1069

Clarithromycin, a cytochrome Py4so inhibitor, can reverse
mefloquine resistance in Plasmodium yoelii nigeriensis-
infected Swiss mice
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SUMMARY

During the last 2 decades there have been numerous reports of the emergence of mefloquine resistance in Southeast Asia and
nearly 50% resistance is reported in Thailand. A World Health Organization report (2001) considers mefloquine as an
important component of ACT (artesunate + mefloquine) which is the first line of treatment for the control of uncomplicated/
multi-drug resistant (MDR) Plasmodium falciparum malaria. In view of the emergence of resistance towards this drug, it is
proposed to develop new drug combinations to prolong the protective life of this drug. Prior studies have suggested that
mefloquine resistance can be overcome by a variety of agents such as ketoconazole, cyproheptadine, penfluridol, Icajine and
NP30. The present investigation reports that clarithromycin (CLL'TR), a new macrolide, being a potent inhibitor of Cyt.
P4s0 3A4, can exert significant resistance reversal action against mefloquine resistance of plasmodia. Experiments were
carried out to find out the curative dose of CLL'TR against multi-drug resistant P. yoelii nigeriensis. Mefloquine (MFQ) and
clarithromycin (CL'TR) combinations have been used for the treatment of this MDR parasite. Different dose combinations
of these two drugs were given to the infected mice on day 0 (prophylactic) and day 1 with established infection (therapeutic)
to see the combined effect of these combinations against the MDR malaria infection. With a dose of 32 mg/kg MFQ and
225 mg/kg CLTR, 100% cure was observed, while in single drug groups, treated with MFQ or CL'TR, the cure was zero
and 40% respectively. Therapeutically, MFQ and CLTR combinations 32+ 300 mg/kg doses cleared the established
parasitaemia on day 10. Single treatment with MFQ or CL'TR showed considerable suppression of parasitaemia on day 14
but neither was curative. Follow-up of therapeutically treated mice showed enhanced anti-malarial action as reflected by
their 100% clearance of parasitaemia. The present study reveals that CLL'TR is a useful antibiotic to be used as companion
drug with mefloquine in order to overcome mefloquine resistance in plasmodia.
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INTRODUCTION derivatives had been preferred over artemether,
artesunate monotherapy because of higher cure rates
with artesunate + MFQ and artemether + MFQ
(Looareesuwan et al. 1997; Price et al. 1998) but
now the resistance against MFQ has attained serious
dimensions reaching a level of nearly 50% in Thailand
(Nosten et al. 1991). Five fixed-dose AC'T’s combi-
nations have been identified, namely artemether with
lumefantrine, artesunate with MFQ, artesunate with
pyronaridine, artesunate with amodiaquine and DHA
with piperaquine for the control of uncomplicated
P. falciparum (World Health Organization, 20106,
Sinclair et al 2010). Because of the emergence of
resistance the efficacy of MFQ is being compromised
and overall cure rates are declining.

CLTR, anew macrolide, is specifically used for the
treatment of Mycobacterium avium and M. intracel-
lulare (atypical mycobacteria) (Malhotra-Kumar
et al. 2007). This macrolide has also been claimed
to be effective against helminth Echinococcus multi-
locularis by virtue of its inhibition of mitochondrial
ribosomes. Further the mitochondrial ribosome

Multi-drug resistant malaria is fast emerging in
Southeast Asia, Africa and other continents. The
national malaria control programme in tropical
countries have reported high levels of resistance to
chloroquine, amodiaquine, MFQ, quinine, halofan-
trine and combinations including pyrimethamine-
sulfadoxin and LAPDAP. According to World
Health Organization reports (2008), there are ap-
proximately 275 million malaria cases throughout
the world with nearly 1-1million deaths occurring
annually. In a recent report of World Health Organi-
zation (2010a), malaria causes about 2414 deaths
a day, over 90% of those are in Sub-Sahara Africa.
The mortality among the children and infants is
highest in Africa with 5 children dying every minute.

During the last 2 decades MFQ (amino alco-
hol) alone or its combinations with artemisinin
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encystment of amoebae (Mathis et al. 2004). In vitro
anti-malarial activity of CL'TR against schizont ma-
turation had been studied in 2 strains of P. falciparum
(chloroquine-sensitive P.f.3D7 and chloroquine-
resistant P.f.K1) (Wisedpanichkij et al. 2009) but
the ICsq values were very high i.e. >10 um.

Being the cytochrome P4sq inhibitor (Pinto et al.
2005), CLTR in the present communication has been
used in combination with MFQ to reverse MFQ
resistance of plasmodia.

MATERIALS AND METHODS
Animals and parasites

Outbred Swiss mice of either sex weighing 22-25¢g
were procured from the animal facilities at the insti-
tute and maintained on commercial pellet diet and
water ad libitum under standard housing conditions.
Ethical guidelines on handling and use of exper-
imental animals were followed during the conduct
of the study.

The rodent malaria parasite P. yoelii nigeriensis
multi-drug resistant (MDR) was used in the study,
which is resistant to chloroquine (250 mg/kg X4 d),
MFQ (128 mg/kgx4d) and quinine (400 mg/kg X
4 d). These are the maximum tested doses for the
particular anti-malarials. The parasite was main-
tained in the animals through sequential passages
from the blood of infected mice, obtained by cardiac
puncture.

Curative dose of CLTR

To determine the curative dose of CLTR, it was
given alone to groups of Swiss mice inoculated with
2x10° multi-drug-resistant rodent malaria parasite
P. yoelii nigeriensis-infected erythrocytes. The con-
centrations at which the drug was administered were
150, 200, 250, and 400 mg/kg X 7 days. These doses
were given every day in 2 divided doses for 7 days.
The route of drug administration was oral. The drug
was given twice in a day due to its short elimination
half-life. Parasitaemia was monitored by Giemsa-
stained thin blood smears on pre-determined days
and the rate of survival was duly recorded.

Combination of MFQ and CLTR
To study the effect of the MFQ and CLTR

combination, mice were inoculated with 2x10°
P. yoelii nigeriensis MDR-infected erythrocytes. At
2—4 h after infection, they were treated with daily
doses of MFQ alone (given orally once a day), CL' TR
alone (given orally twice a day) and with various com-
bination groups of MFQ+ CLTR (32+225 mg/kg,
48/32/16 +150/75 mg/kg). For therapeutic efficacy of
MFQ+CLTR different doses of this combination
(64/32+300/150 mg/kg X4 d) were administrated to
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infected mice with 0-9-2-5% established infection.
Mice in the control group were injected with the para-
sites only. Parasitaemia was monitored by Giemsa-
stained thin blood smears on pre-determined days
and survival of the mice was duly recorded.

Assessment of anti-malarial interaction between
mefloquine and clarithromycin

To obtain numeric values for the type of interactions,
results were expressed as the sum of the fractional
inhibitory concentrations (sum FIC) at the given
effective concentrations by the formula (EC, of agent
A in the mixture/EC, of agent A alone)+ (EC, of
agent B in the mixture/EC, of agent B alone) (Gupta
et al. 2002). Sum FIC values indicate the type of anti-
malarial interaction as follows: ‘synergistic’ if sum
FIC<1; ‘fully additive’ if sum FIC=1; partially
additive if sum FIC <2 provided that both contribu-
tory FICs<1; ‘antagonistic’ if any FIC>1.

RESULTS

In the present communication anti-malarial assess-
ment of MFQ with CLTR administered orally, has
been evaluated against P. yoelii nigeriensis a multi-
drug-resistant rodent infection, using random-bred
Swiss mice following administration of individual
drugs and their combinations. The parasite used in
the study was resistant to orally administered chloro-
quine (250 mg/kgx4 days), MFQ (128 mg/kg x4
days) and quinine (400 mg/kg X4 days). By oral ad-
ministration of CLTR at doses of 150, 200, 250 and
400 mg/kg X 7days it was shown that the antibiotic
was fully curative at 400 mg/kg X 7 days (Table 1).
For further studies MFQ dosing was evaluated at
16, 32 and 48 mg/kg X4 days and these doses were
found to be suppressive only, resulting in survival of
5 out of 5 mice each at 32 and 48 mg/kg while at
16 mg/kg only 2 mice survived beyond 28 days of
observation. CL'TR was also administered at 75, 150
and 225 mg/kg X 7days, these doses were also sup-
pressive. At the highest dose of CL'TR i.e. 225 mg/
kg, 5 mice survived beyond 28 days, at 75 and
150 mg/kg doses, only 2 and 4 mice survived. Control
untreated mice died of high parasitaemia by day 7.
When the MFQ and CLTR combinations were
used at 32 mg/kg and 225 mg/kg respectively, there
was 100% cure and none of the treated mice de-
veloped parasitaemia up to 28 days of observation,
while drugs alone produced only 0 and 40% cure
respectively during the observation period of 28 days.
In another batch when CL'TR dose was reduced to
150 mg/kg with MFQ 48 mg/kg, there was no para-
sitaemia until 24 days but 2 out of 5 mice developed
a low level of parasitaemia on day 28. In the drug
groups given MFQ or CLTR, most of the treated
mice had developed infection on day 4. Further,
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Table 1. Curative dose of clarithromycin in Swiss mice infected with Plasmodium yoelii nigeriensis MDR

Drug dose X no. of

Mean percentage parasitaemiats.D. (No. of surviving mice)

days, route of Cure

administration Day 4 Day7 Day 10 Day 14 Day 18 Day 21 Day 28 rate

400 mg/kgx7, oral 0£0 0£0 0x0 0x0 0£0 0£0 0£0 100%
(0/5) (0/5) (0/5) (0/5) (0/5) (0/5) (0/5)

250 mg/kg X7, oral 0%0 0£0 0x0 0-01£0-02 018104 3-34+7-47 0x0 80%
(0/5) (0/5) (0/5) (1/5) (1/5) (1/5) (0/4)

200 mg/kg X7, oral 0%0 0£0 0x0 7-95£9-31 14521695 20-98+£24-48 0%0 40%
(0/5) (0/5) (0/5) (2/5) (2/5) (2/4) (0/2)

150 mg/kg X7, oral 0-04£0-09 0-34£0-76 2-38+4-34 7-82+12-85 19-5£17-23 25-69+32:34 0=X0 40%
(1/5) 1/5) (2/3) (2/5) (2/4) (2/4) (0/2)

Control 25-1£13-23 Died -

(5/5)

lower doses of CLL'TR i.e.75 and 150 mg/kg combined
with MFQ at 16, 32 and 48 mg/kg showed complete
suppression of parasitaemia up to day 10 while from
day 14 onwards, a low level of parasitaemia appeared,
as shown in Table 2. Nevertheless, judging from
percentage cure on day 28 in MFQ alone groups
which was very low (ranging from 0 to 40%) while the
combination groups of MFQ and CLTR showed
better protection which ranged from 40 to 100%.

Therapeutic anti-malarial effect

Mice were infected with P. yoelii nigeriensis and
treatment was started on day 1 after confirming the
average parasitaemia which ranged from 0-9-2-5%.
There was an increasing trend of parasitaemia up to
60h in all the treated batches. In MFQ/CLTR-
treated groups parasitaemia started declining after
60 h. In the combination groups (32+300 and
64+ 300 mg/kg doses), mice showed clearance of
parasitaemia on day 10 whereas at the doses of
150+ 32 and 64 mg/kg, parasitaemia was cleared on
day 14. Parasitaemia in single treatments with CL'TR
or MFQ showed considerable suppression. Follow-
up of parasitaemia in the treated mice showed com-
plete clearance in all the combination-treated groups.
Amongst the monotherapy with CLTR at 300 mg/
kg, parasitaemia was cleared by day 28. Since this
parasite is resistant to MFQ, a low level of para-
sitaemia persisted in the MFQ alone treatment group
beyond 28 days. Finally all 4 batches treated with the
CLTR and MFQ combination showed enhanced
anti-malarial action as reflected by their 100%
clearance of parasitaemia ("T'able 3).

Anti-malarial interaction between MFQ and CLTR

The anti-malarial interaction of MFQ in combi-
nation with CLTR was assessed against P. yoelii
nigeriensis infection in Swiss mice. The median
(range) sums of the FICs for the anti-malarial inter-
action between MFQ and CLTR were <0-66 for
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prophylactic treatment and for therapeutic treatment
it was <0-85. The sums of the FICs of <1-0 in both
the experiments indicated synergistic interaction
between the two drugs (T'able 4).

The present study also reveals that the doses of
both drugs administered orally were safe and did not
produce any apparent side effects.

DISCUSSION

Our present study has shown the enhanced anti-
malarial effect of a conventional anti-malarial MFQ
with a new macrolide CL'TR.

CLTR has recently been reported to exhibit
in wvitro anti-malarial activity against the chloro-
quine-sensitive strain of P. falciparum (3D7) and the
chloroquine-resistant strain P. falciparum K1, and
the ICs( was reported to be >10um for both the strains
(Wisedpanichkij et al. 2009). This antibiotic is
specifically useful for treatment of Mycobacterium
avium and M. intracellulare (atypical mycobacteria)
with a dose schedule of 500 mg twice daily for 7 days.
Its bioavailability is nearly 50% by the oral route
and is the preferred treatment for children. This is
preferred for oral use because of its basic stability in
the stomach and its ability to achieve high therapeutic
levels (Pai et al. 2000). CLTR is reported to be
metabolized to 4-hydroxy CL'TR, which has twice as
active anti-bacterial profile compared to its parent
drug. The half- life of CL'TR has been reported to be
3—7 h while that of its active metabolite is nearly 7 h
(Malhotra-Kumar et al. 2007). This antibiotic has
activity against the helminths (Echinococcus multi-
locularis) and Acanthamoeba castellanii (Mathis et al.
2004, 2005).

After developing resistance against chloroquine
and fansidar, MFQ was the only mainstay for
P. falciparum treatment. During the last 2 decades
there have been numerous reports of emergence of
MFQ resistance in Southeast Asia (Price et al. 1995)
and Nosten et al. 1991 had reported nearly 50% MFQ
resistance in P. falciparum in Thailand. This drug
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Table 2. Prophylactic response of mefloquine and clarithromycin against MDR Plasmodium yoelii nigeriensis in Swiss mice

Drugs (mg/kg)

Mean Parasitaemiats.D.

Mefloquine X4 d + MST
Clarithromycin* X 7 d Day 4 Day 7 Day 10 Day 14 Day 18 Day 21 Day 24 Day 28 % Cure (Days)
32+225 0£0 0£0 0£0 0£0 0£0 0£0 0£0 0£0 100 >28
(0/5) (0/5) (0/5) (0/5) (0/5) (0/5) (0/5) (0/5)
48+150 00 00 0+0 0%0 0+0 0+0 0%0 0-004 £0-004 60 >28
(0/5) (0/5) (0/5) (0/5) (0/5) (0/5) (0/5) (2/5)
32+150 010 010 0+0 0-08+0-15 2:78%£5-12 0-2£0-4 0-0002£0-0004 0%£0 40 >28
(0/5) (0/5) (0/5) (2/5) (3/5) (1/5) (1/5) (0/5)
16+150 010 010 0+0 0-0002£0-0004 0£008%.01 5-52111-04 0-02£0-04 0-002 +£0-004 80 >28
(0/5) (0/5) (0/5) (1/5) (1/5) (1/5) (1/5) (1/5)
48+75 0£0 0£0 0£0 0-002%+0-003 0-72£1-29 1-96+2-46 0-0002£0-0004 2-5+4-:32 40 27%2
(0/5) (0/5) (0/5) (2/5) (2/5) (3/5) 1/4) (2/4)
32+75 00 00 0x0 0-0002£0-0004 0-002£0-004 0-0002+0-0004 0%£0 0-002+0-004 80 >28
(0/5) (0/5) (0/5) (1/5) (1/5) 1/5) (0/5) (1/5)
16+75 00 00 0-0002£0-0004 0-002£0-004 0-004£0-007 1-22£2-15 0-08%£0-16 0-002£0-004 40 >28
(0/5) (0/5) (1/5) (1/5) (2/5) (3/5) (1/5) (1/5)
48 +— 0-39£0-33 0-99+1-46 2-58%£2-83 4-4%8-79 0-76+1-52 0-002£0-003 0-01£0-02 0-0002£0-0004 20 >28
(5/5) (4/5) (4/5) (2/5) (1/5) 2/3) (1/5) (1/5)
32+— 0-5£0-49 2:8+1-88 6:521+9-85 2:1+3-95 0-004£0-004 0-08£0-15 0-0002£0-:0004 0-07+0-08 0 >28
(4/5) (5/5) (5/5) (3/5) (3/%) (2/5) (1/5) (2/5)
16 +— 0-2610-31 2:54£2:66 0-88+1-26 0-521+0-84 0-0910-15 6:781+12-6 0-05£0-04 0-03£0-04 0 25:2+3-42
(5/5) (5/5) (3/9) (4/5) (3/%) (4/5) (2/3) (1/2)
—+225 0-0002£0-0004 0£0 0-14£0-27 9-1£147 0-24£0-47 0-96£1-9 6-4£12-8 0-002+0-004 40 >28
(1/5) (0/5) (2/5) (2/5) (3/5) (2/5) (1/5) (1/5)
—+150 0-064+0-11 0-18£0-27 8:24%14-4 9-0£15-5 10+£9-69 2:7514-76 0£0 0-02510-043 0 24-8+5-03
(3/5) (3/5) (5/5) 3/4) 3/4) (2/4) (0/4) (1/4)
—+75 671695 12-5+£8-58 1241696 10-5+6-46 0-075+£0-082  0-005%0-005 0-2£0-2 0-9£0-9 0 21-2£7-30
(5/5) (3/4) (4/4) (4/4) (2/4) 2/4) (1/2) (1/2)
Control 36:8£13-04 Dead - 50
(5/9)

Number of positive mice/number of total live mice on particular day is given in parentheses.

* Clarithromycin was given in 2 divided doses.
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Table 3. Therapeutic response of mefloquine and clarithromycin against MDR Plasmodium yoelii nigeriensis in Swiss mice

Drugs (mg/kg)
Mefloquine x4 d

Mean% Parasitaemias.D.

+ Clarithromycin* Cure
xX7d 24 hr 30 hr 36 hr 42 hr 48hrs 54 hrs 60 hrs 72 hrs Day 4 Day 7 Day 10 Day 14 Day 18 Day 21 Day 24 Day 28 Rate MST
64+ 300 1-68 5-82 6-14 7-58 9-5 13-92 11-84 5-82 0-64 0-002 00 00 00 0%0 0%0 0+0 100 >28
+0-94 +£376 £2:62 +3-73 +5-:08 163 +8-89 +4-6 +0-12 +0-004
G5 65 (/5 (5/5) /5 (5/9) (5/5) (5/5) (5/5) (2/5) (0/5) (0/5) (0/5) (0/5)  (0/5) (0/5)
32+300 1-4 3:26 4-16 5-64 5-88 7-56 8+4-06 2:96 0-54+0-42  0-004 0£0 0+0 0+0 0+0 0+0 0+0 100 >28
+049 +145 =*1-59 +3-98 +3-81 429 +2-27 +0-004
/5 65 /9 (5/5) /5 (5/5) (5/5) (5/5) (5/5) 1/5) (0/5) (0/5) (0/5) (0/5)  (0/5) (0/5)
64+150 0-94 312 412 727 678 8-58 8-94 5-16 0-36 0-004 0-002 00 00 00 0%0 0+0 40 >28
+0-08 +1-34 +1-99 +2-54 +2-46 +1-61 +0-43 +0-0048 *£0-003
5/5 /5 (/9 (5/5) /5 (5/9) (5/5) (5/5) (5/5) (2/5) (3/5) (0/5) (0/5) 0/5)  (0/5) (0/5)
32+150 1-6 2-68 31072 464 7:26 5-24 6:1£0-96 3-5 0-36 0-02 0-004 00 00 00 0%0 0+0 60 >28
+0-57 £0-59 +1-46 +2-52  +1-32 +1-65 +0-43 +0-03 +0-0048
6/5 /5 /9 (5/5) (55 (5/5) (5/5) (5/5) (4/5) (3/5) (2/5) (0/5) (0/5) 0/5)  (0/5) (0/5)
64+— 1-62 452 8-64 11-6 156 202 28+4-14  13-28 10-88 5:36 0-41 2-83 0-008 0-006 0%0 0-002 0 >28
+0-55 +069 243 +3-16 516 £5-15 +4-86 164 +9-83 +0-42 +5-08 +0-011 10-01 +0-004
(5/5)  5/5 (/9 (5/5) (5/5)  (5/5) (5/5) (5/5) (5/5) (5/5) (5/5) (5/5) (3/5) /5 (0/5) (1/5)
32+— 1-44 3-84 524 6-82 7-98 12-6 137 7-84 7-5 0-62 0-4 0-052 0-004 0-52 1-6 0-002 0 >28
+0-39 +072 *143 +1-89 +39 +3-61 +4-51 +3-61 +2-87 +0-52 +0-55 +0-076  £0-004 +1-03 32 +0-004
G5 65 /5 (5/5) (5/5) (/5 (5/5) (5/5) (5/5) (5/5) (5/5) (4/5) (3/5) 2/5)  1/5) 1/5)
—+300 1-36 436 11-26 13-56 17-52 33£6:26 36%4:33 30%8:09 7-62 0-06 0-0004 0-16 4-86 0-06 0-0002 0-0002 60 >28
+0-36  +042 *1-09 +2-39 +2-33 +5-37 +0-07 +0-0004 £0-31 +9-57 +0-12  +0-0004 +0-0004
/5 6/ /9 (5/5) (5/5  (5/5) (5/5) (5/5) (5/5) (5/5) (2/5) (2/5) (2/5) 75 1/5) 1/5)
—+150 1-38 462 11-42 17-4 24:36 324 34-4 27-26 7:66 0-05 0-0006 0-06 0-1£0-15 1:36 0-02£0-03  0-0002 20 >28
+0-37 *0-86 503 +7-39 1947 1747 +6-97 +8-91 +1-93 10-04 +0-0004 +0-07 1271 +0-0004
5/5 /5 (5/5) (5/5) (5/5  (5/5) (5/5) (5/5) (5/5) (5/5) (2/5) (3/5) (2/5) /5  (2/5) (1/5)
Control 1-44 5-26 11-8 22+6-22 2394 39%6:51 506 58+189 406 810 D 0 6£0-89
+0-54 +1-25 465 +5-71 +9-49 +5-24
6/5 /5 (5/5) (5/5) (55  (5/5) (5/5) (5/5) (3/3) /1)

Treatment was started at 24 h post-infection.

#**(Clarithromycin was given in 2 divided doses.
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Table 4. Median (range) sum of FICs for the
interaction of mefloquine — clarithromycin against
Plasmodium yoelii nigeviensis MDR.

Median (range)
sum of FICs of

Drug P. yoelii nigeriensis
combination Dose MDR
Mefloquine + 32 mg/kg X4 <0-66
clarithromycin +225 mg/kg X7
(Prophylactic)
Mefloquine + 32 mg/kg X4 <0-85
clarithromycin +300 mg/kg X 7
(Therapeutic)

Maximum tolerated dose i.e. 300 mg/kgx4 days and
400 mg/kg X 7days were given for mefloquine and clarithro-
mycin respectively. FICs- Synergy<1; addtivity 1;
antagonism > 1.

was considered as the backbone for anti-malarial
operation because of its high level of activity and
prolonged period of plasma clearance (more than
42 days). In view of the emergence of resistance
towards this drug the World Health Organization
(2004, 2006) proposed new drug combinations to
prolong the protective life of this drug but MFQ in
combination with artesunate or artemether could not
produce 100% cure (Price et al. 1995; Looareesuwan
et al. 1997).

Preliminary studies reported earlier suggested
that it could be possible to reverse MFQ resistance
of P. falciparum. Kyle et al. (1988) and Odoula et al.
(1993) reported that MFQ resistance of P. falciparum
could be partly reversed in wvitro by reversal agents
such as penfluridol. Peters and Robinson (1991)
reported that MFQ resistance could be reversed in
rodents through penfluridol. Cyproheptadine and its
derivatives had also been reported to reverse this
resistance of P. falciparum in vitro (Baldwin et al.
1991). Further studies on MFQ resistance reversal by
Frederich et al. (2001) showed the resistance reversal
action of icajine against MFQ-resistant P. falciparum
in vitro. Icajine was isolated as a menoindole alkaloid
from the plant Strychnous myrtoides.

Ketoconazole pharmacokinetic studies had indi-
cated that this anti-fungal had shown inhibition of
cytochrome Pyso 3A, which inhibited the biotrans-
formation of MFQ into 2 major metabolites namely
carboxy MFQ and hydroxyl MFQ. The authors had
proposed that this inhibition led to the enhanced
bioavailability of MFQ resulting in increasing the
plasma levels of active drug MFQ through slowing
down its conversion to its metabolites. Cytochrome
3A4 inhibitor ketoconazole was reported to potentiate
the action against MFQ resistance of the malaria
parasite (Awasthi et al. 2004).

Earlier studies had also reported that a combi-
nation of y-interferon and MFQ was able to partially
reverse the MFQ resistance of MDR P. yoelii
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nigeriensis, and this combination was reported to
give 62% protection compared to MFQ alone which
protected 25% in mice (Dhawan et al. 2000). The
resistance reversal effect of NP30 (an uncharged poly-
ethoxylated non-phenol surfactant) against MFQ
resistance of P. falciparum had been documented in
an in vitro study (Ciach et al. 2003). In a subsequent
study, the resistance reversal action of ketoconazole, a
cytochrome Pysq inhibitor, against MFQ-resistant
simian malaria P. knowlesi strain W; had been
established (Tripathi et al. 2005). The strain W1 of
P. knowlesi has innate resistance against MFQ up to
a total dose of 80-160 mg/kg administered over
3—4 days. Combined treatment with 75 mg/kg keto-
conazole for 10 days, together with a low dose of
MFQ (20mg/kg X4 days), cured the infection in
rhesus monkeys. It was reported that ketoconazole
besides having a suppressive anti-malarial action
against P. knowlesi, was also effective in reversing
the MFQ resistance of the parasite resulting in the
curative effect of the combination.

Wisedpanichkij et al. (2009) studied the in vitro
anti-malarial activity of Cyp 3A4 inhibitors namely
ketoconazole and CLTR against P. falciparum K1
and 3D7 strains and demonstrated that both the Cyp
3A4 inhibitors showed anti-malarial activity as
demonstrated by their ICsy of 3-8 and 4-8um for
ketoconazole and >10 uMm for CL'TR. As compared to
these Cyp inhibitors, MFQ tested in vitro showed
ICs¢ 8:6 and 12-1 nm against P. falciparum K1 and
3D7 isolates respectively. They provided preliminary
in vitro evidence to support the concept that
Cyp inhibitors could have a role in reversing MFQ
resistance of P. falciparum also. They supported our
earlier finding that ketoconazole —a Cyp 3A4 inhibi-
tor could provide a higher concentration of MFQ in
plasma due to inhibition of metabolism of MFQ to
carboxy MFQ (inactive metabolite) (Fontaine et al.
2000). Ridtitid et al. (2005) had also reported an
increased plasma concentration of MFQ in healthy
human volunteers administered MFQ together with
ketoconazole.

The present paper deals with the anti-malarial
action of a new macrolide antibiotic CLTR, an
inhibitor of hepatic microsomal Cypyso enzyme
(Brophy et al. 2000; Westphal, 2000; Suzuki et al.
2003; Zhou, 2008) that was evaluated in combination
with MFQ to assess the reversal of MFQ resistance in
P. yoelii nigeriensis in vivo. The anti-malarial action of
CLTR has been reported earlier by Wisedpanichkij
et al. (2009) against P. falciparum with I1Csq of
>10 uM. Based on in vitro results of the combination
of MFQ and ketoconazole (Wisedpanichkij et al.
2009) and in vivo results of P. yoelii nigeriensis
(Awasthi et al. 2004) and P. knowlesi (Tripathi et al.
2005), Wisedpanichkij et al. (2009) speculated that
being a cyp inhibitor ketoconazole could exert a
synergistic effect when tested in combination with
MFQ. They also postulated that cyp 3A4 inhibitors,


https://doi.org/10.1017/S0031182011000850

Clarithromycin, a mefloquine resistance reversal

in general, could have a role in reversing MFQ
resistance.

The present study also reports that CL' TR can
exert a curative action against MDR/MFQ-resistant
P. yoelii nigeriensis at 400 mg/kg dose X 7days sche-
dule. The lower dose 250 mg/kg X7 days produces
a suppressive effect with 80% cure. When MFQ was
combined with CL'TR, a synergistic anti-malarial
effect and complete suppression of parasitaemia were
observed up to 10 days. Further studies with MFQ
48 mg/kg combined with CL'TR 150 mg/kg showed
synergistic action as these combinations completely
eliminated the P. yoelii nigeriensis parasitaemia be-
yond 24 days, though trace parasitaemia was ob-
served. When a higher dose of CL'TR (225 mg/kg)
was combined with a lower dose of MFQ (32 mg/kg),
there was complete cure beyond 28 days, indicating
synergistic and curative actions of both these drugs in
combination.

In order to monitor the therapeutic response of the
MFQ and CLTR combination, the treatment was
started 24 h after infection in mice, and doses of
CLTR 300 mg/kg combined with MFQ at 32 and
64 mg/kg X4 days, the parasitaemia was completely
suppressed by day 10 post-infection, and this com-
bination completely cured P. yoelii.nigeriensis infec-
tion in both groups beyond 28 days. Even the lower
doses of CLTR 150 mg/kg with 32 or 64 mg/kg of
MFQ resulted in complete suppression of parasitae-
mia beyond 14 days of observation.

This study has established that MFQ and
CLTR alone exert only suppressive effects on
MFQ-resistant P. yoelii.nigeriensis. However, a com-
bination of CLTR 150-300mg/kg with MFQ
32—64 mg/kg exerts a synergistic effect, resulting in
clearing parasitaemia beyond 14 days, and survival of
all the treated mice.

The new macrolide CLTR exerts a resistance
reversal effect on the MFQ-resistant P. yoelii
nigeriensis infection. The data establish that CLTR,
being a Cyp3A4 inhibitor, exerts an inhibitory effect
on MFQ metabolism to carboxyMFQ. The MFQ-
CLTR combination seems to produce significant
pharmacokinetic (metabolic) drug interaction leading
to a higher serum concentration of MFQ (Ridtitid
et al. 2005). The CLTR-MFQ combination seems
to slow down the metabolic conversion of MFQ to
carboxy MFQ (inactive), thus helping to maintain a
higher concentration of MFQ. These findings sug-
gest that MFQ + CLTR combination therapy could
provide elevated levels of MFQ in the blood and it
may benefit human anti-malarial treatment of MFQ-
resistant P. falciparum infection.
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