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SUMMARY

Blood schizontocidal activity of 10 selected cis-fused cyclopenteno-1,2,4-trioxanes (namely Fenozan compound nos 6, 7,

11, 27, 32, 39, 44, 45, 48 and 51) have been re-investigated to establish their curative doses against the multidrug-resistant

Plasmodium yoelii nigeriensis strain, which is lethal in Swiss mice. Freshly prepared formulations of these compounds

prepared either in neutral groundnut (peanut) oil or in dimethyl sulfoxide (DMSO)-Tween-water, were compared for

their antimalarial activity. Only 2 compounds, namely Fenozan derivatives 11 and 45, formulated in neutral groundnut

oil for oral administration, showed highest activity with 100% cure rate in MDR P. yoelii nigeriensis-infected mice, while

the DMSO-Tween-water formulations were inactive. Fenozan-48 produced 72.2% cure, when administered orally

in groundnut oil (formulation) while its DMSO-Tween formulation was inactive. In the case of Fenozan 7, the oil and

DMSO-Tween formulations produced 92.3 and 76.0% cures respectively. Fenozan derivatives nos 6, 27, 32, 39, 44 and 51

were not protective either in groundnut oil or DMSO-Tween oral formulations. The present study has applied more

rigorous criteria for selection of active compounds, and has identified the 3,3-spirocyclopentane derivative Fenozan 11,

and the 3,3-spirohydropyran derivative Fenozan 45, as potential blood schizontocides which can completely eliminate

multidrug-resistant malaria infection in mice. Both these compounds are candidates for pre-clinical development. The

present study advocates the preferred use of an oil vehicle for oral evaluation of potential antimalarial trioxanes/fenozans

instead of the DMSO formulation, which gives inferior curative efficacy.
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INTRODUCTION

Emergence of multidrug-resistant Plasmodium falci-

parum strains is threatening global malaria control

programmes. The parasite has evolved resistance

against nearly all known antimalarials including

chloroquine, mefloquine, halofantrine, quinine and

a combination of pyrimethamine and sulfadoxin

(Wellems, 1991; Olliaro et al. 1996; WHO, 2000).

Global malaria-related mortality is around 1.090

million/year, with nearly 3000 children mortality/

day inAfrica alone (Remme et al. 2002;WHO, 2003).

Artemisinin-based drugs, developed by China, USA

and India, which include artemether, b arteether, a/b
arteether, and artesunate, are powerful antimalarials

which can combat drug-resistant malaria (Anon,

1982a, b ; Mishra et al. 1995; Dutta and Tripathi,

1996, 2003; Anon, 2001; Awad et al. 2003). Since the

supply of the natural product artemisinin produced

from Artemisia annua, is very limited, the global

requirement of these artemisinin-based drugs cannot

bemade available at reasonable cost in poor countries.

During the last 15 years, efforts have been made

to produce a second generation of synthetic anti-

malarial peroxides as substitutes for artemisinin

derivatives, some of which would probably be

equally effective for malaria treatment (Zaman

and Sharma, 1991; Jefford et al. 1988, 1993, 1995;

Posner et al. 1994; Meshnick et al. 1996). Recently,

Vennerstrom et al. (2004) and O’Neill (2004) have

identified 1,2,4 trioxolanes, which are a new class

of endoperoxide antimalarials, such as OZ277 or

trioxolane 7 (which produced a 67% cure rate at an

oral dose of 10 mg/kgr3 against P. berghei) for

clinical development. These trioxolane compounds

also have a peroxide group in their structure like

Fenozans (1,2,4 trioxanes). Peters et al. (1993b) re-

ported the details of in vivo ED50 and ED90 activities

of 51 Fenozan derivatives (including 24 Fenozan

compounds of the 3,3-spirocyclopentane series

which includes Fenozan 7, 14 Fenozan compounds

of 3,3-dimethyl and 3,3-spirocyclohexane series and

13 Fenozan compounds of 3,3-spirohydropyran

derivatives) against drug-sensitive and resistant lines

of rodent plasmodia, using DMSO formulations for
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the subcutaneous route of drug administration, but

the data on curative doses have not been reported to

date. Peters et al. (1993b) reported that Fenozan 7

(B07=Fenozan-50F) was most active with a broad

spectrum of antimalarial activity against chloro-

quine-sensitive as well as different individual anti-

malarial-resistant lines of P. berghei N and P. yoelii

NS and P. yoelii nigeriensis. In most of the studies,

the Fenozan-50F (B07) was formulated in 10%

DMSO solution in water and administered to Swiss

mice by subcutaneous and oral routes and the ED50

and ED90 values against the parasites were recorded

in a 4-day test (Peters, 1975). Overall results of their

study showed better efficacy for the subcutaneous

route of drug administration, which cannot be used

in clinical treatment.

In the present study we have re-evaluated 4

synthetic 3,3-spirocyclopentane Fenozans including

Fenozan-7 (Fenozan-50F=B07), two 3,3-spiro-

cyclohexanes and four 3,3-spirohydropyrans, for

their blood schizontocidal activity against a highly

multidrug-resistant strain of P. yoelii nigeriensis,

which shows resistance to chloroquine, amodiaquine,

mepacrine, mefloquine, quinidine, quinine, halo-

fantrine, artemisinin and a variety of antibiotics.

The strain produces 100% lethal infection in Swiss

mice and we have used the criterion of 100% curative

dose determination with 28-day parasite recording/

survival, following administration of a 5-dose

schedule. We have used a different drug formulation

prepared in neutral ground-nut (peanut) oil for

administration of the compounds, which is safe for

human clinical trials (Mishra et al. 1995, Dutta and

Tripathi, 2003). The formulation proposed in this

study will be useful for the treatment of multidrug-

resistant malaria infection especially in the areas

of chloroquine/mefloquine/quinine drug resistance

and improved efficacy has been achieved by oral

administration.

MATERIALS AND METHDOS

Swiss mice (weight 20¡2 g) of either sex were

used in the study. These mice infected with P. yoelii

nigeriensis (MDR), were used to evaluate the curative

antimalarial activity of 10 Fenozan compounds

numbers 6, 7, 11, 27, 32, 39, 44, 45, 48 and 51 as

designated by Peters et al. (1993b). P. yoelii niger-

iensis is virulent and kills 100%mice in 6–7 days with

a standard inoculum size (1r107 infected rbcs/

mouse). The MDR strain is resistant to oral treat-

ment with chloroquine 128 mg/kgr4, mefloquine

128 mg/kgr4, quinine 400 mg/kgr4, quinidine

400 mg/kgr4 and halofantrine 128 mg/kgr4

(Tripathi et al. 2005). P. yoelii nigeriensis obtained

from the UK was used to develop MDR strain used

in this study and it is considered a better model for

selecting compounds that should be effective against

P. falciparum (Peters, 1998).

Experimental mice were infected with 1r107-

infected RBCs by the intraperitoneal route. The

treatment was started on day 0 and continued

from day 0 to day 4 (5-day treatment). Compounds

were dissolved either in sterile refined neutralized

groundnut (peanut) oil or prepared as a DMSO-

Tween-80-water formulation (Peters et al. 1993b).

Both the formulations were administered orally in

0.2 ml for comparison of their blood schizontocidal

activities.The drug formulationswere prepared daily

and the treatment was given once a day. Compound

Fenozan 7was also tested by the intramuscular route.

Compound Fenozan 11 was also tested in a 3-day

dose schedule (day 0 to day +2) to test its efficacy in

a shorter regimen.

Parasitaemia (mean¡S.D.) was recorded from tail

blood smears after staining the blood films with

Giemsa’s stain to 28 days post-treatment. The

survival of mice to 28 days was recorded. Statistical

analysis for P values, was done using Fisher’s test

(Jerrold, 1974). The chemical structures of the 10

Fenozan compounds are given in Fig. 1.

RESULTS

Antimalarial blood schizontocidal activity of four

3,3-spirocyclopentanes (Serial No.: Fenozan 6

(Fig. 1A), 7 (Fig. 1B), 11 (Fig. 1C) and 27 (Fig. 1D)

and two 3,3-spirocyclohexanes (Fenozan-32

(Fig. 1E) and 39 (Fig. 1F))) and four 3,3-spiro-

hydropyran (Fenozan 44 (Fig. 1G), 45 (Fig. 1H), 48

(Fig. 1I) & 51 (Fig. 1J)) – as listed by Peters et al.

(1993b), have been evaluated against a highly

multidrug-resistant P. yoelii nigeriensis (MDR

strain), using 2 formulations, namely Fenozan

compounds dissolved in either neutral groundnut

(peanut) oil or in DMSO-Tween diluted with water.

Both of the drug formulations were administered

orally to infected mice for 5 consecutive days (day 0

to day +4) and results of parasitaemia record/

survival of animals until day 28 are presented in

Tables 1–4.

Six Fenozans namely 3,3-spirocyclopentanes

(Fenozans 6 and 27), 3,3-spirocyclohexane deriva-

tives (Fenozan 32 and 39) and 3,3-spirohydropyranes

(Fenozan 44 and 51) (structures given in Fig. 1A, D,

E, F, G and J respectively) were found to be inactive

when given orally at 30 mg/kg/dayr5 days treat-

ment schedule. Both formulations of these com-

pounds, failed to clear parasitaemia on days 4 and 7,

resulting in early mortality in most of the treated

mice (Table 1).

Fenozan-7 (Fig. 1B) at 30 mg/kg/dayr5 doses

initially showed 90% curative action when adminis-

tered orally in neutral groundnut oil formulation

(with survival of 9/10 mice). The second formulation

in DMSO-Tween was less active, as shown by

survival of 7/10 mice although the difference was

found not to be significant (P value=0.2476) when
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compared with its oil formulation (Table 1). In

a revalidation test, the oral formulation in oil at

30 mg/kg/dayr5 doses treatment cured 15/16 mice

(cure 93.7%, P value (compared with control)=
0.0000122), while the oral formulation in DMSO-

Tween was less active (P value (compared with

control)=0.000224) with the cure of 81.2%. The

results of intramuscular administration of Fenozan-

50F showed that intramuscular formulation in oil

at 30 mg/kg/day was inactive, while the intra-

muscular formulation at 30 mg/kg in DMSO-Tween

was curative with survival of 7/8 mice (cure 87.5%)

(Table 2).

Fenozan 11 (Fig. 1C) formulation in neutral

groundnut oil was very effective orally against MDR

P. yoelii nigeriensis in mice at 30 mg/kg/dayr5 doses

as shown by complete clearance of parasitaemia

(days 4–28), with a high cure rate (10/10 mice).

However, its formulation in DMSO-Tween-water

administered orally was inactive (P value=
0.0000054 when both the formulations were com-

pared) (Table 1). Revalidation of Fenozan 11 oral

formulation in neutral oil also showed that the

compound was fully curative, protecting 8/8 mice

at both 20 and 30 mg/kgr5 doses, while a lower

dose (15 mg/kgr5) was partially curative (3/8 mice)

(Table 3). The results of the 3 dose administration

schedule at 15 mg/kg/day showed partial protection

of 5/8 of mice. The cure rate of Fenozan 11 in oil

formulation administered orally seemed to be better

than Fenozan-7.

Fenozan 45 (Fig. 1H) showed very good blood

schizontocidal activity at 30 mg/kg/dayr5 days

when administered orally in oil formulation, with

complete clearance of parasitaemia until day 28 with

100% protection of mice (10/10 mice), whereas its

DMSO-Tween formulation was not protective (P

value=0.0000054) (Table 1). In revalidation tests

oral formulation in oil was again 100% curative and

protected 8/8 mice (Table 4).

Fenozan 48 (Fig. 1I) formulation in oil was

partially protective (6/10 mice) at 30 mg/kg/dayr5

days whereas its DMSO-Tween formulation was

not protective (Table 1). The revalidation test

also gave a cure rate of 87.5% (7/8 mice protected)

(Table 4).

A comparison was also made of the results

obtained in the study, especially the protection of

mice provided by the groundnut oil-DMSO-Tween

formulations of Fenozan compounds. The ED90

results of these compounds against P. berghei N and

P. yoelii NS reported by Peters et al. (1993b) are

summarized in Table 5.

The control groups of mice (Tables 1–4) infected

with MDR P. yoelii nigeriensis showed 100% mor-

tality of mice in 7–8 days. Vehicle-neutral groundnut

oil used in the study has no effect on parasitaemia

or mortality in controls.

DISCUSSION

In a recent publication, Peters et al. (2002) have

reported that their earlier published data in which

DMSO (10%) was used for formulating Fenozan 7

(B07=50F) showed wider discrepancies between

different experiments because the compound B07

had been found to be unstable in a DMSO-based

aqueous formulation. Evaluation of drug formulated
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Fig. 1. Chemical structures of Fenozans 6, 7, 11, 27, 32,

39, 44, 45, 48 and 51, used for their antimalarial profile in

the present study.
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Table 1. Blood schizontocidal activity of 3,3-spirocyclopentane derivatives (Fenozan 6, 7, 11 and 27), 3,3-spirocyclohexane derivatives (Fenozan 32 and 39) and

3,3-spirohydropyran derivatives (Fenozan 44, 45, 48 and 51) against multidrug-resistant Plasmodium yoelii nigeriensis (MDR strain) by the oral route of drug

administration

(Chemical structures of Fenozan compounds 6, 7, 11, 27, 32, 39, 44, 45, 48 and 51 are presented in Fig. 1 (represented by structures A–J respectively). Fenozan nos. as quoted by Peters
et al. (1993b).)

Fenozan compounds

(oral formulation)·

Dose

mg/kg/

dayr5

No. of

mice

Parasitaemia % (mean¡S.D.) No. of mice

surviving

on day 28 P value* P value#Day 4 7 10 14 18 28

3,3-spirocyclopentanes

Fenozan 6 (O) 30 mg/kg 10 2.76¡3.12 (10) 10.62¡7.12 (9) 39.5¡20.50 (2) Died — — 0/10 1.0 1.0

Fenazon 6 (D) 30 mg/kg 10 10.69¡7.38 (10) 22.0 (1) 22.0 (1) Died — — 0/10 1.0

Fenozen-7 (O) 30 mg/kg 10 0.0 (10) 0.0 (10) 0.2¡0.63 (10) 6.5¡20.55 (10) 0.0 (9) 0.0 (9) 9/10 0.000034 0.2476

Fenozan-7 (D) 30 mg/kg 10 0.0 (10) 0.0 (10) 14.6¡31.0 (10) 0.62¡1.76 (8) 0.0 (7) 0.0 (7) 7/10 0.00103

Fenozan 11 (O) 30 mg/kg 10 0.0 (10) 0.0 (10) 0.0 (10) 0.0 (10) 0.0 (10) 0.0 (10) 10/10 0.0000028 0.0000054

Fenozan 11 (D) 30 mg/kg 10 6.05¡5.56 (8) Died — — — — 0/10 1.0

Fenozan 27 (O) 30 mg/kg 10 0.0 (10) 5.50¡9.00 (10) 20.83¡22.74 (6) Died — — 0/10 1.0 1.0

Fenozan 27 (oral in

DMSO-Tween)

30 mg/kg 10 0.2¡0.37 (10) 1.66¡3.19 (8) 75.0 (1) Died — — 0/10 1.0

3,3-spirocyclohexanes

Fenozan-32 (O) 30 mg/kg 10 0.0 (10) 5.7¡12.10 (10) 14.6¡28.3 (5) 0.0 (2) 0.0 (2) 0.005¡0.0007 (2) 2/10 0.2045 0.2368

Fenozan 32 (D) 30 mg/kg 10 18.19¡18.09 (10) 20.0¡10.6 (2) Died — — — 0/10 1.0

Fenozan 39 (O) 30 mg/kg 10 0.98¡2.15 (10) 13.88¡18.48 (8) 24.5¡30.49 (4) 0.0 (1) 0.0(1) 0.0 (1) 01/10 0.4762 1.0

Fenozan 39 (D) 30 mg/kg 10 0.0 (10) 6.51¡7.55 (10) Died — — — 01/10 0.4762

3,3-spirohydropyrans

Fenozan 44 (O) 30 mg/kg 10 9.02¡8.92 (10) 11.36¡5.05 (6) 33.5¡12.02 (3) 25.0¡15.14 (2) Died — 0/10 1.0 1.0

Fenozan 44 (D) 30 mg/kg 10 16.18¡11.18 (10) Died — — — 0/10 1.0

Fenozan 45 (O) 30 mg/kg 10 0.0 (10) 0.0 (10) 0.0 (10) 0.0 (10) 0.0 (10) 0.0 (10) 10/10 0.0000028 0.0000054

Fenozan 45 (D) 30 mg/kg 10 14.16¡12.63 (10) 30.0 (1) Died — — — 0/10 1.0

Fenozan 48 (O) 30 mg/kg 10 0.0 (10) 0.0 (10) 1.85¡4.71 (10) 3.72¡9.38 (7) 0.0 (6) 0.0 (6) 6/10 0.00387 0.0054

Fenozan 48 (D) 30 mg/kg 10 26.99¡19.7 (10) Died — — — — 0/10 1.0

Fenozan 51 (O) 30 mg/kg 10 6.3¡4.0 (10) 1.8¡1.69 (2) Died — — — 0/10 1.0 1.0

Fenozan 51 (D) 30 mg/kg 10 29.48¡19.56 (10) 9.0 (1) Died — — — 0/10 1.0

Control — 11 32.48¡15.78 (11) Died — — — — 0/11

* Derived by a Fisher exact test as compared with controls.

# Derived by a Fisher exact test as compared with the two formulations.

· O, oral route, oil vehicle ; D, oral route, DMSO-Tween vehicle.
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Table 2. Blood schizontocidal activity of 3,3-spirocyclopentane derivative 7 (B07, Fenozan-50f) against multidrug resistant Plasmodium yoelii nigeriensis (MDR

strain) infection in Swiss mice by the oral/ intramuscular route of drug administration

Treatment route#

Dose
mg/kgr
5 days

No. of
mice

Parasitaemia % (mean¡S.D.)

Survival
on day 28 P value*Day 4 7 11 14 21 28

Fenozan 7(O) 5.0 8 0.0012¡0.0012 0.87¡0.087 6.78¡4.53 0.0 0.0 0.0 4/8 0.038
10.0 8 0.0 0.0 3.56¡3.57 5.42¡5.44 1.33¡1.33 0.0 4/8 0.038
20.0 16 0.0 0.0 0.0 0.0 0.0 0.0 15/16 0.0000122
30.0 16 0.0 0.0 0.0 0.0 1.42¡1.43 0.23¡0.23 15/16 0.0000122

Fenozan 7(D) 5.0 8 1.15¡0.57 23.12¡3.50 53.42¡3.43 Died — — 0/8 1.0
10.0 8 0.0 0.18¡0.18 10.16¡9.92 2.20¡2.20 0.0 0.0 2/8 0.233
20.0 8 0.0 0.1¡0.28 0.0 0.0 0.0 0.0 5/8 0.0000259
20.0 8 0.0 0.0 4.5¡4.51 0.0 0.0 0.0 7/8 0.0007
30.0 16 0.0 0.0 0.0 0.0 0.0 0.0 13/16 0.000224

Fenozan 7(IMO) 30.0 8 6.12¡3.15 3.26¡1.50 6.15¡2.52 13.86¡6.94 Died — 0/8 1.0

Fenozan 7(IMD) 30.0 8 0.0 0.0 0.0 0.0 0.0 0.0 7/8 0.0007

Control — 8 54.25¡38.71 24.5 Died — — — 0/8 —

* Derived by a Fisher exact test as compared with controls.
# O, oral route, oil vehicle; D, oral route, DMSO-Tween vehicle; IMO, intramuscular route, oil vehicle ; IMD, intramuscular route, DMSO-Tween vehicle.

Table 3. Blood schizontocidal activity of 3,3-spirocyclopentane derivative against Plasmodium yoelii nigeriensis (MDR strain) by the oral route of drug

administration

Compound
Dose mg/kgr
days

No. of
mice

% Parasitaemia (mean¡S.D.)

No. of mice
cured/treated P value*Day 4 Day 7 Day 14 Day 18 Day 21 Day 28

Fenozan-11, (O)# 5 mg/kgr3 8 4.81¡1.51 (8) 8.75¡3.67 (8) 21.5¡2.62 (4) Died — — 0/8 1.0
10 mg/kgr3 8 4.0¡1.62 (8) 6.64¡2.69 (7) 12.6¡7.72 (5) 0.001 (1) 0.0 (1) 0.0 (1) 1/8 0.5
15 mg/kgr3 8 2.38¡4.82 (8) 3.12¡2.74 (8) 2.08¡2.94 (6) 0.0 (5) 0.0 (5) 0.0 (5) 5/8 0.0128
15 mg/kgr5 8 0.0 (8) 0.0 (8) 2.66¡2.73 (6) 0.0 (3) 0.0 (3) 0.0 (3) 3/8 0.1
20 mg/kgr5 8 0.0 (8) 0.0 (8) 0.0 (8) 0.0 (8) 0.0 (8) 0.0 (8) 8/8 0.0000078
30 mg/kgr5 8 0.0 (8) 0.0 (8) 0.0 (8) 0.0 (8) 0.0 (8) 0.0 (8) 8/8 0.0000078

Control — 8 17.03¡4.30 (8) Died — — — — 0/8 —

* Derived by a Fisher exact test as compared with controls.
# O, oral route, oil vehicle.
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in DMSO if stored for several days, indicated that

earlier antimalarial activity data had under-estimated

the activity of this compound. They further reported

that Fenozan-B07 (as the racemic form) is 5 to 7-fold

more active against P. bergheiNwhen given orally in

‘DMSO-solution’ than originally reported (Jefford

et al. 1995). These authors have pointed out that

loss of activity may result from chemical inter-

action between compound B07 and DMSO in

which the cyclopentanone moiety would be replaced

byDMSO, thus producing a less active derivative, or

alternately, B07 possibly crystallized out of DMSO

solution on freezing the drug formulation. Peters

et al. (2002) have cautioned against the use of DMSO

formulation for drug testing of Fenozan and other

endoperoxide antimalarials because this could

clearly lead to erratic and misleading antimalarial

screening results. In view of the above results using

DMSO (vehicle) in in vivo antimalarial screening,

double refined neutral groundnut (peanut) oil was

used as vehicle for formulating the compounds in

this study.

Four 3,3-spirocyclopentanes, namely Fenozan 6,

7, 11 and 27 derivatives,whose ED50 and ED90

activities against P. berghei N and P. yoelii NS were

reported by Peters et al. (1993b), have been evaluated

and compared against a multidrug-resistant strain of

P. yoelii nigeriensis in order to obtain in vivo efficacy

data on their curative doses (ED100) in a 5-dose oral

treatment schedule using neutral groundnut oil

vehicle and DMSO-Tween 80-water formulations.

Compounds Fenozan 7 and 11 in oil for oral use

showed very good curative activity in our study

while their DMSO-Tween formulation was inactive.

Fenozan 6 and 27 are not curative against P. yoelii

nigeriensis (MDR strain) when administered orally

in oil or in DMSO-Tween-water. Although Fenozan

27 was reported to be active by Peters et al. (1993b),

the compound has failed to cure MDR P. yoelii

nigeriensis in our study.

Fenozan 11, reported to be inactive (ED90=
>100 mg/kgr4 s.c. against P. bergheiNS) by Peters

et al. (1993b), has been found to be fully curative in

oil. Peters et al. (1993b, c) had reported that Fenozan

7 (named as cis (+)-4a, 7a-dihydro-6, 7a-di (p-

fluorophenyl) spiro (cyclopentane-3, 3k-7H-cyclo-

penta-1,2,4-trioxine) was the most potent compound

of this series against P. yoelii NS (chloroquine

resistant) and its ED90 was reported to be 7.6 mg/kg/

dayr4 s.c. and its ED90 against P. yoelii nigeriensis

was reported to be 4.0 mg/kg/dayr4 s.c. or as an oral

dose. Fenozan-7 was also reported to be highly active

against a wide-spectrum of drug-resistant strains

of P. berghei-derived lines (lines resistant to chloro-

quine, primaquine, cycloguanil, pyrimthamine and

sulfaphenazole) andP.yoelii (lines resistant to chloro-

quine, amodiaquine, pyronaridine, mefloquine and

halofantrine). Fenozan-7 was reported to be safe up

to 3000 mg/kg single oral dose or 600 mg/kg singleT
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s.c. dose (Tween-DMSO-water vehicle) in mice,

and was identified as a candidate Fenozan compound

for drug development (Peters et al. 1993a, c).

The major limitation of Fenozan 7 (Fenozan-50F,

B07) is the problem of delayed recrudescence of

parasitaemia in a few treated mice, leading to a

slight increase in mortality. Although this compound

formulated in oil is able to clear day 4 and day 7

parasitaemia, the delayed recrudescence of MDR

parasites after a 5-day oral treatment is a matter

of major concern in developing this compound as a

future drug. The results of our curative dose study

with Fenozan 7 support the earlier findings of Peters

et al. (1993b, c) who had reported that Fenozan 7 can

control MDR malaria infections, though the cure

rate in our study was around 93% against P. yoelii

nigeriensis (MDR). Our observations suggest that

oral Fenozan-50F (B07) formulation in neutral oil

is more effective than the DMSO-Tween based

aqueous formulation (cure rate 93.7% vs 81.2%,

P value 0.0000122 vs 0.000224).

Two 3,3-spirocyclohexane derivatives, namely

Fenozan 32 and 39, have been found to be inactive

against P. yoelii nigeriensis (MDR) and protection

of mice was very low i.e. 2/10 and 1/10 respectively.

Fenozan 32 was reported to be active by Peters

et al. (1993b) but was inactive against P. yoelii

nigeriensis in our study. Out of four 3,3-spiro-

hydropyran Fenozans (44, 45, 48 and 51) that

were evaluated, fenozan 44 and 51 in both the

formulations, showed no protection against P. yoelii

nigeriensis (MDR). However, Fenozan 45 showed

higher activity than Fenozan 48.

Peters et al. (1993b) had reported high activity

of the p-fluorophenyl derivative (Fenozan 45), which

was reported to be slightly less active than its

spirocyclopentane analogue-Fenozan 7. The ED90

of Fenozan 45 against P. berghei N was 19.5 mg/kg

and against P. yoelii NS was 11 mg/kg/dayr4 when

administered subcutaneously. They also reported

that its activity by the oral route was lower (ED50=
approximately 20 mg/kgr4). During the present

study, Fenozan 45 has been found to be more

active than Fenozan 7 when administered as an

oral formulation (in groundnut oil), with better

curative action. The present study has established

high curative action of Fenozan 45 (structure given

in Fig. 1H) against multidrug-resistant P. yoelii

nigeriensis when the compound was administered

orally in groundnut oil. The compound was inactive

orally when administered in DMSO-Tween aqueous

formulation, which is in agreement with the view

of Peters et al. (2002) that certain trioxanes lose

activity in DMSO formulations.

Peters et al. (1993b) also reported moderate

activity of Fenozan 48 (ED90=30 mg/kgr4) by the

subcutaneous route against P. yoelii NS line. In

the present study we have also observed an 87.5%

curative effect of the same compound dissolved in

oil at both 20 and 30 mg/kg/dayr5 when dosed

orally.

Our results suggest that DMSO is not an ideal

solvent for trioxanes and therefore many poten-

tial trioxanes could have been overlooked in the

past because of the use of these solvents (vehicle).

The present results also indicate that neutralized

groundnut oil is an ideal vehicle to use for evaluation

of trioxanes or artemisinin derivatives, which are

not soluble in water. Because of the use of groundnut

oil as vehicle, Fenozan 11 and 45 have been found

Table 5. Comparison of blood schizontocidal activity of Fenozans as reported by Peters et al. (1993b) and

results of their 28-day curative efficacy as reported in the present study

Parasite : P. berghei N* P. yoelii NS**
mg/kg/dayr4 (sc)

Tween 80/DMSO10%
P. yoelii nigeriensis MDR***

30 mg/kg/dayr5 (oral)

Fenozan ED90 ED90 Groundnut oil DMSO-Tween-water
compound nos. Peters et al. (1993b) (Present study)

6 24.5 170 (?) 0/10 0/10
7 (Bo7)/50F) 6.8 7.6 9/10 7/10

11 >100 — 10/10 0/10
27 15.0 19.5 0/10 0/10
32 — >10.0 2/10 0/10
39 14.7 26.0 0/10 1/10
44 20.2 15.5 0/10 0/10
45 19.5 11.0 25/26 0/10
48 — >30.0 20/26 0/10
51 570.0 — 0/10 0/10

* Very low level of chloroquine resistance (I90=1.0 P. berghei).
** High level of chloroquine resistance (I90=18.0 P. yoelii NS).
*** High level of chloroquine resistance (128 mg/kgr4), mefloquine (128 mg/kgr4) and Quinine

(400 mg/kgr4).
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to be more potent antimalarial compounds for future

development.

This paper reports potential antimalarial efficacy

of Fenozan 11 and 45 against MDR malaria, but

before final selection for clinical development, their

stability (shelf life) and their regulatory animal

toxicity including LD50, therapeutic index and safety

should be properly investigated.
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