricted to clusters in the brain stem, but their fibers,
using most of the known longitudinal pathways,
innervate nearly every area of the brain (Costa et al.,
1982; Mulligan and Tِrk, 1987). The neurons in the
entire mammalian CNS number in billions, whereas
serotonergic cells number in the thousands and they
constitute ∼1/1,000,000 of all CNS neurons. However,
their influence on their target sites appears to go far
beyond these numbers. In the rat brain it is estimated
that there are ∼6×106 serotonergic varicosities/mm
cortical tissue. By extrapolation, this means that each
serotonergic neurons projecting to the cortex may be
responsible for 5×105 serotonergic varicosities, that
each of their cortical target neurons receives ∼200
varicosities and that serotonergic terminals may account
for as many as 1/500 of all axon terminals in rat cortex
(Daubert and Condron, 2010).
The 5-HT cell bodies in the brain are located in
the brain stem (Chojnacka-Wojcik et al., 1995;
Verhofstad et al., 1981), in raphe nuclei groups which
extend from the midbrain to the medulla oblongata.
These areas are classified into nine regions (B1-B9)
(Verhofstad et al., 1981) rostral 5-HT neurons have
ascending projections that innervate virtually all areas

of the brain, whereas the caudal cell groups project to
the spinal cord (Geyer and Vollenweider, 2008).
Serotonin receptors were originally classified as D
and M types in the 1950's and later as 5-HT1, 5-HT2, 5HJT3 and more recently, 5-HT4. The advent for
molecular cloning techniques brought about an
explosive increase in the number of distinct 5-HT
receptors subtype that can be identified reaching the
current number of 14. 5-HT3 is a ligand-gated ion
channel, while the rest belong to G-protein coupled
types (Pearl et al., 1995). Serotonergic cell bodies
appear very early (E12) in the embryonic development
of the rat, when they form a cluster on either side of the
floor plate of the rhombencephalon, accompanied by
short, non-varicose fibers (Soleimanzadeh, et al., 2010).
This cluster gives rise to the ascending fibers, while a
second one, appearing caudally at E14, gives rise to the
descending ones. The dorsal and median raphe nuclei,
which will be examined in this thesis, arise from the
first cluster.
The role of 5-HT has been investigated in many
behavioral activities. Thus, studies using raphe lesion
showed that 5-HT is involved in sleep (Petitjean et al.,
1972), general activity levels (Vergnes et al., 1972),
habituation (Hamid et al., 2007), aggression
(Vergnes et al., 1974), pain sensitivity and morphine
analgesia, avoidance behavior, self-stimulation and
water consumption (Hole and Lorens, 1975; Lorens and
Yunger, 1974; Lorens et al., 1976).
MATERIALS AND METHODS
Chemicals and reagents: All chemicals were
purchased from Sigma Chemical Company Ltd. All
reagents and solvents, KH2PO4 and K2HPO4 (for buffer
preparation), were of analytical grade.
Preparation of enzyme fraction: Partially purified
molybdenum hydroxylases have been prepared and
manipulated according to the reported method by (AlFayez et al., 2007; Beedham, 1987).
Determination of kinetic constan: Oxidation rates were
determined spectrophotometrically using a Shimadzu
2101 UV/VIS spectrophotometer, which was linked to
pye-Unicam cell temperature control unit. With the
exception of enzyme, which was kept in ice until mixing
with other components, all solutions were pre-warmed to
37°C. The spectrophotometer was computer-controlled
by Shimadzu UV-210 spectroscopy software package
with additional kinetics software.
Molybdenum hydroxylases, aldehyde oxidase and
xanthine oxidase, activity was monitored, at 37°C,
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interact with other monoamines. It has been know from
long time that serotonin is synthesis and functioning
outside the CNS and it had been found in almost all
tissue in the human body (Kooy et al., 1981).
In this study, the oxidation of 50µM xanthine and
100 µM indole-3-aldehyde by partially purified
molybdenum hydroxylases fractions was followed by
monitoring the decrease in absorbance at 295 and 300
nm, due to the formation of uric acid and indole-3acetic acid, respectively, using oxygen as an electron
acceptor. In addition, the oxidation of the two substrate
was measured in the presence of artificial electron
acceptor, potassium ferricyanide (K3Fe(CN)6). These
reactions were monitored by following the decrease in
absorbance at 420 nm resulting from the reduction of
potassium ferricyanide to potassium ferrocyanide.
Using either oxygen or potassium ferr+icyanide gave
equivalent result. In presence of 100 µM serotonin the
oxidation of 50 µM xanthine as well as 100 µM indole3-aldehyde was reduced by 63.2 and 51.6% using
oxygen as an electron acceptor. Inhibition of indole-3aldehyde oxidation by varying serotonin concentration,
using potassium ferricyanide as electron acceptor,
indicates that molybdenum centre could be the site of
interaction between the inhibitor and substrates (Fig. 1).
Although serotonin is less effective than eqimolar
concentrations of chlorpromazine (100 µm), which
inhibited indole-3-aldehyde oxidation by ≈98%, it has a
significant inhibitory effect on substrate oxidation
catalyzed by guinea pig liver enzyme.

using 100 µm indole-3-aldehyde (enzyme fraction was
diluted 1:40 dilutions) and 50 µM xanthine as
substrates, respectively, in 67 mm Sorenson's phosphate
buffer, pH 7.0, containing 100 µm EDTA.
Calculation of inhibitor kinetic constants: Dixon
plots have been used to determined Ki, by plotting
inhibitor concentrations, serotonin, against the
reciprocal of initial rates, 1/V, which measured in the
presence of inhibitor.
Statistical analysis of data: Metabolic formation and
substrate breakdown is express ± Standard Deviation
(SD). Statistical significance, p-values, between control
and inhibited incubations were evaluated using a one
tailed or 2-tailed, paired student's t-test. Leaner
relationship between variables was determined by leastsquares method using linear correlation coefficient (r).
Mean, standard deviation, p-values and linear
correlation coefficient were all determined using Excel
2007 for Windows.
RESULTS
Serotonergic neurons synthesize 5-HT from dietary
tryptophan, which is converted to 5-hydroxy-tryptophan
is, in turn, converted to 5-HT by aromatic-L-amino acid
decarboxylase. The production rate is believed to be
adjusted by impulse-coupled regulation of tryptophan
hydroxylases activity (Yulug, 2009; Anden et al.,
1971). Serotonin itself is metabolized initially into 5hydroxy-indole-acetaldehyde by Monoamine Oxidase
(MAO), the enzyme that oxidatively deaminates all
monoamines to their corresponding aldehydes; further
oxidation by aldehyde dehydrogenase leads to the
formation of 5-hydroxy-indole acetic acid (Tecott,
2007; Kooy et al., 1981).
Serotonin is released by stimulation of the
serotornergic cell bodies in the raphe nuclei. These cells
posses 5-HT autoreceptors, suggesting that 5-HT
regulates its own release. However, other
neurotransmitters
and
modulators
(dopamine,
noradrenaline, acetylcholine) have also been implicated
in this regulation. Drugs and experimental compounds
like reserpine, π-chloroamphetamine (PCA) and
Methlyene-Dioxy-Methamphetamine
(MDMA/
‘Ecstasy’) can also cause release of 5-HT (for review,
see ref. 29, 30). The action of 5-HT upon postsynaptic
receptors, as studied by iontophoretic application, is
chiefly inhibitory (Tecott, 2007). This action is
terminated by reuptake into the presynaptic terminal;
the uptake system has a high specificity and does not

Fig. 1: The effect of varying serotonin concentrations
on the reduction of 76 µM potassium
ferricyanide by electrons generated during the
oxidation of 100 µM indole-3-aldehyde by
guinea pig liver aldehyde oxidase
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Fig. 2: Dixon plot of indole-3-acetic acid formation by
guinea pig liver aldehyde oxidase in the
presence of 10, 40, 100, 200 and 500 µM
serotonin (r = 0.9986)

Fig. 4: Initial rates of indole-3-acetic acid and uric acid
formation by guinea pig liver molybdenum
hydroxylases using different concentrations of
substrates (2.5-100 µM) in Sorenson's
phosphate buffer, (67 nM), pH 7.0, containing
100 µM EDTA at 37°C, oxygen as electron
acceptor (Mean ± SD, n = 4 male guinea pigs,
*p<0.1, **p<0.05, ***p<0.02)
This indicates the serotonin is a moderate inhibitor of
guinea pig liver aldehyde oxidase. Similarly, the Ki for
serotonin with xanthine oxidation by xanthine oxidase
was found to be 94±9 µM (n = 4). This indicates that
serotonin is more potent inhibitor for xanthine
oxidation than indole-3-aldehyde (Fig. 3). Further
investigation of mode of inhibition exhibited by
serotonin was carried out in our laboratory using
spectrophotometric assay.

Fig. 3: Dixon plot of uric acid formation by guinea pig
liver xanthine oxidase in the presence of 10, 40,
100, 200 and 500 µM serotonin (r = 0.9981)
However, serotonin could act as a competitive
substrate, thus 100 µM serotonin was incubated with
partially purified guinea pig fraction in Sorenson’s
phosphate buffer, pH 7.0, using potassium ferricyanide
as electron acceptor. No change in absorbance at 420
nm was detected. The neurotransmitter was also
incubated with the enzyme preparation using oxygen as
electron acceptor and the incubation was scanned
between 200-700 nm several time for up to 10 min.
Again, there were no changes observed in the spectrum
of serotonin. It was therefore concluded that serotonin
is not a substrate for our enzyme preparation.
The effect of serotonin on the initial rate of
potassium ferricyanide reduction and that measured at
80 sec during the oxidation of indole-3-aldehyde are
shown in Fig. 1. Figure 1 indicates that serotonin
caused a marked inhibition of initial rates of substrate
oxidation but may increase overall production electron
by aldehyde oxidase. The inhibitory effect is
investigated further in Fig. 4.
Inhibitor constant (Ki) for serotonin with
aldehyde oxidase was estimated to be 120±13 µM (n
= 4), using the initial rates over 5 minutes for a Dixon
plot of serotonin concentration versus 1/V (Fig. 2).

DISCUSSION
Interestingly, serotonin was found to act as a
competitive inhibitor for aldehyde oxidase and noncompetitive inhibitor of guinea pig liver xanthine
oxidase. This manuscript was not designed to explain
this controversy. Further studies will focus on this
discrepancy.
Interaction of serotonin with both enzyme was
studied for the first time in this work. With the
exception of 10 µM serotonin, all other concentrations
had a significant inhibitory effect (p<0.1-0.02) on the
oxidation of indole-3-aldehyde and xanthine oxidase by
guinea pig liver molybdenum hydroxylases (Fig. 4).
Noteworthy, the effect of potent aldehyde oxidase
inhibitor, chlorpromazine (100 µm) and traditional
xanthine oxidase inhibitor, allopurinol (100 µm), on
indole-3-aldehyde and xanthine oxidation by the
enzyme preparation, respectively, indicates that these
substrates are specific and excellent.
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Although the results presented in this study have
not been obtained with human liver molybdenum
hydroxylases, previous studies have shown that guinea
pig liver molybdenum hydroxylases are a good model
for the human liver enzyme (Al-Fayez et al., 2007;
Beedham et al., 1995).
CONCLUSION
The overall conclusion from this research is that
serotonin could be a protector for neurons and other
tissue from the insult of oxidation of aldehydes and
xanthines by molybdenum hydroxylases. More details on
the mechanism of reactive oxygen species production by
molybdenum hydroxylases in the presence of serotonin
are needed and will be studied in near future by the
author.
REFERENCES
Al-Balool, F.Y., 2007. 5-hydroxytryptamine induces
electrogenic secretion in the duodenum of gerbil
(Gerbillus cheesmani). Am. J. Biochem.
Biotechnol.,
3:
114-117.
DOI:
10.3844/ajbbsp.2007.114.117
Al-Fayez, M.A., A.M. Aleisa and M.A. Al-Omar, 2007.
In vitro interaction of 6-Iodo-4-oxo-quinazoline
derivatives
with
cytosolic
molybdenum
hydroxylase. J. Biol. Sci., 7: 532-538.
http://faculty.ksu.edu.sa/Alomar/Full%20Text%20
Articles/341-JBS-2K6.pdf
Anden, N.E., H. Corrodi, K. Fuxe and U. Ungerstedt,
1971. Importance of nervous impulse flow for the
neuroleptic induced increase in amine turnover in
central dopamine neurons. Eur. J. Pharmacol.,
15: 193-199. DOI: 10.1016/0014-2999(71)90173-7
Beedham, C. D.J. Critchley and D.J. Rance, 1995.
Substrate specificity of human liver aldehyde
oxidase toward substituted quinazolines and
phthalazines: A comparison with hepatic enzyme
from guinea pig, rabbit and baboon. Arch.
Biochem. Biophys., 319: 480-490. PMID: 7786031
Beedham, C., 1987. Molybdenum hydroxylases:
Biological distribution and substrate-inhibitor
specificity. Prog. Med. Chem., 24: 85-127. PMID:
3332920
Chojnacka-Wojcik, E., A. Klodzinska, A. Drabczynska,
M. Pawlowski and S. Charakchieva-Minol et al.,
1995. A new putative 5-HT1A receptor antagonist
of the 1-arylpiperazine class of ligands. Eur. J.
Med. Chem., 30: 587-592. DOI: 10.1016/02235234(96)88273-0
185

Am. J. Biochem. & Biotech., 6 (3): 181-186, 2010
Lidov, H.G.W. and M.E. Molliver, 1982c. The structure
of cerebral cortex in the rat following prenatal
administration of 6-hydroxydopamine. Dev. Brain
Res.,
3:
81-108.
DOI:
10.1016/01653806(82)90077-3
Lorens, S.A. and L.M. Yunger, 1974. Morphine
analgesia, two-way avoidance and consummatory
behavior following lesions in the midbrain raphe
nuclei of the rat. Pharmacol. Biochem. Behav.,
2: 215-221. DOI: 10.1016/0091-3057(74)90055-0
Lorens, S.A., H.C. Guldberg, K. Hole, C. Kِhler and B.
Srebro, 1976. Activity, avoidance learning and
regional 5-hydroxytryptamine following intra-brain
stem 5,7-dihydroxytryptamine and electrolytic
midbrain raphe lesions in the rat. Brain Res. Bull.,
108: 97-113. PMID: 1276894
Mulligan, K.A. and I. Tِrk, 1987. Serotonergic axons
form basket-like terminals in cerebral cortex.
Neurosci. Lett., 81: 7-12. DOI: 10.1016/03043940(87)90331-4
Osborne, N.N., 1973. The analysis of amines and amino
acids in micro-quantities of tissue. Prog.
Neurobiol., 1: 299-332. DOI: 10.1016/03010082(73)90016-6
Pearl, S.M., K. Herrick-Davis, M. Teitler and S.D. Glick,
1995. Radioligand-binding study of noribogaine, a
likely metabolite of ibogaine. Brain Res., 675: 342-344.
DOI: 10.1016/0006-8993(95)00123-8
Petitjean, F., R. Laguzzi, F. Sordet, M. Jouvet and J.F.
Pujol, 1972. Effects of the intraventricular injection
of 6-OHDA on the cerebral monoamines of the cat.
Brain Res., 48: 281-293. DOI: 10.1016/00068993(72)90184-9
Reader, T.A., 1982. Catecholamines and serotonin in
rat frontal cortex after PCPA and 6-OHDA:
Absolute amounts and ratios. Brain Res. Bull.,
8: 527-534. DOI: 10.1016/0361-9230(82)90010-7

Ruddell, R.G., D.A. Mann and G.A. Ramm, 2008. The
function of serotonin within the liver. J. Hepatol.,
48: 666-675. PMID: 18280000
Soleimanzadeh, H., D. Habibi, M.R. Ardakani, F.
Paknejad and F. Rejali, 2010. Effect of potassium
levels
on
antioxidant
enzymes
and
malondialdehyde content under drought stress in
sunflower (Helianthus annuus L.). Am. J. Agric.
Biol.
Sci.,
5:
56-61.
DOI:
10.3844/ajabssp.2010.56.61
Steinbusch, H.W., 1981. Distribution of serotoninimmunoreactivity in the central nervous system of
the rat-cell bodies and terminals. Neuroscience,
6: 557-618. PMID: 7017455
Tecott, L.H., 2007. Serotonin and the orchestration of
energy balance. Cell Metabol., 6: 352-36. DOI:
10.1016/j.cmet.2007.09.012
Vergnes, M., G. Mack and E. Kempf, 1974. Inhibitory
control of mouse-killing behaviour in the rat:
serotonergic system of the raphe and olfactory
input. Brain Res., 70: 481-491. DOI:
10.1016/0006-8993(74)90256-X
Verhofstad, A.A.J., H.W.M. Steinbusch, B. Penke, J.
Varga and H.W.J. Joosten, 1981. Serotoninimmunoreactive cells in the superior cervical
ganglion of the rat. Evidence for the existence of
separate serotonin-and catecholamine-containing
small ganglionic cells. Brain Res., 212: 39-49.
DOI: 10.1016/0006-8993(81)90030-5
Yulug, B., 2009. Neuroprotective treatment strategies
for poststroke mood disorders: A minireview on
atypical neuroleptic drugs and selective serotonin
re-uptake inhibitors. Brain Res. Bull., 80: 95-99.
DOI: 10.1016/j.brainresbull.2009.06.013

186

