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Special Lecture 

Feedback Studies from/to Clinical Aspect in 
Point of Pharmacological View. 

Toshimitsu Uchiyama 

Department of Pharmacology, Toho Universi ty School of Medic ine 
Omori-N ishi 5-21-16, Ota-ku, Tokyo 143, Japan. 

The role o f the Department of Pharmacology is broad and may depend on the 
faculties of university. In the Department of Pl1armacology of Medical School we 
must always direct our attention toward clinical aspect and medical contribution 
to the patients. In point of pharmacological view, to keep good correlation between 
basic medical sc ience and clinical fi eld is very important for us especially in the 
Medical School. 

From the above point, we always pay attention to keep good correlation with 
c linical fi eld and try to do our best for performing the feedback studies f ram/to 
c linical aspect. Consequently, in the meeting. I would like to present our experiences 
concerning the feedback studies from/to the clinical field in my Department: 1. Analysis 
of drug-induced adverse effects in the c lin ical application and 2. Development of 
experimental animal models. 
1. Analysis of drug-induced adverse effects in clinical application 

a. Glucagon-induced emesis and preclinical assessment of antiemetics or 
emetogenic compounds in pigeons: In clinic, glucagon has been reported to induce 
nausea and vomiting. First , we studied the emetic effect of glucagon, using dogs and 
cats which have been widely used for the emet ic and an tiemetic experiments. But , 
in non-restrained dogs and cats, nausea and emesis were not observed at any doses 
of glucagon (10 - 300 /tg/kg i.v.). In non-restrained pigeons, the inc idences of glucagon­
induced emesis were 40% in 100 p.g/kg, 43% in 300 1,g/kg and 67% in 1 mg/kg i.v.. 
No deaths occurred at glucagon 300 ,,g/kg, but the fatality was 33% at 1 mg/kg i.v .. 
The emetic mechanism of glucagon was analyzed mainly at 300 ,,g/kg. The onset 
and recovery times of glucagon-induced emesis were prolonged by inc reasing the 
dose, and were 55.6 ± 11 .2 and 93.5 ± 16.1 minutes at 300 1,g/kg, respectively. In 
restrained pigeons, changes of the intra-glandular stomach pressure were not cor­
responding to the emetic behaviors. 

The dose-dependent glucagon-induced emesis observed only in pigeons was 
suppressed almost completely by chlorpromazine and reserpine, but not by haloperidol 
and bilateral vagotomy. Glucagon induced no behavioral changes in cats and dogs, 
but licking, gnawing, sni ffing and mastication behaviors in mice and rats. These results 
suggest that glucagon-induced emesis may be mainly induced by dopamine release 
in chemoreceptor trigger zone, and may partially derive from its participation of the 
noradrenergi c sys tem. 
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The glucagon-induced emesis was completely suppressed by alpha-methyl-dopa 
and not blocked by phenoxybenzamine and propranolol at all. Apomorphine-induced 
pecking was not suppressed by alpha-methyl-dopa and reserpine, but completely by 
haloperidol and chlorpromazine. Glucagon-induced elevation of serum cAMP was 
partially suppressed by propranolol, but not by chlorpromazine and haloperidol. On 
the other hand, dopamine-induced emesis was also completely suppressed by chlor­
promazine, but not by haloperidol. Dopamine-induced elevation of serum cAMP was 
completely suppressed by chlorpromazine, but not by haloperidol. 

The above data suggest that the glucagon-induced emesis is mediated mainly 
via dopamine receptor unrelated doubtfully with 0 2 and partially through the releases 
of catecholamines. We are now examining some ant iemetics, and emetics including 
drugs for cancer and pain. To increase the preclinical assessment of emetic adverse 
effect and the patient compliance for anticancerous and analgesic therapies is very 
useful in the therapeutic concept. 

b. Evaluation of the role of the beta and extra-beta blocking ac tions of beta­
adrenergic blockers: On the suggestion of clinical study of Mariya {1969) that propranolol 
evoked transient hypotension, we explored the interrelation of extra-beta-blocking 
action and beta-blocking action comparing to those in the whole animal preparations 
which are thought to have no adrenergic beta-receptors. 

In cat nictitating membrane, occasional potentiation or inhibition appeared in 
ganglionic and neuroeffector junctions, more evidently by practolol than by propranolol 
and sotalol. Guanethidine-induced ptosis of mice was potentiated by sotalol and 
practolol , but not by propranolol. Reserpine- and hexamethonium-induced ptosi s were 
suppressed by sotalol and practolol, but not by propranolol. Thirty minutes prior­
treatment with any beta-blockers suppressed the noradrenaline-induced mydriasis, and 
3 hours prior-treatment of sotalol potentiated slightly noradrenaline-induced mydriasis 
and those of propranolol and practolol potentiated and suppressed the mydriasis at 
low and high doses, respectively. In the reserpinized mice, noradrenaline-indcued 
mydriasis was suppressed by the beta-blockers. In Vagus-amine test, all the beta­
blockers induced arrhythmia due to the noradrenaline release. Practolol shortened 
thiopental anesthetic time and propranolol shortened it at low doses and prolonged it 
at high doses. Strychnine and pentetrazol convulsions were not suppressed but the 
mortality was slightly reduced by all the beta-blockers. Carageenin-induced edema 
was suppressed by sotalol and propranolol, but not by practolol. Propranolol and 
practolol suppressed acetic acid-induced wri thing in mice. Propranolol possessed 
local anesthetic effect on the rabbit conjunctiva. Sotalol and propranolol lowered 
normal body temperature. 

Furthermore, propranolol prevented partial ly the morphine-induced ernesis in 
pigeons and long-term pretreatment witl1 propranolol (30 and 100 mg/kg/day, p.o.) 
partially suppressed the isoproterenol (80 mg/kg, s.c.)-induced cardiac injury which 
may result from autoxidation of isoproterenol in rats. 
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From the above results, it can be suggested that the beta-b lockers have 
releasing and anti releasing actions on adrenergic nerve endings, ganglion stimulating 
effects and anticonvulsive effects other than their proper beta-blocking action, and 
interac tions probably based on their parent drugs and their active metabolites in vivo. 
And, it is also suggested that propranolol has cardio-prote.ctive effects as an antioxidant 
and antiemetic effects as a result of its 5-HT antagonism. 

2. Development of experimental animal models 
a. Wilson's disease 

Wilson's disease (hepatolenticular degeneration) is an inheri ted metabolic 
copper disease which results in cirrhosis of the liver and degeneration of the basal 
ganglia due to excessive copper deposition. The goal of therapy for Wilson's disease 
is to reduce the excessive copper deposition and increase copper excretion. D­
penicillamine promotes the urinary copper excretion. During the treatment with D­
penicillamine, about 20-25 % of patients complain of adverse reactions: early acute 
hypersensitivity reactions such as fever, eruption and proteinuria, and serious intolerable 
state for D-penicillamine such as nephrotic syndrome, systemic lupus, pemphigus, 
myasthenia or pancytopenia. Other less toxic chelating agents have been sought and 
investigated. Animal models for Wilson's disease are very important in the screening 
test for the chelating agents. 

We measured serum ceruloplasmin concentrations by the exzymati c method, 
and the copper contents in serum, urine and liver by the ICP atomic absorpt ion 
spectrometry in Long-Evans cinammon (LEC) rats and control (Long-Evans Agouti : LEA) 
rats. Serum ceruloplasmin and copper levels of the LEC rats were very low. Urinary 
copper excretion was much increased in the LEC rats; LEC rats had extremely 
increased copper contents in the liver by more than 40-45 times of the LEA rats. 
The LEC rats most often have acute orchronic hepatitis, and have genetically auto­
somal recessive inheritance. It is suggested that LEC rats are useful as an animal 
model of Wilson's disease. We have evaluated trient ine-2HCI in Wistar rats and LEC 
rats in point of cupr ureti c effect. Our resu lts suggest trientine-2HCI has one-fourth 
cu pr uretic effect of D-penicillamine. 

b. Evaluation model of drugs for antipollakisuria and incontinence. 
In the world, especially in Japan, year by year, the population of aged people 

is increasing and the pat ients suffering from pollakisuria andk:>r incontinence are also 
much increasing. In point of silver aged people, the methodological development of 
evaluating the drugs is necessary and urgent. We are now developing a method by 
which voiding volume and intravesical pressure are measured simultaneously. In the 
meeting I would like to report some results of alpha-1 and muscarin ic antagonists 
in this preparation of rats. 
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RELATIONSHIP BETWEEN CAFFEINE CONCENTRATIONS 
IN SERUM AND SALIVA IN NORMAL VOLUNTEERS. 

Phavichitr N*, Poovorawan Y* *, ltthipanichpong C*. 
* Department of Pharmacology, Faculty of Medicine, Chulalongkorn 

University, Bangkok, Thai land. 
* *Department of Pediatrics. Faculty of Medicine, Chu lalongkorn Uni­

versity, Bangkok, Thailand. 
The objectives of this research work are to study the relationship between 

caffeine concentrations in serum and saliva and the pharmacokinetic profiles of 
caffeine in ten normal Thai volunteers after drinking 2.5 grams of coffee (equivalent 
to 86.96 mg of caffeine). Blood and saliva samples were collected at 30 minutes 
and 1, 2, 4, 6, 8, 24 hours, respectively after coffee drinking. Analysis of serum 
caffeine and saliva caffeine were performed by using HPLC technique. The result 
showed good correlation between caffeine concentrations in serum and saliva after 
1 hour of caffeine administration (r = 0.9196). The mean time to reach peak 
concentration (Tmax) was 1.35 ± 1.00 hours for serum caffeine and 0.65 ± 0.24 15 
hour for sal ivary caf feine. The eliminat ion l1a lf-l ife of caf feine in serum was 7 .4 150 ± 
2.1877 hours and in saliva was 9.112 ± 4.287 hours, bu t there were no statistically 
significant difference between them. We conclude that saliva sampling could serve 
as a useful and non-invasive technique for determining the caffeine concentrations 
instead of blood sampling. 



A COMPARATIVE STUDY OF SKIN TOLERANCE AFTER US­
ING ESTRADIOL PATCH AND GEL IN THAI POSTMENOPA­
USAL WOMEN. 

S. Chompootaweep, P. Sentrakul, P. Tasanapradit, S. Sintupak, M. 
Tanthakayoon, N. Dusitsin 

Department of Pharmacology and Department of Obstetrics and 
Gynecology, Faculty of Medicine, and The Inst itute of Health Research, 
Chulalongkorn University, Bangkok 10330. 

A c rossover randomized comparison between two different transdermal 
oest radiol delivery systems has been performed in post-menopausal women of the 
Bangkok area. Clinical benefits were identical with the use of either a gel, applied 
onceklay on 800 cm2 of skin which totally evaporated within 3 min, or a patch 
applied for 3-5 days on 20 cm2 of skin. There was no evidence of pharmacokinetic 
advantage with the patch, and the day to day intra individual variations were even 
greater with patch than with gel. There were no cutaneous side effects with the gel, 
but unacceptable skin reactions, including itching, vesicular rash and residual 
pigmentation, were present in 58% of patients during patch use. ·Therefore a 
combination, in a small skin area, of adhesive, occlusive effect and high oestradiol 
concentration does not appear appropriate in hot and humid climate. 
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RADIOPROTECTIVE ACTIVITY OF CuDIPS IN RATS. 

Dhasanai Suriyachan*, Su pen Patarakitvanit*, Pich it Ratananakorn* *, 
Charlie Kanistachart* * 
* Department of Pharmacology, Pramongkutklao College of Medicine, 

Bangkok 10400. 
**Department of Radiology, Pramongkutklao Hospital, Bangkok 10400 

Toxicity and radioprotective activity of copper (11)2 (3, 5- diisopropylsalicy­
late)4 or CuDIPS were investigated in adult Sprague Dawley rats. The LD50/30 
values of CuDIPS in male animals using corn oil as vehicle were 40 and 90 mg/kg 
for intraperitoneal and subcutaneous administrations, respectively. Subcutaneous 
injection of CuDIPS in corn oil produced a depot lesion at t_he site of administration 
in some rats. Depots were also found in some corn oil-treated animals. Thus, this 
route was not employed in survival studies. Treatment of male rats with CuDIPS 10 
mg/kg, l.P 3 hr before or just after whole body gamma irradiation (8.0 Gy, 0.51 
Gy/min) increased survival of the animals from 40% to 60 and 75%, respective ly. 
Since intraperitoneal injection of CuDIPS may induce connective tissue synthesis 
(adhesion) in the peritoneal cavity, the compound was given by oral or subcutaneous 
route. And the vehicle was switched from corn oil to propyleneglycol and 1.4 % 
polyvinylalcohol in normal saline solution to avoid depot lesion induced by sub­
cutaneous administration of the former solvent. 

The LD50/30 values of CuDIPS dissolved in these vehicles were 250 and 
200 mg/kg for oral and subcutaneous administrations in male rats, respectively. 
The corresponding values in female animals .were 320 and 160 mg/kg. CuDIPS at 
a dose of 50 mg/kg P.O. or S.C. 3 hr prior to gamma irr~diation offered no radiopro­
tective effect in either sex of rats. These may be due to an incomplete dissolution 
of Cu DIPS in propyleneglycol and 1.4 % polyvinylalcohol solvents. 
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A STUDY OF SOME MEDICINAL PLANTS EFFECTIVE 
AGAINST ORAL STREPTOCOCCUS SPP. 

Amphawan ApisariyakuP, P. Wannareumo12, T. Watanakitwichai2 
and S. Apisariyakul3 

1 Department of Pharmacology, Faculty of Medicine 
2Department of Clinical Microbiology, Facu lty of Associated 
Medical Sciences 

3Department of Orthodontics, Faculty of Dentistry, Chiang Mai 
University. 

In this study, seven medicinal plants were selected for the investigation of 
antibacterial activity. The extracts of these plants are 1) citronella oil (from the 
leaves of Cymbopogon nardus}, 2) aqua rosae (from the flowers of Rosa spp.}, 
3) c love oil (from the young flowers of Eugenia caryophyllata), 4) The extract from 
the bark of Punica granatum; 5) the extract from the leaves and stems of Rhinacan­
thus nasotus; 6) the extract from the flowers of Ochrocarpus siamensis; 7) the 
extract from the wood of Caesalpinia sappan. These extracts are tested for their 
inhibitory activity aga inst oral streptococcus spp. of 22 isolates which have been 
isolated from dental plaque o f 25 patients cases. From these 22 isolates, Strepto­
coccus mutans cannot be found. All of these seven medicinal plant extracts were 
also studied for their inhibitory effec t aga inst reference strains of S. mutans· and 
S.sanguis II . This s tudy was car ried out by the agar dilution method. 

It was found that all of the extracts could inhibit the growth of all isolates 
of oral st reptococcus spp. and reference strains. The MIC of each extract was 
determined and it was shown that the MIC were as follows: The extract from flowers 
of Ochrocarpus siamensis was 1.5 mg/ml the same as the extract from wood of 
Caesa/pinia sappan. 

The MIC of the extract of Rhinacanthus narsotus was 3.8 mg/ml ; and of 
c love oil was 5.9 mg/ml but the MIC of citronella oil was 23.8 mg/ml and of the 
extract from the bark of Punica granatum was 32.2 mg/ml. The lowest inhibitory 
activity against oral streptococcus spp. was aqua rosae which the MIC has deter­
mined as 47.5 mg/ml. 

From this study, it was illustrated that all of these medicinal plants could 
markedly inhibit growth of oral streptococcus spp. Thus it probably can be consi­
dered useful in medic inal applications. 

15 
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ANTIBACTERIAL ACTIVITY OF MUCUS MUCIN EXCRETED 
FROM SNAIL "Achatina fu/ica Bowdich 1822'~ 

*Nison Sattayasai, • *Suwanna Niamsanit, ***Jintana Sattayasai 
and • *Nuntavun Riddech 
*Department of Chemistry, Faculty of Science, **Department of Microbiology, 
Faculty of Science, ***Department of Pharmacology, Faculty of Medicine, Khon 
Kaen University, Khon l<aen, 40002. 

The mucin obtained from body surface mucus of African giant snail, Achatina 
fulica Bowdich 1822, was examined for its antibaclerial activity. The water soluble 
fraction (WSF) and the mucin fraction (MF) of the mucus exhibited positive anti­
bacterial activity for Staphylococcus aureus and Proteus vulgaris but negative anti­
bacterial activity for Escherichai coli, Pseudomqnas aeruginosa, Bacillus subtilis, 
l<rebsiella pneumoniae, Enterobacter aerogenase and Shigella boydii. The minimal 
inhibitory concentration (MIC) of MF for S.aureus and P.vulgaris are 16 and ) 64 
uglml, respectively. 

., 



BLUE MOUSE IN PHARMACOLOGICAL TESTING. 

Muckda Chitcharoenthum 
Department of Pharmacology, Faculty of M.edicine, Khon Kaen Univer­
sity, Khon Kaen 40002. 

Chemically induced blue mouse was developed in this laboratory in order 
to be a living animal model for testing of an irritating-, an antiinflammatory- and a 
cutaneous vasodilating effect of a chemical. Evan's blue (5 mg in 0.2 ml) was in­
·jected via femoral vein of a mouse anesthetized with pentobarbital sodium. After 
recovery from the anesthesia the mouse was used for a test. This experiment was 
planned to compare an antiinflammatory effect of extracts from the leaves of 
Gynura integrifolia Gagnap, diclofenac emulgel and clobetasol propionate cream. 
These drugs were topically applied to both ears twice on the experimental day, at 
4 h before and once after the dye injection. Thirty minutes after the last application 
of the drug, a mixture of croton oil and pyridine was applied to one ear by a forceps 
(10 sec). At 3, 4, 5, 6 and 8 h after the croton mixtu re, the ear thickness was 
measured by a micrometer, the ear was weighed and extracted with acetone for 
the dye leakage determination at 620 nm spectrophotometry. The resul ts of these 
three parameters showed an antiinflammatory effect of G. integrifolia, diclofenac 
and clobetasol. Topical application of G. integrifolia was as effective as its oral 
administration in this animal model. The development of the herb as a topical 
antiinflammatory preparation is to be formulated in the next study. 

17 
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ISOMERS' INTERACTION OF ISOPROTERENOL IN THEIR 
PROPER ACTIONS ON THE CARDIAC BETA·ADRENOCEP. 
TORS IN VIVO AND IN VITRO. 

Wibool Ridtitid *, Sachiko Tanihata* * and Toshimitsu Uchiyama** 
* Department of Pharmacology, Faculty of Science, Prince of Songkla 
University, Hat.Yai, Thailand 90112 and **Department of Pharmacology, 
Toho University School of Medicine, Omori-Nishi 5-21-16, Ota-Ku, Tokyo 
143, Japan. 

We have argued that there may be an interaction between the (- ) and ( +) 
isoproterenol at the level of beta-adrenoceptors and.Qr the pharmacokinetics. In 
order to investigate this possibility, the cardiac responses to (- ) isoproterenol were 
studied in the absence and presence of ( +) isomer in vivo and in vitro using guinea 
pigs, and were compared with those to ( ± ) isoproterenol. 

Aerosol inhalation of 0.25 % (- ) isoproterenol induced the increase of heart 
rate (HR) and decrease of diastolic blood pressure (DBP), and cardiovascular 
responses to (-) isoproterenol were not significantly different from those to cor­
responding dose (0.5%) of ( ±) isoproterenol. In contrast, aerosol inhalation of 
0.25% ( +) isoproterenol induced a slight ca rdiovascular responses but there was 
no significant difference between the cardiovascular responses to 0.25 % ( +) 
isoproterenol and saline inhalations. The cardiovascular responses to 0.25 % (- ) 
isoproterenol inhalation were not affected by the concomitant presence of 0.25% 
( +) isomer. However, prior inhalation of 0.25% ( +) isomer reduced the increase 
response of HR but not the decrease response of DBP to aerosol 0.25% (- ) 
isoproterenol.,Furthermore, the increase response of HR to intravenously administered 
( ± ) isoproterenol (1 ug/kg) was also reduced by prior inhalation of 0.25 % ( + ) 
isoproterenol. In isolated atria, the concentration-response curves and EC50 values 
for positive chronotropic and inotropic responses to (- ) and ( ± ) isoproterenol 
were not significantly different, and as was the case in vivo, the cardiac stimulating 
potency of (- ) isomer was not significantly affected by the presence of ( + ) isomer 
which was 30-fold less potent than (- )isomer in the isolated atria from guinea pigs. 

The above results suggest that the prior inhalation of ( +) isoproterenol 
reduces the cardiac responses to aerosol ( - ) isoproterenol which may result from 
desensitization rather than antagonism at the cardiac beta-adrenoceptors by ( +) 
isoproterenol. Further mechanism of the cardiac hypo responsiveness to ( - ) isopro­
terenol by the prior treatment of ( + ) isoproterenol remains to be elucidated. 
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THE INVOLVEMENT OF GABA·ERGIC NEURONS IN THE 
RELEASE OF DOPAMINE AND AMINO ACIDS NEUROTRAN· 
SMITTERS FROM ISOLATED CARP RETINA. 

*Jintana Sattayasai and * * Konosuke Kumakura 
* Department of Pharmacology, Faculty of Medicine, l<hon Kaen Uni­
versity, Khon Kaen 40002, * *Life Science Institute, Sophia University, 
7-1 Kioicho, Chiyoda-ku, Tokyo 102. 

In the fish retina, subpopulations of horizontal and amacrine cells have been 
identified as GABAergic neurons and supply a tonic inhibitory input onto other 
neurons. The present study was conducted to determine whether the GABA anta­
gonist, bicuculline, could modulate the release of dopamine and amino acid neu­
rotransmitters upon exposure to light or darkness. The perfusate was collected 
from isolated, perfused carp retinal preparations and assayed for dopamine and 
amino ac ids by HPLC. Bicuculline (10-4M) increased the release of dopamine but 
decreased the release of Asp, Glu and Gly. The release of GABA and Tau were not 
effected. The effects of bicuculline on the release of dopamine and amino acid 
neurotransmitters were in the same direction of exposure to light. These findings 
suggest that dopamine-, Asp-, Glu- and Gly-containing retinal neurons are subject 
to tonic inhibition by GABA in darkness . 
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~ ... 

Yl-3 
11

-31\J" lLYl~ "U1lr.i" 

f'!1~U111r.i11tf Keith Davis n~1'l~1 ">Ju~u~>JwufiLi'.Jum~rnum1vi1'31u 1~url1'111 ritJ1~~'3f01 , , 
i'l>JnUL ~'il 1 trLn~th~~Ylflfl1YllL'tl~U1~~Ylfl~JYl UIM:i~r.iuilFl'l1l.JVi'3Yl'il 1r.i1 U'31U" vi'3ilu >JU~U~>Jwufi9'3LUU , 
.X'3f'l1~U1fLLYi~fliYiil 1um1~r.i~L~1>J~11'3m1>J~>Jwufi~u~1~\.1~1'3nu \.11nn11vi1'31ur.i~fi1u'3n'3Lriu'3ti1u1r.i 
\.lu1~ LLYi~nn1~LuuuLvl1ilu Li'.Jum1vi1'31u~L~uF1uLi'.JuiF11'fl-34'm ~t.JBu~111u~n'ilm>Jfi1i'3LLYi~nn1~Luuu 
r.i~vi1'31uMm>Jfi1i'3\.1'°1'ilu'ilun~1mU1131u~ri1\.lu~ 1uYJ1'3U1Nnu'll1>Jn1~t.JBu~'31ui'.JF1'l1>JVi'3vi'fl1r.i1u 
'31\J \.11'flvi1'31U~~nLLYi~rlFl'rn.J~'llnU'31\JLL~') r.i~vi11irti;l~Yl'31U~L\.IU'iln~1>J111l131U~n1\.IU~ U'ill.J~Yif'l 
IL1'3n1ULLN1r.ir.iU'31UL~1r.i~>Jrnru rYu1m1r.i1Li'.Jur.i~!Jl'tl'3Ul1~\.l\Jnn'3U9{U'!l'tl'3>JU1'.tU~>JWUITTUn11m~vi1U1U 

\I ;J , 

Fl'ilUt.Jfu~Yitlfl1'1'11~\.1~1'3FIUnU'31ULYl11~ "mm~ULLn'31U>J1n"lmnu1t.Jn9~1~UFIU ll~\.11nL~Ullnf'IUl.J1n 

Lnu1t.Jiir.i~L~U'31U" 

0 

mY1~u~~-3HLi'.Jum1t.J1~~nlllr.i1nY1~1'tlJ X LL'tl~Yl~l'tl) Y 'il'il-3 Douglas McGregor 11'tl~U11~1u 
m1{~n11'iJ'1l'3 Blake and Mouton n~1'lf.i'il unu X Li'.Ju~n1'tru~'il'1l'3U1tJ~*'31U cl'luunu Y tXu ~'3 
flUzj'3rJU1\.111"1~Pl'il'3iJ'31t.Jclunu z i'i'1l~Junri1~'3flUl tr1-il1nU'31U r~~l.J~J~1UYlfYIU1m'>JU~U 1~'1l L tr'31U ·v , \I , 

~1L1"l'Cl~'l'3 h.J1i;)~'ltJFl'l1>J "rinPl'tl'31L'Cl~rin 1 r.i" 
, \I \I 

•, 



, ~ 

2. n'16liHi"'l\13JUtituhJwufii!iiLi3Jilutt&i'UV'l • 
iJu~ut{iJ~u fi~~CiiJ~Pl'lL1'1 L vw1:: n1r~Ln"l::tlf utlNLLm 'illiT'lLnJu~1un~1n1mnt 'ilUflfl~tu , , , 

LL~::1un1n~'iiJ~1'1..im1iJ~iJl1'ufi'ilu~r::\.1~1..inu~1Lllu~"l::vi'1l..iL~iJlli'u"l1nliT'lLn !il..i~1~uC1JC\JPi1~1ufli~!il 
P11~miii'1l "n!JY1'1l..if'i1" (Golden Rule) n~1'l~1 ""l..itl!JuPilil'ilL~'ilUU1U'il'il-.lvl1UL\.li:i'ilunu~vl1u1~tl!JuPi 
ITT'illii'lvl1UL'il-.l" \.ll.J1Ufl'l1l.J~1 ~..i 11il~LT1 hl'll'ilUUflfl~tuL 'il1nhl'll'ilU LT1vl'il-.ln1r'tl::1rnutm '111 ni'lfl'l1l.Jvl'1l-.l , 
mmiuL~U'ln\J \.l~nm~liU~l.J~Ufl~1U 1 ni-1'il ~'11\.IU~Lnhl'll'1lUn'1lth1tJm::vh ~'111ilUvT'l 1 lULL~'lflUL1'1 
lTn"l::~iJ lTn"l::m::vh1u~..i~vim'1l..i1il'll'ilU ~..idmn::fo'«~Plm\.11 'ilu1~LLrl 1~/) 1nrn w~..i \.1'1'1lm::vh 

~..i!il1..i 11tlLd'1l-.l"l1n'ilflPi\.1'1'ilfl'l1l.J~1LtlU-.l liT'l'ilU1'3L~\J n1TYJlilri'ilL~Ulil milrnLUl.J LYiu..iL~'il1 lX~1LLrJl"l!i1UL'1l-.l 
"" . . " . 

Lvl1UU ~..i 1 Yi1'~1\.11nflu:t1m'i11l.J1Yilil~'1lL~UU L\.IUUILUl.J !i1\JL'1l-ln1il·~'ilU 11fo!u n1T"l::i'JiJUliU~l.Jl-iufiYi~ 
'II 'II , 

vl'il-.lL1l.J~liT'lL1'1 iii'1l f4'n "Lm 1"lL'i11l.J11rihLr1" !il..i~mtl!i1lYlUUYl\.1~'3~~1 

1lXvl1uvl1u4'n1lX 

uuv11uvl1u4'ntl'il..i 

fnvl1Uvl1Ufl'lTl'lr'il-.l 

2l1l.J~..idL'l'uH 

!i1'1lU~\J'1l-.l 

U'ilUlWl 

fl'l1l.Jf n L1'1U1 

n1T"l::i'Jl.J\~~U~l.JYTU fi~~ U'il n"l1M::f 4' nLL~::L ·if11"l1 \JlilUL'1l-llL~'l 91LUU~"l::lii'1l ..ii'Jfl'l1i.JL '1111"l1 U 

fiTrl.J'll1Pi'll'il-.l).J\~liU ~'3'1l1"lr.i1tLUn'il'ilnLU\J th::L[)Yl1i.1aj1 iii'1l l.J\~liUi'lfl'l1).Jfl~1Ufil~-.lnU\.1'1'1lL\.li:i'1lunu 
"""' I ...,. 

LL~:: iJ u liUl.Jfl'l1l.JlL!i1nvi1..i nu , 
3. tilHl3J'l.1'16i?Jil\13JUtiU • 

fl'l1l.J~l.Jl-'i'U fi'ilu~r::\.1~1..inu r.i:: vl'1l ..if4' nLL~ ::L 'ii'11 "l n..ifirrn'll1Pi'il'1l-.lfl'l1l.Jvl'1l-ln1r'll'1l-.ll.JU~U ~..i 
'II t 

Abraham H. Maslow l~L~U'ilYlCJ~!J'ii1!iiu ·~um1iJvi'1l..imr'il'1l-.ll.J\~liU (Need Hierarchy) !il..iu 

fl'l1>.J~1LT"l2ll.Jw)..i 

(Se lf~actualizali on) 

n1rnnu'1l..iu'1l>Jf uuun'1l 
(Self-esteem) 

~-.lf'll.J (Social Need) 

m1>.JlTufl..itl~'1l!illlU (Security Need) 

" "" .. fl'l1>.J!i1'1l-.ln1rvl1'1Mr'lVlU1 (Physiological Need) 

23 
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Maslow l~11fiu1Ufl'l1).J~1i iJ\J~1'llfi1'l1>-J'11'll'1n1j1J'LJ~>-Jui~u1iui{t1 ~1U ~'il rl'l1)JCil'a'3n1iVl1'3 , .... 

~11~Yltn'l-lr'ilU"l{t1~ 'tv111ri 'il1W11 lfil~'il-ld-l"1l-l t11fmr1trn lL'.'l~~'ilU'il1f'i't1 l-JU1'ttlvl'il-ln11f'l'}1l-J,rUfil'3 , ~ , 
U"1'il1Mlti 1'Jlu ~1'~~m11u-l1u mnh~nu~vi m1l-lvl'il-ln1rn1-l~-lf'll-l mnt1n-l m1l-llli''il-ln1rnuiJ~~-lM1l') 

11'.'l~ITT'il-ln111,,Xi11nmP11iJu~t1nu'il'3uun'il 11"1 ~m1l-lvi''il-lm1~"l~u1~~um1l-!~111"l~l-l'l-li-l1u~~vi n~ 1'"JA'il 
vl'il'3n1N1U~ilf'l'nl-lfU~lll'll'ilU~'3 '31U~LUU~~1~ 1rlmhhr"lLL~')"l~lvlfumrnnu'il'3'\-lr'ilLolUo1~1u~'3fll-J . ~ 

mnl 1Yl~1't lj1i1o1uium1l-!ITT'iNn11'll'il~l-l'~ 1-tum 1-lll un1rnf 1~l-l'~ 'tlt1~mf u fi,ru Ln"l~Ul'il~l i1 

1 \I < ...,. '1\1 I \I \I \I I ' "' ~t I 
"lfil'l1l-!Vl'il~n11'il'il~l-JU1'ttl (I)~ Lllln"11')l-J11L'.'l')~~1~VJU')1 l-JU~t1Vl'il~n11'il~ 'i '\-11nL n~1l-J1Hl~U'il~Vl'ilUVl'il , , 

fil'l1l-JUJ'il ~n11L '\-1~1d1vl1L~') "l~L uum1m~v1urr~vi1~1u 1 lX'ilYlf'llLNn1tJLL'i~ L"l1Lnml'lt1~1ULii1l-l~ lllltlL'il'r'j ')~ , ~ , 
'ilu1 ~~~fil')1l-liX'il ~ m11vi'f u n 1 rnn U'il~t1'ill-lf uu u n'il ~ ~rJu1m 1"l~ ITT'il ~r{ n t1 nu'il ~'ill-IL -nt1 ~1Uf u ~r1uu C1J'll11 lX 

L 'l-ll-11~~l-!Vl1l-ln1m YIP!~ llllm'ilm~'ilU1-l~~fil'l1l-IITT'il~n11iu1l!lli'i'1t1Pi'il mrn'ilU'l-lmt1~1u1 lXL 'il1f ue:i!ll'l!'ilu 1vi' , 
'ilU1 '3Lii1l-l~ il~M~ 1 um1vi1~1u ill'l'l1l-J rl1')l-\lJ 1 1rl'ilvi1~1LT"llL~')"l~1lvlfu~'ilL~t1~mnl-l1tl 
4. 3Jt1.ttmhJ\'iufiutJuh1t1 'l • 

o1~1vi'n~1'l 1-lu~'l11 AUL Ylm nii~u ~1U'il'il~l-lu~t1~l-ll'Tu fi~~m1uilt rn1 cu llllt1L'ill~1~mh~t1~ .... , 
~YlfiY1'.'l'll'il~P11~u1~~l-IYTufiuurn1,lunui[iJ.Jun1rn1u~~f'll-ILYlt1 o1~,run11"l~ilm1l-l~l-lrTufi~u~1~"1-111~nu 

' 
vl'il~L l!uVivhn o1~~m;;vi1 Y1t11uncun~1'lH11 , 

1mr.fnr.mfonwY 
11 

~.-

7(i)N 

cs I o 4 

nm m rn fl 11111fl1111.J hiifiJ .. 
U 1 Ell WiJ JJ 

mJ ui rh iim w 

f'lULYlt1i'.lm1l-!~n~l-lvlUfiYl1~1f'lr'ilqJ1Pilnmlll 1rl'1ll'IUf'lUlLU"1nl-l\J1~1l-111Cl~n(\J1Pllvl'ilU1'3~tiYl~Ul-J 
1'Jlu u'il~ ~ '.'l~ ih ,r1 'il1 1vi''iltl1~~tiYlL"l d'.J,.rn11uuru1Pi101t1~1il1vi'iil'l'l1l-l~J.JYTufiY11'31f'l'1'ilru1P1mn'ilu 

, y ~ 

f [iJ.JU finl-J 1 Yltl n'il11f'l'}1l-J~tiYl~Ul-JAULl'ltlL uu n 11PJ'ilU1 ~~~ LL"1 ~f'l'}1l-Jtln~l-J'rfU BLLUULl'l1'il ru1Pivi111.X1n (I) , • t: '\J ... 

f'l'l1>-JfnV11l-JJ.J1 LL"1~1il~~1~1>-Jmrnf1~f'i'vii"''1'ilul-!1m~m1l-!1n~t1llli~~~nuu'.'l~nu o1~~rnitviVi11 

fnmJfld'ilflrnv1 
11 

"" L 'l/1L 'lfEJ') 

I I "" rnJJ'ilfJEJUfJll U .JI (i)(f'} 
I ... 

7'1JJUfJ.J 
11 

'i.JmJ1ui1muNv1 

L UjjfJ!J'ilfJLJY'fW1LJ'il.J 

5. fi'Hi ~6ln'1Hl\l.bil\1 

m1H ntJ'ill-Jf UVlUl'il~L uu~~~1~ ru 1 Un11ITTllllil'il~l-J1f'll-J rlUUfilfl'C"l~U n11H nVlUL'il~L UWf'l~'il~ij'il~ 
\J ~ , '\J 

~11'1ru1umn~1l-l~f1~ufi~l-JvlUBnUUf'lfil'.'l Lri'ilLnHm1'ft~ L.if11"lVlUL'il~lL~') "l~ v1111.XLn~1>-J1rn "4'!1ln11 
~ µ , u 

nuITTUL'il~Lvi'" m~vin"l1HJ Peter Drucker zj~1umrn~-n1mm'.'l~~mmnY11~mrnrm1~i'.l;'ilL~m1~L~u'il 
mJ~1um1~"l~~lllm1nrn1~Pinnl-l'll'il~viuH s u1~m1 Pi'il . 



~ ' " 
5. l JJ.:i1mifl'l1>Ji~U1U1>J1 u.:i1u U'tlf.J'llU Llllf.Ji1'l 1UUf'lP\'l'l"l~1~f UP\'l1>J nlllliiu mnii.:i1u ~u 1 vHl:i 1 , , 

i.1'l'l1u .:i1uu1~lii.:iL-il1m1uL'l'l'l1LOimnu9~ijPlu91u'lulY'1lu>J1n~~1>J11nfuP1'l1>Jnlllliiu"11~ 1 'lCil lii.:i,rm~PlPl'l'l 
~i'.Ju1~~YlfirJ'l'l"l~!il'tl.:ir4"n-il'tl91nlll'il'1l.:Jli1UL'il.:JU'l'l~v1>JLYl'l"li.:i.:i1u1umnh.:i1u1~nu.:i1u~LrrnJu1"l11"l~vh'l~~ 

\I , 

5.2 ri14"11l1P11'1l.:iiJ'1lLL'l'l~:)fin11~~1~,Yu Lni'Jm1>J1P1u~unull·1fo 1 u n1nh.:i1m uuu nPiu1~911'u 
u>Y11~mumrn11L'l'l~~.:i1L'llll~'il>J"l~Lu~mmu'l'l.:i1u Lnnti.:i1P1u:nunu;~~Pimrnlum1vi1.:i1ulu~n1m01>J 
vi11~n'l'l1mi'.hiP1u~1~,Yulun11vi1.:i1u c11ii1P11'1l.:iiJ'1l'1lumn11P11'il.:iiJ'1l~~1~,Yu lii.:i,ru~.:ilii''1l.:ir1n~111'l'l~mru , 
li11'l9~'1lU llJ11\f'l1'1l .:JiJ'1ll\ 'l'l~:)fi n111 i111 il>J1~ ~>J nun 11l\ 'l'l'l 1"'1'1l LlJ 

5.3 1'1um111111~m'l'l'l11111mu~1u1~1mn11u~1ullllu1.:i Lrl'1l.:i"l1nm1vi1.:i1,mPl'l'l~1'ui1L'l'l'l191nlll 
vi11 ~Ln

1

ll-lfl1m1ClU~1'n1\ 'l'l'l1"'1'1l4°11l~m 'l'l'l111"l~ 1 ~L 'l'l'l11 Ul!Pl'l'l ~ rh nmJ>J1nlJ '1lf.JL Yiu.:i 111l \ U'Un11~r1.:i':Sl1u 
' " 

Vi0i1 um1vi1.:i1u 1-Drnn 1 ~1n!llu1~ Lu'lll1mn~u 

5.4 i .. nJ11-1un 1 umrt'111l~u1 "l Lllluf'11u.:in.:i1'ui ~ur~~.:ifi1 un11vi1.:i1u"11.:i 1 [rf rnrm~11iiuP1'l1>Jci°1f'1 cv 
lii.:ilr u n11Pllll~'U 1 "l LlllUf'11u .:i11Li'1l.:i 1111m1"l~vi 1 rl'1l'U Li'il .:i 111lm1vi11-1i .:J ... ~·1hu 1 ~Uj~l,,ltlll\\ 'l'l'l11\'l'l~ Yi~'l '11U 

Llllmru.:i~11iium1>J ~11'1 C\J'll'il .:J '11U 1 ~~'1l lllfl~ '1l 'I nu1 li1 ~U1~ ~ \Jrl 

5.5 '1lcl1n~'l~"l~Yllll'l'l'il.:JP\'l1>Jfoilll11-1JJ 1 n11{111n1rnm'il'l"l~lii''1l.:iLtllll1"lfuPl'l1>Jfoi11111-1JJ1 \~'1ll11 
>J1Yl lll'l'l'il.:J m1Hnfu:)fimm'l'l~':SfiAlll1 i.1l-l>J11 ~1 un11vi1.:i1u "l ~ Lllumm.J~uu11u'l'l.:i11U'lAlll~.:J"'>JO'l1 ~ 

\I 

L "'>J1~~>J rlUUC\)"'11\'l'l~~ C11U n1rnJ 

m1HnuiuL'il.:J l\'l'l~ n114°11ln111i1W'1l.:J 1uuuY11ruu~u1n~~lll'il'il.:J:g1ui 11"11llu~.:iViii1h~tu'~\Jmn 
\I , 

~f\O'lmnm~vi11~ \~11~Ln'l>J~1mrn~"l~LU~f.JUl\U'l'l'IUP\Pl'iltu l\PlL11~1>J11ClP\'lUP\>Jli1UL'il'l'l~ lii.:i'1uv1'1l.:i , , , 
..,. .., .,.. I ell "' ~q - ..,. ~ 

911ln11nU!i1'lL'il 'ln'ilU9\J"l~P\U~U'lfin11"lO'ln11nUm!'1lU 

6. \1aOti!Hi3J'Vl 'l \'J'W\'ltiA'l~U'l • . ' 
i...~n fi'il'>JV11 '3~Vltif?\1~lAIL Y4'ilP1'11~i:J>J1J~u~).Jlr1JfiYl~ f1'll ~'3fl~1'P1 Clfi1J).J 4 l~LLrl , , , 

6 .1 w1u 116£1 9'1R: i.1mun.:i n11r4"n1~ Hm~u~'l'l~ 'l>JwJ-:J11"'un'1lu1nuHuP1rr10im d'.Jumr 
\I \I \I 

MlU 1 m4°n'l'llll'i'l~Pl'l1>JL ~Ul\rlpJ') H rn~U~'l'l~~'l'Uli1U1 ~lLrlUP\Pl'l'ltl!lL'l'l~~.:JP\>J 
\I \I , 

6.2 tlv?'I w'I i.1 >J1uei.:i m1ii'l1"l1'iluu1~fl1;j mh'lA'il h h-iO'lUlll 1>-lvilll"'mu 'l>JviO'lL~'1lL9''il 
4J \I \J \I 

l \'l'l~
1

llJYiO'l~'1lL~f.Jlll L"'UUl\U>J 
\I 

6 .3 eivir1 wi m "'>J1un.:i LUlm11vi1.:i1u1 ~1uuu1~ Lu'lllJL~'1ln'l'lnw111>JL'1lm~11'l'l~L'l'l'l1 
\I 

6 .4 S3J'IUV1V1'1 i.l>J1f.Jn\J n11vi11i1uL~>J'illiluL~>J'1lU'l'l1ULl-1L ci'il\-lri'lr.i'il'lil'il\J i'Jm1>J'il'ilUU'il>J0'1l>Jli1U 

>Jl{11u~>J;~ufi11uu1VJu 19.:i1uuvru111ulun1H~°'7>J~r1.:im1>J~>J;~ufi'ilu0i1~i111.:inu i1~nmm'l'l~ 
lLU'lfoiO'lPl1 '1 1 ~\~U'1l11LUUV1Pl'l1>Jtld'.Ju "1'11~1i1f" ~'lUn11"l~l111u1h~~nP11-ll1~1nmJ1~1u'lllJPl'illi1l!\'il\J 
ll'l'l~r~~u L ~'1ll~iJu1~~Ylflll1YH\'l'l~LnO'lU1~~Ylfiim 1 um1vi1.:i1ur'l>JnU 91LUU"l~lii''1l'l'1l1Plf.J "Pl'l'lU" rd'il'IUPl'l'l~ 
1iflfl 'l'l LO'lf.JL~>Jlii'u"l1nm1Hnu'l'l~L-il11"lli1UL'il'I IL'l'l~f4°nm1iilil'1l\Jn11rd'il\Jr~~u (n1nJ'll1Pi'lJ'i.l \J>JlJ~U) mn~ 

I I \J I \J \) , 

'ii1mr.iVia.:i1m1) A'1l n1rnrn.:i1r.iflu 1~'i.Jr.J'l'l~11rr.i'll'i.l.:i.:i1u 
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1. Peter F. Drucker, quoted by T. W. Engstrom and R. A. Mackenzie in Managing your 
time Grand Rapids, Mich : Zondervan Books, 1967 

2. Robert M. Fulmer. "Practical Human Relations", Richard D. Irwin, Inc., 1977. 
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29 

5'lm1 ih.J ii iu1 em 
mu.:WW'VltlA'la~Hi 3J'1'l1'VltJ'lii°lll.'1\1tla'lUfliU'VID 

r.i::u n Pl'l'1lU1-l'll'il-lEJJU1-l'ilUCil~1-il~11-1f u t rnlX'l 1 r.i u a ::~A'l1).JL <il11 Coi'l'1T'il ~ qvi tru'il-iu11 u U1-lth:; n11 

u-l1ilLil1J~u'il).Jfu '1'1T'il 1 um-lmru ~~a'il'il-l m1f mn'il'il nm'ilu1-l111ilmCl\w)-l wl'-l11if 'llf.1CilL i1u ~r.i:; 1 ~1 u~ 
t11::'il).Jr.i::Luu~'1lL~LnCi\m1).J~u1r.i1umnihn11~n1-111iXn1'1-i~u , 
1. Beta blocker 'ilcu::d1mi~1'1'1fuaCl\A'l1).J~uh~lil~-l1La::L~'1laCl\'il1n1ma::hA1LY1rnr.i1rttrnL~m~'ilCi\LA 

' ~ \I 

hmrLCi\t1¥1Ci\~Unrnmvrn'il-in11uuP11Yu'il-ln1l'1).JL il'1llX'l 1 r.i (negative inotropism) 1L~::1 wm-inrn11 iLuu 

antiarrhythmic 

LLtJl 

1.1 H'na1n'll::h1umrnCilA'l1).J~uhiililLUf'IU':> ~u'ilunu selectivity 1-IT'il ISA 1-1r'il'il::h'ilu1-i~u"? 
\I 

1.2 A'l1).J~).J~'iufi1::1-111-l Beta-1 ua:; Beta-2 1u physiolog ic response 

1.3 Beta blocker 'il1"lvh11Xm'l:: heart failure ~~u1~ 'l,Jr)19:;Luu systolic 1-IT'il diastolic? 

L UUL UL~i1°1'il"? 

u1 Beta blocker iiqvifvi1-l anti-hypertrophy 1-1°1'ilLtl1l1•J 

2. Digitalis: H'fn1-11 systolic heart failure 1La::r.i1nn1rnCi\ a-v conduction 'tl::liur.id'lUA'ltJ~).J 
supraventricular tachycardia 

LLtJl 

2.1 na1n~'1l'iln qYlf1u heart failure 'ilUCI\ systolic LL'N::ii.Um;1~11'll'lu;11il~thu"lT-l'l'1°1'1l"/ · 

2.2 A'l1).J~).J<ffufi1::'1'1rJ1-l digitalis ~frnh::Y11u, 1:;~u1uL~'1lCi\, 1::~u1ulX'l1"l LL'N::m1mu~).J 
'1llil11n11Lvl\Jril'il-llX'l 1 "lLL'N:: n11'il'1l nri1i-imm uu ~vinu nu'l'1°1'1l Ll-i"? 

3: Calcium entry blocker (CEB): 'il'ilnqY1fLQlU¥1Qln11uuPi''l'll'1l-l smooth muscle, LUU anti-arterial 

spasm, Hlu ischemic heart, lu hypertension u'Cl::1um-inrn1~1"'fu anti-arrhythmic (L'liu 

verapamil 1u supra ventricular tachycardia) 

LltJl 

3.1 r~'N'll'il-lm1fn1-111u ischemic heart syndromes t111-i 1 ~lil1).J~A1Ci\"'.h1il"? 
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Special Lecture 

CLINICAL APPLICATIONS OF GRANULOCYTE 
COLONY STIMULATING FACTOR (G-CSF) 

Prof. M.J. Humphry 
Roche Pharmaceutical & Chemical Co.,Ltd. 

Haematopoietic growth factors control the proliferation, maturation and functional 
activity of various blood cell lineages. 

Those of most clinical interest control cell production in the erythroid and granu­
locyte-macrophage lineages namely, erythropoiet in, (Epo) the colony stimulating 
factors (G-CSF, GM-CSF, M-CSF and Multi-CSF (IL-3), and IL-6 and stem cell factor 
(SCF). Of these, G-CSF and GM-CSF have undergone clinical trials. 

The granulocyte colony stimulating factors have their major proliferative effects on 
commit ted progenitor cells and their maturing progeny. Thus, G-CSF stimulates 
the formation of maturing granulocytic colonies. 

Early studies established the G-CSF causes a rapid, dose-dependent and quickly 
reversible increase in.pe'ripheral blood neutrophil counts after i.v. or s.c. application. 
More recent studies wi th G-CSF in cancer pat ients showed substantial reductions 
in duration and severity of neutropenia following cytotoxic chemotherapy, followed 
by decreased rates of infectious complications and reduced need for chemotherapy 
dose reduction or delay. 

Recent randomized, placebo-controlled phase Ill clinical studies with G-CSF in tumor 
patients have confirmed the reduction of neutropenia and infectious complications. 
It was also established that G-CSF effect on myelopoiesis is sustained over multiple 
cycles of chemotherapy and does not occur at the expense of hematopoiesis in 
other cell lineages. 

Several studies have been carried out to determine if G-CSF also offers benefit to 
patients who receive myeloablative chemotherapy which requ ires bone marrow (BM) 
or peripheral blood progenitor cell (PBPC) support. Studies of the use of G-CSF in 
pat ients undergoing.autologous bone marrow transplantation for Hodgkin's disease, 
breast cancer and various lymphoid malignancies demonstrated up to a 10-day 
reduction in the duration of neutropenia, less antibiotic use, less parenteral nut rition 
and less time in hospital. The duration of thrombocytopenia has not been significantly 
reduced by either G-CSF .or GM-CSF in most studies .. 

The tolerability profile o f G-CSF is favourable . The most frequent side effect is mild 
to moderate bone pain which occurs in up to 15% of patients depending on G-CSF 
dosages, and responds well to analgesics. 

Other observations include moderate and reversible serum biochemical eibnormali­
ties. There is no evidence that G-CSF causes systemic adverse effects sometimes 
observed with other biological mediators, namely fever, hypotension, dyspnea, or 
capillary leak syndrome. 

Future development issues wi th G-CSF inc lude evaluation in a broader range of 
chemotherapy regimens, and to explore the potential of G-CSF to allow new treatment 
schedules and higher doses ·o f chemotherapy (does intensification or escalation). 
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We started by eliminating 
, the computer 

Our new progrn mmable 
307 Pump is at the heart of the 
system. It controls other sys tem 
components: an auto-injectoi:, 
d etector and integrator or da ta 
a.na lysis system . This system is 
less expensive than most com­
puter-based QC/QA sys tems 
and much easier to operate, 
too. All the information you 
need to start a run' fl ashes on 
the front panel disp l<1y. 

Another key fe<1 ture of the 307 
is that it provides extremely 
smooth flow rn tes for repeti­
tive retention times. And fl ow 
accuracy is unaffected by 
pressure chm1ges or by the 
nature of the liquid. 

u • ' 
~111 trn,,1mn a 
II 

Then we added. an auto­
injector that ensures accu­
rate, reproducible results 

The Gilson 23 1I401 Auto­
Sampling Injector is another 
key com ponent in the system. 
It automates the preparn tion 
and injection of u p to 120 
samples. (A larger capaci ty 
unit is ava ilable that ca n 
handle up to 540 samples.) 
A buill-in rinsing functi0t'1 
virtually elimina tes cross­
contamina tion due to carry­
over. And because the 23"1 /401 
loads the sample d irectl y in to 
the injection valve, sa mple 
consumption is reduced . 

Plus, all these benefits for 
QC/QA applications 
• System requires Jess than 2 sq . ft. 

of bench space. lde:1J for labs w ith 
multiple sys tems .rnd mini mal sp.ice. 

• Q uick system se t-up. You c,m 
.1ssembJe the QC/QA system in 
JO minutes or Jess. All connections 
a n • l'<lSilv .lCCl'SSible. 

• Simpli iies compliance wi th C LI' 
guiddines. 307 Pumps h.in' 
bu ilt-in iunctions ior tr.Kking 
pump lwad us.1gt'. 

To learn more about these a nd 
other ad va ntages o f the Gilson 
HPLC system for QC/QA 
anc1lvs is, contact vour loca l 
GilsZm representa ti ve. O r m il 
us toll -free. 

Call 800-445-7661 

26/ 3-4 du"1n 69 tt i 4L nu~ 10110 1n1 . C0213914993- 4, 391 1B90, 3919425. FAXC662 >39 1Bl00 
i I • 
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Drug treatment of Peptic Ulcer 

§ il\'I A'l ~fil§ 'l ~'Hi~ U 'l tlbb 'W'VI ~ tlq.J'tl 'l l ii 'J'l'Vl-.q 'l §'W Iii 

fl ru.:u 'W'VlllA'l~Gl 5 3J\1'l~'Vlll'l~tJ~\'.l'llil'lUflUU 'Vltl 

Peptic ulcer LUlJhf'l~YiUU'llU t i \ m1fmn peptic ulcer ~'lULJ1LUu9iuu'l~~~~ 1uuJ'lJ'll-.l 

n1rnU1'il1n11 m1vi11iX LU~~mu u11::U'1l-.lriumni'.Jun~u>-J1huJ'lJ'1l-.l peptic ulcer(2) 

Pathogenesis 'llil\'.I peptic ulcer ~3 • d \ m1>-JfL~U'lriu pathogenesis ~tl'1l-.l peptic ulcer rT-lhl~l.lurnf 
v v 

'ilci1-lhnml.l 'll-.lA1h::n'lluhttl)L~mrium1Lnui peptic. ulcer lLtl.:i1~d:Ju 2 'ilu1.:i l'i'il l. n~1nm1u'1l.:iriu 
(Defence mechanism) 2. n~1n'll'1l.:Jn11vi11iXLnuiur.J~ (aggressive factor) U'1ln91nd '1l '3Ath ::n'1lu91n 

mmrnnn'il1_99:;i'.J~'lULlrn11vh1iXLnui peptic ulcer (P11n.:i~ l ) m1l.l~m·Tufi1::i1~1'3'1l.:JA1.h::n'ilUITT1-l 1 
LL~Ul-.3LiXLilu1mtl~ l 

v 

n'lti5ntt'l peptic ulcer 

lrl'ilU1P11l.l pathogenesis lL~'ln11fntt1 peptic ulcer ~1l.l1rn9::vi1lv11uiu 1. ~ui acid lL~:: 
v 

. pepsin 2. L~l.l mucosa! defence 3. 1uiumn~l.l mucosa! defence i'll.lriVmrnuinrn u'iln91nd 

n11'lJ<iui'1l.:ififtl1:: n'ilu~uLiu NSAID mrnuui1~ ih.h::1mn11um1fntt1 peptic ·ulcer ~'lUn11'lJ{ui v , 

Hel icobacter pylori 'il199::ilth::lti'lllJ 

n11:1amnum 

mrnuinrn1um::Lvn::~.:i,ru L~'1luiml.ln~1n~muf'l l.l n1rni-.lnrn (1tl~ 2) 9::L~u~1mrnuimui v , v 

~1l.l1rnvh1~i1~1uvi1.:iPi'il 1. Hvi1'11tl neu tralized ac id 1u lumen 2. block acetylcholine 3. block 

histamine2 receptor .i. block gastrin s. block H + -I<+ ATPase pump 

m~Hriu'1lt1LUU99UUL~'1l~uimuiliuil antacid, anticholinergic H2 antagonist m:i:: H + - I<+ v , 

ATPase pump inhibitor 

Mucous 

Mucosa! barrier 

Bicarbon.ate 

Blood flow 

Prost.aglandin 

acid 

pepsin 

NSIADS 

smoking 

stress 

Helicobacter pylori 

genetic 
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stress 

genetic 
NSAIDS 

smoking 
,, 

acid, pepsin impair mucosal defence 

ulcer 

cell 

histamine H2 

lumen 

H+ 

Gastrin G 
1<+ '> 

t e a++ 

Acetylcholine M 

nJ~ 2 diagram LLMi-l parietal cell LL~~ mediators ~L~ m.ifi/l-lnu acid secretion H2 = 
" 

histamine receptor, G = gastri n receptor LL~~ M = muscarinic receptor. 
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Antacids(s-a) 

antacid ~mhm1-D'LuWL'l111w1w1'11u~1ili'1-il''il>;111L~mnu1h::~'r'lfimYi'll'il-lU1Lumrfmnr.iwm::i-l 
1utl lH'I. 2520 Peterson 1Q\'vhmrn'11'il'il-l v1u11 antacid 'llW1'11M L'11tii'1 neutralizing capacity 

" 
1008 mmol ITT'iliu mJ-31,Xiw'fi:: 7 f'lf-1 ~1mrnvh1,X duodenal ulcer (DU) t-11u1~n11 placebo 

1LITT"t'irnJ11'll1-31i'iu'1'ltilu'ilrnL'fi:: mrnum 1i.l?i::mrnh1.-1f ur!i'.hu mr~ mnL ~).Jl~)-11 m::u::ITT'il)-11 Yiu11mr 1-D 
. " 

antacid 'llW1VltJ'iltJ 175-200 mmol 1,Xiu11:: 7 f'lf-1 n~1)-11rnvh1,X duodenal ulcer t-11u'l~n11 pla<?ebo 

U'ilm1ntl i'Jm1~m~1Yiu11m1H antacid tablet 120 mmol Pi'iliU llU-31,X 4 f'lf-1 n?i1mrnvh1,Xu~J11 
duodenal ulcer t-11u1til mr~nli1L'11UH° antacid 88 mmol ITT'iliu LmurnYiuunu cimetidine 800 mg 

ITT'iliu(7) Yiu11i'JtJ1::~'r'lfimv11un11fn~1 duodenal ulcer1n~1iilu'1nu Hunter(8)v1u11m1H antacid 

tablet (Maalox TC) 3 X4 t-1~'1'il1m11L11::n'ilUU'ilu i'JtJ1::~'r'lfimw1un11fn~1 DU Lvl1nu ranitidine 

150 mg itrn:: 21'1f'1 mrfnli1 gastric ulcer til'lu antacid ~u tJ1::~'r'lfimYi'lil~Lvl1nu1u DU 11u'11u 

cl'lu11,-1aj Y1u11 
1

lil11!11nITT1'1r.i1n placebo U1'311U-l1m~u11 ~n11 placebo 

side effects5 r.J11'il1'11i'iu'1'1J'il'1 antacid LU'ilu1vi~'1~'ilYl'il'1~mL11::Yi'il'1l~tJ 11vin11~'11~)-J'IJ'il'1U1 

U'1'1Pl'l vh1,Xr::~U'll'1M aluminium, magnesium ltJL~'1lV'IM~u r::~U'll'il-l phosphate 11vi~'1 i'!'lu~J11 
" V q ~ \I d ~ '1; I V .Q \I ~ \I ~ 

'll1-lliltJ'1~U'liU1VlU'iltJ 1 )-Jn111'1n~blm1n mn1rn'il~l~tlll'fi!:'il1n1rn'il~t~nmr.i"i::Y1ULV'I r::viu'!l'il-1 aluminium 
" .... 1" ~'1'1JU '11 

H2 antagonist<2• 9• lo) 

Histamine2 antagonist ~i'11-lilu'llrn:::tl1til1Ln cimetidine, ranitidine, nizat idine, famotidine 

1L11:: roxatidine L'11U~ 4 ITT'l1Lrmuumzj'11tilfumr approve r.i1n FDA 'll'il-l?l\olf~'ill)-J';m cl'lu roxatidine .. 
i'11-n'nuY11'1tJ1::L Yll'l~ 1 rtJ 

Cimetidine Luw H2 antagonist Pi'l1Lrn~H°Yl1~l'l'llU5uPi Ll~'lY1u11'ltiltJ11tun1rfmn~ tJ'fi-il1'1 

lAU-li°JtJ'iltJ !11'1)-Jmtil'lu ranitidine zj-lni'1t~'fimrfn~~ll'fi::tJ11'll1-llAU-l\J'iltJ cl'lu nizatidine 1L11:: famotidine 

'il'il nm 1n~1Ati-lnu Y1u11tJ1::~vifiml·11umrfn~1u'Cl ::~J11.if1'11i'iu-ltJ'iltJ ~1\olfu roxatidi ne tJ'fi n1r~nli1 

,., l''~ iJ~1tJ1:; ~Yl fifl1Vi1\Jn11f n 1:t13l ~'1U~~~1'1L~ U'3~l~ ~ fil'11lJtJ~ 'il~fittCUttl'3U16'1Pl 'fl '1n11i'ill-J 'tH ~ >-Jlm ).J 

" ~rtJ?l)-JUPl'll'il-l H2 antagonist 11Pi'Cl::Pi'l'ltil11?ivi-l'lt)'luU11n-l~ 2 1111::!11111'3~ 3 "i!:L~u~1 potency 

1umrnvim'11'iltl-ltl111!1lnITT1-lnu 20-50 Lvl1 L'11U~ cimeti9ine i'1 potency U'iltJ~~li1 famotidine mn~~vi 
i'l'lu ranitidine. roxatidine 11~:: nizatidine i'1 potency 1n~Lf-1u-lnu ~'lumn-l~ 4 U'il:: 5 ll?lVl-l 'IJU1'11 '1l~'1 
mYi1.Jilw!i.'hu'l!11Y'lmr u11::r-lll'lu1u~'l-l'il1UITT1-l 1 " " , 
tlli:Sw6n1wvs1w1 1umtJint11 peptic ulcer (d, i 1, 12) 

Duodenal ulcer( 4, 11, 12) tJ'iln1rfn~111r.J'il duodenal ulcer til'lu H2 antagonist LIITT'il!:Pl'l 

1iln)-J roxat idine 1viuH'llu 1Vl'il'il'1tl1Ul1)-1!11111-l~ · 2 'ilUL u1n rtJ"tl~ 1111::tJr::~Ylfitnl~'ll'il-lU1L1ITT11::Pi'l 1n~LAU-l 
" 

nu i!llnmrn1ti'iJ'il-ll\r-mtJr::mrn1''ilu'il:: s 1, 7 a 1111:: 92 '\.l~-lr.i1nmrfmntil'lrn.n 2 .. .4 1L11:: a ~UCil1vlti11)-1~1"1u 
cl'lutJ1::~YlfirnY1'll'il'1 roxatidine 1n~Li'iti-lnU'll'il-l ranitidine LUU1'311U-l1U(10) 
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111111~~ 2 H2 antagonist ~i'.iHnwau 
" 

d 
Cimetidine Ranitidine 'il'iltn Nizatidine Famotidine Roxatidine 

Potency* 4-10 4-10 20-50 ? 

'iJU1~tn 300 qid 150 bid 150 bid 40 hs 150 hs ., 
(mg) 400 bid 300 hs 300 hs 75 bid 

800 hs 

Maintenance 400 hs 150 hs 150 hs 20 hs 75 hs 

Dose (mg) 

-* LmurnY1aunu cimetidine 

.J 
Ul111~Yl 3 Pharmacokinetic 'il'il~ H2 receptor antagonist 

Cimetidine Ranitidine Nizatidine Famotidine .. 
· Roxatrdme 

Bioavailability (%) 30-80 30-88 75-100 37-45 ? 

Time to peak concentration (hour) 1-2 1-3 1-3 1-3 3 
Protein binding (%) 13-26 15 26-35 16 6-11 

Hepatic clearance (%) 

Oral 60 73 22 . 50-80 ? 
IV 25-40 30 25 25-30 ? 

Renal clearance{%) 

Oral 40 27 57-65 25-30 ? 
IV 50-80 50 75 65-80 ? 
Half life 

(hr) 1.5-2.3 1.6-2.4 1.1-1.6 2.5-4 ? 
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Gastric ulce/.. 4• 9- 11) H2 antagonist ~Hnu'iltji:h.h:::~vifimv1~lum1fm:n gastric ulcer 

H\nu ~m1mrn1mv11riur'iltJ'(l::: 63,75 LL~::: 88 'l-li-lm1fm~n 4,6 LL~::: 8 iui;rnfirrn.J~1~u m1llXu1n'ilu 
d ~ Q a., " Q 1 ~ a ..... v <i' ~ " 

'U'il'ULl'm-ll'lNl(i)tl'ln L(i\r.JM\ 'iltn-lL1nP'11).J mnm:n gastric ulcer WltJ H2 antagonist L(i\tJl'il'ilULL'tl'l 

.9:::'!-l1u<ll1n11 duodenal ulcer 

Recurrent ulcer ILi:.J'(l peptic YiLn(i)'l-li-ln1uJiP1(i\ vagotomy, partial gastrectomy '1-lr'il 

vagotomy + partial gastric reseclion fm:nlli''lu H2 antagonist c imetidine '1-lr'il ranitid ine ~liln 

mrn1t1'll'il-lu~1mv11riur'ilu'tl::: sa-96 '1-li-lm tfm:n 4-6 iumi-1 

Zollinger Ellison Syndrome (Z·E)(11 ) mn~" H2 antagonis t 'il19"1:::iiu1:::1u'll\llu Z-E 

syndrome 'ilU1-lhnm" 'llU1(i)'iltNu1~Hl'l'ilu<if1_,~_, u~:::u1-ll'lf-lm1>J1"1~1~ luu99uutln11fm:11cru'lu 
\I , \I 

Z-E lli''l t1u1 omepazole iith:::~vifiml1~"1n UY1U1Yl'll'il-l H2 antagonist ~-l~(i)~-li.i1nlu Z-E 

Maintenance therap/-11 -13) 

H2 antagonist 'll'U1(i)U'iltJ 1 ii1h:::~vifi111;11umrn(i)~lilnmni'Juniu"11m.J (recurrence) 'il'il-3 

duodenal ulcer 1111 ~'luur:::~vifimwlumn'f'il-lnun1rLlluniu"11'1-lil'll'il-l lL~J'tl gastric ulcer \Xu lli''ilt1 

n111u duodenal ulcer 'ilU1-lhnP'l1" m1U'il-lnun1nn(i\1'1-lil'il'il-l peptic ulcer Ju tT-11>.lii'li''il)..1~11 
\I 

~1).J1rn"l:::~(i)<[lilnhl'l1Lmn<il'ilu'il'il-l peptic ulce r 'tl-3 m1>.JL~UL~U'lnun111lX maintenance therapy 

101u H2 antagonist U-lllllilmMnu'ilu1-l'dO'IL"IU 1unnu~"l:::1lX maintenance therapy 111i'iirJllX'l-limmur..l 

1r)1)'il(ll, 12) l ) rrthu~iJhl'lllYl1noD'ilt.!LnO\~U 2) rrthtJ~-3iJn11LUUniUi.J1L'\-l>J'll'il-llli:.J'(l f\1UL'U 3 L~'il'U 
\I \I 

'l-li-l"l1n~ur.J~'!-l1ulli''lum1fm:n 3) rJtl'lu~i1'1nmrn1 nn112 l'lf-31u l tJ 4) ~tht1~ili'ilu-3~L\Jn11rJ1P101 
ILPiWtl'l~Ur'l).J vh1lXn1nJ!oT01i:J<D'lilnn1tL~U-3M'l-lr'ilc'.Jthui.Jru~fin1tr-hP1(i) ~1'1-lfumm<il'lIU ;~u11 cimetidine 

\I \I ;..i· 

Ll'(l::: ranitidine Li'.Juu1~U'(l'illilnulumrfm:11LiluL'l'tl1U1lm11 l tJ i'l'lu famotidine ll'tl::: nizatidine 

i'il).J'tln1r1•6mu1\.mf1 .1 tlu-3iJU'ilU ~1'!-lfU-il'il).J~'lJ'il-ln1rH maintenance 1u l tJ ;1u11~1~-il1-llfltJ-lU'iltJ 
\I \I 

Side effects(2) r.J'tli1-llfltJ-l'il'il-lU1 H2 antagonist iJl'l'ilu-il1-l\J'iltJ 'il-lAU1:::n'ilu~i'l-lL~'1"n 1nnlil~J'(l 
i1-liPit1-lft'il multiple medical illness. hepatic '1-lr'il renal dysfunction IL'tl:::'il1~).J1n t:.1'(l.U1.,1f'iu-l~Y1uu'ilu 
111i'un diarrhea (1-3%) headache (2-3%) drowsiness (1-2% ) fatique (2% ) muscular pain {2%) 

constipation (1 %) i:.i~i1..i1flu,,tu~r1u1t1lu'ilun11 1% 11ii'un mental confusion, dizziness, gynecomastia, 

impotence, loss of libido, neutropenia, thrombocytopenia, agrariu locytosis, elevated liver 

enzyme, drug fever, allergic reactions, elevated serum creatinine, interstitial nephritis, arthralgia, 

myalgia, polymyositis, minor '1-lr'tl severe skin reaction, bradycardia, tachycardia, hypotension 

Ll'(l::: cardiac arrhythmia 

Drug inte raction ;1ulu cimetidine u'ilu n11P1'l~'U (lil111-l~ 6) LUU~-l~1r1cy~Pi''1l-lrl1U-ln-l1u 
n1rHt11 H2 antagonist 
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side effects r~~il1..iLfiu..i diarrhea l'iulvi'th:;mm 8% ( 4- 13%) r.i'Ni1-iLfiu..ittrnu1Q\'lihJ'ilu 

1vi'untl'l111'r1'1l..i dyspepsia L~'l~u fl~u1~ U'lvi~rn:; LLuul1·1i..i '1'il..i~m1~:;~u~rn:; (light headedness) 

"&imnru.'titun1t1Liiln tti°1J1intt1 peptic ulcer 

lumn~'ilnH'mfm~n peptic ulcer lXu'1i''il..i~"l1rn!1U"19u~'ilLtldi-1'il 
l . tJ1:;~Y1fi11~'~'il'il-lU1 m~mhm1.X..itu1viiitl1::~Y1fim~·i1niLfiu..iriu 

qd 'l ,, ,J 'l ,,~ ~ ~ ,, ~ " I .. 

2. 'lnn11 L'llm mY1~1>J1rn Lil'lU'Cl!:flN LVI LVILLn omeprazole LL'Cl:; H2 antagonist "1-lLUU 

i'il 1vi'Lmurnrl'ilL YluunumPi'ltu 

/3. tJ'Cli1..iLfiu..i'il~Nm antacids 'ilU1VllJ'il~ LL'Cl:; H2 antagonist iit.i~'111..iLfiu..iu'ilun11Pi'ltu 
4. Pi'lrYU'lu m1Yi"l1rnrn~'ilnm'1i''il..ivi11rYu'lmthrncl1..ih L 'lllrntjj..iiff ..im1 n fl'l'i' 1 iX antacids 

I 1J I I . \J \J I I • 

~'lum!iT'l~Ufl'l'i'"l:;t-l~m~u..i 1 urYi'huVilvi'fumt-l'Cl1U'llWV1'ilcl11i'lfl'ln~u..i m71-D' cimet idi ne L W'il-l"l1n ... ... 
ii1'ilm~~"l:;Lnvi drug interaction rJu'lu~..iiimm1NvitJn0im..i'(q>J'iJ-l L'llu ;a" cimetidine LL'Cl:; ranitidine 

m"lai:;vh 1iXrYu'luii'tl1mrn1..i'(q>J'il..i1vi' fl'l'i'r.i:;t-l~m ~u..i L Yln:;mr.i"l:;vi11°iXLnvim1>J~U'(qU 1c;l11mm1~Lllu 
... . . 

Lnvir.i1nmt-l°1'il11 hriL'il-1 rYu'lu~ii1111Yimrn'l1r.i:;t-l~m~u..im1H antacids '!JU1Vl'(q-l il°1'il sucralfate ... ... 

L Yln:;mair.i:;vi11 iXLn111'inn1'i''ll'[)-lYi~r.i1n aluminium 1vi' 

s. nfl1m Llluur.i9u~'11'[)..i\J1>J1Ylr.i11m1 L'llu omeprazole dJum~iitJ1:;~Y1fim,·1~>J1n LL~ 
nmLm..i m11 iXu1Pi'ld9..ifl'l'i'iiur.i9ututJ1:; n'ilrn 'llu LPl'i'~ ~~nu:;'iJ'[)-lrYu'lu tJ1:;~m11-ilmttm'th hJM 

"""'" '\i 
4 .q " a 

r.J'Cl m'il>Jmm1rn1LN>J1n111'il..imrnvimmnn , 
6. tl1:;~n11f mn n1Lfluf m~1LLi'l 1>-l1vi'r.i~vi''lum>J1 n'ilu Dl'[)..iVlr.i1rn.11 Hmn~>J1 il>-lil7'[) H , 

I ~ 

mn>Jnu 

L~'[)Vlf11Yln>J.X..iil>JVILLi'lr.i:;L\~u11m1fm~1 peptic ulcer ~'lu1m\) m~iith:;1u'llULL'Cl:;u11.ffi'[) ... 
H2 antagonist L't'in:;11 nfl1Yl'[)U'i':;>J1tu tl1:;~Y1fimw~ '(q:;mn1un111iLY1n:;1i.¥flf..iL~m 1vi' ~1 'Cli11..i 
1fim~1LL'Cl:;fl'l1lJU'N'[)V1/ford'il-ltJ1'(q-l rYll'lur.i1u'lUU'ilU ~iiur.i9'u~vi11iXn11Hm H2 antagonist 1>.J 

I \J \I 1 

L\-llJ1:;~>Jv1..iYln~1'llJ1LLi'l 9..ili'f '[)-lL~'[)n 1 imn~lJ~U 

Miscellaneous 

~1ilfumlii'ltu~iinu..iiu1un11fm11 peptic ulcer zj..ii'il>J'Niil>-lmn il°1'ilii~1-Ni1..i1fiu..i>J1n d, ... 
i 3, 19, 20, n . 2d) m1un~>Jd1vi'LLn arbaprostil, enprostil, nocloprost (prostaglandin analog), bro-, 
mocriptine, amantadine (dopamine agonist), acelazolamide (carbonic anhydrase inhibitors), 

proglumide (antigastrin), carbenoxolone (glycyrrhizic ac id derivative), cetrexate IL'N!: trimi­

pramine (tricyclic antidepressant) 'l>J1vi'n~1'ln..i1unu-N:;L~uvi1uuYlfl'l1lJd ~'lum~1>J1vi'n~1'ln..i1u 
~dil1'il1u'lQ)lutJY1tu'lJ'il..ii1lr..i~'[)L~>Jd 
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Drugs Used in Peptic Ulcers .. 
eJA.U\\l .il'iil bO'UiliJU • 

Sucralfate 

Sucralfate Lilu basic aluminum salt 'il'il'1 sucrose octasulphate ~hJ~n!iJ(l)=!iJJ1u"hU 
Ld'tlcnu111n!il'l 1un1::L vn::'1l1\-l 119::nJJ!il'lLilu ~11fl~1url'u 1 um'l:: nm LL~'l4'u!il'l nrn1c.J'«IL'«::L ~'llu 1un1::L vn:: " , , 
'il1"111 vh1~Lfl~'1lULU.J'«U'1l'1rlun1rnnm(l)\l1rfot1 1uPi'ltl1"l::ii aluminum '1lU7''1lt1"«:: 1a.2-20.71(1)t1 v v 

,J1"1,rn J1mrn1JJL'tln'tl 2Jas , 
~lil1Lflii'il'fl'1tl1 L°1un11 alpha-0-glucopyranoside, beta-0-fructofuranosyl-octakis (hydro-
v 

gen sulfate), aluminum complex iJim~cu::~m1flN~71'1 lli'1iu 

Sucra lfate 

43 

' . ~ . ~ 

U1lJ~YlfiU'1l'1rlUn11Yi1'tl1tlLU'tll.lm::LYi1:: 'r1'1'llW(l)L~llUYiiULL'tl::L°1'tlf'1 'tl(l)n11'ilm~ULL'tl::fnli1Llc.J 'tl 

1(1)t1iit-J'tl"1'«1ll'tlU1'1 1 ui nlicu::'ll'1l'1 cytoprotec lion 1(1)t1L>lL~tl'li'tl'1rlUn1rn(l)n1rn7'1'1nrnJ1ti'1lt1 
i . '«(I) pepsin 1(1)t1Pl'lt114'unu pepsin 'tl(l)mJJ1cuu'tl::m1JJLiJJ-ilu1um::wn:: Yi11~ti'tluhh~u 

glycoprotein LL'tl::L'll'NU'1lll'tl'1 Pi'lt114'uhh~uU'tl'1numn'lJJPl'lLilu pepsin-protein complex ~'1LUU 
lli'l~1fl C\J 1Un11U£itl1 U1~U 

2. U'tl'1nuLd'1lL~'tl 1(1)t1cnn'tl1miJuLnn:: (polyanion gel) 1::"111'1r:i'lu'tln'll'1l'1L~'tl'-lm::m1:: LL"«:: 

~111um::Lvn:: 1(1)t1U£J'1numrn(l)=!iw11'1l'1nrn, pepsin, bile acids, bile salts LL'tl:: phospholipases v 

3. c.J'tlITT'll arachidonic acid 1(1)um::oi'u mucosa I macrophages, L~JJ mucosa! cyclooxy-, 
genase activity, L~l.m1rn7'1'1LL'tl::~~" leukotriene C4 L~JJmrni._, prostaglandin "l1n gastric 

mucosa 1(1)t1C-J'tl"l1nlli'lt11"1°1'tl"l1n aluminum "1°1mhuY11'1 epidermal growth factor 

4. t~'«ITT'tlL~£iLi'.i'fln1um::m1:: (mucus) t11L~JJmJJ1 cu aluminum LL'tl:: carbohydrate 1m~'tl 
Li'.i'tln vh1~U'tl'1nunrn1~ l~JJfl'l1JJ'-IW(l)'tl(l)n1rn::'tl1ll\J1 ufu'IJU'lUn1m'tlnLU~ll\J~11 sodium LL'tl:: 

hyd rogen LL'tl::L~JJmJJ1CUL~~Li'.i'tln (acid g I ycpprotein) 1(1)t1'JJU'l\m11.X..,~oi''il '1~'1LL'tl::L>-1ITT'1l'1~'1 pro­

stagla ndin LL'tl::'tl(l)n11Yi1'tl1m~'tl Li'.i'tl n"l1n pepsin A LL'N::ii ~Y1iYi1'tl1m ~'tlLLUflYlL°1u 1 um::L l 'i1::m"111 



44 Thai J. Pharmacol . Vol .13, 1991 

,, ' 

\.IW 1'll'il-:iriun'lLU'ill.lm:::L m ::: 

6. e.Jflul'ilmr'li'iliJLL'lli.mfl:::L~1ii'i'lh~Ld'ilL~'il t~u.ma'il'il'I epidermal growth factor Ll'N::: fibro­

blast growth factor ul'ilLd'ilL~'il iln1n~iin1r1\.l'NLtlllW'll'il'IL~'ilVlU1L'lmL~'ill.ln'lL~iJmrnf1-:iL'll fl 1vit1 

-prostaglandin n'N:::LYiiJ Somatostatin 

t11~1.nluur.ir.i'LiwLUUt11Liit11~~1'l 2 'lJU1Vl .'ll'U1tll soo iJ11~nfii ll11:::ruw1vi l nf iJ 'ilW1Vlfuth:::vnu 
' 

1vimf'l'hJhX l nfo n'ilu'il1mr iw'N::: 3 f'lf-:i LL'N::: rl'ilWW'ilW niJ 4 nfiiul'iliw Lrl'ilt11UPlnt1'f'l1wm:::m1::: 

'il1\.11rr.:i:::,quur.J'N 1vimn'iluhJvit11~iJ uul aluminium r.i:::nnt11vi~ii 728-828 iJ'N~nfiiul'iliw t11nmTucht1vrn 
\I '\J \I \J 

'ilr.:ir.:i1r:::f'ilt1'N::: 98 ri'lw aluminium "l:::nn'ilu'il'ilnvi1-:iu'i'\'i'\1'l:::L ~ii~u 1 wf'lw~1PlunPimnn~1'li'l-:ihJ1vrl it11 
' '\J 

n-:i 10 Lvl1 mri'.JmrH't11ulmrt'il'ILU'UU ri"l:::'lilL~m :::~u aluminium 1um:::Ll'i'\L~'ilVlPl'N'1WI uulU1'1f'lW'il1"1 

L~il~UU1'1PT'ILLul'li'l-:i1~iJ1 2-21 1'w llulr.i:::l~il~'l~ULWJtht1hf'l1lPl~L-if1Lf'li'il-:i~1-:i101 zj'l'il14lrJ'il 1iXLnVlUCU\.11 
" '1 v 

hypophospha tern ia 1 wul1-:itJr:::L Vll'1il'llut11tl1wu'l'UPl::: n'ilw zj-:iiJ ~viiL ~uL~ll'l nu'l!Wt11Liivi 

Sucralfate ~1ii1rnfm111~-K-:i duodenal ulcer, gastric ulcer U'il-:inwm'l:::L~'ilV'l'il'ilnr.:i1nutJ'N 
1 wm:::L m:::1i11~ lL11:::r.:i1nm'l:::Lf'lrt1t11 \.11'il"11niJ1LlntJ'lVl-ii'il W'il nr.11ndu-1U'il'lrlUll1'l:::U'ilV'lU'lil 1 wru'lll 

,, " 
mmrnl!n ~-:int1'N:::L'iit1t11ul'il 1tJi1 

· 1umrfmn duodenal ulcer zj_,LuwLYit1-:ihf'IL~ll'l~L~fumrfurn-:in1rH't111w'i'l\.lf~ H"l•Kt11 ... 
LU'ilUIVl 1 nfiiul'ilrl''il ium; 4 f'lf-:i v1u~11~tJ'N~1umrfnli1Lrl'ilLYit1unut11\.l'N'iln r.:i1nrrn~mnw,nmLvl-:i 
YlU~1n1H 2 \ttJt111,J LltJ'NmutJr:::iJ1ruf~lll'N::: 34.7 n1Hu11.A 4 ~tJm~~u1tJ "l:::ilr.mul1-:inuhh.nn 1m.1 

r-J'Nmrfmn~ 4, 6, 8, 12 \ttJmt-1 vh1iX11e.i'N\.11Uf'ilu11::: 77, 60, 82, n 011rnh~u zj_,Lri'ilLmurnYiuunutn 

1 un-tj)..J Hrreceptor antagonist, r.i :::1l-l1101nul1-:inw'ilu1-lili.!mh•)ry · LLl4'~11vimY'l'ltJr.J'Nn'1rn1t1r.i:::VJmi1'ilu 
ihnnn~11un~)..J H2-receptor antagonist ilm-:ir1t1'/1Vl'N'C-1H'rnu1vi 2 nf lJ iw'N::: 2 f'lf-:i v1u~1'l~e.i'N1bJ 
ul1-:inumr Lim iu'N::: 4 f'lf 'I iJU1-111U-11lmu~1md1iXtJ'N1wmrfnli1ur.J'N L wrU'liJ~~~Uu\.11LtMlL 'liWL~ll'l 

• \I " , 

rlU~~l).]~uii\.11 uul/11).]Ll U 'U 'ill.AL Un11~mntu iJu1'111UL zj'il~1U1U"'l:::'«tlln11 n't1rni'.hmml L \.l>J\.li'l\.l~VlU1 
LO'il11tJ'NmmL~'l 11ultm 1>-lLLUW'il'U 1 umr~nli1tu 1 

U"l,Ul~LUU~U'il)..Jfu1un1rHt11d L~'ilU'il'lrl'Un1rn~ULUUlle.J'NL\.l>.l1viuH''lJU1VliJ1 l nf~ n~u 
,,, (;I ..:f: ' ,.... !'I 'I ''\ ~ v """ "' c:t ""1 " 'il1\.11H'll1-LiJ'U 'll-l"r'lU'l1~tlln1rn'«ULu\JLLe.J~lL\.l)..J ~'U 12 LVl'il'U "11m''ilU'N::: 70-80 L\.l'N'ilr'ilU'N::: 27·-38 .'ll~tJ'NVl VI 

1n~L~t.1-:inue.i11q1nmrH H2-receptor antagonist 

~1,..,fumrHt11Ufm11 gastric ulcer 1w'ilw1t11u1 l nfiJ 1'uri::: 4 d'il mu 8 ~tJt111"1~u1tJ )~U 

' ' 
\.11u'lm'ilu~::: 801L11::: 90 Yi 8 LL'N::: 12 ~tJm,;011)..J1i1~u ~-l)'nJ~11~tmn~1mrHt11,..,'N'ilmL·ll:::1iXtJ'NLn~L~iJ'1 

numrH H2-receptor antagonist U'N:::vnJ111'1ln1~LLe.J'N n-crrnuu1\.l >.l "l:::U'1liJL'~'UrlU Lzj'il Hu1ul'il 1tJ1'u~::: 
2 nfiJ (1 nf).J L-il1-LUU) \.11'il 3 nfiJ (1 nfa.J L-il1 LL'N::: 2 nf).J rJ'il'UU'ilU) 101miJuh1>.l\.l't1'1Hu1 6 L~'ilU 

f'flu~::: 20 LL'N::: 161111iJ~1~u m-:i1Lvl-:iV1t11~'il-:iHL'iwn :::- 2 nf)..J n'ilUW'ilwn1~e.i~L'liw1w 11~"1mrnJ::mrH'm 

L ~wtlu-:i 1>.lLL w:::lh L \.IL oD L m1:::~J11u-:i 1l-ILL ll u'ilu LL~::: 1 um-:intN1U Ylu11191c.J'NU'1lun~1mr1 it111 un~)..J 
Hrreceptor antagonist \.l't1-:iHt11 12 L~'ilu 1'ilm'i'\n-irrni'.Ju1\.l>.l~-:in-:if'iluri::: 30 



'l l''Hf'l~ L fliY'l1 ~tltJ 'l uft 13, 2 534 45 

i'.ln1r 1 imdL ~'ilU'il~num'l:::L~'1l01'il'1l n91rnLi1~ ~'°1'1l 1ur1u~'iltj1 um'l:::Lf'l°1uPwrni1~mu Liu 

r!1hu~wn91n 1 vl'l ~>1' tlU~L ~li1Vl1~~l.J'll~ zj~9:::i'.J1 'lln1~L~'llr;wi'll n91nm:::L vn:::'ll1~1r'ilrn~u1~mn zj~'r~u11 " , , 
1l~r.J~~LilJLOlmnum1un~).J H2-receptor antagonists ~'°1'1l antacids U1~f'IULzj'll111~ii~O\n11 n1H 

m'llm01~~n11tJn01 11ulr.1~~1~tT~hJmlu'llu 
i'.lmrn01~'ll~Hm suc ralfate i'll.Jnu H2-receptor antagonists lLITT~J~~1~'bJ111i1nul1~91nn1r . 

1im1oim~i1~L~fN'llU1~LOltJ'l 
" ' " '°' ~ '°' 1"'f . . I ""..,, 4 1 '1 1 """.'I ~ "".'I' 0 ~ tJ1Ull~l.Jf'IU 'ill ' ·ll' 'fl1'l:::u'll01U'll.JVlLnlll'llU lJLHVW1U1~ unnu~u'lU'vlUn lL~:::l.Ju(\J'vl1~1~n 

1f'!li'll1WU'vl'°1'llLfl~01~~tl'll01 iD~-r~u111~~1~~n11mrH antacid ~01 t'l!n1~Ln01 trnr.i1nr'llu~::: 23 Li'.Ju i 2 LL ~::: 

hlul1~"!1n H2-receptor antagonist U'iln"!1ntl"r~u11mtT~~1mrnfnli1 reflux esophagitis 1riW1L·du 

H2-receptor antagonist 

u'il n"!1ndu~i'.lmr HmtlL ~'1lf m-t111i1~~Ln0191nmuntl'lwr'1l 1om1 iXii~ hJul1~r.i1n H2-receptor 

a ntagon isl mh:::tT~f'I~ 1 imLLnu'llllif '1llil~'lllll lLul1il~1mrnlf '1l~nu hJ1lXLnlll11~1~r.i1nm1Lntl'llllif'1l1~ zj~u11~ 
91nm1un-tll.J prostaglandin Liu Misoprostal i'.lr!1m:::lhHH'lur:::u:::~;il01m vh11XL~UL~'llillLL-ii~vi'l~ , " 
esophageal va r ices L ~'1lU'il~nuur~~u1L'lCU ~~'il01'1l1~1r"!1 n~Vlf~m~m~01 11ulviu111~r.1~ 1ilul1~"!1m.11~ 
1ifm-n1 un~l.Jtu i'.lf'1uti11tl1 if nli11rntl1rnTI'ilu LL~:::~11Kl 'vlru'llrnflu 91n~1L 'v1111ul1~ 11 urtl~'luLnu 

, - , \J 

U1~nu~1u1~r~~~ lLuJ~'lu1m1)9 :::1~r.i~u'1lun11u1 5-aminosalicylic acid ~°1'1l prednisolone ~'luLnu 

rht.if1~1All~'ll'il~tJ1 ~'lUhlniLi'.Jur.J~r.i1n aluminium ~rin0101~l.JL-li1~m:::LL~L~'il01 zj~iJM:::Lnill •ti \I \J \I 

UCIJmLrl'll Serum aluminium l.J1nn11 l 00- 2001l.JLflrnfl.JuJ'il~(i)T Yi111XLn01'1l1n1n1'1l~~n r'iltJ~::: 0-15 

~1'vlfur.1~-il1~1l'iu~~u 1 'lilul1~r.i1nu1lii'ltu ~'°1'1lm~~'iln zj~vm1~1'1lu~::: o-s 1~1Ln tl1nuiX~ f'l~u1~ 
'il1L~uu tl'l01~m::: d'.Ju~ul'i'u zj~ LllltJl.J1nr.mL 'vl~1d1iJYi11 iXillJ'luli'f '1l-J'vltJV'itJ1 ~i~tu 1 ~Ln01~u 1~uulviulJ'ilU " , 
'l~LLn mnl.Jlii'l1um:::Lvn:::d'.Jun'ilwr101tlnPi (gastric bezoar}, aluminium intoxication Liu osteomala-

c ia, mic rocylic hypochromic anemia u~::: hypophosphatemia zj~,rnYlu1wrlJ'lu~Li'.Ju1rn11il'llll 
" 1L~:::v1'1l~~1~ cl1m~'il01tlr:::r.;1 Lnoi dialysis e ncepha Iopa thy U'il nr.i1 ndmtl'il1r.ii'.lr~~ul'1l mrnvi~l.JLL~::: mr 

" 'il'iln~Vlf'lJ'il~tJ1U1~'ilU1~ 1~11n ciprofloxacin, norfloxacin, theophylline, tetracycline, aminophylline, 

phenytoin, digoxin LL~::: amitriptyline IL~:::mdu~1il1LlJ:::ti11lli-D'lm~rn~n ~'vlclj~~~l'lrrn 'vlrmi1'il~ 
" 1 V I~ V 

'vlUl.JILlJL~tJ~~n u~:::r~~~mu 
\J \J \-' , "" I 

n'il1'lL01t1Mtl m\11-D'l~r.J~m1umrfnlil duodenal ulcer 11~::: gastric ulcer T'll.J~~hf'l~u 1 uul 
1 • ..,JV \I ..,. ~ I 

~HimrHml'1'1luif1~"!:::i'.lun.J'vl1l.J1nn11n~l.JtJ1 H2-receptor antagonist Vlll1'1l~1'nm'lu~::: it m~ LLlll 

Lci'il~r.i1nnmrinn11nu ~~tT~i'.lrrtiul.JH'iluYl'il~l.Jf'l'lr 
" " " 
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5. Schubert T, The Multicenter Study Group. Twice-daily sucralfate dosing to heal acute 

duodenal ulcer. Am J Med 1989 ; 86 (suppl 6 A) : 108-1 12 
6. Bynum TE, Koch GG. Sucral fate tablets 1 g. twice a day for the prevention of duodenal 

ulcer recurrence. Am J Med 1989; 86 (suppl 6 A): 127-132 
7. Bolin TD. Sucralfate maintenance therapy in duodenal ulcer disease: A review. Am J 

Med 1989; 86 (suppl 6 A): 148-151 
8. Hollander D. Peptic disease t11erapy : Sucralfate and cytoprotection in the 1980 s. Am 

J Med 1989 ; 86 (suppl 6 A) : 152-153 
9. Marks l.N., Girdwood AH , Wright JP, et al. Nocturnal dosage reg imen o f sucralfate in 

maintenance treatment of gastric ulce r. Am J Med 1987; 83 (suppl 3 B): 95-98 
10. Simon B, Muelle r P. Comparison of the effect of sucralfate and ranitidine in reflux 

esophagitis. Am J Med 1987 ; 83 (suppl 3 B): 43-47 

Omeprazole 
Omep razole d'.Jum 1 un~l.l~iJ be nzimidazole L i'.JmNl'f tl1:: n'ilu~1r'i' r;y~L~lJAUYiuoY -lLLuJU 

A.Pl. 1979 Li'.Jum~i'.i~vif1:: .S-um1~f1-imvnl1cl'ilt11um::m1:; (gastric acid) n~l.11'11JJ~'il'iln~viful1-i'ltl~1n 
'il'il'1Ln1~-ii,,lJ111 lmi'ltlLtl~mmtl~-in11vi1-i1urJJ'il'1 H + /K + -ATPase zj-iLi'.Ju membrane-spanning enzyme 

~ml'1m·~~-i~1u~1n ATP 1um1'ilu proton (H+) 'il'ilm1n parietal call L~'ilL l~mtl~uunu K+ 1um::Lvn:: 

'il1mrn°'1L'lCU antrum (i'.i~'ilL'1un~n'ilu1-i~1 proton pump i-1°1'il acid pump) zj-iLi'.Jm111~111~1u1umrnf1-i , , 
nrn\l1u'1lt1 i-1~~~1nn1rn1::"1u'il'il'3~11~u 1 L'llu histamine, gastrin, acetylcholine vh1iXmtli'.invif~-i~111 , ., ~ , 
1 umn::.S-un11~h~nrntl1u'ilEJ L~'ilL Yiuunum~111m01Pi'l~u 1 

~1111m1Ai'.i 1vi'L1n 5-methoxy-2-1 [( 4-methoxy-3,5 dimethyl-2-pyridinyl) methyl] sulphinyl J-1 H­

benzimidazole zj~J1i-1\rn 1l-IL~~~1Y11nu 3 4 s.4 2 i'.i~vif1uuoh~~'1l\~ pl<a = 3,97 zj-i~::~1u1 u1 'lJ)J'u1~~ 
~ '; 'l v V a v 0 ~ V 

4 ~ '""1 • 'l V a v al 4 1· 14 
(lipophilic) LL~:;~::~1EJ LUU1 01U1~L'NnU'iltl Yl1Ll-l~n~lil'l!lJLlillil U'N1 ~L'Nn LrJJ1'1m:: 1L~L~'1llil LL'N:: u tN 

parietal cell 

~1111lflN~f1-i'llMU1tl1::n'ilu1tloi''lt1 2 ~'lUl-l~n i-1'il substituted benzimidazole ring LL'N:: 

substituted pyridine ring 101m~'ill.luJ'ilnuoi'?t1 sulphoxide-containing chain oY-iitl 

Fig. Struclural formula of omeprazole. 

•• 
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1u~'lU'U'il'1 benzimidazole ring l'l1l.J1rnu~m.1 NH-proton 'il'1lnm1~ vh1iX~gYltLi'.Jum01~'1lU 
pKa = 8. 70 ~..i111l.J1Lthni~n1un1rn~liltntl 

lli'ltn omeprazole hJ1~~gYli1umnh..i1m1uV1 u'°1L'lCU~Li'.Jun-N1..i pH 7 vl'ltn
1

li.li'.lu1:::ir.i::: 

l'l1l.J11mJ1mi1rcircin cell membrane 'u'1l..i parietal cell 1~ lli''ltnr.i ::: rci'1l nC]Yltvh..i1u1~Lrl'1JC.hu1uei..iu1rnu 
secretory canaliculus zj..iLi'.Juu'°1L'ltu~i'.ln1rni'..inrntl1cim.1"!1n parietal cell l'l..il'l01vh1 iXu1L'lnnru 

\I , 

Lllimrn pH 1'i'1lt1n-l1 2.0 'i01t1vi11iXPi'lt.11LU~t1U1LU'N'1Li'.luth:::r.irnn L~t1n-l1 sulfenamide , 

Sulfenamide Lllulli''li1f'1C\)1umn:::.S-umrn11..inrn1l1ci'1lu 101m'il14'uriun~l.J sulfhydryl 'l.l'il'1 ., , ' 

cysteine residues u1L'lniVluN'll!'1ln parietal cell 'll'1l'1 alpha subunit H + /K + -ATPase ~..ivh11Xli.J 

l'l1l.J1rnl'l1'1 ..inrn1J1circit11~ ~..irtl 
\I 

Antimvscarlnlc drug• c ··>-------<~ 
Gulrlc (WJK•j-ATPue 
lnlllbll0<1 

/ 1e.g. omeptuOle) (e.g. plren1oplne)' 

' 
Acelylcllolina 1 ' . 

f 
Gaslrln ) / ....__ __ _, / ~ 

/ I 
Hlsllmloe >ii 1f 

~ 
/ 

/ 
Hlstamloe Hr<ec.ptor antagonists 
(e.g. clmetkfne end ranitidine) 

I 
I 

" i-...---.a w 

....;...+-----~~ K· 

--+-----~~ ci-

--Se<osa-+l+---P111e111 cea--•l+--Muoosa--

Fig. A s-mp!e conceptual mod .. ol 11\e patletal ~ and some specutoted mechanisms involved in 11\e conltol and Inhibition or 
ga slfic acid secretion. 

H +II<+ -ATPase LUU enzyme 1u parietal cell ~ 2 cl'lu~1fi'C\I ii1'1l alpha subunit 'lJU10l i 11,000 

dal ton Li'.lulli''li1f'1'1}11m1rH'l·1~..i..i1u ATP LL'N ::: beta subunit zj..ihlf viu1~ ~'lu H + /K + -ATPase 

~rcici1u Vesicles 1u cytoplasm 'l.1'1l'1 parietal ce ll h.il'l1mrnvi1..i1u'l~ mr1:::1u vesicles h.Ji'.J 
\I 

I<+ 1iXu'Nmu~t1u 11'N::: K + 11-.il'l1mrnrhi vesicular membrane 'l~ 11~1rl'1li'.ll'l1mr:::Pi'u L~U histamine, 
' ' , 

gastrin L-il1n..iL'll 'N r.i ::: tJ~n~u1 ,X H + II<+ -ATPase LA~rciuV11u'tltj1 uu'°1L'lCU plasma membrane "u'il ..i 

secretory canaliculus 1u parietal cell vh1iX~'lUN'l'u'il'1 H + /K + -ATPase ~rcitju'1lm'll'Nl~m::: Ylu~n 
I< + vh1iXL~l.JA'l1l.Jl'l1l.J1rn1umru~rciu1iX I<+ rJ11n.if1L'll 'N 11~ ::: i'.lmrni..im01'tl rcinl.J1r.i1m'i!'Nl1m1m'Nn 
LU~tlU 'l '1~r1A1..i~01 (11alf-life) 'u'1l'1 H +II< + -ATPase ur::: l.J1cu 18 i'lLl.J'1 1rl'1lPi'lt11 ome~razole 
4'unu H +II<+ -ATPase r.i:::vh1iX parietal cell l'l 1'1..im01111ci'tlti'h..Jl~ r.iun11r.i::: i'.lmrl'l1'1..i H +II<+ -ATPase 

I • 

1m.l~m.11 
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' ,, " 
ii111rn111~'i:hlH'l'J1U1un-15fn111 gastric ulcer 'ri'4riJu1111 20, 30, <1 0 iJ~~nflJ ;~u~11rA'rJ~~'r14 3 

I " " ; " ,_, J.' I co. q, ..., I ..., i " ,_, d 
'ilU1V1 umrnL'i11'J1'ilU1~Hil1"l::m'1l41'nL'l~1U1U'ilU ;·1rn11'J1rtlU1Cil 20 lJ~~nrnm'll'lU r.i :: l01r.1~rnu~:; 7 3 vi 4 

~tlmvl LL~::f'llu~:; 8 4-9 1 ~ 8 ~tl!111v1 zj4'liJPi14r.i1n ranitidine 'ilu1111 300 il'N~ nflJITT'lliu Y1u11m 

omeprazole 'iJu101 20 iJ'N~nflJITT'iliu imn15fm11~ 2, 4 u~:; 6-8 itl011°" urJ'ilmu'lm'llu'il:: 22-21, 

69 72 Ll~:: 92-100 P11l.J~1o)u zj4cl1L~WtlU1(1ltJ1LUU 40 iJ'N~nfl.J r.i::Yi11iXLLtJ'il"11UL~l.J~ULU'ii'l4 4 ~UQ11vl 
Llvl~ 6-8 ~tJmvl '•drA'm~'liJoh4nu c11Hl'J1riJu1Ql~-ir.i::vh1iXuti~mu1~~n11 H2-receptor antagonist ~4 
u!il~ 4 ~tl0111~~u'ltl ;~u11r-J~oJ14L'U~tJr.i1n111mnurnYiuu orneprazole 20-40 ij~~nfl.J rani tidine 300 

iJ'il~nfl.J "1T'1l c imetidine 800- 1200 iJ~~nflJITT'iliu iif11Luurnn.X4,..,l.JCi1 .X4~ 4 LL~ :; 8 ~tlmv1 l~u11 
~ntrn!::LLCJ~L~nr.i::mm1'ln1111r-J'ilL"1aj nr.mu°'1L'lrn prepylorus r.i::t-11m1'ln11u°'1L'lrn body "11'1l antrum 

n15~Ul.l"1~iJr-J~lhuol'1l 111rn1EriJ'il 4LiC-J~ LIPllJC.J'NITT'1l n15 n~UL UUl mJm n cl1LUJ'ilLnQJ"l1 nn15 l i tJ1LlnU'lQJ<if 'il 

;~u111'J1dYi11iX"11dlrA'L1'l n11 rani lid ine '1l11115U'lQlr1'i'l 4'1 nr.i :: t-11m1'ln~1 IL'il:: 1 il'J1'il!1l nrn~L uul'J1n1m .. , 
1fru1'llJ'llUn11 

1unu~um~1ilmut-1~4r.i1n1115fn111o\'1u H2-receptor antagonist 1nu 2 1t1'tlu (resistant gastric 

ulcer) 1~'1l1iXu1 orneprazole 40 iJ'il~nfl.JITT'lliu 1Lr-J'ilt-11u'lrA'f'llu'il:: 96 ~ 8 ~UQ11vl w~::tT4LrAC-J'il~Lu 
5::u:;~Li'.lu resistant anastomotic ulcer . . . 

~!'I~ 1 ~ ~'°'"" .I " <f ~tt '~" 
m.mn'ilUuUL"'l.JM'il4Mtr!1lll15rn~Yl 6 IVi'ilU uj::l.J1mrnu'il:: 35 'il4 1lJ1J114~1nn~lJV1 L'i1 H2-receptor , , 

antagonist r.i:;viun~udJumn1mY~~u, ,,..,1' 1l11::urJ'NU°'1L'lrn prepylorus " " ., 
1111u~~tlci'1t-1fu gastric ulcer 1115Hl'J1dr.i::fn1111UJ'il 11~t-11dlrA'innn11 H2-receptor antagonist 

u!il'liJmmtn ll'il!:LLrJ'il n~ULUULt-1il~4\Hl 1 nu o)4\JU~40'tYh1iXr.1'ilhJi;J14nu llPl"l ::1lrA'mi~n11).J111lU resistant 

gastric ulcer zj4mr.i1uuiQJ~"l::1!1>J1HLu1m1Ll5WiJ'il4n1rfni:111rA' 
n1rHl'.l1 Omeprazole fn~1 reflux esophagi tis u~:; Zollinger-Ellison syndrome Y1u11 

't" d I • <;' •tt" ~'\I I Q I V 1" V I~ 
virJ~Qlfl'l1 H2-receptor a ntagornst lJ1n LQltrV11 L "1"11trLmnnll'l11l'il!:Lr'lll'l1 Ql'lUl111 'i1U1U'lltJll'l1Y14 

lll.J1fl!tJ11L'il!:~1U'llJflf 4oJ'iliU u!iln1rn~ULUUL ,..,,JntT4~4l.J1n Yi11 iXDi''1l4l iu1m•MJQJU zj4"l!:LUUU(\j"11l u 
" ~'lWtl'1l4F1'l1l.JU'i1'il CilJltl "l1nr.m.if14l~£Wll'il41'J1 rllU1Qll'J1~H°tJr:;~1r.i:::o1'tl4{'14n111115fn~1 peptic ulcer Dl'il4 

" t o \; \,, I I l-' 

L°'1l.JV! 40 iJ'il~ nflJvl'1liu u'il::'1l1r.;r.i::;{'l404 i20 i3~~nfl.JITT'1liu o)4ffu 2 hAw Luun~l.JYiFi'lrL°'1l.!Hmuluumllrn " , 
'l

\; d I c;f 
9:; V1rJ~(1lfl'l11'J1'1lU 1 . , 

t.I ~ d ~ ,, \J'l ' I d '1 I \.' 
tJ'il r~141F1U4rtl'iNtl1YlYlQJ'i1'1l4 L 'ill.J101'i1'1l!1l"1"'11U ).JYlUlllil 11011491nl'J1'1ll! 1 L tJll~l.Jtl1'ilCilll11M14111!1l 

ll'il::'liJ!il14r.i1n1115Hl'J1t-1'il'1ln c11Hm1m::ud\1li..lLnu 8 tltlmi-1 ~wu'lrA'un m1115~(1li..11'llu1Qlvl'll4 tJ5:::l.J1ru 
' 

f'i'lu'il:: 1 o fl~u't'i\'mL:'.luu f'ilu'il:: s U'lQJPir~:; i''llu'N::: 4 r1'il4iin, r1'll4L~tJ "11'il ~tJmlu f'1lu11:; 3 m~u 
I \I I I 

" #:ld \; '1 I I • !5"1 \I o ..., 1" ~ .tJ .,.. 
mu~:; 1 ll 'il!:l.Jr.iurntr'il :: o.s 11111 lJ'r~U'l1"l1LuU!ll'll4\ol~QltJ1 ~1"1rnr~'ilr.i1nn15 'i1u15::;u:;u1u 1 ~,rnn~'l 
fi'il n1rLnQJ ca rcinoid turnrn Lunr:::Lm::'1l1"115 ll~::iJr~Lm411"l!:L nQ11J!:L14~1Lil1"1C\) L~'ll 4"11nn1nvil.J 
L ~'illLUAYiL'1u ll'il::~15 nit rosamin "l1flr.J'il'J'il4n1rnQJnrn1l1ci'1lu1um::L i'n::m\.111 u!iltT4'tili':lnm1u~4 
~n~'lriu i':lrrvt(1l'il'il4Hl'J1tl1u~n~rn::!il1-ir.i1rn~l.J 1rnu1iXLYiu4~tlm~'il:: 3 i uL'iwn ::iufllnf-mYimu Yiu11 

\I , ,, .,,, 
'lv1r-J'il~l 'llw~mnu 1l~ :: ilrJ'il<if1 -i1i'iu4\J'lltJ'il4 l'J1WE14hlmi:::1!11 ~1-ill rn~n \llt1j4YiP14f'lm1 ll'il:: ri1~41 iX,mi.i1115 



1~mm..J omeprazole tT..id'.Jmn~'llu-il1..i1 tuJ n1rPi~1rm.ir.i2l-il1..i1~u..i~himH~tT..i~1Li'.Ju lii..iJu , 
1"~1mL~..i~..irT..i1ii1Lu:;u11m1dJum"1-fi'n1umrfm~1 gastric ulcer IL~:; duodenal ulcer umt)u1unu 

~Lii1"1 tJ"l1nn1rHmvT'ltu 1L~mtl1Lu:;iJ1H'l-illunu reflux esophagitis u~:; Zollinger-Ellison 

.. 1" '°' syndrome 'iM ~r.m~ 
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Colloidal Bismuth Subcitrate 
Colloidal bismuth subcitrate (CBS) LUU complex bismuth salt 'll'il-3 citric acid ;j~uirn'M 

Ll'l;j1'1 Bix (OH)y (C6H50 7)z zj-l;j~1J1nrn1m-l~r1-l'lvi'V1111uiu1Luu 1u~'lu~11::1nu10'i'1un11 Tripotassium 

dicitrato bismuthate (TDB) Li'.Juu1~ITT1'391n bismuth sal t ~u 11u1L~mrn::111uJ11~>J1n chatj 
1um'l::m"1 (pH < 5) ol'ltl19::111nlil::n'ilU zj-3jUT1'39::11U1nITT1'3nUU11lJ pH LL1l::vh1iXl>l'lLzj'illJ bismuth nu 

" 
citrate V1M191nnu vh1iX1n!ll~1jhuJ~'lJ.i11::111mi'.Ju bismuth oxychloride ll'Cl:: bismuth ci trate Luu , 
~1iui::n'ilrn~n 1'-''N1U'i!U"11u4'unuttJiP11m°1L'lcu11~1'N11'N::rnu1ur.J'N1um::1 vn::'il1V11m'N::1h1~1~n 11vi 

1 um'l::til1'3'Vlj'iln'N1-l9::'ilt.l1u~111Y1 colloid suspension inl'.fcu::tn 1 UU9"ltTu1i'.Ju1ii"1n'N>J~'iJ1'l1l'l~'ilU " , 
1J1U111l ;j.,¥'3'i!U1J1n~U1L'N::l~U'l1lvi' 1uoi'ltl1UT::n'ilUvl'ltlol'ltl1 CBS 300 i'.i'N~nf>J zj-3;j~J'Nlvl1llU 120 

il11~ nf>J 'il'tN Bi20 3 111l::~'lm1~>J11Xt11'1lciP1'l 438 il11~nf>J 1uITT1-3tJj::LYlPl;j'~UvnJ1 zj-3;joT'lt11 120 
" 

il11~nf>J 1 u 5 :n.:n. 11ITT1J.i;j~1V11l1t11 utJi:;1 YlPllYltJ 
I • d ~ t,.. ...., 4 I 1" V ~ ~ I J 1 " 

n'CllJ bismuth salt )Jr.J L'ilrn'11'il1n1j'i)!Jl LLlJUYl'il-3 IL'N::Yl'il-ll~tl lJ1Ul-31LlllPIUl'lTnrn 18 LL'N::Ll'ltl 'ii , " 
fni11L~'il syphilis uvimitl1>J1Hffni11 peptic 11lcer 'ilci1-39T-34°-31u'ii'l-3 10 utl zj-3l~u111vi'r.J11~1J.i11~n~>J .. 
tl1'ilU 1 

.... I ~ .::... o 1"'4 ~ :... 4 "' t119::11111nU1'lLL'N::m:;91u'ilt1U11lJ'r'lUr.J'lm::1vn::11'N::in ~Ln'ilUYl-3'VllJ1J11l1tJ1u 1-2 'il'l L>J-3 11'il::"l::nn1J11J1'lllJL'IJ1 
" " " ~m:;11~1~'1l1J1U'ilrn..nn j:;v1ut111um::11~1~'1l"1"l::~-3~!il1111::A-l~1u'ii'l-l 4 ~tJmt-1 V1i-lH't11 u11::iJnr.i::M'lJ.i1nu 

\I \I , \I 

50 
1

l>J 1.mnf>JITT'il~Ulj 1"1u~'lu1V1ajm9:;1u'iltjuri'lcu1ui ;j~'lu1!'1lt1~'lu'il.tjur1'lculilu ~11~ V1aj11'N::~>J'il-3 
d <I q.,. 1 .. ~ 1 .<f ~ _J 1 Id <I ~ .<f 

'l-l'l!'r~AN'l!'llll um:;u~L'N'il!ll = 5.2 'lU ll'N:: uu~~1'l:: = 4.5 'lU tl141'lU 'VIC\JYl~n~Vl'l!>Jr.i:;~n'iJU'il'ilnY11..iu~~1'l:: . " ,, 
~-lillmnm1m!'1lu~unuuvi11::1'lu oi-3LIITT 17-11 o l>J 1mnf >Jvi'il~m u'N::"l::·Jm!'ilt11l-.lYln1'utJ1::>J1cu1'ilu11:; , 
2.6 vl'cliu vh 1 iXt11V1lJVlr.i1nr1'3n1t1'Vli-l'Vltl"1 Ht11tJ1::>J1cu 8 ~tJmt-1 , 

~Ylf tn~'ii'lu1 \Jn1jfnl'.f1LIC~1l tli:; n'ilUvl'ltl'Vl'Cl1ticl'lu v1-3d 

l. m::oi'umrn11-l endogenous prostaglandin zj-3~unmu1vit1111'il::i:;u::1'l'Cl1~Ht11 vh1iXi'J , 
prostaglandin UTL'lcum:;wn:;mn~u L1J1UL'il'r~1:; prostaglandin E2 1~'1lU'il-lnwd'il1~'1l91nn1ni11l1u 

Clo. I ci. I •, 4 d I 

'il'il-3~1i~11 L'i!U Yili~j1 LL'N ::tnn~>J aspirin V1rn111'l::1mt1vi011'31 

2. m ::oiumrn11'3 mucosal bicarbonate "t!llmhu'Vlr'il'lilr.humrn~ :;oiu prostaglandin ii1~ , , ' 

3. m::oi'umrnr1'3 mucus glycoprotein n-«1mi'.Ju mucus-bismulh complex barrier L~lJ , ~ 

l'l'l1>J'VIU1'u'1l-3 enterocyte glycocalyx U'il-lnumit!mJn~U'lJ'il-lnrntl1ci'1lt1 (H +) 



4. ¥"1vim1Y11~1U'll'1l~ pepsin r.nnn11~m11t11nP1ri4'unu1i.J10iuu°jL'HU1Lr-m 11¥"1~U'il~numrn1~Ulu , 
ru'1l~ pepsinogen Y111\X¥"1V1Pl'ln1~Ullmm~ , 

5. 9unu bile salt 1~'1lU'1l~nuhJ11Xli.JY11¥"11m1r~¥"1 
6 . il~'i'IL'l-1i'.l'ilum1Yi1~1u'il'1l~ epidermal growth fac tor (EGF) 1viu1iJVJnrn11Hvi111iJu~Vlitn 

1viulilN ~yj1\,l\J1~1'l~1U EGF l-11'1l 1viuP1ritnm~~u EGF 

7. il~Vlt~.hL1uP1YiL'1u (bactericidal) Helicobacter pylori ~~L~'il11Li'.lu~1m~Y111\X1iiviu~'tl 
1um~m1~LL"1~~1L~L~n Pi'ritnr.i~1~.rumrnf1~1J1cl'ilu lipases, phospholipase, protease, glycosi­

dases r.i1m1uP1Yi1'1u 11'tl~U'il~numnm~~V1'il'il~11uP1Yi11unrn d'1lL~'1l m~L vn~ vh 1 \Xur~~m1u1i;i'11'lLL'tl~ niu 

1i'.lu1m.Jw11u 

virim1>.lil~Vlivi1"11unrnmi'.lm! antacid zj~L\,li'.l11uLn~'il bismuth ~u 1 um.ru bismuth subcar-

1 Id 6' V Cl • I 1" .x V • 1 "'°' bonate LL'tl~ ).JlJ~Vlfi'tlV1n11~n~mvi1\'11J'1lU H2-receptor antagonist Uliln11 ·nmu1L'tl'l\,l~Vltn"l~Vl1 \,llJ 

mrnf1~nrnJ1cimn~lJ~u LL'tl~r.i~n~u~mri~i.JnUi'l-li~'l-l~vim-D1n11r~'tlr.i1nn111-Dm cimetidine 

mrnvi'tl11~Htn CBS r.iuei~ur.ir.iuu1un11fm~n duodenal ulcer LL'tl~ gastric ulcer ilmnlJ1u , 
~~~1murnYiuunuml-1'l'l'iln 11'tl~tn~u 1 nlJ~~mrnirni'.luur.J'tll\,l>.l l-1i~r.i1nfmt1r.iuur.J¥il-11m1iriuuliluC\Jm 
1 umrnvi'tl11~u1~ L d'il~r.i1nP1rimi'.1n~1m'tl~rn~1>.l~ vh 1 \Xl~utii1 u'tl~rJuriu~1-Dmdr.i~ cl1u~r.ir.i11~1iJu~~1 
zj~Yi11\X1mnr.i1nm~u1i;l 

m1fmn duodenal ulcer 1viui.JnP11~H''ilmvitnd'il'tl~ 120 ii'l'l~nflJ iim~ 4 l'lf~ (n11w111\.111 
" I I I 

d I I 'l \I d\.' d c.--.. I .. \I cl x .. I ' ct q I 
3 lJ'il LL'l'l~n'ilUU11U) YIU'l1 V1r.J'tl\'11UVl1'1'JU'tl~ 58-93 Vl 4 ~uVl1\.I IL'N~1'1lU'tl~ 85-94 Vl 8 'l'IUVl1\'1 'i1~Vln'l1n11 

Htnl-1'tl'iln IL'tl~m antac id LL'N~1i;lr~'tl1iJuti1nul1~r.i1n H2-receptor antagonist LL'tl~u1~nm~u111i;lr~'tl 

~n11 sucralfate uulr~'tln1iJmlu11u 1rlmtl~uu~fiHmLiJud11'tl~ 240 ii'l'l~nflJ iim~ 2 l'lf~ n'ilumm1 

L'd1-LUU \'IU111i;l~'l'l1un11fm:111>.l111ilnul1~nu ~ 4 ~tlm~ n11Htniu'N~ 2 d'ilmUr11U'tl~ 72 ru r;u~~H 
4 d11 \.11Ur'ilU'tl~ 67 IL'tl~~ 8 ~UVl1~ \'11Ur'ilU'tl~ 92 IL'tl~ 81 tJ111J~1~tJ zj~u1~nu~1uv1u11m1Htn 
4 d'il mumnn11 2 d'il (1'11 u'tl~ 45 ul11 70 ~ i1 ~um~) 11'tl~'JJ1L~11 Helicobacter pylori 1i;llJ1nn11 

" ti I " 

1viu'tlviL~'ilr.i1nf11u'l'l~ 85 Ll-1~'il 21 1um1Hu1 " i'.111 11PiLi'.l'il H 2 i'.111 l'lu11'l'lV1W'ilUlJ1n r.i1nf11u'tl~ 88 

Ll-1~'1l 56 zj~iJr~~Pi'ilmrnirniJu1l-1>.l't1'il~ur~'tl ilm1Hmdi'l1Jnu cimelidine Yiu1111J1i;l~riu1\Xu~J'tll-11UlJ1n 
~U n11\,11U'tl'1l ~Uf~'tl LiJUlil nui1~ nu l Un~lJ~~tJLL~~ L>J~UU\.l~"l1nn11 l itnd 

. , \I '\J , 

1unrn1~LUULH~'l'lfmn'l>.lmu1u 8 ~tlV11~ 11lriu H2-receptor antagonist zj~L1un11 resistant 

duodenal ulcer L~'1lfnl!l1rd1i;lriutn H2-receptor antagonist Pl'll~lJLYiuunumd ~u11u1d111lr~'tll-11U 
1J1nn11 1rl11LYiuunu~ 4 ~UVl1~ Htnd\.11ufou'tl~ 82-85 ~'lU cimetidine mur'ilU'tl~ 40 Lrl'1lei~ 8 

. " . ~tJV11tf1-ilt11d\'11Ur'ilU'tl~ 94 11!Jl c imtidine \'11Ur'ilU'tl~ 65-75 

tDlilnn11niULUUll-1>.l't1'1l ~IL~'tll-1i~r.i1n\'11rnL~'l 1 I '°'1 " d V I I .:At V 
IL'tl~\.l~VIU1 Un'i'U.JVl 'lltnUU'1lUn'l1n'tllJVl 'll i , 

Hr receptor antagonists 1J1n 1viun1rniULiJuht>.l1u l tJ l-1i~Hmuf'ilu'tl~ 39-76 uulr.i1nn~lJ 

H2-receptor antagonists r'ilU11~ 60-1 oo iJrJ-tl'il~Hmd 120 ii~~nflJrl'1lUU'1lU\.l~~ur.J~\.11m'ltJ11~Vln11 
n i UL iJu 1 mJ'l ol 

1um1fmn gastric ulcer oi'riu'iJU1Vltnd'il'tl~ 120 ii'l'l~nflJ iu'l'l~ 4 d'il v1u111i;lm'lr'ilU'tl~ 55-
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cl I • ~ .q I~,, ~I I I 

11'1'1:;~m1m antacid Yl~llc.J'i'IUWlru body 11'1'1:; prepylorus 11'1'1:;'t1U'l11~r.J'i'I 1lJ1W1nli11~r.i1nn~ir H2-receptor 

antagonists i'.in11H1murnYiuu sucralfate 11'1'1:; pirenzepine viu111v1~1'i'l~n11 11oi111i1noi1~nu'1lt.h-3 

hli'.il1tl~1flt\) 

i'.i~Y1~'i'l'1l-3Hmtl1m1U1~t11 240 ii'l'l~nfi.J 1'u'i'I:; 2 d'il Yiu111v1r.i'l'lhlulilnoi1~nu ranitidine 150 
... 

Q Clt. .... .... d 

tr-Ni'lnrn 'lu-N:; 2 tr'il 

llr.J-Nniu1i'.JuhnJlun~i.J~HmdYiu11lJ'ilt1n11n~i.J~fnli1v1'lt1 Hr receptor antagonist 11'1'1:; 

U'ilt1n11n1rnirni'.Ju11r~'l'lhnJlurri'hu duodenal ulcer l1ULl~J'i'11i'.Ju1\nJ~ 6 l~'ilu '\.-li~'\.-lu~Hmdf'ilm~:; " , 
22 1Yiuunun~i.JH't11 ranitidine 1i'.Ju1'\.-l>Jf'ilt1i'!:; 55 

i'.in11Hmtlfnli1hfltu t~rn~\'i1:;1un~i.J~~111i'.Juhfl~1n~r.i1m~'il Helicobacter pylori 1-rlu 

gastritis ui'!:; non-ulcer dyspepsia 't'1u111v1r~-N~n11n11H H2-receptor antagonists 1um1n1{~1~'il 
11'1'1:;11n'il1m1 11oir.i :;~i.J1n~uirl'il Hmd~numtlfi~'lu:;tu 1-rlu amoxycillin '\.-11'1l tinidazole 11'1'1:;'t1u11vi1 

1lXmrn~uAu1 '\.-l>l'll'il~ hfllJ'ilU-N~v1'lrn 'llunu 

md~1ir11nu'il~nu1d'il1~'ilm:;1m:; nnvi1'1'11t11~umuntl'l~i'il1~ 1rl'il1muu1Yiuunum~-N'ilm1u 
" 11~1i.J1rnu'il~nu1oo~f'ilu'l'I:; 5o ~ 4 ~tl~rnf '\.-l~-3H'u1 t~urJ-Nr.i1nm1~m~1i.J1rnnirn~i.Jnu mucus , 

1i'.Ju~11tl1:;n'ilrnfliilfl~'ilU~'lm:;1m:; 11-N:;Pi''lt11~1i.J1rnm:;~\m1rnf1'3 endogenous prostaglandin 
I I " I 

L Yi'il'illi11 'l!U~'lUVi'\.-11U1tlr.i1n U1LIOU'l~i'1l U'il nr.i1nt1r.i1 nr~-NYiu1~1i.J11 Cli'l~lllJ1CU IL-N:; n 11vi1~1U'll'il~ 

pepsin ui'!:;m{rni'lnu EGF 1~i.Jn1rnf1~PT'l 1'\.-li.J'IJ'il'311rJ-N1 l¥'\.-11rnr'l;u 
,, "" 1" .J ~ 'i' .:. ~ .. J' " J ~ ' r.J~'IJ1'31flt1~r.i1nm1 'l!t11ulun1nmn 1rnY1'l 1tl 1n~'llUU'ilt1i.J1n 'll-31i.Joi1'3r.i1nmn~i.J1lu '\.-11'il 

t11'\.-li'l'ilnuoir.i:;n'ilut\Jm1i'il-3YTu~h '\.-11'1l'ilr.ir.i11:;~1 r.i1n~'ll'il~ bismuth sulphide ~'3'il1r.ivi1ll¥rri'hrn.U1lr.ir1~ , " . 
11i'.iucy'\.-111~'il~'1l'ilnr.i1m1c.i-N 1 um:;1.,:n:;'\.-11'il~11~ uoii nttrn:;~r.ir.i11:;~~1r.i1nmr.i:; 1i.J1 '\.-1-N'llL'i'I~ n~u1i.J1 '\.-liiu 

d 4 "' d cl '°' ~\.I I cl tl cl "' cl 4 ~,, d 
fl1'll'\.-li.J'ilU"l1nL'N'il~ 'il1n11'd1~1flU-3YIYiU11U-31UU1~ L~lln 'il1n1rnu11i'1:; 'l~f'ljtt:; Yl'il-31~U fl'i'IU l~ 'il119UU 

1i'.Ju~u11~m m~11ui'.irJ'i'll~'il~11~~~'\.-lu1~PTu~~tlnPi 1111hJnr.i:;mrni'.JutlnPi'\.-1~'3'\.-IU~t11 mr.ii'.im1i.J1<ili.Jiu , 
" .. ..r I ~ ~ </ d 1 .. J' o 1" ~ </ .. ~ 'IJ'il-3 LlJ~l'i'l'il~llUl-3~'3'11U fl1 L'lli.JU cholesterol IL-N:; 1tl1111u Ul'i'l'il~~'3'llU IL'l'l:;mr.im '\.-lfl'l1lJ~U L 'i'l '\.-11Jl'N ~IJ11'N~ 

1~mJ'ilU l1u11m1HmdPi~oi'1lnuu1u 1 mr.ii'.irJ-Noi'il~t1'1'l~vi11lX1n~111'l:;~ir'il'3l~'iltr (encephalopathy) 

11-N:;r.i:;Pl'il-3L1't11'1l U1~1:;JJ~1 :;1'-31 wru'lU hfl 1111 
" m111u1dYif'1'li.Jnu~1~u mr.ivi11 l¥-N~n17~~~i.Jmtu 1n'i'l~r.i1nmd1tl4'uPi'lmtu1v1 1 'llu tel racy-

cl i ne, iron, calcium Pi''lt11Ul'il~'1l1r.inn4'uPT'l 1uiu'1l1m1 '\.-11'1l antacid vi11lX'lviit11lJ'1lt1-N~ "1'~llu~~hlfl'l7 
" ... 

1l¥'1'l1'\.-11rn1'1l antacid 111u1u Jo U1Yi n'ilu'\.-11'ilmT~m11l¥mt111nrru'lu 
" mdu~ 1i.Ji'.i-ll'1'lYi~r.il111r.i:;~1mrnvi11lX1n~1i'.Juir:;11~1 \J/11tl~i~ 11oinu~1i.J11 u:;\i11 m .n1 urr~ ni~i'.i " " ·~ 

t~uMtlu1 CBS ~1t11rnHfnli1 duodenal ulcer 11'1'1:; gastric ulcer 1~1-du1~mnut111lm~ir , , 
H2-receptor antagonist 11oir.i:;'ll'lt1U'il-3nu11rJ'i'ln~rni'.Ju1 '\.-li.J1v1i.J1nn11 tuirn~m:; 1 un~i.J~i'.i1~'il Helico­

bacter pylori 11'1'1:;r.i:;~~i'.ic.ii>1~ir1n;u1un11n14'~1~'il bacteria 1rl'i'lH~numtlfi~'lu:;~n 2 'ilU1~ 1v111n 

metronidazole ll'I'!:; amoxyc illin '\.-11'il tetracycline ~-31'1un11 triple therapy 

.. 
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Age-related Changes in 5-HT2 Serotonin 
Receptor on Human Platelets 

Chanchira Limthavon1, Anan Srikiatkhachorn1, 2, 

Naiphinich Kotchabhakdi1 and Piyarat Govitrapong1 

1 Neu ro and Behaviou ral Biology Center, Institute of Science 
and Technology for Development, Mahidol University at 

Salaya, Nakornpathom 73170, Thailand, and 2 Neurology Clinic Unit, 
Chulalongkorn Universi ty Hospital, Bangkok, Thailand. 

Numerous studies suggest that serotonergic nervous system may 
be involved in the neurophysiological processes in age-related learning and 
memory. A reduction in biochemical markers of serotonergic synapses also 
has been reported. Besides the central nervous system, 5-hydroxytryptamine 
(5-HT) is also found in blood platelets. Platelets and serotonergic nerve 
endings share many morphological, biochemical and pharmacological 
characteristics. The present experiment is performed by using platelet as 
a model for 5-HT neuron activity. By using radioligand binding technique, 
5-HT2 serotonin receptor subtype has been identified and characterized 
in human platelet membrane. [3HJ-spiperone in various concentrations (0.2-
10 nM) used as radio/igand whereas ketanserin, a selective 5-HT2 serotonin 
antagonist was used to determine the non-specific binding. The association 
binding was reached to equilibrium within 30 min and remained constant 
for at least two hr. The saturation experiment revealed a single binding site 
with a dissociation equilibrium constant (J<d) of 3.41±0.95 nM and a receptor 
density (Bmax) of 86.59 ± 9.09 f mol/mg protein. Several drugs were used 
to compete with [3HJ-spiperone binding having the descending order of 
potency: ritanseriroprazosin >pipamperone >pirenperone >ketanserin >spipe­
rone > methysergide > chlorpromazine > haloperidol > sulpiride >serotonin> imi­
pramine. The results indicate that human platelets contain 5-HT2 serotonin 
receptor binding. The Bmax value of the elderly is significantly reduced 
when compared with young adult subjects (39.96 ± 5.42 f mol/mg protein, 
86.59 ± 9.09 f mollmg protein, respectively), whereas the J<d value is non­
significant different between these two groups, elderly healthy and young 
adult subjects, (2.84 ± 0.48 and 3.41±0.95 nM respectively). 
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5-Hydroxytryptamine ( 5-HT ) is present in many neurons , 
including cells located in brain stem, and project to most parts of 
the mammalian forebrain and spinal .cord (1 ). The existence of such 
neuronal network is reflected by the numerous studies which 
implicate involvement of 5-HT in diverse physiological and 
behavioral processes such as nociception (2) ingestion (3) sleep (4 ), 
cardiovascular regulation ( 5), and sexual behavior (2). Abnormal 
serotonergic function has been linked to certain disease states 
including depression (6), schizophrenia (7), and migraine (8-9). In 
addhion, numerous studies also suggest that serotonergic nervous 
system may be involved in the neurophysiological processes in age­
related learning and memory (10). The existence of multiple 5-HT 
binding sites, with some types located in brain regions related in 
learning and memory have been implicated (1 O). A reduction in 
biochemical markers of the serotonergic synapse, including 5-HT 
uptake (11 ), the maximal number of 5-HT binding sites and the 
increase in 5-HT turnover also have been reported to be associated 
with the age-related processes (12). However, the reported changes 
in the serotonergic nervous system in terms of the cause or 
treatment of the cognitive deterioration associated with certain 
age-related neurodegenerative disorders is not known. The major 
reason for this, is due to the past inconsistences observed at the 
animal level and the biochemical studies in human nervous system 
have certain limitation. 

Besides the central nervous system, 5-HT is also found rn many 
other tissues, eg . blood platelets, mast cells and the 
enterochromaffin cell of the gut. Almost all circulating 5-HT is 
contained within platelets (13), mostly in specialized storage 
granules. It is believed that the main sources of the amine are the 
enterchromaffin cells of the gut (14).The platelet and 5-HT can · 

interact in several ways : 1. Storage of the amine, within organelles 
as well as the cytoplasm (15) . 2. Uptake, by passive diffusion and 
more importantly by a specific active uptake process effective 
considerable concentration gradients(16) . 3. Release, probably 
mainly by exocytosis in vivo . 4. 5-HT-induced platelet shape change 



and aggregation , the latter usually accompanied by the release of 5-
HT , probably by exocytosis, artd also of other cell constituents such 
as ATP, beta-thromboglobulin, and preceded by a change in cell shape 
from flattened discoid form a spherical one , with pseudopodia 
formation (17). 

Platelets and serotonergic nerve endings share many 
morphological, biochemical and pharmacological characteristic ( 
9, 18-22).Similarities of importance functions such as the 
accumulation and storage of serotonin and the stimilus response 
mediated release of biologically active substance like serotonin, 
catecholamines and prostaglandins.Their respective cell membranes 
contain similar supplies of receptors ( alpha2 ,beta2, 5-HT2 ) and 
specific imipramine binding sites (22). Both cell types also have 
lipid metabolizing systems and the intracellular mediates of 
secretion involve Ca2+ and metabolistes of the phosphatidylinositol, 
phosphate cycle and the prostanoid pathways, enzymes which are 
common in both cells, such as monoamine oxidase (MAO), gamma 
aminobutyric acid ( GABA ) aminotransferase and neuron-specific 
enolase (NSE ) . Moreover a common origin of platelets and 
serotonergic neuron from the embryonic has been suggested (18). 
From the accumulated knowledge in the field has led to suggest that 
biogenic amine functions of platelet closely resemble those of 
serotonergic neurons (9). The present experiment is performed by 
using platelet as a model for 5-HT neuron activity. The [3H ]­
spiperone binding to platelet membrane has been identified and 
characterized and the receptor sites in young and elderly healthy 
subjects are compared. 

MATERIALS AND METHODS 

Radiollgands and Chemicals 

( Phenyl-4 3 H ]- spiperone ( specific activity 27 .5 Ci/mmol ) 
was purchased from Amersham International pie. 

(Amercham,U.K).Ketanserin, pipamperone, and ritanserin were gift 
from Janssen Research Foundation ( Bierse, Belgium). Sulpiride was 
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purchased from Delagrange ( Paris ) .Pirenperone was a gift from 
Sandoz ( Bassel Switzerland ). Serotonin, chlorpromazine, 
imipramine were purchased from Sigma ( St. Louis, MO) .Prazosin 
was purchased from Pfizer, Inc. Groton, Conn.All other chemicals 
and reagents were the purest commercially available grade, 
purchased mainly from Sigma ( St. Louis, U.S.A. ) , E. Merck ( 
Darmstadt.Germany ) and May & Baker Ltd. (Dagenham, U.K.). All 
solutions containing the drugs were freshly prepared for each 

experiment. 

Subjects 

The young adult subject age was 27.67 ±.2.34 years and the 
elderly subjects was 72.86±.1.82 years. They all were drug-free and 
had no history of medical or neurological illness . 

. 
Platelet membrane preparation 

Blood (10-20 ml ) was taken from the antecubital vein with a 
19-gauze needle into plastic syringes and transferred into plastic 
tubes containing with 0.38% (final concentration) sodium citrate as 
anticoagulant. Whole blood was centrifuged at 200xg for 10 min, the 
resultant platelet-rich plasma (PAP) was obtained. A 100 µ I of PRP 

sample was taken for a platelet count and the number of aggregation 
by using phase-contrast light microscope. PAP preparations were 
then mixed with half of their original volume of a hypotonic medium 
( 5 mM Tris HCI, pH 7.5 ) and homogenized for 15 sec with a tissue 
homogenizer (Ultra Turrax T25). setting at 13,500 /min . This 

suspension was centrifuged at 12,000 x g for 10 min in a 
refrigerated centrifuge (HITACHI, SCR 208 ) . The supernatant was 
decanted and the membrane pellet was resuspended in 20 volumes of 
ice cold, 50 mM Tris HCI, pH 7.5 and homogenized. The process was 
repeated twice with 50 mM Tris HCI ( pH 7 .5) for washing the 
membrane pellet. The membrane pellet was then resuspended into 
the incubation buffer (containing NaCl 120 mM; MgCl2 1 m M, a nd 

CaC l2 2mM in 50 mM Tris HCI buffer pH 7.5) to form the final 
membrane suspension for binding studies. 

.. 



Radlo/lgand binding assay for serotonin receptor 

The freshly prepared platelet membranes were used for the 5-
HT serotonin receptor binding according to the method of 
Govitrapong (23); Macbride (24); and Biegon (25) with some 
modification. Membranes were resuspended in 20 volumes of ice cold 
50 mM Tris HCI salt buffer ( pH 7.5 ) containing; NaCl 120 mM; KCI 5 
mM; CaCl2 2mM; MgCl2 1mM and homogenized for 15 sec with a 
tissue homogenizer ( Ultra Turrax T25 ) setting at 13,500 I min. 

Since the specific (
3 

H]-spiperone binding increases linearly as a 
function of tissue protein concentration between 0.02-1.0 mg/ml, 
all binding assays were carried out by using sufficient membrane 
preparation to provide concentration between 0.1-0.35 mg/ml. 
Assays were performed by the addition of 400 µI platelet membrane 

suspension into glass tubes which containing 50 µI incubation buffer 
with or without appropriate drug in buffer. The reactions were 

started by adding 50 µI of (
3 

H]-spiperone to give a final 
concentration of 0.5 nM in final incubation volume of 0.5 ml. 
Ketanserin ( 10 µM ) was chosen for the displacing agent to define 

non-specific binding. The assay mixtures were incubated at 37°C for 
30 min; during which time binding equilibrium was reached. The 
reaction was terminated by rapid filtration through Whatman GF/C 

filters were washed twice with 3 ml of ice cold 50 mM Tris HCI 
salt buffer ( pH 7.5 ). Receptor-bound radioactive which was trapped 
on the filters was counted in 5 ml scintillation fluid containing of 
Triton X 100/ toluene base fluor (1 :3 ) by scintillation counter. The 
counting efficiency for tritium was approximately 45%. Specific 

(
3 

H]-spiperone binding was accounted for 40-60 % of the total 
binding. 

Determination of protein 

The concentration of protein was determined according to the 
technique of Lowry (26) using bovine serum albumin as a standard. 
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Analysis of data 

Saturation curve were initially analyzed by the method of 
Scatchard,plotting bound/free (B/F) versus bound (B) and finally 
analyzed by the nonlinear least-squared regression analysis 
computer programs, Enzfitter (27) and LIGAND (28) equilibrium 
constant ( Kd ) and the maximum number of binding sites (Bmax ) 
were obtained. 

The data are expressed as mean.±,SEM derived from experiments 
indicated. Statistical evaluation of the results was performed using 
the student's t-test. 

RESULTS 

Time course of (3H]-spiperone binding to human platelet 
membrane 

The time course of [3H)-spiperone association to the human 
platelet membranes is presented in Fig. 1.. The binding was 
performed at 370 C using 2 nM [3H]-spiperone and 10 µM ketanserin 

was used to determine the nonspecific binding. Under this condition, 
the specific binding reached equilibrium within 30 min and remained 
stable for at least 2 hrs. For the routine studies, the incubation time 
was maintained at 30 min. 

Pharmacological characteristics of [3HJ-spiperone bindin(I 
to human platelet membrane 

To obtain information as to the subtype of serotonin binding 
site in this study, the ability of a number of compounds to compete 
for [3H]-spiperone binding on human platelet membrane was studied. 
The ability of compounds that displaced the specific binding was 
examined and their potencies expressed as percent values. The 
concentration of inhibitors which inhibit the specific binding of 
[3H]-spiperone was shown in Table 1. The serotonin antagonists, 
known to have a high affinity for 5-HT serotonin receptor sites such 
as ritanserin, pirenperone and pipamperone were shown to be the 
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most potent inhibitors which serotonin was the least potent 
inhibitor of [3H]-spiperone binding on human platelet membrane. The 
sequence of potency order is ritanserin > prazosin > pipamperone > 
pirenperone > ketanserin > spiperone > methysergide > 
chlorpromazine > haloperidol > sulpiride > serotonin > imipramine. 

Saturation studies on human platelet membrane 

The saturation of [3H]-spiperone binding on human platelet 
membrane was examined at 37oc by incubating the membrane 
suspension with [3H]-spiperone at concentrations ranging from 0.2-

30 
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Flg.1. Time course of the specific [3HJ-spiperone binding to human 
platelet membranes. [3H]-spiperone (2nM) binding was studied as 
described in the section of " Materials and Methods " for varying 
peroids of time from 0-120 min at 37°C. The data were obtained 
from 4 sets of experiments, each of which was performed in 
triplicate. 
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1 O nM, along with 10 µ M of ketanserin to account for non-specific 
binding. Analysis of the data by Scatchard plot and fitted the data by 
LIGAND (28) and Enzfitter (27) the non-linear least squares 
regression analysis programs, it indicates the presence of single 
binding site. 

The saturation curve and Scatchard analysis of [3H]-spiperone 
binding on human platelet membranes. The comparison of the 
receptor density ( Bmax) and dissociation equilibrium constant ( Kd ) 
on platelet membrane in young healthy adult and healthy elderly 
subjects were shown in Fig . 2. The average Kd values of the young 
adult and the elderly groups were 3.41±..0.95 and 2.84±..0.48 nM 
respectively and the Bmax values of the young adult and elderly 
groups were 86.59±..9 .09, and 39.96±..5.42 f mol/mg protein 
respectively ( Fig. 3. ). 

Table 1. Inhibition of [3HJ-splperone binding to human platelet membrane 
by several serotonin related compounds. 

Compounds % of displacement 

Ketanserln 84.29 Chlorpromazine 00.23 

Methysergide 61.82 Haloperldol 5.5.00 

Ritanserln 100.00 Sulpilide 00.00 

Pirenperone 85.44 Imlpramlne 12.53 

Pipamperone 00.95 Pra.zosin 95.00 

Splperone 71.37 Serotonin 20.~ 

(3H)-splperone ( 2nM ) binding was studied as described in "Material and 
Methods" In the presence of 10 µM of different serotonin r elated compounds. 
100 % of competition was defined by 10 ~LM of ritanserln, the highest affinity 
substance. 
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Fig. 2. Saturation curve and Scatchard analysis ( in the inset ) of 
[3H]-spiperone binding on platelet membrane of one individual from 
the young healthy ( upper panel ) and the elderly healthy ( lower 
panel ) groups. The binding was carried out in 0.2-10 nM of [3H] ­
spiperone. The plots which were obtained from triplicate 
determinations, rtpresented the specific binding of [3H] -spiperone , 
the data were analysed by using LIGAND computer program and the 
line of the best fit was derived from Enzfitter computer program. 
The results of the experiments were shown and provided Kd values 
of 2.60and 2.38 nM and Bmax vaules of 78.57 and 35. 77 fmol I mg 
protein in the upper and lower panels respectively. 
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Fig. 3. Comparison of dissociation equilibrium constant ( Kd ) and 
the maximal number of receptor ( Bmax ) values of the young and 
elderly healthy groups. The mean values of Kd and Bmax were shown 
in the upper and lower panels of the figure respectively. The Kd and 
Bmax values were obtained from the saturation experiments.The 
data were obtained from 6-10 subjects in ~ach group. 

DISCUSSION. 

Identification of serotonin binding s ites on human 
plate lets 

The presence of 5-HT 2 serotonin receptor sites on the human 
platelets membrane has demonstrated by using [3H]-spiperone as 
radioligand. This experiment revealed that only one binding site with 
a Kd of 3.41±.0.95 nM and a Bmax of 86.59±.9.09 f mol/mg protein. 
[3H]-spiperone also labeled serotonin recognition sites in additiol'1 to 
02 dopamine receptor (29). Peroutka and Snyder (30) concluded that 
at least two distinct serotonin membrane recognition sites are 
present in the central nervous system . The sites labeled by [3H]-5-
HT were designated "5-HT1 . receptor" and those labelled by [3H] -



spiperone were designated "5-HT2 receptor". The classification was 
based primarily on pharmacological test and the affinity of 
serotonin for this site in the frontal cortex, which was about 30 
times greater than that of dopamine, the other neurotransmitters 
known to have high affinity for [3H]-spiperone. A further indication 
that [3H]-spiperone specific to serotonergic sites was examined by 
Seaman's group (31 ). Their finding was in agreement with the work 
of Leysen's group (29) on rat frontal cortex that the ICso for 
serotonin was 4.5 µM, which was much lower than for dopamine (23 
µM ) or for epinephrine and norepinephrine (100 µM ). The binding of 

[3H]-spiperone to calf frontal cortax was tested in the presence of 
different concentration of serotonin analogs and the inhibition was 
found to be the competition type. [3H]-Spiperone can bind to multiple 
sites which appear to be present regardless of the brain region 
examined, including brain are where binding appeared to be primarily 
dopamine ( eg. rat striatum ) or serotonergic ( eg. frontal cortex ) in 
nature. By using the specific compounds which have high affinity for 
5-HT 2 receptors or 02 dopamine receptor single population to 
serotonergic and dopaminergic [3H]-spiperone binding sites can be 
selectively labeled (32). Ketanserin, a 5-HT2 antagonist, appeared to 
be a particularly selective agent with respect to differentiate 

between two 5-HT serotonin receptors, it primarily displayed high 
binding affinity for 5-HT2 receptor and was inactive at 5-HT1 

receptor (33). Consequently, ketanserin reprensents a tool of 
quantitatively discriminate 02 dopamine and 5-HT2 serotonin 
receptors in [3H]-spiperone binding in vitro assays (34). Therefore, 
in this study, [3H]-spiperone was selected for using as a radioligand 
and ketanserin was used for non-specific binding drug. 

Concerning the saturation experiment, the Kd and the Bmax 
values of [3H]-spiperone binding in human platelet membrane are 
similar to those found by others (Table 2 ).The Kd value of the 
serotonin receptor site in human platelet is 1-3 folds higher than 5-
HT 2 serotonin receptor sites that reported from previous studies in 
brains However it is close to the value reported from the intact 
human platelet by using [3H]-spiperone as the radioactive ligand 
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(34), by using [3H)-ketanserin (25), by using (3H)-LSD in human 
platelet (35) , by using [3HJ-LSD in cat platelet (36) and by using 
[1251)-LSD in human platelet (37). 

The density of this receptor site ( Bmax ) in human platelet is 
3-53 folds less than those reported in rat frontal cortex.rat 
posterior cortex ( 32), human frontal cortex (38), rat motor cortex 
layer SA , rat claustrum (39) . The Bmax of this 5-HT2 receptor sites 
is close to previous study from intact human platelet (24 ) as shown 
in Table 3, and also is close to the values obtained from mouse 
frontal cortex (40),calf frontal cortex and hippocampus (31 ), and in 
rat thalamus (32), as shown in Table 2. 

Table 2. Summary of [3H]-spiperone binding to 5-HT2 serotonin 
receptor in mammaian membrane. 

Membrane Kd (nM) Bmax Reference 
(f mo I/mg protein) 

Calf frontal 0.57 75 31 
cortex 
Calf hippocampus 0.4 52 31 

Rat frontal 1.2 666 32 
cortex 
Rat posterier 2.3 258 32 
cortex 
Rat thalmus 0.7 98 32 

Mouse frontal cortex 0.76 63 40 

Human frontal cortex 1.2 256 38 

Rat motor cortex 1.54 2841 39 
layer SA 
Rat claustrum 1.86 4518 

Bovine pineal gland 1.26 193 23 

Human platelet 3.41 86.5 Present st 



Inhibition of [3 HJ-splperone binding to human platelet 
membrane by several serotonin related compounds. 

The presence of 5-HT2 serotonin receptor sites on .human 
platelet membrane is also confirmed by several serotonin related 
compounds. Numbers of various drug classes have been shown to 
interact at [3H]-spiperone binding sites. The binding of neuroleptic 
agents to serotonin site has neen investigated. In general, 
neuroleptic agents display a higher affinity for 5-HT 2 sites than 5-

H T 1 site. Nevertheless, their affinity for dopamine sites is usually 
higher than their affinity for 5-HT sites. In our experiment, the 
neuroleptics ie. haloperidol, chlopromazine and sulpiride 
demonstrated relatively low affinity to compete with [3H]-spiperone 
binding. Serotonin, . in general displays a low affinity for 5-HT2 
serotonin binding site. 

Table 3. Radioligand binding studies in platelet membrane. 

Radioligand Membrane Kd ( nM) Bmax Reference 

[3HJ- human 2.7 1.4 pmol/1 oB 24 
spiperone platelet platelet 

[1251)-LSD human 1.€?9 14.5 pmol/g 37 
platelet protein 

[3HJ- human 1.5 33.9 pmol/mg 25 
ketanserin platelet protein 

[3H]-LSD human 0.53 57.1 fmol/mg 35 
platelet protein 

[3H]-LSD cat platelet 1.02 86.0 36 
f mol/1 oB 
platelet 

[3HJ- human 3.41 86.5 fmol/mg Present study 
spiperone platelet protein 
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In this experiment, many agents used to indicate 5-HT 2 recepto 

sites on human platelet membrane. The rank order of potencies was 
shown that the serotonergic antagonists, ritanserin, pipamperone, 
pirenperone, ketanserin, spiperone, and methysergide exhibited 
higher affinity for [3H]-spiperone binding sites than chlorpromazine, 
haloperidol, sulpiride ( D2 antagonists ), serotonin ( 5-HT1A agonist) 

and imipramine ( serotonin uptake inhibitor ) . This result is in , I 
agreement with the studies by Janssen (33) . 

Compare the values of receptor density and dissociation 
equilibrium constant between young healthy adults and 
elderly subjects. 

This experiment found significantly decreased (p < 0.001 ) in 
maximun number of [3H]-spiperone binding ( Bmax ) on platelet 
membrane in elderly compared to normal healthy adult subjects 
(39 .96±.5.42 and 86.59±.9.09 f mol/mg protein for elderly and young 
healthy subjects , respectively ).There was no significant difference 
in Kd value between these two groups ( 2.84±.0.48, and 3.47±.0.95 nM 
for the elderly and young adult subjects, respectively ). This result 
is compatible with the previous reports for example: a reduction of 
5-HT 2 receptors in aging rats (11), 5-HT1 receptors in human brain 

(41 -43) and non-specific 5-HT binding in human brain (40,44). In 
addition, the decrease in 5-HT 2 serotonin was observed in living 

human brain of eldery subjects which were studied by positon 
emission tomography (P ~T ) (45). Many aged-related changes i~ 

dopamine system also occur with norepinephrine. (46) .The effect of 
age on serotonergic neurons have also been studied (46), however it 

is less extensive than catecholamines also the resulting reports are 
inconsistent. 

Platelets are often used as a model of the serotonin neuron and 
parallel changes in imipramine binding in brain and platelet of the 
depressed patients with the decreased seroton in and 5-
hydroxyindolacetic acid ( 5-HIAA ) levels in brain and CSF (22) . 
Recent data reported by Biegon's group (25) showed an increase in 5-
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HT 2 serotonin receptor number on the platelets of depressive 

patients. 

In the present study, the result shows the reduction of 5-HT 2 

serotonin receptor on platelet membrane of elderly subjects. 
However the mechanism(s) by which alteration of 5-HT 2 receptor in 

elderly is not known . Several possibilities may speculate , for 
example, an increase turnover of serotonin receptor , decrease in 
receptor synthesis, changes in the metabolism of 5-HT then resulted 
in the alteration of receptor number in platelet membrane. It is 
possible that 5-HT 2 binding in ag ing subjects reflects a similar 

change in brain serotonergic neuron, thus platelet will be an 
excellent model for the study of aging processes and other 
processes of the living human brain. 
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