MRG4680063 Wa.@v.qne nidad

e
'
= A D
W =

s o <
318NUIYRVVANY T
=X e . = s A [V
N7l ﬂH1Nﬁ‘ll?)\‘lﬂ'l‘§ulﬂ‘§1| pseudoephedrine HDUIRBUNWAUIAZITOFI

¥ 3/ o2 o
ﬂﬁ)‘izil‘lj‘l_l‘jzﬁ1ﬂ amzmsmnwaaﬁuwuﬂuﬁg

1 d =
Tag J¥ 09180319138 as.giia 01los uaznus

30 AQUIEIY 2548



= Qs s d
ITENUWIVYNVUaUNY IV

ASANHINAYDINII 1AV pseudoephedrine HULIRSUNS AL

& b d A v
!ﬁﬂidﬂﬁ)ﬁ%ﬂﬂﬂizﬁ]ﬂ uazmiﬁsnwaaauwuﬂuﬂg

EBRIIR
ig-s-u"""
N o
A
AMZAINY S-RsHane

1. 420 aas 19150 as.qac 0es Madmnteiniamanas
AN INBIMANI NISUNNG
UHIINVTALULI AT

2. 4¥wenans1913o asaaue anios  Madneinnmans
AN INGIAN AR NITUNNS
VHIINYIAUUISAS

3. mMans1sd asdsoasy Tanu amnsmeinaiamans
AuzIneImnans

WM VINdoUHAA

afuayu laonuaumIinaas uazdninnunsamumivayums3se

3 dv o ‘o
(i luswauiidtiuve 3o nunea vazans, isyiludeuitudoaus i)



naanssundszma

= o ] o = s = ar ar
anu daomeans191sd asgial oo Wanillaianiside “nsinuinaveants 145y
. 2 o : ar o ar o
pscudocphedrine suLvunAUnazFoT Wz uVUsze M nazmsauradiuRug luny” voudas
' o = - o o s o
AUUIDLRAUAL A1aAII9150 As.dstiady Tanw mndsmeinnemaas ausinomand
= ar oy P ¥ o =} ¥ F: Ca o = = ar
imTinodouiiaa H A nSou nazdeimusuusiidulse TomidenisauiiuInsan1s 9o uazms
=8 = (4 1 = Qs A o Yoy o } o aw e 3
anumrouns e ISuluszdumina Fohldasu @ vilszaumsallums s domiuunniy
»
o oo [ = o = as
usNINTUATUYBYBUR M AFWAMEATINISE AT.IAND DB AuzINLIMAEASNISUNNS BN

LYY

wseas AR Tnu g unailn3s Ssufeafussruduiug
voveuRuaniiuIsumainmmani guoim ymInodousADs FAlanueynsedied

t1 pscudoephedrine AADA 1A3 ns3euil uanmnﬁ"uﬁwmauqm AR INTIMAATNITUNNG

wTimedousms Tideieaniud nazndesiioiudmiumsduiiulnssnisivoltduiedoa
WhofigavevounudniniuauenIsunIns gaNAnul (ane.) uazdninyunsmu

a = o a' ar oo d’ a Y < o
mivayums 3N (@n7.) AvenTema sazyumivayuInsaimsdfotisumusedutiunms laduse
pazithunuamanezaun Aoluszdugeds i

AT0Maas19138 A3.gia1 onloy

Wam1lasan1s o



at r
unfinde
svalasams  : MRG4680063
A - s . - Y A a1t
¥olniams : MIANMINAVBINITIATY pseudoephedrine MAsunduLaziseT iAoz Y
dszam sazmisahasadduiugluny
HeTin IV : Y ameans1ess as.ghm onien
E-mail Address : sutisat@nu.ac.th

sozIa1lnsanms : 21 (1 fangInn 2546 B9 30 figuteu 2548)

ar ¢ = & = =y 5 ar .
pscudoephedrine 1HumsdunseHrianilsnoengniaeszuulseamadrondaiu amphetamine Liag
methamphetamine 1At 1linanAsssUVUIZMFUNUBAN (sympathomimetic drugs) TRUHIUNNTSUY

= = = ar ; nya ar & & =
Uszamlaniiiu (dopaminergic system) nsAnu1Ideluniiilifegussasiimonagoudanaunanis
» » ¥
18311 pseudocphedrine NuUUROBWAU uaziSoTwoamsi)asulalues NMDA receptor (NR1) Tu
1 [ ] " o o Y = 4 = a
ausadua1g FuihuuSnuiifuadesdunisuaaseonmangdnssu visusl nsizoud uazanud
z s [y . 3 s Jn’:
uenvIMiudsdnuitenavesn s 185y pscudocphedrine @onszuIumsaasadduiugnalumed
wazmwendio o113 luna Tnn13¥i19 0901 pseudoephedrine #93519M18

MYNARBA( spraguc-Dawley rats) NIANAGUAZIWAILID YWIA 200-250 TaAnTN gruisnisAnyIsemily

' r . v odln Y . 1 = o 1 1 ar
3 ngu lAud ngueduny  ngunlAsuen pscudocphedrine BHiRRsUWAY  uazngui 1dTuo
»

suvldszamin e
NUNNUYDY NMDARI receptor QAfinuiluMalsusisusseund anmsAnymudt USuunamm

pscudocphedrine 80115951 1UNISANMINAYDIYT pseudoephedrine ABT

MUNMUYOY glutamate/NMDA receptor 11 NR1 1Ueaunadau hippocampus veadainaansfi 145y
pscudocphedrine ndu{%"ﬂﬁ”aqaﬂ'hadnﬁﬁ'uﬁﬁq; (p<0.005) Lﬁanﬁuuﬁundumuqu unzdainaao i
145U pscudocphedrine HUUBYUNGUDAINIUAUUNIUYDI glutamate/NMDA receptor ¥1iA NR1 Q9
AINGualugubduihisddaruiu (p<0.01) LBNINGSINY ATUNUMUUYDE NR1 Jumups
97U nucleus accumbens umﬁ'ﬂ{nﬂamnduﬁﬁ'ﬁ'ﬂ pseudocphedrine agha30Ts UAIgINTINGY
Auguedivod ity (p<0.01) FamadindvuaasliiudinisufudaRusuues NMDA rcceptor
TUN13AOVAUBIRDNITDONONTYDA pseudocphedrine e"famnmnmmnﬁ'aun?aq@ﬁmmaﬁ'ﬂs:mnﬁ
ndangaum nio manseduiszuudszamlawiiiy limivdwoingauumanas  odalsd
AMRAYDI pscudocphedrine ABNISIITAIDONYDI NMDA receptor éuﬁaﬁ'mﬁmsﬁnuﬁ%’ueia'hl

TuduvoamIdnuniIfuRAYDS pscudoephedrine #O3TVUUTUWUT  apoptotic activities n1olu
seminiferous tubules Qﬂﬁﬂﬂ'&é"m?ﬁ TUNEL (TdT-mediated dUTP Nick End Labeling} assay 910
msfAnuimudl M5 pseudoephedrine uSimgestradoumdumnsam e ldidanisae

4 . 4 a . » o A
vouwaidluyioad 19043 (seminiferous tbules) 8419 13fa MU INUYB1 apoptotic celis Toun1lu

1J



ntjuﬁ'lé"’;'n pscudoephedrine TulSinud e 1adess TumsAnFInan MU apoptotic activitics viu
xﬁuni’l‘aaﬁunn stage Y94 sperm development MuluU seminiferous tubules TatnNI spermatogonia. W@
3RS WU 185U pseudoephedrine ‘hnl?mmqu’fummmmﬁmﬁﬂﬁtﬁﬂmimu'um
1A U seminiferous tubules ﬂs::'umm'smu‘umwaﬁ"ﬁlﬁm'fui’:mmi'.luuammnmﬂﬁu adrencrgic

. L. 1 S I ¥ o . yoy
vasoconstriction BUNNUNAIWNHINS 1AT U pseudocphedrine Tu1lSumgs

o e as L] P o o w o o o
ATy ﬁiﬂmﬂﬂ‘iﬂ, IS UIUNTANWUDIUBOD, nszummsﬁ%’nsmaa"uwu TUNGAUUN,

szuuilszam

VY]



Abstract
Project Code : MRG4680063
Project Title : Effcets of acute and chronic pseudocphedrine administrations on the nervous
systecms and gamectogenesis in rats.
Investigator : Assistant Professor Sutisa Thanoi
E-mail Address : sutisat@nu.ac.th

Project Period : 2 ycars 3 months (1 July 2003 - 30 Junc 2005)

Pseudocphedrine is a diastereoisomer of cphedrine and both arc classified as sympatomimetic drugs (Will,
1997). Pscudocphedrine is commonly found in over-the-counter dccongestants, anorectic agents and as
an amphctamine substitute (Blosser et al., 1987). Although pscudoephedrine is not as potent as
amphetamine, it has been reported that its actions on the centrai nervous system via dopamine release
resemble to amphetamine (Kumamsit ct al., 1999). Moreovecr, it has been reported that methamphetamine
has the effects in reproductive organs. Therefore, the present study is aimed to investigate the effects of
acute and chronic pscudoephedrine administration on the alteration of glutamate/NMDA reccptor density
in scveral brain arcas. The cffects of pscudocphedrine on the reproductive system have also been
obscrved for understanding the mechamisms and increasing the knowledge of using the drug.

Spraguc Dawlcy male rats (250-280 g) were divided into 3 groups as acute, chronic, and control groups
by the administration of pscudoephedrine. For the study in the effects of pseudocephedrine on the nervous
system, NMDARI1 immunodcnsity in threc experimental groups were compared by analysis of variance
(ANOVA) with Dunnctt post hoc tests. NMDARI immunodensity was significantly increased above
control in dentate gyrus in acute (p<0.01) and chronic {(p<0.005) groups. NMDAR1 immunodensity was
also sigmnificantly increased above control in nucleus accumbens in chronic group (p<0.01), but not in
acute group. These results indicate that pscudocephedrine could induce an increase of NMDA receptors in
hippocampus and nucleus accumbens.  This might be a compensatory cifect of NMDA receptor in
response to the degencration or loss of glutamatergic neurons. For the study in the cffects of
pscudocphedrine on the reproductive system. apoptotic activitics within the seminiferous tubules were
studied using the TUNEL (TdT-mediated dUTP Nick End Labeling) assay. The present study showed
that acute administration of high dosc pseudoephedrine can  induce apoptotic activitiecs within

seminiferous tubules.  In contrast. animals treated with lower dose of pscudoephedrine chronically

showed a small amount of apoptotic ¢ells inside the seminiferous tubules. Cualitatively. the apoptotic

activiies were involved in every stage of sperm development inside the seminiferous tubules especially



the spermatogonia. Thesc 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 suddcn increased adrencrgic vasoconstriction after a single high dose administration.

Keywords: pscudocphedrine, apoptosis, spermatogenesis, glutamate/NMDA rcceptors, hippocampus,

nucleus accumbens
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Amphctamine and its derivatives such as methamphctamine and ccstasy are the most critical problem of
drug abuse in the world including Thailand. The sympathomimetic agents (e.g. cphedrine,
pscudoephedrine) can produce psychoactive effects (e.g. pleasant perceptual changes, euphoria and
mental stimulation) as same as amphetamine if taken in large doses. The action of pscudocphedrine
shows a similar way to amphetamine because of its related structure (Wills, 1997). Moreover,

pscudocphedrine was shown partial substitution (20 mg/kg) and full substitution (40 mg/kg) for

amphetamine (Img/kg) (Tongjaroenbuangam et al., 1998). The ephedrine has also been reported that it



can be used to synthesisec methamphetamine (Onlooker, 1995). With a number of effects similar to both
amphctarnine and methamphetamine, the sympathomimetic drugs can be used to be drugs of abuse in an
altcrnative way. Therefore, the effects of sympathomimetic agents on the nervous system and other
systems such as reproductive system should be studied for understanding their mechanisms and increasing
the knowledge of using those drugs. In the present study pseudoephedrine will be used as amphetamine

substitution to study its effects on the alteration of glutamate/NMDA receptors in the brain as well as to

study the effects on gametogenesis in rats.

8. Tngilszaan

8.1 To determine the cffects of pscudoephedrine both acute and chronic administrations on the alteration
of glutamate/NMDA receptor density in rat frontal cortex, temporal cortex, striatum and nuclcus
accumbens

8.2 To comparc between the effects of acute and chronic pseudoephedrine administrations on the
alteration of glutamate/NMDA rcceptor density in rat frontal cortex, temporal cortex, striatum and
nuclcus accumbens

8.3 To determine the cffccts of acute and chronic pseudocphedrine administrations on oocytosis

8.4 To determine the effects of acute and chronic pseudocphedrine administrations on spermatogencsis

8.5 To determine the cffects of acute and chronic pseudocphedrine administrations on apoptosis of

seminiferous tubule in testis
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Amphectamine and its derivatives such as methamphetamine and ccstasy are the most critical problem

of drug abusc in the world including Thailand. The sympathomimectic agents (e.g. ephedrine,

pscudocphedrine) can produce psychoactive effects (e.g. pleasant perceptual changes, cuphona and
mental stimulation)} as same as amphetamine if taken in large doses. The action of pscudoephedrine
shows a similar way to amphectamine because of its related structure (Wills, 1997). Morcover,
pseudocphedrinc was shown partial substitution (20 mg/kg) and full substitution (40 mg/kg) for
amphetamine (1mg/kg) (Tongjaroenbuangam ct al., 1998). The ephedrine has also been reported
that it can be used to synthesise methamphetamine (Onlooker, 1995). With a number of effects

similar to both amphetamine and mcthamphetamine, the sympathomimetic drugs can be used to be

drugs of abusc in an altemative way. Therefore, the cifects of sympathomimetic agents on the
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nervous system and other systems such as reproductive system should be studied for understanding
their mechanisms and increasing the knowledge of using those drugs. In the present study
pseudoephedrine will be used as amphetamine substitution to study its effects on the alteration of

glutamate/NMDA receptors in the brain as well as to study the effects on gametogenesis in rats.

ar L3
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6.1 To detcrmine the effects of pseudoephedrine both acute and chronic administrations on the

alteration of glutamate/NMDA rcceptor density in rat frontal cortex, temporal cortex, striatum
and nucleus accumbens

6.2 To comparc between the cffects of acute and chronic pscudoephedrine administrations on the
alteration of glutamate/NMDA receptor density in rat frontal cortex., temporal cortex, striatum
and nucleus accumbens

6.3 To determine the effects of acute and chronic pseudoephedrine administrations on oocytosis

6.4 To detcrmine the effects of acute and chronic pscudoephedrine administrations on
spermatogenesis

6.5 To determine the cffects of acute and chronic pscudoephedrine administrations on apoptosis of

seminiferous tubule in testis

Ha I ISuRIREITeY (Literature review) 1ias 10na1381984

{t has been well known that ephedrine and its alkaloid, which are subtypes of sympathomimetic
drugs, arc uscd for the treatment of asthma, nasal congestion, and obesity. The sympathomimetic
agents (e.g. cphedrine, pscudoephedrine) can produce psychoactive cffects such as plcasant
perceptual changes. cuphoria and mental stimulation as same as amphetamine, a psychostimulant
drug, if taken in large doses. The action of sympathomimetic shows a similar way to amphetamine
because of its related structure (Wills, 1997). The cphedrine has also been reported that it can be
used to synthesise methamphetamine (Onlooker, 1995).  The effect of pseudoephedrine has been
studied in the nervous sysiem.  Kumammsit ct al. (1999) found that pseudoephedrine induced an
immediate early gene Fos immunorcactivity in the nucleus accumbens and striatum. Furthermore,

the action of pscudocphedrine was also found 1o mediate via dopamincrgic mechanism (Zarrindast,

1981: Kumamsit ¢t al., 1999). Bowyer ¢t al 2001 have reported that L-cphedrine induced

ncuradepencration in the panicial contex and thalamus in rats with severe hyperthermia. In the study

of drug discnmination. pscudocphedrine was shown both partial substitution (20 mg/kg) and full

10



substitution (40 mg/kg) for amphetamine (1mg/kg) (Tongjaroenbuangam et al., 1998). Moreover,
chronic ephedrine adminstration can lead to behavioural sensitization in rats (Miller et al., 1998,
1999), The effects of cither epedrine or pseudoephedrine mentioned above are the effects, which
have seen in amphetamine and methamphetamine administrations. It has been reported that
amphctamine, dopamine agonist, can produce long-tcrm behavioural changes including sensitisation,
tolerance, and dependence (Klawans et al., 1978; Segal et al., 1980; Robinson and Becker, 1986).
Moreover, the administration of methamphetamine, the derivatives of amphetamine, can damage
neurotoxicity to dopaminergic and serotonergic nerve terminals in several brain areas (Morgan and
Gibb, 1980; Ricaurte ct al., 1980; O’Callaghan 1991; O’Dell et al., 1991). It has also becn reported
that acute methamphetamine administration decreases dopamine transporter function (Fleckenstein et
al., 1997) and loss of dopamine transporter sites demonstrates following chronic methamphetamine
administration (Wagner ct al., 1980; Nakayama ct al., 1993). The dopamine transporters play an
important rolc in removing dopamine to neurons. The deficit of function of dopamine transporter
increases accumulation of extracellular dopamine. Consistently with this idea, Nash and Yamamoto
(1992) and Mclega ct al., (1995) have reported that methamphctamine administration increases the
level of extraccllular dopamine. Increasing extraccllular dopamine level produces dopamine
hyperactivity. Changes of dopamine function can induce maifunction of glutamatergic system
because there are well-documented interactions between glutamate/NMDA  receptors and
dopamincrgic systems. Studies of cffects of NMDA antagonists have also focused on the complex
interactions between glutamatergic and dopaminergic systems. Murase et al. (1993) have
demonstrated that glutamatergic activity in the frontal cortex stimulates discharge of ventral
tegmental dopaminc ncurons, thereby modulating dopaminergic activity in the cortex. Several
studies have reported that NMDA receptor antagonists increase levels of dopamine in the prefrontal
cortex in association with deficits of prefrontal cortical function (Deutch et al., 1987; Verma and

Moghaddam 1996). Moreover, excitatory amino acids also play a crucial role in modulating

dopamine release in the prefrontal cortex (Hata et al., 1990; Jedema and Moghaddam 1994), in the
striatum (Krebs et al., 1991; Wang 1991; Sacaan et al.,, 1992), and in the nucleus accumbens
(Imperato ¢t al., 1990: Youngren et al., 1993; Taber and Fibiger, 1995). The interaction between
dopaminergic and glutamatergic systems has also been demonstrated in the behavioural effects of
amimal models. Ouagazzal et al. (1993) reported that NMDA antagonists produce locomotor activity
and stercotypy in rats similar to that produced by dopamine agonists. Methamphetamine, a

dopamine agonist, may also produce alterations of striatal and cortical glutamate/NMDA receptors

11



(Eisch et al., 1996). The glutamate/NMDA receptors seem to be critically involved in synaptic
formation and plasticity both during early development of the CNS (Cline et al. 1987; Udin and
Scherer, 1990) and in the adult animals. The glutamate/NMDA reccptors may be important in
aspects of long-term potentiation {e.g. Coan et al., 1987; Davies et al., 1989), which may in turn
underlie some forms of learning. The activation of the glutamate/NMDA receptors seems to account
for a significant proportion of the neuronal damage and degeneration, which results from hypoxia,

ischacmia and hypoglycaemia in the CNS (Choi 1988).

It has been established that the development and expression of behavioural sensitisation (mentioned
above) is coincident with functional changes in limbic-motor circuitry (Robinson and Berridge,
1993; Pierce and Kalivas, 1997). It has been hypothesized that mediate the response to addictive
drugs, sexual behaviour, and feeding behaviour may be functionally related in the same neural
mechanisms (Robinson and Berridege, 1993; Pierce and Kalivas, 1997). In addition, it has been
reported that methamphetamine has the cffects in reproductive organs. Yamamoto et al. (2002)
reported that methamphetamine induces apoptosis in seminiferous tubules in male mice testis.
Apoptotic cclls were detected in the seminiferous tubules of male micc 24 hours after a single
treatment with 5, 10, and 15 mg/kg methamphetamine. Moreover, it has been reported that gonadal
steroid hormones play an important role in modulating methamphetamine neurotoxicity (Dluzen et
al., 2002; Dluzen and McDermott 2002). Treatment of gonadectomized females with a physiological
regimen of estrogen significantly diminished the amount of striatal dopamine (DA) depletion to
methamphetamine (METH) compared with non-estrogen treated mice suggesting that estrogen
serves as a neuroproicctant (Dluzen and McDermott 2002). In contrast, testosterone tends to
increase METH-evoked dopamine respenses (Dluzen and McDermott 2002). Thercfore, there may

be an interaction between changes of neural mechanism and reproductive system afier taken drug

abuse.

From review litcratures, there are arcas of interest on the effects of amphetamine and
mcthamphetamine in the changes in nervous tissues and reproductive organs. The present study will
be designed to investigate their effects on the alteration of glutamate/NMDA receptor density in
frontal cortex, temporal cortcx, striatum and nucleus accumbens of rat brains in order to understand

the mechanism of this receptor which play an important role in memory and leaming. In addition,

the changes in reproductive organs in both sexes will also be studied. The present study will



determine their effects on the changes of gametogenesis in both sexes as well as to study apoptosis in
the seminiferous tubules in the testis of male rats in order to better understanding the mechanisms of
those drugs on reproductive system and providing useful information of using those drugs. Because
of legally restriction in taking amphetamine and methamphetamine to study in Thailand, and with a
number of effects similar to both amphetamine and methamphetamine, the sympathomimetic drug,
pseudoephedrine will be used in the present study as a substitution. However, the biological
mechanisms by which pscudoephedrine produces the psychoactive effects remain unknown.

Therefore, the effects of sympathomimetic agent, pseudoephedrine, on the nervous system and other

systems such as reproductive system should be studied for better understanding their mechanisms

and increasing the knowledge of using those drugs.
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8.1 Animal: Spraguc Dawley rats (200-250 g) were used for all experiments. They were divided into a

male group and a female group. Each group were subdivided into 3 subgroups as control. acute and
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chronic groups. Animal were obtained from the National Animal Centre, Mahidol University, Thailand.
The animals were housed 3-6 per cage and maintained at room temperature under a 12 h light/dark cycle
with frec 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.

8.2 Drug administration: Psedocphcdrine was received from the Health Sciences Rescarch Institute,
Naresuan University, Thailand. To examine the effects of acute pseudocphedrine, animals were
administered intragastically at a dose of 120 mg/kg. The chronic effects of pseudoephedrine were
cxamined by treated intragastrically at the dosc of 80 mg/kg, oncc daily for 15 days. Rats were sacrificed
2 h later and brains were removed for the immunohistochemical and western blot analyses of NMDARI.
Drug doses for these studies were chosen based on the dose that pscudoephedrine can produce a
discriminative stimulus resembling that of amphetamine (Tongjaroenbuangam, et al., 1998; Glennon and
Yong. 2000).

8.3 Tissue preparation and immunohistochemistry: Brains were fixed in 4% paraformaldchyld and

embedded in paraffin wax and subsequently sectioned at a thickness of 5 M, then mounted onto 3-

aminopropyltricthoxysilane (APES) coated glass slides. The sections were deparaffinise 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 2 solution of 0.6% H,O, in 10% methano! 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 minimised by incubation for 1 h in 5% normal rabbit serum in PBS and incubated
overnight at 4°C with a polyclonal antibody against the glutamate/NMDA receptor (NMDAR1) (Sigma)
at a dilution of 1:1000 in protecin blocking solution. The sections were washed for 3x5 min in PBS betore
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 3x5 min in
PBS. The sections were washed for a further 3x5 min. Then the protein immunoreactivity was
visualised using the chromogen diaminobenzidine (DAB), intensified with nickel chloride. The sections

were dehydrated and mounted. Immunoreactivity was not present in control sections in which the

primary antibody was omitted from the staining protocol.
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Data analysis: Immunoreactivity was quantified by optical density (OD) of NMDARI1 immunoreactivity
in the subregions of hippocampus. The optical measurements werc made blind to the animal groups. OD
analysis was performed on high resolution and analysed with Scion Image Software based on NIH image
(v. beta 3b; www.scioncarp.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 cbtained from the neighboring white matter. The average of
values from three sections for each subject was uscd for statistical analysis. Statistical analysis was

performed using ANOVA with Dunnett post hoc tests.

8.4 Western blot analysis

After each trcatment, animals were sacrificed and brains were immediately removed. Brains werc
dissccted under stercomicroscope for scparating the interest areas; frontal cortex, temporal cortex,
stnatum, and nucleus accumbens. Tissues were stored at -70°C until used.

Tissuc was homogenised in 12.5 volumes of ice-cold buffer. The homogenate was centrifuged at 48,000
x g for 10 minutes at 4°C. The pellet obtained was homogenised once moie in lysis buffer (1:15 w/v) and
then the homogenate was kept on ice for an hour for complete tissuc lysis. Tissue lysate was boiled at
100°C for 5 min with SDS-PAGE loading buffer and centrifuged for 3 min and the supernatant was
collected. The supernatants containing 20mg protcin was analysed on 4% stacking gel and 8% separating
gel and the proteins were clectrotransferred on to PVDF membranes. The membranes were treated with
protein blocking solution (10% non-fat dried milk in PBS) and incubated with NMDA/NRI1 antibody in
protcin blocking solution. The membrancs were then washed 3 times with 0.05% of detergent (Tween 20)
in PBS for 5 min cach and subscquently incubated with biotinylated secondary antibody. This was
followed by incubation with avidin biotinylated horscradish peroxidase complex. The protein
immunoreactivity was visualised by incubating membranes with a working solution of 3, 3,5, 5-
tetramethylbenzidine (TMB). The membranes was scanned into a computer and NR1 immunodensities
will be measured.

Data analysis : Scanncd immunoblots was analysed using the Scion Image programme (based on NIH
image). The densitometry measurements were used to quantify the density of NMDA/NR1 bands. The
softwarc was uscd to obtain the integrated optical density of the region interest. The value is the sum of
the optical densitics of all pixels in the region divided by number of pixels.

All NMDA/NRI1
immunorcactivity bands were measured with the same dimension to obtain their integrated optical
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density. The value of integrated optical density (I0D) was used for statistical analysis comparning

between treatment and control groups.

8.5 The study of gametogenesis

- Spermatogenesis
Afier cach treatment with pscudocphredrine, animals were sacrificed. Testes were removed from each
male rat and fixed in 3% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4). All samples were processed
under routine H&E procedures for light microscopic study. Slides of testis were examined under light

microscope to investigate the process of spermatogenesis in each group of treated animals compared with

non-treated animals (control).

- Quality of sperm analysis
In addition to the study of spermatogencsis. scmen was collected from each animal by microsurgical
cpididymal sperm aspiration (MESA) technique. Semen was monitored on total number of spermatozoa,

pereentage of sperm viability, percentage of sperm motility and percentage of normal morphology.

- Oogenesis

Afier cach treatment with pscudocphredrine. female rats in cach group were sacrificed. Owvarics were
removed from cach animal and fixed in 3% glutaraldechyde in 0.1 M phosphate buffer (pH 7.4). All
samples were processed under routine H&E procedures for light microscopic study. Slides of ovary were
examined under hight microscope to investigate the process of oogenesis.  Number of follicles in cach

stage of development were monitored and the quality of vocyte were examined qualitatively to compare

the changes among cach group of trested animals and non-treated animals.
8.6 Apoptosis study in seminiferous tubules

T'he testes were removed from male rats treated with pseudoephedrine.  The apoptotic cells within the

seminiferous tubules were studied using apoptos:s detection kits.
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Table 1. Cauda epididymal sperm number {x 1oa/organ) and normal sperm morphology (%) of

male rats after treated with various doses of pseudoephedrine compared with the control group

Features Control Acute Chronic

Cauda epididymal sperm 163.33+5.89 111.00+10.26° 153.33+14.84

number (x 106/organ)

Normal sperm morphology (%) | 94.83+1.83 85.83+3.06" 87.67+4.41°

Values are means and standard deviations

N = 6 for each group

°Significantly different from the control group at p<0.001
°Significantly different from the control group at p<0.001

“Significantly different from the control group at p<0.005

Table 2. Cauda epididymal sperm number (x 106/organ) and normal sperm morphology (%) of

male rats after treated with various doses of methaphetamine compared with the control group

Features Control Acute Chronic

Cauda epididymal sperm 138.67+8.91 106.67+41.41 122.33+13.71

number {x 106/0rgan)

Normal sperm morphology (%) | 94.50+2.17 71.33+7.86" 83.8312.93

Values are means and standard deviations
N = 6 for each group

*Significantly different from the control group at p<0.001
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9.6 WAVBINS AT pseudoephedrine ABNTTUIUMIA TNV TURUFIWAIEIY
MIANIANBULNIIPANIBININUDUYFAT 1 (ovarian follicle) 1uFe lvvosnymeaiio vesnguaiugy
ngu#i 1451 pseudoephedrine DE13T BUNAY uazaduﬁ"lﬁ'%’uadm‘%%’a uamelunwii 9, 10 ung 11
MUBIWY IAMsAnEIanEaE 1Y (qualitative study) wus1 liTinuuana19veanIsadrawad 14

ar T w & 3 ' L] =3 .. G o 4
Tusalivosdainaansismungy 061915701 apoptotic cell staining FalianuiuuiNoasrvasy

= . - a J @ 1 o o ' ' 4
M517A apoptosis AL LS ldvpsdainansadaznquaelil

ANN 9 LEAUYAT 14 (ovarian follicle) 115914 (ovary) YOI Mo YBINQUAILAY (a) LFAI
108 115z mature follicle (gnas) Mwuludaly Ardsvets 10X (b) nanusad liluszos

secondary follicle Tu ovary 91830878 40 X

AWM 10 UARUFAA 1Y (ovarian follicle) Tuszozann Ainulualy (ovary) yeanymenilo 7185y

pseudoephednne 001N UNAY (acute group) (a) uaaurad 1w luszuz primary follicle (QN#3) ﬁwv'lu
$2l0 Mdavee 10X (b) uamusad 191ussue primary follicle (QNA3) WU follicular cell 5367

M0 1w¥UADUIOU primary oocyte 11AIVUIW 40 X



AMA LaAusad 14 (ovarian follicle) TuFel4 (ovary) ‘UfNHHLWﬁLﬁU n1a5u pseudoephedrine

W .
BUUSese (a) naaasad 14 1uszoy secondary follicle (anes) Awuuuialy Midsves 10X (b)

naawad luluszes secondary follicle Wil antrum unsnoglu follicular cell A1AIUH1Y 40 X

9.7 HAMIANHINAVBINS 13U pseudoephedrine AloNIzUINMIMBvOITAd ] UNDA3 190D
INHAMSANYINU AT IA5 D pseudoephedrine atimﬁauwﬁ'uhﬂ?mmﬁqa amrsomiisnilifa
N15ABVBUTAS 1 seminiferous tubules (MW 12a, b). Tumansedumuimyiiasy
pseudoephedrine °lu‘1J'§'mme§natim§'ya§' 1 111511899 apoptotic cells 1U seminiferous tubules Yoo
(PN 13) wonvinfudawuhinsmsuoaxad (TUNEL-positive-cells) 14 seminiferous tubules 11
ﬁ’ﬂ'ﬁ:l'lﬁgv pseudoephedrine ﬂtiN!.‘%f'Eﬁlﬁ éﬂﬁ‘lﬂﬁﬂ“ﬂl?ﬁﬂﬁﬂizﬁﬂ%ﬂﬂ sperm development
TﬂUlﬂWKspermatogonia ‘ﬁﬁ)gi‘ﬁ basement membrane U949 seminiferous tubules (mw’v’i 12a) HANISANE
185un1sududlonisinuidae 2 maiiamsdeuaad 1Aun fluorescent staining (N WA 12 . 13) g
colorimetric staining (AW 14) winkansAnumiugeandestuasAnynSuadovasve uradiiay

J L~ b
1w seminiferous tubule uuagnummmmmﬂﬂ”mmﬁ methamphetamine (Yamamoto et al., 2002)

= St o o as o -
aniudslaimsAnundisuiivununinyes iwlliun1ondinis 145U methamphetamine (115197 2)

b

FanundHoaeandpafufiu pseudoephedrine (13197 1) N131AA apoptosis 110N13 1831
pseudoephedrine “luﬂ?mmfgemmi']uwammnﬂmﬁu adrenergic vasoconstriction DU1URUYUNAY
(Traino et al., 2004) wensinuornilurasnmsanszdused luu testosterone FINU TIN5 0Aa 0
145V methamphetamine (Yamamoto et al.. 2002) Msulvuutasvesssduee luuervsniiui

imiiuNni11¥18a apoptosis 11 spermatogenic cells 8614 5AamGsdBaTin1sAnY e TR iusyu
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w12 Apoptotic cells in seminiferous tubule of rats treated with high dose pseudoephedrine.
TUNEL-positive staining indicative of DNA fragmentation was detected as yellow-green fluorescent on

the nuclei (a,b) and normal cells were detected as red fluorescent signals (b)
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Figure 13. Apoptotic cells in seminiferous tubule of rats treated with lower dose pseudoephedrine

chronically indicated by yellow-green fluorescent signals
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amn 14 Apoptotic cells in seminiferous tubule of rats treated with high dose (b) low dose (c) of

pseudoephedrine indicated by dark brown cells comparing with control (a).
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9.7 HANIIANEINAVBINS A5 U pseudoephedrine ADNTLVIURAITAGUDILAS 14

Linupnuansnudia i FaufaunsTUIUNITANLTIaUTAR BRI NNENATLAN TUNGNALAFY

=

pseudoephedrine BENUALUNAY LAZNGNNLATU pseudoephedrine BEiNUBLUNAY

(c)

ni 15 Apoptotic cells in ovary of rats treated with high dose (b) low dose (¢) of pseudoephedrine

indicated by dark brown cells comparing with control (a).
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Abstract

Pseudoephedrine is a sympathomimetic drug in which its structure is similar to
Iamphctamine. Although pseudoephedrine is not as potent as amphetamine. it has been
reported that the actions of pseudoephedrine on the central nervous system via dopamine
release resemble to amphetamine. 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. Thercfore, this study is
aimed to investigate the effects of acute and chronic pseudoephedrine administration on
. NMDA receptors in hippocampal formation which is the area involved in learmming and
memory. We employed immunohistochemistry to determine the alteration of NMDA
receptors density in rat hippocampus and dentate gyrus following acute and chronic
pseudoephedrine administration. The density of NMDA receplors in the dentate gyrus of
animals treated with pseudoephedrine chronically was signiticantly highest (p<0.005) when
compared with the acute and control groups. Similarly. the density of NMDA receptors in an
acute group was also higher than the control group (p<0.01). These results indicate that
pseudoephedrine could induce an increase of NMDA receptors in the dentate gyrus. This
might be a compensatory eftect of NMIDA receptor in response to the degeneration or loss of

glutamatergic neurons.

Keywords: Pseudoephedrine. NMIDA  receptor. Hippocampus. Dentate  Gyrus,

Immunohistochemistry



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

Output

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-
methyl-D-aspartate receptor fuuSiru hippocampus vavauovhy

aia mdou'? ; 1@uo ntoy'?, Us=1asg Tanna’®

"nedmeinemand,  dagussasd @ AnwanareanisldTu pseudoephedrine wuu

puddfimnnznaauas @uundu uazuuuFefarenisuaniaantes gutamate/N-methyl-D-
dqm?umu’ﬁ’u, [ 14T aspartateiNMDA) receplors 'luaumugd'm hippocampus %atﬂu
AngrAraninisunng, vinmuiviwidiisadestunisFou uazacudn
HVVIVONABUTAT

MATMENAAaR,  3BNSANE Wy 1Al (250-280 nF wuinilu 3 ngun aL 10
ANEINBAART, #2 ﬁansﬁuﬁ'ls‘ﬁ’u pseudoephedine BHINALUNAY neim'n"'lé'i"u
HVIMLKUUNRA PR UATNANAILAN NRMIBUUWAULATU pseudoephedrine

1@ 120 Sadnfuflaniy 1 ﬁ?qimuﬂautméuaeﬁmm? nau
Ga3a1&Fu pscudoephedrine 1um 80 fiadnFayAlaniu Tuaz 1 Afs
Wutsn 15 Ju uﬁ:nqumuau‘lﬁmm MunAInTIaTy pseu-
doephedrine UA9 #AINARBIGNYININAILBL WAL NTURRIBANTDA
NMDA receptors subunit 1 (NMDAR1) Qnanmtﬁtﬁﬁ immunohis-
tochemistry TuNBIUYA hippocampus NENAINTTLATUDN pseu-
doephedrine WLIRHUWAY ua:mméafq

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

Trus research project was supported by the Thaland Research
Fund (TRF) and Commission of Higher Education {CHE} to §
Rudmamud-Thano
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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

This research project was supported by the Thaitand Research
Fund (TRF} and Commuission of Higher Education {CHE) to S

Nudmarmud-Thano.
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Acutc. hlgh dose admiuistration of pscudoephedrine induced apoptotic
activity in the seminiferous tubules of male rats

wun odan’ ghen n"\'iim' Tz T
- \
Samur Thanoi'”?, Sutisa Nudmamud-Thanot'” | Prasert Sobhon

unAnes
l‘%udmphcdnnu dhumlungidesfs ephedrine Tnusangyisnsninnlizamdimnsdn (uin, 1997)

Pscudocphedrine uuulumm:qwﬁ decongestant waldwmiaaar o leunanyni adnaiy amphetomne
:
| (I3losser ct. al, 1987) Favrunas ey ps‘cudocphcdrinc T Bunarnesanarssama ldiian N s lanans
| fumsldfu amphetamine st Rdar A ld R methamphetamine i i annsee
‘ wnngadluvinaiireaireany (Yamamote ¢t al, 2002) é’c\iu-:”\'ﬁ'-?fjﬁﬂ-i'MQ'l !w:mﬁlﬁﬂﬂmﬂqwﬁ -

ransEUEnINsliFem pseudoephedrine siaszndiduinmiansineinsenorengsadluvieainad e
" mifragnd tatunalnnsinay wacnslionosiignds wyaamal (250-280 niu) wiiti 3 ngm &z 10
B AANANTISTY pscudocphedrine punadoumay nguilATuetinEed uaznduaum  naudnuwaulEsy
pscudoephedrine 1ua 120 fadniumlaniy 1 ﬂ%’ﬁmuﬂﬂmﬁ%ﬁumﬂmm? nsjaﬁﬂi‘dt-’ﬁu pseudoephedring
e 80 Nadnfwdlan®in Suaz 1 ek dunar 15 Su uﬂ:nfiumuqu'lﬁiﬁni'l MuvAINgIF
pseudoephedrine W& drdvessgminlineatnan  vieaFweaigmiwunAdmnnismoranssdineis
TUNEL (TdT-mediated dUTP Nick End Labeling) assay anmsAnuin Idﬂnduﬁiﬁi‘u pseudoephedrine
BtNATLNAWIIT N annsamiinniiiiaruunsmotnssedlwisaivesd  lurnziinguiléiy
pseudocphedrine  stnadefrlunnascmdniufidininwunisansasasdluvisaiiegdlud-wiuisund
nsAn @it nalnnadansmoraasasifiuadeslinszazvaanisiennveunadeqinuluvia
a¥90a3  nansAnwuanaliiudansldfunn pseudocphedrine '].utﬁ"mm@qﬁuaﬁu'wsnﬁﬁiﬁzﬁmns:mun'n—‘
AUVBADIRA lviminag Famsmorsatadiu sradluuminanmMvaiitemsende T tustn Aoy
Faugriunanmaudanas 1Ay

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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Pscudoephedrine administration can increase glutamate/N-mcthyl-D-

! A ane : aspiartate
receptor immunoreactivity in rat hippocampus
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Pscudoephedrine  dlusnlunguidaa™ ephedrine  Tnnmanynisassnalizam@amussin  (Will,
1997)  Pseudoephedrine ':TuLﬂuU'ﬁ;iiqw?‘i decongestant  wazHdwiiamermidn Tngenngrsadnm)
amphctamine (Blosser ct. al, 1987) ﬁmﬁ’hnwﬂﬂnqﬂigﬂm pscudoephedrine 13‘14'1:i'{utwuvh amphetamine
UAT melhamphetamine NNEANEIWLT pseudacphedrine ﬁuuﬂnqwﬁ'aiﬂ':::u1nj-;:' MR AN TN
sunilvwniiuwiiauiu amphetamine ﬁa&ua'm’i*i'uﬁﬁ"imqﬂ‘r:aoé’lumu*ﬁnmua-umn'w'lﬁ'}'u pseudocphedrine
LOURILNAY LesuULGe3IRanTuARIBaNTSS gluiamate/N-methyl-D-aspartatc (NMDA) receptors u
ansaydau hippocampus SafuFuuiiih Aidsdeaiin1nFoul uazaud wgroag (250-280 nfi)
wiafu 3 g 8z 10 & Aanguitléfu pseudocphedrine sthadmuméu  pguildtusnidefa uazngy
AMUAN  WATA Immunohistochemistry uasslifiudnil NMDART immunorcactive cells Tusunagnu
hippocampus (nuaw s pyramidal cells ve: cornu ammonis fields uaz granule cells 183 dentate gyrus
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

61




inerense of NMDA receplors in hippocampus:  “This might be a compensiil
regeptor m responsce (o he degenceration or loss of ghutamatergic neurons.
Keywordss glutamatc/NMIDA receptors, sehizophrenia, superior temporal cortex
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MIIA3Y pseudoephedrine sﬁlmﬁmmmaa glutamate/N-methyl-D-aspartate receptor T
U310 hippocampus UBITNBINY
Pseudoephedrine administration can increase glutamate/N-methyl-D-aspartate receptor
immunoreactivity in rat hippocampus
Tas
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Pscudoephedrine iUt lunguiioafy  ephedrine  TawpongniseszumlszamIumwnsan
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pONANEAAI0AL amphetamine (Blosser ct. al, 1987) faufiiin1seengnives pseudocphedrine
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pongmiAeszuIszamaunmssumaszuu Tawifiumiloudy  amphetamine Fuiu
am%‘m‘fﬁ"ﬁ'nqﬂsxﬁaﬁ‘lumsﬁnymaﬂumms'lﬁ%‘u pscudoephedrine MUTHAOUNWAY HazULY
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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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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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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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