INTRODUCTION

Pseudoephedrine is a diastereoisomer of ephedrine and both are classified as
sympatomimetic drugs (Will, 1997). Pseudoephedrine is commonly found in over-the-
counter decongestants, anorectic agents and as an amphetamine substitute (Blosser et al.,
1987; Blum, 1981). The sympathomimetic agents can produce psychoactive effects such as
pleasant perceptual changes, euphoria and mental stimulation as same as amphetamine, a
psychostimulant drug, if taken in large doses. The action of sympathomimetic agents shows a
similar way to amphetamine because of its related structure (Wills, 1997). The effect of
pseudoephedrine has been studied in the nervous system. Kumarnsit et al. (1999) found that
pseudoephedrine induced an immediate carly gene Fos immunoreactivity in the nucleus
accumbens and striatum. Furthermore, the action of pseudocphedrine was also found to
mediate via dopaminergic mechanism (Zarrindast, 1981; Kumainsit et al., 1999). In the study
of drug discrimination, pseudoephedrine was shown both partial substitution (20 mg/kg) and
full substitution (40 mg/kg) for amphetamine (Img/kg) (Tongjaroenbuangam et al., 1998).
Amphetamine, dopamine agonist, can produce long-term behavioral changes including
sensitization. tolerance, and dependence (reviewed by Robinson and Becker, 1986).
Moreover, the administration of methamphectamine, the derivatives of amphetamine, can
damage neurotoxicity to dopaminergic and serotonergic nerve terminals in several brain areas
(O’Callaghan and Miller, 1991; O’Dell et al., 1991). It has also been reported that acute
methamphetamine administration decreases dopamine transporter function (Fleckenstein et
al., 1997) and loss of dopamine transporter sites demonstrates following chronic
methamphetamine administration (Nakayama et al., 1993). Changes of dopamine function
can induce malfunction of glutamatergic system because there are well-documented
interactions between glutamate/NMDA receplors and dopaminergic systems (e.g Murase et

al.. 1993: Verma and Moghaddam. 1996). There is an cvidence indicated the role of



?glutarnate in the development of methamphetamine toxicity. Methamphetamine enhances
glutamate release (Abekawa et al., 1994), and NMDA-receptor antagonist has been report to
protect against methamphetamine neurotoxicity (Sonsalla et al., 1998). Moreover,

methamphetamine also produced alterations of striatal and cortical! glutamate/NMDA

receptors (Eisch et al., 1996). Itzhak (1994) found the upregulation of cortical NMDA
receptor following repeated exposure of mice to cocaine, a psychostimulant. Although
glutamate abnormalities have not to date been elucidated after exposure to sympatomimetic
agents, a study found that ephedrine play a critical role of glutamate release in subcortical
region indicated dysfunction of CNS glutamatergic pathways (Bowyer et al., 2000). It is very
interesting to study mechanisms of glutamatergic system after pseudoephedrine, an over-the-
counter product, exposure as the glutamate/NMDA receptors scem to be critically involved in
synaptic formation and plasticity of the CNS (Cline et al., 1987. Udin and Scherer, 1990) as

well as in aspects of long-term potentiation (e.g. Coan et al., 1987, Davies et al., 1989).
Therefore, in the present study, we aimed to investigate the eftects of acute and chronic
pseudoephedrine administration on the alteration of glutamate/NMDA receptor density in rat

hippocampus and dentate gyrus.

MATERIALS AND METHODS
Male Sprague-Dawley rats (250-280g) werc obtained from the National Animal Center,
Mahidol University, Thailand. The animals were housed 3-6 per cage and maintained at room
temperature under a 12 h light/dark cycle with free access to water and food. All animals
were handled for at least 1| week before experiment. All animal procedures were carried out
in compliance with Mahidol University Code of Practice and the National Institutes of Health

(USA) Guidelines for treatment of laboratory animals.



Psedoephedrine was received from the Health Sciences Research Institute, Naresuan
University, Thailand. To examine the effects of acute pseudoephedrine, animals were
administered intragastically at a dose of 320 mg/kg. The chronic effects of pseudoephedrine
were examined by treated intragastrically at the dose of 160 mg/kg, once daily for 15 days.
Rats were sacrificed 2 h later the last dose and brains were removed for the
immunohistochemical analysis of glutamate/NMDA receptor subunit] (NMDARI1). Drug
doses for these studies were chosen based on the dose that pseudoephedrine can produce a

( discriminative stimulus resembling that of amphetamine (Tongjaroenbuangam, et al., 1998;
: Glennon and Young, 2000Q).

Brains were fixed in 4% paraformaldehyld and embedded in paraffin wax and
subsequently sectioned at a thickness of 5 uM, then mounted onto 3-
aminopropyltriethoxysilane (APES) coated glass slides The sections were deparaffinize in
xylene, rehydrated in grade alcohol, then heated in microwave oven on full power (650 W) for
3 periods of 5 min in phosphate buffer saline (PBS; 0.01 M phosphate buffer, 0.9% NaCl,) pH
7.4, to aid antigen retrieval. Sections were incubated for 30 min in a solution of 0.6% H;0O»
in 10% methanol and 0.1% Triton X in PBS pH 7.4 to inhibit endogeneous peroxidase
activity and then washed for 3x5 min in PBS. Non-specific binding was minimized by
incubation for 1 h in 5% normal rabbit serum in PBS and incubated overnight at 4°C with a
polyclonal antibody against the NMDAR1 (Sigma) at a dilution of 1:1000 in protein blocking
solution. The sections were washed for 3x5 min in PBS before incubation for 2 h at room
temperature with biotinylated secondary antibody (anti-rabbit 1gG) diluted 1:200 in protein
blocking solution. This was followed by incubation for 2 h at room temperature with avidin-
biotinylated horseradish peroxidase complex (purchased with secondary antibody as a
Vectorstain ABC kit. Vector Laboratories. Burlingame, CA) after which the sections were

washed for 3xS min in PBS.  The sections were washed for a further 3x5 min. Then the



protein immunoreactivity was visualized using the chromogen diaminobenzidine (DAB),
intensified with nickel chloride. The sections were dehydrated and mounted.
mmunoreactivity was not present in control sections in which the primary antibody was
omitted from the staining protocol.

Immunoreactivity was quantified by optical density (OD) of NMDAR!
immunoreactivity in the subregions of hippocampus and the dentate gyrus. The optical
:measurements were made blind to the animal groups. OD analysis was performed on high

iresolution and analyzed with Scion Image Software based on NIH image (v. beta 3b;

www.scioncorp.com; 1998). The software was used to obtain the integrated optical density
(IOD) of the region. The value is the sum of the optical densities of all pixels in the region
divided by number of pixels. Background values were obtained from the neighboring white
matter. The average of values from three sections for each subject was used for statistical

analysis. Statistical analysis was performed using ANOVA with Dunnett post hoc tests.

RESULTS

Immunohistochemistry demonstrated NMDAR! immunoreactive cells in all principal
neuronal populations of the hippocampus. namely pyramidal neurons in cornu ammonis fields
1-3 (CAI1-3), granule cells in the dense cell layer of the dentate gyrus (DG).
Immunoreactivity was accordingly limited to neurons, was strong in pyramidal cells of CAl-
3, and was especially strong in granule cells of DG. Neurons in other hippocampal subareas
(e.g. molecular layer) and surrounding areas (white matter) were less immunoreactive.
Therefore, the data was analyzed by selected the area of interest in pyramidal cell layer in
CA1-3 and pgranule cell layer in dentate gyrus.  Within each region, NMDARI

immunodensity in the three experimental groups were compared by ANOVA. NMDARI




immunodensity was significantly increased above control in dentate gyrus in acute (p<0.01)

and chronic (p=<0.005) pscudoephedrine administration.

DISCUSSION

The main finding of the present study is an inerease of NMDAR T immunodensity in the
dentate gyrus of rats tfollowing acute and chronic pseudoephedrine administration. The result
showed an up-regulation of NMDARI] density in granule layer of dentate gyrus. As
pseudoephedrine has been considered to be a psychostimulant and has the potential to be
abused (Tongjaroenbuangam ¢t al.. 1998; Glennon and Young, 2000), our findings provide a
support of psychostimulant cffect on glutamatergic system.  Abnormalities of glutamatergic
system may derive trom the change of dopamine function as the action of pseudocphedrine
has been suggested to mediate via dopaminergic mechanmism (7 arrindast. 1981: Kumarnsit ¢t
al.. 1999).  ‘The present results are in agreement with the previous reponts which tound
increase in cortical NMDA receptor binding atter treatment with psyehostimulant agents
either methamphetamine (Fisch et al. 1996) or cocaine (ltzhak. 1994), suggesting the
mechanisms of NMDA receptor implicated in the development of sensitization of the drugs.
Moreover. the phosphorylation of NMDARI, at least on serine 896 and 890 sites. was
demonstrated sensitive to amphetamine exposure (Liu et al.. 2004).

Supporting a hypothesis of glutamatergic dystunction in subcortical regions following
psychostimulant drug exposure. an increase of metabotropic glutamate receptor (mGluRS)
immunoreactivity and mRNA levels have been reported in the cortical and hippocampal
neurons after amphetamine treatment (Yu et al., 2001). Furthermore, the observations that
found decrease of glutamate release after stimulation of dopamine receptor (Mitchell and
Dogget, 1980; Crowder and Bradford. 1987) provide a further support of glutamate

abnormalities following the administration of psychostimulants including pseudoephedrine.



A possible interpretation of the present observation that is certainly testable in further studies
1 that the NMDA receptor clevation may be a response to a neurodegencrative process

involving cither glutamatergic neuronal loss or a teduction of glutamate release.
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Figure 1 Immunohistochemistry analysis of NMDARI in rat denatate gyrus
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EFigurc 2 NMDARI1 immunodensity in granule layer of dentate gyrus in rat hippocampal

formation after acute and chronic administrations.

Data are integrated optical density. Values arc mean &+ S.E.M.

#* n<0.005 * p<0.01 vs control by Dunnett Post Hoc Tests
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Increased density of glutamate/N-methyl-D-aspartate
receptors in rat hippocampus following acute and chronic
pscudoephedrine administrations

S - ab® o . - . .
Sutisa Nudmamud-Thanot™ . Samur FllanOI“h, ’rasert Sobhon*

* Department of Anatomy, ® Center for Centret Facility and Research Development, Facutly of Medical Scicnee, Noaresint
University, Phitsanulok 65000
¢ Department of Anatomy, Facutly of Science. Mahidol University, Banghok 10300

Abstract—Background: Pscudoephedrine is a sympathomimetic drug in which its structure is
similar to amphctamine. Although pscudoephedrine is not as potent as amphetamine, it has been
reported that the actions of pscudocphedrine on the central nervous system via dopamine relcase,
resemble ¢ amphetamine.  Changes of dopamine lunction can induce mallunction ol
glutamatergic system_ because there are well-documented interactions_between glutamate/N-
methyl-D-aspartate (NMDA) receptors and dopaminergic system. Therefore, this study is aiined
to investipate the effects of acute and chronic pscudocphedrine administrations on MDA
receptors tn hippocampus which is the area involved in leaming and memmory.

Methods: We employed immunohistochemistry to determine the alteration of NMDA receptors
density in rat hippocampus loHowing acute and chronic pseudocphedrine administrations.

Results: The density of NMDA receptors in hippocampus of animals treated with
pscudocphedrine chronically was significantl R/ll%;mSt (p<0.C05) when compared with the acute

and control groups. Similur!a. the density of A receptors in an acute group was also higher
than the comtrol group (p<0.01).

Conclusion: These results indicate that pseudoephedrine could induce an increase of NMDA
receptors in hippocampus. This might be a compensatory ¢ffect of NMIDA receptor in response
to the degeneration or loss of glutamatergic ncurons.

Keywords—Pscudoephedrine, Glutamate/N-methyl-D-aspartate receptor, Amphetamine.
Hippocampus
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1.  Nudmamud-Thanoi S. Thanoi S, Sobhon P, Increased density of glutamate/N-methyl-D-aspantate receptor
in rat hippocampus following acule and chronic pseudoephedrine administrations. {in preparation).
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wavouvmslasu pseudoephedrine domsnaavaanuay glutamate/N-
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NMDA receptors subunit 1 (NMDAR1) Qnanmtﬁtﬁﬁ immunohis-
tochemistry TuNBIUYA hippocampus NENAINTTLATUDN pseu-
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HANTSANYT : MATIA immunohistochemistry waAdlMiUING
NMDAR1 immunoreactive cells Tuauaagiu hippocampus 1A8LANIL
pyramidal cells 483 cornu ammonis fields WRY granule cells 189 den-
tate gyrus  AYNARWLILILYEI NMDART Wisuuulu 3 ndunaass
qn")l.ﬁﬁ:ﬁﬁ'w"iﬁwmﬂﬁﬁuuu analysis of variance Wuidndin1g
{33118 NMDA receptors Tung§rRuunau (p<0.01) ua:nfinéﬂi'a
(p<0.005) stinihivddty danFnnfousunguacuau uanas
AneuaN171ATU pseudoephedrine ﬁ*n'lﬁﬁn'mﬁ'n%wm NMDA
receptors UANBIAIU hippocampus Feeracilumaunainnag
UFuiafnturesiafuinoususssaninden viego furas
waAUTTAIMNgAIN

Keywords : glutamate/NMDAreceptors, pseudoephedrine, hippoc-

ampus, immunchistochemistry
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EFFECTS OF PSEUDOEPHEDRIEN ADMINISTRATION ON
GLUTAMATE/N-METHYL-D-ASPARTATE RECEPTOR
IMMNOREACTIVITY IN RAT HIPPOCAMPUS

" Sutisa Nudmamud-Thanoi'? , Samur Thanei'?, i’raéért Sobhion®"

' Department of Anatomy, Objectives : This study 15 amed 1o investigate the ettecls of
2 Center for Central acute and chronic pszudoephedrine adnuristration on glutamate/
HN-mmethyl-D-aspartate INMDA) receptors in hippocampus which 1$

Facility and Research _
ihe area involved in learning and memory.

Developmeni, Facutly of
Medical Science, Materials and Methods : Sprague Dawley male rats (250-280 g)
were divided into 3 groups as acute, chronic, and controt groups
with 10 animals each. To examine an acute efect of pseudoephe-
drine, animals were administered intragastucally at the dose of 120
mg/g The chronic effect was examined by treated pseudoephe-
Mahidal University drine intragastically at the dose of 80 mg/kg, once daily for 15
days The animals in control group were administered intragastically

Naresuan University
' Department of Anatomy,

Facutly of Science,

with vehicle. We employed imrnunohistochemistry to determine
the afterauon of glutamate/N-methyl-D-aspartate receptors subunit
1 {NMDAR1) immunoreactivity in rat hippocampus following acute
and chronic pseudoephedrine adrmyristration.

Results : Immunchistochemistry demonstrated NMDAR1 immu-
noreactive cells in alt principat neuronal populations of the hippoc-
ampus. Immunoreactivity was accordingly imited to neurons, was
strong in pyramidal cells of cornu ammonis fields 1-3 (CA1-3). and
was especally strong in granule cells of dentate gyrus. NMDAR)
immunodensity in fhree expenmental groups were compared by
analys:s of varniance {ANOVA) with Dunnett post hoc tests.
NMDAR1 immunodensity was significantly increased above con-
trol In dentate gyrus in acute (p<0.01) and chronic (p<0.005) groups.
These results indicate that pseudoephednine could nduce an in-
crease of NMDA receptors in hippocampus This might be a com-
pensatory effect of NMDA receptor in response to the degenera-
uon or loss of glutamatergic neurons.

Keywords : glutamate/NMDA receptors, schizophrenia, superior
temporal cortex
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HIGH DOSE PSEUDOEPHEDRINE ADMINISTRATION CAN INDUCE
APOPTOSIS IN SEMINIFEROUS TUBULES ON MALE RATS

_Sutisa Nudmamud-Thanoi'?, Samur Thanoi'?, Prasert Sobhon®. .

' Department of Anatomy, Objectives : The present study 1s amed to investigate the ef-

? Center for Central fects of pseudoephedrine, a sympathermimetic drug, on the repro-
Facility and Research ductive system for understanding the mechanisms and increasing
Development, Facutly of the knowledge of using the drug.

Medical Science. Materials and Methods : Sprague Dawley male rats {250-280
Naresuan University gl were divided into 3 groups as acute, chronic, and control groups
* Department of Anatomy, with 10 animals each. To examine an acute elfect of pseudoephe-
Facutly of Science, drine, animals were administered intragastically at the dose of 120

Mahidol University mg/kg. The chronic effect was examined by treated pseudoephe-
drine intragastically at the dose of 80 mg/kg. once daly for 15
days. The amimals in control group were administered intragastically
with vehicle. After treatment, animals were sacrificed and apoptotic
activities within the seminiferous tubules were studied using the

TUNEL {TdT-mediated dUTP Nick Erd Labeling} assay.

Results : The present study showed that acute administration of
high dose pseudoephedrine can induce apoptotic activities within
semimiferous tubules. In contrast, animals treated with lower dose
of pseudoephedrine chronically showed a small amount of apoptotic
cells inside the seminiferous tubules. Qualitatively, the apoptotic
activities were involved in every stage of sperm development
inside the seminiferous tubules especially the spermatogenia. These
results indicate that acute administration of high dose pseudoephe-
dnne could mnduce apoptosis within the seminiferous tubules of
male rats. Apoptosis that caused by pseudoephedrine may be
due to a sudden increased adrenergic vasoconstnction after a

single high dose administration.

Keywords : pseudoephedrine, apoptosis, spermatogenesis
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Acutc. hlgh dose admiuistration of pscudoephedrine induced apoptotic
activity in the seminiferous tubules of male rats
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Abstract

Pseudocphedrine is a diastercoisomer of cphedrine and both are classitied as sympatomimetic
drugs (Will, 1997). Pscudocphedrine is comimonly found in over-the-counter decongestants, anorcctic
agents and as an amphetamine substitute (Blosser et al., 1987). It has been reported that
methamphetamine has the effects in reproductive organs.  Yamamoto et al. (2002) reported that
mcthamphetamine induces apoptosis in seminiferous tubules in male mice testis.  Therefore, The
present study is aimed to investigate the effects of pseudocephedrine, a sympathomimetic drug, on the
reproductive system for understanding the mechanisms and increasing the knowledge of using the
drug.
Sprague Dawley male rats (250-280 g) were divided into 3 groups as acute, chronic, and controi
groups by the administration of the pscudocphedrine.  After treatment, animals were sacrificed and
apoptotic activities within the seminiferous tubules were studied using the TUNEL (TdT-mediated
dUTP Nick Ind Labeling) assay.
The present study showed that acute administration of high dose pscudocphedrine can induce
apoptotic activities within seminiferous tubules.  In contrast, animals treai.d with lower dosc of
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pseirdoephedrine chmmca‘lkly showed a. small amount of apoplotic cells imside the serunilerous.
wibules. Qualititively, the apoptotic activaties were mvolved in dvery stage of sperm development
mside the seminiferous tubules espectally the spermatopoma. These results indicate that acute
administration of high dose pseudocphedrine could induce apoptosis within the semintlcrous tubuies
of male rats.  Apoptosis that caused by pseudoephedrine may be due to a sudden inercased sdratergae
vasoconstriction afler a single high dose administration.
Keywords: pseudoephedrine. apoptosis, spermatogenesis
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AMIMILLILYEY NMDAR] wffguieulu 3 ngunasss gniwsizvsiedinaatisiuuu analysis of variance
wuiniinfindures NMDA receptors tTunganinumau (p<0.01) ua::na:m'%ﬂ'?q (p<0.005) atinaihind fty il
wWiuufeudunguaiuan  wansAnswudinnsléifu pseudoephedrine wliEmadodutes  NMDA

) < v o X v o o . ;
receptors tuanaIdau hippocampus TioralunantaanmsdfudininiuvaasihiuhinousuaddenisBan vie
guderanasulsramnganim

Abstract

Pscudoucphedrine is a diastereoisomer of ephedrine and both are classificd as sympatomimetic
drugs (Will, 1997). Pscudoephedrine is commonly found in over-the-counter decongestants, anorcctic
agents and as an amphetamine substitute (Blosser et al., 1987). Although pscudoephedrine is not as
potent as amphectamine, it has been reported that its actions on the central nervous system via
dopamine rclease resemble to amphetamine (Kumamsit et al.,, 1999).
Therefore, this study aimed to investigate the effects of acute and chronic pscudoephedrine
administration on the alteration of glutamate/NMDA receptor density in rat hippocampus.
Sprague Dawlcy male rats (250-280 g) were divided into 3 groups as acute, chronic, and control
groups by the admistration of pscudocphedrine.  Immunohistochemistry demonstrated NMDARI
immunoreactive cells in all principal neuronal populations of the hippocampus. Immunorcactivity was
accordingly limited to ncurons. was strong in pyramidal cells of comu ammonis ficlds 1-3 (CA1-3),
and was especially stronyg in granule cells of dentate gyrus. NMDARI immunodensity in threc
experimental groups were compared by analysis of variance (ANOVA) with Dunnett pos! hoc tests,
NMDAR1 immunodensity was significantly incrcased above control in dentate £Yrus in acute
(p<0.01) and chronic (p<0.003) groups. These results indicate that pseudoephedrine could induce an
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Abstract
Pseudocphedrine is a diastercoisomer of ephedrine and both are classified as sympatomimetic
drugs (Will, 1997). Pscudocphedrine is commonly found in over-the-counter decongestants.,

anorcctic agents and as an amphcetamine substitute (Blosser ct al.. 1987). Although



pseudoephedrine is not as potent as amphetamine, it has been reported that its actions on the
central nervous system via dopamine release resembie to amphetamine (Kumarnsit et al., 1999).
Therefore, this study aimed to investigate the effects of acute and chronic pscudoephedrine
administration on the alteration of glutamate/NMDA receptor density in rat hippocampus.
Spraguc Dawley malc rats (250-280 g) were divided into 3 groups as acute, chronic, and control
groups by the admistration of pscudoephedrine. Immunohistochemistry demonstratcd NMDAR 1
immunorcactive cells in all principal neuronal populations of the hippocampus.
Immunoreactivity was accordingly limited to neurons, was strong in pyramidal cells of comu
ammonis fields 1-3 (CAl-3), and was espccially strong in granule cells of dentate gyrus.
NMDARI1 immunodensity in three experimental groups were compared by analysis of variance
(ANOVA) with Dunnctt post hoc tcsts. NMDAR1 immunodensity was significantly increased
above control in dentate gyrus in acute (p<0.01) and chronic (p<0.005) groups. These results
indicate that pseudocphedrine could induce an increase of NMDA receptors in hippocampus.
This might be a compensatory cffect of NMDA receptor in response to the degeneration or loss of

glutamatergic neurons.

Keywards: glutamate/NMDA rcceptors, schizophrenia, superior temporal cortex

Introduction

Pseudoephedrine is a diastereoisomer of ephedrine and both are classitied as sympatomimetic
drugs (Will, 1997). Pscudocphedrine is commonly found in over-the-counter decongestants,
anorectic agents and as an amphetamine substitute (Blosser et al.. 1987). Although
pscudoephedrine is not as potent as amphetamine. it has been reported that its actions on the
central nervous system via dopaminc release resemble to amphetamine (Kumarnsit et al.. 1999).
Changes of dopamine function can induce malfunction of glutamatergic system because there are
well-documented interactions between glutamate/N-methyl-D-aspartate (NMDA) receptors and
dopaminergic system. Although glutamate abnormalitics have not to date been clucidated after
cxposurc to sympatomimetic agents. a study found that cphedrine plays a cntical role of
glutamate release in subcortical region indicated dysfunction of CNS glutamatergic pathways
(Bowyer et al.. 2000). It is very intercsting to study mechanisms of glutamatergic system after

pscudocphedrine. an over-the-counter product, exposure as the glutamate/NMDA receptors seem



to be critically involved in synaptic formation and plasticity of the CNS (Udin and Scherer, 1990)
as well as in aspects of long-term potentiation (Davies et al., 1989).
Therefore, this study aimed to investigate the effects of acute and chronic pscudoephedrine

administration on the altcration of glutamate/NMDA rcceptor density in rat hippocampus.

Materials and Methods

Sprague Dawley male rats (250-280 g) were divided into 3 groups as acutc, chronic, and control
groups with 10 animals cach. To examine an acute effect of pscudoephedrine, animals were
administered intragastically at the dose of 120 mg/kg. The chronic effect was examined by
treated pseudoephedrine intragastically at the dose of 80 mg/kg, once daily for 15 days. The
animals in control group were administered intragastically with vchicle. We cmployced
immunochistochemistry to determine the alteration of glutamate/N-incthyl-D-aspartate receptors
subunitl (NMDAR1!} immunorecactivity in rat hippocampus following acute and chronic
pscudoephedrine administration. . The immunorcactivity was detected by NMDA receptor
subunitl (NMDARI1) polyclonal antibody and staining density quantificd by the Scion Image
Software based on NIH image. Statistical analysis was pcrformed using analysis of variance and

post-hoc Dunnectt’s t-test.

Resuits

Immunohistochemistry demonstrated NMDAR! immunorcactive cclls in all principal neuronal
populations of the hippocampus, namely pyramidal ncurons in cormnu ammonis fields 1-3 (CAl-
3), granule cells in the dense cell layer of the denmtate gyrus (DG).  Immunoreactivity was
accordingly limited to ncurons, especially strong in pyramidal cells of CAl-3 as well as in
granule cells of DG. Neurons in other hippocampal subarcas (e.g. molecular layer) and
surrounding arecas (white matter) werce less immunorcactive. Therefore, the data was analysed by
sclected the areas of interest in pyramidal cell layer in CAl1-3 and granule cell layer in dentate
gyrus. Within cach region. NMDARI1 immunodensity in the three cxperimental groups were
comparcd by ANOVA. NMDAR1 immunodensity was significantly increased above control in

dentate gyrus in acute (p<0.01) and chronic (p<0.005) pscudocphedrine administration.
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Figure 1. NMDARI] immunoreactivity in rat hippocampus
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Figure 2. NMDAR! immunodensity in granule layer of dentate gyrus in rm hippocampus after
acute and chronic administration.

Data arc integrated optical density. Values are mean + S.E.M.

** p<0.005 * p~0.01 vs control by Dunnett Post Hoc Tests

Discussions

Fhe main finding of the present study is an increase of NMDARIT mmmunoreactivity in rat
hippacampus following acute and chronic pseudocphednine administration. The result showed an

up-regulation of NMDARI density in granule laver of dentate gyrus. As pscudoephednine has



been considered to be a psychostimulant and has the potential to be abused (Glennon and Young,
2000), our findings provide a support of psychostimulant effect on glutamatergic system.
Abnormalitics of glutamatergic system may derive from the change of dopamine function as the
action of pseudoephedrine has been suggested to mediate via dopaminergic mechanism. The
present results are in agreement with the previous reports which found increase in cortical NMDA
receptor binding after treatment with psychostimulant agents either methamphetamine (Eisch et

al., 1996) or cocainc (Itzhak, 1994), suggesting the mechanisms of NMDA receptor implicated in

the development of sensitization of the drugs. Supporting a hypothesis of glutamatergic

dysfunction in subcortical regions following the administration of psychostimulants including
pseudoephedrine, an increase of metabotropic glutamate receptor (mGluRS) immunoreactivity
and mRNA levels have been reported in the cortical and hippocampal neurons after amphetamine
treatment (Yu et al., 2001). A possible interpretation of the present observation is that the NMDA
receptor elevation may be a response to a neurodegenerative process involving either

glutamatergic neuronal loss or a reduction of glutamate release.
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Previous reports

* Psuedoephedrine was shnwn both partial and full

substitution for amphetaming (TongjareenbyEngam
etal., 1928}

I'he adtion of pseudoephedrine was found to
mediate via dopaminerngic mechanism {Zarr[ndast.
1981; Kumarnsit etal., 41993}

Changes of dopamine fupction can indoce

malfunction of glutamatergic system l:e:.g Verma and
Meghzddam, 1996)
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Abstract
Pseudocphedrine is a diastcrcoisomer of ephedrine and both are classified as sympatomimetic
drugs (Will, 1997). Pscudoephedrine is commonly found in over-the-counter decongestants,
anorectic agents and as an amphetamine substitute (Blosser et al., 1987). It has been reported that
mecthamphetamine has the cffects in reproductive organs. Yamamoto et al. (2002) rcported that
methamphetamine induces apoptosis in secminiferous tubules in male mice testis. Therefore, The
present study is aimed to investigate the effects of pseudoephedrine, a sympathomimetic drug, on
the reproductive system for understanding the mechanisms and increasing the knowledge of using
the drug.
Sprague Dawley male rats (250-280 g) were divided into 3 groups as acute, chronic, and control
groups by the administration of the pscudoephedrine. After treatment, animals were sacrificed
and apoptotic activities within the seminiferous tubules were studicd using the TUNEL (TdT-
mediated dUTP Nick End Labeling) assay.
The present study showed that acute administration of high dose pseudocphedrine can induce
apoptotic activities within seminiferous tubules. In contrast, animals treated with lower dose of
pseudoephedrine chronically showed a smail amount of apoptotic cells inside the seminiferous
tubules. Qualitatively, the apoptotic activitics were involved in every stage of sperm development
inside the seminiferous tubules cspecially the spermatogonia. These results indicate that acute
administration of high dose pscudoephedrine could induce apoptosis within the seminiferous
tubules of male rats. Apoptosis that caused by pscudoephedrine may be duc to a sudden increased
adrenergic vasoconstriction after a single high dosc administration.

Keywords: pscudocphedrine, apoptosis, spermatogencsis

Introduction

Pscudocphedrine is a diastercoisomer of ephedrine and both are classified as sympatomimetic
drugs (Will, 1997). Pscudocphedrine is commonly found in over-the-counter decongestants,
anorectic agents and as an amphctamine substitute (Blosser et al., 1987). It has been reported that
methamphctamine has the effects in reproductive organs. Yamamoto ct al. (2002) reported that
methamphetamine induces apoptosis in seminiferous tubules in male mice testis. Apoptotic cells
were detected in the seminiferous tubules of male mice 24 hours after a single treatment with 5.
10. and 15 mgkg methamphectamine. Morcover. it has been reported that ponadal steroid

hormonces play an importamt role in modulating mcthamphetamine neurotoxi~ity (Dluzen et al.,



2002). Treatment of gonadectomized females with a physiological regimen of estrogen
significantly diminished the amount of striatal dopamine (DA) depletion to methamphctamine

(METH) compared with non-estrogen treated mice suggesting that estrogen scrves as a

neuroprotectant (Dluzen and McDermott 2002). In contrast, testosterone tends to increase

METH-cvoked dopamine responses (Dluzen and McDermott 2002). Therefore, there may be an
interaction between changes of neural mechanism and reproductive system after taken drug abusc.
Therefore, The present study is aimed to investigate the effects of pscudoephedrine, a

sympathomimetic drug, on the reproductive system for undersianding the mechanisms and

increasing the knowledge of using the drug.

Materials and Methods

Sprague Dawlcy male rats (250-280 g) were divided into 3 groups as acute, chronic, and control
groups with 10 animals ecach. To examine an acute effect of pseudoephedrine, animals were
administered intragastically at the dose of 120 mg/kg. The chronic cffect was examined by
trcated pseudoephedrine intragastically at the dose of 80 mg/kg. once daily for 15 days. The
animals in control group were administered intragastically with vchicle. After treatment, animals
were sacrificed and apoptotic activities within the seminiferous tubules were studicd using the

TUNEL {TdT-mediated dUTP Nick End Labeling) assay.

Results

The present study showed that acute administration of high dosc pscudocphedrine can induce
apoptotic activitics within seminifcrous tubules (Fig la, b). In contrast, animals trcated with
lower dosc of pseudocphedrine chronically showed a small amount of apoptotic cells inside the
seminiferous tubules (Fig 2).  Qualitatively. the appcarance of TUNEL-positive-cells in
seminifcrous tubules in animals treated with high dose pscudocphedrine were detedted in almost

cvery stage of sperm development especially in the spermatogonia lining along the basement

membrane of the tubules (Fig. 1a)



(a) (b)
Figure 1. Apoptotic cells in seminiferous tubule of rats treated with high dose pscudoephedrine.
TUNEL-positive staining indicative of DNA fragmentation was dctected as yellow-green

fluorescent on the nuclei (a,b) and normal cells were detected as red tluorescent signals (b)

Figure 2. Apoptotic cells in seminiferous tubule of rats treatcd with lower dose pscudocephedrine

chronically indicated by yellow-green fluorescent signals

Discussions

The main finding of the present study indicate that acute administration of high dosc
pscudocphedrine could induce apoptosis within the seminiferous tubuies of male rats. It has been
suugested that the percentage of apoptotic activity in semoniferous tubules caused by

mcthamphetamine was dose dependent (Yamamoto et al., 2002). Apopt-sis that caused by



pscudocphedrine may be due to a sudden increased adrenergic vasoconstriction after a single high
dose administration (Traino ct al., 2004). In addition, pscudocphredrine may have an cffect in
reducing the serum testosterone concentration as well as the effect of methamphetamine

(Yamamoto ct al., 2002). The changes of testosterone concentration may play some role in

triggering the apoptosis in the spermatogenic cells.
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Acute high dose administration of
pseudoephedrine induced apoptotic activity inside
the seminiferous tubules of maile rats

What is Pseudoephedrine?
Pseudoephedrine is a diastersolsomer of ephedrina : '—'::_
and both are classified as sympatomimetic drugs ;HI:'[ ,j_&"d
(A, 1997). _'.. =
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Pasudoephedrine is commonly found in over-the- o B . X
counter decongestants, anofectic agems and as an ﬁ Cit 4"'-5
amphatamine substitute (Blosser et al., 1987). =5

Anorectic drugs

Yamamoto st al. (2002) reported that methamphetamine

br POP is in iniferous tubules in maie mice
testis.

Apoptotic caits wera detectad in the seminiferous tubules
of male mice 24 howrs after a single troatrment with 5, 10,
and 15 mg/kg methamphetamine.

Therefors, The present study is aimed to investigats
the sffects of pssudosphadrine on the reproductive
system for understanding the mechanisms and
increasing the knowledge of using the drug.




Sprague Dawley male rats (250-280 g)

3 Groups of animals

1. Control

1]

Waler intragasticalty

2 Acuta = 120 mgfkg pseudoephedrine once
intragasticaity

3. Chronic = 80 mg/kg pseudoephedrine

intragastically once daily for 15 days

TUNEL (TdT-mediated dUTP Nick End Labaling) assay
was usad to exammned apoplotic activities in the
seminiferous tubules of rat testis
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