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CARDIOVASCULAR ACTIONS AND ACTIVE CONSTITUENTS OF NERIUM 
OLEANDER L. : A COMPARATIVE STUDY WITH DIGITALIS 

ChongJwl Tiangda and f'/eena Silpa-archa 
' 

Departments of Pharmacology and Pharmacognosy , Faculty of Pharmacy 
Mahidol University, Bangkok 10400 

ABSTRACT / 

The chloroform extract of the leaf and t he bark of Nerium olean­
der L. was tested for cardiac glycosides using Liebermann Burchard test , 
Kedde's reagent and Kell er-Killiani' s test which gave positive result i n­
dicating the existence of cardiac glycosides in the extract , Furt her id­
entification of cardiac glycosides in the chloroform and a l coho l extracts 
by thin l ayer chromatography using silica gel ·G and sil ica gel GF 254 (SO: 
50) as adsorbent, ethyl acetate/methanol/H2o (75/10/7) as solvent systems 
and 50% H2so4 as sprayer showed many coloured spots, one of them had Rf 
value near reference cardiac glycos ide, oleandrin. 

The bi ological assay of cardiac glycosides in t he l eaf and t he 
bark of Nerium oleander L. by guinea-pig method according to BP 1980 
showed that total cardiac glycosides in term of oleandrin was 0 , 37 and 
0.44 per cent , respectively. The potency of cardiac gl ycosides in the 
leaf as compared to digitalis was 0,95, and in t he park was 1.14 which 
suggested that cardiac glycosides in the bark of Nerium oleander L. were 
more potent t han t hose in t he leaf and in digitalis . 

The action of cardiac glycosides in the leaf and in t he bark of 
Nerium oleander: L. on th~ right ventricular strip of guinea-pig in vitro 
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was similar to the action of digitalis, that is, they possessed cardioto­
nic action at low doses, and toxic action was produced at high doses, as 
shown by contracture. The infusion of diluted alcoholic extract into the 
vein of guinea-pig in vivo produced similar changes in the electrocardio­
gram recorded in the animal, 

(Nerium oleander L.) 

Hooper 

tti Li1uv1u;1'1H''lh (4) i1~"NtJ~1tutuua:: Lt1at1nihniitlJflru~uuPir11" Lflffoa:: L11~tr~r1t11fla1u 

cardiac glycosides 'J'lll~'1D'ln'l'Jfl~itLnfl~'lnn1'JiutJ'J::r11utudlTI~fl;,vflN\1nu (5) 

cardiac glycosides a;~~~iJlu'ludlTI~il oleandrin (folinerin) ~"i1~u;u1r1~aD\1 

Laut1 «rut1L~'JM§ UH\1'lB'J"NV1u1a1;~nM1Nan1'J~uuaa1•::~t1"~"L~D;lurllTI'lu~J'lvtr1v 2 

·nu ~lflon Lauua::!Jn1'JU'lll r1u~11fi'Na Liluffu1t1DL~ (a) ~"uafl'1~1t11~u;dlTI111'l1f'utiu 

Li1u Nerium indicum Mill.) cardiac glycosides 

flil'lu'luua:: Lt1at1ndlm10lilflilfl~Ufl'1 ntfo1'1afiv'l (Neri um oleander L.) 

~ii" BP 1sso (10) ua::LtJ~uuLflvunuN'1~~fl1~au1fl'J51u t1;t111nuH1a1'Ja;fl~ffi1'lu'luua:: 

L tJ~enOL mlillild° Ua:: L tJ=lvu L fivuqtiiffl'l \1 Lfl~tf'JtlV'l 'J::H~'l '101 TifttJ~fl 'l UtJ'l:: L tl l'l ltl VflU;;~fl'l~ ct 



'l,.,11,., 1mY11'1nu, 63 
art 7 1nurt 3,4 "·"·-0·"·2s2a 

n1~~1u~u1ru cardiac glycosides 

... 
~"~" 'l1J~ L nu..i'1"f1u L t1ti'lU~LiW1ff'Hl"r~1u Bushner f unnel ti,u'Li1ttlfl'u;u1 

L,j1 Ll'l~fl" lyophilizer .. "• " .If 
L~fl~AU1flfl0~1JUH"LUUN" 

\ 

l~'lu desiccator ~~ruHQfl~fl" (2s°C) L~fl'l~'lun1~n~~flun1"Lfii~~nu1 

Afllu 

Soxhlet 

u~~ thin-layer chromatography (TLC) 

• "• ., 1 "'l " 1'. L nuu1u1~nA • U~LUU cardiac 

glycosides ~fllu ~ 
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2.1 phytochemical screening 

A'i1~aDUD'1Rrl'i::nDun,'1LAi1~n'1a,'ia;~~~i1lu1uua::LtJ§nnd1~ 1flvl;un-

d_al moiety Liebermann Burchard test unsaturated 

lactone ring Kedde's reagent deoxysugar 

Keller-Killiani ' s test 

2 .2 thin-layer chromatography (TLC) ~D'1d1~ (lmLa:: uJ§Dna;A'u) 

digitoxin ua:: digoxin ~'10L~Dul~~\1d adsorbent : siliga gel G 

ua:: sil iga gel GF 254 'luD'A·nJ1u uh nu ; sol vent system : ethyl 

acetate/methanol/H2o (75/10/7) ; detection : Uv . 

nflanuqt1if cardiotonic action ua:: toxicity in vi t1·0 1f!v'l-tl' 

right ventricular strip ~D'1H!Afl:: un ~u,Ath::1nru 2 x 5 1J1J. uti dfD LdDlu 

U';v, Tyrode 'lu isolated organ bath ~ 35 'C ~U,fl 20 mi. ~'1i1 o2 95% 

'l ~ d tt"" "" .,.1 ... ' .I Al,lJLL'i\1 un,'iOmihfl\1'1 'il\1~:: L'lf L 1a,th ::ll,JU 30 u,fi ua1n") ::111uflD tJDn") ::v ::mN 

tJ"J ::lJ,ru 1 - 1 ,5 1f1J. ~'1~::t1;tff'A1,1JU"J\1'lun,'iiluK1afla\1tJ"J::1J,ru 40- 501. Lifnn;lt1' 

I 

ml1J 
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art 7 1~urt 3,4 n.n.-o.n,2528 

cardiac glycosides l111ut~ guinea-pig method ~•u BP 1900 (10) l111u 

1~ digitalis powder DAB 0 ~~n digitoxin 0.30 un./n. ua:: oleandrin 

L~u reference standard ~"' EKG Lead II Dynograph 

(Beckman, Type R 411) external jugular vein 

f'l~~l'fii; UUJil o. 2 ua. /1nfi l111ut'li\f'l4£>~ perfusion pump (Sage Instruments, 

lethal dose ' I f'l'lU'lCUlnf'l'l 

potency ratio 11il~ unknown/standard ua:: fiducial limit AIU BP 

1900, Appendix XIV 0 
.. . 

(mn A 160 - A 161) 

lyophiliza-

2. 1 phytochemical screening iJ1ni:f1•u1n111f'lail L'jffil.;U11il~ tuua:: Ltl~ilndlri 

n'l·n1111~ilULV1Ut1ftJ!jn~u1'11~ Lf'li'h1u11 Liebermann Burchard test 1~ 

uii.~ Kedde Is reagent 1i;i°ft1h~u111~ Lrn:: Keller-Killiani Is test 

1 fi, ~uinuff u111~~ '"N"'HJU~il., ::1111~.0uua ::i:f1 •rn ::a1 u.Ouuuflfl d1u1 ;I~ L t1ur.1au1n~~ -
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HUf1. uaf1\1~1ilsteroidal moiety, unsaturated lactone ring "": deoxy-. 
sugar L iJu~·rnth :nEU'llil\laT'ianfl 'tu 'lmL": LtJ~ilndlri 

2.2 thin-layer chromatography 

LLrl!: LtJiTi1nDlml'1u 501. H2S04 'lu LUtllUilfl tlU~'lil~flffPi1\11 ua:l;~. hRf 

~\1tJ"1'ltlDlu1tJ~ 1 ua:: 2 ~1ua;~u 

Nan'l"1nflailu cardiotonic action 

~u"ilu"1\1nuK1~~n~., control ~Eul;iuu'l CitJ~ 3) 

a1"1anfl~'lflLtJ§i1ndlri 0,05 ua. ~NaL~UU"1~0uK1UiltJU'ltl ua::L;UU1'10U 

~.1~~'18{fl Ldnltf o, 1 Ua, ( L~'lflU o, 025 1ltl, 'llil\1N\1U;pf~f1LL'1°'1/Ua ,'lliJ'1U1nu1 

t1n\1t11on o. 1 ua . n~EunuLnfl contrac-

. 1 .. 'l "" ture ua: ventr1c e HqflL~u un~fl 

(.. . "· ~ " I "· Ril 0.125 un. 'llil\lN~U'l~flflLLH\1 ua.'llil\11J'l~'l 

Tyrode H:;il 0,237 un. N'11udlriufl/ua. t1n'1u;u1 Tyrode) ~'1L~ULL"1'1 

lluK11;~\1~fl~ 246 . 8 ± $7 . 61. (n = 6) fl'l"1L~U'llU'lfl'lliJ\1tJ'l1HNaL~UL~V'lflU 

a'l"1~nR~'lnLtJ~nn ~i!Lnfl contracture ua:»•'l~HqflL~u'lu~qfl 
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TLC 'llil\l~'l"Hfni;imrn hrh>.;u"1n Ltl~ilflfl'uiu Lrn::'ludl11 Liiuunu references 
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Ogn 
94 

---\.:r' bn - 0 - bn bn_.. _____ _._ ____ __. ___ ~-------~--• 

Oleander Oleander 
leaves bark 
( EtOH) (EtOll) 

Digitalis 
leaves 
(Et OH) 

Oigoxin Oi91toxin Strophan- Strophan• Oleandr1n 
thin G thin K 

• 
t,utl 2 TLC 'lHl\H'f1•Hfn1i1soY,EtOH -..i-.n LtJaDnii~u~'uuii : lurllfl Liivunu-..i1nlu~~Pi ... ~~rnil: 

references (digitoxin, digoxin, oleandrin) ih L•mlu chromatogxam 
fiD~1 hRf ' s value , solv~nt system : EtOH/MeOH/H 0 . (75~10/7) , ; , 
adsorbent : silica gel G +silica gel GF254 l:f c~;v~~D\1"A~\1 1 LtiU 
L fiv~nu1uitJ~ 1) 

4 , Nilfll~M•tJ•"•ru cardiac g lycosides lutuuil:LtJ~Dndlfl 

vein ~D\1m,!A: un lflv~a infusion vm~'liln1~ LtJ ~tJULLtJil\1~D\1 EKG 
I ,. u 

LtiU Lfltl'lfltJ 
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f)fl~tutn~ Lvi11u~'3UtJA"'l'llll'3'luU1fl. LU~llndlfl Ui'l :: tufi~1;11~a tu right 
ventricular strip 'llll'3~~A::Lfl'l fiL"'la'l 5-so u1~ ~~"1;{uv1tu'llU'lAA"'l 'lU 
L~u;ufiL~uu~"flu~"'ll~~"qA 1Av1uLnA contracture ( • • Ltl~llndlfl 

o . 155 un ./u~.'llll'3U;u1 Tyrode , n = 10 ; • • tuflLfl 0 . 237 un./ui'I . 
'llll'3u;v., Tyrode , n = 6 ; .a\: 3'. tu~~A1~a o.833 un./ui'l.'llll\3U;u., 
Tyrode , n = 5) 

(l ethal dose) 

L~u nn. ui'l :: i'-lA Liluni u'llll"N"v1uA/u;mrnHtA Lthmnu digitali s u~ :: olean­

drin U~A'3tUA 'l~'l\3~ 1 

• 
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11:30 

12:55 

13:35 

iu~ 4 ~4DUl~nl"jtJU~nN~U~~~qn~'llD~N~U;nn~UH~~::~1uu;'lJD~LU~Dnffln (R41~L;U;U 
'llD~u;u1 5 un./u~}ADn<~LuiuuLW~~u~~uuR"' 'llD~ right ventricular strip 
'llD~M~~: Lnl~L4~1AI~ 1 

BP 1900 , Appendix XIV O l~uR;u,~~•n antilog (~-XU) (Xs= mean log 

lethal dose 'llD~ reference standard, x
0

= mean log lethal dose 'lla~tu 

tt~DLutianflln) ~::liil'~1 potency ratio 'llD~turlln/f:!~Pi1ilnLt{1nu o . 95 u~:'llD~ 

fiducial limit ~•n antilog 

'CM ± tSM) (M = XS- ~ LLa: SM = variance 'llD~ 

fiducial limit 'llD~ potency 'llD~luua: Lu~anrlln 

M) ~ p I " = 0,05 1'1U41 

• • 
D~"j::in1~ 80-1 1 5 LL~: 
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~'au1~n1,uu~nN~uaA~q~it.ra~N~u;anAui~a:a1uu;t.ra~~~A1.aa111ai~1u 
(di gi talis powder DAB 8 fl41111ti11tiuu\u1tft,f 5 11n. /11a .) ~an1.i ·uJ§uu1uJa~ 
u.-,~f1uih tra~ right ventricular strip tra~H1!_A: 11n;fi,a1i1.'1 1 

oleandrin ttu~1tu1u11a: 1tJitan 1 n-111 ~:rt cardiac glycosides a. 7 11m: 4. 4 

o,37 11a: o.44~ l~uil fiducial limit ~ P = 0,05 1~1 
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2 n. /ll« . ) . oleandrin (sx1~5 n. /tJa. ) , tu~a:tvaun~1a 

( 1 . 25X10
2 

n . /va . ) tu~~R:Ln•~~«IJ A•v~5~u\'l BP 1980 

~;u-;iua~-l t•a•~lR'tn v-ill,R~tnill; 
~. - lethal dose u•mfo~ttR : Ln, 

!J "l 
Yl~«u\'l (u"lVi) (ll ii . ) (n . ) (1!11 . jnn . ) (n. / nn. ) 

ii'i5R,aot 7 21 ± 2 4 .2 ± o . 3 311 ± 12 13.54 ± o . ss 0-169 ± 0 . 012 

* oleandrin 6 29 ± 2 5.S ± 0 . 4 443 ± 11 13- 10 ± o . ss s . 5s1 ± o.425 

tu~1ri 12 27 ± 4 5.3 ± o . 3 380 ± 12 14- 16 ± 0-?2 0-177 ± 0 . 010 
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- ~ '1~'l'Hll 

Lieberman Burchard test, Kedde's reagent uil:: Keller-

Killiani's test ua~~~'lila'l~~•n cardiac glycosides D~tu1uuil :: Lu§Dnd1TI ~~ 

Lduui~'l~anflRi!Dl~riD4tJ~'ln1uuil::LtJ§Dndlnlu~i TLC L~DH'l~'l Rf's value Lu~uu 

... ... -" d ... , dl " ' l " . Liiuunu oleandrin ~~Luu cardiac glycosi e ~.~iR~ u n nHU'1'1 A~A91'1~ 1 

Hil.'lU,AflU'l~uh Ui!::rl~., Rf 1 s value tmi°LA'u~ oleandrin fiD~'ln LuifondlTI lfl'u~ 

,~~fi Rf's value o.64 Uil ::~'ln1udlnl:u~,~~n Rf's value o.64 ua:: 0.91 

Rf's value L~'lnu 0,94 ~~Lilu~'ltJD~ oleandrin 

Rf's 

~cetyl group 

drolysed A'l~ C-3 hydrolysed tf methyl ether 

Rf value spectroscopy 

it~D'l~Lilu digitoxin LLil:: gitoxin ul'iLd~~~nn~~~uliii'J gitoxin ~iwl'uLtJ-1uu 

Liiuu ~~·1JDT'lfluuul~ d.u'luluui1::LtJ§m1rllnl~,fl~1hauhA'D Rf ;f o.91 Uil~ 0,90 

91'ltJili~u 'if~D'l~1i1u oleandrin 

tonic action 'lu isolated heart tJD~LltJ'1 ~uti nu ( 11) uil::tu embryo 
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chick heart (12) n1i~~vd1~ right ventricular strip V£1\1M~A::Ln1~ttu~1lu 

positive inotropic action 

a1111ici L ~11ui\1iluK1v£1\1n~111 Ld'm1'110J:ii\1£J~lun11:: failure ll1'~;1°u111nni1 2001. a1i 

fffl~11£l\1LmLi'I:: Ltli!i£Jnd1fl~tlfHJtlif L.;4 Ui'I:: Lrl£J~1\1ff1"Hli>nfJtltOJ::flvV'J Mll~ ltJ U£Jn'11ndu£11-

R£Jil contracture spontaneous contraction 

Ln~«utuu1\1 preparation 

OJ1nn1it1~ff£1Ut11'1L~011ui10 cardiac glycosides 1u1uui'l::Ltl~£Jnd1ci 
I 

Villi 

L~un1iauua~un1it1~i'lv\1t11\1Lnff~~flv1~1 positive inotropic effect 11£J'11uui'l::Ltl§£Jn 

dlfltu right ventricular strip Vv\1M~A::Ln1 L~UNi'IOJ1n cardiac glycosides 

oleandrin .l UU L £1\1 

(Rv11£J\1LU o . 237 

contractile force 

11£1') nu (1tl~ 3) LLff~\1~1 cardiac glycosides ffOlu LtlNvntim1il'tl~111fU~\1n~1LULU 

n1iM1tl~111rut1£1\1 cardiac glycosides A111 BP ;,v~c~•~L~i1::H Cguinea-pig 

method) ~l~Ni'lauua~u Rv lethal dose V£J'11udlci R~L~u 11i'1 . /u;Mun»~A::Ln1~\1 

I .I 1.. .. n11 Llltl ~ L tli'1£Jn »~DOtl~111ru cardiac glycosides 

£J1'11~Ni'ln1it1~a£Ju cardiotonic action Vv\1 cardiac glycosides 
I 

Ail right 

ventricular strip 1l£1\1M~A::Ln11un1it1; biological assay VtJ\1 cardiac gly-

cosides 1~vn~5Md\1 L~UL~v1nu~O~uu::u;tl1't~ embryo chick heart (12) 

tl~111ru11£1'1 cardiac glycosides tutuui'l::LtlavndlflLrlDLtl~vuL~vunulu~~­

A1~a ttui1tudlC10~1111ui\1V£1\1 cardiac glycosides UDVn~1lu1u~~A1~a (potency 

ratio ' ~ ) Ltnnu 0,95 (poten~y ratio 
I 

Lfl1 

nu 1 • 1 4) 



,,.,11'1'11nil't1'i11U'l 7 5 
Od 7 \~Ud 3:4 n,ft,-O.ft, 2 520 

' Ufl:: 11. Lfl'l-

nu 0 .1438 fltlfl'lUJij ( o, 51.) 
. ... 

Lfl'lflU 0 .119 fltlfl1JT"l ( 0, 31.) L t~'ltlU O. 100 

L»'lnU 1.251. l~fi., lethal dose L,{'ltlU 0.177 ± 0.010 ni'11/nLflflill1ltl"U~WIUfl1-l'A 

(n = 12) ur1::11t>"~~P1.,~a L».,nu o.169 ± 0.012 ni11/nlr1ni11 (n = 7) n.,~fil~11u'lfl 

lethal dose u111nPi.,"nud' u'.1ur·m~nnfh.J~11'ltut1D" cardiac glycosides LLPinPi.,"nu :A" 

~"1;~., lethal dose L».,nu o.146 ± 0.005 ni11/nlr1n~11 (n = 6) 

Ldt>"~.,n oleandrin 1-1~t> folinerin Lllu cardiac glycoside A• 

a;~~~£l1ud1fl n'l~~~vd'~",.,.,u~ll'ltu1Jt>" cardiac glycosides ~"t-111flluitl11t>" olean­

drin '11'lll~£l~~.,V"'lU 'l-lrmtlljll'ltu1Jtl" ol eandrin A'l"1 nu fit> 0. oar. ( 1 2) • 1 • 1 51. 

( 13) LLfl:: o .o3Y. ( 14) ;f"t>.,~ LlluNr1~'lnl1u1-1~"n; LUfl t>'lf! lltin-,~an~ ur1::lltin.,~ll­

Ll'l'"n::.ipj.,"nu UDfl~'ln oleandrin iform cardiac glycosides ifu5n1-1r1-,vt1ill'I ( 15) 

~•u1u Ltl~tltuiU glycosides 2 'l!Ulil fitl cortenerin 'ii"l'l;.,vfl'u folinerin ur1:: 

rosagenin ~"il~flgl'l;.,v strychnine a;,.,~un-,~~~vdl~d1fll'lt>naul'I" n~Ul'lt>nlu1~v• 

( 10) ~ttutl~ll'ltu1Jt>" cardiac glycosides ~"t-111fl1uitl1Jt>" oleandrin ' LL Pl fl Pl 'l "tltl fl 

wu~.,1; abnormal EKG 
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tJ"1:: Lil:'j!JPfn~ (9) ~HUfl'1"1 LtJ~UULLUil\1tlil'l1 EKG uuu L~U'HlU ua::rm bradycardia, 

flat T-wave, ST-depression ua::/»~il inverted T wave, prolonged PR-inter-

val, ventricular extrasystole, ventricular fibrillation ua:: cardiac 

' SJ'1UPl'11JU'1 U 

foli-

»un 

Afla\1 U'lililtlflt'lil L .;, LLA::~1.hutlUtl'1U~ilfJ'1 lA'~ ( 6) ri1hutfl~iuU'11ilUii'11 5 • 6 iia~niun'lU 

tu 14 iu lu0v'1fl'1"1~'1'11L~U'l11ln'11"1 ::uutl'1'11L~ui>1»'1"1»1il"1::uul»aL1uu ua ::l"L~un.,., 

diatonic ua:: diuretic action l~Na~ 

luttUD'1fl'1,fitiUflL~U"1'1fJL~v.~0n'1fl'1.,il'1l~VULdi>'111il'1fl1JU'1flV'1~'111tJ ua::Lrli>Afl1JU'1flU'1A'l1~ 

tlUfl'lUADV'l 1~~ tutJ"1:: Ltlffltlvilii'V.il'11fl,'1SJ1anfl.f'l1~ilD'11 ~'11'll'1f1Uflaufi~Pl'1~il f1~u;;;'l1 Llilil.; 

tudl irn'1tlf1An'l1 t1iluijJ1v lPinn L ilutfon.,.,u•u 2 "1'1 v r1u~'10flt'l~tiutlilil'1• ::ua:: lfl'Na L ilu~J., 

trnh (a) 
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UPDATE ON THE MECHANISM OF ACTION OF ANTIDEPRESSANT DRUGS 

Chainarong Cherdchu 

Department of Pharmacology 

University of Nebraska Medical Center 

OmahaJ NE 68105J U.S.A. 

From t herapeutic effectiveness and their possible mode of action 

of the antidepressants, three main postulated biochemical theories under­

lying the depressive illness have been developed. They are: 

1. The central monoamine-deficiency hypothesis: 

The etiology of the illness is believed to be an absolute or 

partial deficiency of norepinephrine (NE) and serotonin(SHT) centrally, 

This based on the evidence that drug like reserpine, which depletes cen~ 

tral monoamines, could precipitate the illness while drugs like tricyclic 

anti depress ants, mono amine oxidase inf1ibitors and tryptophan, which 

elevate the central monoamines relieve the symptoms, 

2. The adrenergic supersensitivity hypothesis: 

It is postulated that supersensitivity of central adrenergic 

receptors is the cause of the illness . TheTefore, an~idepressants exert 

t.heir actions by down-regulation of the sensitivity of the adTeneTgic 

recepuors as is evident by the association between the ch11·onic antidep;res­

s ant administration and the adaptive changes in centTl'l 1 adrenergic 

receptors. 
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3. The cholinergic hypothesis: 

Thal J. Pharmacol, 
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The imbal ance between the central catecholamine and cholinergic 

systems woul d lead to the symptomatic affective disorders. When choliner-

gic activity predominates depressions is the consequence, and mania results 

when catecholamine activity is predominant . Reserpine causes depression 

by lowering central catecholamines levels and thus cholinergic activity is 

enhanced. 

The classical amine hypothesis seems to be receiving more and 

more questions concerning its validity during the past decades . This is 

probably due to the inconsistency of clinical data together with the appa-

rent objections on effectiveness of the antidepressants. Several shortco-

mings on this hypothesis have been addressed as followings : a) th~ discre-

pancy of the time course between biochemical and pharmacological effects 

elicited by antidepressant treatments like tricyclic antidepressants; b) 

the marked variations in clinical responses despite a uniform pharmacologic 

inhibition of reuptake of monoamines; c) not all antidepressants inhibit 

reuptake of monoamines but show clinical effectiveness such as mianserin, 
L 

iprindole; d) not all inhibitors of monoamine reuptake have antidepressive 

activi~y, e.g. cocaine; e) tricyclic antidepressants have multiple sites 

of action. 

Most of the works today try to characterize the binding of the 

tricyclic antidepressants on the nerve terminals . Some tricyclic antide-
• 

pressant exhibits specificity toward binding on noradrener gic or serotoner-

gic neurons . l~wever, subce llular studies of the animal brains indicated 

that the binding sites of these tricyclic antidepressants were not assos i -
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ated with their respective inhibition of monoamine reuptake. Fu:rthermore, 

it is possible that the abnormalities of the events in monoamine nerve 

terminals such as synthesis, storage, release and reuptake may contri .. 

bute to the etiology of the illness. But the evidence obtained so far 

never convincingly demonstrated that defect in these events is operative 

in the etiology of affective disorders. Thus the.search for biochemical 

markers of this disease has shifted from presynaptic to postsynaptic 

mechanisms. 

111e cholinergic theory is far less acceptable because most cli-

nically effective newer antidepressants are relatively lack of the anticho-

linergic property as usually seen in the typical antidepressants. In fact, 

this anticholinergic property is believed to be related more to t.he side 

effects of the drugs rather than to their mechanism of action. Therefore, 

detai l s on those two mentioned theories will not be discussed here . 

Current data concerning methodology and problems in elucidation 

of the down-regulation ' of adrenergic receptors is present in this review. 

Down-regulation of beta-adrenergic receptors and antidepressant action 

This phenomenon was first reported in 1974 by Alan Frazer and 

his colleagues and by Fridolin Sulser 1·s group . They observed a consistent 

result in down-regulation of the beta-adrenergic receptors in slices of 

rat cerebral cortex and limbic forebrain following chtonic treatment with 

imipramine, desipramine(DMI) and iprindole. The mechanisms responsible 

for these adaptive changes in receptors as well as their significance to 

the clinical antidepressive actions are currently under intense investiga-

tion. 



82 Thai J, Pharrnacol. 

Vol . 7 No . 3,4 Jul . - Dec. 1985 

This down-regulation mechanism is ev.1.clent by a reduction of 13max 

values of beta-adrenoceptors in the brain wi t hout signi ficant changes in 

the Kd va lues following cflronic antidepressant administrations . Since 

beta-a<lrenoceptors in brain tissues are coupled to adenyl ate cycl ase 

system alteration on the receptors should therefore be an indicative of 

' the change in enzyme activity . TI1is has been proved to be the case as 

many antidepressant treatments el i cit subsensitivity of the NE-sensitive 

adenyl ate cyclase in the brain and/or down-regulate the beta-adrenoceptors 

as shown i n Table 1. 

It has been proposed that this down-regul ation of beta-adrener-

gic receptors may account for the antidepressive action. In order to 

prove this hypothesis most experiments were conducted as a long-ter·m 

treatment in animal mode l s. This i s due to the ·observation that t he 

onset of the beneficia l effect of antidepressant is clinically seen 

after 2-3 weeks of drug administrations, 

In general the research strategies that ha~e been used by 

most investigators to prove the addressed hypothesis can be classified 

into 2 types . 

a) In vitro ra"dioligand binding studie~ 

Brains of chronically treated animal s were used . Crude synaptic 

membrane was prepared from the treated brains and was incubat ed with vari­

ous concentrations of the l abe l ed beta- antagonist, usually 3H-dihydroxy­

alprenolol (3i-i-DHA), to obtain t he total binding activity; the · non-speci-

fie binding was measured by incubation of the homogenate with certain 
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TABLE 1 Effect of antidepressant treatments on the NE-1:eceptor-coupled 
adenylate cyclase ~ystem in brain · 

Treatments 

~IAO inhibitors 

Subsensi ti vi ty 
to NE 

Pargyline Yes 
Nial amid Yes 
Tranylcypromine Yes 
Clorgyline (A) Yes 
Deprenyl (B) No 

Inhibitors of 5-HT and/or NE uptake 
Amitriptyline Yes 
_Imipramine Yes 
Clorimipramine Yes 
Zimelidine Yes 

f,iore selective inhibitors of NE uptake 
Desipramine Yes 
Nortriptyline Yes 
Oxaprotiline Yes 

Electroconvulsive treatment Yes 
REM sleep deprivation 
Otl1er potential antidepressants 

Jprindole Yes 
~lianserin Yes 
Fluoxetine No 
Trazodone 
Bupropion 

? 
? 

Down-regulation of 
8-adrenoceptors 

Yes 
Yes 
Yes 
Yes 
No 

Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
No; Yes 

No 
? 
? 

~IAO, rrionoamine oxidase; 5-HT, serotonin; _ RE~I, rapid eye movement. 
(After (1)) 

concentration of 
3
H-DHA in the presence of approximately 1.000 fo lds 

greater in concentration of unlabeled alprenolol or pi·opranolol. The 

density of the Teceptors and the affinity of the binding were then elabo~ 

rated from t he Scatchard analysis. 

b) Beta-adrenergic-sensitive adenylate cyclase studies 

One of ~he functional response to beta-receptor stimulation by 
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adrenergic drugs is the increase in cAMP formation due to an increase in 

adenylate cyclase activity residing in that tissue. 111erefore, most data 

presented usually include the ability of antidepressant-treated brain 

homogenates in generating the cAMP as a result of changes in numbers of 

the beta-receptors. Experimentally, the membrane homogenates were incubated 

with labeled ATP in the presence or absence of NE or isoproterenol, the 

formed cAMP was then measured . and the adenylate activity was calculated. 

Chronic administration of antidepressants have been found to 

down-regulate the beta-receptors in several brain regions. However, this 

phenomenon does not occur with all antidepressants in use today; some 

novel tricyclic and non-tricyclic antidepressants fail to produce this 

effect after chronic treatment. Thus some variability of effect on down-

regulation of beta-receptors upon chronic treatments does exist . 

To address this problem Suranyi-Cadotte et al (2) had conducted 

experiments showing the effect of chronic treatment with different classes 

of antidepressants on beta- adrenergic receptors in rat brains. DMI, ·zime-

lidine and bupropion at dose of 10 mg/Kg were injected intraperitoneally 

twice daily for 21 days into rats . 1\<Jenty- four hours after the last dose 

animals were sacrificed, the brains were removed, frozen and stored at 

-7o·c. For binding assay, crude synaptic membranes were prepared by homo-

genization. Pellet was resuspended in assay buffer of which aliquots were 

taken for incubation with 3H..:DHA and buffer alone or buffer together with 

propranolol. The incubation was terminated by rapid filtration on glass 

iiber fi 1 ters. The radioactivity was counted. Specific binding was 

obtained as radioactivity bound in the presence and absence of propranolol. 



·n'111,., 1nlf11'hw, 

ort 7 l~urt 3 ,4 n .n.-o .n .2520 

111e Kd and Bmax were calculated by Scatchard analysis. Result;s are shown 

below. 

Treatment 

Saline 
om 
Zimelidine 
Bupropion 

* p < o.os 

Bmax (£moles/mg protein) 

32 ± 11 
SS ± 8* 
63 ± 9 
67 ± 10 

Kd (nM) 

1.9 ± o.s 
1. 9 ± 0,4 
2. 1 ± o.s 
2.2 ± 0.4 

85 

Resvlts shown indicate that only DMI significantly decreases the 

density of beta-receptors ~1ile t here is no s i gnificant change of the 

affinity on binding. Therefore, it suggests that clinically effective 

antidepressants may displ ay variable effect on beta-receptors or other 

neuronal activities may modulate this effect . Zimelidine a l so decreases 

the NE-act ivation of the adenyl ate cycl ase (result not shown) without 

reducing the number of beta-receptors (contras t to that shown in Tabl e 1.) 

further indicates that these two systems are under separate regulatory 

control. 111e fact that antidepressants act on both pre-and postsynaptic 

neurons even complicates the issue. 

Down-regulation of beta-adrenergic receptors and serotonergic input 

Recently, many investigators have begun to question the ro l e of 

serotonergic input on the down-regulation of beta-adrenergic receptors by 

chronic treatment ·of antidepressants . Since several tricyclic antidepres-

sants bind with high affinity to serotonergic axons t herefore a reciprocal 

• 
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functional relationship between certain serotonergic and adrenergic axons 

can exist . Hence, down-regulation of the noradrenergic system elicited by 

repeated administrations of typical antidepressants may not be exclusively 

due to an action on noradrenergic neurons but may also be due to an action 

on serotonergic axons as well. 

To test whether the serotonergic axons are involved in the down-

regulation of noradrenergic receptors elicited by antidepressant drugs 

most experiments were designed using lesioning of specific central seroto-

nergic neurons by S,7-dihydroxytryptamine (5,7-DHT) before repeated admi-

nistratioh of the antidepressants in question. 

The test system usually comprises of a) lesioning of serotoner­

gic neurons by 5,7-DHT; b) binding study; c) NE or isoproterenol-sensi;., 

ti ve· cAf.IP generating system study; d) verification of effectiveness of 

lesioning. 

Rats were pretreated with DMI, i . p . , 40-60 min prior to intra-

ventricular injection of the neurotoxin as to prevent destruction of the 

noradrenergic neurons. Animals were allowed to recover for 7-12 days and 

then were injected with om 15-20 mg/Kg/day, i.p., for 21 days . At 24-

48 hrs after the last injection of DMI the animals were decapitated and 

their brains were removed. Cortex was dissected and frozen 

(some investigators used fresh tissues for studies of cAMP response to NE 

or isoproterenol). 

'In binding studies 3H-DHA was used as the ligand; non-specific 

binding was determined in the presence of alprenolol and was substracted 

from total binding to give specific binding. Incubation was terminated by 

• 
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rapid filtration on glass fiber filtres, washed with cold buffer and radio-

activity was determined. 

TI1e study of adrenergic-sensitive adenylate cyclase was done by 

using crude synaptic membrane preparations from rat cerebral cortex incu-

bated with NE or isoproterenol and having 32 
P-ATP as the substrate 

together with other essential cofactors. The amount of 32 P- cM!P formed 

was quantitated by cqunting its radioactivity. 

TI1e effectiveness of lesioning was also verified by measurement 

of SI-IT and NE in the cortex. !·lost data showed a marked and selecti ye 

reduction in the SI-IT contents wi thout affecting the contents of NE found 

in the same brain areas. 

Results shown below are from the works of Brunello and collea-

gues (3) aJtd Janowsky et al (4) 

From Fig 1 and Table 2 it can be concluded that in the absence 

of serotonergic neuronal input, DMI failed to reduce the density of beta-

adrenergic receptors without any significant changes in binding affinities 

in all cases. 

The responsiveness of the cAMP-generating system to both NE and 

isoproterenol was reduced in lesioned animals (Tables 2, 3). This is in 

contrast to the results of Brunello ' s group (Fig 2). The difference may 

be due to the design of the experiment . In Janowsky 1 s group animals were 

allowed to recover 10-12 days following lesioning, the repeated injection 

of DMI lS mg/Kg daily was done for 7 days and fresh brain homogenates 

were used. In Brunello 1s group animals were allowed to recover 7 days, 

DMI at 20 mg/Kg daily was chronically injected for 21 days and frozen 
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tissues were used for assay of adenylate cyclase activity. These factors 

may contribute in certain extent to the difference of the results. 

This apparent discrepancy clearly indicates that subsensitivity 

of the adenylate cyclase system is geneTally but not always linked to a 

reduction in the density of beta-receptoTs thereby changing in both para-

meters is not necessary in the same direction, It is possible that altera-

tion of the receptor sensitivity preceeds the actual loss of the xeceptor 

sites during development of neuronal subsensitivity. 

Table 2 Effect of DHT lesions of the c entral s erotonergic system on the 
recognition and action func tions of the NE r eceptor-coupled 
adenylate c yclase system . The l e sions were made 10 to 12 days 
be fore tre atment tvi th desipramine (15 mg/kg. intraperi toneall y) 
daily f or 7 days. Twenty.- four hours after the las t desi pramine 
injection , the animals were decapi tated and the c yc l ic AMP 
r esponses t o NE and t he density of B-adrenergic r eceptors were 
de t ermi ned . Each response equal s the stimulated concent ra tion 
of c yclic ¥IP minus t he basal le.;,el. For the det ermi nati on o f 
s peci f ic H - DHA binding , no f etver than five di ffer ent concen­
tra tions of ligand (0.3 to 3,5 n!J) were used. Numbers i n par en­
thes e s iJ?dica te the number of animal s , each sampl e. b e ing analy­
ze d in duplicate (cycli c AJ.1P ) o r in triplicate ( DHA binding). 
Values are means ± s tandard errors . 

Cyclic AMP (pmol~/mg prot ein.) 3H00DHA binding 
Maximum 

Response to number of 
100 µM NE sites(fmole/ 

Trea tment Basal 
concentration 

No lesion; saline 
No les ion; desipr amine 
Lesion; saline 
Lesion; desipramine 

* 

18,0±2 , 5(10) 
17. 4±2 .0(1 2) 
18 . 1±1. 3 (1 3) 
1 7 . 7±1. 7 (13) 

65. 2±6. 3 (17) 
27 ,0±3 . 6* (1 7) 
so. 7±4 .6 (23) 
23 ,9±3 , 1+(20) 

mg protein) 

100±10(8)_ 
68±4t (8) 

131±4t ( 7) 
1 33±25 ( 7)_ 

Affinity 
(nM) 

1,31 ±0 . 1 3 
1~ 32±0 . 0 7 
1.56±0 ,08 
1 . 71±0~ 21 

Si gnificant l y differ ent f rom corresponding value for nonlesioned animals 
given saline (P < , OOl)tP < . 02~ + Si gnificantly di f f erent from cor r espond­
ing value for l esioned animals given saline (P <,001) (Af t er (4)). , 



,,,11,, 1n/1'11'i11u, 

orl 1 11i11rl 3,4 n.n.-o.n.2528 

Fig. 1 

100 200 

fmoles of 3tt-DHA bound/mg protein 

Scatchard analysis of 3u-DHA binding to cortical membranes in 
sham-operated (control) or 5,7-HDT- lesioned rats receiving 
repeated injections of jaline or DNI: 5, 7-DHT lesion prevents 
the do1-m-regulation of H•DHA binding sites. For treatment 
schedule see ~ethods. • • Control, Kd 1.85 nM, Bmax = 
200 fmol/mg protien; 0---0 Chronic DNI, Kd ~ .54 nl>I, Bmax 
= 123 fmol/mg protein; o----0 Lesioned, Kd l , 94nM, Bmax = 
195 fmol/mg protein; ~ Lesioned+ DNI Kd 2.1 nM, Bmax = 
205 fmol/mg protein. (After (3)). 

Furthermore, destruction of serotonergic neurons by 5,7-DHT has 

eliminated the possibility that SHT itself as well as other comodulator 

substances either released from or d·ependent on serotonergic neuxons for 

89 

its release may be essential for this down-regulation. Whether the seroto-

nergic . neurons or SHT itself is essential for this mechanism is another 

dispute. Recently, Manier et al {S) and Racagni and Brunello (6) had 

shown that in rats in which SHT contents had been depleted after chronic 

treatment with p-chlorophenylalanine (pCPA), chronic DMI treatment could 
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Table 3 Effect of DHT lesions of the central serotonergic system on the 
cyclic AMP response to isoproterenol. The lesions were made 10 
to 12 days before treatment 1vi th desipramine ( 15 mg/kg, intra­
peritoneally) daily for 7 days. Twenty-four hours after the 
last desipramine injection, the animals 1·1ere decapitated an~ 
the cyclic ANP responses to isoproterenol f!1ere determined . The 
phosphodiesterase inhibitor 4(3-butoxy-4-methoxy) -2-imidazoli­
done (RO 20-1724, 100 µM) was added 15 minutes before the addi­
tion of isoproterenol . Each response equals the isoproterenol­
stimulated level of cyclic AUP minus the basal level in the 
presence of RO 20-1724 , Numbers in parenthese~ indicate the 
number of animals, each sample being analyzed in duplicate. 
Values are means ±standard errors. 

Treatment 

Cyclic AMP (pmole/mg protein) 

Basal 
concentration 

Response to 10 µM 
isoproterenol 

No lesion; saline 50,5±4.0(11)° 
43 . 4±4,3(10) 
5 0 . 0± 2 . 5 ( 11) 
50,1±5 ,0(11) 

.66,9±10.6 (12) 
39. 7± 6. 2* (10) 
62 . 7± 8,9 (12) 
30,0± 5 . lt(lO) 

No lesion; desipramine 
Lesion; saline 
Lesion; desipramine 

* Significantly different from corresponding value for nonlesioned animals 
given saline (P<.001). tSignificantly different from corresponding 
value for lesioned animals give DHT (P<,005). (After (4)). 

no longer produce desensitization of beta-receptors. Thus it seems that 

5HT per se is important. However, Nimgaoukar et al (7) demonstrated 

down-regulation of beta-receptors occurred following chronic DMI treatment 

when 5HT was depl eted by pCPA but not when the neurons were lesioned with 

5,7-DHT. This discrepancy suggests another inherent factor(s) such as a 

cotransmitter, horn1onal influences or the membrane fluidity might contri-

bute to the variability of the responses. A cotransmitter mechanism might 

be operative in subsensitivity of cAMP-generating system independently of 

reduction in beta-receptor numbers. Two populations of adrenergic recep• 
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Isoproterenol-stimulated adenylate cyclase activity in 
membranes prepared from cortices of sham-operated or 
5 1 7-DHT-lesioned rats , both receivi ng repeated injections 
of saline or cJesmethylimipramihe (DNI). The basal activiti es 
( 31 ± 3 1 32 ± 5 , 33 ± 3 and 33 ± 4 pmol/min/mg prot. in 
sham-operated (control), sham + DMI,5,7-DHT-lesioned and 
5 1 7-DHT + DMI, respectively) have been s ubtracted from the 
values obtained in the presence of 1 µM isoproterenol . 
*P < 0 .05 in respect to sham-operated animals . (After [311 , 

tors coupl ed to adenylate cyclase have been described , and onl y one 

type has beta-receptor characteristic. These subpopul ations of receptor 

may be under separate endocrine control which will result in different 

responses upon changing in lturmonal level s . 

A question then arises whether selective lesioning of serotoner-
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gic neurons alone would produce up-regulation of beta-adrenergic receptors. 

There is a particular experiment conducted by Stockmeier and co-workers(8) 

to demonstrate this possibility . By injecting 5,7- DHT into the midbrain 

raphe nuclei the forebrain serotonergic system were selectively les ioned 

as indicated by more than 90% reduction of the uptake of 3H-5HT while the 

noradrenergic system was l eft intact. Inter estingly, binding studies 

using 
3

H-DHA revealed an increase in Bmax for beta-adrenergic receptor 

without any significant changes of Kd in the front al cortex and hippocam-

pus of rats with lesions (Table 4) . 

Table 4 

Treatment 

Control 
5,7-DHT 

Control 
5,7-DHT 

Effect of 5 , 7-dihydroxytryptaroine (5, 7-DHT) lesion of the 
raphe nuclei on the density (B , 5emtomoles per milligram of 
pr~tein) and affinity (K , nM)mgf H-dihydroalprenolol 
( H~DHA) binding to B-a~renergic receptors in rat frontal 
cortex and hippocampus . The rats ... 1ere killed 4 1·1eekfi after 
l esions . Val ues (mean ± standard error of the mean) 1•1ere 
determined by l east-squares linear regression 'analyses of 
Scatchard plots (n = 8 to 9 for fronta l cort ex; n = 5 for 
hippocampus) • The hippocumpi from three rats were pool ed for 
each ana'lysis . 

3H-DHA binding 
B Kd max 

Frontal cortex 
154.6 ± 7.0 1. 3 ± 0.1 
201.6 ± 8 . 1* 1. 6 ± 0.2 

Hippocampus 
154.2 ± 9 ,9 6.0 ± 0.9 
291.4 ±25 .O * 6.4 ± 0.3 

* P <0 .001 compared to control. {After (8)). 
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Consistent with this result is the effect of systemic injection 

of p-chloramphetamine which selective l esioned the central serotonergic 

neurons a lso produced an increase in both binding of 3i-I-DHA to beta~a<l'J:e-

nergic receptors and production of cAMP i n 1response to isoprote1renol 

(Fig 3}, 

Fig. 3 
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Effect of lesions of serotoni~ axons i'li th p-chloramp1Jetamine 
(PCA) on (A) the binding of H-dihydroalprenolol ( H•DHA , 
femtomoles per milligram of protein) to e-adrenergic receptors 
and (B) isoproterenol-stimulated production of cyclic AMP (pico­
mnles per mi~ligram of protein) i n the hippocampus . The concen­
tration of H• DHA used 1-1as 5 . 9 n/.1 . (3-Adrenergic receptor­
media ted stimulation of cyclic AMP was determined by incubating 
hippocampal minces 1·1;i:th 10,M./.1 L-isoproterenol for 10 minutes in 
the presence o~ 50.M,M isobutylmethylxanthine . Net stimulation 
equals total cycli c AJ.!P in the tissue after incubation i'li th 
isoproterenol minus the basal level~ Values represent the mean 
± standard error of the mean (n = 1'5 to 16) • (*) P < 0. VOl, (* *) 
P < 0.01 compared to control (C). (After (8)) . 
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Down-regulation of beta-receptor and noradrenergic input 

The role of adrenergic neurons in down-regulation of beta-recep-

tor has also been an intense investigation being conducted at present. 

Experimental design usually utilizes the same priciples as in studying the 

role of serotonergic neurons. However, some modifications do exist, 6-

hydroxydopamine was usually used as a neurotoxin to lesion the noradrener-

gic neurons in the brain. Unilateral lesions of specific brain areas were 

performed, The data obtained so far clearly indicated that an intact nor-

adrenergic neuronal input as well . as the free accessibility of the neuro-

transmitter to the adrenergic receptors are essential for the development 

of both subsensitivity of adenylate cyclase and down-regulation of beta-

receptors upon chronic exposure to antidepressants. Several lines of 

evidence are listed in Table 5 

Table 5 Role of NE input in antidepressant-induced subsensitivity of 
the NE-sensitive adenylate cyclase and/or the doi\!n-regulation 
of B-adrenoceptors 

1. No down-regulation and/or subsensitivity if B- adrenoceptors are 
blocked by propranolol. 

2, No down-regulation . following destruction of NE neurons by 6-hydroxydo­
pamine. 

3. No subsensitivity to NE following lesions of the locus ceruleus. 
4. a2 -Blockade plus DMI or MAO inhibitors intensifies and shortens 

onset of down-regulation of B-adrenoceptors. 
5. Clorgyline (~IAO-A inhibitor) but not deprenyl (~IAO-B inhibitor) 

causes subsensitivity to NE and down-regulation of B-adrenoceptor 
density. 

6. (+)-Oxaprotiline (potent NE-uptake inhibitor) ·but not (-)-oxaprotiline 
(weak NE-uptake inhibitor) causes subsensitivity to NE and down- regu­
lation of B-adrenoceptor density. 

om, desipramine; MAO, monoamine oxidase. (After (1)). 
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In conclusion, much evidence seems to support the supersensiti-

vity of the central adrenergic receptors as being a cause of the affective 

disorders. However, one must be cautious when correlating these data 

obtained from treatment of experimental animals to that occur in humans . 

At present, evidence of these adaptive changes that might occur in humans 

is limited. Moreover, it is not certain whether down-regulation of beta-

receptors is a consequence or the cause of the antidepressive actions. 

Th'ere are at least three points of interest in this kind of 

study worth mentioning. First, all experiments so far reported utilized 

brains of normal rats being treated with antidepressants or neurotoxins 

instead of brains of depressive rats, so it would rather be difficiult to 

extrapolate the effect of drugs to what it should be in the disease states. 

TI1e diseased animals should be a better model for this type of study as 

is the case of spontaneous hypertensive rat (SHR) used in study the effect 

of antihypertensive agents, Second, more specific ligand may be necessary 

for binding studies since 3H-DHA interacts with both high and low affinity 

state of adrenergic receptors . Besides this, biological effect of 3H-DHA 

should have been demonstated , Lastly, beta-agonist drugs which both acti-

vate the beta-receptor coupled adenylate cyclase system and produce de-

layed down- regulation of beta-receptors should be tested for their anti-

depressive effect either by iontophoretically or in vivo study when the 

drug readily penetrates the blood brain barrier . 



96 Thai J, Pharmacol, 

Vol , 7 No.3,4 Jul,-nec, 1985 

References 

1. Sulser, F. Antidepressant tl·eatrnents and regulation of norepinephTine-

receptor-coupled adenylate cyclase system in brain. In: Adv, Biodtem, 

Psychopharmacol. vol.39 (eds E. Usdin, M, Ashel'g, L .. Bertisson and 

F, Sjo~yist) Raven Press, New York, 1984, pp.249-261, 

2. Suranyi-Cadotte, B.E., Dam, T.V., Bodnoff, Sand Quirion, R. 

Variability of chronic antidepressant treatments on beta-adrenergic 

receptor sites. Prog. Newropsychopharmacol. Biol. Psychiat. 9 : 

765- 768' 1985. 

3. Brunello, N., Barbaccia, ~l.L., Chuang, D.-M . and Costa, E. Down­

regulation of beta-adrenergic receptors following r~peated injections 

of desmethylimipramines:permissive role of serotonergic axons. Neuro-

pharmacology 21 : 1145- 1149, 1982. 

4. Janowsky, A.J . , Okada, F., Manier, · D.H., Steranka, L. and Sulser, 

F. Role of serotonergic input in the regulation of the beta-adrenergic 

receptor-coupled adenylate cyclase system. Science 218 : 900-901,1982 , 

5, ~lanier, D.H., Gillespie, D.D., Steranka, L.R . and Sulser, F. A 

pivotal-role for ~erotonin(5HT) in the regulation of beta adrenergic 

by ahtidepressants: reversibility of the action of parachlorophenyla-

lanine by 5-hydroxytryptophan. Experientia 40 : 1223-1226, 1984, 

6. Racagni, G. and Brunello, N. Transynaptic mechanisms in th.e action 

of antidepressant drugs . Trends in Pharmacol. S : 527-531, 1984. 

7. Nimgaonkar, V.L., Goodwin, G.~1., Davies, C. L. and Green, A,R, 

Down-regulation of beta-adrenocepto'rs in rat cortex by repeated admi-

nistration of desipramine, electroconvulsive shock and clenbuterol 



.,,.,",., 1nfi11'111u, 97 
nrl 1 '~"d 3,4 "·" · -0 ·" · 2s2a 

requires 5-HT neurones but not 5-HT. •Neuropharmacology 24 279-283, 

1985 . 

8. Stockmeir, C.A., Martino, A.M, and Kellar, K.J. A strong influence 

of serotonin axons on beta-adrenergic receptors in rat brain. Science 

230 : 323-32S, 1985 . 



- c.-onuunu1n1s 

0 

21 00 flU'U"a'l3Jfl'lU,Vi\3 n.ratltflCW ~ 
'I 

1 'Vl~ • 3 7 7 - 7 1 2 1 . 3 1. 41 . 51 



PROSTAGLANDINS GASTRO INTESTINAL RESEARCH 

CHAf'lEWAN PRUCKSUNAND 
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SUMMARY 

Prostaglandins (PGs)are a group of 20-carbon oxygenated fatty 
acids that are present in most mammalian cells and tissues. Although 
their highest concentration is found in seminal fluid, the gastrointesti­
nal mucosa contains relatively large amount.s . Prostacyclin (PGI2) is the 
most abundant PG formed by the gastric mucosa . It was suggested that PGI 2 
and PGE2 also present i n the mucosa, may affect the regulation of gastric 
mucosa! blood flow and acid secretion . 

Some PGs affect gastrointestin'al functions . PGE1 , PGc2, and 
PGA1 as well as certain methyl analogs of PGE2 inhibit gastric secretion 
in animals and humans, prevent ulcer formation i n animals , and reportedly 
accelerate ulcer he~ling in humans . The antiulcer effect is presumed to 
be due to t he anti secreto'.l?y activity of these compounds. 

A property of PGs was discovered, called "cytoprotection" which 
designates t he property of many PGs to protect t he mucosa of t he stomach 
and t he intestine from becoming inflammed and necrotic, when t his mucosa 
is exposed to noxious agents. This property is separate, and unrelated to 
gastric secretion. 

Summary of the observations that l ed to the concept of cytopro·· 
tection and its mechanism has collected here: 

1. PGs may stimulate mucus secretion . Some evidence sugges t s 
that certain PGs stimulate synthesis and release of gastric mucus. Newly 
formed mucus could provide a physical shield against irritants found in 
t he gastric lumen. 
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2. PGs may affect the sodium pump. 
ted from the mucosa! side of gastrointestinal 
side. The property of PGs in stimulating the 
a possible mechanism for cytoptotection . 
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Sodium is normally transpor­
mucosal cells to the serosal 
sodium pump was proposed as 

3. PGs may activate adenylate cyclase. Several PGs stimulate 
adenylate cyclase activity in the gastric mucosa of several spec~es . PGE 
stimulates formation of cyclic AMP in nonparietal cells, these nonparietaf 
cells originate frQn the surface epithelium, where cytoprotections take 
place. 

4. PGs may act on the gastric mucosa! circulation. Several PGs 
affect blood flow may explain the cytoprotecti ve e.ffect of PGI

2
. 

5. PGs may protect the gastric mucosa! barrier. Several PGs of 
the E type as well as PGI 2 were shown to protect the gastric mucosa! 
barrier . Cytoprotection may result from a tightening of the gastric muco­
sa! barrier. 

Prostaglandins (PGs) 

1•tr·n1.1.ValJl'lr~rin-11~~LJ9' 1"' 'l Yi L fi a•.na\lfi'tJtJYltJ1Yl_'lla\l PGs 'l u 1 ::utJlll l.\l L 91ua11111 L fta L Du 

ILU'lYl1\l 'ltti!n~'lI1n1·HJi:i'Ul "'l L flLJ'l nu L ")?!LLr.Jl'!f)"):: L ln::a111Trnl'l::l'l1 lrr L ~f) 'tun1,-~n~1iu?J-l19'a l tJ 

irnn--i1nUtn--iOtJ1:: 1 LJ'lIUL un1,-WP11U1i:i'J{U 1l•rrna\31v1t1 L l~a 'l.U L lJuLJ1~n~1L1?1~\lnrlT19i'•t1 
• 

PGs L liua11tJ,-:: LflYI oxygenated fatty acids 11.1 L ri11.ritJ1 ::m1u;'lLJ?i11°ua\J 

seminal fluid 

Prostaglandin r
2 

(PGI2) 11ri:: Prostaglandin E2 

(PGE
2
) a-i'1'-lvf L rla Lihm 'l uni-:: 1 l'n::a1111,-'l.la\l#V1-)°11i:i·1u'lJO?J (<;>-vi) ~"' L ~fo,'1a11~\li:i'ti\lU£iuY.JtJ'l.V,l 

'l Uf)T'i?l'ltJ?l)Jf)l ")Yl1\3'1U'lJ'tl\lf1,.:: L l11 ::a111 l')llil ::ri11 rt' L flLJ'lfftJf)l "l'l'ti\l'lltl\lf)"jVllL il ::nT~ l11l'l L 1LJU'll'tl\1 
' 
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L11fl-11 L nvi~1nm1vl PGI 2 LLri:; PGE2 iif)ru~11if9i L tiu potent vasodil ato:rs ~\1YJ;'t '1 

m11J~'U L ~!lVlrlVlrl\1 L ifo 'l v)~utnll (er) n11UUff\1nl1'r1~\1f11Vl'IJ!l\1f11:; L \'n :;!ll'r111 \'iu'l_;~\1 L 'U~Yl-) 

YIVlrl!l\1LLri :; 'tuviu (er-.<() fl'i\'f'UG'IJ!l\1 PGE
2 

l'.if!Y1tfou8\1nl1tt~\1n1vi;-w L.Jufi\~ (r-1-.<(j PGI
2

, 

pentagastrin 0,5 

µg/Kg/min 

PGE2 'lum1 L tlu anti ulcer uri :; cytoprotection ( G)G)) 'tir.iriVI Lcltlu~tt111viLJni 1fiu 

LL'rl :;'l l1 r-m L ~'}ffl
1

IU~'r111lVI[Jf)I1UVl L; 1'l9i'f.httll\1 LL~Vl\1'}
1

1 [Jl!)f)f)f}Yltf L mn :;vf91
1

!) L rfo d'.fon'IJ!l\1f) 1 :; -

uri:; PGE2 rivin11tt:i'\1n1vi LLY1
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LW11m1'lttri L-iLJu L~!lvi'tu L(fo LlJ'fln 

PGI
2 

0r.iri91
1

!lm1'hrn L1LJ'U'IJ'1\1L~'1Vl1llnm
1

1 PGE
2 

(.r ) 11LJ 

oxyntic cell tt~tl _ parietal cell 

adenylate cyclase 

histamine adenylate cyclase 'IJ!l\1 parietal cell 

' I l!f cyclic ~IP L{il1J'IJ'U 

cyclic AMP 'lu parietal cell'l~ (G)ri) 

PGs A, E, I 

antisecretory effect 

cytoprotection ~fl 

noxious agents 
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flu Ll'1·n ::mn'1 PGs fJr.rn antisecretory L!fo'ltt'u1'l.IUIV1\l'l3 LLV1°'ltt'r~a cytoprotec-

ti on 

., 
cytoprotection ~'13U 

G). n')::~unT')'rli'13 L!JtJn (mucus) 

ID. L~lJ sodium pump ·•nn mucosa! side 'l.ltJ'l3Mll''lln')::Lln::tJ1'rl1') 'lt.J~ 

serosal side 

., 
n. n')::~u adenylate cyclase 'l.l'il'\3 nonparietal cells 

er. vh'fml~n~1 gastric mucosal barrier 'l ,;-1viuvi,'13 'rllJ1rJft'l3 n1')Vi'V11'1'1 

L'lfrlrl'l.l'il'\3 L dtJ L1fon 'lun'):: L l'n::tJ1'rll')!lfn1lJd~j'l'l3 L'lfrlrltJ~'l Ul'Tfl1W('llJ\j')rUlLrl::V1U\1'1UVim:T1')vil'l3 '1 
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granules (ID~) 

adenylate cyclase 
fl'.,J 0 ... d el ... ... 

~fl L tJU1l'mJVIVl1'rllJ1VI L nrJ'1'l.l tJ'l3rfun11rT11'l3 cyclic AMP 
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. 
~1n~111~911uvi1~ ~ PGs 
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INTRAERY'IH~OCYTIC CHANGES OF A ~IETABOLIC REGULATO~, FRPC:TOSE 1,6- OIPHOS­

PHATE (FOP) IN VITRO 

Supeecha Sirii.,rarothakule and Udom Chanthar:aksri 

Department of Pharmacology, Faculty of Science, Nahidol University, Rama 6 
Road, Bangkok 10400 

Fructose 1,6-diphosphate (FOP), a metabolic regulator of the 
glycolytic pathway in the red blood cells is known to have the important 
roles in regulating cellular function and metabolism. Intraerythrocytic 
changes of FOP, subjected to various environmental conditions were follo­
wed in vitro, using a modified enzymatic method of Beutler (1980) • . 

Both human and rat blood samples were taken into the heparinized 
plastic tubes, plasma was removed by centrifugation and red cells were • washed with isotonic phosphate buffer ~efore incubated at 40C in diferrent 
media for 1 and 24 hours. Packed red cells were hemolysed with perchloric 
acid, followed by K2C03 neutralization before the FOP determinations. 

At physiological pH (7.4), the presence of glucose significantly 
elevated intraerythrocytic levels of FOP after incubated for 24 hours. In 
the contrary, citrate which has been used as anticoagulant in clinical 
blood sampling and storage was found to lower the levels of FOP when incu­
bated with the red cells. The suppressive effect of citrate on intraery­
throcytic FOP was pH dependent; i.e. acidic citrate (ACD, pH 4.8) was more 
effective in lowering the level of FOP than the less acidic citrate . The 
change in pH per se, as varying the pH (from 7.4, 6.4, 5.5 to 4.8) in the 
phosphate buffer, used for red cell incubation caused no change to intra­
erythrocytic FOP under this incubating condition. 

The levels of intraerythrocytic FOP in the Diabetic (DM) and 
Thalassemia (TI-IAL) patients were variably changed presumably by the patho­
logical states. It could be du~ to the exposure of red cells to relative­
ly high blood glucose in the diabetic patients that the int.raerythrocytic 
levels of FOP were s·ignificantly elavated before the in vitro incubation, 
and then followed the normal pattern of FOP levels in blood from healthy 
volunteers, after incubated with the assigned medium for both 1 and 24 
hours. This indicates that the glycolytic regulation of the D~~' s red cell 
is not defective. Levels of intraerythrocytic FOP in thalassemia were 
much ~levated at pre- and post- 1 hour incubatiops, while the levels of in­
traerythrocytic FOP after 24 hour-incubation of the splenectomized (SP) 
and non-splenectomi zed (NS). were in contrast different. The FOP l evel of 
the SP-TI-IAL dropped down below but that of the NP-TI-IAL continously eleva­
ted beyond their respective pre- incubation levels suggests that some gly­
colytic regulatory defects occur to the thalassemic red cells. 
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SERUM LEVELS OF DIGOXIN H! 1HAI PATIENTS : A PRELI~IINARY REPORT 

Chaichan Sangdee* and Anont Manmontri** 

*Department of ~harmacology and **Department of Internal Medicine, Faculty 
of Medicine , Chiang Mai University, Chiang Mai 50002 

Seven patients with congestive heart failure admitted to Maharaj 
Nakorn Chiang P~i Hospital were used in this study. Every patient was 
treated with various doses of digoxin. Their serum levels of digoxin were 
meastrred by the method of fluorescence polarization immunoassay (FPIA). 
Serum levels of digoxin in five patients correlated well with clinical 
responses while the other two did not . Two patients with serum levels 
below 0.9 ng/ml correlated with poor responses to digoxin treatment whil e 
serum l evels of 1,39 and 1.58 ng/ml in two patient s agreed with good cli­
nical findings. Among three patients diagnosed to be digoxin intoxication. 
Only one exhibited serum level (3.3 ng/ml) of toxic range, serum levels of 
the other two patients were too low to be toxic. These latter two patients 
were elderly, thin with underlied chronic obstructive pulmonary disease. 
The results of this preliminary study suggest that FPIA may be a potential ­
ly useful tool for quantitating serum l evels of digoxin . 



,,.,11,., 1 nlht'i11u1 115 
orl 7 1~url 3,4 n.n . -o.n.2528 

TI-IE EFFECTS OF PIPERINE ON ISOLATED RIGHT AND LEFT RAT ATRIA 

Ukarachata U. , Dhurruna-Upakorn P., Sudsuang R,, and San9uanrun~sirikul s. 

Interdepartment of Phy$iology , Chulalongkorn University, Bangkok 10500 

The effects of piperine on cardiovascular system have been stud­
ied on isolated right and left rat atria. Piperine at five dost:;s,3, 6,12, 
24, and 48 µg/ml, was found to produce dose-dependent positive chronotropy 
and inotropy on isolated right and left rat atria respectively. The time 
to maximum effect on both right atrial rate and left atrial isometric ten­
sion were about 3-5 min after addition of drug. With high doses (24 and 
48 µg/ml) these initial stimulations were follwoed by depression of both 
the rate and ~ontractile force. Reserpine pretreatment greatly reduced 
the positive chronotropy and inotropy about 58% and 98% respectively. In 
addition, the positive chronotropic effect of piperine was attenuated by 
0.15 µg/ml propranolol (about 50%) . Alpha-adrenoceptor blocking agent 
(phentolamine 0.32 µg/ml) and 5-HT antagonist (methylsergide 0.47 µg/ml 
and cyproheptadine 0.02 ug/ml) did not affect both positive chronotropy 
and inotropy. Neuronal uptake inhibitor of noradrenaline, desipramine 
0.27 µg/ml and cocaine 9.1 µg/ml, greatly reduced the positive chronotro­
pic and inotropic effects by 60% and 90% respectively. It is concluded 
that piperine mediates the positive chronotropic and inotropic effects 
mainly by indirectly stimulates the release of catecholamine from adrener­
gic nerve in atria. 
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REVERSAL OF ENDOTOXIN-INDUCED HYPOTENSION BY OPIOID ANTAGONISTS IN RATS 

Puongtip rvinyaratana and Chaichan Sangdee 

Department of Pharmacology, Faculty of Medicine, Chiang Nai University , 
Chiang Mai 50002 

Since opioid peptides are released in response to stress, it 
appears possible that these peptides be released during stress of sepsis 
and contribute to the hypotension observed in this condition, Three 
opioid antagonists were used to reverse the endotoxin-induced hypotension 
in rats . Endotoxin (30 m~/kg) produced multiphasic depressor effect which 
lasted more than 3 hr , Equi-volume of saline or opioid antafonists was 
administered when endotoxin depressed mean arterial pressure of the animal 
to 60-70 mmHg . Among opioid antagonists used in this study, 1 mg/kg of 
naloxone seem to be most effective in the reversal of hypotension induced 
by endotoxin, followed by 7 mg/kg of nalorphine and 3 mg/kg of pentazocine, 
respectively . Other doses of each opioid antagonists were tried but with 
less successful reversal . When the most effective doses of each opioid 
antagonists in the reversal of endotoxin-induced hypotension were compared, 
their effectiveness were not significantly different. The results of this 
study support the original hypothesis that endogenous opioid peptides 
contribute to the pathophysiol ogy of endotoxin-induced hypotePsion. 
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DIRECT EFFECT OF RUSSELL'S VIPER VENOM (RVV) ON RENAL HEMODYNAMICS, 

URINARY ENZn!Es AND nmmmOXANE B2 IN DOGS 

S.Thamaree, N.Chaiyabutr, S. Leepipatpaiboon, K. Buranasiri, 
P. Tosukho1·1ong, P. Sirivongs, v. Sitprija 

Departments of Pharmacology, Biochemistry and Medicine, Faculty of Medi­
cine and Institute of Medical Sciences, Chulalongkorn University, Bangkok 
10500 
Department of Physiology, Faculty of Veterinary Science, Chulalongkorn 
University, Bangkok 10500 

In this study, we assessed the effects of RVV on renal hemody­
namics, urinary enzymes, plasma and urinary TxB in 7 dogs during and 
after a 40-min intrarenal arterial infusion of RVV (1.25 µg/kg/min) . All 
parameters were determined before and at 20, 40 and 60 min after the begin­
ing of RVV. The urinary enzymes measured included N-acetyl-8-D-glucosa­
minidase (NAG), y-glutamyl, transpeptidase (y-GT), alanine-aminopeptidase 
(AAP) and a-galactosidase (GAL) . Plasm~ and urinary TxB2 were measured by 
radioimmunoassay after extraction and purification steps. 

As compared with the control stage, significant change was ob­
served for a decrease in the mean arterial pressure (MAP) during the first 
20 min after RVV administration (128,4 ± 7.7 vs. 118 ± 10, 2 mm Hg. mean± 
SE, p < 0 .025) as well as the fractional excretion of sodium (FENa), po­
tassium (FE~), and chloride (FECl) (p <.0.05). The hea:t rate (HR), r~na~ 
blood flow lRBF) and glomerular tiltrat1on rate (GFR) did ·not change s1gn1-
ficantly for all period of observation. Urine flow (V) increased by appro­
ximately 15.4-65. 4% in 5 dogs and decreased 6.6-32,9% in 2 dogs. UNAG in­
creased significantly 40 min after the commencement of RVV infusion (727 ± 
301 VS . 1484 ± 386 units/min, p < 0.005). A 7-to 9-fold elevation of UTxB2 
was detected for all periods of observation but FETxB2 was significantly 
increased during the first 20 min after RVV infusion 

This study showed : (1) The changes of RBF and GFR could not 
explain the rise of V, excretion of electrolytes and TxB2• They should 
rather be accounted for by direct tubular dysfunction (2) Plasma TxB2 
increased in parallel with UT 82 suggesting an augmented synthesis of 
TxB2 and/or disturbance of ac£1ve reabsorption of UT 82 by tubular cells. 
(3) The elevation of NAG indicated direct nephrotoxic1ty of RVV. 
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ALTERATIONS OF CARDIAC CHOLINOCEPTORS DURING DIAZEPAM TREATMENT AND AFTER 

WITHDRAWAL 

Krittika Polratana and Jutamaad Satayavivad 

Department of Pharmacology, Faculty of Science, f.fahidol University, 
Rama 6 Rd., Bangk ok 10400, Thailand 

Diazepam 2, 5, 10, 15 and 20 mg/kg were administered intraperi­
toneally twice daily for 7 days to male Wistar rats wei ghing 180-220 gm. 
The control group was received t he same quantity of distilled water in· 
stead of diazepam. The animal s wer e sacrificed one hour after the l ast 
dose for studying the effect of diazepam treatment and 1, 3, 5 days l ater 
for studying the alteration of cholinoceptors during withdrawal period. 
Spontaneously beating rat's right atrium were used throughout the study. 
The test organ was bathed with 95% 0 , 5% CO aerating Kreb's solution 
and the temperature was kept constanf at 3S•C. The heart rate and force 
were r ecorded by using the Grass polygraph model 79 D. 

Pilocarpine (10 -8M to 10 -~M) was sel ected as the representative 
of muscarinic receptor agonists. The augmentation of pilocarpine effect 
was ob served in rats treated with high doses of diazepam. This supersen­
sitivity is reversibl e during the withdrawal period. 
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DRUG EVALUATING MODEL FOR ANTICANCER ACTIVITY OF A WELL-KNOWN THAI 

FOLKLORIC REMEDY 
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(1) Department of Pharmacology, Faculty of Graduate Studies, Mahidol 
University, Bangkok 10700, Thailand 

(2) Research Division, National Cancer Institute, Bangkok 10400,Thailand 

(3) Department of Pharmacology, Faculty of Medicine, Siriraj Hospital, 
Bangkok 10700, Thailand 

(4) Department of Pathobiology, Faculty of Science , Mahidol University, 
Bangkok 1040.0, Thailand 

(5) Department of Pathology, FacuJty of Medicine, Ramathibodi Hospital, 
Bangkok 10400, Thailand 

A set of Thai folkloric remedy consists of five species of me­
dicinal plants i.e. Ludwigia hyssopifolia (G. Don) Ewell., Polygala chi­
nensis Linn. , Canna indica Linn., Smilax carbularia Kun th C. , and Clima­
canthus siamensis Brem., and five medicinal animals. This remedy was 
claimed to be more effective in the treatment of patients with mammary 
tumors. The hormone-dependent mammary tumor induced by 7 ,1 2-DMBA was used 
for testing anticancer activity of t he plant extract of this remedy . This 
mammary tumor in rats is closely parallel to its human counterpart. Fe­
male Wi star rats fed 130 mg/kg DMBA singly developed mammary tumors 30.67% 
(73 out of 238 survival rats) which classified by their histology to 7 sub­
divisions. The appearing rates were adenocarcinoma 69.9%, fibroadenoma 
12 . 3% , carcinosarcoma 8.2%, adenocarcinoma with squamus cell metaplasia 
6.8%, fibroma 4.1%, intraductal papillomatosis 1.4% and adenosis 1 . 4%. 
Treatment in 37 malignant mammary tumor bearing rats by daily dose of 
1,000 mg/kg the plant extract can increase survival rate (P = 0.041) and 
prolong survival time (P = 0,025) singnificantly comparing to the solvent 
control group. 
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Like many other endocrine glands, the suspected functional sig­
nificance of the arachidonic acid metabolism in the l eydig cells has been 
searched. It has been shown that prostaglandin F2-alpha, a cyclooxygenase 
metabolite of arachidonic acid suppresses plasma testosterone in the male 
rats and its inhibitory action on leydig cell response to gonadotropin 
stimulation is dimonstrated in vitro. The modulating role of the endo­
geneous prostaglandin on l eydig cell reponse'to gonadotropic stimulation 
has been repeatedly supported by experiments using cyclooxygenase inhibi­
tors which are shown to potentiate the steroidogenic response to gonado­
tropic stimulation both in vivo and in vitro. The existence and involve­
ment of lipoxygenase metabolite (s), product(s) of the other known meta­
bolic pathway of cellular arachidonic acid metabolism is demonstrated in 
this study . 

Mouse leydig cells were isolated and purified by Fic~l ldensity 
gradient centrifugation . The calibrated leydig cell suspensions , in a 
balanced salt solution were incubated in a constant shaking water bath 
under the atmosphere of 95%0 /5%CO with gonadotropin, in the presence or 
absence of arachidonic acid ~AA)anJ/ora known lipoxygenase inhibitor,nor­
dihydroguaiaretic acid (NOGA). Mice treated with indomethacin (IND) were 
also used in this study. Arachidonic acid (doses upto 20 µM) caused a 
minimum but s i gnificant el evation of basal testosterone production in the 
midium. Addition of NOGA (12.S to SO µM) i nto t he medium caused more in­
crease in testosterone production over the stimulatory effect of AA and 
IND, this effect of NOGA is not dose dependent. The additive effect of 
NOGA on the basal steroidogenic action of AA and indomethacin is attribu­
table to the non-specific cyclooxygenase inhibitory activity of the NOGA. 

In the hCG-stimulated response, AA dose dependently increased 
the steroidogenic response to hCG (10 mIU) stimul ation and the production 
of testosterone was further increased in mouse treated with IND. NOGA in 
the contrary dose dependently suppressed testosterone production in mouse 
leydig cells from both the controls and mice treated with indomeihacin. 
The maximum suppressive dose of NOGA could be dose dependently overcome 
by AA. Suggesting that the lipoxygenase in the l eydig cells may be the 
site of action of NOGA. We t herefore conclude that the metabolites of 
arachidonic acid, both from cyclooxygenase and lipoxygenase pathways may 
be functioning as intracellular regulators of gonadotropic hormone in the 
1 eydig cells . 



,,,",, 101Y11'i11u, 

orl 7 \Uurl 3,4 n.11.-o.,..2s2a 

LONG-TERM EFFECTS OF 3-ACETYLPYRIDINE-INDUCED DESTRUCTION OF CEREBELLAR 

CLIMBING FIBpRS ON PURKINJE CELL INHIBITION OF VESTIBULOSPINAL TRACT 

. CELLS OF TI-IE RAT 

Laddawan Karachot*, f.Iasao Ito** and Yoshikatsu Kanai** 

*Department of Pharmacology, f.Iahidol University, Bangkok 10400, Thailand 
and **Department of Physiology, University of Tokyo, Japan 

121 

The effect of climbing fibers deafferent~tion on Purkinje cell 
inhibition of rats was studied by intracellular recording. In the present 
study, 3-acetylpyridine (3-AP) was used to destroy the inferior olive. 
The inhibitory postsynaptic potentials (IPSPs) of vestibulo-spinal tract 
(VST) cells induced by cerebellar stimulation was examined at 10 day in­
tervals up to 160 days after 3-acetylpyridine intoxication. There were 
4 basic changes in monosynaptic inhibitory potentials. First, the rate 
of IPSP occurrence among VST cells was 0.64 in control rats, at more than 
10 days after 3-AP intoxication, it declined gradually, down to 0.37-0 . 38 
at 70-81 days, thereafter increased to 0.53 by the 160th day. Second, the 
size of IPSP ·was smaller on and after day 10. Third, the latency of IPSP 
was prolonged by 0.25 msec. on and after day 10. Fourth, the cerebellar 
threshold for evoking IPSP was increased after 3-AP intoxication. Thus 
climbing fiber deafferentation exerts longterm influence on excitability 
of Purkinje cell axons, and connectivity and synaptic transmission from 
Purkinje cell axons to VST cells, 
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EFFECT or ANCISTROTECTORINE AND \IERAPAMIL ON lliE ISOLATED RAT VAS 

DEFERENS 

~umr1 

n1\l 1 mi '1 1 o5oo 

1 1 ' _'( v • - J - " •.I v 1 " 'I " 1 " 1 UDU~fl A, lnf'I fl~U IUUDilfl,ilDVAU,.notfuf1 1llUnflnf1 flv,n1UVD\lflU UV, nv 

ffu "fiuumn11fl\l " (llncistrocladus tectorius (Lour) Merr) 1 f1V"lD\JFITi1Pl ,,~,,ti' 

Ov fl1 un ::f1111::'>'1n1n f'l 'hf, 1mlt11 •n flN:: 111rlt1F1,<1w; ~1nn\Jn,iUu1n"i1iv,il'v 11'i'f1ni:nqnif 
,, _ n1 1 - 1" .I 'rt J • " JI .. n,\llO«tf"l\lV,VD\JUDUufl A, \ nfl 111,u UUil"lU,\ll1D\l~U"l,vf)\1Dilfln,,11fl1n,\lVD\Jnil,U\UDl1VU 

1u~n1:1111::1~ 1otn:: 1v,::v\l 1f1U«fln,10uf1"lVD\l«li1rt um~n un :: llilDfl 1iiuf1 aorta VD\l 

n'1::~,u lltlV,, un ::1114vi:: 111, rl 1iif11Tu ID\Jlrn::rln.,::~u~•Ufl,.,1rn,ut1fifl (acetylcholine, 

hi stamine , ser otonin, potassium ch loride, barium chl oride, calcium chloride , 

oxytocin) f1111::1j''l~ulflfln1:1,q11ifvu\Juuu#,l<11f1., 1111'1 lfliu ADn,.,llfl 1n-i\lVD\l vas deferens 

11uv, ,rl1wn 1 D,~,u pros ta tic 1nnmrn\l 1 tJ.:)uu 1 fivuriuq11i{VD\l 1 ..,,tJ,iin 1wuifo1 Vl '1 -

1 -5 -5 -5 1nP1 fl.;u (tJiu,ru 2,3 x 1 0 M, 3, 4 x 1 0 M u«:: 4,6 x 1 0 M) u«:: l•.,~ tJ ,0« 

(tJiu,111 4 x 1 o-6 M, o x 1 o - 6 M 1rn :: 1 2 x 1 o-6 M) ilNll«li1n,.,1rn 1n-'i\J1t" phasic 

uii:: tonic rl 1 iiflv,n KCL ( 1 oo nM) tl\l 1 ~111, utJiu,111<1,.,rl11i'uuuf1<1191., 111P11wiu ( 1 2 x 

10-
6 M, t a x 10-

6 M un:: 2a x 10-
6 M) «fln,.,Hfl\n~\Jl\UU phasic «'11Pl'l~Utlfl 

Pn utJi u,111<1,., 1tiu 1 ~v•riu n.,,tJ,ii« ( 1 x 1 o-6 M 2 x 1 o - 6 M un :: 3 x 1 o - 6 M) 

uA11;fl,u,.,n«f1 rhythmic contraction il\J 1; 1du11i'tJliu, 1111nn~u o. 9 x 1 o - 5 M 1t" 

2 '11ilf1 1w-l,<1,1n.,nnmt" phas i c un:: rhythmic DU,\li1U1l'1rn 11uu-ll<1191111.,h1iu 
- 6 . -6 . - 6 -6 

(12 x 10 M, 23 x 10 M 1u:i:: 35 x 10 M) u« :: ln,tJ,iin (2 x 1 0 M, 

4 x 1 o-6 M 1rn :: o x 1 o-6 M) 1rnn,.,1rn 1n-i\lVD\J phasic n\l1;91,utJiu,111fl'l.,rl11i' 

1flmtu-l,11uulilfl 1 fl ., 111P11 fl .:)urJ fJll if ~uun-l., 1 "l'1'1th iin uuufl<t 1 vi., 1nfl191 iu11«:: 1 .. .,, tJ'lii nrl rrnn fl 

maximum contraction rl1iiflv,n Calcium chloride {1u EGTA, free cal cium 

depol arized) 1f1UflflU,ni1uA,UtJiU,NVIJ\lft,.,rl11i' NilVIJ\JUDU'ilft191., l 111'1191-iU~iln.., :: u"lUn,., 

1191 1n-i\lV1J\J vas dererens rl 1iif1~, n ft,.,~,"1 ~""~,, 1ifu,J1J1lflfllfuu"lln\Jif11<1fl\l;, n,., 
J f'I 1 1 - .J ~ v 1 . .of • v DDOf)ttOVIJ\J lllJU~il fl..,ltlR Pl1U l nV"lVIJ\lnUn'1::U"lUn,.,VD~ ca c1um IUUft,R~ 

* I ~U~"l u1td\lv iJ \l 11'1.., \Jn, .,rl1 fl .;'UljU~flll\lUU, \lU"lU ~, nif 11'1;~ u 11ii \ltf,fl 

fiN~~'lnu,fiu ,H,fl\ln.,~un,;nu'liu 

' 11n ::u, \Jil"lUv'lmJU 
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11i1Fnll~Dn'ln 1 u~At1'l 1 iJ11<11 i11111.,rl11-.-i~uiluu t ti'1 un-..,f nlf"l hfl<i'ln 1ifa.,-.rl1 ~Ull«:: 

rw 1AuPi'unu 1i';11.i'-i11ti1riu1::~-iurl~A1 «n <i-.nn-..,flmn 1 !10\liuwu.;, tt-..,ttnfl~'llu:;f{11if<i-.n 

11Pi'hn11 ~nfi 1f'l\1n;;nu l 'if«ii'11a::Nifo 1 'lfriii't1D'll l'lfu Saccharomyces cerevisiae 1do~D'll~ 

f11unnD'll'i«llf1UD I ~flA'1Dll~'ll~O TEM llil:: SEM 

t11n-.1flntt'lNi11Ju\lit'l'1itnAli 1flAnn-.11'l:;IJlmN 1tfo.,-.rl 1ifutt-. 1 11~t10\lhAihml" 

ll1-.nri.;, 1rlm1Attnunu 11f n Candida albicans ATCC 10231 1Aul,j'fi lflrlA"l'llJ 11i'1Jvu 

200 11J1fl1niminiiaiiiiA'1 U'1'lnl.J.;,tt-.IJ'l'11lV'l 1tfm11Jfl 1fi'n-.ulu 24 ;h 1u" ;, 1fi1Jfl"l'l1J 1ilu 

;Ju 1i1u 1 , ooo 1u1fl·mfoAnilaiiiifl., tt-.JJ,.,n~-. 11fm11JA 1Fi'n-.u1u .~ ;h 1"" rlwn1J11u111uu 

11D" 14?0 11;-.nu 10
6 

ADilriiiiiA1 

1do11m1ounu 1ffo Arthroderma benhamiae 1m-l-.rlA1-.u 1~1JVU 200 1u1A'1-

n1u~nilriiiiil>1'11JD\lfi lfl tt1u-.1ouuii"n-.1l'l:;IJltlD\l1ifn.,,f111-.ulu-iurl 1 1do 14u 11n:: dfo" 1-30 

mi ::rlfl1-.u 1 iluuuf!"fiu,;o 1 , ooo 1u 1A.,n'1uAai.iaiiiiA1 1 if od'<i ::'lnuuif" 1fi'u-. nrl"tru 

ffmtru:: l'ifri<i' dTo C. albicans rl 111-.:: 1~u" 1rlDf1U'lDV;1u<i:: 1 ll~uu<i-.niu1-." 
~ ' 

nau11:jonau:;11a::ih 1:;uu 1ifuiu~-."lln~ OA1d'u-i1m::Jh1u1•uu tt;11.;'u A. benhamiae 

ffnuru:: 1 ifn1rlo111-.::1lu"1Auilu-.o~fl1u <i ::ll1uil 1 fiuuu-imrn'll11a ::mnm?un.;:iunei 1u Iii A 

macroconidia 11•0 microconidia 

1doflni;,n-..,uuif"n-.1tt-S-."ff11u 1riq«t1D\l l«D1Autt-..,ttnAfilfl l u c. albicans 

1rlDA'1"l'lifln'l'1f1.;,"fi I Dll I D'l, n H3 -thymidine 11u.;-.fi lfltl'ut5\ln'l'1f1.;,"~ I DIJ ID 1nu 1 u 2 

it11U'll t u lif o A. benhamiae 11iun-.1uu11"n-.1tt-S-."Fi 1DU 1D1fi't!A 1 <iu tu-iutf a t1D\ln'l1 

11n:: 1«u'l! 1;fo 

lun1.,flnu-. 1uri-.uoii:SutJD'llA,.;1 uD'u IA'1Alu dfD 1m-l-.ti 1Hifuif"n,.,t,j' 
14c-

g lucose lun-..,il'" 1 fl1'l ::11fh 1u 1«q«rlu1 1n u 1 u 1 11«~~"11A 2 nl-i 11J'll 111n 1un-.1 1 ~u"1 if D 

c . albicans luvru::fl<i ::uuIT'lln1 ::u1un-.1fl'\ln~,1 l 1HtfD A. benl1amiae ~\l11A-iurl 1 rl 
1 ~IJ 1 «u"1ifo1PIU1llun-..,;1mn1~'11if D'll 1 tin1-.u 1v1J,Ju11o'llfi1n11i-.t1u 20 o 1u 1 P11n-luPioiiriiiiiP1'1 

Nfl 1~u1~nfl 1<iu1'u 1do1-zifi l fl 1 ,ooo 1u1H.,niu~Dii11iiiiP1., 
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