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Some New Thoughts on the Effects of 
Calcium Channel Blockers 

P.H. Joube1:t 

Department of Pharmacology and Therapeuti"cs, 

Nedi cal University of Southern Africa. 

Calcium is a cation essential to life as we know it, It is une­

qually distributed in the body and a multitude of mechanisms are responsi­

ble for maintaining concentration gradients across various membranes. These 

mechanisms include voltage and receptor operated channels, Na+/Ca++ exchange 

and Ca++/Mg++ ATP-ase. These mechanisms ensure a very high extracellular 

calcium concentration relative to tne intracellular concentration. The 

intracellular calciwn is also unequally distributed and intracellular pools 

include the sarcoplasmic reticulum, mitochondria and binding sites on tl1e 

inner side of the plasmalemma. 

Interfering with calcium in a general way will consequently have 

such diverse effects that it has no potential benefit except in the presence 

of calcium overload. The calcium channel blockers represent a development 

which enables us tointerfere selectively with certain processes affecting 

calcium movement and consequently altering certain calcium dependent processes, 

The processes affected by these drugs are mainly those concerned with action 

potential generation and the conduction of impulses in the heart and those 

concerned with excitation-contraction coupling in vascular smooth muscle, 

Therapeutically the calcium channel blocRers have been established as anti­

arrhythmic agents effective in the management of supraventricular tachyar­

rhythmias. Furthermore they are vasodilators and are widely used for the 

management of angina pectoris. The antianginal effect appears to be more 

than pre- and afterload reduction and evidence for antagonism of coronary 

artery spasm has emerged. The vasodilatory effects have also been applied 

in the management of hypertension and · cardiac fai lu1·e. There are also animal 

studies suggesting that calcium antagonists cah prevent calcium .accumulation 

characteristic of degenerative vascular disease. 
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Amongst the various calcium channel blockers there is a subdivision 

in terms of site of action. The best~l<nown difference is that bet\o£een 

nifedipine and verapamil. The latter has pronounced effects on the h.eart in 

terms of electrophysiology and contractility as well as on vascular smooth 

muscle. In contrast to this, the effect of nifedipine on these processes in 

the heart is negligible in relation to its effects on vascula1; smooth muscle. 

There are also indications that calcium channel blockers might differ with 

respect to their effects on blood vessels and it might become possible to se­

lectively dilate blood vessels at specific sites such as the cerebral vascu­

lature. 

The effects of calcium channel olockers are however not limited 

to vascular smooth muscle, but effects are also seen in smooth muscle at other 

sites such as the respirato1·y tract. Investigating the effects of calcium­

channel blockers on respirato1·y smooth muscle is important for hl.O reasons. 

Firstly as potential 5ronchodilators in the management of asthma and 

secondly as they are used as alternatives to 6- adrenergic blockers, we need 

to define their safety in the presence. of a history of bronchospasm, as the 

latter is a contra-indication for the use of a-adrenergic blockers. 

Nifedipine and verapamil are effective physiological antagonists 

of bronchospasm produced in vivo by methacholine and histamine, but differ in 

terms of their interaction with bronchodilators. Both tend to potentiate 

the bronchodilatory effect of theophylline. Although the bronchodilatory 

effect of a-adrenoceptor agonists such as isoprenaline is potenttated by 

verapamil, this effect is antagonised· by nifedipine. Tilis appears to be due 

to prevention 6f the increase in cyclic AMP induced by a-agonists . 

It therefore seems that although the calcium channel blockers have 

potential as bronchodilators, there is also the possibility of adverse drug 

interactions between drugs such as · nifedipine and certain bronchodilators. 

The last word on calcium channel blockers has certainly not been 

spoken. These drugs are sti ll inadequately understood and their full thera­

peutic potential has not yet been achieved . 
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Mucosa 'llD\1 Cardia fj mucous - secreting cells Fundus u<i:: Body 

rJ parietal cells, ;f"~::tt~\1n"Hl HCl 1u-1::rl chief cells ;f"~::t1~\1 pepsinogen 

n. Cardiac gland area 1~uu=i 1·m~;~1n Esophago p.astric junction ~,uttt11j 
~::N~~ mucous l\fl:: pepsinogen 
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... ' d d Oxyntic gl and ar ea U"jL•rurt •U~D" Fun us, Bo y pari etal 

cells, chi ef ce lls, mucous neck cell s 

flilOllllllfl 

fl • Pyloric gland area u~ L•ru ant rum Llil:: pylorus ii mucous cell s "ii :: 

G-cells (Gas trin) uE1n".l1ntiuv"£1 Endocrine cell s . .. • Pll\1 'l DOlJIOll lU L 'l11J 

D ce lls (Somatos tatin) , A cell s (gut glucagon), Vasoactive intestina l 

peptide (VIP) 

Age and Sex Dis tribution 

".l~·iu.•u ijri L iiumrn L dnu uJtJVimnn;Tu "Nfl~ 1u~t1111iUUDtJn.;1Mm11rn"j:: L rn ::ulttl "j 

r1u1u l1'1fl'l11Ull100.;, ltiflttiD'1 "fl::ij£1 Lft"jff!l!!IU ::Pi°1 "Pi".l1nn1"jf1nJ.fl"j::u ::n~\1d'nT1 LiIULLrHl 

uJtJPlfl 1 ~fl~Uiltlfl'1~'1t'! L\'l"jl:: l~iln1"juiii'vin1""Jint:t1~'1tn'1rn"t1 ::ifoun""J"j1J8iifu 

l~wth ltJ 1u DU ?JIU : "~" = 2. 2:1 ii" 4, 2:1 

"~'lu GU '111tJ : tt cy\1 = 1. 3:1 .. 
fl\1 3 , 2:1 

uPi°lu "j\'I , fl~ ·n?f \'IU 

GU DU = 1:2 . 3 

GU 'lflfl "~" = 2.1:1 

DU tllU "~" = 4.3:1 

Regula tion of ~astric acid secr etion 

LIU'1Liiu Interdiges tive Llfl:: Digestive Per iods 

Interdiges tive Period secretion • 
".l::~'1~A "J::t1•1'1 14,00-01.00 U, 

Digestive Period "U'1Lifu 3 "j::tJ :: 

1. CeEhalic :ehase ~'lnaJJ ilrt .. 
flil ~n • 

k 
ilU, ">JJn O'l"J LA°tJ• 

.. 
Ol "JOflUil lt11 "j 

"> ::ilnT1n""J ::~u 11'!tJrlE'1nfl 1 n ' .. vagus flfll4fl() 

1.1 Direct choliner gi c s timulation ' Vlil Oxynt i c gl ands 

1. 2 Choliner gi c stimulation ~DO'l "j tt~" Gas t rin ".lln Pylor i c 

1 d .,, lJ ' ., •'l" J .. g an s ~"uunl""JN'lVI~ antrectomy n1 ttn'l""Jttfl'1n""J~UEltJfl'1 

"'Dnl""Jni vagotomy ~".l::t1~n1 "j n""J::~ultJu" Oxyntic gl ands 
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2. Gastric phase 
I 

UPI 

Gastrin ~-~ ., .J " ,, mJ Lutrn«n'l"rn, ::ro1t1 Lmn ::ti, n-1,'IJU'lUVl"l'IJD\1fl,:: un ::t1·nn,·, n'l'1fl, ::Pltl 

n-..·rn,::~t1'il'lni'f'l"j~," 1 L"Ifu n·Hrn::iilu um:inmrnil ua::AT.,ltJ,PluPi-.."1 

1V1u Linn:: Liit1awi' Bile salts Lrn::'il::\)nvun"n'1'111~"n ,V1 d1t1 pH 'lu antrum ii" 3 

n;11~un'1l'HJ::illu LLti:: 1. 5 A;wfon'1limt1'1 antral distension, vagal stimulation 

Ufl::u~anDHtl~ 1AU'IJU"ltlfl'l"j«" Chemical process, nerve impulses u«:: Endocrine 

mechanism ~'il::11;'l~ifln-..,,.,~"n,V1t1t1nu'l factors ~.i;f>11)!1~u~ Parietal cell mass, 

Vagal tone ui'l::n-..,'1~'18D.;1uu'il'ln antrum 

3. Intestinal phase 

;f\J'il::ltJiiuB"n,,11~\1t1D'1n,iii Duodenal pH receptors, Endocrine feedback, alkaline 

Definition 

Chronic peptic ulcer 
• .J ' I D'l'il'il::LnVltlA"ltlil'l\1'lJD\1Mi'ltlVltl'l'1'l"j, n,::Ltt'l::D,~ 

Jejunum L.Ju'lun,lilt1t1\1 Gastroenterostomy, Zollinger-

Ellison Syndrome, Meckel's diverticulum ~"£1 ectopic gastric mucosa 

Pathophysiology and Patho~enesis 

fl'l"l::~rtn,A LL«:: Pepsin 11~'1t1on11'lif'1n, :: Hn ::D,'1,, LUUPl"lA;fi'PJn;'lM' LnA 

peptic ulcer ~, acid-pepsin '1~'1t1t1nll'lll'lnlt1n'l<l'il::LnA Peptic ulcer nD'11l'ln 

~u (
2

) ~"t'iu Peptic ulcer LnVl'il'lnn-.. , Lf~mUJfrl«, ::11~-.." aggressive factors ua:: 

mucosa! defensive factors n.:-..,fio !In-.., 1'4u factors D't1LL"jfllnnua::iln'l,«V1t1D\1 

factor au11~" (~'1tll~ 2) (
3

) 

Mucosa! Defensive Factors 

• 
L 'lltl , -

1 , Mucosa! Barrier to Ion-Diffusion Theorell C4) ur1::fHU:: tu£l 
• D (5) 'l {] -" ,, , ., .. b . -" "' • 1933 LLfl::PlDll'l avenport ti 1964 LUUf.!"11UA'l,::A'lflf)j flt! arr1er LUUA\1A'l~l)J 

~n,:: nn ::t1'l'1'l,'il ::tlt1'1nt1 L do!Jn,:: Ltn ::t1'lM'l"jiit i-i'unti;i'nu 1V1u ( 4 ) ,j';,.,~'111t1'1~"l LD\1 J,utl"J ::nDu 

~A!iRPJ'lHl\1 mucosa! barrier l~u~ 
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No 

Aggressive factors 
Mucosa! Defensive Factors 
Mucosa! Barri er -Ion Diffusion 

-Two-Component 
Mucosa! Resistance 

HCl and Pepsin Secretion 
Vagal Phase 
Gastrin 

Parietal Cell Mass 
Zollinger-Ellison Syndrome Duodenal "Brake" 

U<lfl\1 Etiology ~D" peptic ulcer 

1 . 1 Apical plasma membrane 11D'l1 surface epithelium Li1u.Outf£JltJ'1 -

0luut1::lm1u 1Lil::1hiu" (pores) ff~::'l.1' LflfltllL.;u01::<11'1ffil::i11uU';1; du n~lfl<t ufl :: t.i LJl u 

N'lUl~ 

1 . 2 n1irl cell membrane Lif£>unumJ'l'l1lU;uff LJl un-l1 "tight j unction" 

~::~•utl£>'1nu<11i~1na•uv£>" Lumen'luni::Lw1::£J1tt1'1 diffuse N1ultJv" Interstitial f luid 

~" l~n~.,.m~•-l1 salicylates , nifl lvii'u, ethanol, Lfl~Du;firlr-rn~un1in; ­

sinogen 

gastric mucosa H+ diffuse ~•fl lumen L1i'1 ltJ'lu mucosa 1rn :: Na+ LLil:: 

diffuse N'lU~'lfl L'lfmi L1i'1 ltJ'lu lumen i:in1itt~" histamine nifl uil:: pep-

u1nifu capillary permeability Ltf11i'lu fl;'l.1' Lil'utrn1<1,_i.l tJi~u11fl :: L21fl L~Dfl 

ILfl'):JDDflll'lli;l ~• n capillary Ml:: venules 

mucosa 

2. Two-Component Mucous Barrier(6) 

2.1 Layer of mucus secretion 

2. 2 rJ Columnar uoi:: Cuboidal cell s if.Buth ufl :: Crypt VD\1 

'if "'OJ ::<1.;'1" mucus m~:: L'lft1si'lm.ltrn1uiu~•uif Lil'u ltJ 

n1 ., 'l1f Anti - inflammatory drugs L"I1u St eriod, Aspirin, Phenylbuta-

zone ti;t~; mucus 111'1:: Carbohydrate fl~flnu Protein flflfl\1 rhu ACIB & 

phenylbutazone 

sur face epi t helial cell tifl11ti1ni'. ltJ uV: Aspirin 1rn :: 

surface epithelial cell tt~fliltlflDDflL~•~~ 

. ' 3 . Mucosa! res i s t ance (Nutrit ion) n1 i ~nM1V£>'1 Shay ut1 ::fl~::wu •1 

tt~~l;iu£>1tt1i ltJ'1~uu1n~~ Y1;lt1'ni::1w1 ::£>1 tt1 ifl fl •111~1un1u~u acid-pepsin diges-

tl. on gA'tJ 'l J Vi' t C 1 · t "' 0 
.. Q nV utt~flV'l fl , mucosa res1s ance ~::flflfl \1 ut1 :: L~D•111N~flDttflDfl -
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4. Local Mucosal Blood Flow Virchow (1956) 

mi:: submucosa 

epinephrine LL a:: serotonin t1i 'l'1 dhivi ltJvi~D L ~U\1UDUa\1 t1i 'l'1 diviur.rn lfi' i!'1ifu 

Vascular factor 

Lflllluvi..:i ::fl Spasm 

.<( • •ut - l""'l" (7Y 'l LUUfl1Ufl,fl~ un,,ilGU,Un,,Vl,U'llil\1LLNa A'll, Uij~\1il,Q Uft,1:: 

'llil\1 pre-capillary sphincter 'llil\1 arteriole t1i'l'1 mucosal 

blood flow avia\1 

s. Intrinsic mechanisms that inhibit gastric secretion 

GI-hormones ..:i::avin,vi'lun,::Ltt, ::il,VI,, 

• 1., " ~ " 5.2 Duodenal Brake a, flLanf11uAu..:1::i1 Enterogastrone 

n,,vid\1n,viaA~\1 ~"Histamine - u«:: Gastrin-stimulated gastric secretion 

6 . Cytoprotection by prostaglandins (PG)(S) PG L ilun~"'llil\1 
Oxygenated fatty acid 'lu Lrlm1'1ltJ'llD\1,rA.-; Lifu'1\!n~1mrn PG i1via,u'll0vi i1rit1t~," 'l 

u I 'l I •t"" " u 'I " 1 E "' nu fl1u vi~•::n, vina,"LUDVIAA1 ~un, :: L tt,::D,Vl,,fin,,fl,,\1 PG AU L ~tt,:: PG 2 ~'1•:: 

ltJuiJn" Gastric secretion, tlD'1nun,, LnVILLNaua ::a" L fl~"'li-i'urrn'lun,:: L1n :: D,V1,,LL~:: 

6 . 1 Intes tinal cytoprotection •,nn,,nVli'lil\1ttU~,n,,1'1 PGE2 
..:i::a,",,fitJD\1~jn,,Li'iA necrosis lu i l eum dLi'ivi..:i,nn,,'l; Predniso lone 1; 

6 . 2 Gastric Cytoprotection(9
) 

6.2 . 1 Direct Cytoprotection 

6. 2 .1 . 1 tJD\1nun,, Ln\\'ILLN«•,nn,,'l;u, NSAID L.Ju Aspirin 

indomethacin phenylbutazone . Lilu~u , 
6.2 . 1 . 2 tJD\1~Jn,,Ln\\'l necrot i zing lesion 'lun, :: Ltt,::D,Vl,,•,n 

.,,U,\1'l1Uvi L~u absolute alcohol, 0 . 6 N Hci, 0. 2 N NaOH, 25% NaCl solution 

6 2 2 Ad . . (10) . • aptive cytoprotect ion 

1nnu,n l~fll, mild i rri tan ts LtlU 10-20% ethanol a11IVl!ilnndflil\1 Lilu control 

tJ,,nD~, LdD'l~u, L~u Absolute Alcohol 'lutt1ndvid'1 ..:i::lJiJn,,nia1uLdD~n,::Ltt,:: 

D,VI,, Lau lil,\1,J,mnn control •::f1n,,t1ia,u LrlD~n, :: Lrn ::DT11,,,ua :: LifD'li-i' Indometha-

. "' 1 u • . cin urn t1'llA?l11\1fT,,tn\11U'llD\1 PG cyclo-oxygenase 

ufln\1~,fj adaptive cytoprot ection 
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The Gastric Mucosa! Barrier 

. 1 f< "" .A Q .... _'{ • .J.. ~ Q'l .. • "' wrn unl'l L umin,:: L t'l'1 ::D"111'l"lu mucous Pim>fl'D" Lutrn-;nrnt.lu\1nuu 11n"l mnu L Uu1J 

n'1 :: Ltn::n'll1'l, LtJ'lltlti~unu Lt1t>1Jn,:: un::t>'ll1'l, a,,Pi," 1 ri LiJU~"lti'irnu Lflt>n'1:: un ::u'll1'l"l 

l~LL~ 

I I "' 
1 . O"lPlf'l'l\1 1 L~u HCl, Acetic LtluPlu 

2 . Bile salts, lysolecithin 

a . Ethanol 10% 

4 . Salicylic ac ids, Acetylsalicylic acids 

s . Phospholipase U'l\1~"l 

Proteins 

tufl'l"l::tlnPlfln'l, LriuE'ffl,,n,,~,u'llt>\1 H-ion 1nn7"u -.i ::t1;t'1 Lfirin'l'1 '1'1;il,V'llu\1 Gastric 

Mucosa! Barrier ua :: Lllt>1Jn, :: Ltn :: t>'ll1'l,fln'l'111~" Histamine :A"-.i ::1t.ln'1 ::~tt H -
2 

r eceptor 

L\il :: Lf41l 

Ltl'l1t.l'lu 

Pepsin 

L ri11n,,11~\1n'1V1 11a::n, ::~u H1 r eceptor Lfifl Capillary vasodi 1 a ta ti on 

capillary permeability ~t>1t.l,~u rt'l,~1" 1 -.i'ln inter stitial f luid 

lumen LVIU Lmn::trn'lrtU'lLtl,eiu, l•1n~u11 LLa ::lt.1 11Plrt L~uu ua :: Lti11n,,11.t\1'llt>\1 

s ubmucosal capillary 
.. 

Pl"lfJ 

factors "" t>U 1 

fl' lol .,, • t I I J 
tl'l flUt> v : fl"l'llJffl'lUtnU'llu\1 L um~n, :: L tn :: u'l11'l,Uu1J~O"l'l • LLflfl'l"ll1il\1'lltJ\10"l Pll\il :: 

Lflll L"lfli'1LtlU1J'lflifU 

D'l~ll'ln : n'1P1Ut>Vil\1 LL~i1n,,t~a,,11~t> V'lA'l\1 1 fl-.i :: t1;1'1Liifln'l,tl;il ,V Lflt>1J 

n, :: Ltn ::t>'ll1'l"lll'lnifu 

rf\)fl'j')lJ. N'"fl" ~"LL"lflat>u . n,,ffn~nu tiuui1m1u.,~1a;~'lJ~unT'J LfifluNaPi'"lu 

LVIU Liltn ::uti,"rl" n,,1~u'l~'l" 1 fl'l,~uq,., ua::n'l'11U1Jl1~ 
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Gastric Blood Flow 

Gastric mucosal blood flow (GMBF) Li111ifu dfil 

- Vagal nerve stimulation 

- Beta-adrenergic agents 

- Prostaglandins of E, A, 12 Types 

- Secretagogues such as gastrin and histamine 

GMBF i'l9li'l" Lrf il 

- Splanchnic nerve stimulation 

Indomethacin 

Inhibitors of gastric secretion 

- Cimetidine Ui'l: Somatostatin 

A'·rn pentagastrin lm1tA pirenzepine Lf'i11 GMBF 

The Parietal Cell Mass 

n,,~~"n,111•,n parietal cells ~"J•uLH~•,nLdD~n,:Ln, :il,~,, ~.u 
• .J 1" d I fundus ui'l: mid-part of the body, parietal cell mass fin,,L~i'IUUU~i'l" 9lL1lilfi~" 

n, :~u9h" 1 fiu ui'l :f1fl•,11uvinvi',"fiulmLvi'i'l : flu lui! 1 sso Card LLi'l: Marks t1u.;, 

.,.,~m•u 10
9 parietal cell rnul~ maximum hi stamine stimulation •:rt-;',"n,1111; 

23 m mol H+ vi°ilil.111" Functional parietal cell mass 9i,"fiu~n11AT111~" 

Vagal Stimulation 

171 

J n,,Hi'l" - ., _,. . 1 "'"e I J d Ui'l:fl•U~1lil•U•=~,"LflU"VI," 1 lllULnU•~il"~" 3 p1ases ~i)"fi,,Hi'l"n,111 'J:LHU 

l!il~.n n 

t est 

Sham feeding, insulin induced.hypoglycemia ~"u;11,l~fiu Hollander 

pepsin 
I ~ rnvivi Vagotomy Lflil Fundus 

Hormonal Regulation 

Edkins l~f'iutm gastrin ~.nn antrum ~il"tllJ. 

producing tumor ,,;1il Liivi Zollinger Ellison Syndrome 

hyperplasia, hyperacidity intractable peptic ulcer) 

ant rum 

distended, 

vi°D11,1Afln,,nu gastrin 

(l111ufi Parietal cell 
J 

n,,Hi'l"~il" gastrin .,-,: 

antrum (Somatostatin) 
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Diet, Alcohol, Nicotine and Drugs 

1hai J. Phannaco l , 

Vol , 6 No . 4 Oct , -Dec . 1984 

- ffl"j~tJth ::t11tHl1Wl"HIU'l\1 L "j~\l:ju 1V1U Hun ::il'l~\l"jth:: urn L ~l'l~li! fl1"j-1'tJt..J<j ::vt1Uil1t-\1"j 

s.qn lt..J i'Ju1uamiufiti'1rn1"j LfiVlur-rntun"j:: Ltn::<J1tt1"j 

- Caffeine 

- ~~u~tt~i1l<Jn1rt Liluurrn Lt..lt..lPifl 1A'tnnn~1~tfli.iijuii"rtil\l Lti1 Lrn::D'111"j1vi1u'lu~ Lilu 

urrn Lt..lt..lPif1'lu~~f.\tJ~tt~iJ"n~1~lu'~u n1"jf.\tJ~tt~i1rrn9'il Pyloric function, Bile reflux, 

t1;'lt-i'luf11..;tJil LUliHlVI~" . mucosal res i stance 

u1~1" 1 fl'l~lV1ULntt1:: steroid, non-steroid anti-inflammatory, 

Aspirin LL~::~u 1 hu L ntt1::'l1i'nu~tf Lilu Rheumatoid arthritis, Alcoholism 
flN~~ilfl'l"jLfiAUN~1un"j::Ltt1::il1'11"j 

Stress 
Emotional stress 

Postsurgical operation 

Personality umJfJtJVU,.l'ltlfl'lU LtllJnlJ 

I I I I{ 
Peptic ul cer rt1u'lt-t~'il:: Luu Gastric ulcer (G U)u~:: Duodenal Ulcer 

(D U) pathophysiology 'lu"j1uri Lilu GU _,;,uti'u DU 

Gastric Ulcer (GU) 

uJ\lLi11JtJ<j::Lfivtttt~ 1 1~ 2 t..J<j::Lfil'l 

1. th:: Lmm"jn Lilu Primary gastl'ic peptic (ll) (Johnson Type I) 

Ulceration ttl3D G. U. 

2 . Acute Gastric Mucosal Lesicins (AGML) = Acute Erosive 

Gastritis 

2. 1 Stress Ulcer 'il'ln Trauma, Sepsis, Head injuri es, Burns, 

multiple compl icated operation 

2 . 2 Drug Induced Gastric Ulcer L~U Steroidal and nonstero-

. idal anti-inflammatory agents ~\llfrp'.J6in1"j'lJil\lfl'l"jVlfl L~ilVlll~::LLr·l ~tl::"l lfflij\l ~\l'il::ilfiU'lU 

lt..Jt11\l~1u Cytoprotective 1V1ui1fl111Ja1ltfuilnu Prostaglandins (PG) tn Lt-tri'1d''il::lt..J 

v ~ " I I' " 1 ( uuv\ln1"jrf"j1\l PG uvi'il::n"j::~urt,1\l tJfl'l"jtJ<J LUVI 

'llil\ll~iivit'f L dil~n"j:: Ltl'l::il1'11"j ~;1~ L'liu L~U'lntJ 

fl"j:: L tt'l ::il1tt1"j LL<! :;i); l ~ 

'il1nLdv~n"j::Ltt1::il1tt1"j, 

stress ulcer PG 
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Duodenal Ulcer diat hesis (DU) 

Li1un~llllN«fli1 pathologic physiology u«::n1-,{ntt'lflfl'lt1nuli;HJ"l 'llll-1'~" 3 ilV'l\1 

1. Duodenal ulcer a1 rn111riLLti'4l~'1ifolu't1"l1u uPi.;1u'l111~'4l :: i1 hyperacidi t y 

.;,uttu1fial'j"llltw1'lliNn1"l Lnli'I DU ~Uil~nu local acid-peptic activity Lrn :: mucosa! 
res istance 

1.1 Secr etory Ac ti vi ty and Luminal Bulb Conditions . riJ,uri Lifu 

DU l1 ' "iJ't ' '4l:: n,AU'lnn'l'lfilUUOli'IL Uif'lU ,.,~ d1iJ\1'4J'lOi1 Parietal ce ll mass lJ'lO Lt1UUtlU'ltl 

fia;fi'r;iJfln; 1'1 Liilil DU Uiln'4l1miun1,l1 Prolonged phase II w'fa motility 1.lil\1~ lil~-

.J " • 'l" f{ ~ ~ rl • 1" 1 .. .J UlJUiJUtl'l "O"llillJ'l lJNifnUL il~il'l a~ illilUlJU'lU " if 'l"" Oil'l'4J'4J :: L ULH~ HLnlil DU 1~ L\tl:: Lrlilfl'lU 

" tJ .J d 1: 111il"~uu"l ::tn1rn1"1,fl'l'lll«ll rn«'l'llil'1n1"lii'uu\1n 'l "lH«'1n,lil nrlut1uTt1a;fi'IJ!ttil'1n1"l Liilil DU ., 

1. 2 Mucosa! Resi st ance Fac t or s : mucus (gl ycoproteins), 

bicarbonate,blood flow, cell pr oliferation rates ri mucosa A'l'1fiunu1t1~il 

mucosa! r es i s tance 11 Prost aglandins '4l :: Lifu cytoprotec tive 1111uLdSJ r esi s-

t ance ~, :; il '4,);0111 mucosa! necr os i s ~V\111h·1"l'lUU1j-iff'I 

2 . DU 
I 

'il" tJ "l 'lunu GU Pathophys iology uu un'4l :: Ln111111 u"fl" DU 
(Johnson Type II) 

3. Prepyloric , channe l ulcer (Johnson Type I I I ) 

Clinical manifes tations 

'lu uncomplicated DU il1n1,u'l lilTID'1"n'4l :: L t1uu~L•~· Epigas trium, 

111unil'1il'l1il'l"l 1- 3 ihl"" 1La ::~h111111iluiin 1 t11n1"l'4J ::~1fu111unfl'1l~ antacids n-=iil 

il'lO'l"lLU complicated cases '4l ::l1t11n'l "l il'lL~UULiJUL~ilA ua ::uN«tl :: ~ilil'lO'l,U'l lillJ'lOLU 

GU tiu il'lO'l , U'l liltlil\1iJ'l'4J'4J :: lu' lll;trnu .f1u1m1j'4,) ::U'llil~iJUD'lH'l "l ffo;fll1JDUHd\1~AD 3 - 71. ri 
tn'1i'1il,,;., Lifu Benign ulcer '4l:: Lifu malignancy 

Diagnos i s 

a1u 'l111~'l'lf Gas t roscope '4J:: 11ii'r·l<HL1J
1

UU;n,;'ln'l"l 'l'lf~1U1l'l\'ltl'l'1 '1'1ff U"l ::u1ru 

-i'illlil :: 3-7 1.lil\1 G. U. Li1uu :: L~\1 iil'1tiu O'l''Hl; Biopsy 1.liJ\1 G. U. 'l '1£lfl'l'llJif; fl'lJ 

Management 

1 . n1,~ntn urrn'ltt\nu Ul cer healing 
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2. n-1~~mn Lflmrnv'lffl~ll~fl Rei ieve pain 

a. n'1~tlv"nun'1~ d'i~uuH1.J; Prevent recurrences 

Drug Treatments 

fl • antacids anticholinergics ' v 
~-mnu 

Peptic Ulcer Disease(ll) 

Drug Cl assification Examples Mechanisms of Action 
Drugs that inhibit acid secretion 

Histamine H - receptor 
antaqonists2 

Muscarinic Receptor 
Antaqonists 

Cimetidine ('.f'aqamet, 
Smith Kline and ~rench 
Labor.atoties , Phila­
dclrhia, PA) 

Ranitidine (Zantac, 
Glaxo , !he , Ralcinh , NC) 

Oxmctidlne* (Smith Kline 
and ~tench Laboratories , 
Philadelphia, PA) 

Etintidine* (Or tho Phar­
maceutical, Raritan, NJ) 

Classic Anticholinerqic 
Druqs (These are list~d 
Ref. 1) 

Pirenz~pine* ( Doehr.inq~r 
Ingelheirn, Ltd. , 
Ridgefield, CT) 

Trimipramine*+(Surmontil 
Ives Labs , Inc. , MY, NY) 

Doxcpin*+ (Sinequan, 
Roerig Div of Phizer , Inc, 
NY , NY; Adarin, Penwalt, 
Rochestnr, NY) 

Block the act.ion of 
histamine on H -

t 2 . 1 r.eccp ors on parteta 
cells 

Flock the action of 
acetvlcholine on 
muscarinic receptors 
on parietal cells 
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Druq Classification Examnles Mechanisms of ~ction ··--·---·--------- _____ .:..,_ __ _ ------- - -·-- .. - -- --·· -----
Substituted 
Benzimidazols 

Omeprazole 

~astrin Receptor Proglurnide* 
Antagonists 

Dru9s that neutralize acid 

1\ntacids Conuronl.y used antacids 
are described in RefG. 
2 anrl 3 

Drugs that coat ulcer craters 

Sulfated 
Di saccharides 

~olloidal Bismuth 
Compounds 

Sucralfate (Carafate, 
Marion Lahs, Kansas 
City, MO) 

Ulsanic 2X3ac 
1 hr and hs 

Tripotassiuirn dicitrate 
hismuthatc* (De-Nol; 
Brocades Ltd, Delft, 
Netherlands ) 

Druqs that enhance mucosa! defc~se 

Prostaglandins 

Licorice Extracts 

Primarily E tvre* 

Carhenoxol one++ (Bio­
gas tror'le, Beck 
Pharll'aceuticals, Ltd, 
C:reat Brita in 

Inhib)t a hydrooen/ 
potassium adenosine 
triphosphatosf! enzvme 
located on the acid 
secr~tory surface of 
par.fotal cells 

? Block action of 
gastrin 

Attaches to necrotic 
ulcer tissue in base 
0f ulcer and prevents 
pepsin fro~ further 
0eoradino ulcP.r 
tissue; prevents 
hydroqen ions f roll' 
reachino ulcer r.ase; 
acsorhs hile salts 

Sec sucralfate 

Increase mucus and 
bicarhonate secre­
tion: increase 
mucosa! hlood flow; 
reduce acid secr~­
tion 

Increase mucus secre­
tion; increase life 
span of gastric 
mucosa! cells; reduce 
peptic activity 

* 
+ 

++ 

Undergoing clinical trials either in the United States or other countries 
Tricylic compounds; these drugs are believed to be useful in treating 
ulcer disease primarily because of their antimuscarinic property 
Marketed in several countries, but not in the Unite4 States 
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11. H2-receptor antagonist 

dine (Zantac) 
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L~U Cimetidine (Tagamet), Raniti-

fl. Drugs influencing mucosal resistance 
. 

Lnu Sucralfate 

(Ulsanic), Cetraxate (Neuer), Prostaglandins, Colloidal bismuth compounds 

(De-Nol) • 

1un,~intt, Duodenal ulcer lJ relapse 

~nn Hirschowi tz (13) l~~1t1l-l'ifod' 

1. nT1imn D.U. ,'Ju lJ healing 80% lu s ~tJfnH LLil::~::lJ relapse 80% 

1ut1d'1ihL"jn 

2. 

3, 

H2-antagonist 

LLil:: 541. lu 2 fl 

• ... ~ " .al ., • • ... 

n,.,N,AVt~::1VtNi1Vt TI,n,N,AVt 

recurrence 9,8% 

u1u maintenance relapse 45% 

selective vagotomy ~::a mortality O,l%ui1::fi 

flT"J Ltli!uu Lflvun,"jt,i Cimetidine m1:: Sucralfate 1u11·1.,.;'mnrn.,Afl Lfiilfl~,nUNil Lflilll 

LtltlPifl 

~,nn,.,f1ntt,tlil\1 Czaja (14) lu~J-rn;flJn,.,An L~ilVt~,nuNil dfmi LtltlPifl 

~"n"':: L tn ::Lrn::l!) l nUidu l~~Utn Cimetidine 11u,91 1 aoo flil~niu~n-lu vi~mn 

f ' • "J . . . Sucral ate vu,Vt a n~lJVtil-lu ~,u•u~ •tJtl"j::lJ,ruDV,"il:: 10 RU tJ.,,nD•, fl, mean 
• .. .I" ""1' .... 

11il\1~,U•U Lilill'lnVtil\1 rn lJLLVtnVt,\1nU 

• 
1un~uff1~ Cimetidine ~J.u 2 "j,uifA'n"lJnT'JAn LiinVt.if; 1rn::iin 2 "j,U 

f1qntft1il\1U,,j," L~tJ\1lJ,n UALUfl~lJ;ft-ifu, Sucralfate a 2 "j,fj Pi'n'1111i'1'un,"1r~,AVI LLVI 

1 .... .I" .. llllqn611,\1 LflU\1 

1. Bockus HL . Diagnosis of uncomplicated chronic peptic ulcer . In: Bockus 

HL (Ed) Gastroenterology 3rd ed. Philadelphia WB:Saunders, 1974:619. 

2. Isenberg J, Richardson CT, Fordtran JS. Pathogenesis of peptic ulcer, 

In:Slerisenger MH, Fordtran JS, eds. Gastrointestinal Disease . Phila­

delphia: WB Saunders Co, 1978:792-806. 
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3. '111 il"J"Hl 1,iflliHf'j~, "{"Jtrn ffu~~Ufli'l. Cytoprotecti ve drugs. tu: ilflqtti -

Ll.l~""ni'inf LLa:: il"Jt1"J"Jt\J nu::nfl (unru16n1"J). Medical treatment of peptic 
• .., A ' ulcer, current concepts . ~1unnuttn1"L~ttL,~~l"J. 1904:01-1os. 

4. Shay H, Sun OCH. Etiology and pathology of gastric and duodenal ulcer. 

In: Bockus HL (Ed) Gastroenterology 3rd ed . Philadelphia WB:Saunders, 

1974 . 

5. Davenport HW. Gastric mucosa! injury by fatty and acetylsalicylic acids . 

Gastroenterology 1964;46:245-53. 

6. Hollander F, The two~component mucous barrier. Its activity in protec­

ting the gastroduodenal mucosa against peptic ulceration . Arch Intern 

Med 1954;93:107-20 . 

7. Moody FG. Role of mucosa! blood flow in the pathogenesis of gastric 

ulcers. In International Encyclopedia of Pharmacology and Therapeutics, 

Section 39 A, Vol 1, P. Holton (ed.) Oxford and New York Pergamon 

P~ress 1973. 

8. Robert A. Prostaglandins and the GI Tract. In: Physiology of the Gastroin­

testinal Tract Johnson LR, (ed) Raven Press. New York 1981. 

9 . Chaudhury TK, Jacobson ED . Prostaglandin cytoprotection of gastric 
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10. Robert A, Lancaster C, Hanchar AJ, Nezamis JE ~ Mild irritants prevent 
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11. Postgraduate Course on Peptic Ulcer, Society for Surgery of the 
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104 ... 23. 
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tun.,,-rnit'lurrn Lfluu LtJtJ~fl ~il'1fl'1,wn11 L,J.,t.. Lffu'lnmn L'1~Pt·.," 1 Lt1u.fl'l'11J 

L'11J'l::a11tun.,, L~iun1ifu.,tmi 1 fltr" Lfl,.,::'1~m.nuti.,"".,n".,utuu-i~uu LLlJ'l'lt:n~ LiiflurH1 

L rlu u L tJtJPiflifo 1s.im'1Uif'1 Lt-IPJ-itfl L 'lU U~fl.,, 1'1 Ul. L fiu, ::~Ufl'l,'1 ~\1fl, fl- LtJtJifu11~ i) L fi1Jfl'l'11J;'1Utl'1U 

t .. ~ "' ~ · 1 .. " '1flULUil~NU\1fl,::Lw'l::u'1'1'1, a'l ifLan 

n.,,t~u'l~ntn tnfll~-rntnurrn Lfluu LtJtJPifl uti" Lilu 4 'lfUfl 
~ & 
Vl\1U 

1. U'laflfl,fl (Antacids) 

2. u1afltJ~11'1run,viua::LtJtJ~u (Drugs affecting acid-pepsin aggression) 

n . Acid inhibitor : Anticholinergic drugs, H2-receptor antagonists 

t1. Antipepsins 

fl. Antigastrin 

Carrageenin,amylopectin 

P1·oglumide 

a. u1 Lfl1Jfl'l'11JPl'1U1'11U'llil\1 mucosa (Cytoprotec ti ve) 

Carbenoxolone sodium, Sucralfate,Gefarnate, Prostaglandins, 

Solcoseryl, Cetraxate, Colloidal bismuth 

4. ~'ln~u 1 (Miscellaneous) 

Drugs affecting gastric emptying time 

Antiflatulence : Simethicone 

Metoclopra11Jide 

Local anesthetics : Oxethazaine, Benzocaine 

Drugs acting on hypothalamus : Sulpiride, Diazepam 

Tricyclic antidepressant Trimipramine 

a 2-adrenoceptor agonists 

Medicinal plants : Plantain banana 

. . 
'lf'lUU,,Lfllillfll,Pl'l\1 1 L'liu U'lfltli)\1 uuu,ju\1 LL~u1 lu 



·n.,11,., 1nll'11'i11u, 

orl s 1a"rl 4 R . R.-o.R. 2s21 

1 ~if-rn 'lH' Uf·lilVl'ltJ L ~.iJu 

11u'l1u-H1V10-rnt1t1n d)u 2 'lfuvi 

1. Potent antacids l~un NaHC03 Caco
3 

Magnesium salts 

2. Non-potent antacids 1;un Aluminium salts 

179 

Sodium bicarbonate Jl.. " 1 "- ' J~ ... t1t1nqno fl"j'ltilL"j'lUil:;~tiln"jtil Vllil1J,n UAt1t1nqnnNuu,n L1Jil 

n"j:; Ltn:;.,,..,,"j-),'11'.l::t1t1nqt1iffiun~, 30 tnii lviusJnPilu''l1i'u,d'lun,"j{mn LLA'l::1ti' Lfft1"t::'1u 

.,,fl,"jA,'11 1 1'1..,,u lviu Lll• ui,1fu .;;., Lifu11t1'11u,ifo,n Ltfu n;'liuaa,,:; Li1uA,'11 systemic 

alkalosis, sodium retention, C02formation Lt1uPi'u 

Calcium carbonate 
' .. 

L'lfu 1'lil'11~fl acid-rebound, hypercalcemia, milk-alkali syndrome, 

nephroli thiasis dluPi'u ~'11n;'l'11ii Li1u~iluu'l-ifmm1n 

~lagnesium salts ' L'lfU magnesium hydroxide, magnesium carbonate, 

magnesium oxide, magnesium trisilicate iltilfl"jtill..l'eiuri:;L~'l 

.;;., L~u fit1 t1;1;,J.," L~u lu"j,u~lAls.i~.,,'l Lnlilfitt'l,mLunuL~uulfi' 

Jl .. t1t1nq110 lilU,U11ilR'l"j 

luiluuiti''luisJ".,"", 

'lfUlilL~tJ'l UA'l::'l~~•unuLnut11Jt1'11t1::~ilLQuu 

Aluminium salts ' L'lfu Al (OH) 
3 

,j.,"~n liin;ii1Lnvi acid rebound i-1it1 
J ' n,"jfJ1i1ilu11t1'11 phosphate qt1Hf,llil1ftJu,i;n'l1 1 

J. " y JI y rt 
ililnq11HRilU1J,'11'lf,1Lil::~u~q110Rt1U","L~'l 

systemic alkalosis ;., Lifu~a;K~ AD 
uN:;11;1; gastric emptying time 

Antacid Combinations L tlun,"j~1 auu,rivin"jlillif'l1uPi 2 'lfiJvi;fultJ L;,;,unu lliltJU~VI 

'"" ~ J'l"-"' J" - .J·l ' " 'l"" ' Al M' lk ~" ' JJ"j ::l'f'llfl L11il Ll'f"j1Jqno t-llil1JtJILil::illilqtl61J,'11 Lfltl'lltl 1Jlilil'11fn"J t-!Uiltlil'll L'lfU um l. LUIJtf'lU 

~ltf1J"j:;t-I~," alwninium hydroxide nu magnesium hydroxide LUollil"J,a'lu 2 Ail 1 

' L'lfU 

Aluminium magnesium hydroxide carbonate hydrate (Hydrotalcite) 

Complex hydroxymagnesium aluminium (Magaldrate) 

Hydrated aluminium-magnesium hydroxycaTbonate (Almagate) 
'(i Jl" " Jl" ' .J u u u, rnrn t1t1nq110 fl"j'ltil L"J'lLLil::Dt1nqt10 V1tnun•,t1,illilfl'1liltrnaunuuuuoi"Julil'l uil::tJ\l 

a,u,'1ri-¥ntt,"J::f\'u fl Lil'lf l~ 3- s ls.iii acid rebound lu~flfJ.fl'ilu uil::lu
0

il::il'lllU; 
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1 • 

2. 

3. 

4. 

5. 

dh1nu11'1 uun ::ffunu~tl'luut1::u1iicinift1111n·rn 1;~ 

LtlUUlilf11fl,fl~lU&Jfl~11ti1JL~l~~l~fllU 

• di ..,. J 
fllU~~~,::u::L'lillfll,DEflfjtlfi'lJD~UI 

n1n,:: Ltn::D•~•·n·,~ u1.i::ti~1un,:: Ltn::l;u1u 20-40 u1;i 

n1n,::Lttl::iiti1~1,L~1J u1.i::ti~lun,::L~1::l;u1u 1-2 ~'llu~ 

Thai J. Phannacol . 
Vol.6 No.4 Oct , -Dec. 1984 

t1u1111t1 ti~u1ut1::wnurltrn~n,,1 '1u1. ~uti~nufl-;i1u1uu,.~'lltl~ l ,fl uti ::£11 n1.,tJ ti~~J-;iu 1 m i 

;hltJn1Luuu11Ji 1'1u1f1.f~t1:: 15,.,.30 uti . 1 oK'llu~ (uti:: 3 -n'1lu~) ~~~ti11n, ~rn:: . 
fltlUUDU 

s . ,::~~1u,1u~.iin111Ln~ti 

7 . ~ILtlUUIUi ~tl~LtJUltJ'lf111"u•NU1JL;,nu 

1 • 

2 . 

3 . 

4. 

5. 

6. 

7. 

1 • 

2. 

3. 

". 
5 . 

6 . 

7 . 

8 . 

9, 

. 
L tfU 

J ~ J 
tltlflfjtlfiL,'lU.il::,:;u::L'lillfll"'jtJ£lflfjtlfiUIU 

ilflfl"'jf11Ua'l ,, Ltltf 1" Lnu 4 

ii *' ~ *' .cl 1 ' ~liltJI~ LnU~Utium1111ut1:: uiiDU9l"'jlU 

iitJ~1Jlfl/'l.ID~ltrL~U1JUil::ltluflffL~U1JUDU 

"'jlfll&J fllLil ::~1;1tl 1 ~"°IU 

Disturbance of bowel function 

Acid-rebound phenomenon 

Metabolic alkalosis , co
2 

format:i:on 

Hyperca l cemia 

Milk-alkali syndrome 

Renal calculi 

Sodium toxicity 

Hypermagnesem:iia 

Phosphate deficiency 
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10. Intestinal obstruction 

11. Alkaline urine 

tJijfViv"111'utn~u 1 

V"1a~n,~utJfin~u ..... nuv"1Hatun~u L~t.1 Tetracycline, Antich9linergic drugs, 

Barbiturate, fro~, PAS, INH,Phenylbutazone, Penicillin, Sulfonamide, Nali­

dixic acid, Nitrofurantoin,Propranolol, Phenothiazine, Digitalis, Diflunisal, 

Clorazepate, Ketoconazole L"t.1;t.1 

Carbenoxolone sodium 

.. .. 
!,li'l~"1'1 LflV\l 

Lfiun ..... ,il;"1'1LUvn'lun,:;Lw"1::v"1H"1i 1~vL#U~\ltJ~U"1W n"1~Ht'1 fl4"1ULHUU• 

tf4ULHLLNi'IH"1V L~4\1t.1 

n;1'1L~aa~v'1n,::Lw"1::a,..,,, a;laL~nua,~uuu"1n~u 

a~n,,D'n Lilu 

tlv'1nt.1n"1, H"1t.1nau~v'1 H+ 
.. J ~ 
~"1t.1n"1,vvnqno~v'1LtJtJ~t.1 

luurrnPian,,..,~"~v"'j;..,~"'lun,:; Lw"1::a"1H"1,ua:;a; la din 

potentiate 

hypokalernia tJ•~ff,tt:: 

qntf~v'1 al dos t.erone ~'1n; 'l'1iim,f1''1~v'11~ Lfivmrn::u•u u 
unl~u 'l'11tJLL~il L;fvuua:;v"11Juifilil"14 :; ~1J°.Vfl4, 1;1'Uffl.."l~"i4;;J 

e l ectrolyte 
Jft' £11 ... fl di cl cl VI d-1 ti#"1f J: 

qt16~"1'1 LflV'1~"1'1~tltlUU"1n LnvUfl,'1H1N~v'1f;1.tl•vvt L~-.iUV"1tl 

ilvu i'l~i'l\l LW~")V");;J ::'li1'Na 'lun"1,intn~u"1 nnvnu 
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tJi)Mu'lnuu.,~u tJfin~u.,ffi1fl"l'lJHlifi'oJtn'l1fl~flfl 1~u~tJliii~u'lnu Spironolactone, Antacids, 

Anticholinergic drugs 

Cetraxate 

flt! l flfl'l"Hlilfl!Jt1t{ 

decrease blood flow 1u stress ulcer 

.,: "' L rtlJtJU 

vu~'llfl'l"JLtJ§uu pepsinogen LMLau pepsin 
v l: + b 
uuu\1 H ack diffusion 

U'llJfltliil'lUf'flilu LL fl ::tJflVUililflt1'1'11 h 
tlU'lfl-1 fltt'l ' Lltl:: fl iJUU DU 

Sucralfate d)u basic aluminium salt 'lJD'll sulfate disaccharide U'llJflliJ.AilJ 

flillflfl'l"jililfl!Jt1~ LflDU'llJflOUfl"JflLUfl"J::L~'l::D'l~1~ 

LLuunuuNil UTOJ::"J"llJA"lnu tissue protein Lilu polyvalent bridge 

(tJ"J::~ilU) Uil::1tJ"jtiuifuNil (tJ"J::~U"lfl) ~'11tf"lUtJD\lOUfl'l"1Ut1"1fl-iflJN'lUtlil\1 fl"\fl LtJtliJ~ Lfl§D 

uif'i Lltl:: H+ 

& - "• .. 1 .... Uilfl'l'lflUV\lfl'llJ'l"jtlijfl'ifU Ltltlilumi:: LflililU'lfl Afl"lU 

Nilfl'l"Jifltt'l l~rrn~ L ti'lnu H2-receptor antagonist 

tJU'lt'lintt'l fl·i\rn:: 1000 lJfl, 1'trn:: 4 L "lil'l rlDtJD'l~'l"Jfl~'11if"l 1lJ'l1ii'1~tt\1-d"l 1lJ\l. 

fl"l"11MQ'lU'lU s-a fftJPt'l~ 

Colloidal bismuth 

diu L flfiil Ln'll'liilUtlil'11UtlUtl 

iif)tllfuflfl'lPl L ilU 

' LLil::flDUUDU 

f'l~'lu sucralfate LUfl'l"l:: Lilufl"Jf!U'l<i ::UPlflA"l l; bismuth oxychlo-

ride ur1:: bismuth citrate lu ii LD'lf 2. s-a. s u«::<i::-"uut.iunu1tJ"Jtiu~urrn LtlUf!'l"J 
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Lihnft1u llin bismuth mucoprotein complex if\1<t'l111·rntlt1'1nun-1iu.,·rnillt1t1\1n"Hl uJtJ;Ju 
a "'• .111111 + 1" Lnat1U,A ua= H A 

ut1mnndv'1~'1ll'l"Hl~uilultJ"ltiu'lu LtJtJ;Ju rhlff' LtJtJiluHllA proteolytic acti\ii ty 

relapse rate 

~u•~inti1 il~~u,U,ua~1u~ 

~~\1~'lllJ\1~t1Ufl'lHl"iLLa =~t1UUt1U 
I 

£l11'11'1'll\1 

Ut1n~1ndi1 l'l~ul~ £l'lL~VU 

.. ' ... ua ::1Jul.\1"llV\l'Un11J 

.... l: ..... .... l: 
V'lUI 1'11\1a:: 5-10 1Ja.N~11u1 20 lJa. 'lua:: 4 l'l"i\1 

;t1a;~~lun1iuiHt"lflt ~=At1\1~UtJ1::t'l'lUV'ldLflt1n~=\ft1:: 

ll~if tl\}O '1fl.,lJ L ,j,~'l\10'1 fl LL a =£l'l~ti1 l '1 Li'il'ltlttAil"J ::tJtJtJ"J =~'ltl 1 Iii' lLA
1

V\11u L l'I f)"tJ lu~J'lvff 

'l~v1d~ntt1 Vl\}O~UU'lfltl'l\1U~<t'l'l::L~Ua'lu'lH~ ~U~'ltu~tl'lUtJl\1"i'lUU"l::~utJij\1U~U~(\1~Utu 
L NDAua::ifa~,'l:: L ~nUDtJul'i'l u~llil'1ih =fi'ul'i;ll, n 

it1l'l'ln ::-1'1 

4-~ ~tJ~nti' 

Prostaglandins 

' UA 

... J' - 1 ... ., .J 1" ' t'lililOqt1HAil"J::UUtl'l\1LAUfl'lH'l"l AVLUn'l::LnV'lOUOl"iHn\1n"JAUa::n'l"iH,UtlD\1LLNn l'IUO 

1 d . E ~ q - 1 ... ..1 ..1 Prostag an in- 2 ~\1~ULU"i::tJtJt1'1\1LftUD'lH'l"i l'IULQn1::1JlJ'lnt'ILVDijni::Ln'l::t1'1Hli. 

Pros tagl and in analogues <tllJ'l"lfl 'lff'1;.,,\1tJ1mrnzt1t1nqtJifl;iill1n n1i. tti'tun1·~:'tmn~-

J~u U~vUtu~u~~aD~ 
u 

' Lt1U 16,16- dimethyl PG E2 
15(R) - 15-methyl PG E2 15(S)-15-methyl PG E2 

na 1 nn'li t1t1n9nlf 

1 • t1Dnqtl~aP1n1iH~\1n"iA LtJtJ~u ~"'lut1'l'l:: basal ua::Lflil~nni::~u 

2. Lflll gastric mucosa! blood flow 

3. Lfi11tJ~lJl~ua::~'lllJLHav'lt1t1\1 gastric mucous 

4. d1u cytoprotecti ve ifa ~lll'l"i flljil'1fi'U ua::vurf\11,jt~ L flAUN<l~'1flUILLa::t1l'l:: 
' ' ftl\1 'j Lt1U 

.... q t'ft cl 1e f .I I 

aspirin, alcohol fl'l'l:: Ll'l~VA u; Liivl'I ua:: L11' LUtJUIAr.JA'lnTltJt.1ll'lt'lal'ln"iAHa1v un 

5. Lflll gastric bicarbonate secretion 

;!~uuDv111n flil " -flil\1 Hit.I 



III Trends in Drug Developments for Peptic Ulcers 

ifl.lil~.~~'"'~ «Au~~~u 

1nfl~'lll Lflil'll~t'IUI flllJ::~lHll~laA.; mn~t'IUl~UlJ~hrn 

Newer antisecretory agents for Peptic ulcer 

UlJ~'llUAUtn~fi'utilJ Hz-histamine antagonists Lilu"1uu1 nii1n~f1ntnnUilUl'll 
.. ... t I ....... UAt - ~ I ...Jl .. 'I 

n11'llt111'1lL~ilH1u1 ""1 t'llJ~11JauuA un•~~::'llun1~Ha'lln~lil n~uu1t'I lilitJfl11uau~~nuu1n fiil 

u1lun~u Hz-histamine antagonists lfluiin1~~~U1L#illHl;u-,flri~11JauuAt'll'llLfl~'ll~au­

~..,aA.;;f rnu1::aunu~J1mrn:: d'ililillnT1ti1" LfiU'llUilU u1iinn~ufil;{ufl11m1ut~u1nfiil u1tnn 

Selective antimuscarinic drugs L~u Pirenzipine uiln~1n~unii~1n ·prostrylan­

din analogs ;1"u1~iiucyH1luu~l1'il» d'ilil Diarrhea ~'lltl'ilHn1~ttilum'llfli;i0flifols.iu~~ 

u1rnn Tricyclic antidepressants L~U Trimipramine l;iin1~u'iu1lt1 
IJ .... 

u£1n~1nuunu Doxepine Dopamine agonist 

Metoclopramide n1~H~'lln~lil1; ~.u Dopamine antagonistsL~u 

L~~~•~::afl gastric stasis ua:: bile reflux 

.... ..{ ' 
nlJln~ L trn••~ ::alil 

Sulpiride 

t I .Jl "'l 1 
I t ...J l .. 1 

_,. 1 ' I UJrn un~:: L tn ::£JIHI~ UA Jrntl fl lJflilUlLUU i)Utiilt'I~ ::a1tJ lillllJtl~:: U'llUilUl'll~~"~" 

a'iHiuu1n~ua1~1i1;fu"£1~lu~ut'l~rnil'lltn'llfli!iilflfiil tnn Substituted benzimida-

zoles u£1mnou1 tun~u Antisecreto.ry drugs ua1 l;iJn1~~w1u1~1na~u l~"ji'lltilJ 

~-,ii Ulcer healing property 

1, Antimuscarinic drug~ 

.~ .I .. ' .. ~ 
L uut'Jt'J"jltJnuu1u1uua111 A Ch iiut1lJ1t1a'i R'lJL un •~n~ ::i;iunT'rn i'l'llO"jlilA1u G~~u'lf1Pi 

t1t1'll~l'lln1u u~n1"jltfu1i'llillil~U muscarinic receptors lu~::u::u~ni Ltlt1~1ilth::a"l'ilu 

Ol"jaflO"jliltUt'll'lltli}tJAfllJ~IUUIJIHllJIOL~~·:: ~J1uls.ia1ul"jtlt'JUAilillOl"jti..,"LflU'lltlil'llUll;t'1;1; 

l;iuu1 ls.it1t1L;iu'llfl~::i'llil0"$1il1; ~"~u Antimuscarinic drugs L~U Atropine ~" ls.ilt1 

LiJUUIL~u., a'iH{lJOl"${n~IUNatun~::Lfll::illfll"$ 
Table 1 , 2 , a Lilun".l"jUalil'llfl'llNatl L nlil'llnn1"$n"j ::~u Muscari ni c recep­

tors Ui'l::n1"$l\U'llilt1n Lilun~tJUilU1 t1'llun~~utJ1'lln~u~uti" Lilu ~\ &Mz ~'""'"n~uuti" Lilu M1, 

MZ Ui'l:: M
3 

~1nn1"jf1nwi~ilu1t1u~1 Pirenzepine a1u1"jtli'llilOl'jH~'lln~lil i;tut1Ulliltni" 

lui'iNaAt1na1u Ld°il L~uu Ui'l:: dfol11tut1u11i1\1"1 Atropine-like action . L~m1'il~tJ1nut1'" 
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TABLE I. Muscarinic responses 

System 

Adenylace cyclase 
Guanylace cyclase 
Regulacion of 

phosphodiescerase 
Polyphosphoinosicide 

breakdown 
Protein phosphorylacion 
K• channels 

K• channels CM-channels) 

Ca" channels 

Effecc 

lnhibition 
Accivacion 
Activation 

Activation 

Modulation 
Opened (conduction 

tissue or the heart) 
Closed (sympathetic 

ganglia, hippocampus) 
Opened 

Mobilizacion of imraccllular Activation 
calcium 

(Ref. 2) 

TABLE U. Different provisional nomenclatures for mu.scarinic receptor subtypes 

• S.:lective antagonise Selective agonist Location 

M1 Pirenzepinc McN-A-343 Sympathetic ganglia 
(neuronal tissue) 

M2 Smooth muscle. heart 

M, McN-A-343 Lower oesophageal 
sphincter (relaxation) 

M1 Carbachol Lower oesophageal 
sphincter (contraction l 

.\11 Arteriole 
Mi Gallamine; Cardiac cells 

Pancuronium 
M2 McN-A-343 Sympathetic ganglia 

m1 4-Diphenylacetoxy. Acetyltropine Smooth muscle 
N-methylpiperidine methiodide(?) 

m.. Pancuronium• Hean (rate) 
rru Pancuronium • 3-acetoxy-N-methyl Heart (force) 

pipcridinc 
methiodid.: 

M1 Pirenzepine Fore brain 
M. <.d Medulla-pons, 

Cc:rebellum 

Oh Ventricular muscle 
ClU 3-Quinuclidinyl Caudate/putamen 

Xanthen.:-9-carbol\ylate 

Reference 

14 

9 

15 

16 

17 

18 

'Re~ponses equally sensitive to pancuronium. 
bBinding s ite has a low affinity for agonists. 

<Binding site has a high affinity for agonislS. 
d..\gonist binding regulated by guanine nucleotides. 

(Ref. 2) 
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!ABLE ill. Properties of the three putative muscarinic receptors 

a 

Selective competitive Pirenzepine, 
anragonists +.DAMP 3 

Pirenzepine affinity High Low 
Sdective ailosteric Gall amine, 

ancagonists Pancuronium(?) 
Gallamine potency ++ +++ 
Selective agonists McN-A-343 3-aceioxy-N-

Pilocarpine methylpiperidine 
methiodide(?) 

Regulation by MgH /GTP ++ ++ 
Effector system M-channels(?) Adenylate cyclase 
Tissue location Ganglia Myocardium 

(neuronal tissue) 

a 4-Diphenylacetoxy-1V-methy!piperidine methiodide. 

m 

4-DAMP 3 

Low 

+ 
Acetyltropine 

methiodide{?) 

?b 

(?) 

Smooth muscle 

ti Binding studies in smooth muscle have shown the presence of some sites which are regulated by Mg2+/GTP. 

(Ref. 2) 

Table IV. Results of some controlled cllmcal tnals of pirenzepine in duodenal ulcer 

Reterence No. ot To1a! Healing ra1e 

patients daily 
pirenz.epin!: placebo ranitidine cimelidme treated dose 

ge!arnate 

(mg) 
(300 mg/day; (1000 mg/oay) (300 mg/day) 

Barbara el al (1979a) 79 75 (l week) 23/44 (52"/c) 12/35 (34%) 

50 (3 weeks) 

Barbara e1 al. (1979b) 92 100 (4 weeks) 32/42 (76°/o) 15/42 (36%.) 

Osellaoore et aL {1979) 45 75 (4 weeks) 9/15} (73"/o) 6{15 (40%) 

150 (4 weeks) 13/15 

Grncosa et al. (1982) 120 100 (4 weeks) 27/31 (87"/ .. ) 9/29 (31<>/o) 27/3i lB?0/o) 25/30 (83°/1>) 

Henry et al. {1982b) 47 100 (4 weeks) 14/24 (64°/c.) 17 /26 (68%) 

100 {6 weeks) 16/24 (82%.) 22/26 (86%) 

Kohh e1 al. {i 982) 133 100 (8 weeks) 54/65 (83"/o) 35/68 (54"/o) 

(Ref, 15) 

Pi1w~1 a1..;;iwu 1;utl'iUvun~1 atropine 1.11n 1;uun:!j~uvi~1uflru~vi~n:-l":i'Vl~~£)\'.Jtl":i ~avifl111w1.1v\'.J 

Pirenzipine 'hrn,.,,i.-,u,,111'ttNawrn ,.!j,;l'u ;r~a;tJ1~1u Table 4 1f~wu1ouo;j1.i'Naiii1rn 

~lJl"l'l":i 

tJ""""" 20-30/1, 

"";fu~~q~tJ"""'ru 2 i<11l~ Ma~~utJ"""'"u' Pirenzipine uA•~~nwLn~u 

tJ"""'ru 
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2. ~2 -Histamine antagonists 

n1~Ru~u H2-Histamine antagonists Uu~1tilufl111.1~~t~~Bu~\11.V1~'Vll\1~1u 

Ln«tl'~l'l tJI L w "i I:; L ilu&r 1 fJ v. \11.l fJ \j fll"iif IWU I ti I £1 v I"" UN1J \1 l'Uv:"i fJU fl au 11'! ti fl I f.f u fl 111.1iif u ~·u 'VI 'l \j 

,;;-,u tfl~il~l'I"' <1.lii 1 ,2 tilun•·rnavi~!l~~"~va~ Histamine tt"""'~ til~"uttil•~i!"~ ti1ali1' 

1,;;a-,~ tfliilm]1 illii~ru•wiiii tmn" t"'""~.ia Receptor vii" H1 11~a H2 uan"'"""1,;; 

g1"iwf tilu~\1 Agonists Vl~fl Antagonists 1.Vlii'l V1iltlt1Ul1u~1uU'Lun~11 LMt11tlufiil1"2tu~11U~R1\'l 

aanlulin. t°!fu H
1
-antagonist Astemizole aan')1'1;§1.i'uotrn•"1.iii~ru<111ii;; diu anti 

muscarinic Vl~a antidopaminergic LMilaufiuu11.un~1.1L~t11ftuu1\JA1 ~1uu11.un~11 H2-

receptor antagonists ~1.i'u-,~~1uuN•Lun•~ inhibit hepatic microsomal enzymes 

rniiau Cimetidine ;r.,,,j-,~ ttiu Rani ti dine, Oxmetidine tt•" Tiotidine diu.i'u 

Sub~titute {Me) none 

" ''l r:H,-:H,-~., 

3f1N\/' 
c 
1\ 

' 

(Histamin~) 
2 3 4 o f3 N'!Me) N'N'(M1d 2 4, N'N'(Me)3 '1, N'(Mel2 

H-1 0 ++ 0 .± 0 0 ++ 0 

H-2 0 .± 0 ++ 0 0 +4 0 H 

l!l.1, tvfo<lincation of hist11mine by melhyl s11h.~ti!utions in various markrd locations lo 
iHustralc the principle$ or II I and H2 receptor-specific compounds. 

Aryl ring! 

Ho.-.nhllic 

. H1=--r Cl!7CH7 Nl!3 

HN N 

\I 
c 

" 
11,-,irJn>ole 

hv<f,.-.nhilir. 

H3C\ /Cll2.s r:H7_c11,.NHCN 1-1.CH3 

c==c J I I y 

!IN N 

\ j' 
c 

" 
lrnio~wl• 

hvrl•opl1ilic 

Tl1iou•r~ 

y 

l• SI • Meli om id• 

Cyanogn~nirli"" !• N .CN) • Ci<,-,e!idi'>• 

Uncharged 

l.!!_g F~~sentinl chemict1! dirfere-nces between histamine 11nd its principal an!:1go11is!s 

(Ref. 6) 

(Ref. 6) 
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Table 1 L!p10 solubilmes of some Hrrecep10r ant.c;gonists 1n relation 10 oxidative arug me1aoohsm (11.ef" 15) 

Drug Lipid solubilay' Inhibitor o! R1n9 S\fUCIUfE 

(Jog P) hepaw; microsoma: 

enzyme aclivit1· 

Ranitidine 0.20 No Furar. 

Cimetidme DAD v., lrn1dazole 

Tio1id1ne 0.68 No ThliUDhO 

AH 18801 1.19 Yes' Fur an 

Oxmet1dme 2.ll No lm1daz0Je 

l Octane~: waler panition coefticient; the higher the f1gu1e Irie greater the de91ee of lipld soluDilll)'. 

2 In rat swdies 

Histamine Receptors 

Hl 
Agonist 

Histamine 

2-Methylhistamine 

2-(2-Thiazolyl) Ethylamine 

Antagonist 

Mepyramine 

Chlorpheniramine 

Astemizole 

Brompheniramine 

H2 
Agonist 

Histamine 

4-Methylhistamine 

Dimaprit 

Antagonist 

Cimetidine Famotidine 

Etinidine Tiotidine 

Ranitidine BMY 25368 

Oxmetidine BMY 25405 

RL 6341 

TABLE 2 Management of Druq Interactions 'Nith 
Cimetidine (ref. 11) 

Orug Management 

Ketoconazole Use antacids instead oi cimetidine 

Warlarin 

Oiazepam, 
desmethyldiazepam, 
and chlordiazepoxide 

Theophy!Jine 

Phenytoin and 
carbamazepine 

Lidocaine 

Propranofol, metoprolol. 
and labetalol 

Chtormethiazo!e 

and admin1srer ketoconazole two 
hours prior to doses of antacids. If 
cimetidine is required, give 
ketoconazole in an acidic solution 
and monitor antifungal serum 
concencration. 

,\ilonitor prothrombin times for two 
weeks atter cimetic!ine 
administrarion is begun and adjust 
warfarin dose accoroingly. 

Titrate dosage based on degree of 
sedacion, or suostitute oxazepam 
or !orazepam. 

Initially· halve theophyl!ine 
maintenance dose and use serum 
concentration and clinical 
parameters as guides ro therapy. 
No loading dose adiustment is 
required. 

Reduce maintenance dosage by 33 
percent. Observe patients for 
toxicity and monitor serum 
concentrations for 10 days after 
cimetidine administration is begun. 
Loaaing doses remain unchanged. 

Use siandard loading dose followed 
by a 50 percent reduction of 
maintenance infusion rate. Adjust 
dosage according to clinical 
parameters and serum lidocaine 
concentration. 

Reduce dosage based on clinical 
parameters, or avoid interaction by 
use of nadolol or atenolol. 

Reduce dosage based on degree al 
sedation. 
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0 

~ CH,-q-0 
~) - o-L. 

CH,"r=(Cll,SCll1CH2Nll N 

,--I II 2HCI 

HVN 
// Oxmetidine 

NCN NCN 
ii 

CH~SCH2CH~NHCNHCH~c=CH _/ ' - . 

I \\ 
!I 

/::::i-:cscr:~cH:NHCNHCH3 

N--J 

l(N;\--CH: IZ..N/--CH3 
H 

Etintidine 

Ranitidine 

H 

CimetidinE'. 
NCN 

Tiotidine 

Newer An1isecre1ory Agenis tor. Pepltc Ulcer 
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~1nn1,~uwu H
2
-receptor antagonists ua:rin1,u;u1n~udu11~1u,:u:L•a1 

i1 ..I ' ' • 'I .... ~ - u u ' " ... 'I "1" 'I ' .!I.I.. ~ - .. .M 7-8 nN1UU1ttU•1n1L~Un1,nnH1•~UnUDU1~n••~~-·~LWDL~ flU1LUn~uunutJ,:~nH~1~fl~UUfl: 

D1n1,'l11~ Lfiu~aflUDU<N fl;~-ru Cimetidine :A~ dluu1p)'•u,nfiriutm1tiu1nlun1,imn~1hu 

~u~~~;.nnn1,1.Lfnumi1~ut1-i~a1uu~•tm-l1u1~ii Androgenic activity ua:rir.i\ll'iD Drug 

metabolising enzymes :A~~ruauu~~D~~~D1~Ltlufl1L~~n;1»Ln~tJDn~u1ADnunuu1u1~~uA~ 
• .... .J .... 

Cimetidine fl1~,u,1u~1u LflU•nu Drug interaction 

1. n1,<1vtfl!,tJfl:iluu1 N<i~1flnT'rnflfl1,~~~fl,~~D~ Cimetidine ~:,1;1»u1u1~ 

~uvi:A~ti~:au1;~tufln1•:~Ltlun,Aun~A:auuDua~ ~•Du1~L~uu1~1L~D,1 Ketocohazole Ltlu 
" 1 u " - .,( • " .. 3 " .. 1" di u ' flu un1~fl,~nu~1uu1u1~~u~~~unn1a1u~•un,~n~:untJA~UL~1n,:uflL<iDA flU1n~ufl•Du1~ 

' L~u Sodium benzylpenicillin 
' ..I 2. N<if1Dfl1, LtJ<1uuutJa~•tn1tw1 Cimetidine inhibit hepatic drug meta-

bolism n;t»u1tND~'lu-i1~n1ul;u1u~u uDn~1nliu Cimetidine iforiN~<ifl hepatic 
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blood flow .. ...._ .. 
n,:nun,:LtlDU~,n~rualJUPIUVD\1 

v,;t,1 ltJ 

11lai J, Pharmacol, 
Yol,6 No,4 Oct,-Dec, 1984 

Cimetidine ij,,"",u~,ti;1"Lfivi mental confusion 1ALrlD1~1u~u~\1D,tJ 

:if"lviti;\1,ulu~ a;wfo Ranitidine li.iii,,v\1,u~,ti;1".Lfivi ~.u Oxmetidine Liiuv, 

~Duti,"1",j ~,nn,,tiviaD\1~Pltl~u,ruvD'1v,~"a,uA-.id 1u 

Rani tidine iiD~1u CSF lutJ~u,rulm~· L?iv\1nu ~-.iu 

' CSF ' 1m-.i, 

Oxmetidine 

Cimetidine 11a: 

ii~DVlJ,n:if\1D1~LdD\1 

~,niin,,~unu ltJ,Piu1 mrn,ai.i, lAtnn ~-.iufl;tnu;1~,tl; lu Rani tidi ne '3" lti ~DVtl; 1" L fiPl 

Mental confusion fl\1~:DHU,VA'.1Vtl~ll,MJD\1V,;1 Lti, CSF lul~ L,..,,d{" Cimeti-

dine ua: Ra1;1itidine a " nun 

confusion 

androgenic effects Ltfun,,aPl~;u-.iu sperm ua: gynecomastia 

confusion ~ :t1tJL UflU~\1D1tJLLa: lPlti;\1,U li.i~ 

iiu"" tJ·rn LrlDv LiiuA'u 

3. Substituted benzimidazoles 

Mental 

' a-.iu Mental 

tl-.iPlfl 'at: tlD\1 L~U 

lu,:v: s-7 u;-t~,uu, nTli'mn~J-.iv~ LiJu1Lrrnlu, : tJtJtl,\1 L~UD,»,,lAiin,,111 

H2-receptor antagonists nuDti,\11m~»a,v L~llA-.ivn,,111 Cimetidine ua:ADu,niiv, 

lun~uL~u-.inuiln»a,vA-.iifun~~u,~uu,111 L~u Ranitidine,Oxmetidine 1iJu;u 

"~"~,nn,,1"v,rnn H2-receptor antagonists LLrl'l titJ'l, Parietal 

cell ot,ll,,fl\}nn,:~ul"iin,,a-i,"n,Pl 1n~DlAilnlP1vn,,t" dibutyryl-c-AMP :ii" dJua,, 

c-AMP 

111 dibutyryl c-AMP lLtlU ~rnfl,,t1~1"D\1~\1n~,.LLafl\1L" L;;U~,U'1ii1iuADUff~\1fl,,fl,:~u 

histamine receptor ;1tNl" 1ilfln,,"~"n,P1 ua: cAMP iifl -nua;A°'IJ!lut1u~rnu L»a1d L~ll 

i1fl-.i,u LifD-i~ Proton ifuniftJ 1ti',~n,: itn:D,»,, 1fiP1~,nn,,t1;\1,UVD\1~u:il" 1i1u bicarbo-

nate-stimulated ATPase ~Dll,tttJ~, ii ATPase i"D~~ Parietal cells ii~ruauuA 
' + + , 

~ Lf1tt9n\1 ltJ~,n bicarbonate- stimulated ATPase ua: Na /K ATPase LDU l'lfu ATPase 

· ~ttill»ud LrlDn;n,,mrnD'1lu"D"tli)uPin,,~:unn-,:~ul;lP1v K+ 1Dul'lftidiHfo~, K ... I 
H+ ATPase ~,nn,,fl,,~aDtJtllJ~,LDUl'lfud~:D~~NU\1L'lfa~VD\1 Parietal cel l u~~uuiiflu 

'"fl'l,uau1~ntJLDUl'lfudu,n 1;iin,,~~u,v,~iff1V'l,\1fl,,tl;\1,UVD\1 LDUl'lfud°DU,\1LQ1'l,: L~,:q\1 
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Ht- I< I - - - -· - - · ~ Cl -
\ 

I 
I 

I --

:;:t-11t-- { I 

' s 
ATPase 1 ymµort 

I 
I 

'~ 
I 
I 
I I 

\ t I 
'~- --· - 1< t- I 

o/ 

H+ c1 -

(I) 

(II) 

(Ill) 

Fig . .!. Che111ical s1mc111re v{the three prowtypes of 

1111Js1i111t<!d /Jen;: i111icla zoles: I/) timopra zvle. r I/) 
ptn.>pro::ole and (/I/I vmepra:ole. (Ref . 12) 

iif'1Ltlutt1~lun~u Benzimidazoles 1 i;;-un Timoprazol e ,Picoprazole 

carinic, Histamine-2 u~:; Gastrin receptors 
• "' .. .i. 1 '1" nists Vv\1 receptors LMi'l1un~:;~un1~Mi'l\1fl~V1 u V1 
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LLi'I :: Ornepra-

Mus-

ago-

· Substituted ben zimidazol es ~Vl fl "l~M~\1n~vi 1vivn1~i1~v•1-Jn1~t1;\11uvv\1 Lvu­

l'lfu K+ /H+ ATPase ('itJtf 1) V I LM~1dli~i;i~1fl~\111-i'l\1 LLl1~'11-l'lu'itJ 2 v1'lun~udtflin1~ 

~nH1nuvu1-Jn -l1\1V'll\1~v Omeprazole (H 168/68) 

uoi :; L ii vu 1001. 
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J 'l" ... . ~ 
n,,nnnqnnafln~A•:ny lilU,UUtJ'l,LtJD 

~nnn.,,~mn.d~tnti'u Omeprazole rrn<t1tJl;~, 

-~ _,_ I .,j _,_ • 0 I') u ') o J ~ 

1. LUUtntllJfl'll_tJu,,rn,nnTUnDWJ nmnl1U'lUDU ~UU\l~UU lUU'l1qtrna1iln,,trn'l10"Hl 

2. n,,L~ll pH LtlU 5 . 3 \l:n~tM pepsin inactive 
- Jt- .a I: - j. 1" -1 "i 3 . n,,,utJ,:n,uv,u•ua:LttV'l1fl1'11LlilV'l\l :fl•u~un,,l1a'l1n,lil lilflaDlil 24 n•~"" 

~"n;tM<f:lil'ln1un,,t~v, 

4 . A J '1"- M M VIU\l:Dnnqnnog lilDOl1fllV'lUl1a'11l1~1ilV, 

i'fD'll~UniJ:luiiNaLflVD:l, 

iJ'iJ~iiu Omeprazole n;a\rnytu11umrno'11tl'h1flailfl Nan,,nlilflD'll Li!n'l1Pl'u1fou: 

~,v,dnonqntfl~ L !hLLa:n;t'1LLrrnl11v L~• u~nv," hn1nminJJa rn~1du" luu1mrn\l:<t1tJl!iiuu1 

\l;LtlU~D'l1,0Nan11~~vfliiiJ;u,uAuliJu,ni1unn 

J fl '1 " • al "'i A• &a" !fl 1 I' - tJ O I' DDOflt16 L"nua:ou li!U,U A"1fntJn~nuu, U'IVfi,,ll'lflAAD V,UlJtJD Lr1 vt1: 1Ul'l1l'l,D L rn tn 

RAA1t1nqHfin~nn1,afln,,l1~~n,Aov1'1t1,n\luLnouluiin,,l1~" La v\l:n;t;Lnliln1,~AL~nl;~,v 

Ltiu typhoid, brucellosis, giardiasis, choleraua: pseudomembranous colitis 

\l,nn11~nH1~~vttu~,l1~'1n,,t'1v, Ome prazole tJU,lil 3o lJ . n.AD~u LtlUL'la, 14 ~u 

ttu~, d1oA,'l\IUU\l;u,u L;Jnuufln L ~v tua; l~ttu~1iitJ=it1,fU Ltlui1u uomnmfutJ~t1,fUtJD'l1 Nitrite 

N-Nitrosamine 

n~l4 llilV<f1tJv, tun~lJ~n;~"ii~L;fl.,lli'fULiJti'uu,mLa:f111il~, 1 umn AAii'ut mid\I :iiiln 

1JflAl'l11 LtllJi1unn LtlU\l;U'lUllln 

iiv,~t"tun1,inH1uNatun1:Ltt,:o,l1,,Dyl1a,v'lfillil~l;u,~1n<t~ultt,fiouu~•Aot11 

Li1Dn11U~A, LflUtJD'l1i'f,,DDnqnifniin1,~mLtJfl'11~A, Lf1ot;iitJ,:iln51n1·1~i1u ~'lDVl'll Ltiu Car­

benoxolone sodium ua: Gefarnate L~uA'u U\l~UU<f~ul11,;1ii,,v'l11u~1iitJ,:ilt16mr11u 

n,,i'nH,~J,v l ~LLn 
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1 • 

2 . 

3. 

'lf:: LtllJ Ltll'l 

fl"i !:\1 ~~HJ~ 

,LtJ.;'IUtltl 

(Licorice root, Glycyrrhiza glabra) 

(White-head cabbage, Brassica oleracea) 

(Croton sublyratus) 
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• ., l: J.J • ., .,. Gl I . . 'd ~ I .... d 
a1t1~u'lf::Lt1llLnl'luua1'1t1t1nqnGna1R~Rt1 ycyrr11z1c ac1 ~\1flt1lllllfll'1LtJavu 

LLtJa\1~fl'11lJ LarJa L~nut1m1;l'1l~v1~t1 Carbenoxolone sodiLtni ~.u Gefarnate L~lla::nfl 

l~•nnn"i ::\1~;tJ~ 

L tJ~1ut1v Ltlua~u l t1'1~Uijfl lutJ"i:: L nl'l ltrn i1~~uuu~11nu'l!u Liiv• (Sankyo) 'lltl\1 

~~u1;~fl!U.~ULRt1l~LtlUtJl~flNll~Rfl'1::Lt11:: :i1\1t1~1u~UflflrlD\1fll\1R~UR1u~~u a1'1fJt1nnqng 

Ltlu · oiterpene UfJCUalJUPiLilu Antipeptic ulcer fJLL'1'1n~1 Gefarnate 
.... '1 &a .J 1 l .. 1 '1 l "' .., "' a. .rJ ., .., Llltl L'1"l1 UlJ'11tl\11ut'lUlau ~RD fll"iflflrltl\1 Uafl'J Fill 'lfrrnna"ltJflrllllflUflfllflLL\1\1Ua"l 

llln; LtlUf~ \1 anfl lfl ti~ "ltl;a ::al ll'lfUFl~l\11 tlU~1iitJ'1 ::iltlHtlltl l Ufll'1~ntn LLNGI l U fl~:: L tn::Dl\11 '1 

d.J " l I <\ J.,. ~- i · "•'I "• .J .d " 1 'f'I 
a1~LRllnL'lll ~"llLuua1'1t1DnqnHllfJCUalJUfla::a1t1 flfl~UUI LtJavua111ttLllD~flR"lllJ"itlU ll~fJN 

alJu~lun1'1aF1nl'1t1~'1fl'1F1Ln~t1L~t1~1nalnlun,'1t1t1nqntLn~~•nn1~n'1::~un1'1L~~~L~ulA'llt1'1 

1 11 I y J. d , t .IJ1 'I Jj mucosa ce s lllflfl"llfll"in"i::~un•~~a\1LlJt1n~1nL'l!aaLt1a1u ~tlfl"i\1 Nan1'1nF1at1\1~U'llULL"ifl 

Uu ~'li;tliatlvr~,n n a'"l u nri'1u1Aiufl "l'lSJ~u l-.;J LL rt~ L ~11iln1~n\jl~tJ\l l Utl,'1ftii1lf1 L uiiu 1~u LLttYJU'uHu-
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DRUG - RECEPTOR UPDATE 

Ni'l"1u~~u1fiu•nu receptor uv"u1 uu{ltJu a1,a"a~~1wu~=aLn u«:aL, 

inu 1u.;1"n1ui5nV1il'1U'llilvt LUU L 1'v"fil~-rmn1tJau h L #llllln~uvu'1""1'VI L .;, lu, :u = 10 aifr.i1mn 

a1°,'St1UI L11if''ll'St1U1 fltt~t'ltll Ui'l:~'ll1'lt'IUlf11aAitn, LL1'1VIVifu 1 anUfll:fl41lJau 1 '1~.n OVl~IU1 
.. • (J • , .. l ... .., " ... 1 ~ & • r; • 1., .J - ., 1 . . Ji VllUL'llU t'l1 VI Vl,Ufl41ll1fl41lJLtJ1 '1LWllt1UvU1\),,flL,,'1Ut'll VIUIOt'1'1:AAfl1lJUv~i'l Vlll , LVli'l1U 

1!il1utJn 1 lii'1u 1mrnfl•1·tJd...,:a1uuu•t'l•"t1v"n1,ffnu1.if" LiJutfauhnuSJ1n li;iuif'11,iu1vu
0

1" 

n-i1" 1 -l1iifl•1tJ~"V1tJ1uvu'1" huil: 1;u,,iiNil luu;•ll1mrvu L tiu" 1vi ui'l:'1:unA°'•vu
0

1".if"a\tl 

fl•1tJn1•viu11un1,flnu1 receptor t1v"u1 

i1'1~iiu 

uu"n"1un1,f!m11 Receptor 

receptor vi:rv 

1u"Ii'" 10 flu,nu~" 

receptive substance 

receptor tiu 

.;,"n1u (in vivo) 11~vt1v" Ld'v LGvffLLunvvntJ1ffnu1 (in vitro) uJ-tuu Laiivu u'Iun1, 

flnttl'110111UUvnU;4~UIU1lJau1a1:vi11Vl~~aUi'l:v~lJ1ULv1~1anUIU:111ulu'1:LUUL~Ul~ a4U 

n1,f!nu11u,:u: 10 flvia"da,uu•n1uun1,ffntt1fi"ufin~u1"1:~ultJLi'lfli'l L~UNi'lt'l1"n•1Au~1uu 
l: .. .ol a u 1 1 u1rnvut1v"n1,i;ivuauv"'11nn1,n,=P1un receptor ,.,,vi'ln1ttll:uv" tJ Li'lfli'l receptor VIU 

fl," ;f"flnu1l!il'11n radioligand binding ~fin1,f!nu1,:~ultJ Li'lflild'l;uu1uuvuLuAavn 
l: 

i·eceptor uu 1 

~"Vlll1U Lli'l : Ni'ln1,f!nu11uuu"n"itl1rjau1'10Ullln1fi'a1ul-1'1uA1"11"tf 1 

u1"1.:1v"~alu 

1. Receptor studies in isolated tissues 

fl41ll 

n1,flnu1Ni'lt1v"u11uif'i;i-it'IA«v"viiv1u1d'v1dv~uunvvnlll uu1uuus.iuuut1v'lln1,ffnu1 

~nuiu: 'l!0i;i u«:n1"1~vuauv"t1v" receptor i"u"A"1uu~fin1"1~'111uuu«:ffnu1v~lJ1n1u 
i1'1~iiu lviu1ow1:vu'1"rl"1rlv~v"n1,~~...,u~1a1"1Ju 1 vvn~Tit1uu agonist ~1v 

antagonist ~hvti1"n1"1flnu11m1ii'uu,n 1 .if" Lt'iuNi'l"1utfuvtJiutl'u•'1 u'iu'll1Ufli'l1aitn fiv 
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1. Receptor studies in isolated tissues 

- ~,dose-response curve, affinity ""~ efficacy ~D~ agonist 

- ~~~u~ntiru~ Competitive antagonism 

recepto1· 

2. Structure activity relationship (SAR) & Quantitative structure activity 

relationship (QSAR) 

- ~,\l91"1 LP1'1'3i'l.;,.,,u«~~nttru~tn~ physico-chemical ~D..:Ji'l'l"1~~unu receptor li;i'~ 

3. Radioligand-receptor binding & Autoradiographic receptor l abeling 

4. Receptor classification, multiple receptor subtypes 

- Lnru~1un,'1UU~U"1~Lfi~Ufl~~~;uffu«ufinun,'1ADU'i'IUD~ 

S. Localization of receptors 

- ~ntiru~n,"1n'1 ~~,VLUD~V~~~,~ 1 

- pre- ~in postsynaptic receptors, autoreceptors 

- plasma membrane, cytoplasmic, nuclear receptor 

6 . Receptor so l ubilization & purification 

- flntffil~~D~LUL«Q« L~u subunits, «;~un"1~D~"lu1uluL«~« 

- antibody ~a receptor 

- n,.,u; receptor n~uL;,1utu membrane (receptor reconstitution) 

7. Consequences of receptor responses 

- n,.,n.,~~un,.,i'I.;,~ second messengers L~u cycl1c nucleotides 

n,., LtJ~vuutJ«~ membrane permeabilities Piv ions 

- calcium flux & motiilization 

- n,.,ff~L~.,,~"1tJ'1~U 

8, Receptor adaptation, Receptor disorders 
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fl'l"jftnNTtHl\1 Sir Henry Dale (1914) i\1wu~1 acet.-r1choline iiua LUu 2 uuu t.d" 
cnvuif'11fw atropine ut1:: nicotine lil'lSJi'l;~u . tl;1'1u1111·u1uu\1 receptol' tlil\1 

acetylcholine ililnLUuuuu muscarintc u~:; nicotinic lu~:;u::ftilSJI u~::an 
~1ilU'1\1Rilfl'1'1AnN'lt1il\1 Ahlquist (1948) ~""u01;~u1'111uu,\1t1il\1~1~LDUUftil adrenergic 

receptor LLU\1 dlu 2 n~11 ~" L~un LUu alpha- uoi:: beta-adrenoceptors if'1 u1u 

"~nn1.,~v1i1ftvnu"""~~uu 

;il~tlil\1fl'1'1AflN'1fl'1'1lililtJauil\1tlil\1LdvLilu~ila'11J'l"j~Ltl~UULTIUU efficacy tlil\1 

agonist 

L ti1tfu LL~n.,., ff mn 1 u L d v L dilniluil~nuti' ilauqPi"oi1utl'1 ::n1'1~"~ ::Ail\'ltw1 u1ufnu.,11a1ntn.lil\'lfl'1"j 

tllili'lil\'11H1fl~LRU\'IOUafl'1"a"~~~u 1 ~\1~::1;;il~Ol~L~U\'llil'1\'I L~U;va11q~~'1~fl'1Wfl'1'1n;\'1'1Utlil\'I 

LduLdu~'ln~LRu\1nuafl1"n1\'1~~'1~nu1 (~'1'1il'1"'1'1, ijllM~D. ililfl~L~u. pH, ions) U~fl'l"fl" 

receptor 
,JI .. ) 

~'lfl LUil LUil 

~uuauil\'l"~iln1"jVtJif'111ilu antagonist Ju 1 L01i1~1nnoilnn1~ililnqnt~ receptor ilU'l\'I 

L~u1 (D'l~~1nn1\'l~uurlu 1) ua::'lfUlilL~u1 (D1~~1nqn~Ail receptor ~a1un~11) 16 

• ~ d~ &1"1" 1 ' -'lv 1 il" 'l l:'l fl'1'1ftfltt1fl'1'1lilil1J~Uil\'1~'1fl LUil LUiltlUUflililfl1l1U lil 'lftl'1:; U11U1J'1U'1ULLi'l::U\'I L'lftJ"j:; U'lfU lillilil tltl\'I ti 

., " el -lil'1Ufl1'11J'l Lmnnu 

'l uu mn1uull nflu11 u\1 

2 . SAR & QSAR 

receptor n'1'1 LLU\11.h:; Lflnlilaui;i~un1'1ii'ruu1u1niilil '"" • 

Kenakin (1) . 

n1"jffntt1ti1\'llii'1udiln dluua\'1'1Utlu\1Ufl LflU l1i11:1un Lflff'lf-lnu11;-rurrn1.h::lu'lfuuv1\'I 

u1 n~'l n n1'1u;u1 'l"ii 1 1111 ilu L fl~ u\'liiil 1 Ufl'l"jAfltt'llil i'IDlil~uifo rm 1 u fl'1'1{ntt'1 uftl umu:; L iiiu 1nu 

un1nff'lf~nu1nlMR11u~ul~fiu~1uti,\1LflfiLn~1aRuu;1\'luuu lu 2nd Camerino Symposium 

on Recent Advances in ReceptoT Chemi:st'l.'y tftJ"J:: n1f1Dlil'l§Li:1u 1{1 1 d'u1i'u1J.01£i"\tlfn'l11 . . 
receptor lil'l\'I 1 "a1un~11 (2) 

i:c 1 t" ~, I 1 ' .Cf' QSAR L11U'lfin1'1ifott1 SAR AU 'lff'lmJti1 LlilD'1f'l1'nM1'1f'l'1tlD\'I 1J Li'lf)Ollil 'l\11 L1JUf'l1 
'· 

extrathermodynamic ~1n~-in1'1a::a1ul~tul11ilu (lipophilicity constant = octanol -

water partitioning) l'i1n1'1n'1::~1ut1D\'ltl.,:;~ lt~tf1 (Hammet o constant) 11u11ilt1D\1n~11 

(steric parameter) -,1u1t1u~nuru:; physico- chemical t1D\'lu1fl1~u1:;~u1un1.,~unu 

recept~r ~~u'lun'l'1n;'l~Lfililn '1'1flilU~uD~ 

agonist 

fication) 

~1uv1~uoin1'1~ntt1 1~ulu1iil\'I dopamine receptor ~u~1n'1'1ilunqn~1uu 

~ D1 .( '1'1uoi:; 1 ilui;in'1~uu\1'lfUlilUil tJ D1, D2 ltl'1lilt1•;1;u receptor classi­

~; 1uu111n~~::Pi'u\'lu catechol group u~::V: N PlD\11iJu primary wiil 
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secondary amine ff'lUn'l'l~unu o2 l1J
1

'il; Ltlu;1Nii catechol group uil::un Liiu 

" ' &<\ 1 • ' tertiary amine 'llil~ilL~uuLuutl'l:: u~ulunl'lM1antt01::itl'll\l'llil\l receptor uil::ffruu1u1 

tfvvflf]tl~ Linn:: receptor fl'lllVilV i'1v1'ilot111T·rn'lti't1'l::lu~u'il1nu1 li;i'vri1" Liltn:: L'ill::'il\l 

D\ltfuluvulflPI 

functional group 
.J ...... 
tl'il ::'ilUflU 

acetylcholine receptor uuu nicotinic w!fu muscarinic 

flii selectivity ~il B1 M~il B2 M~il H1 , H2 LiiuAu 

3. Radioligand - receptor binding 

toxin ' Plil 

125 
1-a-bungaro-

(Torpedo) ti'v~i"l1;1;a1111'lflttrutn'Hld'l~a; L{'il Liiu Ltl'll::'il;u'lulu LOJflOJtJil\l receptor 

i'1iiilQMu1uuu1J1nl1rn-lu~::ltlrh LM~1d (th::1nw.;uua:: 20 'llil\1 membrance p~·oteins) 
d b . - • ur1::n1'll1 a- ungarotox1n 1JA'll1J'ill Ltn::nu rece!)tor U" i1 affinity fl'11Jln 

Uil::f)l'l~U L il1rnuu ltiuun~'lfl~U (irreversib l e) iil\l~U~\l<ll1Jl"rnPivivnu l!il Liluvu
0

1\1fi-l1 

lthPiuif'lulfl Lilu acetylcholine receptor 11u'il::u; lt1,tlu ltli1::i11U;'lu detergents 
·1 ... ~ £l e-1 ' .:4 · 1" - J ( ... " b Uil::UI tlUVflVl"lU~fifll'll11\l~'lLR1JPll\1 , Lttill11 MU'lqnG ~M'ltlil receptor solu i l iza-

tion & purification) 

fll'lf'lmn radioligand-receptor binding 1mYi;i-l,tu~'1ilil'!JH'l1Jlfl Li1il'1'illflil 

'ii; tnu lu L ilfl il'll il\l 

~unLi1vLdmiu 1) 

receptor il f.\UilV 

Uil:: ls.iii ligand 

( L'liu'tu dfv L i1il<t1Jil\1ill'iliitl~1Jlnl LttU\l 1 'lu~IU'llil\ltj; 

a;wlu receptor ~u 1 fi'il; Ltn:: rnifou a-bunga-

" ... 1 J 1" - " .J rotoxin ~Hfll'lRntfl~\ll'lil\lMlln\lilPlfll'l~Utlil\1 ligand flU 11 LilflililU 1 il\1 "\MiliJUiJUtH{VI 

n1'ltfruu1 Lt1Rill'l~\ln~1'lifa; L{;;i l~li;iu~fifl"lil\l membrane preparation ;f~unu radioligand 

ilUl\l'l"lA L~"lLrn::~'"~'lu medium uu
0

1\l·n111 L.;'l ~\l'il::a1" ligand ililfl'il1nn11~url1Jot''lut/ · 

iil'li receptor (non-specific) 1'1 LH~vuvvtfqvi 1viuu\lfl'1ri°'lu~~unu . xeceptor l'lLiil 

fl'l111a; L ~'ilt1il\l~fi~"n~1•1~fl~;;iun1,~u'llil\lVl~il opiate receptor 1uu 1 973 ~..,1;u;lt1~ 
!f '.J - 1 I ~ •1 I " 'J o fll'lrimn receptor n~uilu 1 Dnu1nu1u t1'l::u::P1ulJI "1"l11t1'1u1 tl<J.nl"1Rt1tmot1"ltnu ~u'l1\l -

n1 v fl~lJ LMU 1 5' flMillU fl~lJ 11\1tJUI Ufl"lllli L ff u'l nu<t-li'l ~tlUl'llil\1'1 ::uu~l\1 1 1 tliJU
0

1\l1Jlfl 'tu 

if'il~iiu fll"JLLU\ltl'l:: Ltltltlil\l receptor Liiun~utivvAl\1 1 (~t.'hti'v Receptor classifi­

cation) ~Uflil'lRVtituJil'illflfll"JRntfl binding "j!Uil:: L iluvi L ffV'lflUtliJ<llJtttiP1°l\1 1 LLa::'liv 
""" .. d .., - ' ~ 'l'll'lfULnu•nun1'lt1;;i1'Jf111 receptor binding <nflfn specific binding Ll'IVA°ffm11u 

"l'l"JU'l~dUA"l ( 11, 12) ua::L~t11iv\1~U~~~·~wtu'llUil::L~Vlllilfl1Jlfl (L'liu 13-16) L~ilt; 
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A'.'l"'l"n 2 

Subtype 

µ 
µ, 

6 
K 

(J 

E 

Cough· 
suppressant 

Di hydro 
pyridine 

Verapamil 

Diltiazem 

A, 

Ai 

A 
D 
Sedative-

convulsant 

o, 
D2 

5·HT1 

5·HT2 

«1 

Properties 

Opiat<' IYP<' 
Morphine-seleclive; localized In pain modulating brain regiC1ns. 
Identified by very high affinily binding of numerous opiates; blocked seleclively by naloxonazine; meptazinol 11 

specific agonist; implicaled in analgesia but not respiratory depression. 
Enkephalin-selecllve; localized in limbic brain regions. 
Mediates ~t!daling, less addicting analgesia: localized to deep layers of cerebral corlex; dynorphin has high 

affinity: mediales rabbil vas dcferens contractions. 
Naloxone insensilive: mediates psychotomimetic opiate effects; concentrated in hippocampus. 
JJ·Endnrphin selective: mediates rul vas deferens contraclions. 
Dextromcthurphan-sclcctive; reversed slcreospccificily; localiz.ed to fourth ventricle floor which regulates cough 

reflexes. 

C11/d11111 1111t111:1111ist typl' 
Uinding dependent on Ca1

• and blocked by ionic calcium anlagonists; regulaled ellosterically by verapamil; 
localized lo molecular layer denlale gyrus. external plexifoml layer olfactory bulb. 

lnhibiled by physiologic Caz.+ levels: linked to behavioral activation by diphenylbutylpiperidine neuroleptics, 
sexual and cardiac clfects of lhc phenolhiazine thioridozine, nnd antidiarrhcal 11ctions of lopcramide end 
diphenoxalate. 

Can involve same sile as verapamil in parl; allosterically regulated by dihydropyridines. 

A.dtnosint type 
Labeled by (1H)cyclohexyladenosine, (1 H)phenylisopropyladenosine, 2-[>HJchloroadenosine; lowers adenylale 

cyclase: adenosine analogs potent at nanomolar concentrations; stcreospecific for phenylisopropyladcnosine; 
localized to molccuhir layers of hippocampus and cerebellum, medial geniculate; conlained on nerve terminals 
of cerebellar granule cells and retinal ganglion cell projections to superior colliculus. 

Stimulates adenylate cyclase; adenosine analogs polent at micromolar concentrations; little slereoselectivity for 
phenylisopropyladenosine; labeled wilh 5'·N·(1H)elhylcarboxamide adenosine. 

<il\IJA (\'Pl' 

Muscimol·selcl'livc: poM~ynaptic lo GABA neurons: inhibited by cakium: antayonized by convulsent bicueulline. 
Lluclufen-sekctivc: on GABA and other nerve terminals: stimulated by calcium: bicuculline·resistant. 
Labeled by convulsants I 'I l)dih>'dropicrotoxinin and l·"S]+butylbicyclophosphorolhionale: rcgulaled by chloride 

and harbit11ra1es: linked lo bcnzodiaLcpinc and UAUA,. receptors. 

l>cl/Jtlllli11e type 
Enhances adenylale cyclase; labeled by l·'Hlthioxanlhencs; absent in pitulla.ry; present in parathyroid. 
Lowers adenylale cyclase: labeled by (1 H]butyrophenones: present in anterior piluitery; responsible for 

antipsychotic and extrnpyramidal ac1ions. 

Serotoni11 (5-HT) type 
Labeled with (>HJ5-HT, which is potent at nanomolar concentrations; classical 5-HT antagonists are week; 

regulated by guanine nuclc9tides, possibly linked to adenylate cyclase; mediates contraction of dog basilar 
arlery. 

Labeled with (3H]spipcrone end [>H]ketanserin; micromoler S-HT; less affeelcd by guanine nucleotides; mediates 
behavioral " 5-HT syndrome," conlraction of estrous rat uterus, dog and rabbit femoral and rat caudal arteries, 
and rat and rabbil aorta and jugular vein. 

a·Adunergic /ype 
Postsynaptic in sympathelic system; prozosin· and indoramin-selective; acts through Cal+ channels; little effected 

by guanine nucleotides. 
Located on sympathetic nerve terminals to regulate norcpinephrine release but also postsynaptic, espe<:ially In 

brain : clonidine scleclive agonist; yohimbine- end pipcroxan-selective antagonisls; lowers edenylate cyclase. 

P·AdmrtrRic type 
Epinephrine and norepinephrine equally polent agonists; practalol-selective antagonist; more in heart than lung; 

regional variations in brain; neuronal localization. 
Epinephrine more potent than norcpinephrine; terbulaline· and selbutamol-selective 1180nists; more in lung than 

heart; few regional variations in brain; more on glia than neurons. 

M11srnri11ic cholinerRic typt 
Concenlrnted in sympathetic ganglia, corpus striatum, and stomach; pirenzipine-selectlve antagonist; closes K+ 

channels. 
Concentrated in hindbroin, cerebellum, and heart; regulated by gallamine and GTP; inhibits adenylete cyclase. 



200 

bind:i_ng 

L~iltl , 

binding 

Thai J, Phamacol. 
Vol,6 No,4 Oct.-Dec, 1984 

if'lJWl ~"iinT'jli 'Jl"lrUnuinn uri:: LiJuti'D;;i;ilflt1D'l1nl'l 'l1i'1i'D\la~n n radio ligand 

ihrn1uti'D Ltiunl'lLIU'11tl"J:: LfltlUDVtJD\1 receptor DDn ltJit"~ rnilDu<J::ii LtiJ.Jifu 

(~ a) lAvi:ta•u»d'l1D1«uLRv'l11i'D\lti<J1na;f!ut1D\1 affinity t10'11U1'l it"u~n1tt11:: 

n1«J~'Jl'l1U1LtiudD1<J1~n~JJUDVt1D\1 receptor if'l1LifuR1a-\1 ADLifu saturable 

AD,flif" liiilfn-1JJ~J.Jtfuoilun1"l111DuUuD\1ADt11 iinti'Dml'11f1Dn1"il1i' ligand ii"~" 

nu receptor lA»a1vn~uLflD'l1<Jlnv'l1liiii ligand ff selective ~ttD ~1::nDunun1'l 

f1mn 'l u"J ::uu~Pi-Nnun; 'l'11 fitim.,iai:tliit11'l\1nu 'l uU'Ntl-,:: L ~uua:: utJafl"nJJ»JJ1tJ u1u n-1"l uu\'I n~J.Jt1°ilt1 

tlil\1 receptor lii111"J\1nu nl"JH1 ligand ij selective Lo111:: receptor n~u 

UiltJ;;i::tf"ltltililif'lJH1dl~ 

4. Receptor classification 

nl"l uu\1tl"J:: Lflmtil\1 cho linergi c receptor LliltJ Dale if'1D1RVfJtJB6A
0

1\lnu 

x e 1 ' .. ., ' 1 LLa::\}nuuu\1 flt1a1"Jt11l\1tlt1flnu uri::nl"JLLU'11tJ-,:: Lflt'ltlil\1 adrenergic receptor fill 

Ahlquist if'l1D1fl°trn~flUfl11JJLL"J\1t1il\1tJlfipj,"nu Lilu»~nn1'lffvliliiD Lilu Lnwti''lun1"i1m
0

\11h:: Lm1 

t1D'l1 receptor ~uii\lil;;i~ifu n1"luu\1llilv'lti Lniuti5u i ;;i::n;ltitru~ulfl' Ltfulu1::u::LL"ln 

iin1"1 L1°un 8-receptor flHt1DflilJ.Jt1D'l1HV,P1:: Lfl1 Lilu 82"'-adrenoceptor 1rn:: L~unu1ftDDn 

qriifff 1d'n Li'lild' Lilu 82 PiDJJI (1111u 1niu?la;fi'uin1JJL1"l\1tlD\1tJI) t1u-l1ff'1tiilliltlJ.JtlD'l1H1!1l1:: Lfl1 

iJ~\1uuu 81 uri :: 82 H~DiinPi'"lDUl'11Hd" Ltfu Li:IDiiH~n91uua"'"-11ii a 2-adrenoceptor 

fftJr11utJ"J::a1t1 sympathetic ~ii'lti Lifu Lniutiff'lti L~un presynaptic a - receptor 

,;, LiJu a2 L1'i"J1::ADJJ1 (fl1JJ Lniuv1a;flu1n1m1"J\1t1il\1V1) t'lu-11 a2 U~\1uuu pre- ua:: 

post-synaptic 

1lnJJri'lmi i 1fiu•nunT'HLU'l1tl"J:: LflflUDtJt1D'l1 receptor Halu'l1iilil lfl'uunwnJ.Jff 

n~T1ti'l1lflt1il:: llitJflHtiltJ L~il" Ltf1mrifl"l1J.Jt1D'1 Snyder (3) if" 1;a1tJtimJ,il~\1ua111'11luPJ1"11\1 
~ f "' I .J I 

ri 2 a•ut1D\l,ti L~JJ LAJJ 1nu•nut1ilflViltJ agonist, antagonist uriu1n1rn::n1"ln"l::<J1t1t1D'l1 

adrenergi c uri:: aop~mine receptors lfl'u1tJlt1fll'l1'11fi' 3 ua:: 4 llllJ.Jti;fi"u 

5. Localization of receptors 

n1"JH1~1ii receptor t1D\1Ul"J'lfln"J::<J1t1D~'luaJJD'l1~"lu'llilu1\1 JJ1nueu1fft1'111111 

L fiu LLU"ltl1 '11Hd\1 ff ii~ f1 ntn ilusnn 1"' vtt u1 u1uff <J ::D ou1 vii" na 1 nnt"l DD n qnif t1 D '11tJI Pi DUJJ D\1 Uil ::~mm:: 

n1"ltl;\11Utl D\1aJJD\1 flt!Dfl'JUU\1tltJIOafl1tltlil\1 hflAl\1 , fl1JJ"JZUIJtlil\1al"J Lfliiffffmn1fu , 

A"lilVl'11Ltiun1"1n"J::;;i1ut1il\1 opiate receptors if'l1RnH1nuJJ1n1uti"l'l1tJ'l::JJ11UO 1sao "J"lJJ~" 

Nan1"JMnH1t1D\1n1«Jn"J::<J1t1t1il\1 opiate peptides 'luaJJD\1 UDnl;1~t1'1-11'J::uut1D\1U1'l 

rn~1d'n ;»u1ifo ~t uit11D '11tt"lu 'l lilJJI n» :Sm;'Dv 1 ti1tf u uPiliia1m'lriuDn1 fl uu'n fl-l1ii ~nttiu:: fll'l ri;'l11u 

HljDiJNa~Da1'l LfliJ~u i DU1\1 h 1rlnii1lDJJ01 Lfiv'lnun~JJViltJtlil\1 .receptor 1iiu»a1un~JJ 



. 
1111-,.,"ij 3 a1tl~u111aaa n1-,n-,=~•a u"=n1-,111auaua"~a" adrenergic receptors 

Agonists 

Potencies 

al 
(al + a2) 

a2 

Methoxamine Tramazoline 

Phenylephrine(Phe) Clonidine(Clo) 

Metaraminol(Met) Oxymetazoline 

Epinephrine(EP) 

Norepinephrine(NE) 

Met>Phe>EP>NE Clo>EP>NE>Phe 

Antagonists Ergotamine 

Phenoxybenzamine 

Prazosin 

Clozapine 

Yohimbine 

Rauwolscine 

Phentolamine 

n1-,111atJaua" Phosphoinositide 

breakdown 

C 
2+ b·1· . a mo i izat1on 

Vasoconstriction 

+ Cyclic-AMP 

+ NE release 

+ Renin release 

+ Blood pressure 

s1 
(81 + 82) 

82 

Dobutamine Salbutamol 

Tazolol Orciprenaline 

Prenalterol Terbutaline 

Epinephrine 

Isoproterenol(Iso) 

Iso>EP~NE>Phe Iso>EP>>NE>Phe 

Acetbutolol 

Atenolol 

Metoprolol 

Pindolol 

Practolol 

Propranolol 

Butoxamine 

H 35/25 

t Cyclic-AMP + Cyclic-AMP 

Cardiac stimulation 

Fatty acid 

mobilization 

Bronchodilatation 

Vasodepression 

111-,11-, =~•a* Postsynaptic (CNS, 

smooth muscle) 

Presynaptic (ANS) Heart 

Postsynaptic(CNS) Kidney 

Arterioles 

Bronchial muscle 

* .,( -"" • • - t - .. 'If; ' .I ... "' d . t n1-,n-, =~•a~"1~ua•uif1A~ un1-,111atJaua"~a"a•a•=M.,aL~""uu) 111aa1~n.,=~u~ a renerg1c receptor uAu 
~1a~ua111Mua~111~~11 u"=a•~D receptor ""'a~u111a~A•anu11ll'i L~u «•t~n:"~u111 81 u"= s2 

ii111-,11-, =-

t:l ..> ::sa. ..J 
.A 

°' II ..J 
~ .A 

~- ; 
::sa.: 
:> ..If 

:s 
:lt "' • ..J 
:JI 

I 
0 

:JI 

Ill 

"' Ill .... 

N 
0 ,_. 



.J !': I d • 111,~,~~ 4 a1u~w~aaa n,~n~=~,a u~=n,~111auaua~~a~ opamine receptors 

Dl 

Selective agonists SKF 38393, SKF 82526 

Dihydroxy- nomifensine 

Selective antagonists SCH 23390 

Agonist affinity * nM(high), µM(low) 

Antagonist affinity µM 

1n~n~=~,a 

Stria tum 

Pituitary 

n,~lllvUilUiN 

Intrinsic neurons 

Nigro-striatal terminals 

t Cyclic-AMP 

D2 

RU 24926, RU 24213, N 0434~ N 0437 

LY 141865 

(-)-Sulpiride, YM 09151-2, Domperidone 

nM(high), µM(low) 

nM 

Intrinsic neurons 

Cortico-striate afferents? 

+ 

+ Cyclic-AMP 

Phosphorylation of phospho- + Prolactin and a-MSH release 

protein + Acetylcholine and dopamine release(striatum) 

Relaxation of vascula~ smooth + S- Endorphin release(rat hypothalamus) 

muscle in renal vessels + Firing rate of dopamine neurons 

+ NE release(certain peripheral sympathetic) 

~ nu,~~,a~,u~uJ~u~=L~~aaa~a~ dopamine receptor A,uan!ttll=n,~~uTla~ agonists(high & low affinity) 

~1l~n D1,D2,D3,o4 u~u,~n~u1uLau~•a L~uLau~, n
3 

Aa n1 (high affinity) L~u;u 

< 
0 .... 
0-

z 

N 
0 
N 

0 • ::l .... -I» 
0 ,... 
() ,.. ~ 
I 
c ..., 
ct> ::r 
() I» . !;! 
.... l'O 
\0 () 
00 0 ......... 
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vi;'l~nl")UUilfl•lllHlllUiJIOOl")O")::iJIU'llv\1 receptor ~ffntnv~ODU~\1Uln~u~nLrl")l::lu"11lll")~ 

uunl~-l1Ltlu receptor n~ll'lvi 
di/ fl C) - .. cl '*' 4 ~ I _'{ d UU•tn\1tl ~<IU ~iJ1JlnvnlilrtUHU\1 flDffl")tH;\iJU•• LUU pre- '1")D post-synaptic 

• ... • "' J receptor L~ll~:nnrHNIU'llv\1 Langer ua:: Lr1DU")•ll'11U (~ s, 17) 'D\1Rmnnl")'1iN'llv\1 
3H . h . ~ ' "" a " " 1 " "" h . -norep1nep r1ne iJln1>1UvDU'llv\1Ull• LlJDllnl")O") ::~u11nti tltl1t1tl") ::<11t1 sympat et1c 

nu-l1 a-adrenoc~ptor antagonists ihrn Lfillnl")H<t\1 'lutiru::ft a-agonist ifoaavi 

nl")'1~\1 u<1i;i\1-l1ii pre-synaptic receptor i'1fl•Uflll01")'1.t\1'llv\1 norepinephrine 

~vll•riu-l1 phenoxybenzamine iirrniluff\1 post-synaptic receptor ~fl'lll LVlltiui;i;n•'• 

Na Lfilln-n11~\1'llil\1 norepinephrine (iluff\1 pre-synaptic receptor) ii'1 Lnvu 1 oo 

Lnl LLil:: agonist L'lfu phenyle.phrine niirrnn")::~utf post-synaptic l~fin•'1ff 
pre-synaptic a-adrenoceptor 'lu'llru::L~v•nu agonist U'l'1A• (clonidine, 

tramazoline) ua:: antagonist Ul'1A• (yohimbine) iiNa~v pre-synaptic ll'ln . . 
m1~rnlilti post-synaptic a- adrenocept.or 

-l1anttru::Pl11Juuu post- synaptic Lilu cx1 
synaptic 

post-synaptic ua:: P.re-synaptic uaz1i'uJJ,a·Li1"•nun1")ii pre-synaptic receptor 
'.r::I ~ I; ... ., 

D\Jtl L'lfilil'llv\1<11")UU 1 LD\1 ( L~un autoreceptor) li;i1'un1")Cl'iJ'u<14u'.i:nn~i~viJ;u•u1nn 

'l U'1il'lU") ::uu LUJ .. liJ::ifoii L'1"JNil'1'~D1i'v 1"1uv\1L U")IUa:: L ~Vlil'lJv\1:Sfin'l")flOltlvWJl\1 if'1ii~u;1n 
fllilfl'lUtlf}ttti~fon~li ( 18) 

n'l")~ntt1Lflu•nu steroid receptorlvivLQr11::vv1\1fl\1 estrogen receptor 

L fiu iln L :/ D\1'1d\1 ~iii au 'l iJU'l nti'tvi 11 ~n;pu 'l ui-luiJ~r.i1uu1<1uua4unuvu1\1 LL11'111u-l1 ov{luu ua::u1 

n~1Jdvunrinti1vivr~1uLrlv~uL'lfm~Ltl1lu~unu receptor ffu~'lu cytoplasm Ltl~uu 

receptor protein iJ'ln 4S Liiu SS Lui'• complex it LnfllU~\1 N°1u Lti1 lulu nucleus 

luiirrn~D DNA O")::~UO'l")i'f;'l\1 m-RNA ua::n'l")t!fo Lf'l")'l ::i1"iu")PitJlil'l1Jil;~ru 

l uil11 ~ u"1 v'1iJff r~'lU1J'liif1 an'l") ff ntt1fl,J i;iu V\1nu11~ flfl'l") vvn fttl if t1v\1 oviluu ~\1n ~ •• u;, 
a I .,,j I 

Li~1J~U L ~vu 1 1viui1iif\1 L nlilt'fu-l1 medium ffltivi; homogenization mrnvivnl")YliJ ::riu'I 

receptor u~lu cytoplasm 11'1ulu particle (nucleps) ua::'luu1\1n")iii Ltiu estro-

gen receptor luillu lnnt1u-i1u~lu nucleus fl'l")ii~iJu'lu L:tu'1difo lu u'lu~.iul iJnu1J1nun 

l ~\1dv1iJ L fiu L tl")'l ::fi i;i-l1 L fiun")tlltt Lfitt Lrn:: /11-1 Dfl.,llilu h L flu •nu estrogen receptor 'l u 

") ::u ::11 a\1 LUU luif \1~vi~u L ~Ufl'l") LLV n l ~fi~iJU uri::111~1il") lfl")\1"1-i'1\1t1 D\1 receptor ut1 ::n1"i 

111nalntf Teceptor DuflftVl~~D DNA 'lu nucleus) iJun"i::~\1'luiJ~r.i1u2niiNa\11u:S~u 

PifimtHfl'lu L~u\1 lviu 'l'lf~6n1")ffnu1~ullln~1\1nu LL~"1\tlvvnu1 li;i'-l1 estrogen receptor 

u1iJ::u~'tu nucleus ill~ cytoplasm King ut1:: Greene (19) m1'1uH1iriu1trt1nfl'lLn 
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1,r~nn; monoclonal antibodies AD estrogen receptor 'llD"flU 11;,u;ltJtt'l 

t t 'l , I. , s , . ... 
es rogen recep or ~u L'lfrtt'I Ltn:: LatNurt:: L'lfflfl'1::Uueiutl'uqttutt•ut1 LnfltJijn.;tn unn::lu 

nucleus Lti.,tiu Gorski nfl::l'llU:: (20) tf11tt'l~tunav~ttflDuirulti L'lfflA LifD"DO'llD"Pio11 

1Att11D"'1411nU cytochalasin 11fi'4uvo cytoplasts OU karyophst (nucleus) 

~u11a~u cytoplast ilU~u1~ estrogen receptor Unvn~1L~~~~~HuAU,~u1~ 1o L~1 
tu'lllU::~ estrogen receptor 'llD"L'lfHALnDu~""11flA,••ttutu karyoplast v"uu~H'lEO 

11'lnfJ•::AD"Aott'l~'lvrt::LfivflnuADltJ ufl::o'l,~tt'loH~•.,,Min~rtffLffv•DD"luLio"iffl"•::uao11'lo 
luiJtf 

6. Receptor solubilization & purification 

u I S ' .. .J 1 .,j JS- 1 l 1 ' 
fl~DlJ'l"fl'l'1nOlt'lDlJ'l"fl::LDlJlil'tl~lil UL'1D"UflDO'l'1UlJfl acety C1)0 ine receptor 

•uuliifni! tt'l•;1nu subunit liil' 1rn ::tt'l~lil"llfl'1"tt-i''l"fl;~uo'11ilD::iilul1rnAfl:: subunit 

l~ AflDl'l•ufi"i1vian~,u~'lUArt:: subunit tJ'1::oDuilun~1uaotffil::lfl Lffv•;n"ilun'l'1Lillil 

ion channels DV'l"l., (~1tJ~ 1 Ufl::"l'lVfl::LfiVlilLULDOtf'l'1 4} 

o'l,uvo receptor 1'1u!if{t1tf H'l114fl 111 Hlflfl Ufl::H'li1,A'1 lfl,"tt-i''l" LifUfl4'111 

"~"~tt;~~tt;vi~un'l'1Uuuu'lf0fltt1D'lfUlilVDV'llD" receptor ~"uLfi1111'lo~uLiDu 1 LU'lllU::if Ufl 
..J - .i: - • .cl l 1 , ..11 .. 1 'tl'l"t1•::u.,,~fl•'l11tt•"uuv"D~Do Ofl11'lO tJ'1:: vnun l'l•'lon'l'1uvo 11LHflfl'llD" receptor 

t .. J I "' I i1 II - • ... • 1 1 b viu~~t1DLt1'lt1N'lU1J'l HH'lll'tl'l" ,,11n" L'tlflUflrt'lf{ftt1tt'l11'l,nt1'l monoc ona anti ody AD 

receptor tiu 1 u~• l,f Liiu LfliD"iin luo'l'1~ott'l lfl'nv'l"o-l'l"'ln'l" Fn'lu L ,;, 1• L ffv•ilu 

receptor 

~"o~,.ufi• 

. 
L'lfu Myasthenia gravis (ii autoantibody PID nicotinic 

L nlil•'lONfl~tt'ltJ'l'1nuvn acetylcholine receptor liui'~t1tf 

fl'l"jfl::rt'lv1rn::uu11 receptor 'llD"tt,.,iinVlfl'ltJn~u ( L,;u insulin, estrogen, 

immunoglobulin E flflDfl~"tt,,~"~~,lUtJ,::tt'lt1 GABA, dopamine, 6-adrenoceptor) 

l~NiHl'l4VIU'l ltJ1no luif•~ifu ll~ifo!lif~vi, L ffv•nun'l'1tii!•U~'l 1111 fl'lflff1wo l!il'11fl ::~uilu 1 igand 

"~~ - "l ... . q .. "e P! 1"-1' ~ ....... •""' ' 
L'lfHfllttD'tl• ::~~·u l'l•'l•::'tl'l~VIL!t'IHUU 1 vO'l'1flDUtfUD" lilVl"lD 11 ~"11~'tl'ltf'll"l•nfl• L'lfU 

NH"'lU'llD"n~11 Lefkowitz (21) ~l;uuo 8-adrenoceptor •'lOLUflL~Dflllfl"'llD"ou 

l l ;1u, ~\J flllO-l"l ~D'IJD"fl"jfli) ::iil u L iiu u-iu L ~tJ4114fl111 L fl flflU"l ::tJ'l(U 58. 000) 11~.1 tll11 l flflfl'llD" 

receptor tlnunu!iqt1~11ti'• Lti'l ltJlu phospholipid vesicles tioui{•::u; ltJ fuse L,;., 

nu LUfl L ~DflLLlil"'ll D"l'l'l"flflD'lrlljffu (African clawed toad) ;;f" liiii 8-adrenoceptor D~ 

cyclic-AMP 
. 

Dt.J. . 
it'l11'l"l tl~DUtfUD"lilD catecholamine cyclic-AMP 
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R 
B 

Pseudoaxls 
of symmetry 

D a-toxin sites (2) 

~--.....-6 transmembrane 
subunits 

.. ,111·h 

Ion 
lipid bilayer channel 

Cytoplasm 

Noncompetitive blockers 

High-affinity silo ( 1) 

Lipid bilayer 

~43K 
~~rcytoskeleton 

a 

..I • d • J. .:I ... 
i un 1 11ti111"itJ·n" u.,,::,11ltlif'l"Hl 'N 1 DDflfJtlDPID acetylcholine receptor ti llil;;i-..ntlfl'l 

m:: 1uult11l-.. (;;i-..n 4) (A) 1i1ufl'lt1;;i'lnn;t1"'"'tl")"HluiiLflfllil"1DtJLLtflil" 290K pentameric 

(a26yo) fl~y11JLi'lfli'IL~U'l "~il 2 11JLi'lfli'I (B) iu;;i;flil"UUlil"crn!ttll::l1JLfl~flflt1~lu1dt1~1J 

L'lffl~ i1 ion channel D~mn" (C) itJ;;i-..n Lfl~D"flD1Jrh LlilD.;LLtfl1l"crn!ffil:: Lil~UtJD"1.t1 

pen tamer 1tJ (A) a'lU'!ufllJ\lflfl")ifi'Jt1U'l1Hfi11iJu Li'JD~UOU a-bungarotoxin Utf~Wl'l u'Ju 

a-subunit (D) LLtflit"~liltfo'l")~'l" 1 t1Dflf}t1ifl1itu acetylcholine uf!:: a -bungaroto-

xin ~unu a-subunit ~ ' fl\JUD"U•u LLfl:: noncompetitive blockers ~uffnfl'l\J ion 

channel uf! ::~lil"JDU 1 111 Li'lfli'IPll1lnu lipid bilayer 

7 . Consequences of receptor responses 

' L"lfU 

.'( l " ' ~ .i.... !f u .J ~" .I • cyclic- AMP uU fl'l<J LUU"J::UUfl'l"JlililUU1rn\J\11Jfl'l")nfllflflU1J'lflnf{fl LLil::11tlillJ.fl1l'lfltlt{l1l ;;iutn 

l~"-..u~~u1fiu•nuLt1u~u" adenylate cyclase,protein kinase LLfl:: phosphodieste-

rase 1iluut1u\Jffl"~1J'lflff'!lil~'lu"d"t1£>"~7f'l 1ml11-lnu-..1rn::ih Lflu receptor ffffmnnu1J'lfl 
d Q ..:l .. "1 . ,.. d Cll ... ~ " 

fl.Iii ~D µ-adrenoceptor L1JDU'l".,DUD") 1JUn"J::~un receptor ;;i::11Nflfl")::~u1t1u~u11 

adenylate cyclase l.., Ltl~uu ATP ltJ1i1u cyclic-AMP -if";;i:: 1t1uA'•ltln"J::i;\u Lt1uius.I 

protein kinase luu~fl:: L'lffl~ n;l..1un'l"Jlilt1UUUil"lil'l1Jfl'l"Jfl;"-..ut1t1" L'lffl~tiu 1 CitJfl 2) 
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Mediator 

Receptor 

Second 
messenger 

Response 

Drug Hormone Neurotransmitter 

! ! t 
R R ~R ----.. + 

Adenylate cyclase 

Gs Gi 
---;;::::-~ 

GTP GDP ATP Cyclic-AMP Phosphodiesterase S'-AMP 

·~ 
Protein kinase Protein kinase 

(inactive) (active) 

Protein(enzyme) 
(inactive) 

Protein-P04 (active) 

Uri fl" il;~UtHl" n-1 "Hti.lUflt.t il\1 '1'1 flfl'1"HlilflfJt1if Ail receptor N'11..tfl'1"1fl.;," eye li C­

AMP; Gs, Gi = GTP binding protein ~"UNilfl"1:~1..1ui1~uu6" catalytic 

unit (C) 

1 .J ".Ju h h 1 "1'1Uil~~auflt1il"flil flfl'1"1RIU~un adenylate cyclase ui1:tJi.l~flLflU1nu p osp ory a-

tion ~1ui~1..1~J" 1 f"n;l»Lnfln'1i~nur11..1tJ"L1..1L'lffl~uAfl:nquGun~•,"~~~"~n~u;,Ltl1..1 

'l;1..111..1u1nl1..1il~N'1t.1U'1 (L,;u 22 , 2a) 

' I 

n1"Hti.luf11..1 n"rnu 
N .J ~ u • .J cyclic-AMP 1..1 LflUltli.l"flUtJUl1lfll";i'lJi)" L'ilililHillU L"Ji.l" L'ilt.t 

Lufiuu membrane permeability, ion movements, glycogenolysis, lipolysis, 

""°' • I' cJ I I + + I 

L'lfilil~"n'111u1nR•u~un'1"1rl"N'1t.ttJn" Na , K Hiil Cl Liun•, ionophores 11in 

channels n11~unu receptor i1Ni1t1;t» ionophore 'lli.l" ion 'lfUflLfl'lfUflHd" Lilfluil: 

Liifl depolarization H1'i.l hyperpolarization tlil" Lffo.tu L'ililrl L'liutuniiilt1il" 

acetylcholine (nicotinic) fll"J~unu receptor ti;t» Lilfl Na+ - ionophores uil: 

Lnfl membrane depolarization 1t.tn";iMt1n"rf'1";i~"«~~·ruu,:r11n y-aminobutyric acid 

(GABA) n'1i~unu receptor n;t,.j Lilfl Cl - ionophores Uil~ Liifl membrane hyperpo-

larization 
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Agonists 

BZ GABA Barbiturate Cl 

Antagonists BZ 

"reverse­
Picrotoxini n Bicuculline . agonist" 

9~~ · /V~92 
~~ /~9 . 

BZ-R GABA-R GABA-R BZ-R 

P-B-R 

ionophore 
' -· 

Uflfl"~ntttU:: complex "1::t-tTN benzodiazepine receptor (BZ-R), GABA 

receptor (GABA- R), picrotoxinin-barbiturate receptor (P - B- R) 
- 1"., _ ...... -•11 mi:: Cl ionophore n-nuun receptor • 2 fntJ LutJ dhM'lJDrfllJ.!91 Lti'lutJ 

"" 1iii1-llDl;!<i11fl Cl - ionophore rlreceptor 1101:: subunit ~'"1-.:i;u,u L ,,"., tfl 
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n'l"1fl"'llJfllltf Cl - - ionophor.e u1-.:iiinoi lnmnuuu'1"1rn::u1t-toi1tJO~lJD'l-.:JDDntltli:f 

r~'lutn\lnoilnd' L'liu U'l"'J::~uifn u1nflfllJD\ln~11 barbiturates, benzodiazepines(itJ# a) 

1un"1t'iltJD\l benzodiazepines Lilu 7-8 uffN'lU1J'lfl'11J'l"1~~~-.:iulA~'lii specific binding 
' J::.J ..I v ~ .,j a~ o 1 .J .J 

'lJD\lU'ln•1J~tiLtJD~1JL~oioitJ"1::rf1M-.:J'lnfllJD\l~"1101nuru::u91n91'l\l tJ-.:i1n receptor 'llD\lrf'l"1DU 1 " 

tm11"11'5\l L~un d)u benzodiazepine receptor rrnn'l"1Rfltt'ltl'l" electrophysiology 
I IJS J1 I J .al _:=t - !fl 

UflVt\l'l'ltJ'lfl•1JUDDnqnn flUL"1\lfl'l"1DDflqtifi'lJD\l GABA nn'l"1Lufl Cl - ionophores fl'l"1nfltt'l 

ligand binding LU"1::u::AD1l'li1uilu1!ii'~., benzodiazepine receptor u~Piflnu GABA 

receptor LLOl::fl'l"1~U'1JD" benzodiazepine ,,;1»n'l"1~U'1JD" GABA ~ifu uoi:: LiJfl Cl - -

ionophores 11ii'~i1u fl'l"101::011u1101::uun receptor l.1u~'{nif't1u~'l benzodiazepine 

uoi:: GABA receptors -.:i::u~!ii'1unu 1fl11uuoi:: Cl - - ionophores tiu'l-.:i Ltlu complex 

1~u1nu (itJ~ a) GABA uoi:: Cl iirrn 1tl11 benzodiazepine binding uoi:: benzo-

ciiazepine iiNoiL~1J low affinity GABA binding 

fl'l"1DDnqni!'llD\l benzodiazepine tf~" Lfl"n::ti'~utt-tiiu'l"~' Lrn::fl'l"1DDnqntf 

6-carbol ine- 3-carboxy late ester (f3-CCE) 1'1NoiA"1 "nu.n111tl'uu1n~11 

benzodiazepine 
.J • 
tltl"1'1U1J'lOilU ( Olfl GABA binding, 01910'1"1 Lilfl Cl - -ionophore uu'"# 
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1 .,i .. ' .J " v v Ca2 + , "' e , ualil~n~ nnua~uLnu•vn~nun,,R•UflU,:lilU n,utuL'lf~~ ~~,•un~n,,N,U 

'llD~ ca2+ ~ fast channel, s low channel LL~: receptor-operated 
2+ .,Iv I 'I # ) 

channel u~:n,,tl~DU Ca mmmJ,n,u lU L'lf"~ ("inn 25 

benzodiazepine binding u~ :n'it; LOlilD,n,, 'l vtnn~•~'1:jDifn'l;-.,",u) n'it;un,, Li una,, 

n~uif Lilu benzodiazepine antagonist ii~Laun1,u,'1:LiunLiiu contra-agonist '1~il 

reverse-agonist Lt1·n::ii activity tuvn~vt,~nU'li',u (24) n,,ttuu,n~ud't1'-.tt-i'u 
uu•filil La1rn1, benzodiazepine r eceptor ,.;,'1:ii'1~,"'!~fl ligand 1,J, 1t1~uif~t1'-.tti 

Ltl~uu Cl 

ionophores (24) 
. 2+ .,I "' " , 2+ .. . 2+ 

n,,~•UflUn,,N,U'llD~ Ca nLUD"JUL'lf~~ (Ca flux) .,,Dn,,tl~vu Ca 

~~Uil~OU LflDfl,ULU L'lf~; (C/+ mobiiization) LtlUn~1nffa'iR'll!flU,'1~,Un~u1tJvvnf1'1tf 
e (J C 2+ .. • • , • " . · 2+ 
tN 1r1,,:: a umm,t1vtnn,,tn~,1rnv~ L'lf~"Du,~n•,~'ll•,~ (Ii.\ 25) n,,N,U'llD~ Ca 

-" ..,,. ., d d .,. 'fl - & a ' • LUilUn,,n,:"lUll LUD"JU L'lf~H lU,::u::u,n Lnlil'IJU L, •N'1U fast channel iHfottni:: L'lfU L~u•nu 

n,,f-i,mrn~ Na+ ~~ L1fn1, Liilil~j,u Na+ channe ls nT'Hi,u, ::u::Pinu, Lfililifu.J, Liun slow 

channel i~~,~'1,n Na + channel u~\lnuutf~llilu Mg2+, ~in 2 + , Co2+ u~:u1n~u 
1 . t . A v .. C 2+ f d - & ·1" "1 •.. " .. ca c1um an agon1sts uemnnuu~u a lux t1 Lnlil'llU lilUU uun,,n,::~u.,,il depo-

1 • • o ~ Si! 'I 0 J I .,I .,I " '<J 
ar~zat1on LLvtLnlil'1,nu,M~va,,n,UlU,,~n1unvnqttHlilil receptor tlLUD~UL'lf~"~~aN~ 

. c 2+ .. .. .'i d 
R•UflUn,,1-nU'llil~ a '1~ L, un Luu receptor- operated ion channel (1,tlt1 4) 
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0~ 6 l~U~ 4 R.R.-0·"· 2~27 

Extracellular signal 

~~~~"'-"""· . -a.--....,.....__._~-- m::::;ticn:m,----
Receptor 

IP3\ CDP· DG PA DG 

Turnover of Inositol phosphollplds 

Protein kinase C Ca2• mobillzatlon 

Synorglsttc role ior phyalologlcal responses 

1 ' " d .J m1 n, ::Y1'l'1'3n'1"Hl'l ::filtrn receptor nun-1·u tlauuLuJa\1 inosi to 1 phospho lipid 
<A .. ' c 2+ b. l ' . , • u ( ) "11'3mrnvit1 . a mo i. i.zati.on uri::n1,vit1uilut1'3'l.lt1'3 L'1l<H1vi111ri1V1U ~•n 26 

' " L'llun1,a,.," cyclic-AMP t-1~t1 prostaglandins Cia 2 s) 'luittf 
' dy ddC:Ji I ·1""'l C:& .,_J., 1.,1 o N'1Ull'1U"j'1tJ'3'1Utlflft'1U'11NVI L1'111'l.IU tltJ'1'3ll'1nLlrl::tn \.1 L'l.1'1 ~ L1'1ll'l.IU LntJ •nunri m11•nUf1lln'1,tlrlt1tJ 

Ca 2
+ tnu'lu L'llmiii'u Lilun1,111t1m1ut1'3~vu1uri::a1,111u'lu~1"n1u tiufivnri 1n Lfft1•ti'un1, Ltl~tJu 

utlr1'3otTrn~11 Inos itol phosphol~pids Ci:i 26,27) U"jfl~ LViu• 'Hokin uri:: Hok in G28) 

phosphol ipids l wiluv'vu Vlilll'1 1 I 1 . .. . " .,: 32p ,,, 1 'l 1'1tJ4'1 acety ClO i.ne 11Nrlfl,::~Ufl'1, L1'1 1l L'll'1 ti u 

ii't-1 iln;j'11J iin111 nuilft"~' L '11iHlt-1£'1'1tJ n~JJiln1, Avuauv'3~vn'1, n ,:: ~u lmujn.,, Ltl~umLt.lri\1 phospho-

li pi ds n~11 inositol ur1::\m~1nrilndLi'{u•nu ca
2

+mobilizat-ion ,JtiSJ.rilu,::u::t-1~" 
uotft\11 ~~., dfoiln'1, n, ::~u~ receptor ~::ti; 1;un1,ar11tJ'llil'3 phospha tidy linosi tol 

t i phosphate (PIP
2
) 1"L~u 1,2-diacylglycerol (DG) uri:: inositol 1,4,5-tri-

phosphate (IP
3

) DG iiNrin,::~u protein kinase C 'lutJfU::ij IP3 vl~ Ltlu second 
d ' 'l" ~ Z+ b. i · . ( tl.J ) messenger not'3Nri »Lnft Ca mo 1 1zat1on 1 vi 5 

«•vv localization of receptors 

n~JJd°v~'lu nucleus. ~~'31Lri::1tlthl~lu 

11.lilLVID~ alri~ , .. , luri~.," - 1 ~•lrin 

~1ifn1,nuuu1i~~"~' r eceptor lu1t1Eot,::tJD'3il'1, 

cytopl asm fl\1~ ::tt;l"ifn1, uJ~uuutlri'3Pl;,., LDflil'1, 
u iJ ..I •uffr ,. " d ..I u ..I UUL tJ L "jD\1il'1fl~TJ L~tl-;J '3'1UDflA'1U\.1 '3Lfltl-;JfltJL,D'3 

d"'lf "if ~,rn., u1JJi-1m:n n~»ri• un~11finn1,'11nri 1 nff receptor L .;., 11.1.Junu DNA L i1nn, ::~u l '1if 
n1,a-i1" m-RNA 
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8. Receptor adaptation 

111·nJ.;'ua111trn1·rn;"1U'lliM.;1"n1 fl d:f tJfJif "ffrf" Nil 'l ,.;' L n lilfl1"1 L tJif ttUllUil"tl1 "i'l=i"1,tlfJ1 

L~urrn 1nfft1u19i'lfltt~"l 1tJ Liiun1"Jintn homeostasis 'll£Wi1'1n1v 11~n1,tJ-ruarnt1~\1n~1"l 

d' il1'lil 'l .J L iiun1"1tJ.;'u'l11 udJDU L ~lJ fi11il' L .Ju &1'1<11 U1~'1lil\101"1 L tl~llUILtlil\1 lu'.i1u1, fl\lflfl;~ '111 tJ 

I Jf " " .I .If 1 ~ .I "1" 1 

"11"tl1lltlil1'ltl,Ui'lfl1tl~ALUlllil1UilU'lUtl"11flllilDfllJ1LUUil1fl1"j'lliJ\1 "1fl ""1ilNilL§tlDU 1 n A LUU 

n1,tliUi'lfl1\'l'llil\1.;1\1tl1U d:lil 1~iut11 Lilu L 'H11U1UD1'lfJ1~""1llllUU iil'1i'11tlLUfl1"11'1fl 5 

I I 

1 . ilflfl1"jAiJUi'IUD\19liJll1 LUU 

J ., 'l'I 
- ilAqtto"1~"Utl1A'lliJ\1lJiJ")nU 

I' I 

- ilAN<1n~i'llJD\1'1lD\1L""111<1~v1n~u barbiturates 

- il~Nilfl1"jiflU1'1lD\1 digitalis 'lu~J1t1«"lL'l;lJL"il"l 

2. tJ1-.:i Li1ur.rn'lun1,imn "llD Liiu~"lua;~nJfln;'lM' LnArrn'lun1,-rmfl 

- n1"1Ltldt1u11tJ<1'1'1lil\1 receptor ""1t1~0A-.:i1nn1"1n; ECT 

fu Lff..;1 Lilu L"lil1U1U 

. 
LUU 

- n1"J L~u 5-HT receptor 'lu platelet -.:i1nn1"1Ltft11-rmnhfl~A Lilu L"l<11u1u 

- 111"1 Ltl~vu adrenoceptor sens itivity -.:i1nn1,'l-dv1<19lfl"l1U~u L~illil 

~ I ( - 01n1"JflDUV1Li'lt1AAA1" 1 opioids, barbiturates, benzodiazepines, etc.) 

- D1tl1"JflDUfJ1~U 1 (clonidine, 6-blockers, Corticosteroids) 

4. Ui'IA\1NilL~fJ'llD\1fJ1 

- D1n1"J tardive dyskinesia -.:i1nn1,'ltiv1inM1l"1fl~A 

..I I 
5, ilU 1 LUU 

n1"JLtldvu monoamine receptor (a2, S ~HT) 'lu platelet 

1fi'iuv1"lun; LOvt 

t'l ..I o .I I' ., I I 1 I I 
"il1fJ~ulilntl1\11ULnfl1'1lD"nutJ~ L•un~ tl'llD\1tl1"1il Atl1"JADUUUD\1ADfJ1tl~lJ receptor 

opioids 

~,:mu 

Uil ~ n1, ·L n111D1 n1, ri ou v1 fhi'mJ. il ~U"1 Ill '1~'lD1 -.:i L ii fl'l1 n n1,tJ{ uati 1tltJD '1n 1":191 tJUi'lu il\1 

adenylate cyclase ~n opiate receptor "~on1":l"~"tJil\1 catecholamines 

"~Dfl1"JflDUi'IUD"~ ~ostsynaptic receptors 'llD" catecholamine 

adenylate cyclase ~\1ADtJi'IUD\1~D catecholamines (~ 29) L~u~u 
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5n~1DUl""d"t"f1~flUL~f1nu1nu111n~rin1'11itilUaUD"AilU1 H~D ECT ~"LllUNn 

1un1.,inu1~J1un1.,11ru~11L~~1 fl1111~~"Lflu1nun1.,1~u1~nu1~"nou1uLH~Nnfftt111L~uu"lul~ 

fliltl"1 ::i'ftl6tn\'11un1"1~n~'lln"u1 rn~1d'~:: L ~mJnnlJ~Ail Ldn t'liu1PilitADnu ltJtJ'1::111ru 2 6YtJ911.1 

n1'1£1Dnqt1t'lJn"u1L~u tricyclic antidepressants 'li~uuO" uptake 'lJil" norepi­

nephrine un::/HlSn serotonin LiiA1nutu-!u11·rnfflA'-iuu1 f] LH~n1"JruP1
1

n Ldn"mi."h~"rl'il" 

., nil" 2 if'tllil1" LAD~:: L iiPINn 1un1.,~nu1 u1n~11tmjHn1UR1flt1Am>"tn"flii01'1LL;1~1lPi'trn1un1"1inu1 
" ' ~a " ' f'f 1 ..rl ill " A v • .. v e k ~tJ1un1,11ru~uL~'11 ttu11unn nn1"1Dilnqtio AU lilLn1l,::litU amine H'1ilUUU" upta e LnU 

'lin~n rn~1dt1;t'1 Lllu~fo"ifu~1~" ECT, tricyclic antidepressants 11n::tnn~111Huil"nri11 

11~1d'tlrrn 1tn ::u ::u11mi1" h'li"if 11\iuonurrn 1un1"1·fo1n 'lin~n 1~1flf1n~f1~nuru::ffOuuu 1~1uu1" 

L~il" Ltiu n1'1nlil~1u1u f3 -adrenoceptor 

5-HT receptor 

'luflmNu1"~1u a2-adrenoceptor • 
LLfll'l"~1n1~£Jn1"1tl~Ufl1l11'1n1'1tl;",u'"n" r ecep-

tors tu~nuru::tl., ::fl1unu'1::H~1",::uU'lJiN norepinephrine, serotonin, 11n.;l11u11a::a1., 

fl"~"nnn1111·1..;'n11ilu amine LHri1d' ,1ut~"~nuru::t11" Lflil -ffitmfon" Lrln~u L'lfnrl Ln"9'1u (3o) 

mi ln., ::iii'u 111 L ii fl ii ff Liilil~U Lrln£Jn1,tlillfl1lltln1,n1"1ut1iN receptor ~f:J~ttnu1 

ii'mnn (~ 4,22,31 , 32) R1DU1" L~trn1'1fllllfl1lff S-adrenoceptor-adenylate cyclase 

trn~11ui''ltrn1, trnav".,::Pi'u L'lfail' fl1'1 Lf!iu cyclic-AMP l1itt1 agonist ~::1Lflfl"l'1i L~t1"il1fl"JT'l 

L ~1tiu il"'l ::u"""o., ::iilu agoni st L ti1 1fiu u~., ::~uiln" cyclic-AMP ~ ::t1Ail""' 1finu 

L~1"1 ::~utlfl ~1l1t1'lu L1n1 3o-so u1fl ('11t1i1::L~t1Anl"Jf'11U~un1"Jt1;",u'"n" adenylate 

cyc lase ltJ,1iteLnnfl1, 22) fl1,LDA ion channels Ldn"~1nn1"Jfl'1::~uff acetyl-

cho 1 ine receptor ~\'IU~1 Liilitn1'1tJ .;'ua1l11rn1"Jti;",u lA' L ~uii'ULLfl ::ilAfl1"JPIDUi!Un"Pin 

agonist mu'lu L'lil1~"uumfu (u1f1) LLil::t111lA unn~1nd'ifofifl1"1 Ltl~uu11tlil"l'1ifftiuP1nu 

fl1,if"Lfl"J1::"1"Lilflil'l1D" receptor n1'1u;l11LilflnL~1ltJ'luLdn~11L'lfil; L1l1it1lu~fl1JL~ninu1 

fl1l1t'ln1"1Yl;".,u'"iN receptor ua ::tiu~u '1 'li"~"""111d'n1~ Lrlt111i'n"nun1"1n;",u"a1unri1" 

'lJD"a1lD" L~U L:1il" LflU'ltllln1"1 1J!uuiA1" 1 u1~::DoU1uli;;'l91un1"Jf'11llf11ln1·rn1"1U'lJil" 

receptor LH~1d (4) 

~1DVl"fll'1f1nu1 Lfiu1ii'u r eceptor fflA'n~11111uii'1d' 1t1u Lffo"fll"JR~1"1ru1nv1" 

fl~'" '1 ~1£1N~n1,~nu1~1"pj1ut~u1"fl£11i'n~a1~11~unu1""'ntu,::u::ftun-l10AN1u111 ~"d'u"fJ 
fl1"1'AOH1 LtJDflH~1u~1uflillAu;111nri'11ii" Uil ::UUUilU~fllll ~·fl tl~1l1tll"1U1JH11'11il LHn1d'rium1£1 

Pl1rnu l~-11 ~"""~dlA'n;tt-i'nfl.,11ff'I.," 1v1hflu;111 t,1'tJ, ::lunu'1Piu;1111nunu Lftu"'lA L..Ju 

l~u;111t":fwu1u1 'lmi ~15n1"'J..;'nu1 hflLUJUl mj wtJnn1'1 'liu1f!f1£1~1L;1 'lun1"1..;'nu1 hf'IDV1'1f1tl, ::­

~tlon1t1tl"\f,m:So l" fl1Piou'lu L ~D" LHA1d'luiii'JDu1"u1" L ~n"Mn.i11111uA'1~:: ufo lA°ifA L ~u L tlu 

n-1'1uot•"111 agonist uoi:: antagonist. ~i1fl'll1l'11 un::wlfn L~nnnnnqtt€~iJ receptor 
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' t ,,J .. mJll u u ui;i 111 'tl~ n" nT, 

n~ll unmiu 1 L tiuA'u L\A~\J~~;~ry lu'1inu l tln~1n1., 1 'lftJ.,:; l Ut1Utl1\1n1.,-rntt1-.i1nu1finn1., 'l 1iu1 L Rn 

L i1u L fl~D'1l1u1 un1'1 Antt'ltn'1it~.,~tltl1 '11" L "J1Ail\1tlil11-ru~1l1'it1; 1 t1 vni1L<1 :: L -ii1 "l-.ifl'nH'1l::n1.,,,; 

\11U~iJ\1"J::UUA1\1 1 n1utu~1\1n1tJL .,1Lrill~UilV1\1ll1n'lulurl~~N1Ull1 u~~U\1il"J1llCl :: LDll~Dn 
.JO' . ,.. ' 1 111n'tln1't11t1R~111a1111.,~~n\1ll~titJ ~An1:t1~u tJ 
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ti'ltJi'flJ'l!tntJn~'ltJ L ilu L ~'ltJfl\)'l'l"lilT1 1th ,.,f, fJOU L il~mt-i''l\)1'l"li'JT'rnfl\1 l "n 'l M'l ~lJ'lPl.., !J'lU 

l~flLilUH~\)'ltJua ::flo LlfJ\)tJ() \)i'flJ'lRU1AfJU1U..,1U 1'l"la'l1~::ilu.., ::1u~U~DillJ'lflnL~V"'lA 

~Uil~OUR1'1U~1UCo~,n~'lU ;~'llflff~;~U'lU&::Unlflff~~nV'l~::ilu"l :: 1v~uADff\)RlJl~U\1'lPl 

~tJD~nUn'l..,n..,::n;tJO\)L..,'l~nRU 

1u..,A~'1UnR1'111n'l'1~~,n,.., ,j'Dli'funuu:: M~D,j'DRAL~u Du~::liluu1::1u~uADn'l..,~An; 

,,..,a.,., lJ'lU\)Rru::u..,..,ru,an.,..,l~PlaDPll1&'1 a;Mi'Un'lUffAD\1n'l1~\1AUQUUL~D«wu;'lu 

,,..,"'.,.., lu..,AD'ltJ "R;uu::u;a;w;'uti Lflvu l~iN&\)1'l"Ht'l"l" LtlDfl l ~D\1tlD\1tl'lU~::l iii'i'u 

rn..,OlfluttlAv L ~1 L ~D'1fll ft'i'u~:: N'1Un,..,if ~.,..,ru,t1D\1Rru::u..,"lru'l fin,..,o V'l'1UD fJuD'1n'lu 

u&::~::u~"'lM'ti Lfluun..,.,wnv'lu 1 lliDu fi'1n,..,i'u~iimi ua::/'1~D 1i'DR'1..,11n"l11 



"HL fl • cy. il"D"3 ru W'n<J" 

fl, A'l'.lfl L Af1f'l~Hll'l Aru:: L tll'IUl'ln,"3 LL'l'ltltl 1J ,1Ji1Vl<I 

lai'lvi..i"i'D lt1ilu1un"3 ::LLi'fLai1PJ uu"i;ntJ£!V1"3Lfl"3\)i'f.;,"tn" LAU Ltlu 4 "lfUVI 1;un° 

1. n"3V1lt1ilu (free fatty acid) 

2 . Ll'lLrii'fLPlD"3Daua::lALrii'furn"3DaLDi'fLtrni (cholesterol and cholersterol esters) 

3. 1vi"3n~L"l1D1"3A (triglycerides) 

4. riDalwlai'lVI (phospholipids) 

la ltJltJ"39iU RD i'f,<jtJ<j ::nDU Lil\)odDU'lJD\) lmlu nu 1 tJ"3Pi°U t1;mr,~t.1mi'1 lt.1ti'u \tJ~n~::ua1 a~fl 

Electrophoresis 

*Chylomic-ron 

Beta ($-) lipoprotein 

Prebeta (pre-a-) lipoprotein 

Alpha (a-) lipoprotein 

Ultracentrifugation 

*Chylomicron 

Low density lipoprotein (LDL) 

Very low density lipop:i;otein (_VLDL) 

High density lipoprotein (_HDLl 

* lu normal fasting serum ltJ
0

ii chylomicron 

rhutJ"3 ::nDUtJD" l'lliluua:: ltJ"1 Piu1 u la ltJltJ"3 Piuui;ia::'liilvi 

Lipoprotein fi'lUtJ"3::nDUtlD~ lt1ifu (1.) i'i'lutJ"3::nDu Electi·ophoretic 
Fractions c CE TG PL 1tJ"3"U (1.) mobility 

Chylomicron 1- 3 2-4 80-95 3-5 1-2 point of applications 

LDL 8 37 10 22 25 a-globulin 

VLDL 10 5 50-70 15-20 10 a2-globulin 

HDL 15 22 1-5 30 45-50 a1 -globulin 

C = Cholesterol, CE = Cholesterol ester, TG = Triglyce :d~des, 

PL = Phospholipids 
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Lelului~u (Apoprotein) Rtl a•u'lle~1ui~utf~ut1~nult1uu'lulnlului«u 

Ut-lfl'ltlt!Ufl ll'iLLO apo AI' All, apo CI, err' CII I' apo D un:: apo E LD lulil~AU 
i1fl•'lufl;Rt.y~DLUPl'lUt1a~UtJD~lnlului~u 

Chylomicron 
• ., el • 

tl'lt-!U'ltltJUU~ triglycerides 

fill'iiu'l'lnt1'1Wli (exogenous triglycerides) L ti'."l~ni :aLa1 nHA Ldt1~-.:i'lnil't1u'lA 'lmy 

~~,,; 'l'11'ln'lflU'l~U L ~uui'l nlJ 'l U1'ifl'l flU'11l'ltJt-l~~iuui ::ti'l1JD'lt-l'li luu'lU ~~,f u Li1t1 L 'J'l:: L i-'it1fl 

11'ltJt-1~foiuui ::ti'lUD'lt-1'1"1'l:: L ~utrn'lflU'l~u rni1t1uu\uu chylomicron -.:i ::e~'luni:: LLN1 nHA"1 ::u:: 

t-1d~ ..,~~-.:i.,ndu-.:i::unvt1ul~u1~ult1u post heparin lipolytic activity (PHLA) t-1it1 

lipoprotein lipase ~~-.:i::n;~~ triglycerides aanlu ,,;1»t1u1fllu1aqa1~nn~ua :: 

rni'.it1uPi cholesterol dlua•u'lt-1~ un::umi~ luti'~A'u Lffo unrrn11J!At1 lu 

VLDL LLn:: LDL 

I q I 'd a I ~ ... d e 1 " fl • t' .I _C{ • 1 a U•u rnl)!if~ L fl "n::t-lt'l~U UUl~fl•US'I~ Lfl"n::mrn1 a Lan tllt-!Ultl LUUWlt-1 ::u1 A"1nfl -

L'lftl hi;it1~uif~fli1::..,' (endogenous triglycerides) L1i''l~n"1::ualaHP1 VLDL -.:i::\\nu't1u d:ft1 

n;~f!Lt11 triglycerides t1an~'lnlu1nqn'lun;ut1~L~u•nunu chylomicrons 1; {DL 

(intermediate density lipoproteins) Li'if!~u u9i IDL 1ufl\1tiu-.:i::un 1u~uu 1iiu LDL 

·a;t-1iu LDL 1Dulnlului~uflil' chol esterol u~u'lru~~n~1lnlulu,~ut1ufl6ui 

LDL ,,;..,u1fit1ua~ cholesterol luv~1dt11dDPi1~ i 1~t1'l;u;.,~ cell membrane, 

if~Lfli1::..,' steroid hormones 1iluAu 

HDL 

LiJU 1i! luluiPiufffi'llUlfl L ~nff"{flfiuolju1rut1t1~ lt1umrn:: 1u"1AU 1uD'Ai1a°•uff Ltl
0

I , nu 
if~Lfl"11::..,'fl«uun::fin;l~Liluu1~a'•u ,,;..,uJfft1un1u cholesterol -.:i1n peripheral 

tissues u1~Au L'1t11u~uu ·1ilunif!u;~ un::n;~flat1n-.:i1n,·1~n1u iiutm1t1a;f1t.y L~u•nu 1uA1 -

ut1aaut1t1~ chylomicron, VLDL un:: LDL 

~iHU1fiA~ choles terol u,lML~~~~lfifl~1uAflUn~Lfiu•ffu catabolism ~D~ LDL 

u1~u,::n1"1-.:i::n;'l.i'i1 cholesterol ester a::aut1Q111u'lu1t1ai ~~Lilua11t-1~'»Lnfl 
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atherosclerosis L~ufilll,,L~u~~vn,,Lnvi ~oronary heart disease ~~~u LDL 

~fo dlu atherogenic factor Lrlvib::ilu~~tu L~vlll ~•u HDL ,,;,.,,;,#lll"i~nuti',u n;'1'1ll 

I d Q, IV l#t' .a - _c:{ I c 10les terol ,, L nuin,ulllv~ffl"lvvmnn L'!lilmnu"i::flut'1~:: u1u protective factor LLfl 

Lrlvih ::~u~'i~::iilmna L~u~~vn,1 Lnvi atheTosclerosis 

Hyperlipidaemia and H)·perlipoproteinemia 

Hyperlipidaemia ft,•::ffii1?Jilu~~luLavvi v,~Ldv~~,nii cholesterol ~~ 

triglycerides ~~nl~ 

Hyperlipaemia viu,uifo I d- I d - "• mnau,mimtt11::1tu»,vtn• L»uvuu,uu (lactescent) 

Hyperlipoproteinemia 

viit1u,nn-l,vid~110lllnl~ 

ft,.:;~ii11'!1tllth~u~~1u L~tlfl ti,~<!~ Ltiu~'IfUlll L~U. 

Dys lipoproteinemia ft,•::ffiilfl ltJltJ,Piu'l~m ::uah~lllNllltln'1i1lmLiflll~1'1 L'1u 

l~Vlil,UUUU L~U ii"l::~ulf1ltJltJ1Piu~~n-1,tJn~ il,~Lilu'IfUlllL~U"lVl~t1u,nn-1,vid~11uvi 

(Hyperlipoproteinemia), t1ulflltJltJ,fiu~iia•utl,::nvuU.il::f1C:1t'!UuAf.i1lltlnPi ( L'liu obstruc-

tive jaundice) viit1iilfl ltJltJ,Piuu,~11illlltl,·v~ (Hypolipoproteinemia) 

a,L»~'llv~ Hyperlipoproteinemia ii 2 tJ,::n,1 ~ti 

1. Primary hyperlipoproteinemia vi-'it1 Familial hyperlipoprote~n­

emia Lftlll~,Ofl"l,UNV1tln~n,~wuqn11u n;1"ii"i::~U1ilLtJLtJ,«u~~1UL~ilfl UflLtlu1uvi~Lfl~v 

'l!,~ . 
· 2. Secondary hyperlipoproteinemia Lnvi~,nif,L»~V1il,utl1::n,1 L'Ifu 

Lnvi~,nhflu,~hfl L'Ziu hfl'h1 1i;i'L1n nephrotic syndrome, chronic :renal failure 

ut1n~,ndv~i1hflgu1 iin L'liu hypothyroidism, gout, acute hepatitis, LLt1::hfl Lu,­

»•,u LtluPi'u LLil::ifotm-J,n,,'l'lfu,flUO; LUlll'IfUV1iutJ1::mu Liiu,::u:: L"lil'lU,U ti' Lilmn LVl~vid~ 

uvn~,ndn,1~utJ,::n,ut1,vi,1~iil?Jiiu~~LilutJ,::~'iniiNfln;1;, ::~ulflltJltl1PiuL~u~~;,u 

110vi?Jv~ Hyperlipoproteinemia 

v~l'itn1vu,iiv li!nli;\ ut.i~11il111'llv~ft,•:: hyperlipoproteinemia ~nmmu'llv~ 

Fredrickson vt1nLilu s '!lillll ~,nn,1uunl111u~e electrophoresis 

Type I Hyperchylomicronemia ii chylomicron 

,::~u cholesterol 1u'll~utJnPiw~t1illllil~ 1::~u tri ~lycerhle 

Type Ila i1 beta lipoprotein L~u~~tlU,~L~u• 

terol ~~'luLi'ivlll a;n~u, :: lii'u triglycerides t.lnPi 

LtiuOA~u,n 

LiluNt1'l;ii( ::~u choles -
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Type I lb 11~"' beta- 1Lr1:: 

cholesterol 
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prebeta lipoprotein Lf.u~'\IN~t.ln~LtlUNil1.; 

Type III "Floating beta" w!a "broad beta" pattern Ln~<J'lnii 

abnormal lipoprotein fia IDL Li1mwn l~vJSti electrophoresis " 'J:: Ll1ULLflU'lJtl'\I 

beta- LLil:: prebeta lipoprotein .,," Ltltrnflu L6iv1nu type d'<J::nutf'\I cholesterol 

ur1:: triglycerides Lftu~'\l~'\1'1t1'\ltru~ ifiuu"'ntifll ::~u 

Type IV ii prebeta lipoprotein L~"~"' LtluNr11H'ii.,::~u trigly-

cerides • sJ .,..., • 
'1•u., ::~u cholesterol tin~ ~.,uur1ntif\l::~u 

v Prebeta-hyperlipoproteinemia and Hyperchylomicronemia 

chylomicron ur1::ii prebeta Li~u~'\IN~t.lnUi LtluNr11H'u.,::~u triglycerides 

Type I , III, V " t'fUUtltJU'ln TYPes .J ' -tl\'IUUtltJ fltl TYPe IV, IIb 

Uil:: Ila 

n1.,~0<Jnvn11:: Hyperlipoproteinemia 

1 , '!}flmttu::ifimLil::tl1 chylomicron test 

2. ~n.,::~u cholesterol 1rn:: triglycerides 

3. n1 lipoprotein electrophoresis 1u.,1vtfa'\ltrv familial 

hYPerlipoproteinemia 

4. ,,,.,.,::~u HDL-cholesterol, LDL-cholesterol Li1'm:1ilfl'i'ln'l":i LfitJ'\IA'a 

n1.,Ln~l":ifl coronary heart disease 

1. Davidsohn I, Henry RJ . Todd-Sanford . Clinical Diagnosis By Laboratory 
th 

Methods. Philadelphia . W.B. Saunders Company, 1974, 15 Ed . 

2. Greten H., Lang PD, Schettler G. Lipoproteins and Coronary Heart 

Diseases . Gerhard Witzstrock Publishing, New York, 1980 . 

3 . Havel RJ. Sy1nposium on Lipid Disorder. Tile Medical Clinics of North 

America.W . B. Saunder Philadelphia, 66,2, 1982. 

4. ifoa-, 111 tin~" laD~ur1::.lr1 lt.1lt.1-,~u . i1uttfffl111:: LtlflUftn'l.,unnti mnJStw1~vui1~r1, 2s2s. 



u , 

,1'1.tt.~.~UV1tt\1H 1::~ 

tl'11'1~hf'1~aih1tl fJ'1 l'llU:: LLttVI fJl'1'1t'f Vl.;fl:h,'l1tt fJ'1U'1a ln1TlVI fJ'1~fJ11Hlila 

_.,. .. u 1 1 u "'1.. .... ~ " .. u s •nf1'1,Uil\1flU ,"' ,,t'tVI ~NalilVl~lil nil f1'1,L'l111'1"DU protective 

antibody ~" LilU1LiJU9'IUiJiilU~mhuu,::11iJU-BUuEmtlil'llil\11 •irl 

th ::1l'11U 1 L ~ilU 

uE~u~::~unulT1riti;'lt1 L~El1ialila,1l,,fl L-ll,tu L'l1aa'° lu!lnTiPilil Llil ufi&i',t'1-lfl'ifu,f1 diulu 

L«il l1{r1 L-ll'1 L'l1aau;.~~::nUf1'1,P'ilil L«il~il lulul~ -lfliu~. u1u~::fl, ::~Uf!U~11rlUN'1U L1faa".;,1l~•fJ 

Lrlil LiYil l1{a L-ii'1~ L'llaa ~::t1i'lt1£111,, LU~fJULLUa\1'llil\1 L1faa'° i'llu11'lliJ'1l1-!a~::l'llUfl1l 

'lt1 L'lfaat't-i',"1u,~uLLa:: L~u-ifuu~·N'l ii~; Lilu'Lun,, Lff11~iu1u'll£1'1l1{a a-i',"lu.,P!uua:: Lffun·rn 

u1flavl'lflLilunluu'll£1'1l1{a u;,u.,::nEu~.u~,"'l L-ii,~1unuLiful1{a~1'lHu£Jilf1~'1flL'lfaa"luu" 

L'lfaa~u~£Jlu ~'1Lilul1ia'lfu~flfl'lfil"~" (enveloped virus) ~~::ililf1~'1f1L'l1aa'°l1i1ul; 

nuclear membrane H=3tJ cytoplasmic membrane Lifu'i1il'1~1l 

'l "'1 u .. 1 ,,J • " , .. - , - 1 ' ,, ' u,::u::n ,,i'IL'll'1 ULtt11~'1UIULUL'l1aa ~Ufl'1LlilUt'1'1'1ililf1~'1flL'i1aaLlil11 u~L'lfaa H11 

i'l'11l'1"Jfl~::tlil'1nUH=3£J-1mn l~llilui'l'1,U'1\1tJV'1'1 ffaiir111ih> interferon (IFN) L\a ::u'1{n~'1 hR 
11.,a (antiviral drugs) 

~ ' fl I 
LlJUil'1, LiJU Lili'l'1UIJ 

uA.J I u A ' j •"" u IS J I .I/ 1 u 1 .. fllUi'l11UPltli'f'1fH)!'lltl\1ilU LVliJ, Lt il"JiJUflfltl i'l'11l'1,flUlJU\1f1'1"J LtllJ~'1UIU'llil\1 L11il l"Jil fl 

n-l'1\1'lll'1\1H'1'1 u2fnlil 1 viu liini~UVl,'1U~tl L'llaa DU LPlil; Ufo"JiJUd' 1iluK1fffJuriu~tlil;i'lJ'lUf1'1"Jtl~ 
, .. 1 1 u JI». , u Ef J.A .. • .. - , .. 
~l'IUL"J'1~La'1~'1fl "JR l"Ji'I Uilf1~'1f1UilULlilil"JLttil'JiJUU'1~qnnilU"] ilfl L~U 11,::~ui::UlJilll~U ~ 

niHu,fini~lil L'l1mi'uua11uam1l~~;1°u ~"tuPi'1'J'1'1ff 1 

.., • - - ~ "- - , Jfl - I! .,, lS -'llil~'1fllil'llil\1iJUL~il'JLrliJ'JiJUfll'ID iJULVliJ'JLttiJ"JiJU~::ililflqnnuil\1flUH~ilUUU\1fl'1'JVllil-

" 1 u 1 " ' iJS ' "" u J " - ' ' IS u IS " 1 .4 u L'llil l'Ji'I Iii Lmn:: L'llaaa "llil LlilfJlflUVli'l'J'1\1tJU Llilil 'J Ltiil'Jf.JU Ltnuu lil\1UUfl'1~::1f1lJ'1 LlJ1HJ'1"JflWl 

WIJiJtl il\10U 1 il'l 'l UflU~~ ::Pi'il\1 t tfDU L VI il.; L tfo,ilUff N~Vl~'1fl L 'datl'llil \1flU L ti,duLLa ::lll'il\1, t1tuuljlJ'1~\1 

iJ'~~UULLU\1Vl'111~flUIU::LLiJUA L~U'llil\1DU LVlil.; Lttil"JiJUl fl LUU 3 'l1Ulil flil 

a interferon a.;'..,"1.iu lymphocyte Lla:: null cell 

L~flLaillil'll'11'llil\11'1UUf1A~~ilLVl~UlJ~'1f1L'lfaaLtt'1::L~U\1ttlfl lymphoblastoid cell line 
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1. Antivi-ral action 

2, Anti tumor action 

3, Immunoregulatory action 

4. Cell growth inhibition 

s. Alteration of cell membranes 

6. Macrophage activation 

7. 

8. 

9. 

Enhancement 

lymphocytes 

Influence on 

of 

Tha i J, Pharmacol, 

Vo l ,6 No .4 Oc t . -Dec, 1984 

cytotoxicity of 

subsequent 
production of interferon 

Hormone-like activation of 

cells 

B interferon a;1'1lAv epithelial cell ua: fibroblast cell 

LA~UlJ~1nL~a~Ltt1:L«u"u,:Lnn human fibroblast 

y interferon a;1'1lftv T lymphocyte 

~1nn1,n"J:~u T lymphocyte ~u'ilJ1 Ltn: Lit°U'1~il Lt'Jil" 

macrophage 

n1,ttMJ15n~uHd\1~il\1n1"JNR"'DULAEiLriil"Ji)U~fti) n1,UUn mRNA lJ1~\1LH,1:~ 

DNA d1u~L~U~ua;1'1iiULP1il.;Lriil"JilU u;,u;«u DNA ~ull11~1uuuHff L~utt1n E. coliH~il 
"' .. "" "' , "'l'f - ... .. • JI ' .. yeast M~ilL~aaL~1:LaU\1ilU1 H~n1"JNaAilULPlil,Lffil,i)U~1UIUlJ1ni ~ULL~TI\1qUUilU 

, :v :d'il.'1 L ~u, :u:~il\1n1,t1Aail'1imntii'1uiiu urn.; L riD,Dua'iwi'u 1,H l1iaLLa :lJ: L .;" 

U1'11,H t~tlil\1nul,HA~LfilU1\1ilU1\1l111uLntt1:l1ia,:uuH1u1~ n,,,;DULAil.;L~il,ilU~'iu1u 

u1rrna :u1u ~ :fl,j'il liifl"u, :a"fi'u1\1ilV1" Lttu i!lti' u1111 L ~ilmn•~; nilu L ttau 

n1""Ja;1\1~1ifnu'iiiu LAE.; LriE·rnu Lt'fou'iu1l;n.,:~uti;.;,"n1ua;1"iiu Llilil.; uiD·rnu~u 

LHVfl~aul~~nff1 u~ttu~1liiliii'Na 

H11uiL~E\1U1~1ul1iaRiluti'1\1WM11~1 

~111tu ~1i~ntt1~uH{1~"~"lun1\1~1ui111iuu1nn~1 

Ltiu l 1ian~lJ Ufil.Jffa ;f"fli :v :1ul\1K1a"ulu L ~aO: 

"JI .... ' , ' - , .. 
n\1ULtt""J1:Hl1lJS1L,~NIU Ml)!Ln111~1nn1, ~ 

u~~ilu1" l·rnffilul)!H1 lun1,NaAiftfu ~" 

ua:n'ilMLO~il1n1,l,HL~U, H1U1 ;;u"fl 
u ' ~ ... 

Man~1Ul1il1~Luua1LH~~i)\1lJ:L,\1 

l u ' 'n ,,an'llJLl1D,11a 

1uL~il\1l1ia"J:UUH1Vl~~Ltfunu t' ilu S • u 1"' u t I I I/ 1"' u t la 
uu~: •111~ua1H,U ~"'"'Ml)! LL~Lnil ~H•~ Hl)!n 

~"'fuJD\1nulti'MiA1H~~:;D"LufivuLlDa1ut;~uauu 
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L«nl•iflnnn1n1~HiA i1fl1LH~UUL~U;DllK• Lur11::l~Jlul•ifl~l1u1nn~1 89 ti'uJ 

ut1m:11n4v"l1lfl l~u1 l•ifl, n::~lu, r11~1ilurl~ L uu'li1 LLil:: L nu L VID h l •ifl ti'uJ~1"1 n1.,Ni'iV1 

ifliU~"n;lAll1fl f11.,~fltt1~"~"lulun1"tti'5ULVlil;Lrlll.,ilUH~tllJ1~1Ul•ifltHU'J 

~ru~uu~11n"u1A1ul•iflffMfl•.,l1~"d 

1; nu.,::~fl01l1t'l~1 dYDl•i~lgj'fl" lf1ul1n1n1.,1i'1" LllrlJ"UillJ 
" 

2. L~ilntl;il1lJH:IJnuu~"f11., L ifo""J;U.U11il" 1.-1fl L ti1du lu'ti; '" Ltfa.i11n" l 11f1AJlf1-

Ufl~H~ni1DUVl.,1lJ 

a, f11u1.,~il::i11ul~~ ~u'rf1uL,J1lud•u~1"1 11D"~1"n1ul; 
l'I cl .. ~ ' ., l ' 4. ~qnanfl.,::uu~il~UflU11D".,,"f11lJUillJll1flH~i) tJU 

.I ., • l ~ l" s. nnnqnan•1"11'1"V1il ,.,fl flHa1u'rfOV1 

'lui1""J~uurnin~lu~V1UflPiiil"na1•ifo liil1 filti'nun~Llil:: lfi°Naft~il u1fl;Hiuintt1Lrn:: 

i1n"nu1'1H1AlH~ "n::uuuV11fiu". u1imnhl'ln~tJ LUD;~fl liun "lt1fi'nn~~tiu", "t1::.,1-Ln" 

Llil:: "n::ifvlfla L~u" fl;w;'un~uff Li11l,ituLL~•Rn "LtJlan1l11u" ~" Lfwlti'Jn"riul1i'ti.,Attua:: 

intnD1f11.,LLt1.,fl~tlU'"J1flf11.,U~nn 

.·, 

(Amantadine : 1-adamantanamine hydrochloride) 

(Rimantadine : 2-methyl-1-adamantane methylamine hydrochloride) 

u1~L~ufl1.,N"Lfl~1::;ffnt1nqntJn"nun1.,~V1L4D11i'HifllHq/.1uJLn lflll~vi~•1"n1., 

UilVIUtlulln.,VIO•fl~iifl ""J1n l u.,Pfufliru ( uncoa ting) u1d'\ln~flgU 1'1fi Ldt1 t ff'ti1 '11u1mLa ::\ln 

~Un1lltltlflt11"Uflf11•::LuiufflJLUalJULLUil" 

'lti'tin"fiuhflH Lnfl";J1n l.VH1fllH~nutf Ln (Influenz,a A virus) llilult1'nuti'ufftu 

11ru::Jf l1n1.,., ::u1111H:;D Lrlt1 l u~uN'fllnatlAnu~J. u l .UHi111 t "~ u1i!";J ::mrnqniJn"nul ;ti'ufiLrn ::fl1u1.,~ 

tlt1'11nun1.,~111 L~il l~UU""J:: L~U Lfmi1u1Hu lu11tu::ffn15flil'lfU";J::Ail" L~ilfliflfUr,Vl.,'11rlU Llnfi.,::u11il 

uii1::lil'tN01111'1 1-2 Ltitiu ~"";J:f:l~il~tJnu Lnfl-fu 

1u.,1uflJ•vL~ul.VHif1LH~ fl1LffiUU.,::t11UlJ1d";J::~•lJLff~LillL~.~u 

rlU~1Lfnl,JM1flLH~Llnfl1U H3N2 U1'11fl11Jnuq~t11J1d 

J l 'f.'I .. qtiauil::t11n1., """""::fl"fl 

n1n1.,fllui1 "".,::fl "fi' ";J1n u1dlii1u u .," ~.uu 1nr1un1111.,flflU n A~n"., ::uuu., ::fl1t1 ~.u 

flil1" l ~LLO UDU li.in~u Pnih fl1r1~1 iu Ht-i'1 ffoifu u1".,1ul111~u la il1 L ~lJU U1f1UM" ufl-
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]U"D\1U'l "U'lA ua:~a1.; 

n:mrnw1iliu ifolA·mae hi rJifmn·J..i''l~'l il11 L11 Lvi~a (Symmetrel) ua:h­

uuuPnfiu 111lflLLRtJ~a"u'l~ 1 oo 1111 . 110Au; Li1eurJ so 1111. ~e s :n:n 
,i', t.; L ~nvi-l'1r~atle\1nu l-ll'vi-1111111~ L tlu1u"1:u :fli111'l"i"i :u'loi 1'1t-1i'e11nuilwl'R:Su 

uii:1'1°~f1Annumi'l\1Ueu 30 -lu 

(Pyrimidine and purine nucleoside inhibitors) 

1un'l"1 L Ru'1;u'lu"e\11 'l-rifwrn~ Leu Le '1; Lifu;n\1Ufl'l"iu;if'l"Jt'l'lnfhfiu (purine) 

LL a :R=jrJP\u (pyrimidin·e) L .U-, ltJtl "J :neu Lifu~ Leu Le !.lil\11 'l-r~ il'l'11'1fu-,tJ'l\1ilU'l'1riil.rmm: 

R~'lUrlU~'l~Ul1~iln=jrJ~utu11'l"iVlJ~\1fl'l"i~\1L~"J'l :tt~LilULilVil~l'l-rifl~ ~'l"jfl~11dilvia'lU~'lflL'la'l 

du;u-,inti'll"JR~flL«el'li~n~uLne;R~ 

( Idoxuridine) ' 

LfeLneiR~ Ll11J'l:fl'1:1~ Lifuu'lfi 'l UUDflL~'ldu LRuf1i~ntn5RU'l L~'ll1'1ilAL~ilflR;l1-l\1NaLUfl'l"J 

-rntn hR~11D\1Dfl L~U'1'lfl Lle L tle;A~ H~il hR~uflf1D'lfl'l''J1U LL"J\1U~tilJ~'li1fhm'l\1 LfiU'1f!\1LLa: lui1 

Natun'l"Jiflti'l 

l .. .. .. d 't 11 .. - ..I !'I .. U'l D~Dfl~"JRUL DD~ U]U~'l"Ja:a'lu'1:R\1V1Uil~ fltJ"'1 : 1J'lru 6 LPlilU Vl~ruH~~l1il\1 U'l 

D'l'1\1flt1;a-,u ltl'~'lU"'l\)flLL~\1~~'l\1LLa :fl'l'l11;DU ~\1A'l"i L ~u1u~ L ~u "'lU'lil~'luiu4"~\1'1: L~U l-l 

l~u-,un\1 2 c lflulu;D\1L~ul~tu~L~u 

u-,d1.;~;viiuinti'lfl'l"JDflL~uffu~L 'lrun "1:'1fl~'l (keratitis) flLnPl'1'ln LIDLne;tt~ 

~\1'1:11antffil: Lil\'f'l: L11eHUEAit L "5°D'1U~\1 '1 : L"UUNaffn"1:'1fl~'l LifU"iilUi1fl'1n'lU Ll1UilU"'1'lfl lti' (den­

dri tic ulcer) 
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rnifo1·;;itJ;'l» LntilnT~D'n Lifu LdD'l'7viuD1i1V1limhuPn i1D1flT'1U'UJLLfl" A'u uau LfiD""n 

u1;;i:nliln1iL;;i~~VD"L~a~DRnL~va (epithelial cell) LLNavi1u~1a"LdD'l~"'luu1u1 Lin-
'"' - JI 1 .. LUD"Jn~D1;;)Lfl"f1Dtl1 fl 

~,,;L;1VlaDlilL~Dlillil; ;;i:ilRtffl1DU;1"1ULL"J\) flflfl1"Jtl;\),U~D"1~ni:~n n;tJtfl 

;;iiu•ULUlilL~Dlil~1•alila" Nll~'" ilRH~D~U ua:i1NaAD~-~ou'luR"J"JflL~ 

... 
~u o .1 y. 

(Herplex) 

1 ~ ._.. A .... 

OlilDfl~"JlilU nulilU1VltlDlilfl1 (Idoxuridine eye solution)fY'lu·mJ'UIRTlll L;ll 

TI,Lilun01i1~~"il~u1lil o,51, 

fion'l"Hl1 f1D Lf!Ulil~lil (Dendrid) • U1D.;A~ (Herpedu) LLa: LUD.; Ltf~fl.; 

ila1ia:a1t1lD;DflQ~~uo~ o.1y. 

TI1Lnun01i1~~" (Herplex) illo;on~~~un~ o.51. 

n1LtlULHD.;ff~g (Herpidu C) ~Q91f~" tl"J:flDU;.uu11o;Dfl~~~u o,251, ua: 

(chloramphenicol) 11. 

~;1~n;on~~~un01i1~1"J~:a1u o.1y. 'l~'ltiviuolillil1 1 Vltlliltlfli11u"'luL1a1na1"­

-lu ua:tJfl 2 if1lu"'lu na1mn"fiu ;;iuni:t1"01n1ifi;1'uiflil L;;iu vi~";;i1m~u'l~Ht1D111 f Vltlfltlfl 

2 ih 111" 'lu L 1a1na-N-luLLa:t1n 4 if1 lu'1'lu na1na1"fiu 

n1l~lu1tl~~\)'lMJ1t1f11tJfl 4 if1llJ\)'lULla1na1\1-l'U tl1UR~\1Vld\1~DUUDUUa:fli "Jl~u1 

J1u~DltlDn a-s -luvi~";;i1nffuNavi1uua• 

u1if D1~il rm~ mn"Jfl 'l ufliitl liiR"li 1 ti'l uvi~'1ilfliitl ua: 'l u ~J, uff L tluurrnanifl un""J: 

;;infll (deep stromal corneal ulcer) 

o:~Ou o:i1Dlul~~. viliD 1ifl1"J10U, Vl~D o:"J1-LO 

(Adenine arabinoside ; Vidarabine; Ara~A (9-~-D-arabinofuranosyladenine)) 

u1if L iluu1fi'l»Na 'lun1iiflH1 L fYD 1 ·i~fl~ll L HD.;tl~1Pi'Piu1n DDfl']tiiflflVUu8" L DUoUtJU 

1 1 8 ... 1.. "' ,, . • 
~LDULD tf~LllDLiif~D" 1ia (viral DNA polymerase) u1ua:a1uu1 liltJ1flLllDL~1~""J1"n1u 

u;1;;i:\lfl Ltl~uu Lilua1·rn:i1-iluluu~ufiu (Ara-hypoxanthine) . if"a:inul,;'tt LL"'ilqncfl'lo­

;,ul"l~ifuDun,1 D:"J1-Lo 
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Pllil L «m~\1Pl'Hnn1:1uu"i\1 llilu Ltnn ::1 un1-;imL"in d'i111ut1 ::tu~J,u~., ::uuiiuJJ,uum-1.,'£1.\1 

u1ntu.,1utfau£1'1iln Lau..i1n LfD Lf1£Jiffa :au Lt~~n'lf 

tu hm{n Lol ~a-1 lilif il £11n:i -;i1uu .," ~1~£Jn1·rnfi'J,u..i1nn1.,Pi 111 L '.if £1-if u 1 A LIJn 1 ltl 'h1a 

u1~..i::~•utun1.,~ntt1l~ 

tu hA 1 •~aPluiln L auiJ 1W~1 ll'ir·rn tun1·ni'un\1n1., L riu..i;u,u'1l£J'11 •1a L .Junu 

flu llll Lrl£J L nuunu 1 £1~£Jn f,!~fiu H~£Jif UPl'l";ilf1t1tf Lf'lll 1.JnUIJ'lftllU U~ll'l".l\'ftJ 'l ~ti'1 'l 'Ii 
£J::-;i1 - L£JL~u..i;u,uu1nut1::t;£J~u1u RD n1n1.,Ldnv1H1., R~ula DIL~uu D£JULt1~u u1dnlil 

n1-;it1;'\llU'1l D\1 l tln"i ::12n Ui'l ::DI "J~; t 11'ilnT'jiJn L ffU'llD\1Hi'l.Dlil L ~lllillil; 1 uu!i L 1nifi''l ;ll, 

.Zh lu\1 "JU'l L i'l'l 

i!'tllill~ 

t Jt 'J I' .. I 

LL()llJIU"J:: ~HNi'llllff')'l 

n1L~u~O~a1.,~::t11u u1d~::t11uU';u1n~"~~\1Nauu;Ln~£JHlllilL;1Ht1£JlilL~£Jlil.;,1 

tiu1111tuu; Ln~D liiLnu 5 un./ut1 . '1lu1111tft'lf 15 un.;U';mlnPI• 1 nn.r;u uu'\l'l;ttn a 

~'l11J\1 1;UIU"i'l'l 1 0 -lu 

DUI'\! 1.,fi fi n1-;i t 'lf u11 u., ::u ::LL"rn'il£J '\I 1 ·rn..i ::1h u1 ti'rrnn1"ii'nt:n ~ ti'1 L ~u t ti'u1 df D 

u1~0ft L1i°1trnn11ua£1111 luR,.,t.;nunty'1i1R·nft' LLt1::riJ,uriiln"ililfl~R~\1 Liu diul·rn 

L n1ti • ~J.uifillPINliltlnPi~D'\l"i ::-1\1 L~Uft L fltt 
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n::'1/u1mHiu n~n n::Tfulfrnih1u~u 

(Acyclovir; acycloguanosine (9 - (z- hydroxyethoxy methyl) guanine) ) 

u-1d'uu Lilu u'l -1ntt., 1 ·rn~111 L 1YD L Uil.;fh1fliiiff "{AR'1nd "ffi1'l "1nu 'lu L ••na uT<.1 ::Diln fltl if 
r~'lU L,j'.,~ L'llm<iff9'iA L1'°il 1i;i'iiin1., L'lfoi;tJn;'i, D::'11'ulfla L~U'il::un LtJ~uuitJ Lilu£J::'ifu1floi Liu 1111mim1-

Lttvt. - l1iHiilrt Lt·lvt uri :: -lvt"Jtiml L tivt~'lU LilU-a'uuH'ufH'iull'l L\Hl'llil\11'l-11'1 U'lff LtJ ~uuitJd''il::llilflfltltf 

1AtJUtJ~\1 L £Juifuilri L DUL D 111i'i L1JD L "i<l'llil\111~1'1 (viral DNA polymerase) if '1,f U~\11'1'11l'l "Ul 

DDtlfltli1'~£J 1"l~rt1Au1J;,;DUPVi'1Uiiiil L 'lfri;tJnPi 

ll'lfl'l 'lil pj' f~rl iiintJn'l"JPiA df ill "l-1<1 n~1J L Uil.;filrt 'l .J''l Ufl 'l"J-1n tt'l IUllilff n"i ::'il flA'l:ii\1 L OA'il'l fl 

fl'l"J9'ilil L1'il L~1J ILtl::~l'l-l'AtJ~ L'lt11Vl 'l 'l'lf~mt'lfl'l"JPiA dfil1'l-1rtn~JJ L UD..;ftl'ltfi1D'l fl'l"i1UIL"i\1LU~J.ut1 

"1:: uuii1.12,iuum1~D"DY LA1l 1Lri ::'lutn"inLL"Jfl Ln111, l1J"J'luflihnn'l"J<l1l£J'1iln L<ltJ'il'lfl •'il LUil.;Aa ,LLa:: 

il'l'il 'l 'lfli;i'l Ufl"iiil L ~JJtJ~ L ") rull-l'U'l ::itutf uquri ::f.l"lHU\1 

i1uDU1l'ln Lrln Lnuunuu.,1-1.~u 1Ll'i£J'l'ili1il'lfl'l"i.;.," Lfiu" iin'l"Jiln LrtU'llil'1N1m1" 

tJ ~ L1ruff'l~u'ln~DU'1~1J'il'lflt-1ClilALa£Jft Ld£J\1'il'lnU'lffoi::t1'1Ui1qt1tfLilU~'l\1U"i\1 (pH . 11) il'l'ilU 

Nrl~iln'l"Jtl;\1.,U'llil\11 vt. Plu . i1£nn'l"Jtl'l\11'11lll\I LLrl ::n'l"inlil 1 'lln"J ::lijn tltJ 1 ~'l ul'lu 1,j'"i ::uuii11JJ,uun -

tl~il\1 IL~U\1 lul~Ouvu~ .... LiJUNrl'il'lnU'lil 

il ::'11'u 1 Aoi L 'lu t'li1Dn'l"i;.,1., 1'11'lwrn,l' ( zovirax) u'il,uu 'l UU'lU L "i'li1l "If il ~ 4 

t,tl Ail ~~°" 31, tl'lUPl'l. rNu""rt;n ~uri ::ri 'luu;Nrt11U"; L n~ilUfl L 'li'lt-trlDVI L ii°DA111;11u'llilHOIDl'I01 :: 

100 1Jfl •• U'l djA01J'lJU'lA L ~Aa:: 200 I.Jn . ILrl::fl.:;JJ 51, tl'lf.l'lt-tU\1 'lJU'lVlt-!OlillilOl:: 10 n-11.J 

fl'l "J'l-tl~~"J.,uvt'l L'liu Liiiu"lnun ::"J'l- Lil fiD'l;1huA'1UllU'J 'lfl 2-3 ih 1"" 1u<YtJA'lH 

IL"i n IL~"ltl'lU"'l" 1t'lu 3- 4 ihlJJ\1'ilUt} Lrl'l A"l "itl'lUAil d:1£Jurrnt-nmL;'lDfl''n'l 1 <ltJA'lff 

D ::~u 1 flt! Liu 'l UttJfNUtt\l'rlUtl'lU 'l u ~MHJ,iii1il\1UOI ::ff L vu uiiiii' .... ri ::oi'l uU'; U;"l'il :: L dil1J 

fllll1l'lt·1~.,u ~n"::ju'l?in.,u'lu a ih 1"" 'lltn111~'l-d fifl 15 1111 . /1j';m111~1 1 nn . /iu . n-=iv 1500 

1111. /'llu'1111~•11u" 1 A'l"i'l\I L1Jvt"J/-lu r~l'lu'lmj; 1na'il uti"'l.1t1n a -b',1"" U'lU 5-7 iu 

u'lnu uu ::u;'l"'l.Ja;11iu "J '1Ufl Lilu L ~uffv-lu•::~utiuqsn 1s.i Liiu 5 -lu 'il::tf1v1~h"' 

ILN ::"J ::u :: L'l rl'ln'l"i L Olil h,.,,f;t.i., \1ililn ltJ u~'l Un'l"Jflntt'1U'l \11\~\1\1U~'l ls.ii1 Nrivt° iln'1"1 L 0111 
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1J U'l VI tJ 'l i'l\1 

u1tnN"lt11ii\1 'l u1tJfl:'j11 

t1;'l'1·rnu1·rnmu l~"l11u 

. 
l'IU"l'l 

u1 n~11il' u '1il"j'lfl'1il "'l uif "J~uu n1·mu ::u;a;wru ri1hml~t1 ::"j1 u ~\1Ail\1tt"J'l"jl\l'1 

l f1"jti:JIU ::1ltJ\1ri'l 'lf L t'.1ua;flf)! hu l iltn:: 'l u l ~.il\1 tnfiu Lli'l ::tJ'ltn N"lVIU\1 'l \J"j., uff il1 ;iin'l fl'l"j'l\J 

" .J~.N ~tJ f'f D'1fl'1"jlltl"jfl'J:lflU"itJll"j\1tl lflOl'llUVlil\1 ~flr-i 

l dil\1'J'1fltl'J~UU il\1flfl'l"jiJtJ'lJJtJ 1r1n 1;ih ::fl'1f1-;'1 l ;n;~A 1-ll'n"jtttt 1 ~1 VI tJ L fiVt'll'llil 

~u1vi~u il::"j1fl1u1'11~ t11~il ~tJAl"j'lLJu 

(Cytosine arabinoside; Cytarabine) 

u1il l t'.1_uu1-rmfl11:: l ~" di vi dfovit11• lli'l ::il(]tl tft m1'il\1tltili'lil'1a1in"jm1;r1'1tJ LiYil 1,-ra 

n~uVi L ilU Lil l5'1il~flntt'1fl0li'ID\1intn hRPivi L?Jil urn..;i1a llpj'llu11i1fi'l tf'-rmn ur1 ::'lltl'lVI L t'fuiht 'l mi-
l fiu \1nu111n 'l uu"J~ii'uil D ::~u 1 fli'l L 1lULlt1 ::tJ ::"j1 L ilfil iii rrn~n-;, u1d~" 1u'l -tl-rmn hfl i .-ra 

u1Lt11~1du.,\1ilU'1\1il'J;t11u1u'lunil\1V1r1101u1\1ilU'1\1U\1il~'lu"j::u::flntt'1nvir1D\1 - u~Ni'lfl'l"j 

fl flti'lfl VI i'l il\1U\11u u'Ju;f tJ[)JJ-r tJOUfl-i '1 \11J "l'l \1 

1"jtJ'11"l~U Vl~il 1"l"j!L'11~ 

(Ribavirin ; Virazole (1-$-D-ribofuranosyl -1,2,4-triazole-3-carboxamide) 

LtltJtJ'ldifo l fl"j'l ::ti~u Lli'l :: \1U~'lililflf]~~~[) 1.-ra~\17fUV1~ l [)UL il lli'l ::vi.; l ilU l il tlU'lOl 

;f1.;111nu1JU1Vl~Ui'l:: 600 110 . - 1000 1Jfl , a11J'l"j~J[)\10U1-llt11~V1Lt11~1; u1dU\1iJ~"j::Vl~'l\1fl'1"jAflU'l 
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Ara - A 10 mg/kg ui',iHH>fl dh>fl LLU'1L1'itJfl 

1 2 ih 111" \Jffl'u1nu s 'lu M:;il / u<1:: 

5 " .. " . IFN a 3.5 x 10 µ/kg LV,fli'l,ll~fl 12 n~111'1 

2 -lu Lrn:: 1·75 x 10
5 

µ/kg ~n-lu 3 -lu 

40;'. IDU LU 

t'Jfl-l'U 5 -lu Y.~fl 

227 

ACV 1500 mg/m
2 L~,Mi'lilflL~ilfl UU\1Lft~fl s . ~~111'1 

7 -lu wli't> / u<1:: 
s 

IFN a 5.1 X 10 µ/kg L;,fl~,11 UU\1L;~fl 12~~111'1 

2 -lu u<1:: 2.6 x 10
5 

µ/kg L1i',n~,11tJfl-lu s -lu 

5;'. fllill ACV 
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(Tromantadine hydrochloride) 

.4/11 J''I v I " I • 1 v "" t 1 "v 
u,u~qnn~un,,'llVl'll1,\'l'llU•un,,N,UL'll,IL'l1aa'lJD\'l .,a 11u,\'l,,u\'l,U"l, 'lf,nH, 

hl'l L~11flf.l•Hu\'l1'1i' il11un,,fi,~, l•id.l'lf (Virumerz) Lt'luitJfl.fj11m119uuun·fo1r1liP1 L~JJ 

riuq~,4LuCI \!l.fjD 1~,l'lfL~UlJ~val~lurluiLJJCI 

(Foscarnet; Trisodium phosphonoformate) 

N Jv I! ~ •.,. l "" 1 v 
u,uuunqnnuUU\'l L DU~U1JVILDULD ttlitL1JDL,a'llD\'l .,a 

111uuun~n~1l,l'lL~1lflN•HU\'l 

rnd'uum1nifiivi'll"ll\'lfll, Lri11'il;U"l1J'llD'11•~att\'l'llUf>l~ LvU Lmrn ::v1-i' Luu Lv 'il ::11irrn1u 

IL~tJD\'lntJi))n~,~ntfl ilrj1-tla;tt~u1'lltt -1!it'i.VI~ LLa ::n1,P1111 L~D L~lJ uvi'n,,flnHIU\'l1ain-l,\'l'lJ"l,\'l1Jfl 

u,ih;ml1utu~un,, 1'i',~, lul11i'iu (Bimolin) 'lfUl'liiu-lua :: 3 l'l.f\'l wf\'la :: 200 - 400 11n, 

Ul1J 5- 7 'lu 

~ulu~LNan (Inosiplex) 

' q '5 - v ,, - .. • 1 .. . 'l v v I! • ... D'J. ~ u, ::fJ ::nn~•u,ttnrj~HIVlill\'l"ll f>lNi'ICID .,a\!lalfJVl"lll\'lDI, Luu L tJLLa :: r-i L DUL v 

u1;h;mj,u1u1fun,,fi',~, lu la1'1~lu-ilu (I soprinosine) ii1witJ111'1tJ~« Hrlil lfl 

' a:: 500 11n . 1La ::1J1L1'u11ilu1 250 11n. 1u s uri.'ll1nr-i1'1i' so 11n.;u; mr m1-r 1 nn . /-lu 

1'1 3-4 l'l~\'l 

UU\'l 

La•,ul'lfa (Levami sole) 

J _~ ' • • J ... ,, - d ..,. ..,. , .... 

u,fl'ilqtlti LlJ\JtJlfllUliUltJ LLCll'IU"lliJVflqtrnn,::~u L'llari, ::UUV1J1J.U 'il\'l1lrjUl111 'l!a1 -

wfo l ·rn li~atn\'l l,l'l n~rrni°iif'1u~1unT'H1f>lau\'l u1\'l ,IU\'l1u~1~mfl L ~11tff.l•HU\'l 1rn ::n,::'ilmn 

'l La, L~•iYu 1L~lul~rrnlu"11ut.iu\'lnu 

u1d'il1fun1,fi'1~1 Llfll'll~<f (Decar is) 

n,vilaltJO•l'la~l'I (Liponucleic acid) 

8 1 " "1" •" 0 
• u,uil l'l,\'l<f,,\'ln, ::~u \!IL'lli'la<f,,\'IDULCID,L~D, UU 

LL~Na'lltJ\'l u1u\'l~u\'li'lntfl~il ltJ u1dil1fun,,..i',~1 (Reticulose) 
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ANTIFUNGAL DRUGS 
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TREATMENTS OF FUNGAL INFECTIONS 

Superficial Fungal Infections 

Tinea versicol or 

Dermatophytoses 

Candidiasis 

These fungal infections account for 15-20 % of skin diseases. 

General Principles of Treatments 

1 . The anatomic area involved was a major factor in both diagnosis and 

therapy. 

TI1e character and quantity of t~e keratinized and cornified skin vary 

so greatly from one anatomic si te to another . 

2. A.single species may produce very different signs and symptoms depen~ 

ding on the anatomic site infected . 

In contrast , many diffe-rent species p1·oduce simi l ar changes in the same 

anatomic site. 

3 . The severity : Intensity of infl ammation 

Degree of skin damage 

TI1e extent of the infection over the skin surface . 

These are important variables that must be considered in therapy. 

4. Duration of the fungal infection 01· the frequency of 1·ecurrence is 

influenced by 

1) the character of the h.ost response 

2) the portion of the anatomy and integument infected 



,Tlilli 1nil''IJ;llUI 

0~ 6 1fiu~ 4 A·"·-0·"· 2527 

Host Response, Clinical Manifestations and Therapy in Dennatomycoses 

Parameter Cell-mediated immunity to the infecting fungi 
Present and Intense Absent or Compromised 

Pathologic Pres en- Acute intense der- Chronic dermatitis 

tat ion matitis Abundant fungi 

Few fungi 

Symptoms and signs Bright erythema, Mild erythema , scaling, 

vesicles, pustuies, hyperkeratosis, fiss'Ures, 

oozing, weeping, dryness, and pruritus 

tenderness 

Typical response Excellent Poor, relapsing 

to therapy 

S. Factors influencing selection of an antifungal drug 

1) Antifungal sensitivity testing 

2) Age, sex, habitus, occupation and general health 

3) Compliance, cosmetic considerations , practicality for the 

particular individual 

231 

4) Concurrent therapy for other ·diseases, adverse effects the 

patient may have previously experienced from an antifungal drug 

5) Cost of a course of thetapy 

Symp tomatic Treatment 

1. Nature of infection dictates what should be done 

1) Acute, severely inflamed skin which is denuded and weeping 

responds to soothing compresses much more rapidly than to a 

specific antifungal agent 

2) Keratolytic agents are of value in thick, chronic lesions 

2. The anatomic location of the infected part 

1) Strong, irritating topical medication should never be used on 
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Antifungal drugs and fungal infection for which they are primarily indicated 

Moderate potency 

Castellani' s paint 
' 

Gentian violet 

8-hydroxyquinoline 

Selenium sulfide 

Sodium thiosulfate 

Thymol in chloroform 

Fatty acids 

Whitfield's ointment 

Higher potency . 

Amphotericin B 

Clotrimazole 

Haloprogin 

Miconazole 

Nystatin 

Tolnaftate 

Systemic agents 

Orally administered agents 

5-Fluorocytosine 

Griseofulvin 

Ketoconazole 

Intravenous agents 

Amphotericin B 

Miconazole 

Tine a Derma to- Candida 
versicolor phytes 

+ + 

+ + 

+ + 

+ 

+ 

+ + 

+ 

+ 

+ 

+ + + 

+ 

+ + + 

+ 

+ 

+ 

+ 

+ + + 

+ 

+ + 
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delicate, sensitive skin such as the mou~, eyes, or eyelids 

2) Formulation : An ointment is unacceptable on the scalp and a 

lotion is a poor choice fo1· the foot 

3) Lesions· on the lower leg or foot almost always respond more 

slowly than lesions on the trunk or face 

3. Evidence of bacterial infection necessitated local cleansing and 

possibly antibiotic coverage 

4 . Allergic manifestations, and its eruption, or a kerion celsi can 

usually be controlled wit~ a short course of corticosteroids plus the 

appropriate antifungal ~gent 

TINEA VERSICOLOR 

General Recommendations 

1. Use the topical agents for an adequate l ength of time 

2 . The topical treatment should be applied to the entire torse 

from the neck to the wai st 

3. The pigmentary changes resolve much more slowly (months) 

~. In spite of seemingly adequate therapy, relapse or rei:nfection is 

common 

S. Tinea versicolor does not respond to grtseofulvin 

6. Maintenance therapy : therapy is continued for 2 consecutive nights 

each month for 1 year. 

Topical Treatment 

1. Rx 20-25 % sodium thiosulfate solution 

Rx sodiuw thiosulfate 25 % 

sa licy lic acid 

Alcohol 

1 % 

10 % 

The agents should be applied to the l es ion bid for several weeks. 
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2. Selenium sulfide suspension (Selsun) 

It should be applied to the affected areas, allowed to dry, and 

then allowed to remain for 15 min for 7-14 consecutive days or alternate 

days for 2 weeks. 

Irritating to the intertriginous skin. 

3. Zinc Pyrithione 

An antifungal and antibacterial agent incorporated into shampoos, 

is very effective against lipophilic yeasts such as P. orbiculare. 

Shampoos containing this chemical coul d be applied S min nightly 

for 14 days . 

4. Clotrimazole, miconazole, haloprogin, or tolnaftate 

More expensive and not more effective than any of the foregoing . 

5. Keratolytic creams, ointments, or lotions containing 

3-6 % salicylic acid 

3-6 % sulfur and salicylic acid ointment 

3 % sal~cylic acid in 70 % alcohol, 

applied overnight for 1-2 weeks. 

6. Propylene glycol SO % in water applied bid for 2 weeks 

A slight burning sensation may occur. 

7. Retinoic acid cream applied bid for 2 weeks . 

It is more useful in those particularly embarrassed by the. 

hyperpigmentation of infected skin. 

Systemic Treatment 

Ketoconazole 1 tablet (200 mg) before meal. once daily, for 

3 weeks. 

Maintenance therapy for recalc:ftrant infections 

monthly, one tablet 3 days per month, 

pei·iodic 
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DERMATOPHYTE INFECTIONS 

(Dermatophytoses; Tinea; Ringworm) 

General Principle 

Humans may acquire dem1atophyte infections from three sources 

1. Organisms that live in soil 

2. Animal fungi 

3. Pathogens that infect only humans and cannot survive elsewhere 

All dermatophytes which are members of the genera Microsporum, 

Epidermophyton and Trichophyt~n grow only within the keratin layers of the 

epidermis, in nails and in hair. 

Predisposing factors : 

1. Poor nutrition and hygiene 

2. A tropical climate 

3 , Debilitating diseases 

4. Contact with infected animals, persons, or fomites 

Clinical Types of Infection 

1. Tinea capitis (Ringworm of the scalp) 

Children upto puberty are more susceptible . Boys are infected 

more often than girls . 

Patchy hair loss and broken hairs, inflammation and scaling are 

characteristic . 

A kerion appears as a pustular fol l iculitis within an area of 

purulence and swelling. Scarring can result . 

2. Tinea corporis (Infection of the nonhairy skin) 

Children are most susceptible. 

The typical lesions start as erythematous macules or papules that 

spread outward and develop into annular and arciform lesions with sharp, 

scaling or vesicular, advancing borders and ~ealing centers . 
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3, Tinea cruris (Ringworm of the groin; jock itch) 

Heat, friction, and maceration predispose to this infection. 

The lesions affects both the groin and upper inner thigh symmetrically 

and often has a butterfly appearance with clearly defined, raised bor­

ders. Lesions often extend into the gluteal folds and onto the buttocks. 

4. Tinea manuum· (Tinea of the hands) 

Mild erythema with hyperkeratosis and scaling, mainly over the 

palmar surfaces. 

5. Tinea pedis (Tinea of the feet) 

Tinea pedis may take several forms 

1) Mild to severe interdigital scaling and maceration with fissures 

is the most common form 

2. Widespread fine scaling in "moccasin-foot" distribution is very 

frequent. The scaling usually extends up onto the sides of the 

feet and lower heel , when it exhibits a characteristic clear!~ 

defined, fine polycyclic scaling border . 

3, Vesicular or bullous errystion with l arge blisters . 

6. Onychomycbsis (Fungal infection of the nails) 

Infection starts at the free margin or lateral boarders of the 

nail as a white or yellow discoloration and progresses proximally. 

The nail may become thickened, distorted, and crumbly, and may be 

lifted up by an accumulation of subungual kerabn and debris, 

Investigative Diagnosis 

f, Microscopic identification of hyphae and spores in scales or hair. 

2. Fungal culture 

3 . Examination of infected areas with long-wave ultraviolet light (Wcod's 

lamp) . 

Prophylactic Measures 

1. Intertri ginous or interdigital areas should be dried thoroughly after 

bathing and a simple talcum powder or antifungal powder should be 
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applied then and each morning . 

2 . Footwears should fit well and be nonocclusive (leather shoes or sandals 

are best; avoid plastic footwear or sneakers) . 

3 , Patients with hyperhidrosis should wear absorbent cotton socks and 

avoid synthetic fibers. Use antiperspirants . 

4 . Clothing and towels should be changed frequently and be well l aundered 

in hot water . 

Local Thel'apy 

l, Acute, inflammatory lesions with blistering and oozing should be 

treated with intermittent (4-6 times a day) open wet compresses, 

Blisters should be decompressed but roofs left intact. 

2 , Most topical antifungal agents l;i:sted for dermatophytes have a high 

initial cure rate (80-90 %) but relapse or reinfection is very common. 

The solution or cream applied tid . will cause involution of most 

superficial scaling lesions within 1- 3 weeks . Treatment should be 

continued for at least 4 weeks in order to decrease the relapse rate • 
. 

3 . Overnight application of appropriate keratolytic agents, such as 

Keralyt gel (60 % propylene glycol in water, 6 % salicylic acid, 20 % 

ethyl alcohol) for 1- 2 weeks , is ~ffective for toe-web infection , 

presumably by removing the stratum corneum in which the fungi are 

growing , 

4 . Thick hyperkeratotic involvement, as on the palms or soles may require 

keratol ytic agents which will cause softening and exfoliation of the 

skin. 

1) Apply Keralyt gel (or the like) under occlusion overnight or for 

2-3 hours in the evening, and to use an antifungal agent at other times. 

2) 3 and 5 % sulfur and salicylic acid ointment, and half-or 

fu ll- strength Whitfield ' s ointment may be applied bid. or alternated with 

an antifungal agent . 

5 . Interdigital tinea pedis in its more severe macerated form is associated 

with an enormous overgrowth of aerobic bacteria. 

30 % aluminium chloride hexahydrate applied bid. for 7-10 days will: 
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1) produce resolution of odor, itching, and maceration 

2) dry the web space and kill bacteria 

6 . Topical treatment of the nails will rarely, if ever, result in total 

cure of onychomycosis. 

1) 40 % urea ointment may be employed as a painless technique for 

avulsing symptomatic dystrophic nails . The ointment facilitates treatment 

with antifungal solutions. 

2) Surgical avulsion of the toenails, concomitant with systemic 

griseofulvin therapy, is often the only treatment that will clear toenail 

onychomycosis. 

3) Local application of clotrimazole, miconazole, tolnaftate or 

haloprogin solutions may be helpful occasionally. 

Griseofulvin 

It is only effective against all dermatophyte fungi . 

1. Tinea pedis 

Microsized griseofulvin 1.0 gm every day for 3 months. Within 

the next 3 months the final cure rate should be about 70 %. 

Clotrimazole used alone would yield a final "cure" rate of 18 % 

and there appears to be no advantage to using the two drugs simultaneously. 

For intertriginous tinea pedis combined griseofulvin-clotrima-

zole treatment would be expected to yield about a 90 % 3-month "cure" with 

a final rate of 80 % after 3 subsequent months without treatment . 

Griseofulvin alone or clotrimazole are less effective . 

2. Infection of nonhairy skin 

Usually responds to the use of griseofulvin, but it is needed 

only for extensive , recalcitrant, or recurrent lesions . 

Use microsized griseofulvin 1 gm every day for 3-4 weeks . 

Avoid terminating therapy until there is definite evidence of a 

cure, complete clearing of lesions, negative fungal scrapings, and a 

negative culture . 



,,.111,, 11111't1;nu• 239 
a~ s 1nu~ 4 "·"·-o·"· 2s21 

3. Tinea capitis 

Use O.S-1.0 gm microsized griseofulvin every day for a period of 

6-8 weeks. Approximately 20 mg/kg of body weight for children, 

Patients should be treated for 2 weeks beyond the time that Wood's 

light or KOH preparations are negative. 

Trichophyton tonsurans infection require longer treatment than 

M. canis and M. audouini infections . 

Local antifungal remedies add little to the results obtained 

£rom griseofulvin alone. 

4 . Onychomycosis 

Relapse is common. 

Fingernails respond more readily than toenails . 

Infection of the first toenail responds hardly at all unless 

the nail is first removed. 

The starting dose of microsized griseofulvin should be 1 . 5-

3,0 gm every day for the first month, with gradual lessening of the dose 

to 1 gm every day. 

Duration of therapy 

: for fingernails 6-9 months 
- for toenails 9-18 mont~s 

Local therapy adds little. 

Side effects at these higher drug levels are most commonly 

headache, mild G.I. discomfort, and photosensitivity. 

Ketoconazo~e CNizorai) 

A new broad-spectrum oral imidazole antifungal agent, is an 

effective and safe treatment for recalcitrant and chronic dermatophytosis 

as well as other cutaneous and systemic fungal infections. 

The cure rate for ketoconazole was 83 % with a relatively low 

relapse rate. 

One 200-mg tablet is taken once daily at the beginning of a meal. 

Initial improvement takes place in one week. 
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CANDIDIAS1S 

The yeastlike fungus Candida albicans can normally be found on mu­

cous membranes, skin, in the gastrointestinal tract, and in the vaginal vault. 

Factors that predispose to infection include 

1. A local environment of moisture, warmth, maceration, and/or 

occlusion. 

2. The systemic administration of antibiotics, corticosteroids , 

or birth control pills. 

3. Pregnancy 

4. Diabetes 

5, Cushing 's disease 

G, Debilitated states 

7. Reduction of immune reactivity to Candida 

in infants upto 6 months of age 

- in patients with certain neoplastic diseases of the blood 

and reticuloendothelial systems 

in patients on immunosuppressive therapy 

Clinical pattern 

1. Paronychia and ony~hia 

Rounding and lifting of the posterior nail fold and erythema and 

swelling of t he dis tal digit (usua lly without overt purul ence) . 

The nail becomes ridged and may have a green or brown discolora-

tion. 

C. albicans can activate compl ement and induce epiderma l neutro­

philic mioroabscesses i n .acute infections . 

2. Inte1' trigo 

Intertriginous lesions (inframammary , axillary, groin, perianal, 

interdigital) are moist and red, with occasional scaling , and are often 

macerated in the folds. 

Well -defined , peeling borders surrounded by satellite erythematous 

papules or pustules are characteristic of Candida infections . 
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3. Thrush 

White plaques loosely attached to oral or vaginal mucous membranes. 

The underlying mucosa is bright red and moist . 

Lesions sta~t as pinpoint spots and may extend to the corners of 
the mouth or into the esophagus. 

4. Perleche 

A cracked and fissured erythematous and moist area in the corners 
of mouth. 

5 . Vulvovaginitis 

Vulvar erythema and edema, vaginal discharge, and white plaque. 

Therapy 

1. Paronychia 

1) All wet work must be stopped . Gloves and cotton liners must be 

worn tQ protect the hands . 

2) Apply imidazol e compounds cream or solution, or nystatin cream 

to nail folds frequently . 

If there i s associated pain or edema, a steroid-imidazole or 

s teroid-nystatin cream or ointment are tised. 

If paronychia is severe, oral nystatin 500,000 units PO 3-4 times 

a day, and imidazol e compounds under occlusion~ is often helpful . 

3) Amphotericin B lotion or cream or 1 % alcoholic solution of 

gentain violet may also be of value . 

Do not use amphotericin B along with imidazole agents as their 

effects may counteract each other . 

4) The use of 2-4 % thymol in chloroform (or absolute alcohol) 

appli ed 2-3 times a day, often works in those who cannot stop wet work . 

2. Intertrigo 

1) Conditions leading to moisture and maceration must be eliminated 

or count ered . 

2) If l esions are inflammatory, compress 3-4 times a day with water 
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or Burow's solution to cool and soothe as well as to · remove the irritant 

endotoxin substance. 

3) After compresses and thorough drying, apply one of the topical 

antifungal agents given _for paronychia to affected areas . 

4) Gentian violet 1-2 % or Castellani's paint (fuchsin, phenol, 
resorcinol). 

3. Thrush 

1) Nystatin oral suspension 4-6 ml (40~,000-600,000 units)qid. should 

be held in the mouth for several minutes before swallowing (2 ml for infants). 

2) Gentian violet solution 1-2 %. 

4. Vulvovaginitis 

1) Cotrimazole or miconazole vaginal tablet or cream should be 

inserted intravaginally once daily for 7 days . 

2) Nystatin vaginal suppositories (100,000 units) twice daily for 

7-14 days, then nightly for an additional 2-3 weeks. 

3) In severe Candida vulvitis, addition of a topical corticosteroid 

for the first 3-4 days will speed resolution . 

ANTI·FUNGAL DRUGS 

Griseofol Vin 

It was first isolated ii;t the 1930s from Penicillium griseofulvum 

and later from P. janezewskii , 

It was first introduc.ed to medicine in 1958. 

The compound is practically insoluble in water. 

The ·absorption of the drug is poor, and only low blood levels are 

achieved, Absorption may be increased : 

1. with the use of the microsized and ul tramicrosi zed forms. TI1e 

latter has been found to almost double the bioavailability . 

2. possibly when oral dosages are accompanied by a fatty meal, 
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The majority of the drug is excreted unchanged in the feces. 

The drug is delivered to the skin 

1. by disposition in the keratin-producing epidermal cells of 

the skin, hair and nails . 
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2. via sweat, Sweat evaporation concentrates the drug in the 

stratum corneum, With excessive seating in hot, humid climates, the amount 

of griseofulvin in skin is likely to be reduced, and more of the drug should 

be taken. 

Mode of Action 

Griseofulvin resembles colchicine structurally, 

It is taken up by the dermatophytes and bound to cellular lipids. 

It causes metaphase arrest in rapidly dividing cells by interfering with 

nuclear mitotic division through interaction with the microtubule spindle 

apparatus. 

Clinical · Uses 

Griseofulvi~, a fungistatic and fungicidal antibiotic, is effec­

tive against all dermatophyte fungi, but is of no value against bacteria, 

Malassezia furfur and Candida albicans . 

Resistant and relatively resistant strains of dermatophytes have 

been found. 

Griseofulvin his the following cure rates 

- Tinea capitis 93.l % 

- Tinea of the glabrous skin 64.8 % 

- Tinea of the palms and soles 53,3 % 

- Tinea of the fingernails 56.9 % 

- Tinea of the toenails 16.7 % 

Dosage and administration 

Up to 2 gm microsized griseofulvin per day. 

Length of treatment varies with the site, magnitude, and chronicity 

of the infection. 
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Failure of treatment may occur because of 

1. inadequate dosage 

2. poor compl iance 

3 , i nadequate absorption 

4 . microsoma l enzyme inactivation 

5, drug interaction 
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6 . fai lu1·e of griseofulvin to enter the site of infection or diminished 

activity within that site 

7, infection with an organism not sensitive to griseofulvin (such as T. 

rub rum) 

Contraindication 

1. Acute intermittent porphyria 

2. Hepatocellular failure 

Adverse reactions 

Headache, peripheral neuritis, lethargy, mental confusion, vertigo, 

blurred vision 

Fatigue, syncope 

Oral thrush, nausea, vomiting, epigastric distress, thirst, 

diarrhea, heartburn 

Leukopenia, neutropenia 

Albuminuria, cylinduria 

Skin rashes, photosensitivity eruptions 

Drug Interaction 

1. Anticoagulation with sodium warfarin (Coumadin) is reduced with griseo­

fulvin therapy, apparently because of induced microsomal enzymes (drug­

metabolizing liver enzymes), that accelerate break down of warfarin-type 

anticoagulants . 

2. Patients taking barbiturates absorb griseofulvin poorly . The poor 

absorption is an intraluminal effect of the two drugs interacting. 
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Ketoconazole 

Ketoconazole is a dibasic water-soluble imidazole compound. 

Its solubility is dependent on dissolution of the tablet in an 

acid stomach . Absorption is increased when the agent is taken just prior 

to a meal, 
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Ketoconazole does not appear to induce hepatic microsomal enzymes. 

Mode of Action 

Similar to the other imidazole compounds, the drug affects fungi 

by mechanisms involving increased membrane permeability, inhibition of 

uptake of precursors of RNA and DNA, and synthesis of oxidative and peroxi­

dative enzymes. 

Clinical uses 

The drug is supplied as 200 mg tablet 

The first truly broad- spectrum oral antifungal, against 

- pityrosporum orbiculare (tinea versicolor) 

- Dermatophytes 

- Candida 

Systemically invasive fungi : Cryptococcus neoformans, Coccidi­

oides iMnitis, Histoplnsma capsulatum, Blastomyces dermatitidis 

The drug should be reserved for 

1, extensive lesions 

2. recalcitrant cases 

3, resistant to other treatments 

4 . frequent relapses 

5. questionable ccrepliance 

Dcsaf e and administration 

Ketoconazole, 200 mg tablet, is administered orally once daily 

(or twic~ daily in some exceptional cases), at a beginning of meal 

The dose need not be modified for renal failure. 

It penetrates poorly into the cerebrospinal fluid, 
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Adverse effects 

Mild nausea and occasional vomiting 

Rare reports of 

- rash, pruritus - gynecomastia 

- hypoesthesias - photophobia 
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Abnormal liver function tests, hepatitis, and several cases of 

hepatic necrosis. Liver function tests should be monitored in patients on 

ketoconazole therapy. 

Contraindications 

- Hepatic failure 

History of viral hepatitis · 
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EFFECTS OF THIAMINE DEFICIENCY ON THE METABOLISM 
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* and V. Tanphaichi tr 

+Department of Pharmacology, Faculty of Science and *Department of 

Nedicine, Faculty of f.fedicine, Ramathibodi Hospital, Nahidol University. 

Effect of thiamine deficiency on the metabolism of 

paracetamol was studied in male and female rats. Deficiency of t'hiamine 

enhanced the rate of disappearance of the drug from the plasma and 

the liver. An increase in the level of water soluble metabolites, 

characterized as glucuronide and sulfate conjugates was also observed. 

The effect of thiamine deficiency could be overcome by 

supplementation with thiamine by intraperitoneal injection. A single 

large dose of thiamine (650 µg) could decrease the rate to the control 

level within 24 hours. However, a series of 5 low doses (260 µg/dose/ 

day) was required to produce the same effect. The level of covale11tly 

bound metabolitesof paracetamol was 30% higher in thiamine deficient 

rats. Serum transaminase enzyme levels, {SGOT and SGPT), · indicated that 

thiamine deficient rats were more susceptible to hepatotoxic action of 

paracetamol. These finding suggested that thiamine deficiency increased 

the rate of metabolism as well as acute toxicity of paracetamol. 
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COMPARATIVE EFFECTS OF ALLOXAN AND STREPTOZOTOCIN ON HEPATIC DRUG METABOLISM 

Mayuree Bhanthumkomol and Amnuay Thithapandha 

Department of Pharmacology, Faculty of Science,Mahidol University, Bangkok 

10400, Thailand . 

The acute and chronic effects of alloxan (120 mg/kg, sc) and strep­

tozotocin (55 mg/kg,ip) on the activities of four hepatic drug-metabolizing 

enzymes in male Wistar rats were compared over a period of 2 weeks (1,4,7, 

11 and 14 days) . The optimum condition for the induction of hyperglycemia 

in rats was found by fasting the animals for 24 hr before and 6 hr after 

either diabetogen. When compared with control, a significant decrease by 

10-40% in the activity of aminopyrine N-demethylase was seen both in allo­

xan and in streptozotocin diabetes. Aniline hydroxylase activity was inc­

reased by about 20% at day 7th after alloxan and by about 80% at day 4th 

after streptozotocin. In contrast, a 15-40% reduction in this enzymatic ac­

tivity was found in these two groups of diabetic animals at the remaining 

days, p-Chloro~N-methylaniline N-demethylase activity was decreased by 17% 

in alloxan but increased by 17% in streptozotocin chemical diabetes. Fur­

thermore , p-nitroanisole 0-demethylase activity was increased in both groups 

of the animals, 42% in alloxan and 62% in streptozotocin, respectively. Ki· 

netic studies using Lineweaver-Burk plots have suggested that the enhanced 

aniline hydroxylase activity from streptozoto<;in ... treated rats was due to a 

quantitative change in the enzyme. Such observed alterations in the activi­

ties of hepatic drug-metabolizing enzymes could not be mediated by a change 

in the circulating testosterone level, which was found to be unaffected by 

either alloxan or streptozotocin, In agreement with the findings of previous 

investigators, the microsome was most likely to be the major site of action 

of these two drugs, since SOS polyacrylamide gel electrophoresis protein 

profiles of microsome from chemical diabetic rats exhibited a marked dif­

ference for the normal microsome. 



PHARMACOKINETICS OF BENZA'IllINE PENICILLIN G 
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10400, Thailand. 
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Benzathine penicillin G kinetics were studied in patients with 

rheumatic heart disease after single intramuscular injection of 1.2 million 

units of benzathine penicillin G. Penicillin G plasma concentrations were 

measured by microbiological assay and fitted by least squares linear re -

gression analysis to a monoexponential equation. Calculated elimination 

half- life (t0 5) and rate constant (k 1) were 16,5 ± 3,8 day and 0,0532 ± 
- 1 · e -1 

0.011 day , respectively. Body clearance (Cl) was 570 ± 50,9 litre.day 
- 1 and the area under the curve (AUC0 to ;) was 1.66 ± 0,19 µg,ml ,day, The 

result shows that monthly intramuscular injection for rheumatic fever pro­

phylaxis may be adequate. 

Note: Pharmacokinetic parameters were shown as mean ± sem, 
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NON"THERAPEUTIC USAGE OF PARACETAMOL BY OPIUM ADDICTS IN HILLTRIBE VILLAGE 

Tavi.pan Tantachamroon* and ·Ladda1'1an Sunyapridakul** 

Department of * Pathology· and **Pharmacology, Faculty of Medicine , Chiang 

Mai University, Chiang Mai 50000, Thailand. 

Paracetamol, the most prescribed analgesic-antipyretic drug among 

hi l ltribes by the visiting volunteer medical team, was employed by opium ad­

dicts for non-therapeutic purpose. Ban Longluang is a Kareng's village, lo­

cated at the attitude above sea ~evel of 2000 feet, where-which the Visiting 

Medical Team visited there by helicopter transportation, Two middle aged 

males among the 200 villagers seen at the mobile clinic were found that they 

frequently used paracetamol mixing with opium for smoking. Paracetamol was 

melted by heat and it was mixed with opium powder to make the opium a better 

uniformly formed substance and more easier for preparation and smoking. They 

demonstrated their procedure and informed that the mixture did not render a 

more superior pleasurable feeling than the use of opium alone, Hence, pri­

marily paracetamol is used for obtaining a better mixing of opium powder and 

for better smoking , Whether or not that this type of paracetamol-opium abuse 

may interfere any physiological, pathologic~! or pharmacological processes 

remains to be elucidated. 
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COMPARISON OF BLOOD PLATELET THROMBOXANE A2 IN NORMAL AND DIABETIC SUBJECTS 

Supatta Temboonkiat* and Kanchana Ketsa-ard** 

*Department of Pharmacy, Pramongkutklao Hospital and **Department of Pharma­

cology, Faculty of Medicine, Siriraj Hospital, Nahidol University, Bangkok 

10400, Thailand 

The superfusion bioassay of thromboxane A2 (TXA2) in blood plate-

1 ets of normal subjects, diabetic patients with and without diabetic retino­

pathy was studied , The patients with diabetic retinopathy were on aspirin 

for t1·eatlilent of their retinopathy. The washed platelet suspension was pre­

pared from platelet-rich plasma (PRP). Bioassay of TXA~ in thrombin-treated 

platelet suspension was carried out using the rabbit aorta superfuiion tech­

nique at 37"C, Estimated TXA2 was a relative valtie by assuming the TXA2 
level of normal subjects to be 1,00, The diabetics without aspirin treat­

ment had high concentrations of TXA2 (2.27 ± 1,69), while the TXA2 concen­

tration of the diabetics with aspirin-intake was l ow (0.66 ± 0,40). The 

relative TXA2 concentrations of normal and diabetic with aspirin-intake 

groups were significantly different from that of the diabetic without aspi­

rin group (p < 0.001). The difference of the relative TXA2 concentrations 

in normal and diabetic with aspirin- intake groups was also statistically 

significant (p < 0.05). This indicated that diabetic patients tended to 

have higher concentration of TXA2 than normal subjects and this might be a 

cause of several vascular complications in diabetes mellitus. In addition, 

aspirin does reduce the TXA2 concentrations . 
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ARACH~DON~C ACID-INDUCED PLATELET AGGREGATION AND 11-IROMBOXANE PRODUCTION IN 

WASHED HUMAN PLATELETS 

f'li ttaya Tonsm.,onnont and Udom Chantharaksr i 

Department of pharmacology, Faculty of science, Mahidol University. 
Bangkok 10400, Thailand . 

Enhanced platelet aggregation has been implicat~d in the pathogene­
sis of many thromboembolic-related diseases. Though it's a rather complex 
process; as many platelet and tissue 'mediators' are involved, platelet func­
tion seems to have a pivotal role on the initial microthrombus formation. 
Conventionally platelet rich plasma has been successfully used for the as­
sess~~~t of platelet function so far, while the method suffers the insensi­
tivity to detect the fine controlling mechanism of the involved mediators. 
We anticipate to see •a better insight into the roles of the platelets in a 
well defined medium and delineate further the relationship of those media­
tors with platelet aggregatability tb various related diseases. 

Washed human platelet suspension (adjusted to 0,2 million/micro­
liter) in isotonic tris-buffer, pH 7,4, was prepared from citrate treated 
blood of human volunteers. Platelet derived thromboxane A-2, a known potent 
mediator taking part in the aggregatory process was followed in the medium 
by a radioimmunoassay method for thromboxane B-2 (the. repr~sentative stable 
metabolite of thromboxane A-2). Pl.ate let aggregation was monitored by a 
turbidometric method. Incubation of arachidonic acid with platelet suspen­
sion was carried out for five minutes at room temperature. Arachidonic acid 
caused platelete aggregation and thromboxane production in a dose dependent 
manner, The dose-response curve of arachidonic acid on thromboxane produc­
tion appeared to be of characteristic bell-shape; i . e., up to 100 micromo­
lars arachidonic acid progressively increased thromboxane production, while 
the inverse response was shown in higher doses. The aggregatory response of 
the platelets to arachidonic acid ran parallel to the bell-shape curve of 
thromboxan~, except that the former peaked at 1000 micromolars while the 
levels of the latter were declining, 

The data clearly indicates that arachidonic acid can indu'ce pla­
telet aggregation in a dose dependent manner and presumably thromboxane is 
its mediator, The suppressive effect of arachidonic acid on the platelet 
thromboxane production preceeds its supre~sive effect on platelet aggrega­
tion reemphasizing the ciosely mediating role of thromboxane in the aggre­
gatory process, These findings further suggest that arachidonic acid meta­
bolism in the platelets involves not only in the pro-aggregatory pathway but 
a more complex modulating role could be foreseen. 
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EFFECTS OF CADMIUM CHLORIDE ON ISOLATED RAT HEPATOCYTES 

Pornpimol Chinaratanavech and Pornpen Pramyothi'n 

Department of Pharmacology , Faculty of Pharmaceutical Science, Chulalongkorn 

University , Bangkok 10500 , Thailand . 

The cytotoxic effects of cadmium chloride was studied in isolated 

rat hepatocytes. Cadmium chloride appeared to have the direct toxic effects 

on plasma membrane integrity as shown by the leakage of cytoplasmic enzymes 

and intracellular potassium. The metabolic c·apability of isolated cells 

was also affected by cadmium chloride. There was the sign of inhibition on 

carbohydrate metabolism especially the gluconeogenesis. These toxic effects 

of cadmium chloride were dose-related and could be detected as early as 30 

minutes of incubation. 
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THE EFFECTS OF 5-HYDROXYTRYPTAMINE ON ISOLATED Rl(;HT AND LEFT RAT ATRIA 

* ** ** Parimongkol Wongchuengam; Prasan Dhummaupakorn and Prakorn Chudapongse 

* Buddhachinaraj Nursing College , Phitsanijlok and ** Department of Pharm~ 

acology , Faculty of Pharmaceutical Science, Chulalongkorn University . 

Male albino rats weighing 250-300 gm were killed and the left 
and right atria were separated. The rate and contractile force were 
recorded with isometric force transducer connected to a recorder. The 
frequency of stimulation was kept constant at 250 beats per minute , The 
5~hydroxytryptamine (5-HT) produced the dose dependent positive chrono­
tropic and inotropic effects : ion the right and left atria ·respectively . 
Cyproheptadine (0.02 µg/ml) and methysergide (0.47 µg/ml) reduced the 
positive chronotropic effect of 5-HT (2 µg/ml) to about 50% of controls, 
but completely abolished the positive inotropic effect of 5-HT on the left 
atria. Propranolol (0.15 µg/ml) attenuated the positive chronotropic 
effect of 5-HT similar to those of methysergide and cyproheptadine. However, 
propranolol did not reduce the positive inotropic effect on the .left atria. 
Combination of two antagonists, cyproheptadine and propranolol, or methy­
sergide and propranolol significantly depressed the positive chronotropic 
effect of 5-HT on the right atria . The percentage of the reduction in 
left atrial isometric contraction was similar to those produced by either 
cyproheptadine or methysergide alone, The positive chronotropic and ino­
tropic effects of 5-HT in reserpinized rats (5 mg/kg/day i.p. for two con­
secutive days) were slightly less than those observed in nonreserpinized 
rats. However, cyproheptadine or methysergide dramatically reduced the 
positive chronotropic effects which significantly differed from nonreserpi­
nized rats, 

It is concluded that 5-HT mediatesthe positive chronotropic and 
inotropic effect·s on isolated rat right and left atria respectively by 
different mechanisms . The effect on right atria may be due to the combined 
direct effect on 5-HT receptor and indirect effect which is most likely the 
release of catecholamine from the adrenergic nerve in right atria. The 
positive inotropic effect is mainly due to a direct action of 5-HT and 
does not involve endogenous catecholamine release. 



.PHARMACOLOGICAL EFFECTS OF SAPONIN FROM RATREE (CESTRUM NOCTURNUM, LINN.) 

LEAVES IN RATS 

Amphawan C.Apisariyakul and Stripun Thanuspong 

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

Chiang Mai 50000, Thailand. 
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The pharmacological effects of Ratree (Cestrum nocturnum Linn.) 

was studied in both in vivo and in vitro preparations, The extract from the 

leaves of this indegenous plant initially produced a slight twitch potentia­

tion and followed by the decrease in twitch amplitude in nerve-muscle prepa­

rations! This effect was synergized by neuromuscular blocking drugs; but 

could not be antagonized by physostigm:i.ne, TEA and Ca++. The neural PTP was 

inhibited by this extract . High doses of the extract from this plant were 

shown to produce marked muscle contraction, followed by muscle weakness, 

respiratory depression. 

The extract of Ratree leaves was fractionated by column chromato­

graphy and the phytochemical test was also done. It was found that the frac­

tions produce the same effects as the crude extract, The important active 

principle producing these effects was saponin . The isolation of. saponin 

from Ratree leaves was performed and tested in comparison of standard sapo­

nin. From the pharmacological screening, this saponin was found to produce 

fasciculation, following by muscle weakness, The action was proposed to be 

neuromuscular blocking effect similar to succinylcholine . Besides this ef­

fect, it could produce hypotension and decr~asing in intestinal motility in 

rats, 
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EFFECT ON INTESTINAL MOTILITY OF SOME THAI TRADITIONAL AND HERBAL MEDICINES 

USED IN THE TREATMENT OF DIARRHOEA 

Sopit Thamaree, Chantima Pachotikarn, l.fonthira Tankeyoon and Chandhanee 

Itthipanichpong 

Department of Pharmacology, Faculty of Medicine, Chulalongkorn University. 

Four Thai traditional and some herbal medicines formerly employed 

in the treatment of diarrhoea were studied for their in vitro antispasmodic 

activity, on the smooth muscle preparation of the guinea pig ileum. Yagrisa­

naglun (ti•nf]tffil'ln~u), Yakumtat (tJ'lfllltl'Ul) ,Gratumkeemu (n..,::~11if~s.i , Mi tragyna 

javanica), Kamin (~~unu , Curcuma longa), Kaminooy (~~UDEU , Curcuma zedoaria) 

and Fahtalychone (rl1n::~1ul~~ , Andrographis paniculata) were able to inhibit 

the r esponses of isolated guinea pi~ ileum to acetylcholine, histamine , 

barium chloride and dimethyl-4-phenyl-piperazinium iodide (DMPP) . Yathatbun­

chob (u1tnPJtl"'"1~t1 ) , Yahomgrisana (u1~v11nqtmn) and tea were able to inhibit 

the ilea! response to only 3 of those spasmogens but not to. barium chloride. 

The log dose-response curves shifted downward;these results indicated that 

the antispasmodic mechanism of most tested drugs being studied was nonspecific 

and non-competitive antagonism. It was a diTect alteration of the physical 

conditions of the lipoid-containing interface in the smooth muscle cell mem-

brane and receptors, as well as an indirect action through the nerve supply 

similar to the inhibitory effect of tea infusion on the isolated ileum. The 

degree of inhibition was dependent on the strength, amount of the medicinal 

solution prepared and the time of immersion of the ileum in the tested solu­

tion before the application of the spasmogens, 

Thai traditional and herbal medicines being studied have a high 

potential to be .used as ahtidiarrheal drug if their toxicity and safety are 

carefully studied. 
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"~~~1ln/iDn ·fiuNil"IU~~t1lu1aunlufiu.,=~uL~UDU~UU"iO i'11J1fl1Ji l~~fli'1'j"i~U~"na1•lAfJ 

uu"Lfiu 5 ~u 1 a= 5 ,ooo u1n ua=l;u.,=n1f1'lMau1nn,Jau'l<JauA~t1n~u~u u~1nn~1u~affA., 

tlD~U~U 3 'j1tl ~D 

1, fl"J,O'jD"flD" q1n<l"i 

2 . Utl . ~fltl1 ~Uf{l"i"iMJUn 

a . Nf1.A.,.~m-11'u niia~t1=1Jil 

l " l"l: . ... .. l" 'I " fltU=O'j"ilJOl'jU~M1"ii lil~'ll"itU11JDU~U Mfl" 3 'j(tl i'1LM~U~UflLMilD'l= AIJDU~M 

au1ilnt1D"i'1"1Aui ~mi1u fiL1i1-i1u'lun1.,u.,=1Ju~"n~11 ai.nAu Lml~1tw1u~""~= Lflfllnvt1n 

ua lil"fl'11Jtl DUtl"i =fltUi'11JIAIJ lft~~l'lflfJ1 LL""".,= L flflDDi'1 L fl"i L ~ti 1-l tU ;:l,f ;,ti 

lunT'JU"J =t!uAru=ni·rnn1.,u='!\n"it1a"a1111'1ui A-f "u"rn 'luna1"£1 2521 lfi'£Jn1.,u:jmn 

M1l!DUil =tlUfllUU 1 tlUlfJ L ifv1ilun1"J~Atfrnii'1T'mil =~i'li'11"JtlD"i'11J1AIJDnfl-f "Md" 'l U~f{l'l l fiflntl" 

'l u 'l" ' I I .. t" ~ I l l" UMilnn1., """l'l"~At11'')1"Ji'11"JLLil=~aa1"J L~U LfllJ mnlflfl MJ'ftlmn1.,a1"J£hi: 4 ,LillJ flfJ A 
u /Pl l I ., .I 'l t'_, • • t I 
"jU"UU"J=1JltU'l.10i'11J1f11Ji uil= IJ Lnuaa"HIJUU1t1 LLil= M'lml1~fli'11"J 2 LADUflD 1 Li'llJ 

, u • l "If J • "u U01"J'lflt1111"Ji'11., ~~01"JLUAVUUUil"l'lru:u.,.,ru,~n1"JUil=~'lfl01"J fl11Jfll11JLHIJ1=au 

fi""J1tl~D~U"J10DLU11"Jfl1,~U;, 

n1.,~lilt1;.,.,a1.,t1a"£1 2s21 i;a; L.;<Ju«=u<Jn..;1t1au1nn luuff°• 2 Lfll.'fin£1~ s 
I ., I I j l "u o I 'J ' iJ 

LillJYl 1 l\il= 2 i'11U LillJ'tl 3 lLil= . 4 fl'lliltl'llLil=lL'lO'l1Va111tln ~U"1UU"J:'111JU"J='l1 tlD"alJ1f11Ji 

nd" L~DL~U01"jU"J=\.IUA"J1tl..;ltltlD"i'11J1fllJi fltU:ni"JIJP.1"JU~M1"JtlO"a"1fllJ, ~"l~U~l"JLMU; 

.,,t1"1uu"J =oi ;n ut1fn11rn ri =ut1f1mjngj1" 1 ~<J = L aua 'lu"'"""' :'tuui =<J;£J~"'m fl~flfi11ti'l u11.,a1., 
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u .J • ' t .. 
~",fl", fl~nu..,,nD"nn,uau,~na~"a• 

L da~••n•,..,a,.·,iu~r-if1mi··nv~1uu-, ::•;£foa ::ut1fl•1utun1..,u.., ::'1Ju~~nii1• ~fo 1fi'iu 

~"""' ::u1ru L \.!Ji Lriu 1~U',~ ""' ::naunufl1 A'imL..r~ lf.ltmn 1,jmnun tunf1.i1u111 n;t '1~, tti'.',vtun,, 

~mt~•,..,a,,~~trnflfl Lrln•1n~uu..,::_u,c1n..l..,::•;t11.1a~au1Rutl"i::inru 25 ,ooo . - u,tt 

n1"i~fltl;,aa,..,t1D~a11,Ru turl 2521 1~~fltlutt1L~• 3 Lri11 (£1fl 1 11uuf1 1-3,4 

Lla:: 5-6) "a::£1 2528 fin 1 LriJJ (£1fl 8 nuufl 1-2) lf1UU~fl~~flf1uttf1111fl~1!1 Utst11~t1V, 

fll'J::~ttVlf'l,afl-i' mn~ttv,flvuRvia "a::r:I Lifai-i,a,i:: Ltlu L~u r:rii,.LLa::ti'afilil L~u.,na2n~nU',~ LL~ 

u~ 1Ju.,n uh ff fl • .., 
6'u !'! q u ' 1" I 

fl1U::~..,UHf11IDUlUOli'<lfltl,,aa,,t1D~a111f111 ~"n 

ui"Jru16n,.., 

Oil~Uiiru16nT-S 

aitiu 

nia~rm~ 

'l'nµiil 

11•f'J 

qf1u 

nitiu 

a11fii;i 

~uv 

L'<l=iflJ 

Hiifv 

I 'u 
, 

Di,utNH\'IUD 

'Pfl,,, 
.,,~u~n 

ti()~ 1-J.J 
u , -a1•ruvui:: Lai ;i 

, 
iflU~Utli 

~u~,11 

UtlUUl~U 

Oviii11 

ifo L-1vu•~f'i 

~•11Lfiuau,nn1.1n~a11,flu, lflvLn~1::n,"iL;LLiluauLfinP1<1Dflnr1 ua::n1..,Luduua11'll'l••nu11,~n 

"i,viJLfiuuu,nnAaaAn~Lda~~,nfli11W1•111ntun,..,LnuR,u;1~ tu~.~~~u~flru:: n"i..,un,..,u~",..,, 

~flU'<l,UUL;,iUHUl~'.Jufl~L~DUUU,flU 2528 1;iua111nnlilaDf1n~Lffutfu ~Q ~.u ~~~~n..,,ua 
' tl,U ' i1•'lifufiau1lfinflaDvin~•;u•u so t11u 

tun,~~ufl~L~ILtlua"LBflA~D~n~ ~·u~;~ ~ L3UL~V~fl{~L~U~~;u•u 1,000 u,n 

H~DNuutl;..,::LtlU"ilVL~uU 1 a:: 100 Ult! LtlUL•ilL 10 L~DU u;HiunLU~au1•Afl~utlu~utu 

aufl..,Lilua11,nnt1a~au1flu, 1~~ 

u,v,,:: LUVU 

' U1Jlfl1J Ltla'lf~tm,u'1~u"1 :: Ltlf'l1nv 

,,,.., , 245-8272 
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a;H1'uau,nni,ufl~AD~n,iLtl~uuaft,~Ltluau,~nAailfl~~ n\N,~~ou'Uif~H~ili1uan 

L \'imt~~,u 1 tlirilutli ::~tlnt:i luu,u if L~'l! iln'1n'J1'lil'lf ",mi~ L!1u L~fln"lllnil'flfl-iilu L,j',iJ'!lif 

"au, flU Lft~'lf~titnuli~tl'1:: L flff'.l ~u" 

l .. .. 
3. Ufl,1JDU 1 

. 
au,fluLft~~~tiu,u~~tl'1::Ltiff1tiu 1~1'uLtt'lJ'.l,na;un~•uflN::ni'1un,,D,H,,ua::u• ni::tii1~-

a, rn'1Nflt1 l'1 u),.j1u lu lfl"l~n,,, ::H..;,~tli:: L tlft..;,.;1ufl1,utlailflilu'lun,, ltf' Lflii1'Aq (Inter­

national P•rogramme on Chemical Safety ; IPCS) u'tuu,ut1o~lfl"Nn,·Hl'~na',1 Ltfotlo~­

nuunl11fiuAi,u'.l,nn,,l~Lflii1'Aq UnL~UfJ, Aaufl'JUH,UU1tl,~lun,'1fl1U~UlMt1'1::'lf,'lfUl;fu 

fl1,utlaoflli'ulun,, l~tJnU~1J" LLa::u~ La~mn,u.;1uiioi ::H1°,~Hu1u~,uif L ifu 1.no~nurn, lu L flii 

'l'Aq lutli:: Ltiff~1u a;i.11'ufl1,ufiumr,Lrn::n'Jn'1'1UA,~ 1 t1M lfl,~fni~~na',1au•flu1 'J:: l~ 

u~~ l'1au'l2lm1i,ufio lt1 

3. 2 ui'iuut1u,n,'1'.l,n IlJPHAR IUPHAR u~fl~~~1,,a,, Trends in Pharma-

cological Sciences (TIPS) LtluDiluumnn, ,a;i.11'ufi,fl'l'ln LmY'lf'ltlu, trn•uuA,~ 1 

'J;u1u 10 u~~ Ailltliln 2 fl A,u~au,flui lfl;il~t1Dlu 

.. 
HU, 89-94 



1 • fl • n • n1J ii 

(057) 

we), 

~1J'lf11J u1a'l11tiv,m1"tJ'l:: Lt11'1ltiv 

(TI'3L~EUilU'lfl1J 2528) 

a 1J 'l fl n n 9l pf 1Jflfo ~ 

1 • fl . Utt. lmrn Lti'3f1~tltl'3 1 92 'lfvll1J"lf1~ 1 2 flUU'l'lllfl;IUN 21 

a-l~Pi""flil 

nri.10310 ln'l.314-2552 

m1.10400 1n'1.279-9646 

23 'lfvUtt'l::Ul'3 fllJU'l'l'l11TI ntl.10400 

lti'l. 245-4011 

nil'31~vn'l'l.LLl'tflV n'1ll1t1V'll'l'la111.;n.,'l\11iflV fl. 1h1" Lffo" 

nn.10100 ln'l.223 - 1444 ~n 237 

2, ~·Ai, fi'lil'3t1D'3 'J"lfl'l'1'1 111fl1'l11\ 11a11~t1v'l flN::1nv'lf1'la"'.; llH'l1tiv'lav1Jn9lil 

n . tt"J:: 'n"· 6 m1.10400 ll'1"1.2'82 - 01e7 l~ - Dr8' (075) 

3, tHI, Wi .1tHHl'3 h'iJuafl'l1i'l 

(049) 

4, Nl'I. fl"j, 'iJ'3fiil Lflll'31'1'1J 

(045) 

. 
ifv fitl'1'3fl 5 , Nfl, \'I'll• 'iJ''N~Ut\'1 

(016) 

6. '11'1. l')"J. 'itl11J'll'I a 9l v 1-1 anl 

(020) 

7. '11'1. fl"J. ~h-lmri ~-- , Ml'l'1'3f1T'llalU 

(003) 

8 , · 'l f1, 1'111!, ~Utl1J'l tJ 1'l19i fi'l'l 

(005) 

9. Nfl, flCJ!, ~Utlfl nn6tn011r1"1'i' 

(ooa) 

\J\r<..r • 
11qf1~·1m-'lf1ilt'u1 flN::~ff1~11t'l 1JH'l1t1v1av'llEuun'u 

'lliJUUnU 40002 ltii.23-8755 Pi£J 1s7a -c-- , L,1 "'"'"·~ 

fl'lfl1'l1'1L11a'l11tlv1 flN :: L11a'l11'1'1~9l.; lJH'l1nv,av"n"'~ 

n.fl~nqov'l ntl.10400 ln'l.282-4126-B, 2s1-5226 

- .,._ ~ ~ - -fl'lfll'l1'lil'l'l"ltlll'l flN::U~tlllf1'1~9l'l ,1fl~'3n'lf1111H11tllJ1atJ 

fl.'11'l1fl;~ nti.10500 ln'l.252-7854 

111fl1'l1'1L11a'l11nv'l flN::1nv'lf1'la111i 1JH'l1nv1av1lR111il 

f1,tt'1::'111J 6 ntl.10400 ln"J.282-0197 

fl'lfl1'l11Lfl~'l11tlll1 flN::1till1f11ill'I{ 1JH11tlll1~ll1JA9la 

fl.tt'1::'1'11J 6 nn.10400 lt1'1.202-01s7 

fl1fl1'l1'l Lfla'l11tlll'l flN::Lmtllll'l'lill'I.; 'itf1~'3n'lrtWH11t1V1alJ 

fl.'1'1711'1;~ nti.10500 ln"J.251-196 5 

fl1fl 1tt'l Lfla111tlll'l flN:: LL ti fl Uf1'lit9l.; ,,..,1il'3n"HWH'l1fltJ'lalJ 

f1.~111M~~ nn.1osoo ln'1.2s,-1s65 
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10. ,fl,n.cy.LQ~Ufl. ~UU,\:I~, 

(os5) 

11. , , D,nVN"i\:IH LBl1l~ 

(044) 

12, Nfl, VI,, tfoT1'ltl! mt\:li;i 

(014) 

tlD\:ltnu 

(072) 

(os0) 

(080) 

(039) 

11 . Nfl.A,.1111\:IPl, n,cy~ult1~ 

(032) 

18, ft . cy . 1111\!lntlfl lJUtl,,\!lfJ 

(006) 

(o4o) 

20 . 
.. . 

rHI. ri. cy. tn·nmrn 

(066) 

~ . . 
21. Nfl.w . ~.U\:ltif11ffil Bu~u~,ru 

(001) 

22 . D . !1l, . u"~nuru •~1,iU11vittiJ 

(oae) 

fi,fl1tf, L fi~tffl,,U flN: Lnatlfl,~A.; Utt,1tiv,avuAAti 

TI.fl.Dqov, nn .1 0400 lti, . 282-41 26 -8 

n,fl1t1, Lnit11riv, 1riv,~fl 1Lt'lt1flfl,~Pl.;tl, : u\!ltU) L n~\ 

TI,,,t11~ flrJ , 10400 lri,,245- 8272 

n,fl1t1,1nat11~u, f1ru : ut1riufl,~111.; utt,1t1v,au1~u"t"J 

Lflu"'"" 50000 1n,. 22 - 1 122~D 1278 

n,fl1t1, Lnat11t1u, flN:LLVltiflfl,~Pl.; utt,1tiu,au d1u'31ttu 

L9fJ\!ILttU 50000 lti,.22- 1122~D 1278 

n,fl1tr, Lninn-nu flru: L natrfl,~Pl.; utt,1trn,avuR~rn 

TI.fl•Dqou, nti. 10400 lti, . 282 - 4126-8 

nD\:11t1,n,, ~;ffn\:l,Uflru:n,·wrn·rn,tt,, LLti : u, 

11, :n,1\!l~,o,,ru.~ nti.10200 lti,. 282- 4180- 5 
I 

PHJ 24 , 37 

fi,fl1t1, L ftSt11tlfl, flN : aPl 1 ILt'ltlflfl, ~A.; 'l\f, tl \:l fl , rirutt, -

1tiu,av n.E"' ~ff"~ nti . 10500 lti, .25 1-0939 

fi,fl1t1, LmYtr1tlfl, flru: LLtlt'lflfl,~Pl.; Utt,1tlfl,~fl L ~fl\:I, ttu' 

LflV\:ILttJ 50000 lt1,.22-1 1 22~V 1277 , 1278 
' 

" LLNUfl LmYtln,,UflU 1 VUDfl - flU 1ti1u h'1tifl,U, tl ~\:12i 

TI . fl·D~6fl, fltl.10400' Ltl, , 282-0105, 281-6402 

fi,fl 1n,.Lnat11tlfl, 1t1fl,aVLLt'ltlflfl,~ Pl ,..'1 "i :u \:lfJ!) L na, 

TI , ,,T11fi fltl,10400 Ltl,.245- 8272 

fi,fl~lT1, LftSt11t1fl, flN:~UPllLVIVlflfl,~VI,' '!M'lti\:lfl,rn­

Utt,1t1v,av n.E"' ~ff"i nti . 10500 

lti, , 252-5 151 ~D 88 , 89 

ft,fl1tr, Lftat11tlfl, flN: LLt'ltlflff'l~A.;ft-=i,'ltltlfl,U,tl ' 

utt,1nu,~uuRAti nti . 10100 1,,, . 41 1-5026 

n,fl1tr, Ln~n1nu, flru: Lnitrfl,~Pl.; utt,1tw1avui1 i;rn 

TI.fl•vqou, nn.10400 lri, . 20 2-41 26- 8 



11.tJ~ll ( mn u L amnn fl n ) 

23 . fl. 'l! . fluvr1 L fiu,Plll\ID\lfli'i 

(054) 

24. r~fl ,fl• 11!• !J'l! Lnfl fl \I ti \I tJ fl 

(031) 

25 . \•I .Iii .Pl, , tJtlVI, fii'l1\lrli'ltl1 

(041) 

26. , fl • Pl"J • tJ"J ::tf1tJ 
, 

fl<J,u~tJn,ru 

(021) 

27. , fl. VI, • tJ<J ::n, 
, 

~'1::rt\ltt 

(022) 

28. Nfl , IJl"J, tJ<J:; Hl~:J t1"J\lnll1Piflru 

(019) 

29 . ,fl , Pl"J . tJ,::l'lfPl L tJ~\11l1tJ1 

(o67) 

30 . fl· Ill . tJ,..,ro 'l1'li-'ililfl1'1\I 

(052) 

31. "jfl,fl . tj! . tJ,1iiJ 'l '1fl1'1 

(059) 

32. NI'!. Pl"J , tJ"J1 lut1U 
.. , 
O"Jtl\ltt 

(046) 

33, Nfl, IJl"J, H"J ui'l! L tJ"JtJ 1 tJ Gt.I 

(024) 

(on) 

35 , H, VI , '1cy\I HUPl1 ~ - , n XI• ., u ti nm t1 

(042) 

36. Nf1. lil"J , 'i1i'l"lfl fl \1'1 L flfl 

(023) 
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nn .1 0 1 00 ln"J.223-1444 ~fl 237 

fl "l fl 1'lf1. Lfl i( ti '5 tltl "l Pl C\I:: LLtitl tJ fl ltOl .j 1J '111 tltJ "la tJ ti fl tJ LL n tJ 

tJnuur:u 40002 1ri").2a-e7ss An 1973 

fl1fli'lf1 u1a11inu1 1tw1au mrnufl'lttvii'rt, ::u\lfl!J L n;1 

n.<J1'lf1~ nn . 10400 ln, . 245-8272 

fl1fl1'lf'l Lmlt1'iviu1 Rru:: Lmlt1fl'lttvi.; ,,,1riX1n,M.ii-i.,1viu1au 

n . rt'l!1 l n nn. 1 0500 ln"J.251 - 1871-7 ~ll 239 

fl1fl1tf'l Lfl~t11tltJ1 flCll:: Lf1Ntffl1tf Pl.; 1'4'1i'l \lfi"JrUu'1"11nuia tJ 

n . tt'l!1ln nn . 10500 ln"J.251-187 1-7 ~fl 239 

fl1fl'5tf1 Lflfftf1ntJ1 flCll::tltJlilLLHtlfJfl'ltflil..; 1\of1i'l\ln"Jru-

11'111l1tJ1fltJ n. ifo:j ~U\IA nt1. 1 o5oo 

ln"J.252-5151 ~fl 88• 89 

fl1fli'lf1ih Lflfi flru:: Lfla'lffl1ttlili' , ,,1aX1n.,M.m11nu1au 

n . t1'l!1ln nn . 10500 ln"J.25 1-1871-7 

fl1flitt1alj.,;nu1 flru:: Lflfltffl'lttlll..; ui-i'linv1auuR1i1a 

n.fl~llqflti'l nn .1 0400 ln<J.282-4126-8 

fl1flitf1 L fl~t11tw1 Rru:: L11a'lff11ttllli' ui-111tw1avu£hrn 

n.fl~ll~OtJ'l nn . 10400 ln"J . 282-4126-8 

fl1fl1tf1 Lflfftfitw'l flru:: Lflff'lff11ttllli' 'i1'1aX1n,M.J.,.,1tw1au 

n . rt'l!1ln nn .1 0500 ln"J . 251- 1871-7 ~fl 239 

ui-111nti'lau· n . D'Xllj ~u\I~ nn . 10600 

lvi<J . 252-5151 ~fl 89 

fl'lfl1'lf'l Lflatfinu1 1nu1ammnvfl1avii'tt.,::uX1f1ll Ln;1 

n . ,1111~ nn .1 0400 ln"J . 245-8272 

fl1Ritf1 Lflatl'ltw'l flru:: Lflat1f11fl'llli' 'i'4'1a\ln,cUim11nu1au 

n . rt'l!1 l n nn .1 0500 ln"J . 251 -1871-7 ~fl 239 
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37 , 

( 01 o) 

(071 ) 

(oo7) 

40 , n . lJl . L~~~· allUPIP1:1Un 

(o73) 

(060) 

( 00 1 ) 

43. Nf'I. qnfn 

( 015) 

44 . Nf'l . n . 1!1 . mi• PfuoHh: 

(o33) 

45 , 1f'l,\'l . lJj . llom11 PlMlLOf,!1 

(0 13) 

47 , 

48 . 

49, 

(074) 

A., , L"JQJ 

(o55) 

(0 11 ) 

n1R!itr1n1 Ln~nn1"Jll Rru: Lnanft1aP1.; ""1!i11v1avLnu"t"u 

L9V'l11'HU 50000 1111.22- 1 263 

~1JuD;1J1vn11u11nu1i1:lJ'l1fllJ Ln.11 fl ."J1tr!)ii mi . 10400 

1 
,. 

tl1 . 282-818 1 - 190 Pl() 492, 115 

n1R;n1 LmYtrl}tlVI . Rru:LL1i11Uftlalil.; ~"1'li"l'11n1rumn!i11u1av 

f1,11tfA;~ nti . 1050 0 1ti1 . 251-1965 

rl1v Lmltrn11lJ 11'11tm1u1rit11:tl"1:LLlil'l1 

~.aqn"1tl"11n11 10130 lt11 . 394-0916-e 

nt1'11fl1Uflll t11H11 a;un '11lt1flru:n11lln11 DIH11 uri :v1 

n1:t111'11a1011ruqtJ nn.10200 lt11.2e2-4e55 

n1R!itr1 Lnan!inv1 Rru:uttnvf'11a91.{ 'i'''ri"n-rnruH1!itrn1av 

ri.11trlil;~ nn . 10500 ln1 . 251-1965 

'lJDIJLL~IJ 40002 ln1 . 23-8755 ~D 1973 

n1R!in1 Lnan!itw• Rru: Lnatrf'11aP1.; 'i~•ri'l1n1cUirn1!itrn1av 

ri . ttlJj1ln n n.10500 lt11 . 251-1e7 1 -7 ~D 239 

n11'l;n1 Lnan!itw1 Rru:umwf11aP1.; 'i'''ri"n1M.i1n5trn1av 

ri . 11trP1;~ n~ . 10500 ln1 . 251-1965 

n1R'ln1 Lnatr!itiv1 Rru:'ltrn1ft1a91.{ mnllt1v1avllR1i1ri 

r1.111:11u 6 nn.10400 1111 . 202-0197 

n1R!in1a•1!itw1 Rru: Lnanf11alil," mn'ltiv1avllR~rn 

fl.f'l.Dq6VI ntl .1 0400 1111,282-4126-8 

I 

n1:t111'11a1011M{tJ mi . 10200 lt11.2e2-41eo-5 lilt124, 37 

n D'l1!i~v•I• "u1rnu n1u'l11v1f'11alil.;n,,1Lt1tai fl • u;1" LfTD" 

n11.10100 1111.223-1444 ~ii 290 

. 
91il 1277 , 1 278 



·nv~il (mnv Lfl'lli'tll'lnn) 

5 1 • rHt . Ai . a. my. "li'l 

tnfhf Ln=iu" lni 

(036) 

52 , £). u. ti . itltl'l . ~U'{"liiruuuti 

(003) 

53, Nfl .11, fl, ;fltl'l ~UVl~Pli 

(025) 

54. .,fl . ", . 11risntti1 
.J 
D1J~i;J1J 

(035) 

55 , tl . t1. 111i • -lw'l flu fi1n iJ 

(o3o) 

56. 11 • 'll . "lru 
.. ~ , 

tnri·rnv 

(062) 

Nfl, fl, \'I, i~PI.; 
, 

57 . i'l '111 'l L fl till th'ltl 

(on) 

58. £) . flflll'l 
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