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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 

Od B l~Ud 2 tt.fl . -~.fl.2529 

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 



·n11111111il1J"iuu1 87 
flrl 0 l~U~ 2 tt.A.-il.A.2529 

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) 

'lltJ'lVIU'l~l~rrnt1'1'1fl\1 LnultJ ti1l'1 Lflflll'lf1'l"jV'l'3 LfiU'31J'lf1 1utJtiDAJlULUf1'1'1L'li' Wongsa­

wa tk ul ( s a) ttu-l1iJu1 l Utlt1 '3Pl a1 fma1u'IfiJvifff1Nti~v'1::uu"1-;i huti ::»tivvi Liv fl L .Ju vera-

pamil, flunarizine, lidocaine, chlorpromazine uti:: mexiletine LifuP!u i1 

verapamil, 

fl unari zine ua:: chlorproma zine ~"u11tJflmn tutrPi-;i"tlAtlv\1 tJ'1'lfl!J-l1!hrn 1u nTi 

~. L 1f v1J'ltl'l L =iu'it" L t'Ju L f'IU'1fl'l"jt1fliftlU L d't1'1Pi'u fl'1'1flf11fl~ufi t1 ltJ L ifun1 '1H'ltltJ'111t U'l ~tl11'1 



T1"ii1,"i 1mYu'hiu1 
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PRECLIJllCAL STUDIES Ill AlllMALS 

Antimalarial 
Efficacy 

Blood Tissue 
Schi zonticide Schizonticide 

Toxicol ogica l 
Studies 

Pharma col ogi cal 
Studies 

Pharmacodynami cs Pharmacoki neti cs 

Rane 's test Thompson Test CVS 

AUS 

CllS 

Absorption 

Distribution Four-day Tes t Other 

Hi ppocratic 

Observations 

Carcinogenic 

Metaboli sm 

Respirati on Eli mination 

Others 

Acute Toxi ci ty (LD50) 

Subacute Toxicity 

( 28 days) 

Phototox ic 

Mu tageni c 

Teratogenic Chronic Toxicity 

101 
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.. -
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