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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

chulalongkorn University, Bangkok 10500

Abstract

The positive chronotropic and inotropic effects of 5-hydro-
xytryptamine (5-HT) on_ the isolated rat right and left atria respecti-
vely have been investigated in the presence of 5-HT antagonists, i.e.,
methysergide and cyproheptadine, and beta-adrenergic blocking agent,
i.e., propr olol. Methysergide (0.47 ug/ml} or cyproheptadine (0.02
ug/ml  reduced the positive chronotropic effect of 5-HT (2.0 ug/ml on
the right atria to about 50% of controls, but completely abolished the
positive inotropic effect of 5-HT on the left atria. Propranolol (0.15
ug/ml) attenuated the positive chronntvopic effect of 5-HT similar to

ose of methysergide and cyproheptau.ie. However, propranolol did not
reduce the positive inotropic effect induced by 5-HT on the left atria.
Combinations of 5-HT antagonists with beta blocker totally ahibited the
positive chronotropic effect. The positive chronotropic response of the
isolated right atria from reserpinized rats was also abolished by either
methysergide or cyproheptadine alone,

It is concluded that in 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 intra-cardiac stores. In contrast, the positive inotropic effect
on the left atria is due to a direct action of 5-HT and does not involve
endogenous catecholamine release,

5_HT or serotonin has a ~ 1ll-documented effect on the cardio-
vascular system (1). It has been proposed t' .t I MT has different mode

of actions on isolated cardiac tissues depending on animal species. In
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torce transducer (Grass FT 03 C) connected to a recorder (Beckman Dyno -

graph recorder type R},

RESERPINE PRETREATMENT

Rats were injected intraperitoneally with reserpine at the
dose of 5Smg/kg/day for two consecutive days. They were sacrificed on
he third day and the left 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) were
stable, 5-HT was administered to - e organ bath chamber by a microsy-
ringe and the responses were recorded for 15 min. The same preparation
was washed repeatedly with Locke solution and allowed to recover for at
least 15 min befr~ro the =fferts of the blockers on the action of 5-HT
were tested, and **2n the preparation was discarded. Control experi-
ments revealed that there was no achyphylaxis to the second addition

of 5-HT.

CHEMICALS

rugs used were as follow : 5-hydroxytryptamine creatinine
su ate (Sigma}, cyproheptadine hydrochloride {Merck, Sharp & Dohm},
methysergide hemimaleate (Sandoz), propranclol hydrochloride (Inderal
inj., I.C.1.) and reserpine (Serpasil inj., Ciba Geigy). Cyprohepta-
dine hydrochloride was dissolved in methanol; all other drugs were dis-

solved in double-distilled water.

RESULTS

POSTIT VE CHRONOTROPIC EFFECT ON THE RAT ISOLATED RIGHT ATRIA

The effects of 5-HT (2 ug/ml), methysergide (0.47 ug/ml) and
5 T plus methysergide on the spontaneous rate of isolated rat right
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atria are recorded in Figure 1. G5-HT produced 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 cobtained when
either another 5-HT antagonist, cyproheptadine (0.02 ug/ml), or a beta-
adrenergic blocking agent, propranolel (0.15 ug/ml), was used instead
of methysergide. It must e pointed out that in order to avoid any non-
specific effect, the dose of individual blocking agent emy oyed in this

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

by itself.
O0——0 §-HT 2 Mg/ml ; nes
#——® S-HT 2 ug/ml + METHYSERGIDE 047ug/ml ; ne6
¥e——1d METHYSCRGIDE 047 "1 , nav
|
" ns | L____________l___-———————~°
o 1 1 1
X . 10 4 3///,1
T
J B 1 o1
< z %
—_— q 1
q ¥
% 100 b .
L
L] —_— T M
@ = t E
i’
{ T T T
o] | 3 5 10 5
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.M.
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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 striking results were obtained when cyprohepta-
dine (0.02 ug/ml) replace methysergide (results not shown). urther
experiments were then performed with isc ited 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 5-HT 2 ug/m! | n=é

o——8 8-HT 2 ug/ml + PROPRANOLOL 0I5 ug/ml 4+
METHYSERGIDE 04T ug/ml  } n=6

% ——n PROPRANOLOL 0.8 ug/mi 4+

METHYSEROIDE QAT ug/ml ; ns 6

L

1o
& b——o—1 : :
|
= §105J
o =
505 o iy

# 00 = 4 8 i T

-~ I 4
5
== a5
= "%

0 ! 3 5 0 15

TIME (MIN)

Figure 2. Blockade by ropranolol plus methysergide of
the positive chronotropic action of 5-HT on
the isolated rat right atria. Both antagonists
were added 5 min before 5-HT. Each point re-
presents a mean * 5,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 igure 1). Similar results were also

found with cyproheptadine (0.02 ug/ml).

0——0 B-HT 2 Hg/ml ; na=%

e—ae #-HT 2 Hg/ml o+

METHYSERGIDE 047 Mg/mi ; n= 3
#—# METHYSERGIDE 0,47 ug/ml ; n= 4
L
q
HIO T
o 1 o o 1
o] T rT)
4 g 1
= 105 -
x 2
= <:|:I: z T T
9
o X ot —i, f——t
e
Q
o 95 1
1
T T T T T
o ! 3 5 [} 1]
TIME (mMIN)

Figure 3. Inhibition y methysergide of the positive
wronotropic 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 | OTRt 1C EFFECT ON THE RAT ISOLATED LEFT ATRIA

Figure 4. records the effects of 5-HT (2 ug/n ), cyprohep-
tadine (0.02 ug/ml)} and 5-HT plus cyproheptadine on the isometric force
of the electrically driven isolated rat left atria. 5-HT produced a
10- % 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 ineotropic response. Methyser-
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gide (0.47 ug/ml) was found to be slightly less effective than cyprohep-
tadine. In contrast to the effect on the rate, propranolol (0.15 ug/ml)
was found tot: vy inert ag: 1st the action of 5-HT on the left atri:

isometric force (Figure 5).

0——0 B-HT 2 pg/ml ; n=e6

o—a B-HT 2 ugs/ml 4+
CYPROHEPTADINE 002 pg/ml |, na=5%

=

9. R—-0 CYPROHMEPTADINE 002 ug/m! ! n=6

7]
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" |
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Figure 4. Abolition by cyproheptadine of the positive
inotropic effect of 5-HT on the electrically
paced isolated rat left atria. Cyprohepta-
dine was added 5 min efore 5-HT. Each point
represents a mean * S5.E.M.

DISCUSSION

1e results presented n this paper have shown the stimula-
tory effect of 5-HT on the right atrial rate and the left atrial isome-
tric tension of the rats. The positive chronotropic effect .> partially
antagonized by 5-HT antagonists (methysergide and cyproheptadine) or

beta-adrenergic blocking drug (propranolol). However, severe or com-
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e—e 5HT 2 wg/ml + PROPRAMOLOL I8 pgsml  nss
O——a 8-HT 2 ug/ml ; napg
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Figure 5. Effeet of propranolol on the positive inotro-
pic av.ion of 5-HT on the electrical y paced
isolated rat left atria. Propranolol was

lded 5 min before 5-HT. Each point repre-
sents a mean * S.E.M.

plete inhibition can be achieved by combining 5-HT antagonist with beta
locker. In contrast, the positive inotropic effect is completely abo-
lished by 5-HT antagonists, particularly cyproheptadine; and propranolol
is tot: ly ineffective at the same dose, 1ese 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.

This conclusion is also supported by the experiments in
which reserpine 5 used to deplete neuronal storage of catecholamine.
Thus, in the reserpinized right atria, -HT antagc ists : one 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-HT, or 54

and 5—HT2 or 52 receptors. Methysergide and, particularly, cyprohepta-
dine have a higher affinity for the S, than for the £ receptor (5).
Since low doses of methysergide and cyproheptadine were found‘to reduce
the rate and abolish the contractile response, this may suggest = e pre-

sence of 52 receptor subtype in the rat atria.

1e apparent inability of 5-HT to induce endogenous catecho-

amine release in the left atria may not be related to the different
norepine] rine contents in the right and left sides. Histochemical
study has shown that in rabbit and guinea-pig hearts norepinephrine 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. A »>resent, the mecha-
nism « the endogenous catecholamine liberation evoked by 5-HT in the
right atria is not known. iere 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.

Recent experimental resu. s 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 ug) ..to the coronary perfusion ,roduced the dose-dependent in-
creases in left vertricular dP/dt max and perfusion pressure. These
effects are not significantly affected by treatment with propranclol
but are abolished by methysergide. Similarly, Higgins and co-workers
{11) have shown that ow concentration of S5-HT (10'5M] increases con-

tractile activity of the isolated perfused working rat heart. This
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effect is blocked by methyserpgide but not by atenoclol, 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 d! ferential actions of 5-HT
in increasing the rate and contracti : force by isolated rat right and
eft atria, respectively. Our results also question the validity of
previous studies on the stim atory effect of S-HT and the alteration
of this ef :ct by certain blocking agents which had been performed with

the isolated whole atria.
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A.fA.340

A.FA.1633

A.fl.1820

fl.A.1930
A.Fi,1934
A.fil,1935~1939
A.f.1936-1939
A.A.1944

A.f.1942-1946

A.A.1952

flsA.1961-1965

A.fl.1960~1966

A.FA.1963-

AA.1871

+
fA.fA.1980

Qinghao was first recorded as an antima-
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,

Quinine and cinchonine were isolated from

cinchona bark.

Development of mepacrine (Atabrine).
Development of chloroquine.

Pyrethrin spraying.

Discovery of insecticide action of DDT.
Discovery of proguani .

Development of synthetic insecticides (di-

eldrin) with residual action.
Development of pyrimethamine,. primaquine.

Reports fr-— South America and Southeast
Asia of P.falciparum resistant to chloro-

quine,

Rediscovery of use of sulphonamides and

sulphones as antimalarials.

Antimalarial Drug Development Programme of
Us Army.

Artemisii ne was isolated from Artemisia

annua.

Mefloquine.
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fl. U, A . . n. 1, .
1. d.nzney §~30 20 8(ao.o%) 8  a(as.a¥) 11 5(a5.5Y)
2. ¥1iridion -a0 53 29(54.7%) 21 ofam.1y) 32 21{75.7Y)
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19, nyilaty 30-40 1@ 8(33.3%) 8 ofoo.0%) 10 6(sn.0%)
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inghao (Artemisia annua L.) Compositae
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AT979R 3, FUusuATYg Yauwnesvadatiiauuian 13 ludn aluans

1. Bleood 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- iet methods (41)
Six-day test (41,42)

1

2. Tissue schizonticides

Most's test (43,44)

Berberi: -* test (45)

Vinck = tes” 773)

Gregory and Peters! test (47,48)
Hill's test (49)

Fink's test (50,51)

King's test (52)

[« -IENNES o 7 I N =

NN N NN

Rane and Kinnamon's test (53,54)

3. Residual blood schizonticides

3.1 Schneider's test (55,56)
3.2 Thompson's test (57,59)
3.3 Sustained release implant test (57,6(

4. Residual cissue schizonticides (61)
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ar b -3 3 # ot
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aunemewg Aoldinsiuandudinhazaty  S8nedenldunqnarsann 125, 250,500 un./
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Dy Bolaen  uaarwealudinluiureg 1y (Dl’DZ’DS) waitv D, itz 1@DANIAT

w1iUSuansda (% parasitemia) v nnysaafld 107 infected erythrocytes/

w - . > ' 1 e i v
0.2 ml. aslnfan- e~ 1dean™ clansau™  ~u--~~"n1vdawov

auaae @il a3, 10, 30 un./nn. azaaelulanaueiazaiela  anly
azan Tdwsunznaunin 0.5% carboxymethylcellulose waz o.2% Tween 80 ns
TnsrearalinelafaniTenaudmingansusy o1 lasadarsaasinistan aaslnenndu
azafy  namn EDSO nalasinnsaiszuane  erythrocyte infection rate

w

“(EIR) #uvwuraeild  robit-log scale n1SMIAT EDSO’ ED90 WA INNGINH i

viluiduasy  ED vivsuauadadu un, fan, /50

50

Abatan uaz Makinde (12) lanadowlsz@ndamvavdasainanig
ne1uq 9 Azadirachta indica uwsz Pisum sativum vfin et Rane's test
nuanlolana  wacdeld four-day test wwan P.sativum lvam % parasitemia
apeiiisahfiy wA  A.indica fluunaun 500 war 125 wn./an.  Inlsuansnsandan

+ 13 L4 . ar ® as L v s
azam % parasitemia lraweilinahdy  wua1azlunanidn






96 Thai J. Pharmacol,
Vol,8 No,2 May-Aug, 1986

¢ A '. "u ' * o M AL L g A = -
annguitlulaoataels  ninaneAuansiiduahdgen  1udussv wduugia savamasdag
L -3 * =1 . o .

5. damuanaay  gunpifininianasay A ieSuaraednd o afwans

.y P sl ¥ o v '
nrsnaaay  seluaa s ndaafloay Tu- - mnaasouft invnzdu Tansu® tqup

NV | ] -
6. #nfuguavlsda  aefugiiatsatunenludminaasy 11 oy taauny
v d° > [ . L] pn’ w o ! !

2z WMnsfinoutnvaniananaeiznidovnanide  Tunsfif iduaeiiugiidennnn  aazasnnan

- . - [ ) -, ° » L] 1

iouraiseazdaiwunnaviulaviy  ansfudds TluluTes iauman asnvntfaayla
o : ] oq ¥ - .

u Tasflarwlanaeqazlywdmudas  walvazeanTunis i tdalmasey TuTanranaly

o g M g e ! 1 s a

7. wadafld lunnenaaay  wevdfiiifinnsurazuvy  dnazatimuauinsgu

) as e 4 ~ o a ol L4

LAuaduUsuemee L foflazly asfasn i deunld  szuziaanTunnsiasun fa 58n1a1n
.t Al & o v o as

HA uHT LA HUHIARSIUSGAH ﬂjqﬂﬂﬂﬂﬁﬂqﬁ1ﬂﬂﬂ $5U3ljﬂqﬂqzﬂﬂﬂﬂqﬁﬂﬂﬂﬂﬂ rlelink!

L) N N LA N L4 g =]
AT Wil SR %oznﬂﬂﬁLnaﬂﬂaqauﬂnﬂ1ﬂnulu1uuna:uauﬂﬂuanﬂﬁ

n1sAnE N WnIneN

- nsuadavar i dufin 18ouwdu  (acute toxicity) : ansdnminefin

- & a », - wr 1 . V

SnonTutfuusn whla lasnagavalny uufis i@ounduTaonan LD50 w3n median le-
= el » - =l Py !

thal dose #Ao aursudiinaIndrineasvanlvadwmils wda so ¥ nasuenan LD50 AL

' = ol > M = r- .

Apvleszus LIsfinhnesnaaas G5lven dn Tumneinae naoneandae wionedes

~ r r L] - = ! o Wl b L4

vay  wazvlavavdrinasee  Tanvanfnaznhludmannaawmsngiin  we lunivofUddn s

nufitdnsuaruysnianou n1SnIAN LD50 a1ald probit analysis w3a  linear

[l - T » O & L] = -t 8 » M

regression analysis fAla  ndvantdusirantinisnaaas lugiiannduiuuneula ciu
P = w A e g

Anuaaw ulufiv  Bsundu luguiasagening  LamsuaRegedaigiaaznule Tunisdnm

-

= wr [ > =) ar
A’ T LEnuwduanastidunpede inanyfe 14 u

- ArsAnsa L ufivideu L doundy  (subacute toxicity): nasdnmn
a P - o P » o
Tuszuzialneh iy ila tiudayalunisusinsdeinisiisn$oantsue tise luru gaUss-
N ar ) * o T 2 | P o o
duAnaniavn iNAaDYAD lﬂﬂajqﬁﬂﬁﬁﬂﬂﬂﬂﬂﬂﬂi? 1AN1° Uﬂﬂuﬂﬂﬂﬂﬁﬁﬂﬁﬁaﬂﬂiﬂqﬁﬂu

o = ' o ar - Py ﬂ N . 1'»
Hﬁﬂﬂ15lURHH“Uﬂﬁiﬂﬁqﬂﬂﬂﬂmzﬂﬂﬂﬂ1ﬂj;ﬂﬁﬂtHBL ] dﬂﬂﬁﬂﬂﬂﬂﬁﬁﬂﬂ:ﬂﬂh?ﬂ: AGUHN



M@ IndyInen 97

of L |
ifh o teufi 2 H.A.~f7.A.2520

szuzidawmily Loy 28 Yufiemedy  Tavlnvisunariunaneed vl MSa0AREYNS
- a L4 . o
Anp lnwazid@uailien s suaafla  1uNARD  DUIATNUAGINLAZIUARTY  NYil LiaARB B9

= d o ' W Fa !
A Ldapundah Lﬂﬂdu"!"]ﬂﬂ‘)"l&l#ﬂﬂuﬁﬂﬂ'ﬂu"lﬂllﬂﬁ‘i:ﬂz L'?ﬂ']ﬁ'hf;ﬂ'lﬂﬂ’l\)lﬁ

A9l 4. udaviiensAasnvininunoe 3} Army Antimalarial

Drug Development Programme A~ LD50 Audanv LﬁuﬂaoﬂﬂﬁﬁﬂﬁunﬂnﬁQﬁiuuﬁa:
' 4 N =l a .
nguupvd1sfilinasny  luntsfamszvedazquananig wdsuudavaas  lymphoid tis-
sues, hone marrow, thymus, szupifoa n19udvusUawnny histopathology mav

v A - » “ '
v 1la  aswidoan  szuunaviAuenns (e ldansTumunege dott - snuandnns

4 ~ L} L] ]
wasuutas tirfuraszuurien wnanil

o~ X a - . . =
- nasfiawaanudufizidsde  (chronic toxicity) @ nas@nwpniuidaz
- . * g N a -
whaafladns iaflfidnunddnenmasudiegonnn  wrazut ld1g18 Tunvadin  (efivszoedl
v - ! 2 o b * A
FR2ens WL Yan19Y LABIAL IndgaauAIdRs ludnnasnouad  luasfinsnazuzdazdnas
naday  carcinogenic effect uwa:z reproductive/teratogenic effects «zwmy
- A as Var . - N - .
vaanasfnsiaan ufufismi faefusgiunsuheWly  tdu avldulu single  dose
) » N ) »
therapy szvziaaafnwionaifu s-e wAau w1ufu  prophylactic agent a7aRBe
e £ = N ~
ldiaanfiy 2 # wFsurunan  s1wariBvavavnnsAne luazezifazaans subacute
. . 1 > a~ » [ . o #
toxicity wawnunapapvldpIninuazdy  laveAvvayanive) AlAaannisnedoy  sub-

- . LJ L4 L] »
acute toxicity ﬂagaﬂﬂnlnﬁﬁaauﬁﬂﬂﬂﬁua:ﬂuﬂmuqﬁﬁﬂﬁ?ﬁﬂz1ﬂ

nvsnadapad  (ufinludasfdnanun ulundn cnasivag Ty ana linany
wuanvINasinagaudntny ufufisuamise iosls  wafilanmunvaliuanazAs9davAIIY |
fislaynary  uduilnsoduficroasn ifaunan SudnasdguEnte indnnen  Aaudnenae
2219 dvliugs iainSapnfutaziiyss Tuminaafigndnn ifounan 13vlad Tavfuunavaild
fandduq uavyan  Tuwvwavadw uiufiveaveasn 1 daunan 1 §uflinvsnasauda photosen-
sitisation uaz mutagenic activity ahmduarvidufivatiavwan l658aqvini

o e g a 4 g N ) P ' o ¥y
vawmyfivinsmavSedgansil: awamiduiaan 72 v, wawgfiuuawnialy dlaladum









100 Thai J. Phar :zol,.
Vol.8 No.2 May-Aug, 1986

a1sds s LiunanisnAany

v ' o - L gy
lunnsAuaiminan iBaunan i Sesiialung du fifofiaznavfnm 39 Ly
- - . - & ¥, X + a . -
ifovusnie  dss@ndamlunisanifosnaniSudelmiendeeds  (in vitro) wuwazlu
. . 4 [ o Py ! N
dadnaany  (in vivo) antudninnafapmveiyingauas wnduinedlusvyunieg a1
as - o N - [ # P Ld ar
sinp A 1g5anTandug Agaminelunavaana o g Tsauran 15udvela 1 Suufad
» = ws - o= e g N r = o ' a d
dayatfvrfuarnuvdufivea: Lndinenagndavuan  uansieunendfifar  lugquasonala
. § o * ‘ﬂ .| ar P g
NIy InAIwSiugtn Y ineaiansfanwlunang greadeiasafiunalanissengninaven
» - o L] o ] o 1 3
Awgnvdataffupvysda  udnidesuazdun  aenvladnny wanuaensenadgndan
- v' J r > ] > o 1 L4
Wavnanseludhiwnideeida  Alalanvasaainaerszldlanadlunson Je ludad inene
¥ -3 . » = g =i . aAr 4
vuraw i lanasrageiiuly  whldtArenistviAveran  lugasadnunsld  Wongsa-
1 > 1 ] ar - 1
watkul (s3) wuandeTunsvaaranavifiafiffuaanszuuialauaznasnifion 10w vera-
pamil, flunarizine, lidocaine, chlorpromazine waz mexiletine vlury &
o ¥ o 1 \ [ [ -
an#Autfovnan i folunsannmasy  wauaeda lu inunsfiscfnmreluanteaz 1Bun nane
- w1, N . ' ' - =
tfuonfigas  Jaoadslunisldah 1y lidocaine uaz mexiletine Tawiawnzide
» Seser = LgY) o~ [ .
nTans8dn  silnaslasuarusuis ilovendgninie indrdneqfd laun  verapamil,
flunarizine uwaz chlorpromazine Swhludawrludminaasy dsngaTnalunis
] - § 4 ] = »
a1idaunan Inde uduifuensnasau (fovan  nasBnsnduaslu ufunnsisuipen fintn
. . . - > o e - = o [

% parasitemia amavavtefusz@ndnn  wepunupsTassAvenlutdon fouhld wFen
o [ ﬁ L » L} w - L) L] z a“r e ul t d » L]
trufvrayafifagualdiszaudvnatiay Tutiudasadundaly  3antsfinenidavaunuanen

- » * " L L d L4
vrefiiaiia idasvunanilednaindueeisofu  azlusuneeageq e idanades  1n

‘o Y Fs o a4 N ’ w 8 ° g
wuiaRh  Lilavenwuireaveieage tiuluau iindunsiuasdainnany Auiudeat uiunay

gns@nm Tuswazfomnma’ly

. wr ar N [ ¥ » P L Y-
dmFuasiruroiansdygu Ins tauhwn ld ulus s wuns efusdfe o9
v e oy D o . v
Tawanguingg Benalnnssangniatveneailfloguas  Gearnaliifieanug anugle

- ® L
lunungagsinenavlsaladfy  lunsifine §anayulnsfiviundavfiveyans Idaaunny






142

Thai J. Pharmacol.
Vol.8 No.2 May-Aug. 1986

vt L] (=4 ' - ' ar = e
FiasiznandyarsazniinasAneidvnaloaunsaly  udn lavruis fignaafala  wazd

a7 L HuRwinsun Tusunail g

LDNEIS0195 Y

10,

12.

Heiffer MH, Davidson DE, Jr, Korte DW, Jr.Preclinical testing. 1In:
Peters W, Richards WHG, eds. Handbook of experimental pharmacology.
vol 68/I. Berlin : Springer-Verlag, 1984 : 352-73,

Vial HJ, Thuet M, Ancelin ML,Philippot JR, Chavis €. Phospholipid
metabolism as a new target for malaria chemotherapy mechanism of
action of D-2-amino-l-butancl. Biochem Pharmacol 1984 ; 33 : 2761-
70,

Pfaller MA, Segal JJ,Krogstad DJ.Activity of ketoconazole and its
deacyl derivative aganist P.falciparum and Candida isolates. Anti-
micrie Agents Chemother 1982 ; 22 : 917-9,

ivo AA, Geary TG, Jensen JB,Oxygen-and time-dependent effects of
antibiotics and selected mitochondrial inhibitors on Plasmodium
falciparum in culture. Anitimicrob Agents Chemother 1985 ; 27:21-7,

Satayavivad J, Tan-ariya P, Wongsawatkul O, Bunnag D, Brockelman

™0, The in vitwn antipglarial activity of verapamil and flunarizine
against chloiuguine—.osistant Pl t. falciparum. Congress on
Bacterial and Parasitic Drug Resistance. “ec, 10-13, 1986, Bangkok,
Th: land., Program and Abstract p. 170,

L wr » P ] o
878 inAden, 9189 WAISIARBYIIBNIIaT LSERInEyu NS . §yasHuteeiTinns
waavluvwaanunnduidfSeny w.r.24203,

Spencer CF, Koniuszy FR, Rogers EF, et al. Survey of plants for
antimalarial activity, Lloydia 1947 ; 10 : 145-74,

Pavanand D, Nutakul W, Dechatiwongse T, et al. In vitro antimala-
rial activity of Brucea javanica against multi-drug resistant Plas-
modium falciparum. Planta Medica 1986 : 108-11.

(1'Neill MJ, Bray DM, Boardman P, et al. Plants as sources of anti-
malarial drugs. Part 1 in vitro test method for evaluation of crude
ex. .ucws from plants., Planta Medica 1985 : 394-8,

Chan KL, O'Neill MJ, Phillipson JD, Warhurst DC, Plants as sources
of antimalarial drugs. Part 3 EBurycoma longifolia. Planta Medica
1986 : 105-7.

Fandeur T, Moretti C, Polonsky J. In vitro and invivo assessement
of the antimalarial activity of sergec de. lanta Medica 1985
20-3.

Abatan MO, Makinde MJ. Screening Azadirachta indica and Pisum sati-
vum for possible antimalarial activities. J Ethnopharmacol 1986 ;
17 : 85-93.



Fa7E Lndying 103

ol o
i 8 wauil 2 W.,A,~0.n.2529

13.

14,

15,

17.

18.

19,

20,

21,

22,

23.

24.

25,

26,

27,

Rochanakij S. Mechanism of action of qinghaosu'(artemisinine) and
related compounds. Bangkok : Mahidol University, 1984, MSc.
Thesis,

China cooperative research group on qinghaosu and its derivatives
as antimalarials. Chemical studies on qinghaosu (artemisinine).
J rad Chin Med 1982 ; 2 : 3-8,

China cooperative research group on qinghaosu and its derivatives
as antimalarials. The chemistry and synthesis of qinghaosu deri-
vatives, J Trad Chin Med 1982 ; 2 : 9-16,

China cooperative research group on qinghaosu and its derivatives
as antimalarials. Antimalarial effecacy and mode of action of
qinghaosu and its derivatives in experimental models. J Trad Chin
Med 1982 ; 2 : 17-24.

China cooperative research group on ginghaosu and its derivatives
as antimalarials. Metabolism and pharmacokinetics of ginghaosu
and its derivatives. J Trad Chin Med 1982 ; 2 : 25-30.

China cooperative research group on qinghaosu and its derivatives
as antimalarials. Studies on the toxicity of qinghaosu and its
derivatives, J Trad Chin Med 1982 ; 2 : 31-8.

China cooperative research group on qinghaosu and its derivatives
as antimalarials, Clinical studie on the treatment of malaria
with ginghaosu and its derivatives. o Trad Chin Med 1982 ; 2
45-50,

Yany 9, Shi W, Li R, Gan J. The antimalarial and toxic effect of
artesunate on animal models. J Trad Chin Med 382 ; 2 : 99-103.

Li G, Guo X, Jin R, et al. Clinical studies on treatment of cere-
bral malaria with qinghaosu and its derivatives. J Trad Chin Me
1982 ; 2 : 125-30.

Qian R, Li Z, Yu J, Ma D. The immunologic and antiviral effect of
qinghaosu, J Trad Chin Med 1982 ; 2 : 271-6,

Ye Z, Li Z, Li G, et al. Effects of ginghaosu and chloroquine on
the ultrastructure of the erythrocytic stage of P.falciparum in
continuous cultivation in vitro, J Trad Chin Med 1983 ; 3:95-102,

Jiang JB, Li  , Guo XB, Kong YC, Arnold K. Antimalarial activity
of mefloquine and qinghaosu. Lancet 1982 ; 2 : 285-7,

Schmid G, Hofheinz W. Total synthesis of qinghaosu. J Am Chem
Soc 1983 ; 105 : 624-5.

Li ZL, Gu HM, Warhurst DC, Peters W. Effec. of ginghaosu and re-
lated compounds on incornrnration of (G3H) hypoxanthine by Plasmo-
dium falciparum in vitro. Trans R Soc Trop Med Hyg 1983 ; 77
522-3,

Gu HM, Warhurst DC, Peters W. Rapid action of ginghaosu and rela-



104 Thai J. Pharmacol,
Vol.8 No.2 May-Aup. 1986

ted drugs on incorporation of (5HJ isoleucine by Plasmodium fal-
ciparum in vitro, Biochem Pharmacol 1983 ; 32 : 2463-6.

28. Gu HM, Warhurst DC, Peters W. Uptake of 3H—dihydroartemisinine by
erythrocytes infected with Plasmodium falciparum in vitro, Trans
R Trop Med Hyg 1984 ; 78 : 265-70.

29. Rochanakij S, Thebtaranonth Y, Yenjai C, Yuthavong T. Nimbolide,
a constituent of Aazadirachta indica, inhibits Plasmodium falcipa-
rum in culture, Mahidol Annual Research Abstract 1984 ; 11
340,

30. Klayman DL, Lin AJ, Acton N, et al. Isolation of artemisinin
(ginghaosu) from Artemisia annua growing in the United States. J
Nat Product 1984 ; 47 : 715-7,

31. Liersch R, Soicke H, Stehr C, Tul aer H-U, Formation of artemisi-
nin in Artemisia annua during one vegetation period. Planta Medica
1986 : 387-90.

32. Klayman DI., 0Oinghaosu (Artemisinin) : an antimalarial drug from
China. Science 1985 ; 228 : 1049-55,

33. Trager W, Jensen JB. Human malaria parasites in continuous cul-
ture. Science 1976 ; 193 : 673-5,

K Osdene TS, Russell PB, Rane L. 2,4,7-triamino-6-ortho-substituted
arylpteridines t e eries of potent antimalaria agents. J
Med Chem 1967 ; 10 : 431-4.

35. Fink E, Kretschmer W. Chemotherapeutische Wirkung von Standard-
Malariamitteln in einem vere infechten Prufverfahren in der Plas-
modium vinckei - Inffektion der NMRI-Maus. Z Tropenmed Parasitol
1970 ; 21 : 167-81,

36. Goodwin L. Response of Plasmodium berghei to antimalarial drugs.
Nature 1949 ; 164 : 1133,

37. Schneider J, Decourt PH, Montezin G. Sur l'utilisation d’ﬁn nou-
veau plasmodium (PI.berghei) pour l'e tude et la recherche de me'
dicaments antipaludiques. Bt 1 Soc athol Exot 349 ; 42 ; 449-
52,

38. Peters W, Competitive relationship between Eperythrozoon coccol-
des and Plasmodium berghei in the mouse. Exp Parasitol 165 ; 16:
158-66,

39. Warhurst D, Folwell R. Measurement of the growth rate of the ery-
throcytic stages of Plasmodium berghei and comparisons of the po-
tency of inocula after various treatments., Ann Trop Med Parasitol
1968 ; 62 : 349-60,

40, Peters W, Chemotherapy and drug resi: ance in malaria. New
York : Academic Press, 1970 : 64- 36,

41, Thompson PE, Bayles A, Olszewski B. PAM 1392 (2,4-diamino—6 (3,
4-dichlorobenzylamino) -quinazolinel as a chemotherapeutic agent:



2158719 Ladninen 105

a \
if 8 1avf 2 n.n.-d.n.2529

42,

43,

44,

45,

46.

47,

48,

49.

50,

51.

52,

53.

54.

Plasmodium berghei, P.cynomolgi, P.knowlesi, and Trypanosoma cruzi.
Exp Parasitol 1969 ; 25 : 32-49,

Peters W. Drug resistance in Plasmodium berghei T,chloroquine re-
sistance, Exp Parasitol 1965 ; 17 : 80-9,

Most H, Herman R, Schoenfeld C. Chemotherapy of sporozoite and
blood induced Plasmodium berghei infections with selected antima-
larial agents. Am J Trop Me Hyg 1967 ; 16 : 572-5.

Most H, Montuori W. Rodent systems (Plasmodium berghei-Anopheles
stephensi) for screening compounds for potenti: causal prophyla-
Xis. Am J Tron Med Hyg 1975 ; 24 : 179-82,

Berberian DA, Slighter RG, Freele HW. Causal prophylactic effect
of menoctone (a new hydroxynaphthoquinone) against sporozoite-
induced Plasmodium berghei infection in mice. J Parasitol 1968 ;
54 : 1181-9.

V' acke H. The effects of pyrimethamine and sulphormethoxine on
the preerythrocytic and sporogonous cycle of Plasmodiwm rerghei.
Ann Soc Belge Med Trop 1970 ; 50 : 339-58.

Gregory KG, Peters W. The chemotherapy of rodent malaria, IX.cau-
sal prophylaxis, part I : a method for demonstrating drug action
on excerythrocytic stages. Ann Trop Med Parasitol 1970 ; 64 ; 15-
24,

Peters W, Davies EE, Robin BL. The chemotherapy of rodent malaria,
XXIII,causal prophylaxis, part II : practical experience with Plas-
modium yoelii nigeriensi in drug screer ng. Ann Trop Med Pparasitol
1975 ; 69 : 311-28,

Hi1ll J, The activity of antibiotics and logn-acting compounds
against the tissue stages of Plasmodium berghei. Ann Trop Med
Parasitol 1975 ; 69 : 421-7,

Fink E. Kausal prophylaktische Wirkung von Standard-Malariamitteln
bei der Nagetiermalaria (Plasmodium berghei yoelii). Z Tropenmed
Parasitol 1972 ; 23 : 35-47,

Fink E. Assessment of causal prophylactic activity in Plasmodium
berghei yoelii and its value »>r the development of new antimala-
rial drugs. Bull WHO 1974 ; 50 : 213-22,

King ME, Shefner AM, Schneider MD, Ut: ization of a sporozoite
induced rodent malaria system for assessment of drug activity.
Proc Helminthol Soc Wash 1972 ; 39 : 288-91,

Rane DS, Kinnamon KE. The development of a "high volume tissue

schizonticidal drug screen' based upon mortality of mice innocu-
lated with sporozoites of Plasmodium berghei. Am J Trop Med Hyg
1979 ; 28 : 137-47,

Davidson D, Ager A, Brown J, Chapple F, Whitmire R, Rossan R.
Recent deve opment of tissue schizonticidal antimalarial cugs.



106

55.

56.

57,

58.

59,

60 .

o1.

62.

63,

Thai J. Pharmacol,

Yo0l.8 No.2 May-Aug. 1986

Bull WHO 1981 ; 59 : 463-79.

Schneider J,Bouvry M, Quellec J. Plasmodium berghei et chimiothe-
rapie. Ann Soc Belge Med Trop 1965 ; 45 : 435-49,

Benazet F., Activite'! d'un nouvel antimalarique, le 16.126 R.P.
sur le paludisme expe' rimental des animaux de laboratoire. Bull
Soc Pathol Exot 1967 ; 60 : 221-8.

Thompson PE, Olszewski BJ, Elslager EF, Worth DF. Laboratory stu-
dies on 4,6-diamino-1-(p-chlorophenyl)-1,2-dihydro-2,2-dimethyl-s-
triazine pamcate CI-501 as a repository antimalarial drugs. Am J
Trop Med Hyg 1963 ; 12 : 481-93.

Thompson PE, Olszewski E , Waitz J. Laboratory studies on the re-
pository antimalarial activity of 4,4'-diacetylaminodiphenylsul-~
fone,alone and mixed with cycloguanil pamoate (CI-5 .). Am J Trop
Med Hyg 1965 ; 14 : 343-53,

Thompson PE, Bayles A, Olszewski BJ. Antimalarial activity of 2,4-
diamino-6 ( (3,4-dichlorobenzyl) nitros-amino } quinazoline (CI-679
base) and CI-679 acetate. Am J Trop Med Hyg 1970 ; 19 : 12-26.

Judge B, Howells R, Graham N, McNeill M. Sustained-release implants
in the chemotherapy of experiment: rodent malaria, I1.the effects
of sulphadiazine, pvrimethamine, and cycloguanil in biodegradable
pel,..2r matr...s. ...1 Trop Med Parasitol 1981 ; 75 : 511-9.

Schofield F, ..owells RE, Peters W. & cechnique Jfor the selection
of long-acting antimalarial compounds using a rodent malaria model,
Ann Trop Med Parasitol 1981 ; 75 : 521-31,

Ager AL, Jr.Rodent malaria models. 1In : Peters W, Richards WHG,
eds. Handbook of experimental pharmacology. vol 68/ . Berli
Springer-Verlag, 1984 : 225-80,

Wongsawatkul 0. The detection of antimalarial activity of drues
presently used for cardiovascular disorders. Bangkok : Mahid¢
University, 1986, MSc. Thesis.



V38719 v e

e -}
ifi 8 lawfi 2 w.A.-d.A,.2529

ﬁqﬁﬂé’uﬂq\amﬁaauﬁﬂ' NRA? "8

¥ -, v
ngelns  vauwnfids

A3t nindddnen AozuwnbAdEnSASI I IveUna svadneasuiing

A ] kg i N et s o o Vo N '

vl 30 di doulansuanasinnsydoggensden don adsine Tuadunan
] ! o & abE ¥ ' “ g & e .
f1iuaylulfagiu feff tnszdgdenade tnaauingfan naldon lugnaevaundnds Tunae
Ly L wt a‘l”u& ‘ﬂ .j o = N <t
AMWAINAY  119s1Ens3v ladatvanrngasunisugeuile tfisfiansanfivyeasunavnis 15y

a = a1 ¥ o o = o = ¥ ¥ ]

nsgansavnzIrndeinen  Tesfiilantfefeen tnaduq flane tAvavovadstae 1o oy

L4 A L} ] i L3 - ] Ll &
gafiurdu lanazmudaduan1vdean imaTafelnsfinanueieg truiu

N e 2 ) ydy = =3
tszn1snaun  asznssuntsgadenataf ladawmuavaia T adging asy
er N LY o ¥ = e A & " K e
pnanntisluszozusn Genavn ilalasunsinnaeivladnisiaiudvnssansvoniugn

L

veraafidiy  lunisfiarsewmdngnsnisdauddn adrinufidandnu i
A93UAITHANONY LTNA AN ST U AR 1@ tan sz ludaaeehidunwaasnein
= oo &

L] ] L] » -t L] . N 1 «
waflnssnn1suenii (QQNUBU) UﬂﬂﬂtﬁuﬁqﬂﬂiLiﬂuﬂﬁﬂﬂﬂﬂﬂuuﬂﬁLﬁuﬁﬂﬂﬁﬁlﬂﬂuﬂ“ﬂuﬂﬁ

dn3daTuauan

- ar 1 =t L] . ! ¥
ﬂﬁ:ﬂﬂﬁﬁé L?ﬂﬂlﬂﬂﬂﬁﬂﬂﬁiwﬂﬁﬂﬂgﬂﬁlﬂﬁ “ﬁ:ﬂﬂﬁmmﬂWHRHQHilﬂﬂlﬂﬂﬂﬂ

¥ e » & ) ' o
ﬂﬂﬂﬁﬂﬂﬂﬁﬂuﬁﬂﬂﬂqﬁﬂﬂﬂﬂﬂﬂﬁﬂﬁﬂﬁﬁuuguuﬂﬂ QLﬂUﬁjiLﬁﬂﬁﬂuﬂﬁliﬁﬁﬂﬂulﬂulﬂ

v > o R ¥ » v
Usen1ainn  Annun el (SBeuoNAnEn 55013 lunstasdun ludannanediy

& L4 o 2
vaaniide Taas e uduifan 159 lu Teundu van

[ 4 . 14 . v (4 o P v »
dagadutantwatid g foulansuenTasie by stz e laulunssunaslu

L] - 3 ﬁl . - ' »
anznssunnsde]  avnvlsinmluguzilidungasuisradysInewanin 25 f noasdn



that J. i 1.
108 fhai J. Pharmaco
Vol.8 No.2 May-Aug, 1986

4 1 £ 13 ] = v . ™ . o ]
geulalala  wazinswrunazifienaw it lafiafuuegszans g lsuSevaudneiausau

ar .| ar o 1 a
f- AuatugavifTavee #a

. o . g 1w
1, Argavay viuansdv losrvevuwneanTuui luganavinezay  (av

] L} ] 4 g = o l“ ] L]
lulaynsaw  eradusiunan) i (Jusavisianisdendsadrinelud ureslugn
Agd  tusizndvandnfnsiruit undorivet lduan fi ba lu@insaentenadzadingn
- B Ve s - o o q ¥
wanwdnn i wmadulafumsdesen dfuur  9nnnenesedn uTurhuoaunn ananh e

ar P N oo e = N = e o
rirunafinivlysnnneu tdsusynividnding la tavilunazysz iBunanis LSaunnssen 1500

L4 =1 = . ! ar - 1 = ar 1 =%

n1slderainnienrdzadfinunnna  wrodeAnannisdeu Lndainen  §aluffusz@ndam

. ol 4 - & e o as oca
ﬂﬁza“ﬁﬂﬂﬂﬂﬂﬂﬂqQﬁﬂﬂ11ﬂﬂﬂﬂﬂﬂiﬂﬂﬂﬂﬂﬂ?ﬂﬂiﬂﬁﬂlﬂﬁﬁ?ﬂﬂﬂLﬂﬂguﬂﬂﬂﬂiﬂﬂﬁﬂuﬂ ﬁﬁﬂﬂﬂ:

w 4' [}
Tatayaiun 1defianinnan

v ¥ = a P el
2. arsdadeanznssunis titelsulgunisdau Laddine A9V TN

ol ¥ e o E ar s s ar Pe anrl.:: » o
thgadaviunsaond:  Ilapaseidudufivusr  udvsaviendountenfiinfl tiuaweeiy nns
» & ea L | = g = - & g !
Tl aziudearseursivinsscauninufinanaunugesn 1AS1) LB Inunanun Tule
- N * o & ar o ¥ d 4 w !
LRanuUUANY waun  iwsizanuandenvanzassunisianill alSupsatuas azwiveune
o “w o [ - » o - [ ! » w10 >
1slareufinhdedavhaniusziSonsanlula  15avffvelndAnginacasvsiusiurionylnain

. v v ' A g P " o
ﬂﬂﬁmﬁﬂﬂﬂﬂﬁﬂﬂ uﬂzﬂﬂ051ﬂi?MﬂﬂﬂﬂnﬂﬂﬂﬂﬂﬂquLHHqHU1Hﬂ$Unju aUYIAYIN HWATUN

gaufnIwLfuq”

Aren

a1 = - o = Vo X ¥ :
3, nshluuA - nusdguasnisdounUid  auiledvaslndnietgy w0

S ¢ o - . I PRI v
flaznawnun luvapnvaz tdvainan  awvdnvavnsinmaliy 40 dnauduifayn  azaav
ar I Yar L4 & 5 [ v b
Fans 18vuansdan ladn L Soudarusarwawnsaiowasenln  avsvau luudugs s Temdun

- v z v o " : P
gAiinuiftaslnunnflga  Aeifaz iiulasanisdants Sounnsdanaanfu 4 s Fouaay

ar

danganflarwahdginig Au Ao

- » ¥ - o Ld o L4 »
wndAne  daulnbalnvguiedainis  wianvaungefluduldaisla

3 L3 » - - [ 1
wafinyy  soulndadwginaInsenvudonse  fguawd  uidmiie



1vgdNS LRdYIneN

109

= o
ifh 8 taufl 2 H.N.-d.0.2529

. o ca ¥ ¢ » o PR
25ufnwn  daulifadugsini lvauduaulnvsuysa 25059350 Ansasy
Uszahla
ar ’ﬂ L4 ! [~ O & Ly o
fanfnyy  danniinanug luwswasasyfdfauduasantivu lansufavavan

LAy
> ﬁ = - | i = =1 Y
Aug 4 Uszasil  wfeuiadeuiand 4 11 fleswvaan avmilededla

or d ¥ ar > o s 7]
luifagiiunivsignisnasnis Inilindnsdarruganuawnsaluns5de e

» > > 1 J a o L4 ] L oy ¥ r ‘J » Py
aual U e iRanigsr Toetu Tvungfidufavlaaue Liuf wa twa laudodl

LVry o

' o ‘g 6 ar . f o ¥ o q MY L
n‘i‘sunﬂ'iwa1ﬂw11unﬂu1u LAUAINIED (ﬂ'ﬂﬂ\]ﬂ"lﬂﬂﬂﬂ' ‘n1swaAlaiia 'ﬂ\'j'ﬂ'flﬁif\lﬂﬂﬂ 33N

» LI} » - i 1 L] = ﬁd‘ . 1 [ B ]
unilynn  uwa: JvavenSesauvunungudssn  wenafiugaidanan  "Sunanlumnen L

fuan v lutnnfonan  Rufonabluwnirdung”  wazaauwhunnasiiath A A ilavannd

o= aren

L3 L] L] U
Uszaunsenaslfifasena rilaeduias

4, ﬂﬂﬁnﬁﬂunL1a11unﬁiﬂ%uﬂ10nﬂﬁﬂﬂuLnﬁﬁ%nuqﬁuLﬁulﬂ aup tifuas
=) ! Hv ! - ar g o
fuiss  Fuseu  enaidunafuaanaviule  Usznavdvniswsen wduelunistszdy  wav
0r L ot gy ¥ o " LT - o 1 [
nssunsdeflesaiy  Advazni v tindesTninSsvefiovainlunisfiznsen t3aw v laun
7] w = . e =] M ¥ o &
VSovilidueussdivand  To dewdiudn  idunavinfasdenaszezend aantmaswanaly
h P2 | L £ [ g v = v = w o ¥
fu @ e lafiaunuiazd i ldaefauaznhuss Tomi TnuarAvwidas aafesadunseiuziy

> rEJ ‘' (34 g = N ' V" (13 - o
1 wssynanauiin "Aadunssy tmdsvtasnyanzgpuutduon T wez “Adnunseu inSuy

. 1 -~ » " [ - v
ppvugnozdonfelse Totd (nsem) luahi$a”  adsazlafunisfiansn o Tennsilane

ar o w [ ] e ar
nstFuilgonisaau und@dinenfauandy  waze®  Guiitelv tmunzaudunna
ar 3 3 o - 8 L 11 ' s F- o ¥
dife tuszyndegnagteuds td@vuly lyaga off wANIUSULFsUUADVIASENTAIHAIUTAY
= = g ar s u ! e ! (]
aaufiflafisnsenaiuniuifiuassy (ladunats)  denmannfininn “lasastalnfinandenh
a - . aZ & g L o o«
finfalaz Togiduaesdnstutdufing  asimFenavedp 1asuassoyauinna Tarudinsduiuy

. 4 3 o v : v
dadind 1 ®usaziedidouiday  wazaymuilazandpaisiiansluaudaa luaae



Thai J. Pharmacol.

110
Vol.8 Ne,2 May-Aug. 1986
[P - [ o PR | >
unnud ly Tdunaiontedginisusssavln szl @sunilanieie s 1d
R A < v ) [ g = =
viuidwiuaon  galszaanaeg ieudfa  opnr AunlnugpAoe wazAIu L5y YaY TN

P - = ~
LA anen Li’liﬂﬂi;‘:iﬂ‘ﬂdﬂ'l\I‘J'ﬂ']ﬂ'lilLﬂﬁﬂﬁ 5'ﬂrl'ﬂu‘ﬂrl‘31‘ﬂﬂﬂﬂﬁﬂ ll]

=) o ! as hd T | > = - =t
(uyarwilifuparudaciuaudrva e 19oula tAeTvivaIA g mS0319875

wa1vla)



a1 T ingn

a r g
il s vauft 2 v.A.-d.A.2589

PHARMACODYNAMIC AND PHARMACOKINETIC PROFILE OF IMIDAZOLE

2-HYDROXYBENZOATE, A NOVEL ANTHUNFLAMMATC Y AGENT

H.- P.Kuemmerle and F.De Santis

Tokyo Medical College, Japan ; P.0O.Box 89, D-8173
Bad Heilbrunn, F,R.G, and Ttalfarmaco S.p.A,
Viale Fulvio Testi, 330 I-20126 Milano, Italy

The anti-inflammatory process is a complicated pleot of events,
in which different cellular and chemical mechanisms, as well as different
mediators, are involved. Each mediator has its own range of activity and
can interact with the others in a complex way. The overall effect of two
different mediators on a specific component of the inflammatory process

ca. oe more puwerful tha, cuc sum o. the ir dual eficcts (synergism).,

Non-stercoidal anti-inflammatory drugs (NSAIDs) are pharmaco-
therapeutic acting substances whose antiphlogistic, analgesic and anti-
pyret = effects are considered to be due to the specific inhibition of
the synthesis of some of the above-mer ioned mediators through the block
of the arachidonic acid cascade. Recently, the substances of this group
were carefully supervised in some countries because of their frequent
and severe side-effects : some of these have been banned from the market

or partially limited as for time of administration and indications,.

Imidazole 2-hydroxybenzoate is a novel compound provided
with anti-inflammatory activity, proposed as an antiphlogistic, analge-
sic and anti-pyretic drug in human therapy. The chemical structure is
shown in Fig. 1, It is composed of 33.026% imidazole and 66,974% sali-
cylic acid, The imidazole nucleuws is often found in biological substra-
tes, mainly in peptide-, protein-, enzyme-, nucleic acid-structures and
others; this nucleus has been defined a: ‘'servo-pharmacologic agent!.

It is also interesting to observe that if imidazole and salicylic acid
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are given separately as individual substances they act differently from

an equivalent dose of imidazole 2-hydroxybenzoate,

OH

¢—o0 H---N ; Figure 1. Chemical structure of
b: A imidazole 2-hydroxybenzoate

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 treatment in pati-
ents suffering from chronic p .ogistic 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 also ..pon the lack of significant untoward
side-effects, 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 attention. It must be recalled that modern anti-inflammatory
drugs seem to have as their main target the key enzymes of the arachi-
donic acid cascade : i.e., phospholipase A, 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 taken back
to an inhibitory effect on cyclooxygenase, which is the enzyme conver-

ting arachidonic acid to prostaglandins.

It is well to remember that, from the same metabolic path-
way substances with pro- and anti-inflammatory activities arise and that
the activity of these compounds is characterised by a large-spectrum,

conditioning the homoeostatic regulation of various organs and systems.
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It is 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 able to interfere selectively with the arachidonic acid metabolism
or, better still, only with the synthesis of those substances deeply
involved in the genesis and self-maintenance of a phlogistic status.

In fact, this would assure, besides therapeutic efficacy, a better sys-
temic tc¢ erance and possibly, the lack of serious toxic effects in the

long-term treatment,

Experimentally, imidazole 2-hydroxybenzoate seems to have
these characteristics : a series of pharmacological studies shows that
this compound selectively inhibits thromboxane A2— synthetase so block-
ing the production of this crucial pro-inflammatory agent. This selec-
tive inhibition makes a greater number of endoperoxides available for
synthesiz »f the ntiphlogistic PGI, and PGEZ‘ Othe s=xperiments indi-
cate that imidazole 2-hydroxybenzoate can form copper-complexes which
can exert a scavenging effect on free oxy-radicals. It is also able to
affect neutrophil activity : in fact, the drug dose-dependently inhibits,
'"in vitro'", chemotaxis, lysosomal enzyme release and superoxide anions
0, production by neutrophils iseolated from healthy volunteers challenged

with a chemotactic peptide.

An overall evaluation of the above data allows to support
the conclusion that imidazole 2-hydroxybenzoate exerts its pharmacologi-
cal effects by different mechanisms which may well cooperate in determin-
ing its therapeutic activity. Imidazole 2-hydroybenzoate, for this rea-
son, may play an important role 1 ¢ inics, since in its indication area
{i.e., inflammatory diseases of different genesis} the duration of ad-
ministration may not be limited so that clinical-biological tolerance

has to be considered of great impertance.

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

this 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 study with
the aim to set up new methods to detect imidazole, salicylic acid and
their metabolites was carried out. Subsequently, a further more exten-
sive trial was performed : 36 healthy male volunteers received imidazole
2-hydroxybenzoate, tablets and drops, according to a cross-over design,
in order to assess the pharmacokinetic profile of the drug both after
single and multiple dosing. For single dosine study, the volun-
teers received either one 750 mg tablet or 40 drops (equivalent to 800
mg of active substance}. For the multiple dosing study they received
the same dose on day 1, and then, after a wash-out perioed of 48 hrs,
dosing was repeated thrice daily (every 8 hrs) for three days ; on the

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

The imidazole metabolites (hydantoin and hydantoin acid) as
well as gentisinic acid (salicylic acid metabolite) were present in
plasma and urine according to chromatographic assays but all under the
limit of detection (0.5 ug/ml) anyway they did not interfere with the

othe: ssays

In Tables 1-3 the main plasma pharmacokinetic parameters of
imidazole, salicylic acid and salicyluric acid (the most important meta-
bolite of salicylic acid) are summarized for both pharmaceutical forms

and for single and multiple dos..ug.

The protein binding of salicylic acid is about 80-85% and
that of imidazole 5-15%. The relative bicavailability (tablets vs.drops)

was as follows

single dosing multiple dosing (last dose)
Imidazole 138 % 113 %
Salicylic acid 148 % 128 %

From the above results it can be stated that

1. Imidazole does not interfere with the pharmacokinetics
of salicylic acid, whose concentrations appeared to be

comparable to those reported in - e literature and in
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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.

CONCLUSION

1e pharmaco-toxicolog cal profi = of imidazole 2Z-hydroxy-
benzoate is clearly defined and, as far as the mechanism of action is
concerned, offers a newer and safer pharmacc >gical approach to the
treatment of inflammation when compared with traditional NSAIDs. 1In
fact, the selective blockade of TXA2 production, together with the lack
of any effect on cyclooxygenase i.e., on the prostaglandin synthesis,
allamg 4n afFfane alo nceedow ploy o8 wbloesgj- cfab-s qpte-fering with
the functions of organs, classic victims of irreversible and strong
prostaglandin inhibition (kidney and stomach), especia Lly in particular

type of patients.

On the basis of this pharmacological premises, a consistent
amount of clinical trials have been carried out in different clinical
conditions, characterized by the presence of acute or chronic inflamma-
tions, in children, in adults as we as in elderly patients. So far
629 atients have been treated in clinical studies, for periods ranging

rom 1 to 168 days (24 weeks}. 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 traditiconal NSAIDs, as ASA,

piroxicam, ibuprofen, sulindac and others.

On the whole population treated with imidazole 2-hydroxyben-

zoate (629 patients} the percentage of side-effects was 6.84%. This per-
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centage incidence is clearly 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 ot 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 1iabetics, hypertensives,
children, and elderly patients). The recommended posclogy 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 Z-hydroxybenzoate tablets
and drops.
Imidazole C AUCT t,
max max 5B
Single dose-tablets 3.59 £ 0.96 .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 %z 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 .96 = 0.67 13,29 + 4,12 3.47 = 2.64
L 2.30 £ 0.61 .51 £ 0.52 7.40 £ 3,47 2.12 £ 2.91

F = first dose ;

L = 10th dose (last dose). From (1).

F
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The peak plasma concentrations of imidazole (ranging 3.30-3.59 ng/ml for single dose
and 2.30-3.11yg/ml for the last multiple d--e) were reached fast (T ranging 0.71-
0.79 hrs for single dose and 0.51-1.04 hrs or the last multiple doggf and levels
decreased rapidly (t,, ranging 2.48-2.98 h.. for single dose and 1.86-3.47 hrs for
the last multiple do?e) ; these data were <“milar for both galenic formulations and
give no evidence for any accumulation tend...cy. The renal elimination of imidazole
was about 10-15%.
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CLINICAL EVALUATION OF COMPOUNDS OF MICROBIAL ORIGIN

H.- P. Kuemmerle

Tokyo Medical College, Japan ;
P.0.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
the physician (drug?). The development of a new antibiotic follows the
general principles of clinical pharmacology which are valid for all
gruups of substances. wiimicar triails consise of wnree or rour phases.
Phase I can & subdivided inte 1 and Ib, and Phase II into IIa and IIb.
In Phase I the pharmacodynamic and pharmacokinetic features of a sub-
stance, which have been determined in preclinical research, must be ob-
jectifie and verified. Generally, about 10-20 subjects suffice for a
population of volunteers and patients; however, this varies according

to country.

The prerequisites for a decision on the therapeutic effica-
cy of a substnace are very careful planning and unproblematic perfor-
mance of the c¢linical trials in Phase ITa. Or y under such conditions
can the side-effects be clearly recorded according to frequency and
severity. As a rule, at the end of Phase IIa clarity is obtained on
t" > importance of the new substance in comparison with other existing
substances for the range of indications. This comparative assessment
also determines the further course of the clinical trials. If, for
example, the new substance shows significant advantages for therapy,

it will be tested on a larger number of patients in Phase } 3. At that
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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 is usually
reversible, could be considered positive because of its transport func-
tion in the tissue, However, it is not yet possible to decide whether
the protein binding Jactor vf u suustunce to serum protein is positive
or negative, for no correlation has been made with theraper : relevance,
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 is 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
usefulness 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 detailed experi-

mental or clinicopharmacological investigation. Essential and confir-
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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 preblems 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 principle,
however, - e 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 mest 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 difficu! and complex situations in the hospit | and

he 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 following three pillars

1. The pharmacological efficacy of a drug correlates with
its plasma concentration-time data or urine concentration-time; the
correspending 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 fluid is available which is sensitive, se-

lective, reproducible, unproblematical, and applicable.

3. Computers and programs are available for deriving the
concentration-time curve of the drug in blood or its accumulation in

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 biocavailability. It is completely suf-
ficient for basic information to calculate the area under the lasma
concentration curve,the peak serum concentration and the time in w .ch
the blood concentration is reached, and the cumulative elimination of
the drug in urine. The absolute bicavailability 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 bicavailability of the latter is 100%). The
‘elativ "ioavailability is obtained b :omparin{ he test substanc

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 d: ferent firms can
have various bioavailabilities. Considerable differences in concentra-
tion have also in part heen established for these products. Blood or
plasma concentrations and the influence that absorption, 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, whii are usually reached temporarily, must
not be overvalued, The average concentrations that are reached are more
important. The blood or plasma leve s of a substance can serve as an
evaluation standard only when combined with an at least approximate know-
ledge of the substance's diffusion. The determination of the tissue con-

centration of a drug is subject to considerable methodologic errors,
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since it is generally based on blood or urine concentrations of - e test

substances,

The so-called volume of distribution is defined as a ficti-

ious volume of the organism, i.e., at the moment of distribution equi-
librium (homogeneous distribution of the antibiotic between tissue and
blood) the same concentraticn 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 only gives a concrete idea of the antibiotic in the human
organism, but it is also an important pharmacokinetic constant with
other pharmacokinetic parem=ters can be calculated. TFor example, accor-
ding to the one-compartmer.. medel of pharmacokinetics, the substance is
distributed in only one volume. We will not go into further detail

here.

Uther important criteria ror evaluating an antipiotic are
the type and amount of its elimination 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 its parts,
the so-called compartments. This process is reflected first of all in
the blood or plasma levels, although the antibotic is eliminated from
individual compartments or from the total human organism. Depending on
the type of excretion we can differentiate three different types of
drug : renal elimination only (e.g.,pentamicin, cephalosporins), extra-
renal elimination only, e.g.via metabolism (chloramphenicol, rifampicin),
partially renal, parti: ly extrarenal elimination. Renal excretion can
take place by means of tubular or glomerular filtration, frequently by
both mechanisms. Therefore, substances that are primarily eliminated

renally must be applied in reduced doses in order te avoid accumulation

in patients with renal function disturbances. Since the kidneys are the
main organ of elimination for most antimicrobial substances, renal insuf-
ficiency has a significant influence 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 dosage is too small),

Hemodialysis and peritoneal dialysis 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 depends on
several factors, the most important of which is the passage of the drug
or antibiotic through the dialysis 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 are given in the relevant literature. »r example, the
half-life of the antibiotic can be derived from a number of serum level
assays in the different procedures of dialys*-, and then this is used to
select the optimal dosage., As a general pr....iple, the patient must he
monitored very carefully in the hospital, since the renal function can
change very rapidly. This rule also applies tormany other life-threa-

ning conditions that cause a temporary renal insufficiency.

Besides the kidneys, elimination alse involves the liver,
biotransformation and catabolism, and all other processes that can lead
to permanent tissue retainment of the drug. Most chemotherapeutic agents
are metabc ized and depraded in the organism by oxidation, reduction,
hydrolysis and conjugation. How much drug is excreted unchanged by kid-
neys, bile, faeces and, less so, by lungs and skin varies greatly depen-
ding on the individual active substances, It can amount to < 1 - >70%
of the administered dose. Most of the metabolic and catabolic reactions
are inactivating processes; only a very few cases, compounds that are
inactive in vitro are initially activated in the organism. Examples of
the latter include chloramphenicol esters and several N-acetyl-sulfona-
mides. The pathways of metabolism determine the duration of drug action,
the processes of diffusion and ¢ imination, and also the occurrence of
toxic side-effects and allergic reactions. The incidence of the latter
is especially high in premature and newborn infants, patients with renal
and liver diseases, and elderly patients, as well as those with anomalies

of fermentation.
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rance, the bound portion has to be subtracted from the total plasma con-
centration. The excretion ratio obtained characterizes the actual me-

chanism of renal elimination.

These values are very important for the practical applica-
tion of antibiotiﬁs, 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 fi ration, they can be eliminated by tubular

secretion.

The pharmacokinetic principles of antibiotics are generally
calculated 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. ™ is was the
occasion for intensive clarification of pharmacokinetic laws of drugs
given on a regular basis., Such knowledge is the basis for selecting
optimal antibiotic doses. Repeated administrations can easily lead to
accumulation of the antibiotic, during which the blood or plasma levels
alternate between minimal and maximal concentrations. After a certain
interval, which is equal to about five times the t,/2 of the antibiotic,

a steady state arises, which is termed a plateau concentration, i.e. ,
the amount of drug absorbed is equ: to the amount eliminated. 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 also allows the individualization 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 ¢ so during the course of a disease. Administration
o” 1 norm: «cse in such cases can increase the risk of pharmacotherapy

or even result in failure of therapy. Optimal dosage regimens must be
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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 - e preceding categories.
An example is provided by the sulfonamides. Although otherwise insolu-

le, 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 change clinicochemical pa-
rameters. It is practical from a c¢ritical and objective standpoint not

lescribe he effec .+ ntibi > 2 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 antibiectic depends on the
decision to assign the drug to a certain category. This rests on the
personal experience of the clinical pharmacclogist examining the drug
as well as on the indispensible cooperation of the specia (st discipli-

nes involved.

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

















