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Abstract

Project code : RSA/10/2540

Project Title : The study of the presence of clonidine-displacing substance and its

interaction at alpha2-adrenoceptor and imidazoline receptor

Investigator : Darawan Pinthong, Ph.D., Department of Pharmacology, Faculty of

Science, Mahidol University

E-mail Address : scdpti@mahidol.ac.th

The aims of this study are to examine the properties and functions of clonidine-
displacing substance (CDS), and to determine whether it could be an endogenous
ligand at Cl,-adrenoceptors and non-adrenoceptor imidazoline binding sites. Agmatine,
a candidate for CDS was also studied in comparison to CDS extract.

In this study CDS was prepared from porcine cerebral cortex using methanolic
extract. CDS activity was determined by the amount of the exfrac{ that displaces 50%
of 1 nM [3H]-clonidine binding from «,-adrenoceptors on porcine cerebral cortex
membranes. CDS activity in porcine brain extract was 20 plfunit or 7.71 £ 1.96 unit/g
tissue (n=5batch). Based on radicligand binding assay, CDS extract recognized both
(L,-adrenoceptors and imidazoline receptor with 2.7 fold more potent at imidazoline
receptor on porcine renal cortex membranes labelled by [SH]-idazoxan than at C,-
adrenoceptors CDS activity was examined in unit by radicligand binding technique.
Functional activities of CDS extract were examined in the 2 model of Q,-adrenoceptor.
First, platelet aggregation model, cionidine an Oi,-adrenoceptor agonist, was found to
potentiate ADP-induced platelet aggregation in a concentration-dependent manner and
the effect was inhibited by an (,-adrenoceptor antagonist, yohimbine. On the contrary,
CDS inhibited ADP -induced platelet aggregation in a concentration-dependent manner

and the effect was not reversed by yohimbine. The inhibitory effect of CDS may act



through the non-adrenoceptor site. Agmatine showed only slightly potentiated effect on
ADP-induced platelet aggregation even at the concentration as high as 10° M. Second,
model of prejunciional O,-adrenoceptor of the rat vas deferens, CDS extract showed
biphasic effects on electrically-evoked contraction of the rat vas deferens. Lower
concentration showed inhibitory effect like clonidine whereas higher concentration
enhanced the contractile response. The effect was not due to O-adrenoceptor
activation since idazoxan, an (f,-adrenoceptor antagonist, did not modify the effect of
CDS extract. Functional activity of CDS at imdazoline receptor was examined in platefet
aggregation model compared to other imidazoline compounds, with or without of,-
adrenoceptor activity. CDS extract and all imidazoline compounds were found to inhibit
adrenaline-induced platelet aggregation mediated by non-adrenoceptor imidazoline
sites. The inhibilory effect was more sensitive to catecholamine than ADP- stimulation.
Nearly the end of the project, harmane was reported to be another candidate for CDS,
however, this study did not found any significant effect of harmane in platelet
aggregation model. In conclusion, CDS extract was not found to display any biological
effects at o,-adrenoceptor, however, it may be an endogenous substance that
regulates platelet hyperreactivity to adrenaline and imidazoline compound may be
useful to prevent this condition. The exact chemical structure of CDS in the exiract

remained to be clarified.

Key words : clonidine-displacing substance (CDS), endogewous ligand, alpha2-

adrenoceptor, imidazoline receptor
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. . v A& Lo | et = £ Py
i active compound vasmsanaiuaddluimsAnsmseangnsluszuuil)
{ [y = 5 o o
3.2 modelfl 2 ﬁﬂmﬁ;maummaﬂ CDS lum‘iaaﬂqwmi:q}uﬁ COL,-adrenoceptor 1
prejuncional (X,-adrenoceptor U84 rat vas deferens WIBuApunY clonidine uaz
agmatine
=S Ay n‘ v o . . K t:i.' [ A
4. FANwALENYATeY CDS lunﬁaaﬂwflﬁﬂ'i:@guﬂ imidazoline receptor 7ILNIALADA
- v o o e .. . A LA — L &£
WIHULABUNY clonidine LLa:m'a“t’lanmIﬂﬁmNLﬂu imidazoline aus]m‘ﬂmﬁaiummﬁ
#i -adrenoceptor Lﬁamgmﬁam‘]ﬂﬂ’i:@j’%ﬁ’m platelet aggregating agent 2 fafa
noradrenaline LLaz adenosine diphosphate (ADP)
(Mslian model NMsauevansafiamfiosainianmsnassdluda 3 wuitnsaan

£ o o ‘o ¢
nnavas CDS "lumum'msxqu alpha,-adrenoceptor IWGIHTUNT non-adrenoceptor)
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35n1snaaas

1 ASANAANT clonidine-displacing substance 3MNANDIVDIR

A5y

1.1 ifuaussvasnynnlseihdad I@]EILﬁuﬁuﬁ%g&ﬁ]’]ﬂil’lLLﬁ?ﬂiS’gluﬁdg’lLﬁdL‘ﬁaﬂ’]‘s
YRS

12, auasatedin (whadhnindszans 110-160 n3) MIUNGaLINE1 cerebellum LR
pia mater 88N LEUAWIZEIN cerebral cortex dmiutuiing udniluiuazdoatuwi
naulenld Polytron homogenizer (model LS-10-35, Kinematica GmbH, Switzerland)

1.3. ¥imsuun homogenates I@mﬂ’]‘iﬁmmﬂ ﬁ 65000 g (Sorvall® RC-5C Plus, Dupont)
L& supernatant ANNUTZRNL 40-60 wd e lWanaznanlysanuazaniSuins 30
fuﬁdlﬁﬁuﬁqmwgﬁﬁaa

14, msnzaofi s tuuondnaisd 65000 g 1wam 20 W uen supernatant 1§73

nlvihslanls speedvacuum (Speed Vac ® plus SC110A).
1.5. &ia CDS ¢78 methanol 4N material B8391N¥N1AURIA2E speedvacuum anana

&8 methanol lay sonication figuunaiwes Juuonieue supematant la ushwns:

\g methanol laals rotary evaporator _
1.6. residue Tldinunaranglu double distilled water, Vi Wiuiaanilne freeze-dry 46

¥eazlia1sanaiiy crude CDS extract 1hldazanelutiindusnadndiuFunmvine

wHAzLieun CDS activity

: 4 s
2. N15L@3LN porcine cerebral cortex membranes 314 site 189 OL-adrenoceptor

v

21 yuswioaduda 1.1 waz Ta 1.2 luwada 1 nisafaans clonidine-displacing
substance MNFUDIUDIAY

2.2 inmsuen homogenates I@Em’\‘ﬂjmwﬂ ﬁ 20000 g ‘ﬁa supernatant 1 pellet 31
azsnolnalu Tris buffer uaziluaziizadnaisse homogenizer

2.3 Elj‘LLLL?_Iﬂ homogenates ﬁﬂﬂ%\‘l ‘ﬁd supernatant 11 pellet ﬁmaam’g’&ﬁmﬁ’mm:a:mﬂ
1w Tris buffer ﬁ?ﬂﬂ%mmﬁmm:am VI 6 volume

24 wimsazauindudong Usinastszinm 3 ml dmsulelu Radioligand binding

assay
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3. nemauAUANTATaI COS lu extract 3@ CDS activity laul¥ Radioligand binding -

assay

385ms

3.1 incubate porcine cerebral cortex membrane, [3H]-clonidine (1 nM } sz CDS ﬁﬂ’:ﬂﬂ
iuudnas tuTris buffer (pH7.4) §%3U total binding 92 incubate porcine cerebral
cortex membrane kaz [ H]-clonidine Tae'lsitéin CDS &3udn non-specific binding 1@91N

73 incubatefiyl 10™*M noradrenaline
3.2 #8990 incubate N 28 “C 45 wAH ugn bound form radioactivity 37N free form lan

1% vacuum filtration U% Whatman GF/B glass fibre filters fdfilters 2-3 ATIaY Tris

buffer
3.3 79 radioactivityl@ﬁ scintiliation spectrometry

3.4. WS CDS activity 310 1Cs 370 displacement curve fnutk CDS activity 1

unit/g wet weight
CDS activity fioudlu unit Tag 1unit 289 DS = 1Bwm cbs (Wwlasins)

= 3 Ly L. . .
FNsnuNu 1 nM [ H]-clonidine binding @aanain Ol,-adrenoceptor sites U porine

cerebral cortex membrane 1@ 50%

4= o .
4. M3L@38 renal cortex membrane 31N 1aVaIRY BoTu site 1o 3 imidazoline receptor

lﬁnwwqmam?ﬁma clonidine-displacing substance luntsau (binding affinity) f
imidazoline binding site lae/l% receptor binding technique
A5n13 .

4.1 ivlanyanlssandad I(ﬂuLﬁuﬁuﬁwﬁdmnﬁmLLﬁausiqluﬁaﬁnLﬁuﬁamwua}o
4.2. ladian3sdin LandI% membrane SALWANBAN WENEI cortex DANIIN medulla WA
AAFIN cortexLi“JW%%Lﬁﬂﬂ winhliuazidoalu ice-cold Tris buffer (50mM Tris HC,
50 mM EDTA; pH 7.4) laald Polytron homogenizer (Kinemetica GmbH) setting 6;
3x30 IuH)

4.3 584 homogenate A7 nylon mesh 1WA 25 Lm Lﬁaﬁ’liﬂ particle lmy ﬂﬁ&

4.4 centrifuge homogenate @72 Sorvall” RC-5C plus, Dupont (Rotor SS—34)ﬁ 20,000 g
\wan 15 wiif 4 °c

45 ‘ﬁ& supernatant La18% pellet snazanlu ice-cold Tris buffer (60mM Tris HCI, 5.0
mM EDTA,; pH 7.4) us2 centrifuge 15 ‘mﬁﬁ 4°C

4.6 Pellet qmﬁwﬁiﬁa:mnlu 10 volume va4 Tris assay buffer (50mM Tris HCI, 5.0
mM EDTA; pH 7.4) uiufivl$9 —70°C membrane azag lwn 1-3 Waulas liiFuanw
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5. ANINAMANLEUS CDS tn153uU? imidazoline receptor Tavls Radicligand binding

assay

5ms

5.1 incubate porcine renal cortex membrane, [3H]-idazoxan (0.3 nM ) waz CDS ﬁm’m
LT UG 9 TuTris buffer (pH7.4) 1TV total binding 92 incubate porcine renal cortex
membrane L& [BH]—idazoxan leg'lidy CDS Fudn non-specific binding 199NN
incubatent 10™M cirazoline

5.2 "RI9N incubate 'ﬁ 28 °C 45 w11 ugn bound form radioactivity 311 free form law
15 vacuum filtration UM Whatman GF/B glass fibre filters #dfilters 2-3 n39e2e Tris
buffer

5.3 9@ radioactivityI@]EJ scintillation spectrometry

6. ANWIKAZATIVIBUANUIININUBIFIIANA CDS Iunsnazen (,-adrenoceptors

6.1  Model °uaamsn‘széj’umﬁuﬁwaam%mfﬁamﬁgﬂns:@juﬁw adenosine
diphosphate (ADP) m’a‘ﬁﬁﬂmﬁmﬁllﬂ% OL;-adrenoceptor agonist a:mmsma‘%um‘ﬁf
ADP  luminszdumsiudrvesiniaifen ua:wamiaannﬂ“ﬁfa:gﬂﬂ'uﬂgﬂm Ol
adrenoceptor antagonist LW yohimbine
I3
6.1.1 Lﬁmﬁa@mngﬁmmﬁﬁmmﬂﬁacﬂmlu siliconized glass test tube 5 3.2%
sodium citrate AUFAFIUREN 9 &4 : sodium citrate 1 &Iu ‘

6.1.2 shantlusgmammmhiiniaiamdudu  (plateletrich  plasma)  lasnts
centrifuge 7t 800 g 10 wH# (Beckman J-6B)

6.1.3 1a platelet count laald Coulter thrombocounter lapysul¥ianuduturaunsa
‘e 2.5-3.0x10° inSanlea/ dapwaaEnALEnnSaLaen (platelet-poor plasma)
614 @nwimsiuaeaniniiealasly chronolog aggregometer (Model 550,
Chronolog corporation, Harverton PA, USA) @mmﬂgﬂmmadmm light transmission Lﬁla
annszdusg ADP inSaidanadudaiuLas RN SEWTILEY Thiinue

6.15 :1niunszduday Oy-adrenoceptor agonist 14 clonidine (10°-10° M)

6.1.6 luMIAN®HAVDY antagonist L‘ﬁam’maau@’jwa@iamsifwﬁaﬁ'maal,n%mﬁamﬁ@
mnmsns:@)‘"u Ol,-adrenoceptor vnldlaansiduy Ot,-adrenoceptor antagonist LT
yohimbine (10° M) uay incubate 1 wifinauiéin agonist Uufinwanisiiuuudlasnis

light transmission atiNsitay 5 wf

16



[] L4 .
9. nseuIwYaya (Data analysis)

ICsy 84 displacement curve (aﬁﬁﬁ@ CDS vLa‘ﬁ [BH]—clonidine %38 [SH]—
idazoxan bé 50%) ¥IN1N non-linear least square method Tagl Kaleidograph
(Synergy software) on a Maclntosh computer. LLﬁaLﬂéﬂum ICs LiJw inhibition constant
(K)) Taa T Cheng&Prusoff equation  K; =1Csy/(1+[L}/Kd)

(L} \Juanuitutuuad radioligand

Kq \is4 dissociation constant

14 model MIRARIVES rat vas deferens Response @ﬁaﬁaniz@i’u {(agonist) Ao
clonidine (10°-10" M) w30 3@ CDS (10°-10" unitmi) Tausnuainudn percentage
289 control contractile response awnnwsns:@uﬁwmnm‘lﬂﬁw fin negative logarithm
‘Uaammlﬁwﬁummﬁ’mi:({fuﬁlﬁwa 50% @< maximum response AR pD, FAIWIENT
N logistic equation.

14 model mﬁuﬁ'umaqm%mﬁamﬁans:@uﬁwmsmaGJ HANSAIE RS BT
mﬁuﬁwnaam%mﬁamﬁﬂuﬁmﬁam:ﬁuﬁm aggregating agent L% noradrenaline #38
ADP sfiauilu 100%

ﬁaa&mmmnﬁm mean + SEM ﬁnﬂaﬂ’mﬁaﬂﬁqﬂ 5 experiment (A% 14 model
284 rat vas deferens ﬁauﬁq@ 4) mitSoufsumastilasld Student's 1 test aNuLan

] 1 dl = | p oA A o bl nnci
ANVAIMBRDITDDNYUDRIAYNIITONTY p<0.056
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A A e A { o 3 = @ o o a
6.1.7 WRspiisunatiietwials agmatine %38 Harmane nIzaw waziilalFasana

CDSﬂsz@}u

6.2. AnwIANUEmIInVaIENIENe CDS lumsnszdu prejunctional Oly-adrenoceptors

#1 rat vas deferens 1agl Ol,-adrenoceptor agonist SLUHINT1TARY neurotransmittor LAZNTT

méﬁ’uamaﬁwﬁﬁL%@ﬁgﬂnszﬁuﬁQUﬂs:LL31WWw

A3

6.21 lfeu prostatic end ’Ua&“fiaﬁﬁ‘li’}l,%a‘ﬂa&%hk incubate it oxygenated, ice-cold
Kreb-Henseleit saline {NaCl 118.4 mM, KCI 47mM, CaCl, 1.25, Mg30Q, 1.2 mM,
NaHCO,; 24.9mM KH,PO, 1.2 U8z glucose 11.1) 5 ml lu organ bath

6.22 Pauapioniteassau prostatic end maaﬁaﬁ'\ﬁngaii’(m’ms:mm 2cm)ii
platinum wire electrode uss3ntnenilsdaniv Grass FT-03 isometric transducer #9siony
Grass Polygraph

6.2.3 ®aI9N equilibrate 30 U apply resting tension ﬁmmzfm MIRANIVBIY aﬁﬁﬁf’]
L%ﬂgnﬂ'i:ﬁ%ﬁlﬂﬂ‘szLLavLWﬁ'lﬁ’mSRl stimulator {transmural stimulation 0.1-0.2 ms
duration, 0.05 Hz, 10 volts) wasiufinanuasuudamsnasmnemaiings

.24 1HuaINITNARDULTY SIANACDS, Ol-adrenoceptor antagonist WIHUINIILHA

damsnanivasriaiiisefignnizdulay  OL-adrenoceptor agonist, clonidine waz

agmatine

&£ O P .. N = Q- P
7. ANWIN1300NENEYaIRITEN® CDS 7 imidazoline receptor \USauifisunurisnidu
[
imidazoline WAz non-imidazoline adrenergic agents T4 human platelet I@Uﬂ’liﬂiz@?ﬂ

@18 adrenaline W8z ADP

7.4 Lﬁmﬁa@mﬂgﬁmﬂﬁﬁmﬁmﬁamﬂ,u siliconized glass test tube 71 3.2% sodium
citrate MAFARIULADN 9 §I% : sodium citrate 1 §I%

7.2 dandunsnwansiniisindadeadiutu (platelet-rich plasma) launns centrifuge
# 800 g 10 W% (Beckman J-6B) wunion@nuuut #aus9uinhy centrifuge fafi 3600 g
15 wift woneralann dunaraainfidseeninieion (platelet-poor plasma)

7.3 7@ platelet count Teelt Coulter thrombocounter lepysuldiianauduiusasnsa
1Fen 2.5-3.0x10° inSauden/pl drawaainfidsianiniaiien

7.4 fnwmsivamaaninisalanls chronoleg aggregometer (Model 550, Chronolog
corporation, Harverton PA, USA) lay incubate m%m’ﬁa@ﬁ 37 ° ¢ lu chamber 189

o
LA TEn
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7.5 niwdiy agonist Felunisnanesiiilu imidazoline agents 16A  clonidine,
tolazoline, antazoline, idazoxan wW3aaI&Na CDS

7.6 1umi‘mﬂaamﬁNaﬁvltﬂ”ﬁ’imﬂﬂ'a&ﬁurmﬂ's:@?u Ol,-adrenoceptor  w3a'lain O
adrenoceptor antagonist 1T yohimbine azL@afiaw agonist Waz incubate 1 #H

7.7 %é’amn‘tfum:@j’uﬁw adrenaline/noradrenaline %38 adenosine diphosphate (ADP)
Tufinnanisiddoundas light transmission NANINIZAAIY  aggregating  agent

(catecholamines #38 ADP) waz 1iaf) imidazoline agents ﬂi:ﬁ%‘i’)ﬂﬁ’m

8. 5&@3?}31?1’121@‘%’ (Materials)

ldazoxan hydrochioride (FW 240.7), Clonidine (2-(2,6-Dichloroaniline)-2-
imidazoline hydrochloride (FW 266.6), Adenosine-5'-diphosphate sodium salt from
equine muscle (FW 427.2), Yohimbine hydrochloride (FW 390.9), Antazoline
hydrochloride (FW 301.8), (Z)Arterenol {(Z)-Norepinephrine FW 319.3), Tolazoline
hydrochloride (FW 196.7), Cirazoline HCI (MW 252.75), agmatine {(1- amino-4-
guanidinobutane) sulfate salt (FW 228.3), Harmane hydrochloride (2-methyl-[3-carboline;
1-methyl-9H pyrido{3,4-]indole)Norharmane hydrochloride (9H pyrido[3,4-B]indole) and
Sodium citrate Fdﬁyaﬁ]’m Sigma.

Methanol HPLC grade (Baker Analyzed® F.W. 32.04) Trizma®
hydrochlorideanhydrous M.W.157.6, ethylenediamine tetra acetic acid (EDTA).

[Benzene ring 3H]-c:lonidine hydrochloride, specific activity 70.5 Ci/mmol, [SH]-
idazoxan ([SH]—RX781094), specific activity 45.0 Ci/mmol ﬁﬁamn NEN DuPont, Poly

Flour " (Scintillation fluid), Packard.

qmamﬁ‘uad imidazoline and nonimidazoline t-adrenergic agents alglums

Anwnileail ;

Imidazoline agents Clonidine {Ot;-adrenergic partial agonist)
ldazoxan ((t,-adrenergic antagonist)
Antazoline {devoid of Q,-adrenergic activity)
Tolazoline {a;-adrenergic antagonist)

Non-imidazoline agent Yohimbine (Ct,-adrenergic antagonist)
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HAanN1INaaod

1. AN D AVDIANTANA CDS

INNIIAN® CDS TINFUDINY 5 auaIWUIIALady CDS activity Uszame
7.71 £ 1.963 unit/g wet weight tissue (n=5)

ssana CDS sansn 'l8f [H]-clonidine 211 G-adrenoceptor binding site
#i cerebral cortex membrane umavIEIsEAAENNIUTGT Op-adrenoceptor binding
site uazlaf [ Hl-clonidine #18 1Cs, (Inhibitory concentration # 50%) 20.6 + 2.958 pu/ml
(n=16) FeR a3 oafiyinAL 1 unit ves CDSactivity

waNAINAENTANACDSSsmansnlafi [ Hl-idazoxan 21 porcine  kidney
coetex membrane T4l imidazoline binding site 6781 1Csq 7.724% 1.635 pl fml (n=10)
INFN 1Cs, UFAITNANTEAACDS Snuaunsnlunssud imidazoline receptor 4NN

# ap-adrenoceptor £ 2.7 1 (p<0.05) ﬁamwﬂmmlugﬂﬁ 1
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Competitive binding of CDS at alpha,-adrencceptors
on porcine cerebrai cortex membrane and at imidazoline receptor

on porcine renal cortex membrane

100 —o0— %Inhibition of{3H]clonidine
—@— %lnhibition of [3H]idazoxan
80
o
£
g
LD
;§. 60
(7]
B
g 40
£
2
K=
=
2
20
0 T T T 1
102 10" 10° 10’ 10?

[CDS] pi/s00pl .

Figure 1 Competitive binding of porcine brain methanolic CDS exiract against 1 nM of
[SH}- clonidine binding to porcine cerebral cortex membranes (0) and against 0.3 nM of
[3H]-idazoxan binding to porcine renal cortex membranes (®) Nonspecific binding was
determined in the presence of 10* M arterencl (NA) for alpha2-adrenoceptors and in
the presence of 10™ M of cirazoline for imidazoline receptors. The concentration of
CDS is expressed in Ll of extract per 500 [ assay volume. The results shown are the
mean = SEM of % inhibition of radioligand binding from 16 experiments of porcine

cerebral cortex and 10 experiments for porcine renal cortex.
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2. ANHIUAZATIVFDUAMNAINTINVBIFTIHNAA CDS Twn1nTEeh O, -

adrencceptors

LS

LY [~ o4 {
2.1 Model ﬂaﬂﬂ'l'ﬁl‘l]ﬂ'!‘ﬂaﬂln?ﬂlﬁﬂﬂﬁﬂﬂﬂ'ﬁ%ﬂ%ﬂ?ﬂ ADP

q

2.1.1 4a184 alphay,-adrencceptor agonist L5% clonidine

14 model ﬂﬁm:@j’umﬁuﬁ'mamﬂ‘%mﬁa@\wm'}msﬁﬂu alpha,-adrenoceptor
agonist LTu clonidine mmmﬁma‘%mﬂﬁf 189 1 UM adenosine diphosphate (ADP) 1
msnszdumsiuimasniaiien Fadunaldsafinnududu 3x107-10° M clonidine
Na‘l‘ifgnﬂ’uﬁtﬂﬁimﬂ alpha,-adrenoceptor antagonist L yohimbine Laasinilunivaan
QNBANw alphay-adrenoceptors #ARENIARACDS FulamsTuiuvesniaiendsasedny

N1l clonidine

EﬂﬁZ uandfly clonidine mmmaat.a%mm?? 284 adenosine diphosphate (ADP) 11UM
lumInszdumsiudinauniaidan Fanm Ly concentration-dependent

Clonidine §wiaiia’laifl ADP nazdu azliAunademssudinaaniaidea(lilduans
lunsw)
gﬂﬁ 3 uaesimamInszdumsdudivenniaiealay  clonidine Qnﬁuﬂgﬂﬁﬁm

alphay-adrenoceptor antagonist (10° M) yohimbine

24



Effect of clonidine on

ADP {1 pM)-induced platelet ‘aggregation

300
. i 3 ADP(1 M)
5 EIEE Clonidine(3x107 M)
= o
w O +ADP(1pM)
o 2004 - 8
2 B Clonidine(10™M)
g g +ADP(1uM)
€2
s 2 100
E el
R
0

Compounds (mol/f)

Figure 2 The potentiation effect of clonidine on ADP-induced human platelet
aggregation. Platelet-rich plasma (PRP} was preincubated with clonidine (3)(10'7 or 10°
M) 1 min before addition of 1 AM ADP, in a final assay volume of 250 LLl.

The effect of clonidine stimulation is shown as percentage of 1 UM ADP

response. The value shown are mean * SEM (n=14).

a . represents statistical significant difference from the effect of 1 LLM ADP stimulation
at p<0.05.
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Effect of yohimbine on clonidine potentiated ADP-induced

platelet aggregation

3001
Clon(3x10"M)+ADP(1uM)

BREE Clon(10M)+ADP (1uM)

=R Y (10M)+Clon
(3x107"My+ ADP (1uM)

B Y (10°%M)+ Clon(10%M)
+ADP(1uM)

% Maximum of light
transmission

Compounds (mole/l)

Figure 3 Effects of alphaZ-adrenoceplor antagonist, yohimbine (104i M} on clonidine
potentiated ADP-induced human platelet aggregation. Platelet-rich plasma (PRP) were
preincubated with or without yohimbine (10'6 M) 2 min before addition of clonidine
(3x10" or 10° M) 3 min prior to the addition of 1 LM ADP,

The effect of clonidine and/or yohimbine are shown as percentage of 1 UM
ADP response. The value shown are mean 1 SEM (n=14).
* . represents statistical difference from the effect of clonidine (‘10'6 M} +1 UM ADP

stimulation in the absence of yohimbine at p<0.05.
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212 wausd clonidine-displacing substance §anS3UAIVAIATALRIANDNNTEAY

@18l ADP

Hfiudeangu3ne 8 au ugsienaieuog platelet count PlElunsnanes 2.96 +
0.37x 1077

gsan@ CDS (0.02 unit) lapfwslinmindausdanisnazduinioifas L liainia
\RaagnnIEduaIn ADP 1 UM ssana CDS (1.25x1 0 — 0.02 unit) manTnduLInTTEy
sruaansadanls ludnwueAtuiunnuuds (concentration-dependent) Haazifisld
Fof CDS 0.02 unit Feduislduszanm 50% WafiwuiuADP nazdulagi iy dausag
lugﬂﬁ 4 Lm:wamaaCDSlumﬁmihmﬁuﬁ‘wmm%mﬁawﬁgﬂm:@j’uﬁw ADP ﬁl"l,ajgn
Lﬂﬁﬂuuﬂaaﬁau alpha,-adrenoceptor antagonist (10-6 M yohimbine) (yohimbine laiflwna
domsnszduiniaidaalonasaulaudimiaiell ADP) usasin cDs lldaengnt

[V v ] A . [ d
U lanEw alphay-adrenoceptor uaLiwn nonadrenoceptor site mLLﬁmiugﬂ‘ﬁ 5
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Effect of CDS extract on ADP(1 pjLM)-induced platelet aggregation

150+

ADP1uM
:E BT CDS125X10%+ADP1PM
2 100, ® CDS2.5x10°U+ADP1uM
B =
g 2 m CDS 0.005U+ADP1uM
g ?, 1 CDS 0.01U+ADP1uM
‘é 8 50l [T CDS 0.02U+ADP 1M
o

S

0

Q\.
‘,9

Compounds (Unit/250 pl)

Figure 4 The effect of CDS extract on ADP-induced platelet aggregation. Human
platelet-rich ptasma (PRP) was preincubated for 1 min in aggregometer prior to the
addition of 1 UM ADP. PRP was then incubated with various concentration of CDS
(units/2501 assay volume) for 1 min prior to addition of 1 WM ADP in 250 Ul assay.

The effect of CDS inhibition is shown as’ percentage of 1 UM ADP response.
The values shown are mean + SEM (n=8).

*: represents statistical difference from the effect of 1 UM ADP stimulation at p

<0.05.
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Effect of yohimbine on CDS extract inhbited ADP (1 [LM)-induced

human platelet aggregation

3Y 10% M+ADP1uM

B Y+CDS1.25x10°U
+ADP1M

B Y+CDS2.5x10™U
+ADP1uM

. Y +CDS0.005U +ADP1uM

== Y+CDS0.01U+ADP1uM

D Y+CDS0.02U+ADP1pM

transmission

o7, Maximum of light

Compounds (Unit/250 ul)

Figure § Effect of yohimbine on the inhibitory effe.ct of CDS on ADP-induced
aggregation. Platelet-rich plasma (PRP) was incubated with yohimbine (10'6 M) 2 min
prior to the addition of CDS extract at various concentrations (units/250u!) and
incubated for further 1 min before the addition of 1 UM ADP.

The effect of yohimbine and/or CDS extract is shown as percentage of 1 UM

ADP response. The values are shown as mean = SEM from 8 experiments using

platelet-rich plasma from 8 separate blood donors.
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. . ' aw = oA v vl
2.1.3 Wawed agmatine agmatine HWadamTMziUvsNNSaRaRBIEn BT

v e 2 ] W . o ' - ™)

ANMTNTUHFINI0.1 mM Feldnanansnaen ADP 1 UM nazduathlidvdadgms
-, o ar A
and muamlugi.lﬂ 6
J e d J ] L - e » [ d

MANULAG WAYBY Harmane FswumsdaftlugiemoussuddvasesluuiAunal 1
————————— L]

G R o -~ A Bt
moldwde Output mnTmamﬂauﬂ"lmm‘umnam

Effect of agmatine on ADP (1 LIM)-induced
platelet aggregation

150~ b
) Bl Agmatine(10°°M)
g ] +ADP(1uM)
c ‘s 1004 Agmatinemo-sw
g g +ADP(1pM)
. B Agmatine(10™M)
g E N +ADP(1uM)
E kot
o\o

0

Figure 6 Effect of agmatine on ADP (1 pM}-induced human platelet aggregation.
Platelet-rich plasma {(FRP) was preincubated with various concentration of agmatine 1
min before the addition of 1 UM ADP, in a final assay volume of 250 L.

The effect of agmatine is shown as percentage of 1 [\M ADP response.

The values shown are mean = SEM (n=10),
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(n=5)

Namiﬂs:@uma&mmﬁmﬁaﬁ idazoxan (10° M) Wi idazoxan laimansnudou
wilainaTaIaI®Ne CDS ﬁﬁ@iamw@ﬁma:wiaﬁwﬁwL%ﬂﬁgﬂns:ﬁuﬁmnsnﬂw“ﬂw (31
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"L@Tﬁﬁmimaauﬁmi@u@uamaammﬁ@ CDS 69 clonidine ﬁma@mlugﬂ 10 clonidine &9
AIUFRINSHUGIMIRATIvasriavi e ld 100% Aarudutu 3x10° M atelsfiaw
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)
afia CDS 1.7 units/ml (pD, 8.27 £ 0.12, n=5) DafibdAtyn19aiian p<0.05
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Figure 7 The cumulative concentration response curves of clonidine ( O ) and

clonidine in the presence of 10° M idazoxan ( ® ) against electrically-evoked
contractions of prostatic segments of the rat isolated vas deferens. Contractions were
elicited by transmural electrical stimulation (0.5 ms duration, 0.005 Hz, 70 volts) and
had equilibrated before adding the drugs. Contractile response in the presence of the
agonists have been calculated as a percentage of a reéponse in the absence of the

agonist and expressed as the mean £ SEM of 2-4 separate experiments.
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Figure 9 Cumulative concentration response curves of brain methanolic CDS extract in

the absence { O ) and presence ( ® ) of 10° M idazoxan against electricaily-evoked
contractions of prostatic segment of the rat isolated vas deferens. Contractions were
elicited by transmural electrical stimulation {0.5 ms duration, 0.005 Hz, 70 volts) and
had equilibrated before adding the antagonist and the extract. Contractile responses in
the presence of the extract have been calculated as a percentage of the controi
response (before adding the antagonist or the extract) and are expressed as the mean
+ SEM of 2-3 separate experiments for the extract in the presence of idazoxan and 5
separate experiments for the brain extract.

* represents statistical difference from the control contractile response at p<0.05.
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Figure 10 The cumulative concentration response curves of clonidine ( O ) and
clonidine in the presence of (1.7 units/ml) methanolic brain CDS extract ( O ) against
electrically-evoked contractions of prostatic segment of the rat isolated vas deferens.
Contractions were elicited by transmural electrical stimulation (0.5 ms duration, 0.005
Hz, 70 volts) and had equilibrated before adding the drug or the extract. Coniractile
responses in the presence of the agonist have been calculated as a percentage of the

control response (before adding the drug or the extract) and are expressed as the

mean £ SEM of 4-6 separate experiments,
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3. WaTaIRIRNA CDS lun1nsz@u imidazoline receptor

ng . . . & = = Iy . .

ﬂ’li?lﬂisﬂﬂ’i‘i@ﬂﬂt]“ﬂﬂaw’li imidazoline & s5iw3a il adrenergic actvity W& non-
imidazoline adrenergic agents 1% M3INTZ¢1 human platelet Wuin m‘sﬁﬁgmﬂmaa‘%ﬁa
\flu imidazoline 154 clonidine, antazoline, tolazoline Hgmaudalunisnszduiniaiiont

, , ~ o L= .. . ~ .
uwanensa N adrenergic agent figaslassasnaliiiu imidazoline Geanuuanssibiuns
A1IMANURINTAUBY imidazoline compound FIRINNSONTZAY imidazoline receptor 1
[ =)

in3aLian

3.1 Wausdimidazoline agents and non-imidazoline c-adrenergic agents §an13IuNK

PP INIALABANONNTE UG8 noradrenaline

PNMISANMINSzguinIntaaadiuNoradrenaline 10°-10" M Iédaniinnudu
Tu 4 uM %uﬂumwm’i’;’uﬁuﬁm;mﬁns:@\?umﬁuﬁwaam%mé’amiﬂﬂhjﬁ reversible
phase Lﬁaamn@?’aamsgwﬂuudﬁuE?amﬁuﬁ’umaam%mﬁa@ delwdnmsiUSaunas
legaian

m‘smaaaﬁwu*ﬁwm‘sﬁﬁgm’[ﬂsaﬁ%ﬁaLﬁu imidazoline lai1azi agonist activity (1%
clonidine, tolazoline), antagonist activity (LT idazoxan)“t»ﬁ‘avl.&iﬁ activity “ﬁ o-
adrenoceptor (V% antazoline) ﬂnﬁqmmmﬂ'ﬂﬂt&mﬁuﬁwaal,ﬂ%l,ﬁamﬁgﬂﬂ's:@juﬁm

noradrenaline @3u&adlu3L11 Waze inhibitory concentration (ICsg) A96:15191

Drug 1Cso[M]
Imidazoline agents clonidine s 456x10"
ldazoxan 4.21x10"
Antazoline 2.85x10"
Tolazoline 1.64x10°
. . . 7
Non- Imidazoline agents Yohimbine 3.40x10

Table1 Potencies of imidazoline agents and non-imidazoline t-adrenergic agent in
inhibiting human platelet aggregation induced by noradrenaline 4 [UIM. Each value

indicated the mean of ICs, from 5 experiments.
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Figure 11 Concentration-effect curves of imidazoline and non-imidazoline ((-adrenergic

agents on noradrenaline (4 WUM)-induced human platelet aggregation. The effects
shown were percent of control response of maximum stimulation by noradrenaline

alone-induced aggregation. Values shown are mean * SEM of 5 experiments.
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§19ua4 potency LunmsdudinmsIuAuvaInIndanfinnnszgudiuNoradrenaline

A8 idazoxan >ychimbine>clonidine>antazoline>tolazoline
¢§ :I‘d o [ . . . i . . A

ldazoxan Eﬁ&Liﬁlumiﬂugj@l‘i‘[ﬂ‘NaﬁéLﬂu imidazoline potent N1 yohimbine 918w

0tz-adrenoceptor antagonist 10 1111 Tunsduds noradrenaline lumsnszduwniaidan
. 8« . . = [N 2

Antazoline @4l imidazoline  compound LLa:vLaJqumawmmi:@;u -

adrenoceptor AMNINALIIMITUNUDDILNIALRAANDNNSZ AU Noradrenaline 1t

- o . o W ¢ £ ,
N LRAII7 imidazoline compound fTWRADA Iﬂﬂaaﬂﬂ‘ﬂﬁmu imidazoline receptor

3.2 Wavad clonidine-displacing substance (CDS) #ianis3uAuyadLnIaLaaanannseu

@78 noradrenaline

msana CDS lawdislidnademsdusamssuiuwraaniaiion udazduduile
\nSaLaan Qnnszduwd e Noradrenaline (4 [LM) ﬁauamlugﬂm WA NT U IRNT
aﬁ@ﬁlﬁ’aﬂﬂgamﬂ Hud 0.25 unit mmsmé’u&mﬁuﬁ'maom%mﬁa@ﬁgnni:@j‘”uﬁm
Noradrenaline 'l# 40%
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Figure 12 The effects of clonidine-displacing substance (CDS) extract, a putative
endogencus ligand al imidazoline receptor, on noradrenaline {4 WM)-induced human
platelet aggregation. The effects shown were percent of control response of maximum
stimulation by-noradrenaiine alone-induced aggregation. Values shown are mean *
SEM of 5 experiments.

* represents significant difference from noradrenaline-induced human platelet

aggregation at p<0.05.
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3.3 Wa18d imidazoline agents and non-imidazoline Ot-adrenergic agents §an153UNW

PpanSaRaannnnszaual ADP

Imidazoline agents nﬂﬁ'ﬂ@lﬂé’]ﬁd"l,aifma@iaﬂﬁ%’uﬁ‘wuaam%mﬁa@ LL@ﬁLﬁﬂﬂi:W:u
78 ADP (4 UM) imidazoline agents ﬂﬂﬁﬁﬂﬂ&ﬂﬂ’HﬁMﬁﬁﬂdﬁ 10° M liusnanadud
wialssumsiuAuenniaian dananalusi1s
Clonidine @1l partial agonist i 0O.,-adrenoceptor ﬁﬂ’amu’ﬁ’aﬁug&?\d‘loé M 99
mewma‘%ymﬁuﬁummm%mﬁamﬁgﬂm:ﬁuﬁw ADP ﬁ‘af:eﬁaamnﬁ'sm:ﬁuﬁa ADP
AlFanudiviu 4 pM Sonrzduiaiumssuiuasiniafonls Taolaill reversible phase
%ﬂtﬁauﬁamﬁ{fuﬁ'sgaqwumm%m‘?a"amlué’aamufﬁammulmg FILFAIHBLEIUNITTUY
’uaqm%mﬁamﬁmwmﬁuﬁuﬁauﬁwga
Imidazoline agents ﬁaﬁuﬁammﬁ’uﬁugwmcﬂ 10° - 10™ M waasuaduismsiu
ﬁ‘waun%mﬁamﬁgﬂﬂs:éjuﬁ’m ADP (A9 20% 189 ADP Lﬁ@ﬂiz@j’%l@mé’lﬁd AIUHE

Ypigsane CDS @iamﬁuﬁ'wmm%mﬁaﬂﬁgﬂﬂi:ﬁu@i’m ADP @3luiata 2.1.2
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Figure 13 Concentration-effect curves of imidazoline and non-imidazoline Cl-adrenergic
agents on ADP (4 UM)-induced human platelet aggregation. The effects shown were
percent of control response of maximum stimulation by ADP alone-induced aggregation.
Values shown are mean * SEM of 5 experiments.

* represents statistical significant difference from ADP alone-induced human

platelet aggregation at p<0.05.

4]



F=Y 3
UNII7tH

Iﬂ‘iamfﬁﬂiﬁﬁ;ﬂﬂi:ﬁﬁﬁﬁﬁ]:ﬁﬁ@’m‘i clonidine-displacing substance (CDS)
wazansanuinlilldvesmsinniumssssumalusrone (endogenous substance)
Imyﬁnmqmawﬁ’@“\uazmiaanqw%‘maamﬁﬁ CDS gnanainaueddin cerebral cortex
logauluglFanaimy Laﬁmsmaaamaahuﬁauwﬁhﬂ@’iﬁ’auaﬁalumsaﬁ'@%awmwﬁ
CDS activity 1i1 Aimasny wazfifafininAaliiunmuile cerebral cortex T 1 suasann
niwy fhldaiams ops IdlulBunnwnnnit wdszpzdoanwuinafivdieisaue
Prautsduinniniuauamy dosnndaafivluannmefin nuddelulasinsias
Idanaangilunan

mnmsiassia  CDS ﬁqmaw‘“ﬁlumﬂéﬁ CHl-clonidine  #i8UAY oty
adrenoceptor ‘71' porcine cerebral cortex membrane ﬁ’llﬁ'l,%avlﬁ’hﬁms cDs ‘i.l'i’mga%ﬂu
aUBINY wonNAmsana CDS H33uiy imidazoline receptor 1uf porcine kidney
cortex CDS 39a1atdlu endogenous ligand ﬁ receptor site f:%dm‘iaﬁ'@ CDS & binding
affinity # imidazoline receptor (IR) mﬂﬂ’j’lﬁaz—adrenoceptor LﬁuLﬁUaﬁnqmau%maa
aIana COSNANGS singh’' @sltasannananasta

UNUMIBIFSAna CDS # O-adrenaceptor 1% model POINTTAUMTILNY
PagindaLRsaiunanenann clonidine Faiflu partial agonist #i o,-adrenoceptor F13aRA
CcDS lﬁmﬂ'vﬁ"‘amsquumﬁuﬁ‘wa&m%mﬁa@ﬁgnﬂs:ﬁuﬁm ADP @dlildiAnan
MInsza% Qp-adrenoceptor ATITNALNRYEY clonidine LLQSHaﬂ"ISEJ’a‘Uﬁ’@]‘Nﬁ'mﬁUHEjN
203 Atlas” Ferilenanziinen Teawudrasaia CDS nsx@uﬂjﬁuﬁumadm%mﬁa@
Lﬁagnns:@juﬁw ADP Lﬂuﬁmﬁm'}ﬁﬂmnéuﬁﬁwu activity 789 CDS # Ol
adrenoceptor 3901 UulU1698  catecholamine  Yunnluansanavinldvinliznanse

N3¥6u Clp-adrenoceptors 16 ag19lsfimunasnnuudslinynenududuniseanand

2YBIRIRNAT (l,-adrenoceptors an
MIANBIVNLNNLDIEINTRNA CDS N prejunctional of,-adrenoceptor )

prostatic end uedripdiTaTEINY WUNATBIETIANRALWLLL biphasic Aafiennuiti

@

u@‘i'}ﬁﬂ&m?ﬂﬂﬁ’wﬁmﬁmﬁu clonidine ﬁ%{itﬂu CL,-adrenoceptor agonist LL@i"?iﬂ’nm’}TaJ
ﬁugdﬁuﬂﬁumzifuiﬁmﬁw contractile response 4 action f?l;ﬂﬁ'ahumsns:t{?u Ol,-
adrenoceptor LWz idazoxan %dtﬂu CL,- adrenoceptor antagonist VL&]LﬂﬁﬂuLLﬂmmm N
cps walumsiudsfienuidududrlavnfaan inhibitory B-adrenoceptor %dwuagﬁ
#% prostatic end mauﬁaﬁwﬁ’néawwﬁuﬁu“ dosainlumsnaaadlals propanolol &

\w PB-adrenoceptor antagonist block NMsNsz@% receptor #ey  mInasssiuiudn

42



evidence fikaasina1sana CDS il agonist activity laaassh ol,-adrenoceptor 9 tissue
i Mudsuiwuin CDS aa potency U84 clonidine adiinias Aanaiilulilladasanaid
s . ~ A A . Aaw ow &
qmﬁmumﬂu antagonist 1 Ol-adrenoceptor %383 negative regulatory role N&TL%
athalefiaudaslin1sWgailin antagonistic effect VaImIAN®A CDS # selective 71 ot,-
adrenoceptor wiald Tavvihnmananasdelulaols non-adrenergic agent PimaduoIns
v v e A& . e ' = .. . A3 o
Wﬂmwad‘ﬂErmml,%amaww“ﬁunu v enkephalin dr91ilw opioid agonist UAIQHAVDY
FIANACDS wIN® WD shift enkephalin concentration curve T ldmuinnaas
@ il . = s &£ d
11 antagonistic effect VadENTRNA CDS i selective w3ail ldaannnEanzianzaef
O,-~adrenoceptor
Fanuf - asaia CDS 2:3UfY Ol-adrenoceptor WAEY MIWULMUINT
I . A ' A a5 o [ VA A [
\ilu agonist 1 Of-adrenoceptor atnINupFINEY L 10 ndll AlmIARAIRNS
Jd a ;u il . Q- A' J =) 1 = dl
endogenous CDS # fatuildalainy evidence SuUFRGUNATUEN CDS JUNnunn O,
o a o 13,42
adrenoceptor aafilasiiTnawliiietl 1986-87
aw g = BN @ P . g . . as o~
IUWIRVUWLNDILUIIAIIRNG CDS RIUTOUNUN clonidine binding WazIUN
Ol-adrenoceptors 16 ¢ biological activity 7 sites & L/ l@AUUUUL clonidine &%
. A ' v A & . Qs PRrVP 0
agmatine F9iTownawniRiniu active compound 194813RNA CDS I8N
21
)

AvbubuIunARNWuEIReuninil (Pinthong ef al, 1995)° -infeliwy action 289

'
=l

agmatine #i (L,-adrenoceptors 1 tissue Audn aatll agmatinelusnazifudunuvas
fCDS A4udd1 agmatine 2FINNIATUAL  Ol-adrenoceptors WA bIWU  functional

Y Y 1
activity ©1 site 1

FUUNUNUDIRITANA CDS ‘?‘i imidazoline receptor 1fu W‘i_l’i’m']‘sﬁm‘mﬁ'ﬂ
ir’uﬂy'am'sns:?j’umﬁnﬁ’wmm%mﬁamﬁgnns:c-j’uﬁm ADP ﬁ?mﬂum‘sni:@fuﬁsi'\uma
non-adrenoceptor site  AIRSBIIRT auﬁﬁﬂﬁaﬁ'vagm'}wu imidazoline receptor 1
human platelet membrane”’

mnmiﬁﬂmmiaaﬂqvﬁfmmmﬁ imidazoline Lgs non-imidazoline
adrenergic agents lun1IN3zqu human platelet isunumsana CDS Wui m‘sﬁ'ﬁgm
Tasaaadu imidazoline 1ou clonidine, antazoline, tolazoline ﬁqmawﬂﬁlumsnsz@u
m%mﬁé}ﬂﬁmﬁm@hamn adrenergic agent ﬁg{@lﬂﬂﬁdﬁ%”lﬂmﬂu imidazoline G'Iiidm'ml,mﬂ
@i’wiﬂuwammﬂmmmmmmaa imidazoline compound ﬁmm‘mm:@ju imidazoline
receptor N3AIRBN ﬂavlmmzﬁfﬂﬁ'lﬁ'cy’uaenwm:@ju imidazoline receptor in3aldaad
A loaniusruudugfidesiinmdaly annsdnsiiuanslwifiudt non-adrenoceptor
imidazoline binding site fiunundanisiuAkealniafen

43



MsAWUTN imidazoline receptor JUNUIMANIALE 1aTIRaUAIINR
qmamﬁmaa clonidine ‘ﬁLﬂu partial agonist f'?i Ol,-adrenoceptor fam clonidine 144l
nagamsTuiwtenniadenwiofifuainienluome?l  oradrenergic  agonist  LTw
noradrenaline/adrenaline nszdun133uAUBBINTALAEA UG clonidine ndufudinissuiu
maam%m‘é'amﬁgﬂﬂswj’uﬁw noradrenaline tfasan  clonidine sansniulang 2
receptor Nﬂﬁtﬁ%ffﬂ&mﬁﬂﬁ’%ﬂam%mLaa@ﬁgﬂm:ﬁuﬁw noradrenaline a1aLANAIN
MIN3zdu imidazoline receptor FauRfuiuusrng receptor fininIaidon’ atnglsh
MAAIT IR INA&BIAE imidazoline agent ﬁmmmmndwﬂmumww:ﬁﬁqmamﬁl
fid1LwIza13968 imidazoline receptor W¥insia uazisean activity i OL,- adrenoceptor
Taywnlumsfinunamsaiiaves imidazoline receptor #9 receptor 113783 dnaglu cell
w3a ftissue L@uINU Hawfazlinuanddmandsinmenaiy udans imidazoline fwulu
ﬂaqﬁua&’ml%uja:é’uu,a:m::ﬁuvlﬁﬁ”’a 2 receptor MTW@HY ligand #1 selective do
imidazoline receptor srtaeltuonununuasdIiuns 2 aniwlasaian

Lﬁaamnqﬂaﬁﬂlumsm‘%wmsaﬁ'@lﬁﬁmwLﬁwﬁuga B aswasasanad
1l umnenesiinmnauas CDS damssununes platelet Sesiautnaian Hauah 0.25
unit auﬁuwamsﬂ’uﬁamﬁuﬁ‘maam%mﬁa@ﬁniz@}uﬁm noradrenaline 16l 40% UG
mﬂﬁmwmﬂ’wﬂ’uﬁgﬁfu W% %39 1-10 Unit tivees ldifinnsiusimssuiuusania
\Sanlaaaysol (100%)

n3ifie spontaneous platelet aggregation 83w ldlunisnassslanlfides
madgﬂwﬁtﬂﬂﬁmﬁmﬁ’mé’m’é‘aa@Lﬁmﬁ”ﬂw"%atﬁmauao (cardiovascular and
cerebrovascular disease)44 LLa:ﬂ’ﬁﬁWU cos lu serum12 uazlw human plasma45 LRGN
i1 ¢cDs EmlLﬂumiﬁﬁluéwamﬂLm:ﬁwmwluﬂ'ﬁﬁu&mﬁuf'quaam%mﬁamﬁagn
n3zduA18 noradrenaline waNaNkMSsH imidazoline compound sensitive 68 NSNIZ6H
18 noradrenaline AN ADP waasd mswanitanafiunmmlunisinswiedlann
m’;xﬁmgmaaﬂﬁmmvhgwia catecholamine (platelet hyperreactivity) Was CDS 813
[Humssssumalusremoisiedasiunneil

Tgmlumsdnmgosuddmandsingvasasaiadsilavasunada
mwﬁ”'u@auflumnmnlﬁ”lﬁ’mm‘%&;m%ﬁﬁu U HPLC dagvimsanalutSanmann
Wasidaun fraction paninuddIuniidailiEniunaseuw CDS  activity lunn
fraction 71w ldssUiumtoonn huniflazldnaaoy functional activity sawnisle
crude extract ﬁﬁﬂrym?\aawﬁms‘é‘u‘éﬂﬂmnﬁaﬂuagﬁﬁw%&awsumumsﬁmmadmi
NAREY ﬁaﬁ?umiﬁumgm‘[maaﬁ”wmomﬁmaam‘sﬁwﬁfylummﬁ@ Fanailunuiidas

=

furn Douieslnguiduduldiaue Agmatine uaz Harmane u@Lila®nsn biological

]

activity WEIWLTIENUONGI9IINTIIRNG CDS

44



I@Uﬁgﬂeﬂ%ﬁi&ﬁ%lﬁtﬁ%diﬂﬁaanqw%fmaamsaﬁ'@ CDS whazfigadasny
mMsAszqw imidazoline receptor '«irmaq@lfs"uﬁuﬁwm’]aﬁﬁg‘gmﬂﬂsm{mﬂu imidazoline
funinnlumssanuaulafialapan sympathetic outflow aelumazfisl sympathetic
activity gaa:t,ﬁm"ﬂ’aéﬁ'um's:ﬁﬁ excess catecholamine’ @9azloslld snsiRuaanueu
Tafia n1snasUaILFULEaN mﬁr}s:@j’umwﬁa renin-angiotensin 9713 catecholamine
ﬁga%:ﬂi:@i’% platelet hyperaggregabilityﬁ LLa:LﬁaJ blood viscasity mnmuﬁ%’uﬁwudw
ﬂﬁﬁlﬁﬂ’lﬂ@ﬂ’;’lﬁﬁ%ﬁﬁ@lﬁﬂ% imidazoline compound L% clonidine, moxonidine,
rimenidine  wanaNTIsanNNARlaFaudazling lnissulunissamsnszdumsiviu
waainSeden TIertinandarIAEsasnAe myocardial infarction WAz stroke Tugf
thuemueaulsfageld

ﬂﬂqﬁ'mmﬁﬂahulmyja:tﬂumsﬁnmﬁ imidazoline receptor WNNINA
cps  ifesnngaslasssinavesmsadgdilinumisa  suwddbluswinaiaady
imidazoline receptor I@mmww:lml,dmsaamm?im:mamsm:ﬁuﬁ receptor m:&iuﬁuﬁ 3
TULRERAE 1)sruuanuaulaialan I, receptor, 2)lsaanufiadnduesszuulszan
FIUNRTY bTU Iiﬂs‘ﬁwLﬂ§14D{depression) WAz Alzheimer's type dementia, Parkinson’s
disease48 I@mﬁmﬁb I, receptor W1 site ﬁﬁagﬁ binding domain 284 monoamine
oxidaseB" LLa:ﬁ outer membrane U84 mitochondria’ %aamﬁuwmﬂlumsmuqu
activity °uaaﬁﬂmﬁﬁéﬁaﬁnﬁ'cylumsmuquﬂ‘%mm catecholamine luanas, 3) mInszeu

(-l

ﬂ‘d . . . &t A dyﬁ' o
M3#WA3 insulin 90 pancreatic B-cell lan Nzt I receptor HnguIsuililinnuaula

9

Tuseuud 2 usz 3 LTUNY

45



%) L =
Wiadaa19De

1.

10.

11.

12.

Kobinger W. Central Ol-adrenergic system as targets for hypertensive drugs. Rev
Physicl Biochem Pharmacol 1978; 81 :30-100.

Bousquet P., Feldmen J., Schwart J. Central cardiovascular effects of alpha-
adrenergic drugs : differences between catecholamines and imidazolines, J
Pharmacol Exp ther 1984; 230 ; 232-6

Ernsberger P, Meeley MP, MannJJ, Reis DJ. Clonidine binds to imidazole binding
site as well as alpha2-adrenoceptor in the ventrolateral meddula. Eur J Pharmacol
1987; 134 :1-13

Emsberger P, Giuliano R, Willette RN, Granata AR, Reis DJ. Hypotensive action of
clonidine analogues correlates with binding affinity at imidazole and not -
adrenocepiors in the rostral ventrolateral medulla. J Hypertension 1988; 6[Suppl.]
:8554-7.

Langin D, Lafontan M. [3H]-idazoxan binding at non o,-adrenccepiors in rabbit
adipocyte membranes. Eur J Pharmacol 1989; 159 : 199-203.

Vigne P, Lazdunski M, Frelin C. Guanabenz, guanochior,‘ guanoxan and idazoxan
bind with high affinity to non-adrenergic sites in pig kidney membranes Eur J
Pharmacol 1989; 160 : 295-8.

Atlas D, Burstein Y. Isolation of endogenous clonidine displacing substance from rat
brain. FEBS Lett. 1984a;170 : 387-91.

Aflas D, Burstein Y. Isolation and partial purification of a_ clonidine displacing
endogenous brain substance. Eur J Biochem.1984b; 144 : 287-93.

Ernsberger P, Meeley MP, Reis DJ. An endogenous substance with clonidine-like
properties . selective binding to imidazole sites in the ventrolateral medulla. Brain
Res. 1988; 441 : 309-18.

Hensley ML, Meeley MP, McCauley PM, Ernsberger P, Reis DJ. Clonidine-
displacing substance is present in peripheral tissues of the rat. Am J Hypertension
1989; 2 : 917-9.

Synetos D, Manoclopous VG, Atlas D, Synetos EP. Human plasma-derived material
with clonidine displacing substance (CDS)-like properties contracts the isolated rat
aorta. J Auton Pharmacol 1991; 11 : 343-51.

Meeley MP, Hensley ML, Ernsberger P, Felsen D, Reis DJ. Evidence for a bioactive
clonidine-displacing substance in peripheral tissue and serum. Biochem Pharmacol.

1982; 44 ; 733-40.

46



13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Diamant S, Atlas D. An endogenous brain substance, CDS (clonidine-displacing
substance, inhibit the twitch response of rat vas deferens. Biochem Biophys Res
Commun 1986; 134 :184-90.

Felsen D, Meeley, MP, Reis DJ. Clonidine displacing substance is biologically
aclive on smooth muscle. Eur J Pharmacol. 1987, 142 : 453-5.

Regunathan 8, Meeley, MP, Reis DJ. Clonidine-displacing substance from bovine
brain binds to imidazoline receptors and releases catecholamines in adrenal
chromaffin cells.J Pharmacol Exp Ther. 1991; 40 : 884-8.

Meeley MP, Ernsberger PR, Granata AR, Reis DL. An endogenous clonidine-
displacing substance from bovine brain : receptor binding and hypotensive actions
in the ventrolateral medulla. Life Sci. 1987, 38 : 1119-26.

Aflas D, Diamant S, Fales HM, Pannell L. The brain's own clonidine : Purification
and characterization of endogenous clonidine-displacing substance from brain. J
Cardiovas. Pharmacoi. 1987; 10 (suppl.12) : $122-7.

Li G, Regunathan S, Barrow CJ, Eshraghi J, Cooper R, Reis DJ. Agmatine : an
endogenous clonidine-displacing substance in the brain. Science 1994; 263 : 966-9.
Reis DJ, Regunathan S. Agmatine . an endogenous figand at imidazoline receptors
is a novel neurotransmitter. Annals New York Acad Sciences 1999; 881 :65-80.

Sun MK, Regunathan S, Reis DJ. Cardiovascular responses to agmatine, a
clonidine-displacing substance, in anesthetized rat. Clin. Exp.Hypertension 1995; 17
: 115-28. .

Pinthong D, Wright IK, Hanmer C, Kendall DA, Vincent VG. Agmatine recognizes
alpha2-adrenoceptor binding site but neither activates nor inhibits alpha2-
adrenoceptor. Naunyn-Schmiedeberg’s Arch Pharmacol. 1995; 351 : 10-16.

Piletz J.E, Chikkala DN, Ernsberger P. Comparison of the properties of agmatine
and endogenous clonidine-displacing substance at imidazoline and alpha2-
adrenergic receptors. J. Pharmacol. Exp. Ther. 1995; 272 : 581-7.

Hudson AL. Harmane, norharmane and tetrahydro [3-carboline have high affinity for
rat imidazoline binding sites. Br.J.Pharmacol. 1999;126 : 2P

Musgrave F, Badoer E. Harmane produces hypotension foliowing microinjection into
the RLVM: possible role of |, -imidazoline receptors. Br.J.Pharmacol. 2000;

129:1057-59.

47



25.

26.

27.

28.

29.

30

31

32.

33.

34.

35.

MacKinnon AC, Brown CM, Spedding M, Kilpatrik AT, [SH]—Idazoxan binds with high
affinity to two sites on hamster adipocytes . an oy-adrenoceptor and a non-
adrenoceptor sites. Br J Pharmacol. 1989; 98 : 1143-50.

Ernsberger PR, Westbrook KL, Christen MO, Schafer SG. A second generation of
centrally acting antihypertensive agents act on putative l;-imidazoline receptors. J
Cardiovascular Pharmacol. 1992; {suppl.4] : $1-10.

Piletz J.E, Slettens K. Non-adrenergic imidazoline binding sites on human platelets.
J. Pharmacol. Exp. Ther. 1993; 267: 1493-1502.

Regunathan S, Feinstein DL, Reis DJ. Expression of non-adrenergic imidazoline
sites in rat cerebral cortical astrocytes. J Neurosci Res. 1993; 34 : 681-8.

Olmos G, Alemany R, Escriba PV, Garcia-Sevilla JA. The effects of chronic
imidazoline drug {reatment on glial fibrillary acidic protein concentrations in rat brain.
Br J Pharmacol. 1994; 111 : 997-1002.

Morgan NG, Chan SLF, Brown CA, Tsoli E. Characterization of imidazoline binding
site involved in regulation of insulin secretion. Ann N Y Acad Sci. 1995; 763 : 361-
73.

Olmos G, Kulkani RN, Hagque M, MacDermont J. Imidazolines stimulate release of
insutin from RIN-5AH cells independently from imidazoline |y and |, receptors. Eur J
Pharmacol.1994; 262 : 41-8.

Morgan G, Chan SLF, Moutada M, Monk LK, Ramsden A. Imidazolines and
pancreatic hormone secretion. Annals New York Acad Sciemces 1999; 881 :217-
228.

Regunathan S, Meeley MP, Reis DJ. Expression of non-adrenergic imidazoline sites
in chromaffin cells and mitochondrial membrane of bovine adrenal medulla.
Biochem Pharmacol. 1993; 45 : 1667-75.

Molderings GJ, Moura D, Fink K, Bonish H, Gothert M. Binding of [SH]-cIonidine to
l;-imidazoline sites in bovine adrenal medullary membranes. Naunyn-Schmied Arch
Pharmacol. 1993; 348 : 70-6.

Ernsberger P, Giuliano R, Willette RN, Reis DJ. Role of imidazole receptors in the
vasodepressor response to clonidine analog, in the rostral ventrolateral medulla. J

Pharmacol Exp Ther. 1990; 253 : 408-18.

48



36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

Ernsberger P, Damon TH, Graff M, Schafer SG, Christen O. Moxonidine, a centrally
acting antihypertensive ageni, is a selective ligand for |; -imidazoline sites. J
Pharmacol Exp Ther. 1993; 264 : 172-82.

Ohara-Imaizumi M, Kumakura K. Effects of imidazoline compounds on
catecholamine release in adrenal chromaffin cells. Cell Mol Neurobiol. 1992: 12 :
273-83.

Chan SLF. Role of (t,-adrenoceptors and imidazoline binding sites in the control of
insulin secretion. Clin Sci. 1993; 85 : 671-7.

Moldering GJ, Gothert M. Inhibitory presynapic imidazoline receptors on
sympathetic nerves in the rabbit aorta differ from |; and l-imidazoline binding sites.
Naunyn-Schmied Arch Pharmacol. 1995; 351 : 507-16.

Halaris, A., Zhu, H., Feng, Y. and Piletz, J.E. (1999). Plasma agmatine and platelet
imidazoline receptors in depression. Annals New York Academy of Sciences, 881:
445-51.

Singh G, Hussain JF, MacKinnon A, Brown CM, Kendall DA, Wilson VG, Evidence
for the presence of a non-catecholamine, clonidine-displacing substance in crude,
methanolic extracts of bovine brain and lung. Naunyn Schmied Arch Fharmacol.
1995; 351 : 17-26.

Diamant S, Eldor A, Atlas D. A low molecular weight brain substance interacts,
similarily to clonidine, with alpha2-adrenoceptors of human platelets. Eur J
Pharmacol. 1987; 144 . 245-55. »

MacDonald A, MacGrath JC. The distribution of adrenoceptors and other drug
receptors between the two ends of the rat vas deferens as revealed by selective
agonists and antagonists. Br J Pharmacol. 1980; 71, 445-58.

Hoogendijk EMG, Jenkins CSP, van Wik EM, Jos J, Ten Cate JW. Spontaneous
platelet aggregation in cerebrovascular disease. Thromb Haemost. 1979; 41 : 512-
22.

Synetos D. Manolopoulous VG, Atlas D, Synetos EP. Human plasma-derived
material with clonidine-displacing substance (CDS)-like properties contracts the
isolated rat aorta. J Auton Pharmacol. 1991; 11 : 343-51.

Rupp H. Excess catecholamine syndrome : pathophysiology and therapy. Annals

New York Acad Sciences 1999; 881 :430-444.

49



47. Anfossi G, Trovati M. Role of catecholamines in platelet function
Pathophysiclogical and clinical significance. Eur J Clin Invest. 1996; 26 : 353-70.

48. Ulibarri |, Soto J, Ruiz J, Ballesteros J, Jauregui JV, Meana JJ. [,-imidazoline
receptor in platelets of patients with Parkinson's disease and Alzheimer's type
dementia. Annals New York Acad Sciences 1999; 881 :199-202.

49. Raddatz R, Parini A, Laniers SM. Localization of the imidazoline binding domain on

monoamine oxidase. Mol Pharmacol. 1997; 52 : 549-53.

50



