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DIFFERENTIAL ACTIONS OF 5-HYDROXYTRYPTAMINE 

ON THE ISOLATED RAT RIGHT AND LEFT ATRIA 

Parimongkol Wongchuengam, Rachanee Naiwatanakul 

Prakorn Chudapongse and Prasan Dhumma-Upakorn 

Department of Pharmacology, Faculty of Pharmaceutical Sciences 

Chulalongko1:n University, Bangkok 10500 

Abstract 

The positive chronotropic and inotropic effects of 5-hydro­
xytryptamine (5-HT) on.the isolated rat right and l eft at ria respecti­
vely have been investigated in the presence of 5-HT antagonists, i.e. , 
methysergide and cyproheptadine, and beta-adrenergic blocking agent, 
i.e. , propranolol. Methyser gide (0.47 µg/m l) or cyproheptadine (0.02 
J.Jg/ml) reduced t he positive chronotropic effect of 5-HT (2 .0 J.Jg/ml) on 
the right atria to about 50% of controls, but completely abolished the 
positive i notropic effect of 5-HT on t he left atria . Propranolol (0.15 
J.Jg/ml) attenuated t he positive chronotropic effect of 5-HT similar to 
those of methysergide and cyproheptadine. However, propranolol did not 
r educe the positive inotropic effect induced by 5-HT on the l eft atria . 
Combi nations of 5-HT antagonists with beta blocker totally inhibited the 
positive chronotropic effect. The positive chronotropic response of the 
isolated right atria from r eserpinized rats was a l so abolished by either 
rnethyser gide or cyproheptadine alone. 

It is concluded that i n the rats the effect of 5-HT on the 
right atrial rates is mediated by the combination of the direct effect 
on 5-HT receptor and indirect effect through catecholamine release from 
the i ntra-cardiac stores . In contrast, the positive inotropic effect 
on the l eft atria is due to a direct action of 5-HT and does not involve 
endogenous catecholamine release. 

5-HT or serotonin has a well-documented effect on the cardio­

vascular system (1). It has been proposed t hat 5-HT has different mode 

of actions on isolated cardiac t i ssues depending on animal species . In 
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case of rabbit (2,3) and dog (4) the cardiac stimulating effect of 5-HT 

appears to be mediated by endogenous catecholamine release from intra­

cardiac store . However, in the cat and guinea-pig, a different mecha­

nism has been suggested . In these species the mechanism is believed to 

involve direct stimulation of the specific serotonergic receptors on the 

cardiac cells (2) . The present study was undertaken to assess the me­

chanisms of the chronotrooic and inotropic effects of 5-HT on the iso ­

lated rat right and left atria, respectively. The use of the right 

atria for chronotropic stuay and the left atria for inotropic study eli­

minate any possible interference that changes in rate may have on con­

tractile force. To our knowledge there has been no reported study con­

cerninR the effect of 5-HT on the separated right and left atria iso-

1 ated from the rats. The results presented below show that 5-HT acts 

differently to increase the rate and isometric force of the isolated 

rat right and left atria, respectively. 

METHODS 

PREPARATIONS OF ISOLATED RAT ATRIA 

Male Wistar rats weighing 250-300 g were killed by blowing 

on the heads. The heart was quiGkly excised and placed in a petri-dish 

containing oxygenated Locke solution (of the following composition, in 

mM : NaCl 155.8; CaC12 2 .15; KCl 5.6; NaHC03 1.8 and glucose 5.0) . The 

atria were dissected out and cut into right and left sides. TI1ey were 

then transferred into the organ baths containing 25 ml Locke solution 

continuously bubbled with 100% oxygen and maintained at 37°C. Each pre­

paration was applied a 1 ,g preload. The right atria which heated spon­

taneously were allowed to equilibrate until stable rate was obtained. 

The left atria were electrically stimulated witl1 square wave pulse (5 V 

strength and 5 msec duration ) to beat at a constant rate of 250/min. 

The tissues were allowed to equilibrate until the contractile force was 

stable. The rate and isometric tension were recorded with isometric 
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f orce transducer (Grass FT 03 C) connected to a recorder (Beckman Dyno­

graph recorder type R) . 

RESERPINE PRETREATMENT 

Rats were inject ed intraperitoneally with reserpine at the 

dose of 5mJ!./kg/day for two consecutive days . They were sacrificed on 

t he third day and t he l eft and right atria were isolated and prepared 

for experiments as described above. 

EXPERIMENTAL PROCEDURES 

After the tissues had been equilibrated until the spontane­

ous beating rate (right atria) and isometric force (left atria) wer e 

stable , 5-HT was administered to the organ bath chamber by a microsy­

ringe and the responses were recorded for 15 min. The same preparation 

was washed repeatedly with Locke so lution and allowed to r ecover for at 

l east 15 min before the effects of the blockers on the action of 5-HT 

were tested, and then the preparation was discarded. Control experi­

ments revealed that t here was no tachyphylaxis to the second addition 

of 5-HT. 

CHEMICALS 

Drugs used were as follow : 5-hydroxytryptamine creatinine 

sulfate (Sigma) , cyproheptadine hydrochloride (Merck, Sharp & Dohm), 

methysergide hemimaleate (Sando z) , propranolol hydrochloride (Inderal 

inj., I.C.I.) and reserpine (Serpasil inj., Ciba Geigy). Cyprohepta­

dine hydrochloride was dissolved in methanol; all other drugs were dis­

solved in double-distilled water. 

RESULTS 

POSITIVE CHRONOTROPIC EFFECT ON THE RAT ISOLATED RIGHT ATR IA 

TI1e effect s of 5-HT (2 µg/ml), methyser gide (0.47 µg/ml ) and 
5-HT plus methysergide on the spont aneous rate of isolated rat right 
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atria are recorded in Figure 1. 5-HT produc~d a 10-15% increase in rate 

over controls and the positive chronotropic effect was well sustained 

during the 15 min experimental period. When methysergide, a 5-HT anta­

gonist, was also present the positive chronotropic response to 5-HT was 

approximately 50% attenuated. Similar results were also obtained when 

either another 5-HT antagonist, cyproheptadine (0.02 µ?,/ml), or a beta­

adrenergic blocking agent, propranolol (0.15 µg/ml), was used instead 

of methysergide. It must be pointed out that in order to avoid any non­

specific effect, the dose of individual blocking agent employed in this 

study exerted only minimum (2-3%) or no inhibition on atrial activity 

by its elf. 

o- o !l· HT 2 µo/ml i n • e 

·- · !l· HT 2 µg/ml + ME THYSERGIOE 0.47 JJ9/ml ; n • 6 

*- * METHYSEAGIOE o.47 µg/ml ; n • 7 

l l 
II~ T o- 0 

w l~Y 1 l I-
<{ 

b/l 0:: 110 
l1J T 

_J C> T T • 0 l <{ z • l 

~ 
<t l~l 
I 10~ .---T u 
~ 

I- 100 

~ T T a: ~ 't 
9~ 

0 3 0 10 I~ 

TIME (MIN) 

Figure 1. Effect of methysergide on the positive chrono-
tropic action of 5-HT on the isolated rat 
right atria. Methysergide was added 5 min be-
fore 5-HT. Each point represents a mean ± S. E. ~I. 



-i"l·n1.-1111n11'hrn"l 75 
a~ 0 l~ud 2 tt.n.-n.n.2529 

Figure 2. reports the effect of two antagonists combined, 

propranolol and methysergide, on the right atrial response to 5-HT. It 

is seen that in the presence of both 5-HT antagonist and beta blocker, 

the positive chronotropic effect of 5-HT was completely abolished . Si­

milar but somewhat less stTiking results were obtained when cyprohepta­

dine (0 .02 µg/ml) replaced methysergide (results not shown) . Further 

experiments were then performed with isolated right atria from reserpi­

nized rats. The control right atrial rate collected from 32 reserpine­

pretreated rats was 263 ± 18 beats/min which was similar to non-treated 

rats (266 ± 22, n = 75). However, the body weight of reserpinized rats 

was decreased by 43.72 ± 1.49 g (n = 32). 

o- o !!-HT 2 pQ/ml ' n • 6 I 

·-· !!·HT 2 )JQ/ml + PROPRANOLOl 0 .1!! J.JQ/ml 

METHYSERGIDE 0.47 )JQ/ml n • 6 

l}-1} PROPRANOLOl 0.10 )JQ/ml + 
METHYSERGIDE 0.1\7 }JQ/ ml n • 6 

w 
I- 110 

T T ~ <t T T 

a: o-o- l 0 0 
1 

~ l 
_J 

~ 10~ <t 
li <( 

~ 0 
~ 100 i l 

I- J. ! 
:r: 
l'J 

9~ Ci 

0 3 ~ 10 I~ 

TIME (MIN) 

Figure 2. Blockade by propranolol plus rnethysergide of 
the positive chronotropic action of 5-HT on 
the i solated r at right atria. Both antagonist s 
were added 5 min before 5-HT. Each point re­
presents a mean ± S.E.M. 

+ 
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As shown in Figure 3, in the reserpinized right atria, the 

positive chronotropic effect of 5-HT was almost completely blocked by 

methysergide alone (compared with Figure 1). Similar results were also 

found with cyproheptadine (0.02 µg/ml). 

o-o !HIT 2 }JQ/ml n • !I 

·-· !l·HT 2 }JQ/ml + 
METHYSERGIOE 0.47 }JQ/ml n • !I 

l}-1} ME THYSERGIOE 0.47 )JQ/ml n • 4 

w 
I- r <t 110 T 
0: 1--0--0 T T 

0 l l 0 0 _J l 1 <t w 105 er (.!) 
z 

~ 
<t 

T :i: e T T 
u 

~--·--· • l 
~ 100 • l l • .... -1-* l} .l 

I ! .. 
(!) 

er 95 

0 3 5 10 15 

TIME (MIN) 

Figure 3. Inhibition by methysergide of the positive 
chronotropic action of 5-HT on the isolated 
right atria from reserpinized rats. Methyser­
gide was added 5 min before 5-HT. Each point 
represents a mean ± S.E.M. 

POSITIVE INOTROPIC EFFECT ON THE RAT ISOLATED LEFT ATRIA 

Figure 4. records the effects of 5-HT (2 µg/ml), cyprohep­

tadine (0 . 02 µg/ml) and 5-HT plus cyproheptadine on the isometric force 

of the electrically driven isolated rat l eft atria. 5-HT produced a 

10-15% increment of contractile force and the effect was well sustained 

for at least 10 min. Prior addition of cyproheptadine practically cau­

sed complete inhibition of the positive inotropic response. Methyser-
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gide (0.47 µg/ml) was found to be slightly less effect ive than cyprohep­

tadine. In contrast to the effect on the rate, propranolol (0.15 µg/m l) 

was found totally inert against the action of 5-HT on the l eft atrial 

isometric force (Figure 5) . 

o-o O-HT 2 µo;ml n • 6 

·-· O·HT 2 JJO/ml t 

CYPROHEPTAOINE 0.02 )io1m1 n•O 
z 
0 o-a CYPROHEPTAOINE 0.02 JJO/ ml n• 6 w· 
z 115 w 
I- l u l l o-o 
Ci. 110 

l/1 l l~l I-
w 
~ w 0 0 
0 Cl 105 1 l !!2 z 

<( 
:t r r 

_J u •--•--T 
<( ~ 100 o--o"-.~~ Ci. 

~?----r I-
<( 

95 • 0 

I- l • 
LL l w 
_J 

0 3 5 10 15 

TIME (MIN) 

Figure 4 . Abolition by cyprohept adine of t he positive 
inotropic effect of 5-HT on the e l ectrically 
paced isolated rat l eft atria. Cyprohept a­
dine was added 5 min before 5-HT. Each point 
represents a mean ± S.E.M. 

DISCUSSION 

The results presented in this paper have shown the stimul a­

tory effect of 5-HT on the right atrial rate and the l eft atrial isome­

tric tension of the rats. The positive chronotropic effect is partially 

antagonized by 5-HT antagonists (methysergide and cyproheptadine) or 

beta-adrenergic bl ocking drug (propranolol ). However, severe or com-



78 Thai J, Pha1111acol. 

Vol.8 No . 2 Nay-Aug. 1986 

·-· !l·HT 2 ,uo/ml + PffOPllAHOL OL 0.1!1 .UO/m 1 n • !I 

o-o !l· HT 2 ,uo/ml n • !I 

<>-<> PROPRAllOLOL 0.1!1 ,uo/ml n • II 

~ 120 l Vi z e ~ w l l I-
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~ 110 w 
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Figure 5. Effect of propranolol on the positive inotro­
pic action of 5-HT on the electrically_paced 
isolated rat left atria . Propranolol was 
added 5 min before 5-HT . Each point repre­
sents a mean ± S. E.M. 

pl ete inhibition can be achieved by combining 5-HT antagonist with beta 

blocker. In contrast, the positive inotropic effect is completely abo­

lished by 5-HT antagonists, particularly cyproheptadine; and propranolol 

is totally ineffective at the same dose . 111ese observations indicate 

that 5-HT stimulates rat right and left atria by different mechanisms . 

The effect on rate appears to have both direct and indirect components . 

The indirect part is most certainly resulted from endogenous catechola­

mine. 

111is conclusion is also supported by the experiments in 

which reserpine is used to deplete neuronal storage of catecholamine. 

Thus, in the reserpinized right atria, 5-HT antagonists alone strongly 

or completely block the positive chronotropic effect of 5-HT. On the 
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contrary, the effect on force seems to have only direct component and 

mediates solely through specific interaction with serotonergic' recep­

tors on myocardial cells. It has recently been proposed that there are 

at least two distinct populations of 5-HT receptors, the 5-HT1 or s1 
and 5-HT2 or s2 receptors. Methysergide and, particularly, cyprohepta­

dine have a higher affinity for the s2 than for the s1 receptor (5) . 

Since low doses of methysergide and cyproheptadine were found to reduce 

the rate and abolish the contractile response, this may suggest the pre­

sence of s2 receptor subtype in the rat atria. 

The apparent inability of 5-HT to induce endogenous catecho­

lamine release in the left atria may not be related ·to the different 

norepinephrine contents in the right and left sides. Histochemical 

study has shown that in rabbit and guinea-pig hearts norepinephrin~ is 

more concentrated in the right atrium and ventricle than in the left 

ones (6) . However, the mode of actions of 5-HT on cardiac tissues iso­

lated from rabbit and guinea-pig are different. At present, the mecha ­

nism of the endogenous catecholamine liberation evoked by 5-HT in the 

right atria is not known . There are at least two possibilities : (a) 

stimulation of serotonergic receptor on nerve terminal, which triggers 

the release of the adrenergic neurotransmitter (7); and (b) a tyramine­

like indirect sympathomimetic action (8) . Alternatively, 5-HT may in­

hibit norepinephrine reuptake by sympathetic nerve terminal leading to 

local accumulation of the amine (9) . Further experiments are needed to 

clarify this point. 

R~cent experimental results reported by other investigators 

are in agreement with our data . For example, Sakai and Akima (10) show 

that in isolated, blood-perfused rat heart, single injections of 5-HT 

(0 . 1-3 µg) into the coronary perfusion produced the dose-dependent in­

creases in left vertricular dP/dt max and perfusion pressure . These 

effects are not significantly affected by treatment with propranolol 

but are abolished by methysergide. Similarly, Hi~gins and co-workers 

(11) have shown that low concentration of 5-HT (10-5M) increases con­

tractile activity of the isolated perfused working rat heart . This 
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effect is blocked by methysergide but not by atenolol, a cardioselec­

tive beta blocker. Thus these studies show that the positive inotropic 

action of 5-HT on isolated rat heart is a direct effect and does not 

involve the release of endogenous catecholamine. Our results with iso­

lated rat left atria also point to the same conclusion. 

CONCLUSION 

The present results indicate differential actions of 5-HT 

in increasing the rate and contractile force by isolated rat right and 

left atria, respectively. Our results also question the validity of 

previous studies on the stimulatory effect of 5-HT and the alteration 

of this effect by certain blocking agents which had been performed with 

the isolated whole atria. 
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a. 

O'l~ \'I Gli~il tl~Otlfl'lCW O'l~ m'lb !j ii 3.J'l &'lbi ll b U d'm 1\'l@lfi ii~ 

"Qinghao" 

suit 's M•D Cardinal's bark M•D Cinchona bark 

nine, quinidine, cinchonidine LLfl :: cinchonine '1'1nn'1'"1..i'mmu'1{ntt'1lnfl'1 LfitJ 

'llD"i1rJM'1d' ~"1~n'1'"1stffum!u1ij~~" United States Army Antimalarial Drug Deve-

lopment Progranune ifutuil fl .fl .1 ssa 
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,~v, (pharmacodynamics) (pharmacokinetics) 

(IND) 

"Notice of Cl aimed Investigational Exemption for a New Drug" 

f'.ed ici nal I Chemica l 

~ 
Malaria I Test Sys terns 

! 
Prep lab Pre-fonrulation, 

or Developrrent of 
Pilot Plant Dosage Fonns & 

Bioavailability 
! T 

Chemical Analysis 

I Blood Method I and 
Stabil ity Studies Development I 

• .. l. .. 
Drug Metabolism Manufacture of Toxicology Pharmacodynamics and Dosage forms Pharmacokinetics 

I ___J 
~ 

,.... 
- ,.-I Chemical Ana lys i s & I IUD Fonna ti on 

Stability Stud ies I and 
Review Groups 

' I. 
Medical, Scientific , and Institutional I 

lluman Use Conmi ttees Review Conmi t tee 

I AIDRB I 
HUR RB FDA 

! 
I Phase I, Phase II 

I Clinical Pharmacology I 
Additional Dosage Form 14 ---- Additional I 

~ Developrrent & C0f!'4lara- -- -· Anima l I tive Bioavailabil ity Toxicology 

Phase III I Clini ca l Trials 

iuri 1. Antimalarial drug devel opment process. AIDRB-HURRB, 
Army Investigational Drug Review Board-Human Use 
Resear ch Review Board; FDA , Food and Drug Adminis­
tration. From (1). 



Tl"H1T11 nil11"i11 ui 
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fl. f1. 3 40 

R.fl.1633 

l'l .l'l.1820 

l'l.f1.1930 

l'l.fl.1 ·934 

A,ft,1935-1939 

l'l.1'1.1936-1939 

fl • f1 • 1 9 42 - 1 9 46 

l'l.1'1.1952 

fl.fl.1961-1965 

fl. f1. 1960-1966 

f'l.1'1.1963-

l'l.f1.1971 

+ 
fl,fl .1 980 
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Qinghao was first recorded as an antima-

1 aria in Handbook of Prescriptions for 

Emergency Treatment by Ge Hong in China. 

The first written record of the use of 

cinchona in a religious book by Augusti­

nian monk named Calancha,of Lima, Peru. 

()uinine and cinchonine were isolated from 

cinchona bark. 

Development of mepacrine (Atabrine) . 

Development of chloroquine . 

Pyrethrin spraying. 

Discovery of insecticide action of DDT. 

Discovery of proguanil. 

Development of synthetic insecticides (di­

eldrin) with residual action. 

Development of pyrimethamine,. primaquine. 

Reports from South America and Southeast 

Asia of P .falciparum resistant to chloro­

quine. 

Rediscovery of use of sulphonamides and 

sulphones as antimalarials. 

Antimala.rial Drug Development Programme of 

US Army . 

Artemisinine 1vas iso l ated from Artemisia 

annua. 

Mefloquine. 
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'limli'I IND 171 Lffoti~'l"ltU'l...;.,~.,"l L l'li1At1~~ilU LV111'1::~11ff~::u;11Htm.n•1111i'lfl\I 

11m1~t:tU~il ltlvi~fl lu tull'l"l\lfl'l"ld'~::!fl'ltu:: nnun'l"ltt~'l"lru'l L-1'vn."., Army Investiga-

tional Drug Review Board-Human Use Research Review Board (AIDRB-HURRB) 

~\l~::iln'l"lW~'l"lru'l~'"J11nu Food and Drug Administration (FDA) fl'l"lfl~i'lfl\11m14t:tu 

' ~'lfl"l'ltl\l'lU~'l\11 Wil~1tl 

malarial Drug Development Programme ltl'tr"' Lfl"l'l ::vi°'D4ti'ufi'1lfl\l~'l"l Ll'lf1n~11~'1\I 1 

ihflU'l\ILtfu 8-aminoquinolines, quinolinecarbinols,phenanthrenecarbinols, 

phospholipid 
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ketoconazole u~~ 

. 
L'lfu clindamycin, pirlimycin, tetracyclines, chlorampheni-

col, thiamphenicol Lrn~ erythromycin LiiuA'u t1u-l1i1']flif2i1 Lifil P.falcipa-

Satayavivad calcium blockers 

{ mn11Tl ~ L flt1'lnUl'rJ1u f.l fltJnPi'l.lll ,,.mil fl L ~il flLL~ ~ii'l 1-.i 11qti if ~1uin ~• L ~u 1 mrnvflfl fl~v" ( 5 ) 

Lt1u~u 

Spencer 

' ~'lfl 126 'l\l~ JJ'lfl~~ilU 

tJ"i~ilt1 fi111r1 lun1"1~1 L11°tl P . gallinaceum 1ul ti, P . cathemerium u~~ P. lophu-

. 
rae tiU'l'l 

Simaroubaceae (7) 

(L.) Merr . (Simaroubaceae) 
. 

t1U'l'l bruceine A, B,C 

Composi tae LL~~ Brucea javanica, Ailanthus al tissima LL~~ Simaba ce-
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n . u . fl. ~. 

1 , u. n:»~,,U 6 - 30 20 R( 4o , oY,) 

2. H,\~, I O UA 3 - 4 0 53 29(54 .71.) 

3 , u . i1 : 1M,J, 6 -10 14 0(57 , 0Y,) 

4 , U . n : ~Dll 6 -1 0 11 5( 45 , SY,) 

5 . u .n,~ ron,, 6 -40 16 10 (62.4¥.) 

6 . 1hmi', 6 -1 0 26 12(46.21.) 

1 • A'u 1111 mrnu 6 - 1 s 1 3 6 ( 46 . 1 :~) 

8 , U.1HJnu, 3-30 13 7(53.71,) 

9. u.11~, fia 1 11 nn 6 - 30 24 0(33.31.) 

10 . ,,nn-1 :m111 6-18 12 3 (2s . oY,) 

1 t • 1 n,ll~li,u,li !l- 18 9 3 (33. 3Y) 

12. n. L;'ltinu s - ao 2 1 1 a(s1.~Y,) 

13 . u .tl111tlflAU 6- 18 9 3(33 . 3X) 

14 . u.if111nn 6-30 ,1 4(36.31.) 

16 , u .1unmn~ 18 -30 

11 . n1~1uu,( 1 n,) 6 -40 

18. ih111i',t11J 6 -30 

19 , tt~, 1A'1u 30 - 40 

20. 1u~lll~ A1ttu 10- 40 

21. n. Rn~n,.,, 3o - 4o 

22 , I O,llfl\1111! 

23, 1u fia n 1111n 

24, 1'h11iJ'U1 fl'iD 

27 , U ,1f:iJM 

20 . u.nauuu 

30, u . ii : lfl, J , 

1 5 

15 - 30 

15 - 10 

15 

3 - 2 4 

6 - 30 

3- 10 

t 3 

17 

12 

18 

12 

14 

11 

38 

18 

13 

10 

10 

6 1 

10 

9 

4 (3o . n:~) 

5 (2!'1. 4 :1.) 

5 (41 . 6Y,) 

6(33 . 3Y,) 

4 (33.3Y,) 

o (s1. 11,) 

3(27 . 31.) 

2s(6s.1Y,) 

5 ( 41 . 6 :I.) 

4(23 . oY,) 

4(40 . 0 1,) 

6 ( 60 . ox) 

2 1 (3 4 .41.) 

5 (14. 31,) 

2(22.2Y,) 
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,, • 0 . tJ . ,, • 

!l 3(33 .31,) 11 5(45 . 5;/,) 

21 0(30 . 1Y,) 32 2 1 (15.1Y,) 

o (oo. o x) 13 0 (6 1 . sY,) 

2 1 (50.ox) !l 4(44.41.) 

6 2(33.oY,) 10 0(00.01.) 

11 5(45 .sY,) 15 7(46.61,) 

6 2(33.31.) 7 4(57.11.) 

6 3(50 . oY,) 6 4(66 . 6Y,) 

1 1 1 (09,oY,) 13 1(53 , nY,) 

s 1 (20 . ox) 1 2(20 . sx) 

4 !l(oo .oX) 5 3(6o.oY.) 

13 0(61.sY,) 8 s(62 . 0Y,) 

s 2(33 , 3 :~) 3 1(:rn,3Y,) 

5 2( 40 .o Y,) 6 3(so . o~) 

15 7( 46 . 61.) o 3(37 . 5Y,) 

5 

7 

6 

0 

6 

6 

0 

2(40. 01.) 

3( 42 . 0 Y,) 

3(5o . oY.) 

o (oo. oY,) 

2(33 . 3Y,) 

4(66 . 61.) 

3(27 . 3Y,) 

111 13(72 .1 1.) 

6 3(5o .ox) 

o 2(25, o Y,) 

0 

n 

26 

7 

7 

4 (50 . 01.) 

5(62 . 5:1.) 

5 ( 1!l. 2 ;t. ) 

1 ( 14 . 3 1.) 

2(20 . 6:L) 

fl = ,, 
t1 

u = 

8 

10 

6 

10 

6 

0 

3 

20 

6 

5 

2 

2 

35 

11 

2(25 . oY,) 

2(20.01,) 

2(33.3Y,) 

6(so . ox) 

2(33 , 31,) 

4(5o. o;I.) 

o(oo.oY,) 

12(60. o;/,) 

2(33 . 3;/,) 

1(20.01.) 

o ( oo. oY.) 

1 (so . ox) 

16( 4 5 . 4;/,) 

4(36 . 1Y,) 

o (oo . or.) 
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Eurycoma longifolia Jack Sima-

¥. • 
PhHLVIU 1983 

sergeolide 'if" LiitHl'l'ltnn quassinoid 1;;.i'ln Picrolemma pseudocoffea , 

1Hlfl;.J'lniltf'lu·Nff Simaroubaceae LL;• Abatan Lrn:: Makinde ( 12) 

ceae) us:i:: Pisum sativum (Leguminosae) 1usl'"1-i'tifls:lil" V"f!tlH qnH"Nfi' us:i:: 

nimbolide 

Qinghao (Artemisia annua L.) Compositae 

"China Coopera-

tive Research Group on Qinghaosu and its derivatives as antimalarials " 

CCRGQA 
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~'11h::m1u~-rn1"1nll~1n-1~"0J1n Inst~tute of Chinese Materia Medica, Academy of 

Traditional Chinese Medicine, Institute of Organic Chemistry, Institute 

of Biophysics, Chinese Academy of Science ~1u\11u-l1ftT'rn~«IY~"ilfJt1ffi1m.ni'l1 

L~UL1J Qinghao qinghaosu (QHS) artemisinine (14) 

Shanghai Institute of Materia Medica, Chinese Academy of Science ; In-

stitute of Chinese Materia Medica, Academy of Traditional Chinese Medi-

cine ; Guilin Pharmaceutical Works ; Institute of Traditional Chinese 

Medicine and Materia Medica, Shandong Province (15) 

QHS Ye QHS LLi'I:: chloroquine ' 
Pill 

(25) 

. l! 
Uvf1'0Jlf11JU 
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temisinin (30,31) UY1filTlt1ihffu-;inu qinghaosu (artemisinin) 

fl; L~u'hni1~ (recrudescence) LLfi~otJ,::1u'L1t1wrn1u cerebral malaria Lli,1 ::ri111 

P.falciparum 

Trager Jensen (33) 

L flfltrmi lL~~il~ 111Dil1J t 1J LL ~~~1a1, L flilff t,.; f·lrt~t 1J fll "H'llilrl<J"-1 tiiflii~; L ifuPl' <l"il'Nrt L -du L ~u 'Jrl1J 

LtJflWltH'lr!<l\1Li'ftJ<J1tJ 

(~1111,1"~ 3 11,::fl<Ju) 1ufl1,ri111a<Ju~1qri~Lifu blood schizonticides ~tifl1,ri~a<Ju 

~!ltJJJL'li'nufi<J Rane 1 s test LLrt :: four-day test 

(survival 
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1. Blood schizonticides 

1.1 Single-dose regimens 

- Rane's test (34) 

- Fink and Kretschmar's test (35) 

1.2 Multiple-dose regimens 

- Early test procedures (36-39) 

- Four-day test (40) 

- Drug-diet methods (41) 

- Six-day test (41,42) 

2. Tissue schizonticides 

2 .1 Most's test (43,44) 

2.2 Berberian's test ( 45) 

2.3 Vincke's test (46) 

2.4 Gregory and Peters! test 
2 .5 Hill's test ( 49) 

2.6 Fink's test (50,51) 

2.7 King's test (52) 

2 .8 Rane and Kinnamon's test 

3. Residual blood schizonticides 

3.1 Schneider's test (55,56) 

3.2 Thompson's test (57,59) 

(47 ,48) 

(53,54) 

Thai .J. Pharmacol. 
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3 .3 Sustained release implant test (57,60) 

4. Residual tissue schizonticides (61) 
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parasitized 

a. "~"<J'lm11i1~-iu L1'°v P .berg.hei 3 1'u <J::i1 parasitemia 5-15 1. 

5. 

. 
L 1fU 

640 »~v 320 »~v 160 un./nn. 

'1l1n111tn 1200, 640, 3 2 0, 1so, RO, 40 un./nn. u~~ ::'llU'llilV'lLirl°fl-l 

o. 1 :t. Tween so u'IuPi'-rn'll'lUVI ::nmJ 

. 
Lrn 

i'iti~-,u-,1fu-imn 1"Jfl1 ~»'lV'll'llll 'luti'l "!..lfiu9i1ln'1'5'vun<J:: 'll1fl'l'lua1J hnu v-, ff 

L flU"J ::v :: L 'l~'lA»l!tJ~"Jtllil 1 lli'il" 1 4 -luw=ivU'lUn'l'l tl'lH'lOR'l LOSO tltl\)V'l 

U'lnn~'l MED 3 L~i-, u-,1101111fut1<J ::11ii'-run'l'1flntt'l'l~vl'itiltlt1V'l"~ :: LDVfl 

<J'ln'lua :: LA'lnU L~V (A zadirachta i ndica) Lrn:: Pi s um sativum 
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"lfitl\ililvtJL-ii''lltJ'llilil'l"H'fn~ 125, 250, 500 1.1n. / 

nn. n·rnnt.11nmAiitJ<Jn"1ril~~tJ l1fri (1 x 10
7 

P .berghei-infected erythrocytes) 

1.11ua• 72 'lfu. n~1.1 Ltl~vu lfivul~~mr~nti'ulil liimi'-;iri:: o. 5 1.1ri. LLri::'1n~uril~1'uv11.11-

chloroquine 
. 

rH'lfl 'l "1 tl \il rl tl\lf'IU. 'l . 
L tiu"1 ::u:: n r11 v!V1tJ,i11l'IJ111"1rii;i1 i;lri u1 \1fttl'utl~~f!J ~"11i '"OJ 111u11.11111"1 !]'lUfi ri chl oroq ui ne 11" 

- Four-day test (4o) : ll6d'uu1.1'linu1.11nn•'• six-day test lti"1'1 :: 

o
0 

l~1.1'li1u1 ua-;i'l.1~ri lt.1iin'lu-Jmit11 lt.1 (D1, D2 , D3) 11rii1" D 
4 

n lOJ'l:: L~~fl1J'llll"nOJ 

V11t.Jlj1.11rntl"1a111 (% parasi temia) t.1~1.11rntl"1it111~l;J' 10 
7 

infected erythrocytes/ 

ri::r1"1u'l1f'LL1nul)l::nmJ~-;iu o. 51. carboxymethylcellulose uri :: o . 21, Tween ao n'l"1 

erythrocyte infection rate 

· (EIR) 

t'IU'ltJ1 OJ'lfl Azadirachta indica LLri :: Pisum sativum Rane's test 

riu~1liil~r-rn u~ dfri'l.J four-day test \'IU'l'l P.sa tivum l2ir1\il 1. parasitemia 
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four-day test 

ftq~~U,~n~, quinine 4 L~,1un,,~, P.gallinaceum ~::l~ttU~,ntl,::~~5n,tt 1u 

Rane ' s test t1ri,~hn11n1.1 Rane' s test fiu~iiu-i,fftl,::lunu>nn uri:: dluffiiuu1-If'nu 
. 

tl~ 

1. 01,utf1J~ (strain) '1'!iim}n,~::1"l~tl Lift1 P.berghei lu' L ti,nu 

NMRI mice ~::Pil'l dfmhn-i, Swiss mice >nn 
. 

LLl'l 

2 . if n L ilu tin u11 'l 'li'1n n 

PABA w:rt1 folic acid 
. 
vn~ 
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nT'H1VliHJ" i;l\ni1JflT~t "'~~n'ri'l'lft1~'lu.irnt'l Ln vi~t111fl L t-111'1 ::a111vimu.i; L a11t1 

6. <f'1Vtiu~tlt>\ltJ~i'IA Of'1miuqtii1n'1~~..,UVlt>VILU~ll'l-ltlf'l<ltJ\l 1n dfu L'l<l'1U'1U 

Lil't>11'1<l'1 L~U-.;i ::i1fl'l'1'-.ILLll'lnPi..,\lnulA'~-,u n'1~ LfitJ L1f11 l.;''lulul111~ L'OJU rnri• '1::,1;1; Lift1t1~1Pi' 

u-,u 1viuflfl'l'11J 1,i;i t>U'l"OJ:: lsi L tJ~UULLtJ<i\l ti; 'l;rt::linn tum~ L fiu dft> 1-ltiMt>1J tu 1 t1n'1 avi t>~ tJ 

median le-

thal dose fit> t1U'1V1U'1~t1;'l'1«¥i-lt1virit1\lVnultJfl~\lt-1d\l W~t> so 1. n'1~Ut1nfi.., LD50 -.;i:: 

Plt>\lU\l~::u:: L'l<i'1flvi;n..,.·rnui<it>\l '15'l;u-, L-tlu 'litn\ltJ'ln tn\lt-1<it1vi LiirHl 114t1V1'1\l-dt1\l 

t>'l""Jti probit analysis t-14t1 linear 
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US Army Antimalarial 

Drug Development Programme fill LD50 ffmfi;i\1 

lymphoid tis-

sues, hone marrow, thymus, "l::tJu L ~fl VI 111"1 LU~VULLthNtll\1 histopathology '1.lfl\1 

(chronic toxicity) : 111"1ffmntfud'"J:: 

,j,"J ::u'i 1 ut 'lf"l ;1 utn '1f'li'iiln Lrlt1 ii", ::u ::d' 

1un1"1 ftn1:n "1:: v ::d'"J ::iln 1"1 

nVllfltJ carcinogenic effect u~:: reproductive/teratogenic effects "l::u:: 

L ·rn1n1"1f.1nJ:t1f'l'l'lll L t1utitt L ~fli'\l1'°uminun1,u;u11u1'lf L 1iu ti1 l-d Ltlu single dose 

therapy "1::V::L-;i~1ftnJ:t1fl1"JLtlu 3-s L~flu ti1Ltlu prophylactic agent 

subacute 

sub-

sitisation Lrn:: mutagenic activity l'il'li'tJl'l'l11J LiiufittflV'l\lLL"ln i?f!ijfin1ufl-;il'lff\1 
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Predominant toxicolo~ical observations for the major 
cl asses of antimalarial compounds evaluated in the 
US Army Drug Development Programme. From (1). 

Class Com­
pounds 
tested 

Fola te 4 
mclabolism 
inhibitors 

Pyridine- 2 
carbinols 

Quinolinc- J 
carbinols 

Phcnan- J 
lhrcnc­
carbino ls 

8-J\111i 110- 3 
quinolincs 

Oral 
LD50 
male 
rats" 
(mg/ kg) 

926 

518 

745 

~ 1 000 

177 

Clinical pathology/ target organs from subacule toxi­
city studicsh 

Rat 

J Weight gai n 
I WllC 
Lymphoid tissue 
G I tract 

I Weight ga in 
l WBC, 1 SOOT. l SG PT 
1 alk. rhos., I UUN 
Lymphoid l issue 
G I tract 
Skel. 111uscle 

1 Weight gain 
1\VBC, 1 SGOT 
I SGPT. 1 BUN 
G I tract, kidney 
Liver 

/\ lorx:cia, I \VUC 
I Weight gain 
j Reticu locy te,~ 
1 SGOT, I SG PT 
Lymphoid tissue 
Uonc marrow 
Skcl. muscle 

Rough hai r m at 
I Weight gain 
I Reticulocytes 
I \VBC, I Hct 
I Pia tclcts 
1 SGOT, 1 SGPT 
Hea rl , Skel. 111uscle 
Liver, kidney 

Dog 

J Weight gain 
I WIK'. 1 rel irnlm:y tcs 
I BUN 
Ly111phoicl ti ssue 
Bone marrow 
G I tract, kidney 

L Weight gain 
E111es is. 1 SG l'T 
Lymphoid tissue 
Bone 111arrow 

I Weight gain 
Emesis, 1 SGOT 
I SG PT. 1 alk. phos. 
1 Reticuloeyles 
Lymphoid tissue 
Bone 111arrow 
G I lracl, liver 
Kidney 

E111esis, I WUC 
1 Weight gain 
I Reticulocylcs 
J SGPT. 1 BUN 
Ly111phoid tissue 
Bone 111a rrow 
G I tract, kidney 

Cyanosis. 1 SGOT 
J Weight ga in 
1 MctHb 
1 llcl iculocylcs 
I Platelets 
1 1 laptoglobins 
I lcart . liver 
Ly111phoid tissue 

" LD50 value given is for the most toxic co111pound in each class 
b Observa tions arc those that were present in a 111ajority of co111pounds in each class 
!, decrease:(. increase; 11'1.ll, to tal lcucocytc count : /J UN. blood urea nitrogen: (i f tm<·t. 
Gastrointestinal tract; sco·1; scrum glutamic oxaloaceti1.: transaminase: SGl' T, scrum 
glu tamic pyru vie transaminase: a/k. plws., alkali nc phosphatase: I let , haematocril : mC't 11 h. 
methamoglobi 11 
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~•u mutagenic activity 1i Ames' test 

l!il'1rin?h1 Hippocratic observation il"a1111·rntii ltJi·1-i'mJ1 ti'un1 "lffmn fl'll1J LtJu\ht 

J' 
flt16"1D 
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(in vivo) 
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PHARMACODYNAMIC AND PHARMACOKINETIC PROFILE OF IMIDAZOLE 

2-HYDROXYBENZOATE, A NOVEL ANTllNFLAMMATORY AGENT 

H.- P. Ku emmerle and F . De Santis 

Tokyo Medical College , Japan ; P.O .Box 89 , D-8173 
Bad Heilbrunn, F.R . G. and Italfarmaco S .p.A. 
Viale Fulvio Testi, 330 I-20126 Milano, Italy 

The anti-inflammatory process is a complicated plot of events, 

in which di f ferent cellular and chemical mechanisms, as wel l as different 

mediators, are involved. Each mediator has its own range of activity and 

can interact wi t h the others in a complex way. The overall ef fect of two 

different mediators on a specific component of the inflammatory process 

can be more powerful than t he sum of t he individua l effect s (synergism) . 

Non- steroidal anti-inflammatory drugs (NSAIDs) are pharmaco­

therapeutic acting substances whose antiphlogistic, ana l ges i c and anti­

pyretic effects ar e consider ed to be due to t he specifi c i nhibit ion of 

t he synt hesis of some of the above-mentioned mediators through t he block 

of t he ar achidonic acid cascade . Recently, the substances of this gr oup 

were carefully supervised in some countries because of t heir frequent 

and severe side- effects some of t hese have been banned from t he market 

or partially limited as for t ime of administr ation and indications . 

Imidazole 2-hydroxybenzoate i s a novel compound provid ed 

with anti -inflammatory act i vity , proposed as an antiphlogi st i c , anal ge­

sic and anti -pyr etic drug in human therapy. The chemical structure is 

shown in Fig. 1. It is composed of 33 .026% imidazole and 66.974% sali­

cy lic acid. The imida zol e nuc l eus is oft en found in biological substra­

tes , mainly in peptide- , prote i n-, enzyme-, nucl eic acid - structures and 

others; t hi s nuc l eus has been def i ned as "servo-pharmacol ogic agent " . 

It is a l so interesting to observe t hat i f imidazo l e and sal i cyli c ac i d 
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are given separately as individual substances they act differently from 

an equivalent dose of imidazole 2-hydroxybenzoate. 

(&OH TI (-) 
~ c-o 

I ~ 
Chemical structure of 
imidazole 2-hydroxybenzoatc 

In spite of the availability of numerous really powerful 

anti-inflammatory agents, new compounds are still needed, especially to 

meet the various clinical necessities of a long-term treatJllent in pati­

ents suffering from chronic phlogistic diseases. In fact, it must be 

kept in mind that, particularly in long- term treatments, the choice of 

the drug does not depend only upon the ability to obtaining therapeuti­

cally useful effects but al so upon the lack of s i gnificant untoward 

s ide-effect s , which generally go together with a strong inhibition of 

the prostaglandin pathway. Regarding this aspect, some interesting 

data from the pharmacology of imidazole 2-hydroxybenzoate deserve par­

ticular at t ention . It must be recalled that modern anti-inflammatory 

drugs seE:m to have as their main target the key enzymes of the aracl1i­

donic acid cascade : i.e., phospholipase A2 inhibition, and as a conse­

quence the endoperoxide, hydroperoxide and leukotriene production is 

obviously limited . On the other hand, for NSAIDs such an activity on 

phospholipase has not been stated, nor do they seem to be effective on 

the lipoxygenase pathway : their mechanism of action can be t aken back 

to an inhibitory effect on cyc looxygenase , which is the enzyme conver­

ting arachidonic acid to pros t aglandins . 

It is well to remember that, from the same metabolic path­

way substances with pro- and anti - infl ammatory activities arise and that 

the activity of these compounds is characterised by a large-spectrum, 

conditioning the homoeostatic regulat ion of various organs a nd systems. 
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It i s then easily comprehensible how cyclooxygenase inhibition, exerted 

by the better known NSAIDs and indiscriminately blocking or reducing all 

kinds of prostaglandins, could be responsible for numerous untoward side­

effects (gastric , renal and cutaneous). The need has thus arisen for 

drugs abl e to interfere selectively with the arachidonic acid metabolism 

or , better still, only with the synthes is of those substances deeply 

invo lved in the genesis and self-maintenance of a phlogisti c status. 

In fact , this would assure, besides therapeutic efficacy , a better sys­

temic tolerance and possibly, the lack of serious toxic effects in the 

long-term treatment. 

Experimentally, imidazole 2-hydroxybenzoate seems to have 

t hese characteristics : a series of pharmacological studies shows that 

t his compound se l ectively inhibits thromboxane A2- synthetase so block­

ing the production of this crucial pro-inflammatory agent . Thi s selec­

tive inhibition makes a greater number of endoperoxides available for 

synthesis of the antiphlogistic PGI 2 and PGE2 . Other experiments indi ­

cate t hat imidazole 2-hydroxybenzoate can form copper - compl exes which 

can exert a scavenging effect on free oxy-radicals . It i s also ab l e to 

affect neutrophil activity : in fact, the drug dose-dependently inhibits, 

"in vitro", chemotaxis , l ysosomal enzyme rel ease and superoxide anions 

o2 production by neutrophils isolated from healthy volunteers challenged 

with a chemotactic peptide. 

An overall evaluation of the above data allows to support 

the conclusion t hat imidazol e 2-hydroxybenzoate exerts its pharmaco logi ­

cal effects by different mechanisms which may well ctioperate in determin­

ing its therapeutic activity. Imidazole 2-hydroybenzoat e, for this rea­

son, may play an important r ole i n clinics , since in its indication area 

(i .e., inflammatory diseases of different genesis) the duration of ad­

mi nis tration may not be limited so t hat c l i nical-biologi cal to l erance 

has to be considered of great importance . 

As expected, due to the ionic bond between the components of 

t his organic salt , it was not possible to find imidazole 2-hydroxybenzo-
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ate , as such, in plasma and urine . For this reason, a pilot s tudy wit h 

the aim to set up new methods to detect imidazole, salicylic acid and 

t heir metabolites was carried out . Subsequently, a fur t her more ext en­

sive t rial was perf ormed : 36 healthy mal e volunteers received imidazol e 

2-11ydroxybenzoate , tablets and drops , according to a cross-over design, 

in order to assess t he pharmacokinet ic profil e of the drug bot h aft er 

s ingle and multiple dosing. For singl e dos inP. study, the volun-

teers received either one 750 mg tablet or 40 drops (equiva l ent to 800 

mg of active substance) . For t he multipl e dos ing s tudy t hey r eceived 

t he s ame dose on day 1, and then , after a wash-out period of 48 hrs , 

dos ing was repeat ed thrice daily (every 8 hrs ) f or three days ; on the 

4th day, only one dose, the 1st one, was administer ed . 

The imidazole metabolites (hydantoin and hydantoin acid) as 

well as gentisinic acid (salicylic acid metabolite) were present i n 

pl asma and urine according t o chromatographic assays but all under t he 

limit of detection (0. 5 µg/m l ) anyway they did not i nterfere with t he 

other assays . 

In Tab l es 1- 3 t he main plasma pharmacokineti c parameters of 

imidazol e , salicylic acid and salicyluric acid (the mos t important met a­

bolite of salicyl ic acid) are summari zed for both pharmaceutical forms 

and for s ingl e and mul t ipl e dos ing . 

The protein bi nd i ng of sal icyl ic acid is about 80- 85% and 

t hat of imidazol e 5- 15% . The relative bioavailabi l ity (tabl ets vs.drops) 

was as follow s : 

Imidazol e 

Salicylic acid 

singl e dos ing 

138 % 

148 % 

mul tiple dosing (last dos e) 

11 3 % 

128 % 

From t he above results it can be stated t hat 

1. Imidazol e does not i nterfer e with t he pharmacokineti cs 

of sa licylic acid , whos e concentrations appeared to be 

comparable t o t hose r eported i n the literature and in 
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CONCLUSION 

the range of the therapeutic ones. 

2. Both components of the molecule did not show any accumu­

lation tendency, even when administered in multiple dos­

ing . 

3 . Tablets gave higher AUCs, and therefore they seem better 

absorbed than drops. 

The pharmaco-toxicological profile of imidazole 2-hydroxy­

benzoate is clearly defined and, as far as the mechanism of action is 

concerned, offers a newer and safer pharmacological approach to the 

treatment of inflammation when compared with traditional NSA1Ds. In 

fact, the selective blockade of TXA2 production, together with the lack 

of any effect on cyclooxygenase i.e . , on the prostaglandin synthesis, 

allows to affect the complex play of phlogosis without interfering with 

the functions of organs, classic victims of irreversible and strong 

prostaglandin i nhibition (kidney and stomach), especially in particular 

type of patients. 

On the basis of this pharmacological premises, a consistent 

amount of clinical trial s have been carried out in different clinical 

conditions , characterized by the presence of acute or chronic inflamma­

tions, in children, in adults as well as in elderly patients. So far 

629 patients have been treated in clinical studies, for periods ranging 

from 1 to 168 days (24 week s) . The trials were conducted according to 

well designed protocols in open or blind conditions . Adequate parame­

ters were choosen according to the different kinds of the studied infla­

mmatory diseases. Overall, the drug resulted satisfactorily effective, 

also when compared to well -known and active traditional NSAIDs, as ASA, 

piroxicam, ibuprofen , sul indac and others. 

On the whole population treated with imidazole 2-hydroxyben­

zoate (629 patients) the percentage of s ide-effects was 6.84%. This per-
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centage incidence is cleal'ly lower than that of the most used ones. It 

should be especially mentioned that the good tolerability of imidazole 

2-hydroxybenzoate has been documented also in patients commonly consi­

dered at risk, as diabetics with incipient nephropathy, hypertensives, 

and elderly. The low incidence of side-effects recorded in the 6 months 

study is relevant for the perspectives of long-term treatments, where 

the compliance of the patients may be considered as, if not even more, 

important as the drug efficacy, in view of a successful control of the 

disease . 

For all these reasons , imidazole 2-hydroxybenzoate is indi­

cated for the treatment of acute, subacute and chronic inflammations , 

also in patients usually considered at risk (diabetics, hypertensives, 

children, and elderly patients) . The recommended posoloP,y is 1-2 x 20 

mg/kg/day in children, and 2-3 x 750-800 mg/day in adults. 
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Table 1. Summary of the essential pharmacokinetic parameters (plasma mean 
values and SD) of imidazole in imidazole 2-hydroxybenzoate tablets 
and drops. 

co 
Imidazole c T AUC0 t~s max max 

Single dose-tablets 3.59 ± 0 .96 0 . 79 ± 0.54 16.00 ± 7.10 2.98 ± 1.13 

Multiple dose- tablets F 2 .87 ± 0.84 1.04 ± 0 .50 14.53 ± 4.02 2.85 ± 1.25 
L 3.11 ± 0.78 0 .68 ± 0.51 8 .93 ± 3.15 1.86 ± 0. 78 

Single dose-drops 3 . 30 ± 1.22 0.71 ± 0 . 59 12.29 ± 9.96 2.48 ± 1.19 

Multiple dose- drops F 2.67 ± 1.22 0.96 ± 0.67 13.29 ± 4.12 3.47 ± 2 . 64 
L 2 . 30 ± 0.61 0.51 ± 0 . 52 7 .40 ± 3.47 2. 12 ± 2.91 

F = first dose : L = 10th dose (last dose). From (1). 

The peak plasma concentrations of imidazole (ranging 3.30-3.59 µg/ml for single dose 
and 2 . 30 - 3.llµg/ml for the last multiple dose) were reached fast (T r anging 0.71 -
0. 79 hrs for single dose and 0.51-1.04 hrs for the last multiple doW~r and levels 
decreased rapidly (t1 6 ranging 2.48-2 .98 hrs for single dose and 1 .86-3.47 hrs for 
the last multiple do~e) ; these data were s imilar for both galenic formulations and 
give no evidence for any accumulation tendency . The renal elimination of imidazole 
was about 10- 15% . 
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Table 2. Summary of the essential pharmacokinetic parameters (pl asma mean values 
and SD) of salicylic acid in imidazole 2-hydroxybenzoate tablets and drops . 

Salicylic acid c ()() 

T AUC0 t~e max max 

Single dose- tablets 38.50 ± 16.38 0 .90 ± 0 . 87 262 . 31 ± 118 . 25 6 . 46 ± 3.79 

Multiple dose- tablets F 41.56 ± 12.16 0 .93 ± 0 . 78 302.33 ± 108.34 6.28 ± 2 . 94 
L 52. 23 ± 21.44 1.47 ± 1.41 464.00 ± 286.02 6.40 ± 3.26 

Single dose-drops 30 .31 ± 8.03 1.16 ± 0.75 188 . 63 ± 62.58 4 .63 ± 2 . 35 

Multiple dose-drops F 43 .86 ± 18.51 0.96 ± 1.03 277 . 52 ± 166.91 6.76 ± 6.15 
L 58.39 ± 23.17 1. 36 ± 0 . 80 386.61 ± 194.34 5.60 ± 3.66 

The peak plasma concentrations of salicyclic acid were (30 . 31- 38.50 µg/ml for single dose 
and 41 . 56-58 . 39 µg/ml for the last multiple dose) in the range of therapeutic effective ones; 
the peaks were reached (T 0.90 - 1.16 hrs for the single dose and 0.93 -1.47 hrs for the last 
multiple dose) almost as ~~~t as for imidazole and they decreased slightly slower (t1 8 values 
ranging 4.63- 6 .46 hrs for the single dose and 5.60-6 . 76 hrs for the last multiple do~e) . These 
results, almost identical for both galeni c formulations, show again no evidence of accumulation 
tendency and are in good agreement with published data . From (1). 
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Table 3 . Summary of the essential pharmacokinetic parameters (plasma mean values and SD) 
of salicyluric acid in imidazole 2-hydroxybenzoate tablets and drops. 

Salicyluric acid 

Single dose-tablets 

Multiple dose-tablets F 
L 

Single dose- drops 

Multiple dose-drops F 
L 

c max 

2 . 75 ± 0.81 

1. 35 ± 0 . 33 
2.06 ± 0.91 

2.15 ± 0 . 60 

1.69 ± 0.87 
2.10 ± 0 . 89 

T max 

0 .96 ± 0.65 

0.94 ± 0.88 
1.37 ± 1.21 

1.10 ± 0 . 99 

1.21 ± 1.36 
1. 27 ± 1.15 

00 

AUC0 

53 . 18 ± 36 . 68 

30.47 ± 11.51 
40.94 ± 16.78 

64.61 ± 31.80 

24.55 ± 17.71 
40 . 71 ± 2 8 . 5 8 

t1 a 72µ 

12 .39 ± 8 . 56 

12 . 77 ± 4 .55 
11.26 ± 5.90 

20.79 ±12.34 

9.28 ± 8 . 99 
13 . 16 ±11.60 

As for salicyluric acid, C and T were similar to those of i midazole and salicyl ic 
acid, while tkS was longer~a~s expe@t~d since the biotransformation of salicylic acid i n 
salicyluric acid is r elevant and also very rapid . From (1) . 
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CLINICAL EVALUATION OF COMPOUNDS OF MICROBIAL ORIGIN 

H. - P. Kuemmerle 

Tokyo Medical College, Japan ; 

P .O.Box 89, D-8173 Bad Heilbrunn, F.R .G . 

The clinical trial of a new compound of microbial origin is 

based on the principles of rational methodology . Clinical chemotherapy 

has developed its own laws and rules that are determined by the parti­

cularities of infectious diseases. Three essential factors must be con­

sidered in this set of problems : the microorganism, the patient, and 

t he physician (drug?) . The devel opment of a new ant ibiotic fol lows the 

general principl es of clinical pharmacology which are valid for all 

groups of substances. Clinical trial s consist of t hree or four phases . 

Phase I can be subdivided into Ia and lb, and Phase II into Ila and Ilb. 

In Phase I t he pharmacodynamic and pharmacokinetic features of a sub­

stance , which have been determi ned in preclini cal research, must be ob­

jectified and verified . Generally, about 10-20 subj ect s suffice for a 

population of volunteers and patients; however, this varies according 

to country. 

The prerequis i tes for a decision on t he therapeutic effica­

cy of a substnace are very careful plannin~ and unproblematic perfor­

mance of the clinical trials in Phase Ila . Only under such conditions 

can t he side-effects be cl early recorded according to frequency and 

severity . As a rul e , at the end of Phase Ila clarity is obtained on 

t he importance of the new substance in comparison with other existing • 
substances for the range of indications . TI1is comparative assessment 

a l so determines t he further course of the c l i nical trials. I f , for 

example , the new substance shows significant advantages for therapy, 

it will be tested on a larger number of patients in Phase IIb. At that 



122 Thai J. Pharmacol. 

Vol.8 No .2 Nay-Aug. 1986 

time proof of therapeutic advantages over other substances with similar 

indications will be sought in double-blind and cross-over studies. The 

overall general experience with a well-designed, well-conducted clinical 

trial consisting of a small patient population is frequently superior 

to that gained with trials involving large numbers of patients , espe­

cially multicentre trials. Likewise a well-designed, well-conducted 

open c linical study can be more valuable than doubl e-blind studies. 

Such comparative trials should employ the commonly used chemotherapeu­

tic agent for each indication as a standard of comparison for new drugs. 

The term "antibiotic" in clinicopharmacological or pharma­

cological therapy is understood to cover all biosynthetic, semi- and 

fully synthetic antibiotics and their derivatives. Both experimental 

and applied clinical pharmacology differentiate between two types of 

antibiotic activity : bacteriostatic and bactericidal activity. The 

type of activity is determined by the effect tha,t can be expected in 

the organism at certain concentrations after a defined duration of ac­

tion. Other mechanisms of action pl ay an essentia l role at the various 

s ites of activity (ce ll wall, cytop l asmi c membrane, protein synthesis , 

synth esi s of nuc l eic acids) . The phenomenon of persistence plays a 

l a r ger role in in vivo studies than in vitro. 

TI1 e phenomenon of bacterial resistance is a relative concept. 

Statements about resistance can be made only in connection with an ac­

tive antibacterial s ubstance and its dosage . The relevant parameters 

i nclude potency in vitro, min i mal inhibitory concentration and concen ­

tration of ant ibiotic at the site of action . If the minima l inhibitory 

concentration i n vi tro is higher than the serum or tissue concentrations 

achievabl e in vivo, t he microorganism can be said to be resistant. Three 

types of resistance must be differentiated : natural, primary, and secon­

dary. Secondary ' r csistance can be developed in several ways, a ll of 

whi ch ar e dependent on t he antibiotic and its mechanism of action , for 

example, the streptomyc in type (one-step mutation) and the penici ll i n 

type (multiple-step mutation). 
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Although the transfer of resistance plays an important role 

today, it cannot be treated in detail here for reasons of time limita­

tion. 

Nowadays it is necessary to differentiate between protein 

binding and protein inactivation. Protein binding is usually measured 

as the binding of active substances to serum proteins, primarily serum 

albumin. Consequently, albumin binding would be a more appropriate 

term. A high serum binding is generally considered negative. Tissue 

proteins can differ from albumin by their amino acid sequence, tertiary 

structure and other types and capacity of binding. For these reasons 

the therapeutic efficacy of a drug in the tissue cannot be sufficiently 

assessed on the basis of protein binding and inactivation of serum al­

bumin. For example, high serum binding of a drug, which i s usually 

revers ible, could be considered posit ive because of its transport func­

tion in the tissue. However, it is not yet possible to decide whether 

the protein binding factor of a substance to serum protein is positive 

or negative, for no correl ation has been made with therapeutic r e levance. 

Nevertheless , extremely high values of protein binding, > 95%, must be 

considered disadvantageous. 

The antibacterial spectra of activity of the individual an­

tibiotics cannot be interpreted as a list of indications, much less a 

timetable. They provide primarily negative , disqualifying information 

and permit only suggestions about which substances may be inactive in 

individual cases . Their value i s in general limited by the different 

susceptibilities of various strains of individual species and by the 

ratios of primary resistance. 

Clinical case histories alone are not a criterium for the 

us efulnes s or even superiority of a new antibiotic or active combina­

tion, since ethical viewpoints are most often opposed to a stringent 

trial ·. The clinical efficacy is only the keystone of a detail ed experi ­

mental or c linicopharmacological investigation. Essential and confir-
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med principles for the assessment of new antibiotic substances include 

microbiological and pharmacokinetic investigations. 

The antibacterial activity of new drugs or drug combina­

tions should always be tested in comparison with the most active subs­

tances existing . Since the findings of in vitro tests depend primarily 

on the methods used, statements of a relative nature are thus more sui ­

table. 

The various tests used can be subdivided into microbiologi­

cal and non-microbiological methods. Whereas the microbiological me­

thods test the activity of a chemotherapeutic drug or antibiotic against 

a growing organism, non-microbiological methods are based on physical 

or chemical changes. The microbiological methods can be subdivided into 

diffusion test, dilution test, turbidity test, and urease test. 

Although they are not as precise as the non-microbiological 

methods, their accuracy can be improved by increasing the number of pa­

rallel tests performed. The non-microbiological methods are based on 

chemical, physical or immunological principles. They can be applied 

without any important disadvantage when concentrations of antimicrobial 

agents with a known metabolic stability are to be measured. Thus, anti­

microbial agents have to first be investigated to a certain extent to 

exclude these disadvantages as much as possible from the very start. 

Recently, there has been an increase in the use of non-microbiological 

methods, which entail use of radioactive i sotopes (radioimmunoassays 

and radioenzyme assays) . 

Animal trials are sti ll the most reliable basis for evalua­

ting the efficacy of a chemotherapeutic agent. Statements that a drug 

has better or poorer activity than another drug on the basis of animal 

studies cannot be extrapolated to human patients, for there are consi­

derable differences between humans and various animal species, e . g . , 

course of infection, site of infection under experimental cond itions, 

and metabolism . To ensure that the first application of an antimicro­

bial agent in humans is safe, animal experiments are conducted to de-
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termine acute, subacute and chronic toxicity, embryotoxicity and tera­

togenesis. The investigation of a drug for carcinogenicity and muta­

genesis in animal experiments poses special problems when the results 

are extrapolated to humans. These problems can and should be judged by 

only a few specialists. Such investigations should only be performed 

when there is sufficient that such effects could occur . In principl e , 

however, the drug registration and licensing requirements of the indi­

vidual countries decide here. 

Pharmacokinetic investigations of a new antibiotic are nowa­

days an inseparable part of our clinicopharmacological experience and a 

new drug ' s characterization. The goal of such investigations is not 

only to gain more knowledge about the pharmacokinetic processes in the 

human organism and to determine the parameters of absorption, distribu­

tion, and excretion and their most important constants. First of all, 

the goal is to ascertain an optimal dosage. Such dosage studies must be 

performed on both healthy volunteers and patients. Armed with knowledge 

of pharmacokinetics, the physician can actively manage and control each 

antibiotic , even in difficult and complex situations in the hospital and 

the practice when the underlying conditions for the course of certain 

pharmacokinetic processes and their resulting concentration steps are 

altered by infections or other pathological developments. Applied cli­

nical pharmacology rests on the fo llowing three pillars : 

1. The pharmacological efficacy of a drug correlates with 

its plasma concentration-time data or urine concentration-time; the 

corresponding blood, plasma, serum or urine specimens have been collec ­

ted at the precise interval of sampling required. 

2, A method for determining the concentration of drug and/ 

or metabolites in biological f luid is available which is sensitive, se­

l ective , reproducible, unproblematical, and applicable. 

3 . Computers and programs are availabl e for deriving the 

concentration-time curve of the drug in blood or its accumulation i n 

urine, and from these values the pharmacokinetic parameters are calcu-
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lated. These parameters are combined with the patient's clinical his-

tory to determine drug dose, dose interval, etc. Besides pharmacokine­

tics, biotransformation and bioavailability are of major importance; 

they include the different routes of administration. 

In general, the pharmacokinetics of antibiotics conforms 

with the natural laws of other drugs, as regards absorption, distribu­

tion and excretion. Complicated pharmacokinetic analyses are not always 

the prerequisite for determining bioavailability. It is completely suf­

ficient for basic information to calculate the area under the plasma 

concentration curve,the peak serum concentration and the time in which 

the blood concentration is reached, and the cumulative elimination of 

the drug in urine. The absolute bioavailability is obtained by compa­

ring the levels found after administration of the drug by the route to 

be tested with the levels obtained after intravenous administration of 

the same drug dosage (the bioavailability of the latter is 100%). The 
r 

relative bioavailability is obtained by comparing the test substance 

with the standard drug. 

Large interindividual variations can occur during absorption 

processes. These are especially evident when semi-synthetic penicillins 

are given. Likewise the same substances produced by different firms can 

have various bioavailabilities. Considerable differences in concentra­

tion have also in part been established for these products. Blood or 

plasma concentrations and the influence that ab sorption, diffusion and 

elimination processes have on them provide important parameters for ap­

plying antibiotics. These concentrations can be considered therapeuti­

cally effective if they clearly exceed the minimal inhibitory concentra ­

tions of the drug for the microorganism causing the infection. However , 

serum peak concentrations, which are usually reached temporarily, must 

not be overvalued. The average concentrations that are reached are more 

important. The blood or plasma level s of a substance can serve as an 

evaluation standard only when combined with an at least approximate know-

1 edge of the substance's diffusion. The determination of th e tissue con­

centration of a drug is subject to considerable mcthodologic errors , 
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since it is generally based on bl ood or urine concentrations of the test 

substances . 

The so-called vo l ume of distribution is defined as a ficti­

tious volume of the organism, i.e . , at the moment of distribution equi­

librium (homogeneous distribution of the anti biotic between tissue and 

blood) the same concentration is reached in the total body as in the 

blood plasma. The volume of distribution constant is dependent on the 

physicochemical properties of the antibiotic, especially its degree of 

serum protein binding . Determination of the absolute volume of distri­

bution not onl y gives a concrete idea of the antibiotic in the human 

organism, but it i s also an important pharmacokinetic constant with 

other pharmacokinetic parameters can be cal culated . For exampl e , accor­

ding to the one-compartment model of pharmacokinetics, the substance i s 

di s tributed in only one vo lume . · We will not go into further detai l 

he re . 

Other important criteria for evaluating an antibi otic are 

t he type and amount of i ts e limination from the human organism . Elimi­

nation is termed the irreversible excretion of an antibiotic from a 

specific volume, either from the total organism or from one of i ts parts, 

the so-called compartments. Thi s process is refl ected· first of all in 

the blood or plasma l evel s , although the antibotic is e limi nated from 

individual compartments or from the total human organism. Depending on 

the type of excretion we can differentiate t hree different types of 

drug : r enal e l imination only (e .g . , gent amic in, cephalospor ins) , ext r a ­

renal elimination only, e . g . v i ~ metabolism (chloramphenicol, ri fampicin) , 

partially renal, part ially extrarenal elimination. Rena l excr et ion can 

take place by means of tubul ar or glomerular filtration, frequent ly by 

both mechanisms . Ther efor e , substances that are primarily e l iminat ed 

rcnally must be app l ied in r educed doses in order to avoid accumulation 

in patients witl1 r enal function disturbances . Since the kidneys are t he 

main or gan of elimination for most ant imicrob ial substances , renal insuf­

ficiency has a s i gnificant i nf luence on the kinetics of these substances. 

It poses both the danger of overdosage (if dosage is not reduced) and un-
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derdosage (if dos~ge is too small). 

Hemodialysis and peritoneal dialysi,s result in a very diffe­

rent loss of activity of the various antimicrobial agents. The effect 

of dialysis on the drug pharmacokinetics in the organism depend s on 

several factors, the most important of which is the passage of the drug 

or antibiotic through the dialys is membranes. This itself, however, is 

highly dependent on the degree of serum protein binding of the indivi­

dual substance. Moreover, the properties of the dialysis machine also 

play a very important role. Several different methods of calculating 

these factors ar e given in the relevant literature . For example, the 

half- life of the antibiotic can be derived from a number of serum level 

assays in the different procedures of dialysi s , and then this is used to 

select the optimal dosage. As a general principle, the patient must be 

monitored very car efully in the hospital, s ince the renal function can 

change very rapidly. This rule al so applies to •many other life-threa­

tening conditions that cause a temporary r enal insufficiency. 

Besides the kidneys, e limination al so involves the liver, 

biotransformation and catabolism, and all other processes that can lead 

to permanent tissue retainment of t he drug . Most chemother apeutic agents 

are metabolized and degraded in the organism by oxidation, reduction, 

hydrolysis and conjugat ion. How much drug is excreted unchanged by kid ­

neys , bil e , faeces and, less so, by lungs and skin varies gr eat ly depen­

ding on the individual active substances . It can amount to < 1 - >7 0% 

of the admini stered dose. Mos t of the metabolic and catabolic reactions 

are inactivating processes; only a very few cases, compotmd s t hat are 

inactive in vitro are initially activated in t he organism. Examples of 

the latter include chloramphenicol ester s and several N- acetyl-sulfona­

mides. The pathways of metaboli sm determine the duration of drug action, 

the processes of diffusion and e limination, and al so the occurrence of 

toxic s ide-effects and allergic reactions. The incidence of the l atter 

is especially high in premature and newborn infants, patients with renal 

and liver diseases , and elderly patients, as well as those wi t h anomalies 

of fermentation. 
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The amount of parenterally administered drug that is excre­

ted in the faeces indicates its concentration in the bile. It also in­

dicates when precautionary measures are required in patients with liver 

function disturbances. In contrast, the amount of orally administered 

drug eliminated in the faeces is primarily dependent on the intestinal 

adsorption quotient of the active substance . The interindividual vari­

ation here is often considerable. Important serum or elimination half­

life values for determining appropriate dosage can he derived from the 

excretory conditions of a drug. Besides the pharmacokinetic analysis 

of t he time course of changes in drug blood l evels, the changes in urine 

concentrations are also important. These values provide information on 

the renal elimination of the antibiotic, as well as on the total charac­

ter of the excretion process. The most important and best known pharma­

cokinetic parameter is the so-called biologic half-life, t 1 ; it is con -
~ 

sidered the basic constant. The biologic half-life is specific for each 

substance. It is a variable which under certain circumstances is depen­

dent on t l1 e serum protein binding and fluctuates expecially in patients 

with renal function disturbances. 

Clearance methods play a great role in the evaluation of 

drug elimination . They give information on aspects of quantity and rate 

of elimination and also on the routes of elimination . Pharmacokinetics 

is concerned primarily with the so-called total clearance, involving 

renal and extrarenal clearance. Both are closely related. The extra­

renal clearance is the difference between the total and renal clearance. 

It is the parameter for determining the extrarenal elimination and pro­

bably also for the biotransformation of the antibiotic . The so-called 

clearance ratio is determined from the renal clearance of the investi­

gated antibiotic and the renal clearance of endogenous creatinine. If 

their ratio is equal to 1, the antibiotic is eliminated only by glomeru­

lar filtration . If the quotient is lar?,er than 1, the elimination can 

be assumed to involve tubular secretion (e.g., in a number of penicillins_ 

and cephalosporins) . Only the unbound portion of antibiotics with strong­

protein binding arc fi ltered in the glomerul i . To ca lcul ate renal clea-
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ranee, the bound portion has to be subtracted from t he total plasma con­

centration. The excretion ratio obtained characterizes the actual me­

chanism of renal elimination. 

Thes~ values are very important for the practical applica­

tion of antibioti'cs, for they have furthered our understanding of the 

distribution of antibiotics between the adrenal cortex and the renal 

medulla . In cases where the infection is localized in the kidneys , this 

could influence the choice of the antibiotic . It is also essential to 

know that whereas antibiotics with extensive protein binding cannot be 

excreted by glomerular filtrat ion, they can be e liminated by tubular 

secretion . 

The pharmacokinetic principles of antibiotics are generally 

cal culated on the basis of a single application. However, in actual 

practice, antibiotics are administered either repeatedly at short inter­

vals or where especially indicated over a longer period. This was the 

occasion for intensive clarification of pharmacokinetic l aws of drugs 

given on a regular basis . Such knowledge is t he basis for sel ecting 

optimal antibiotic doses . Repeated admini strations can easily lead to 

accumul ati on of the antibiotic, during which the blood or plasma l evels 

alternate between minimal and maximal concentrations . After a certain 

interval, whi ch is equal to about five times the t 1 of the antibiotic , 
Yi 

a steady state arises , which is termed a plateau concentration, i . e. , 

t he amount of drug absorbed is equa l to the amount e liminated: It is 

necessary to determine the mean serum concentration for certain bacteri­

cidal antibiotics which have a short biolopic half-life (most penicil­

lins and some cephalosporins) . 

Pharmacokinetics a l so a llows the i ndividualization of dos­

age. This is absolutely necessary in patients with kidney and liver 

function disturbances, pregnant women, newborns and infants, and geria­

tric patients, and a lso during the course of a disease. Administration 

of a normal dose in such cases can increase the risk of pharmacotherapy 

or even result i n fai l ure of therapy. Optimal dosage r egimens must be 
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established for these patients in order to guarantee a maximal efficacy 

at a minimal risk. This can be exemplified in cases of renal insuffi­

ciency; here the individual half- life of a drug or antibiotic can be 

estimated from the patient ' s creatinine clearance. 

Pharmacokinetic trials are to be sure the most important but 

not the sole prerequisite for a rational and economical antibiotic the­

rapy in hospital and practice. Together with the results of in vitro 

microbiological investigations and the preclinical data and clinical 

experience obtained from animal models of infections, they provide the 

criteria to evaluate the therapeutic value of a new antibiotic. In 

practice, pharmacokinetic results cannot be evaluated unconditionally, 

for they have to do with biological variables. Often the concrete in­

terpretation is very difficult and occasionally even very questionable. 

Nevertheless, the dosage regimens that have been derived from pharmaco­

kinetic calculations and confirmed by them have proven success ful in 

both hospital and practice, especially in the case of renal insufficiency. 

Pharmacokinetics must also be understood dynamically. Single 

steps of a dynamic process, e.g., blood or serum levels or serum protein 

binding, can be deceptive and confusing when presented in isolation, out ­

s ide the total context. A critical and objective evaluation is only pos­

sible when all principles are considered together. 

Microbiological studies of the normal or pathological ly 

altered flora should be conduct ed at the same time as the c linicopharma­

cological investigations, in order to determine the range of antibacte­

rial activity of a new antibiotic . The c linicopharmacological trials 

are brought to a close in Phase Ila with the first therapeutic applica­

tions in the r e levant range of indications. ftt this point the new drug 's 

profile of activity and potency and the characteri zat ion of its activity 

have been sufficiently clarified. 

Side- effects (allergic, toxic, and biological) are inves­

tigated and car efully registered according to the following well-known 

procedures. In most cases it is not possible to differentiate between 
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purely allergic, toxic or biological reactions. Generally, all of these 

reactions have a summation effect. The individual drug response and 

sensibility permit a multitude of disease forms to develop. 

When viewed within the whole picture, primarily toxic reac­

tions to antimicrobial agent s are quite minimal. For exampl e , polyva­

lent antibiotics are known to strongly activat e the mucous membranes. 

Under particular conditions (administration on empty stomach, l ong 

retainment in intestines, enteral excretory pathway) toxic r eact ions of 

the mucous membranes can occur. Depending on t he individual drug res­

ponse of the organism, the underlying disease , etc., these reactions can 

take on clinical forms ranging from minor to severe. Regu lar antibio­

tic administration is by no means the absolute prerequisite for allergic 

reactions to arise or to be induced . If other drugs administer ed ear­

lier have a similar chemical structure to that of t he new antibiotic, 

they can serve as the inducing agent . The same role can be played by 

dietary fiber, excipients, contamination, et c . An allergi c predisposi­

tion can be created by t hese factors, but they alone are not the deci­

sive factors inducing all er gic reactions . Usually, several factors are 

involved . The abuse of antibiotics in therapy, their use in agriculture 

and animal husbandry, in food preservatives, etc. , have also played a 

significant rol e in the increased rate of sensitizati on to t hem. 

The problem of nosocomial infections, i . e . , infections t hat 

patients contact during hospitali zation , i s as old as the existence of 

hospitals . Whereas earlier hospital fires, surgical erysipelas, stoma­

titis, puerperal fever, , t etanus , etc ., were especially feared, nowadays 

i nfections with staphylccocci , gram negative bacteria, and fungus such 

as Candida cause the majority of hospital infections. The special addi­

tiona l feature of the "modern form " of hospita l infection in the age of 

chemotherapy is the increased number of infections due to agents that 

are r esistant to i ndividual ant i biotics . This poses special t herapeu­

tic probl ems, especially s ince t he microorganisms frequently deve l op 

mul tipl e r esistance to various active subs t ances. The cause of hospi ­

ta l infection is compl ex .. It is di fficult to combat, because nume1·ous 
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factors are involved. An essential, perhaps the most decisive, role is 

played by all factors that negatively influence the equilibrium between 

the causative agent. and the patient, i.e., that reduce the patient's 

resistance and immune defenses. 

Acute worsening and life-threatening complications can 

occur in infectious diseases caused by microorganisms that produce en­

dotoxi ns, especially when massive loading do~es of antibiotics are given 

at the onset of therapy. These reactions are observed with not only 

bactericidal but also with bacteriostatic antibiotics. Their cause is 

most often ascribed to the effect of endotoxins released during bacte­

rial disintegration or bacteriolysis. Occasionally, single or additio­

nal allergic reactions are assumed to be involved, for example, Herx­

heimer 1s reaction and therapeutic shock. 

The increasing consumption of drugs has been accompanied by 

increased disturbances resulting from interactions between drugs adminis­

tered simultaneously . In many cases the course of reactions has been 

clarified. However, this does not mean that simple guidelines can now 

be set up and followed so as to avoid possible life-threatening intoxi ­

cations due to the prescription of several drugs, which is frequently 

necessary. Since enzyme mechanisms frequently play a decisive role in 

sucl1 situations, data from animal experiments on this complex topic 

should be interpreted as suggestions, at the most, and should not be 

extrapolated to humans. With this in mind, the following explanations 

are meant to encourage the testing of undesired reactions appearing du­

ring the course ~f chemotherapeutic measures so as to determine whether 

there is interference between active substances. 

Pharmacokinetic data on the individual drugs can be used as 

starting points for estimating the influence of multiple-drug adminis­

tration on the organi sm. The mechanisms involved in drug interactions 

are given in the following general breakdown : 

1. Pharmacokinetic interaction : drugs can influence the 

absorption, di s tribution, biotransformation or excretion of other drugs . 
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2. Pharmacologic or pharmacodynamic interaction : two drugs 

can exercise an additive or synergistic pharmacologic influence that 

leads to undesired effects. However, two drugs can also have an anta­

gonistic pharmacologic effect. In both cases the action of the drugs 

on the same or different receptors can play a role . 

3. Various interactions : this group includes drug inter­

actions that cannot be assigned to either of the preceding categories. 

An example is provided by the sulfonamides. Although otherwise insolu­

ble, they require an acidic urine for elimination but crystalluria can 

develop if the pH is too low. 

Finally, a few brief remarks should address the effects of 

antibiotics on laboratory values. The different possibilities of in ­

teraction can be determined and must be strictly and clearly differen­

tiated from each other : the presence of an antibiotic can falsify the 

methods of detection, and the antibiotic can chan~e clinicochemical pa­

rameters. It is practical from a critical and objective standpoint not 

to describe the effect of antibiotics on laboratory values as drug in­

teractions. They are not interactions, but first of all the consequence 

of unspecific chemical methods of detection, and secondly, a part of 

the activity profile of the antibiotic or drug. 

In conclusion, the clinicopharmacological evaluation of a 

new antibiotic involves a multitude of trial criteria , which permit an 

interpretation of its clinical relevance and usefulness. In the last 

analysis, the clinical significance of a new antibiotic depends on the 

decision to assign the drug to a certain category. Th:ls rests on the 

personal experience of the clinical pharmacologist examining the drug 

as well as on the indispensible cooperation of the specialist discipl i ­

nes involved. 

(Lecture given in Pharmacokinetics and Clinical Pharrnacolo~y of Cardio­
vascular and Renal Drugs and Poisons Workshop at ASEAN Training Centre 
for Primary Health Care Development, Mahidol University, Salaya Campus, 
Thailand .) 
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