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In vitro Potentiation of Chloroquine Activity in Plasmodium falciparum
by Ketotifen and Cyproheptadine

QUAN Hong, TANG Lin-hua’

(National Institute of Parasitic Diseases, Chinese Center for Disease Control and Prevention, WHO
Collaborating Centre for Malaria, Schistosomiasis and Filariasis, Shanghai 200025, China)

Abstract]  Objective To study the potentiation of chloroquine activity and mechanism by ketotifen and
cyproheptadine in in vitro cultured Plasmodium falciparum Fcc SM1/yN strain.  Methods In vitro cultured Fcc SM1/yN
strain was added to pre-prepared drug plates at 50 wl/well after synchronization to make final concentration of 0.312 5-2 560
nmol/L for chlorogine and of 9.80-5 000 nmol/L for ketotifen or cyproheptadine. After 34 hours’ culture in 37 °C, the number of
schizonts with 3 or more nuclei was calculated among 200 parasites under microscope. Calculated half inhibitive concentration
(1Cs ) of chloroquine and every drug combination to parasite as well as chloroquine activity enhancement index (AEI) of
ketotifen (or cyproheptadin) . Time dependency of potentiation was studied. All data were analyzed statistically with SPSS
13.0. After 20 hours’ action of one optimal combination dose of chloroquine/ketotifen or chloroquine/cyproheptadine, RNA of the
Fcc SM1/yN strain was extracted and real-time PCR was used to determine the expression level of pfcrt and pfmdrl
genes. Results The best potentiation effect was observed with ketotifen or cyproheptadine of 625 nmol/L, with IC5, of 74.53
nmol/L for chloroquine/ketotifen and 89.7 nmol/L for chloroquine/cyproheptadine respectively, and activity enhancement index
(AEI) of 0.42 for chloroquine/ketotifen and 0.30 for chloroquinefcyproheptadine respectively. Combination of 625 nmol/lL
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ketotifen or cyproheptadine with 5 nmol/L chloroquine showed the highest potentiation potency. 6-7 hours during which
with 1C;, of 67.70 nmol/L for
and the AEl was 0.47 for
chloroquine/ketotifen and 0.37 for chloroquine/cyproheptadine respectively. After action of chloroquine/ketotifen or chloroquine/

ketotifen or cyproheptadine was added after chloroquine showed the highest effect,
chloroquine/ketotifen and 81.53 nmol/L for chloroquine/cyproheptadine respectively,
cyproheptadine at one optimal combination dose, expression level of pfcrt gene increased by 91% and that of pfmdrl gene

decreased by 14% respectively. Conclusion  Appropriate combination of chloroquine/ketotiphen or chloroquine/
cyproheptadine potentiates chloroquine against in vitro cultured P. falciparum. 6-7 hour period is an optimal time when ketotifen
or cyproheptadine was added after chloroquine. Potentiating activity of ketotifen and cyproheptadine may be related to the
expression level of pfcrtand pfmdrl genes.

[Key words] Plasmodium falciparum; Resistance; Chloroquine; Ketotifen; Cyproheptadine; pfcrt gene;

pfmdrl gene; Gene expression
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i, RV 20, 40, 80, 160, 320, 640 i1 280
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Fig.1 Dose/response curve of chloroquine against in vitro
cultured Plasmodium parasites
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Mz (5~20 nmol/L) 5 RS H(EFEBEE) (625 nmol/L)
Be A R E A 2%, L 5 nmol/L &0 il 625
nmol/L B 7% (EFEPENE ), ZLFHIARELLL 5 nmol/L
2 M A AL A IR L 74%F1 52% (P<0.05), 2]
RO ] B R AT M (BR 1),

3 HEHEFETHR
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ICs FIA FEAK, 6 A1 7 hikE] 1A/l G0 /iR £
7% 1Cs 2 67.7 nmol/L (95% CI & 58.02~77.37 nmol/
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(95% CI ¥ 65.95~97.19 nmol/L) , AEI %y 0.37, 8 h
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®1 SEEMES(NFEER)EANBHIEASER
Table 1 Effect of chloroguine potentiation by ketotifen and cyproheptadine

sH4L - Group ICs(nmol/L) 95% CI(nmol/L) AEI
(nmol/L)
M Chloroquine (640-1 280) 128.95 119.36~138.53 -
AW | 5B FEPENE) Chloroguine / Ketotifen (or cyprohepatadin)
0.31250~2 560/9.77~78.13 128 119.36~138.53 0
4 [ BRAE:ZE Chloroquine / Ketotifen
10~20/156.25 108.20 97.48~118.93 0.16
5~20/312.50 88.00 75.76~100.24 0.32
5~20/625.00 74.53 64.80~84.26 0.42
s | FRBEIE Chloroquine / Cyprohepatadin
10~20/156.25 113.74 102.83~124.64 0.12
5~20/312.50 97.39 86.02~108.77 0.25
5~20/625.00 89.70 77.70~101.70 0.30
1401 A > O -I:‘j- -i'/b\
120 f
g WO oo o SRS HOA R R A R IS, e H
2 80le o & o -/
< 60 . T ) R PRI S U2 PR R R TR R, A
0‘ N LY. AN 7Y ANENAY ;oo —_— . NG
= Ao 50 RGN B L ) S MO T, BRI S
20 — " — —] >, — N
IE S U R M OO SR v R, B X S T
0

1 23 456 7 8 910
AR (h)

Duration of drug action (h)

& /MRS Chloroquine / Ketotifen, < 445/ PElE Chloroquine
/ Cyprohepatadin
B2 SrES5EES(SERRE)BALEFEmRER
Fig.2 Time dependency of the potentiation by ketotifen
and cyproheptadine

4 Real-time PCR
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SEE RS S5 B AR 77 2k 5 nmol/L 584 +625 nmol/L
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S +625 nmol/L FEEFNE , ] e R pfmdr 1 3[R 3R
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AR T —EMEIER, BRI A %
FRI) 1 S s P24 ) S s BRI . A BT IR R AT
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PDF SCHHi A “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn


http://www.fineprint.com.cn

. 342 . o A A 5 A A dUs 24k 2008 4F 10 A5

f 26 455 5

Chin J Parasitol Parasit Dis Oct. 2008, Vol. 26, No.5

PRBMIE I O S R BN, fdE 2 X SR B2 T

(&9 ik
ABITEEREN], AL T MY &

TE VR BV, VR AR (N 75 s R B v B IR T
156.25 nmol/L, SMEHR FEEAIC T 5 nmol/L) AL HilRk
R, TR (ﬁﬂ@ﬂ%%ﬁ%)ﬁ%%fﬁiﬂ
1.25~5 000 nmol/L, &Mk A 40~640 nmol/L),
PR 2Y GV 1 A R Y /\W}HYEFFJHETEU%E
=W ‘?ZUEJ‘&‘T'% , BLZGRCRATRE b E AL

R P SR R R, TRV E R AN [ s ]
BOMARE 5 (BepEne), HIGHUWERAR, T 0~
4hmA, #EEBHMSIER TR EES . Hi 6~
ThimA, SRR, 8 h ZJEINA, NIJGHERL
YEH .

SR 9% 6 5E B PCR 2 W 45 3 W7k, 5 nmol/L &4
W55 625 nmol/L 7 (BiFEpenE) (hH (AL
M), YEH 20 h §iif5, Al Fcc SMUYN #REEIE
J M pfort PRI K R AT pfmdrl 5 R 3Rk K
FEAI, RWIBRE 7y (BL3EPEnE) 4598 Fec SMUYN
A T OGS S 1 5 pfort JE AT pfmdrl A
FRKA K,

ARWFGER R IME IR, B R A KRS R
U, ELRE LEMEE T R4, Fee SMUYN Bk
PEIE IR R ATV A 25 SIS RARSME AL, ABIF 95 45
SRA] Rt 2P E I G MR S %

Z £ X #

[1] Anderson TJ, Roper C. The origins and spread of antimalarial drug re-
sistance: lessons for policy makers [ J]. Acta Trop, 2005, 94(3).
269-280.

[2] Foley M, Tilley L. Quinoline antimalarials: mechanisms of action and
resistance and prospects for new agents [J]. Pharmacol Ther, 1998,
79(1): 55-87.

[3] Wellems TE, Plowe CV. Chloroquine-resistant malaria [J]. J Infect
Dis, 2001, 184(6). 770-776.

[4] Van Schalkwyk DA, Egan TJ. Quinoline-resistance reversing agents for

the malaria parasite Plasmodium falciparum [J]. Drug Resist Updat,

2006, 9(4-5). 211-226.

Martiney JA, Cerami A, Slater AF. Verapamil reversal of chloroquine

resistance in the malaria parasite Plasmodium falciparum is specific for

resistant parasites and independent of the weak base effect [J]. J Biol

Chem, 1995, 270(38). 22393-22398.

[6] Henry M, Alibert S, Orlandi-Pradines E, et al. Chloroquine resis-

tance reversal agents as promising antimalarial drugs [J]. Curr Drug

Targets, 2006, 7(8). 935-948.

Zhou MX, Pan XQ, Tong XM. Observation on the inhibitory effect of

ketotifen, cyprohepadine and pizotifenum on Plasmodium falciparum

in vitro[J]. Chin J Parasitol Parasit Dis, 1988, 6(2). 130-132. (in

Chinese)

(R0, MR, T/NR BETY . FEBENE MORERE (A ST

[5

—_—

[7

[a—

JERCRMIER [J]. rhEZFAE R 5% 4 Ak, 1988, 6(2):

130-132.)

Huang WZ, Luo MZ, Zhou MX, et al. Study on treatment of

Plasmodium cynomolgi infection of macaque with ketotifen [J]. ChinJ

Parasitol Parasit Dis, 1988, 6(2). 134-135. (in Chinese)

(SO, B8, JE, 5 FEBE SRR RIE 1) 2

W [J]. hEZFA AR G4 Uk, 1988, 6(2): 134-135.)

Huang WZ, LuoMZ, Zhou MX, etal. Study on treatment of Plasmod-

ium cynomolgi infections of macaoque of with ketotifen [ J]. Acta

Pharma Sin, 1987, 22(6). 409-412. (in Chinese)

(SO, B2, S, % WERITRERTIRE 3] 2

22284, 1987, 22(6)_ 409-412.)

[10] Pan XQ, Peters W, Warhurst D, et al. Studies of the reversion of
chloroquine resistance by ketotifen and cyproheptadine [ J]. Chin J
Parasit Dis Control, 1990, 3(3): 194-197. (in Chinese)

(3, PetersW, Warhurst D, 5. BRAF:ZF . 8 B i 5 i dy
XFAMEPT I AFTY [J]. T E %A URBEA AR, 1990, 3(3):
194-197.)

[11] ZhuZH. Successful invitro continuous culture of a Plasmodium falciparum
strain in south Yunnan Province [J]. Yunnan Med, 1984, 5(6):
379-380. (in Chinese)

(IR, ZEI R AR — R PEE IR . (P. falciparum) A4 g 245 55
M [J]. mEEZy, 1984, 5(6). 379-380.)

[12] Zhu ZH, Huang KG, Gao BH. Research study on separation, in vitro
culture and bank construction of anti-chloroquine Plasmodium falci-
parum [J]. Chin Pub Hlth, 1994, 10(2): 61-62. (in Chinese)
CRIEM, B, mﬁﬁ AGEIE T BT SR R A3 R R SR A ST
HPER SIS (3], PEAFE A, 1994, 10(2). 61-62.)

[13] Rieckmann KH, Campbell GH, Sax LJ, et al. Drug sensitivity of
Plasmodium falciparum. An in vitro microtechnique [J]. Lancet, 1978,
1(8054). 22-23.

[14] Trager W, Jensen JB. Human malaria parasites in continuous culture
[J]. Science, 1976, 193(6): 673-675.

[15] Dzikowski R, Frank M, Deitsch K. Mutually exclusive expression of
virulence genes by malaria parasites is regulated independently of anti-
gen production [J]. PLoS Pathog, 2006, 2(3). 184-194.

[16] MerMerckx A, Nivez MP, Bouyer G, et al. Plasmodium falciparum
regulatory subunit of cAMP-dependent PKA and anion channel conduc-
tance [J]. PLoS Pathog, 2008, 4(2). 1-11.

[17] Verdier F, Pussard E. Role of modulators in Plasmodium falciparum re-
sistance to antimalarials [J]. Med Trop (Mars), 1995, 55 (4 suppl):
27-32.

[18] Bray PG, Deed S, Fox E, etal. Primaquine synergises the activity of
chloroquine against chloroquine-resistant P. falciparum [J]. Biochem
Pharmacol, 2005, 70(8). 1158-1166.

[19] Pradines B, Pages JM, Barbe J. Chemosensitizers in drug transport
mechanisms involved in protozoan resistance [J]. Curr Drug Targets
Infect Disord, 2005, 5(4). 411-431.

[20] Adovelande J, Deleze J, Schrevel J. Synergy between two calcium
channel blockers, verapamil and fantofarone (SR33557), in revers-
ing chloroquine resistance in Plasmodium falciparum [J]. Biochem
Pharmacol, 1998, 55(4). 433-440.

[21] Oduola AM, Sowunmi A, Milhous WK, et al. In vitro and in vi-
vo reversal of chloroquine resistance in Plasmodium falciparum
with promethazine[J]. Am J Trop Med Hyg, 1998, 58(5): 625-
629.

[22] Millet J, Torrentino-Madamet M, Alibert S, et al. Dihydroethanoant
hracene derivatives as in vitro malarial chloroquine resistance re-
versal agents [J]. Antimicrob Agents Chemother, 2004, 48(7):
2753-2756.

[23] Ward SA, Bray PG. Is reversal of chloroquine resistance ready for
the clinic [J]. Lancet, 2001, 357(9260): 904.

(WrFm B HE: 2008-05-08

[8

—_—

[9

—_—

A B )

PDF S i “pdfFactory Pro™ i H RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

