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~ 1. EXECUTIVE SUMMARY

The subject of this NDA is quinine sulfate (2x 648 mg capsule administered thrice a day orally
for 7 days) for the treatment of uncomplicated Plasmodium falciparum malaria.

Mechanism of Action:

Quinine is an alkaloid derived from the cinchona bark. It inhibits nucleic acid and protein
systhesis and eventually glycolysis in P. falciparum. Quinine can interact with hemazoin in
parasitized erythrocytes at a concentration of 0.02 jLg/ml. At a higher concentration (18.7 pg/ml),
quinine inhibits heme polymerase activity in lysates of parasitized erythrocytes. This
concentration is 27 fold greater than that required for inhibition of parasite growth. In vitro,
quinine-hemazoin complex can lead to lipid peroxidation in liposomes. However, quinine did not
have an effect on degradation of heme or accumulation of hemoglobin up to a concentration of
2.3 pg/ml. The drug was also shown to inhibit release of tumor necrosis factor-alpha from
macrophages, a property that may be important for preventing progression of disease to severe
malaria. However, the precise mechanism by which quinine exhibits its antimalarial activity is not
well understood.

Activity in vitro:

The life cycle of P. falciparum consist of the exo-erythrocytic (hepatic) and erythrocytic stages.
Quinine and its major metabolite, 3-hydroxyquinine, exhibit activity against the erythrocytic
stages of P. falciparum. The activity of quinine was measured against laboratory strains (n = 13)
and several clinical isolates (n = 129) from Thailand, Bangladesh and Africa. The antiparasitic
activity was measured by incorporation of [*H]-hypoxanthine or by microscopic observations. A
majority of these studies were done by incubating the asynchronous parasites with the drug for 24
to 72 hours. The results expressed as 50% inhibitory concentration (ICso) show the quinine ICso
values against the laboratory strains or clinical isolates to be <0.68 pug/ml. The metabolite was
less active than the parent drug. The activity of other metabolites such as 2’-quininone, O-
desmethylquinine and 10, 11-dihydroxydihydroquinine against P. falciparum was not examined
in vitro. Activity of quinine or its metabolite against gametocytes, hepatic stages, and sporozoites
of P. falciparum was not examined in vitro. Quinine is less active than quinidine (the optical
isomer of quinine) against P. falciparum.

Activity in vivo: :

The activity of quinine was measured against the erythrocytic stages of P. berghei, P. yoelii and
P. chabaudi in mice and P. cynomolgi in monkeys. The activity of quinine against the hepatic
stages of Plasmodium species was not examined.

In mice infected intraperitoneally with P. berghei (chloroquinine-resistant or -sensitive strain), the
suppressive dose for 50% reduction in parasitemia was < 35.44 + 13.77 mg/kg oral quinine for 4
days. A higher suppressive dose (169 + 77.11 mg/kg or 285.85 + 23.22 mg/kg for 4 days) was
required in mice infected with P. berghei strain resistant to mefloquine or quinine. However, in
mice infected intraperitoneally with the P. yoelii strain (chloroquine-, quinine- and mefloquine-
resistant), the suppressive dose was same as for the P. berghei sensitive strain (47.33 + 2.31
mg/kg quinine for 4 days). The activity of quinine in mice infected intravenously with P.
chabaudi (chloroquinine-resistant or -sensitive strain) was similar to that observed with the P.
berghei strains. Recrudescence at day 28 was not examined. Also, no information was available
on parasite clearance times.
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In monkeys (n = 2) infected intravenously with P. cynomolgi, quinine at a dose of 31.6 mg/kg/day
for 7 days cleared parasitemia and cured the monkeys. No recrudescence was observed during an
additional 30 day follow-up period after monkeys were splenectomized.

Resistance:
Studies in vivo show that there is a potential for resistance development by P. falciparum to

quinine. Cases of P. falciparum with clinical resistance to quinine have been reported in areas of
South America, Southeast Asia, and Bangaldesh.

Cross-resistance:

Cross-resistance between quinine and mefloquine was observed in some strains and isolates of P.
Jfalciparum. However, mefloquine was successful in the treatment of patients who showed RI or
RII response to quinine therapy. Data on effectiveness of mefloquine in patients with RIII
response to quinine therapy was not available.

Drug combination

The activity of quinine in combination with quinidine was additive against P. falciparum in vitro.
The in vitro activity of quinine in combination with artemisinin varied from antagonistic to
synergistic against different strains of P. falciparum.

A combination of quinine with clindamycin was synergistic against P. falciparum in vitro and
against P. chaubaudi in vivo. The combination of quinine with chloroquine was additive against
the chloroquine-resistant P. falciparum strain and antagonistic against the chloroquine-sensitive
P. falciparum strain in vitro. However, the response was reversed when the activity of this
combination was measured against chloroquine-resistant and chloroquine-sensitive P. chaubaudi
strains in vivo.

Clinical Microbiology

Eleven randomized studies evaluated the efficacy of quinine (10 mg/kg TID for 7 days) in 382
patients with P. falciparum malaria. These patients were from different geographical areas such
as Philippines, Thailand, Congo, Venezuela, Bangladesh, Vietnam, and Gabon. The
parasitological evaluations were performed using Giemsa stained thin and/or thick smears.
Absence of parasitemia was observed in 79% to 100% of the patients treated with quinine. The
studies also show quinine to be effective in reducing parasitemia in patients from Bangladesh and
Thailand, regions known to be resistant to chloroquine and sulfa-pyrimethamine. A study showed
that clearance of gametocytes was slower compared to clearance of asexual parasite in quinine
treated patients. The 3 day regimen with the 10 mg/kg dose of quinine was evaluated only in
combination with other drugs.

Attempts were made to distinguish recrudescence from new infection using baseline and post-
treatment blood samples in patients failing treatment using the polymerase chain reaction (PCR)
assay in one study. However, details of the method and results were not included. Of the 10
patients who developed parasitemia after initial clearance with quinine treatment, 1 patient was
classified as a new infection. The rate of recrudescence (RI resistance) in the other studies was
16%. Based on limited data, it is difficult to conclude whether the patients had a recrudescence or
new-infection. Therefore, all patients developing parasitemia after treatment were considered as
failures.
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Quinine in combination with tetracycline or clindamycin was more effective then quinine alone in
two studies performed in Thailand by the same investigator. The parasitological cure rates in
patients treated with quinine plus tetracycline was >95% and in those treated with quinine plus
clindamycin was 88%. Five additonal studies evaluated the combination of quinine with
tetracycline or quinine with clindamycin but did not have a quinine monotherapy arm for
comparison. It appears that quinine in combination with tetracycline or clindamycin may be
useful in areas that have known quinine resistance.

2. INTRODUCTION AND BACKGROUND

- The subject of this NDA is quinine sulfate capsules for the treatment of uncomplicated
Plasmodium falciparum malaria. The sponsor has proposed a dosagc of two 648 mg quinine
sulfate capsules thrice a day, for = Jdays. s e e

. Quinine is available in the US since pre-1938 and has been approved
for the treatment of malaria in several countries outside the US such as Australia, France,
Denmark, Germany, Netherlands, New Zealand and Sweden.

Quinine is an alkaloid derived from the cinchona bark. It is rapidly absorbed following oral
administration, with bioavailability of approximately 76 to 88%. The CSF concentrations are 2 to
7% of the plasma concentration. Approximately, 69 to 95% of quinine is bound to proteins.
Following a single dose administration of 8.7 mg/kg quinine sulfate to healthy subjects, the mean
maximum plasma concentration (Cpax) was 3.24 + 0.69 pg/ml. The mean time to maximum
plasma concentration (Tmax) was 2.80 £ 0.82 hours and the area under the concentration versus
time curve (AUC) was 27.99 ug.h/ml. The plasma elimination half-life for quinine is about 10 to
11 hours in healthy subjects. The Trmax, Cmax, and AUC in malaria patients administered a single
dose of 10 mg/kg quinine sulfate was approximately twice that observed in healthy subjects. The
Mutual Pharma’s quinine sulfate product was found to be equivalent to the product manufactured
by the Government Pharmaceutical Company (GPO, Bangkok, Thailand) and used in clinical
studies cited in the NDA.

Table 1: Pharmacokinetic Parameters [(Mean + SD (Range)] of quinine in healthy subjects and patients with
uncomplicated P. falciparum malaria after a single dose® of oral quinine sulfate

. Pharmacokinetic parameter

Healthy subjécts*

Uncomplicated P. falciparum

(N=23) malaria patients*
(N=15)
Tmax (h) 2.80+£0.82 59+4.7
(3.5-8.4)
Crmax (jig/ml) 3.24+0.69 8.4
(1.3 -9.4)
AUCq>(1ig./ml) 27.99 73.0

*The healthy subjects got a fixed dose (~ 8.7 mg/kg based on the mean BW) whereas the
* patients got a 10mg/kg dose of oral quinine sulfate

There are 4 primary metabolites
desmethylquinine, and 10,

of quinine,
11-dihydroxydihydroquinine.

3-hydroxyquinine,
3-Hydroxyquinine

2’-quininone,

is the major

metabolite, with peak levels and AUCs approximately 10% of the parent drug. The activity of this
metabolite against P. falciparum was measured in vitro. The activity of metabolites other than 3-
hydroxyquinine were not tested in vitro or in vivo.
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2.1. Biology of the parasite:

The four Plasmodium species that cause malaria in humans are P. falciparum, P. vivax, P.
malariae, and P. ovale. The life cycle of the Plasmodium species involves 2 phases (Figure 1), an
asexual phase in a human host and a sexual phase in an insect vector (female mosquitoes of the
genus Anopheles). Human infection is initiated by the bite of an infected mosquito and
sporozoites are inoculated into the blood stream. Within 2 hours, the sporozoites migrate to the
liver and penetrate the hepatocytes. After 1 to 2 weeks, the sporozoites undergo nuclear division
to produce thousands of merozoites that are released by the rupture of the host cell. This part of
the life cycle is called the exoerythrocytic or hepatic schizogonic cycle. The merozoites invade
erythrocytes and initiate the erythrocytic cycle, which takes about 24 to 72 hours. Within the red
blood cells (RBCs), the merozoites mature into trophozoites and schizonts that multiply asexually
to form several merozoites. These merozites can invade other erythrocytes upon rupture of the
RBCs. The rupture of infected RBCs is accompanied by fever. Some merozoites mature into
male microgametocytes or female macrogametocytes. The gametocytes are ingested by the
mosquito during a blood meal. Maturation of gametocytes occurs within the female mosquito.
The gametocytes then undergo fertilization to form a zygote and after 12 to 48 hours elongate into
an ookinete. The ookinete penetrates the gut and develops into an oocyst. Formation of the oocyst
takes approximately 2 days after the mosquito has taken a blood meal. The oocyst enlarges,
undergoes nuclear division and ruptures to release thousands of sporozoites. These sporozoites

migrate to the salivary gland and are inoculated into humans the next time the mosquito draws a
blood meal.
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Patients with P.vivax or P. ovale malarias often suffer from relapse. This is thought to be due to
activation of dormant parasites (hypnozoites) in the liver. In the case of falciparum malaria,

recurrence is generally thought to be due to the presence of residual erythrocytic forms, a
phenomenon called as recrudescence.
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3. PRECLINICAL MICROBIOLOGY

3.1. MECHANISM OF ACTION

The mechanism of action of quinine is thought to be due to inhibition of hemazoin
formation/degradation, thereby killing the parasite by preventing detoxification of heme.
Chloroquine, an approved antimalarial, is thought to have a similar mechanism of action. The
ability of quinine to bind with heme or hemazoin and its effect on heme polymerase, hemazoin,
and haemoglobin levels, glutathione-dependent degradation of heme, electrical conductivity of
erythrocytes, lipid peroxidation, nucleic acid synthesis, protein synthesis, glycolysis, and release
of tumor necrosis factor-alpha (TNF-o) from macrophages, were examined.

Plasmodium requires amino acids for synthesis of protein. One of the sources of amino acid is
haemoglobin (Hb), the protein found in abundance in the erythrocyte. The digestion of Hb by
asparatic, cysteine, and metallo proteases in the food vacuole of the parasite results in release of
heme which is toxic to the parasite. Detoxification of heme can occur by polymerization to
hemozoin or degradation of heme mediated by hydrogen peroxide within food vacuoles, or
glutathione dependent degradation in the parasite’s cytoplasm. Antimalarial agents such as
chloroquine can interfere with this detoxification process.

3.1.1. Binding of quinine with heme or hemazoin

The ability of quinine to bind with oxidized heme (haemin) was examined in vitro'. The binding
was measured spectrophotometrically using benzene-soluble complexes of hemin with quinine or
other antimalarials. Controls consisted of antimalarial drugs or hemin alone. The formation of a

complex between quinine and hemin leads to loss of the typical ultraviolet absorption peak of -

quinine at 335 nm and increase in peaks o, P, and y at 602, 490, and 408 nm, respectively,
indicating formation of a quinine hemichrome coordination complex (Table 2). Similar
observation was made with mefloquine and other experimental antimalarial drugs. However, no
hemichrome complex was observed with the antimalarially inactive 9-epimer of quinine,
epiquinine.

Table 2: Benzene-soluble complexes of antimalarials and hemin.

Wavelength of peak (hm) o.D. E(mM)* [Drug|
Drug x A ¥ ¥ peak o il % [Haemin}
Quinine 6612 490 408 4.1 79 9.6 79.0 0.8
Cinchonine 605 490 409 29 9.6 11.3 92.6 1.3
RO 21,0960 603 492 408 2.0 5.8 [} 5%.4 1.2
Epiguinine — - 408 .1 — — - —
Mefloguine 608 495 408 32 9.8 1.7 102.0 1.3
WR 177,602 61t . 496 410 2.8 8.4 0.3 . 80.8 11
WR 122,455 608 495 410 2.7 53 6.3 2.1 0.8

* As hacmin. Hacmin was measured as the pyridine haemochrome [14).

The binding of quinine, chloroquine or mefloquine with hemazoin was examined in the presence
or absence of Ro40-4388 (inhibitor of malaria plasmepsin I), and E64 (a nonselective inhibitor of
cysteine proteinase)”. Ring stages of the HB3 or K1 strains of P, falciparum were incubated with
radiolabelled drug in the presence or absence of proteinase inhibitors Ro40-4388 (300 nM) or E64
(10 uM) for 24 hours. The hemazoin was purified and radioactivity measured in the scintillation

AdoD ©jqissod jsog
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counter. Incubation of the ring stage with radiolabelled quinine, chloroquine or mefloquine results
in binding of the drug with hemazoin (Figure 2). However, the proteinase inhibitor Ro40-4388
reduced binding of quinine and chloroquine with hemazoin by >95%. The cystiene proteinase
E64 reduced binding of quinine with hemazoin by 40% and the binding of chloroquine with
hemazoin by 60%. The results suggest that quinine and other antimalarials (chloroquine and
mefloquine) bind with hemazoin (heme polymers) in parasitized erythrocytes. The authors
suggest that quinine and other antimalarial drugs may compete for the same binding sites in heme
as the proteinase inhibitors Ro40-4388 or E64 since their activities are antagonistic in

combination.

Figure 2. (A) Incorporation of [°H] chloroquine into hemozoin in the presence or absence of an inhibitor of
plasmepsin 1, Ro40-4388 (300 nM), or of cysteine proteinase, E64 (10 uM). Data represent means £
standard deviations of five separate experiments; each experiment was performed in triplicate with 2 x 10°
parasitized erythrocytes. **P<0.05, ***P<0.005.
(B) Incorporation of [*H] quinine into hemozoin in the presence or absence of Ro40-4388 (300 nM), or E64
(10 pM). Data represent means + standard deviations of five separate experiments; each experiment was
performed in triplicate with 2 x 10° parasitized erythrocytes. **** P<0.0001.
(C) Incorporation of [*H] mefloquine into hemozoin in the presence or absence of Ro40-4388 (300 nM).
Data represent means + standard deviations of four separate experiments; each experiment was performed in

‘triplicate with 3 x 10° parasitized erythrocytes. ** P<0.05.
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The ability of quinine and other,antimalarials to inhibit heme polymerase I (HPAI) activity in the
chloroquine-sensitive NYU-2 strain of P. berghei or chloroquine-resistant P. berghei strain
derived from NYU-2 was examined in vivo’. The basis for classifying the strain as chloroquine-
resistant was not specified. Swiss mice were infected intraperitoneally with 10° parasitized
erythrocytes. Parasitemia was determined by examining 1000 erythrocytes in Geimsa stained
blood smear. The sponsor has stated that the mice were treated with antimalarials (chloroquine,
quinacrine, amodiaquine, amopyroquine, quinine, mefloquine) intraperitoneally when parasitemia
values reached between 800 and 2000 parasites per 1000 erythrocytes. It is unclear if the
parasitized erythrocytes and normal erythrocytes were counted separately. The parasitemia per pl
of blood was not reported. Control animals received solvent used to dissolve the drugs i.e., saline
or mixture of ethanol:saline (1:2). Six hours after administration of the drug, mice were killed
and blood sample collected and lysed. The lysate was incubated in the presence of acetate (acetate
inactivates heme polymearse II) and exogenous heme at 37°C for 4 hours and the increase in the
amount of hemazoin (polymerized heme) reflective of HPAI activity determined using a
spectrophotometer. The HPAI activity was expressed as nanomoles of heme polymerized per
hour per ml of packed erythrocytes, normalized to represent a parasitemia of 1,000 parasites per
1,000 erythrocytes. The results in Table 3 show that the in the absence of drug, HPAI activity of
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the chloroquine-resistant P. berghei strain was less than that of the chloroquine-sensitive P.
berghei strain. Quinine (6 pM or 1.4 pg/ml) and mefloquine (3 uM) do not inhibit HPAI while
chloroquine, quinacrine, amodiaquine and amopyroquine inhibit the HPAI activity of both strains.

Table 3: Effect of treatment with antimalarial drugs on HPAI

HPA L uctivity’ {no. of expts.) in:

Drug” Puose”

CS & besgher CR P. herghei
None 0 541 = 42(12) 284 = 19(16)
Chlorogquine 3 31 = 19¢8) 123 = 11 (h)
Quinacrine 3 47 T~ M (3) 138 = 22(3)
Amodiaguine 4 75 163 £ 18(3)
Amapyroquine 3 37 £ 27(3) 156 = 11{})
Quinine 6 487 L (5 275 £ 13(3)
Metloquine 3 525+ 132 (4) 254 = 1M

“ The drugs wese injected intuperitoneally 0 b before the mice were kitled to
obtain blood for the measurement of heme polymerizing activity.

" The dose i given in micromoles of drug injected per mouse.

* For CS P bergher, pertinent data from a previows report (6) were recalculmed
to express heme polymerizing activity as a function of parasitemia instead of as
4 function of preformed hemozoin © facilitate comparizons with CR P, bergher.

Y Means = S ure shown. Activity is expressed as nunomeles of FP polymer-
ized per hour per milliliter of packed ervthrocytes normalized to represent a
parasitemizt of 1,000 parasites per 1.000 ervthrocytes.

AdOD 8|qissOd iseg

The effect of quinine and other antimalarials on heme polymerase activity and level of hemozoin,
and free-heme was examined by the same authors in another study®. For this, mice were infected
intraperitoneally with the chloroquine-sensitive NYU-2 strain of P. berghei. Six days after
infection, the mice were treated with quinine or other antimalarial drugs. The blood was collected
6 hours after administration of drug and lysate of parasitized erythrocytes prepared for analysis of
hemazoin and free heme content. The lysate was also used to measure heme polymerase activity
as described in the previous study. The results in Table 4 show that quinine (6 pM = 1.4 Hg/ml)
did not have an effect on heme polymerase activity, amount of hemazoin, or amount of free heme.
Similar observations were made with mefloquine. However, inhibition of heme polymerase and
increase in free heme was observed with chloroquine (3 uM). When higher concentrations of
quinine were tested, a 50% inhibition of heme polymerase was observed (80 uM =18.7 ng/ml; see
Figure 3). Quinine (6 uM = 1.4 pg/ml) was also shown to reverse the effect of chloroquine when
administered in combination, thereby suggesting that the mechanism by which the two drugs
exhibit antiplasmodial activity is different (Table 5).

Table 4: Specificity of the control of heme polymerase by antimalarial drugs.

Drug Doge* FP° Hemozoir® Heme Polymera®
None None 40 £ 16 (16)* 1,055 + 247 (16) 238 +40509)
Quinine [3 69 = 17 (%) 1,510 + 416 (5) 27 +38.6(5 gl
Mefloquine 3-5 70 £ 24 4) 93 £ 149 (4) . 286 +65.3(4) {‘L’
Primaquine 3 58 £28 4) 1,088 & 479 (4) 263 & 38.6(4) (<)
WR 83685 4.6 $7+27T(3) 1,490 + 127 3). W7 £ 3740) -
WR 54470 5-6 41 @ 1,425 @) 239 @ g
Chloroquine ’ 3 123 + 39 (1) 798 & 111 (1) 36.6 + 129 (9 [
Quinaceine 3 129+ 20 657 + 107 () 3.2 £24503) 12
Amodiaquine 4 186 3 25 (3) 930 £ 121 3) 331+ 5.803) D-
Amopyroquine 5 236 +23 (3) L1510 £ 134 (3) 6.7 + 19.2 (3) 5
SN 10274 3.4 141 £ 39 (3) 1,018 & 215 (3) 783 £22.6(3)
SN 11438 4 150 38 (3) 1,068 £ 51 3) 47.0+ 9.7(3) O
WR 29623 6 157 £ 58 (3) 1,125 + 105 (3) 30.8 1 19.6 (3) o
® The dosa is given i umoles of drug injectod pr mouse. n
® Ninomoles of ronkemoznin FP.per ml'of packed, parasltized erythrocytes, corrected for differences in pansiternia a1 follows: the <
tmaust of PP per ml of packed erythrocytes was divided by the mumber of paasites per 1000 erythracytee and multiplied by 1000,

Nunomoles of preformed hemozoln PP per m) of pazked, parasitlzsd erythrocytes comrected for parasltendx as descrided for
noskemozoln FP.

Nanamolcs of FP incorperated into hemozoln per hour, per pmole of FP in preformed hemozoin.

Meass 1 §.D. md rumber of experiments are shown.
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Figure 3: Inhibition of heme polymerase by antimalarial drugs in vitro. The incubation mixture consisted of 0.2 ml of lysate prepared from a 24
percent suspension of washed, parasitized erythrocytes, S50UM pepstatin A, 100pM trans-epoxysuccinyl-L-leucylamido (4-guanidino)-butane,
150uM heme, 754M sodium acetate (pH 5.0), and varying concentrations of chloroquine (#), amodiquine (o), quinine (x), and mefloquine (A)ina
total volume of 2 ml. The incubation was conducted at 37°C for 4 hours.
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Table 5: Reversal of the effect of chloroquine on heme polymerase by quinine.

Time Chlorogui Chloroquine Chloroquine
(Hours) Chioroquine®  Quinine® Quinine (twice)®  Mefloguine ¢
(Heme Polymerase Activity)®
0 MmN 267117 254 + 27 254 % 11
2 06+ 2 340 1 30 324 + 46 312 % 35
4 nNE 6 175 £ 14 376 + 67 .
6 S8+ 6 129 + 36 370 + 41 348 + 29

3 pmoles per mouse were Injected intraperitoneatly at 0 hour,
b 3 pmoles of chloroguine and 6 pmoles of quinine per mouse were injected
[mul ly intrap Ty at 0 hour.

© 3 gmoles of chloroquine and 6 umoles of quinine per mowuse were injected
simultaneously intraperitoaeally at 0 hour plus another 6 pmates of quinine
were injected intraperitonealty 2 hours later.

4 3 umoles of chioroquine and 4.8 zmales of mefloquine per mouse were injected
simultaneously intraperitoneally at O hour. :

¢ Nanomoles of FP incorporated into hemozoin per hour per umole of EP in
preformed hemozoin,

! Means + $.D, for three expeniments are shown for each treatment,

The effect of quinine and other antimalarials on the level of hemazoin in 5 strains of P.
falciparum was examined in vitro’. For this, trophozoites were incubated in the presence of 10
UM drug for 4 hours and content of hemozoin and membrane associated heme determined
spectrophotometrically at 345 nm. Hemozoin content was also determined in control infected
cells prior to drug exposure and after incubation without drug. Quinine (10 uM = 2.3 pg/ml) and
other antimalarials inhibited hemazoin formation but had no effect on membrane associated heme
compared to chloroquine which inhibited hemazoin formation and increased level of membrane
associated heme (Figures 4 and 5). The inhibition of parasite was also measured by uptake of
radiolabeled hypoxanthine (Table 6). The inhibition of growth correlated with inhibition of
hemozoin formation.
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[Hemozain] (umol FP{10™ calls)™)

Treatment

Figure 4: Effect of drugs on the levels of
hemazoin in different strains, as affected by
various drugs. Results shown here and in
Figure 4 are representative of several
identical experiments (at least twice for each
strain and up to six times for some strains).
Cultures at the trophozoite stage of various
strains were incubated at 4 hour under culture

[Membrane FP}{pmol{0™ cells)")

Treatment

Figure 5: Effect of drugs on the levels of membrane-
associated heme (FP) in different strains, as affected by
various drugs. The same cultures used for the
determination of hemazoin and parasite viability depicted
in Figure 3 were used for the determination of membrane-
associated heme.

conditions in the presence of 10 mM of
amodiaquine (AQ), chloroquine (CQ), o . .
quinine (Q), and mefloquine (MQ). Infected Table 6: Inhibition of parasite growth by various
cells were then processed for the drugs and are related in data presented in Figures 4
determination of hemozoin levels and and 5.

parasite vaiability. Control at the beginning
(T=1) and end of the incubation (T= 4) were

Inhibition of parasile growth by various drugs®
similarly analyzed. Inhibition of parasite -

growth (as % of untreated controls) are given Strain cQ AQ Q MQ
in Table 6) FOR3 82.2 48 474 713
183 778 725 75.% 70.1
w2 6.9 2.5 $70 63.5
D6 53.2 50.7 75.1 689
G 531 639 848 68.4

®experimental details are described in the
legend to Figure 4

The effect of quinine and other antimalarials on accumulation of hemoglobin was examined®. For
this, synchronized cultures of P. falciparum in the trophozoite stage (15-20% parasitemia) were
exposed to different antimalarials for 3 or 4 hour at 37°C. The parasites were lysed and
cytoplasmic fraction recovered for electrophoresis in 10% SDS-PAGE gel. A mixture of 0.1% O-
dianisidine chloride and 20 mM hydrogen peroxide in 40 mM citric acid was used to stain heme.
The staining of free heme and heme in association with monomers of hemoglobin (molecular
mass 16.5 — 17 kDa) from normal erythrocyte lysates is shown in Figure 6. Untreated parasitized
erythrocytes served as controls and did not show any stained bands, suggesting that hemoglobin is
degraded. In the presence of chloroquine (CQ) and amodiaquine (AQ) inhibition of hemoglobin
degradation (stainable bands of heme) was observed. Cells exposed to quinine and mefloquine do
not show the stainable band of heme, suggesting that hemoglobin is degraded as in untreated
controls.



NDA# 21-799 (N-000)

Page 12

Quinine
Mutual Pharmaceuticals
MW (kDa)
250 -
98 -
64 -
50 -
36- .
.
30-
16 - g -
I
g
&8 8 2 =

MQ

lysate ‘

Figure 6: Effect of drug treatment on the accumulation of

hemoglobin in parasite lysate. Cultures were treated with
10 mM of different drugs for 3 hours and free parasite
were obtained. Samples of parasite cytoplasma and of
lysate of normal erythrocytes were run on SDS-PAGE
(10% polyacrylamide) omitting dithiotretol from the
running buffer in order to avoid destruction of heme. After
electrophoresis, gels were fixed for 20 minutes with 12.5%
trichloroacetic acid and washed for 20 minutes in distilled
water and stained for heme. The band at the running front
is heme. CQ = chloroquine, AQ = amodiaquine, Q =
quinine, MQ = mefloquine.

In addition, the hemoglobin content was determined by measuring the absorption sprectrum of the
parasite lysate at 412 nm and the inhibition of parasite growth was measured by uptake of
radiolabeled hypoxanthine. In contrast with chloroquine (see Figures 7a and 8a), the antimalarial
activity of quinine and mefloquine was not associated with accumulation of haemoglobin (Figures

7b, 7c, 8b, and 8c¢).
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Figure 7: Dose-dependent effect of drugs on hemoglobin
accumulation in parasite lysate. Full lines and filled
symbols describe relative hemoglobin concentration (in
absorbance units compared to zero drug concentration);
broken lines and empty symbols depict % inhibition of
parasite growth. (A) chloroquine (circles) and amodiaquine
(inverted triangles); (B) chloroquine (circles) and quinine
(inverted triangles); (C) chloroquine (circles) and
mefloquine (inverted triangles);
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3.1.3. Effect of quinine on degradation of heme in vitro

Heme can be degraded in the presence of reduced glutathione (GSH). The effect of quinine and
other antimalarials on inhibition of GSH-dependent degradation of heme was examined’. For this,
free beme and GSH in HEPES buffer pH 7.0 with or without bovin serum albumin (BSA) were
incubated in the presence or absence of drug at 37°C and the degradation of heme followed
spectrophotometrically at 396 nm at 10 to 60 second intervals. Also, ghosts of erythrocytes
obtained by hypotonic lysis were incubated with heme for 7 minutes at 37°C. The heme loaded
ghosts were incubated with GSH in the presence or absence of drug at 37°C. At different time
points, the membranes were pelleted and absorbance of heme determined spectrophotometrically.
The results in Table 7 show that although quinine has minimal effect on GSH dependent
degradation of heme in aqueous solution, it has no effect on GSH dependent heme degradation in
membranes. The authors suggest that this may be due to quinine being a weak base and less
efficient at dissolution of heme from membrane.
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Table 7: Constants of inhibition (K;) of GSH-mediated destruction of heme in vitro by various drugs in HEPES
buffer, HEPES buffer with BSA, and in membranes (erythrocyte ghosts).

Drug HEPES HEPES-BSA Ghost

Chloroguine 1.66 + 0.31 113 + 0.07 085 0.8
Amodiaquine .88 = 0.16 055 =008 0.68 = 0.13

Quinine 7.32 =047 1441 * 1.60 No inhibirion
Mefloguine 1.44 * 0.02 7.26 + 0.57 >50
Halofontrine Q.95 + 0.11 Q79 =014 Q.93 £ Q.15
Pyronaridine 0.72 £ 2.05 2,69 Q.37 0.89 + Q.13
02-93 03 %01 Q3 %0l ND
QI-17 1o xQl15 Q.77 £ Q.08 ND
8ACH 9.0+ 05 167+ 24 ND

3.1.4. Effect of quinine on electrical conductivity of parasitized erythrocytes

The electrical conductivity of erythrocytic membranes infected with P. falciparum trophozoites
from a patient with cerebral malaria was examined before and after quinine (10 mg/kg at 8 hours
interval) therapy®. The parasitemia before therapy was 27%. The membrane conductivity of
parasitized erythrocytes was higher than normal erythrocytes prior to quinine therapy (Figure 9).
The conductivity reduced after quinine therapy. The reduction in conductivity correlated with
reduction in parasite density. The authors have suggested that quinine may block ion transport to
parasite. However, ion transport in the parasite was not specifically analyzed.

Figure 9 )
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3.1.5. Effect of heme-quinine complex on lipid peroxidation

The induction of lipid peroxidation by heme-quinine complex in vitro was examined’. Liposomes
prepared with phospholipids from rat liver microsomes were used. The liposome in Tris-HCL
buffer pH 7.4 was mixed with heme-quinine complex and incubated at 37°C with continuous
agitation. Heme-mefroquine complex and heme with primaquine were used as controls. It appears
that mefroquine is same as mefloquine. The measurement of lipid peroxidation was based on the
concentration of malondialdehyde. The results in Figure 10 show that heme-quinine complex
increased lipid peroxidation in liposomes.

- Figure 10: Time course of phospholipid peroxidation induced
§ by the combination of heme with quinine, mefroquine or
g 60} primaquine. The reactions were initiated by the addition of
c_ 25uM heme (), heme (25uM)-quinine (100uM) complex (),
= heme (25pM)-mefroquine (100uM) complex (¥), heme
%"0' A (25uM)-mefroquine (375uM) complex (A), combination of
o) — 25uM heme and 100uM primaquine (m), 100uM quinine (o),
s 100uM mefroquine (A) or 1004M primaquine (o).
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3.1.6. Effect of quinine on nucleic acid and protein synthesis and on glycolysis in P.
Salciparum.

The effect of quinine on nucleic acid and protein synthesis and on glycolysis in synchronized
cultures of P. falciparum was examined'®. For effect on nucleic acid inhibition, parasitized
erythrocytes (3-4%) in RPMI medium were incubated in the presence of quinine (2.5 pg/ml),
chloroquinine (0.5 pg/ml) or other antimalarial drugs at 37°C for different time period. [*H]-
hypoxanthine was added and incubation continued for an additional 20 hours. Drug-free cultures
were used as controls. For effect on protein synthesis, [°H]-leucine was added instead of [*H]-
hypoxanthine. For the effect on glycolysis, production of lactate was measured enzymatically
based on the method of Holloway (1991)'!. The results in Table 8 show that inhibition of nucleic
acid and protein synthesis of parasites occurred within 4 hours of exposure to quinine followed by
inhibition of lactate production (after 9 hours of exposure).

Table 8

Pharmacodynamic Parameter Estimates in Vit for the Rates of Actlon of Four Antimalasial Drugs on
CHIHyposanthine Uptake, [*H]lsoleucine Uptake, and Lactats Production of Syachronized Cultures of 2.

falciparum Clone ITO4
Inhibition of Inhibition of Inhibition of
PHhypoaanthine incot ! PH}isolencine incorporation lectate production
Ty (SD) Bres (SD) Ty (SD) Brax (SD) Ty (SD) E s (SD)
Drug W osen @ YRR S Y o 6D
Chloroquine 183 L3I(02) S8 (1.1) 1802 L1 570048 11.8 NA 16 (0.4)
Quinine 31.5(0.1) 1.9(0.1) 929 400.3) 1.9@©.3) 60 (1.0) 9.3{0.8) 3008 38(Q32)
Atemisicin  430.2) 3.1(04) WEH 7002 4209 B0 7583 2302 0EH
NA-araliaats  4.7{0.3) 2.9 0.2 96 {4.2). 1402 4.3(00.4) 720(1.4) 9.7(0.5) 3.0(0.95 57 (0.1)

Nore. Drug concentrations nsed were chloroquine, 500 ng/ml; quinine, 2500 Ag/ml; artemisinin, 00 ng/ml; snd sodium
wrtelinate, 500 ng/ml. B,y i3 the maximum inhibition observed, Tx is the drug exposirc tims to reach 50% of maximym
Iohibition for each drug, and v iz a p d ining the stser of the dvug exp time~effect relationahip (see
Matetials and Methods), Valuas represent the mesn (+5D) of three identical experiments, NA, Not available.
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3.1.7. Ability of quinine to inhibit tumor necrosis factor-alpha (TNF-o)

The ability of quinine to inhibit release of TNF-o. from human alveolar macrophages was
examined'?. Macrophages (1 x 10%ml) were incubated with 1 pg/ml of lipopolysaccharide (LPS)
for 1 to 4 hours in the presence or absence of quinine. The supernatants were tested for the
presence of TNF-o using a cytotoxicity assay with 1.929 cells. Neutral red was used to stain
viable cells. The activity expressed as units per ml was defined as reciprocal of the dilution of the
supernatant at which 50% cytotoxicity was observed. The authors stated that 200 pM (46.8
ug/ml) of quinine correlated with a cytotoxicity of 0.3 U/ml and did not have a significant effect
on the experiment. However, the data were not shown. The results in Figures 11 and 12 shows
that quinine inhibits TNF-o release from human alveolar macrophages. The inhibition correlated
with decrease in TNF-a mRNA levels (Figure 13).
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Figure 12: Dose-dependent effect of quinine on TNF activities in
supernatants of macrophages stimulated with 1pg/ml LPS for 4
hours. Data are expressed as individual data plots and mean+ SE
of cytotoxicity unit obtained from supernatants of 10°
macrophages (n = 5 to 8). Quinine was applied 5 minutes before
LPS stimulation. * and ** indicate P<0.05 and P<0.01,
respectively, compared with the average cytotoxicity unit in the
absence of quinine.

Figure 11: Time course of TNF release induced by LPS, 1 pg/ml, either in

" the presence or absence of 200uM quinine. The amount of TNF is expressed
as the average cytotoxicity unit = SE, which was obtained from supernatants
of 10° cells stimulated for 1, 2, and 4 hours with 1pg/ml LPS (n =5 to 8).
Quinine was applied 5 minutes before LPS stimulation. **P<0.01, compared
with the average cytotoxicity unit obtained from control samples (LPS
alone) incubated for the same duration.

(M)
C W

~—28s Figure 13: Representative Northern blot
analysis of TNF-0 mRNA. .
Alveolar macrophages, except those of control, were stimulated

TNF -~ ~~18s with LPS for 2 h in the presence or absence of quinine. Electropho-
resed RNAs from these macrophages were hybridized with the ra-
dioabeled TNF-at cDNA, Upper panel: Lase 1, control (o stimu-
lation with LPS); lane 2, LPS, 1 pug/ml; lane 3, LPS, 1 ag/ml, and
200 uM quinine. The 18S and 285 indicate ribosomal RNAs, used
as internal size markers. Lower panel: The expression of f-actin
mRNA in each sample,

Actineep- .
LPS ~ + +
Quinine - - +
(0.2 mM)

In addition to inhibition of TNF-q, the effect of quinine on phagocytosis of latex beads by LPS
activated macrophages was examined. The calmodulin inhibitor W-7 was used as a comparator.
Quinine did not have an effect on phagocytosis of latex beads. A reduction in phagocytosis (86%)
was observed with W-7 (Table 9).
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Table 9

Effects of quinine and W-7 on phagocytosis of latex
beads of LPS-activated macrophages*

OCYtosis

(%)
Control 950 +1.6
200 uM quinine : 936+ 14
500 pM W7 13.6 & 3.9¢

* Dats ace expressed 2 mean + SE (n <= 5),

The inhibition of TNF-a. production in macrophages by quinine was examined in another study'’.
Chloroquine and artemether were used for comparison. P. falciparum lysates were mixed with
human peripheral blood mononuclear cells at a 1:20 or 1:200 ratio and exposed to the antimalarial
drugs. The supernatant was collected and TNF-o. concentration determined by an enzyme linked
immunosorbent assay. Both quinine (> 2.4 pg/ml) and chloroquine inhibit TNF-o production in
macrophages (Figure 14).

Figure 14
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Figure. Inhibition by different antimalarial drugs of tumour necrosis fac-
tor production by human menonuclear cells stimutated with lysed erv-
throcytic forms of 2. fulciparun. »Mean of 7 experiments: bars represent
stundard error. )

In summary, the exact mechanism of action of quinine is not well understood. Available data
suggests that quinine at a concentration of 2.5 pg/ml inhibits nucleic acid and protein synthesis as
well as glycolysis in P. falciparum (Table 10). Quinine (0.02 pg/ml) can interact with hemazoin
in parasitized erythrocytes. At a concentration of 18.7 lg/ml, quinine inhibits heme polymerase
activity in lysates of parasitized erythrocytes. However, this concentration is 27 fold higher than
that required for inhibition of parasite growth, suggesting that it may not be the primary target for
the action of quinine. Quinine-hemazoin complex was shown to lead to lipid peroxidation in
liposomes in a biochemical assay. However, quinine did not have an effect on degradation of
heme or accumulation of hemoglobin. The drug was also shown to inhibit release of tumor
necrosis factor-alpha from alveolar macrophages.



81 o8eg

9]qe[IeAT 10U UOLIBULIOIUT = YN
payoads jou sutumb jo uonRIUAOUOD

(lwysri £g1)
VN VN VN YN VYN VYN VN VYN VN VN uoniqiyuy VN VYN 90N
(w31 £°0) (wBry1) [ QuBd )
VN VN VN asealrss(q VN VYN VN VN VN | 93ueysoN a3ueyo oN VN VYN NN
ona Uy
(wadsr) [ (uBdsg) | (uaicr) SaImo
VN aseannag aseaoa(] 95B109(] VN VN VN VN VN VN VN VN VN | Snouomous
(waier) | (wAde) | uaier) a8ers
VN VN VN VN YN VN YN ON a8ueyo oN 95e3102(3 VN VN VN suozoydos],
(lw/@r zo°0)
VN VN VN YN VN YN VN VN VN VN YN S9A VN o8es Bury
04114 uJ
(uat y1)
(/v g'11) (1w/31 £7) voniquur | (/B ¢'1)
asea10aQq VN VN VN asealou] e M a8ueyo oN VN VN VN VN VN *SO&

. Avssn (po1uaYs01g

uonnjos AueIquIwt

ur WY Jo uf Jwdy jo
saBeydosoew sisayuds uonepeidep | uopepessop wdy SuUORIpUOd
w01y aseafaa sIsayjus poe uonepxoaad juapuadop juapuadap uone[nuInaIe paseIdOSSE JUIU0I asesow{jod Buipuiq Suipuiq uonenjeAd
sydie-gANI sIsA[024 [ ulog dRPRN pudi HSO HSS uiqojSowaw g AUBIGUIdJA] U0ZBWAY ELEY 8 uroZewa gy auy WISTUBYII A

dutuInb Jo UONOE JO WSIUBYISW STy FUTURUEXS SIIPMIS JO ATeuUng (] Jlqe L




NDA# 21-799 (N-000) Page 19
Quinine '
Mutual Pharmaceuticals

3.2. ACTIVITY IN VITRO

The activity of quinine and its metabolite, 3-hydroxyquinine, was measured against the
erythrocytic forms of P. falciparum after exposure to the drug for 24 to 72 hours either by
microscopic examination (method of Rieckmann) or by incorporation of [*H]-hypoxanthine
(method of Desjardins or Webster). A description of these 3 methods is given below. The results
were expressed as the concentrations required for inhibition of growth of the parasite by 50%,
90% and 99% (ICso, ICop, and ICge values, respectively). Please note that no studies
demonstrating the activity of quinine or its metabolite against the hepatic forms of Plasmodium
species were available.

Rieckmann microtechnique method**: Blood with varying parasitemia (5 [l) was incubated in
the presence of different concentrations of drug in RPMI 1640 medium supplemented with
sodium bicarbonate (2 mg/ml), gentamycin sulphate (4 pg/ml) at 38-39°C for 24 to 30 hours in a
candle jar. Thick blood smears were prepared and stained with giemsa stain and number of
schizonts per 500 white blood cells (WBCs) in the control and drug treated samples determined.
The percentage of ring forms that mature to schizont provides a useful endpoint for measuring
drug activity. The ICso value defined as the concentration of drug required for 50% inhibition of
schizont maturation was calculated.

-Desjardins semiautomated microdilution method'®: Parasitized erythrocytes (0.25 to 0.5%)
were incubated in the presence or absence of drug in RPMI 1640 medium supplemented with
10% heat inactivated human plasma at 37°C for 24 hours in 5% COs. [3H]-hypoxanthine was
added and cultures were incubated for an additional 18 hour period. The antiplasmodial activity
was determined based on incorporation of [3H]—hypoxanthine. The ICso values were obtained by
regression analysis.

Webster microdilution method'®: The Webster method was essentially similar to that of
Desjardins except that concentration of parasitized erythrocytes (0.3 to 0.9%) was slightly
different and incubation was performed in a candle jar instead of 5% CO,. Also, incubation after
addition of radiolabel was 20 to 24 hours instead of 18 hours.

3.2.1. In vitro activity against laboratory strains of P. falciparum:

The in vitro activity of quinine against erythrocytic stages of 13 strains of P. Sfalciparum was
measured in 7 studies. Six of the strains were classified as chloroquine-resistant, one strain as
mefloquine-resistant, and one as quinine-resistant. The basis for classifying the P. falciparum
strain as chloroquine-, mefloquine-, or quinine-resistant was not specified. For one of the strains
(Smith strain), the authors state that it was originally obtained from a patient who failed therapy
with antimalarial drugs and has been used extensively in human volunteer studies where its
resistance to chloroquine, quinine and pyrimethamine have been documented. However,
additional details on cut-off values for resistance were not provided. The activity was measured
using the method of Rieckmann or Desjardins (see Table 11). The quinine ICs; values against the
13 strains ranged from 0.026 to 0.68 pg/ml. The activity of quinine against the mefloquine or
chloroquine resistant P. falciparum strains was similar to that of the sensitive strains.

The variation in quinine ICsy against culture adapted P. falciparum strains [FCR3-FMG
(Gambia), UPA-PFL3 (Uganda), UPAS (passaged in Saimiri monkey), T1 (Thailand), T23 (Ivory
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Coast), D3 and 7G8] was measured'’. The authors have stated that different lines of the strain
with different ICso values were obtained after in vitro cultivation with drug pressure (drug not
specified) or after thawing frozen stock culture and culturing without drug pressure. These lines
were identified as parent strain x1, 2, 3, etc. Parasitized erythrocytes (0.2 to 0.3%) in RPMI
medium supplemented with AB serum and [3H]-hyp0xanthine were incubated in the presence of
quinine or other cinchona alkaloids at 37°C for 72 hours in 5% CO,. The ICs, values were
calculated based on the uptake of hypoxanthine. The results in Table 12 show that the quinine
ICsp against lines from the same strain varied 2 to 5 fold. In two studies, quinine was less active
than quinidine against P. falciparum strains.

Table 11: In vitro activity of quinine against the laboratory strains of P. falciparum.

Study Method Modification Strain Resistant to Quinine Other antimalarial
) drug* agent ]
Mean + SE Mean ICs5p+ SE in
(range) ICsp in ug/ml
pg/mi
Nontprasert Desjardins (1979) <2% parasitized D6 mefloquine 0.096 none
(1996)" erythrocytes and 10% (0.05-0.12)
heat inactivated
human sera
Sharma Rieckmann (1978) none MRC Pf20 none 0.27 CQ =049
(2000)" MRC Pf76 chloroguine 0.69 CQ=155
Fivelman Desjardins (1979) none D10 none 0.07 =£0.001 CQ= 0.015+0.001
(1999)% RSAll Chloroquine 0.123+0.011 CQ=0.14+0.001
Rahman Details not given none NF54 none 0.042 +0.001 CQ=10.09+0.02
1997)* [H]-hypoxanthine m Hone 0.21 £ 0.001 CQ =002 0.001
uptake EAT/LON/1/G30 | Chloroquine 0.14 +0.046 CQ=0.24+0.05
K1 Chloroquine 0.073 £0.01 CQ=0.28+0.02
Carvalho Rieckmann (1978) 1% parasitized BHz 26/86 Chloroquine 0.03 CQ=0.05
(1991)% erythrocytes;
incubation for 72
hours
Wesche and Rieckmann (1978) none FCQ-27/PNG none 0.14 Quinidine =0.056
Black
(1990)2
Druilhe Desjardins (1979) Incubation for 72 18 strains none 0.027 - 0.095 Quinidine = 0.007 -
(1988)"7 hours; radiolabel _ 0.043
added at start of 10 strains Quinine 0.1-0.68 Quinidine = 0.022 —
experiment; strains 0.12
freeze thawed and
culture adapted and
tested multiple times
Desjardins Desjardins (1979) none Uganda I none 0.026 = 0.005 CQ =0.009 £ 0.001
(1979)"* : (0.024 -0.048) MQ =0.007 + 0.001
Smith Chloroquine# 0.11£0.009 CQ=0.182+0.023
(0.090 - 0.128) MQ =0.008 + 0.001
Range of quinine ICsq (Lg/ml) for 13 strains 0.026 - 0.68

* stated by author, basis not specified;
# Smith strain of P. Jalciparum was originally obtained from a patient who failed therapy with antimalarial drugs and has been
used extensively in human volunteer studies were its resistance to chloroquine, quinine and pyrimethamine have been

documented. However, details of the resistance cut-off values not provided.

“strains with quinine ICso >100 ng/ml

SE = standard error

CQ = chioroquine; MQ = mefloquine;
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Table 12: Activity of alkaloids against cultured quinine (Qn) susceptible and resistant lines.

ECy, (ng/mD)*

P falcipatum —oor
line* n
@ o Cn GRG CrQdn

Qn susceptible
FCR3x4 2 2% 2% 15 (0.48) 0.28
FCR3x5 2 680’ 40 (1.32) 0.95
FCRz6 8 4# 7 78 (1.30) 0.88
FCR3x8 0 2 18 15 (0.56) o.18
FCR3x9 0 R M 50{1.19) 0.55
UPAX2 % 20 8 26.(1.06) 1
UPAx3 8 26 34 47 1.25) 0.57
UPAx4 45 10 15 12(0.79) . 026
UPAxS s 17 2 27 (1.13) 0.60 o
UPASx1 s n » 33(1.1%) 0.7 o
UPASx1 I3 12 2 23 (1.12) 0.65 by
UPASx2 3 2 M 4030 146 m—te
UPASx1 42 74 125 15.5(1.23) 0.36
UPASx2 95 21 35 53 (1.34) 0.55 -OU
D3 4 11 25 18 (0.91) 0.39 g
7G8 78 12 119 oSt 6‘
FCPS44x1 34 19 34 30 (1.10) 0.85 —(‘T
FCPS44x2 I3 19 32 37 (1.39) 118

Qn resistant O
FCR3x1 160 120 92 64033 040 @]
FCR2x2 680 115 9 58 (0.40) 0.085 §e)
FCR3Ix3 540 88 78 93 (0.80) 0.172 <
FCR3x7 180 64 80 68 (0.76) 0.377
UPAxi 50 58 26 56 (1.15) 0373
UPASx2 100 22 60 36 (0.86) 0.36
UPASX3 280 B0 130 25 (0.19) 0.089
UPASx4 212 31 32 25 (0.55) 0.117
Tix3 105 62 48 39 (0.60) 0371
Tixé 115 37 40 57 (0.98) 0.495

* Qn-susceptible lines were those for which ECyg < 100 ng/ml; Qn-resistant
lines wece those for which EC,g = 100 ng/mf.

® Means + standard deviations: for Qa-susceptible lines, 52.1 = 23.4 (Qn),
21.8 = 10.4 (Qd), 28.2 = 13.3(Cn), 32.0 = 17.5 (Qn-Cn-Qd), and 0.65 = 0.33 -
{Qn-Cn-Qd/Qn); for Qn-resistant lines, 252.2 = 198.8 (Qn), 67.7 = 33.4 (Qd).
67.5 = 33.2 (Cn), 52.1 = 21.1 (Qn-Cn-Qd), and 0.28 = 0.15 {Qn-Cn-Qd/Qn).

* Combination of equal parts.

3.2.2. In vitro activity against clinical isolates of P. falciparum from different geographical
regions: .

The in vitro activity of quinine against 129 isolates of P. falciparum from Thailand, Bangladesh
and Africa was measured in 4 studies. The activity was measured by the schizont maturation
method of Rieckmann or uptake of radiolabelled hypoxanthine using a modified Desjardins
method or the Webster method. Some of these isolates were classified as resistant to chloroquine
(ICy9 values >200 nM), quinine (ICyg values >2000 nM, i.e., >0.68 pg/ml or ICsp >0.1 pg/ml), or
mefloquine (ICgs values >200 nM). The quinine ICsy against the 129 isolates of P. falciparum
ranged from 0.06 to 0.29 pg/ml and was similar to that observed against the laboratory strains
(Table 13).
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3.2.3. Activity of metabolite against P. falciparum:
The activity of the metabolite, 3-hydroxyquinine, against P. falciparum was investigated in
vitro®®. A modified version of the Desjardins method was used to measure activity. The
metabolite of quinine was less active than the parent compound against P. falciparum (Table 14).

As stated previously, quinine is an alkaloid derived from cinchona bark. Dihydroquinine is a
natural impurity found in quinine preparations during the extraction process. The activity of
dihydroquinine against P. falciparum was measured. The dihydroquinine ICso values against P.
Sfalciparum ranged from 0.019 to 0.073 pg/ml and were lower than quinine. .

Table 14: In vitro activity of 3-hydroxyquinine against P. falciparum.

Study Isolate/Strain Method Modification Quinine Mean 3-hydroxyquinine Dihydroquinine#
(range) ICs in | Mean (range) ICs in Mean (range)
g/mi g/ml ICsp in pg/ml
Nontprasert | S1 (Thailand) Desjardins human sera 0.13 0.39 0.058
(1996)" 1979 used instead of | (0.11 —0.25) (0.35-0.42) (0.041 —0.078)
S2 (Thailand) plasma 0.11 0.85 0.041
(0.06—0.15) (0.80-1.07) (0.036 - 0.070)
S3 (Thailand) 0.2 0.29 0.034
(0.13-0.26) (0.26 —0.45) (0.026 — 0.036)
S4 (Thailand) 0.15 1.03 0.073
(0.11 -0.29) (0.87-1.04) (0.042 -0.10)
D6-mefloquine 0.096 0.174 0.019
resistant* (0.05-0.12) (0.13-0.25) (0.017-0.021)

*dihydroquinine = natural impurity
* stated by author, basis not specified

The activity of quinine in combination with dihydroquinine or 3-hydroxyquinine was not
synergistic or antagonistic (Figure 15). The authors have stated that the FIC indices for quinine in
combination with dihydroquinine or 3-hydroxyquinine against P. falciparum were 0.85 - 1.25,
and 0.81 - 0.93, respectively.

Figure 15: Isobolograms of quinine in combination with dihydroquinine and 3-hydroxyquinine at the 50% inhibitory

Dihydroquinine (nmol/L)
H

T T
2 40 &9

T I
a0 16C 170 183

Quinine {nmol/L)

concentration against 5 strains of P. falciparum in vitro.
200}

N

S04

3500+

3-hydroxyquinine (nmol/L)

T T T T T T T
Q 20 40 80 gy 1CO0 120 140 1RO 190 200 220 240 280 283 300

Quinine {nmol/L)

Studies that examined the activity of metabolites other than 3-hydroxyquinine against P.
Jalciparum were not included in the submission.
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3.2.4. Effect of quinine on the different erythrocytic stages of P. falciparum:

The effect of quinine and artemisinin compounds on the inhibition of the ring, trophozoite and
schizont forms of P. falciparum, using 3 isolates from Vietnam and one from China was
examined”’. For this, synchronized cultures (> 90% rings) were allowed to develop into
trophozoites (incubation period, 20 to 24 hours) and schizonts (incubation period, 36 hours). The
parasite cultures with the different stages of Plasmodium were incubated with different drugs
(concentration equals ICqo value for the drug) for 10 hours. The actual concentration of the drug
was not specified. The percent inhibition of parasite growth was measured by incorporation of
[*H]-hypoxanthine added to the cultures at the same time as the drug. The authors have stated that
the activity against all isolates was similar, however, data for only one isolate were shown.
Quinine was more active against the schizont than the ring and trophozoite stages of P.
falciparum (Figure 16). Among the artemisinins, artemether was the least active against the
various erythrocytic stages of P. falciparum. Artemisinin inhibited > 90% rings and schizonts
within 10 hours while dihydroartemisinin (DHA) inhibited growth (> 80%) of all 3 stages within
2 hours of exposure. '

% Growth Iahibition
300

/4:/1 Figure 16: Stage-specific activities of quinine,
; artemisinin, and DHA on culture-adapted

821 parasites  of  Plasmodium  falciparum.

A Synchronized cultures of rings (0 h; e),
trophozoites (20-24 h; a) and schizonts (36 h;
=) were exposed to the ICg concentration of
each drug for up to 10 h. The data are
presented as percentage growth inhibition +

Aremisinin

1 S.D. with time of drug exposure for the 3
0 -tk S — asexual stages compared with untreated
controls.
00 —
% ,; _ Drug 1C5, values (M)
81 Arwemerher 9
DHA 0.8-30x10
Artemisinin 2.0-30.0x 10°
Artemether 7.0-30.0x 10"

Drihydrsaremisinis

Quinine 3.0-10.0x10®

-5 . v—— . R T <
6 2 4 6 8 100 2 4& 6 & 10
Time of Exposure (h)

Overall in vitro studies show that quinine and its metabolite 3-hydroxyquinine are active against
the erythrocytic stages of P. falciparum. Quinine was more active against the schizont stage than
the trophozoite or ring stages. The activity of quinine against the gametocyte stage of P.
Jalciparum was not examined in vitro. The activity of quinine against laboratory strains (n = 13)
and clinical isolates (n = 129) from different geographical areas was similar in vitro. However, the
metabolite was less active.than the parent drug. The activity of metabolites other than 3-
hydroxyquinine was not examined in vitro. Quinine was less active than its isomer, quinidine, and
other antimalarials such as chloroquinine and mefloquine. A 2 to 5 fold variation was observed in
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the quinine ICsq values against strains that were freeze thawed and culture adapted. Please note
that methods to evaluate in vitro susceptibility of P. falciparum to antimalarial drugs are not
standardized and different methods were used to determine in vitro activity.

3.3. ACTIVITY IN VIVO:

The activity of quinine was measured against the erythrocytic forms of P. berghei, P. yoelii, P.
chaubaudi, and P. knowlesi in mice or monkeys. No studies were done to demonstrate the
activity of quinine against the hepatic stages of Plasmodium species.

3.3.1. P. berghei:

The activity of quinine and quinidine against a chloroquine-sensitive and 3 resistant strains of P.
berghei was examined”®. The criteria used to classify strains as resistant were based on the dose of
the drug required to suppress parasitemia in mice. Resistant parasites collected from infected mice
treated with chloroquine (128 mg/kg), mefloquine (64 mg/kg), or quinine (400 mg/kg) for 4 days
were used for infection. Swiss mice were infected by intraperitoneal inoculation of 2.5 x 10’
parasitized erythrocytes. Quinine or quinidine was administered orally at the time of infection for
4 days. Thin blood smears were prepared using pooled blood samples from each of the dose
groups on day 5. The doses required for the 50% and 90% reduction of parasite count (SDsp and
SDoo, respectively) were calculated by regression analysis. The results in Table 15 show that
quinidine was more effective than quinine against the 4 P. berghei strains. The activity of quinine
against the chloroquine-resistant and chloroquine-sensitive strains of P. berghei was similar.
However, approximately 4-fold higher concentration of quinine was required against the
mefloquine-resistant strain, suggesting cross-resistance between quinine and mefloquine.

3.3.2. P. yoelii:

The activity of quinine and quinidine against a multi-resistant strain of P. yoelii was examined®®,
The strain was resistant to chloroquinine, quinine, and mefloquine based on studies in mice
[chloroquine-resistant (64 mg/kg), quinine-resistant (400 mg/kg), and mefloquine-resistant (64
mg/kg)]. The study design was same as that described for P. berghei above. The quinine SDsy
against the P. yoelii strain was 47.33 + 2.31 mg/kg (Table 15). Quinidine was more active than
quinine againt the P. yoelii strain. A P. yoelii sensitive strain was not used as control in this
experiment.

3.3.3. P. chaubaudi:

The activity of quinine against a chloroquine-resistant strain AS (3QC) and chloroquine-sensitive
strain ES317 of P. chaubaudi was examined’'. For this, 5 male TO mice were infected
intravenously with 10’ parasitized erythrocytes of both strains AS (3QC) and ES317 of P.
chaubaudi. The drugs were administered intraperitoneally or subcutaneoulsy at the time of
infection for 4 days. The quinine SDs, against the chloroquine-resistant and -sensitive P.
chaubaudi strains were similar (Table 15).
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3.3.4. P. cynomolgi:

The activity of quinine against the P. cynomolgi was measured in rhesus monkeys inoculated
intravenously with 5 x 10 parasitized RBCs®. Other antimalarial drugs were used as
comparators. Four days after infection, different doses of drug were administered orally, once
daily for 7 days. Blood smears (thin and thick) were prepared daily after the initial dose for 15
days and every other day thereafter. If no parasite was observed in 200 high power fields using
thick blood smear, the smear was considered as negative. After 30 days, monkeys with negative
blood smears were splenectomized and their blood smears examined for parasites every other day
for 30 days. Recrudescence after splenectomy is indicative of previously subpatent malaria. Peak
parasitemia (average 5.28 x 10° parasite/[Ll) was achieved between days 4 to 6 of infection in the
contro] animals and the parasitemia was maintained for 30 days. None of the control animals died
due to malaria. The 2 infected monkeys treated with the 31.6 mg/kg/day quinine were cured at 30
days after splenectomy (Table 16). The time to parasite clearance in animals treated with quinine
was not specified. A lower dose of chloroquine (10 mg/kg/day) was required to cure the infected
monkeys.

Table 16: Curative efficacy of quinine on asexual form of erythrocytic stage of P. cynomolgi in rhesus monkey (7-

day treatment test).
e e o - T Masimum
Drug ilose io mgska-day penducing antimalarial effect lnlx[~_rgzrd
Name and compound aumbsr® 314 100 A1.6 315 10 0316 o) vy (mglka day
Chloroguine (WR 13443 C MS 8% 1 i 00 R
C MS ! 1 1 :
C
Amodiagquin {\WR 29773 ¢ MS O MS ] : 10.0
¢ C b
MS
Primaguine (WR 2573) M5 OME OMS O OMS M8 ] Not curative 10.0
RS MS AMS M8 MS )]
Plasmochin (WR 42343 C MS MS MS  MS  NTE ’ AL
' < MS OMS MS 85 )
Quinine C NS S1.6 100
C NTS
WR 30090 ¢ C 1 1 100 3106
C MS 7 1
Endochin (¢ WR 7233) I 1 I Inedficctive
1 i

C = Cure, no recrudescence within 30 days after splenectomy

MS =Marked suppression, parasitemia cleared for at least 2 successive days but recrudescence prior to day 30

S8 = Slight suppression, parasitemia suppressed temporarily to below 1, 000 parasites/ut

I = ineffective, parasitemia not different from vehicle control

NT = no test, due to reasons such as death of monkey due to toxicity or intercurrent disease or inadequate baseline parasitemia

3.4. DRUG RESISTANCE

The sponsor did not provide publications that describe development of resistance of P. falciparum
to quinine in vitro or in vivo.
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3.4.1. In vivo:

A publication by Glew (1978)*° that describes development of quinine resistance by P.
Jalciparum in vivo was identified by an independent literature search. In this study, Aotus
monkeys were infected intravenously with the Panama II strain of P. falciparum (1 to 5 x 10°
parasitized erthrocytes). Monkeys were administered quinine orally, when parasitemia reached
15,000 parasites/ul. The parasite count was determined daily using Giemsa stained blood smear.
The response to quinine therapy was determined (Table 17). The Panama II strain was then

passaged serially six times in vivo under quinine pressure (quinine 125 mg/kg for 8, 10 or 14
days) over a 6 month period to select for a quinine-resistant strain.

Of the 12 monkeys infected with the original strain, a quinine dose of 125 mg/kg for 14 days
cured 8 monkeys of infection (Table 17). Recrudescence (RI) was observed in the  remaining 4
monkeys at 28 days after initiation of therapy. An RII (marked reduction of paras1terma and no
clearance by day 7) or RIII (no marked reduction in parasitemia within first 48 hours) response
was observed with lower doses of quinine. After 6 passages in monkeys over a 6 month period (1
month per passage), the strain became uniformly resistant to quinine (Figure 17). For monkeys
infected with the resistant strain, treatment with quinine 125 mg/kg for 14 days resulted in RIII
response in 4 of the 12 monkeys and RII response in 5 of the 12 monkeys (Table 18). The RII and
RIII responses were also observed in 2 of 4 monkeys that received a higher dose (160 mg/kg) of
quinine. These results suggest a potential for development of resistance to quinine. The authors

did not provide the results for development of resistance after each passage in the monkeys.
Therefore, the timing of development of resistance cannot be determined.

LRITVVIVaET

Table 17
Response to guinine therapy of infoctions due 10
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negative for parasites Jor 15 end 10 days. O

Response Lo guinine therapy of tfections due to a

resistant strain of P. falkipurum (Panema 11) ir
Aotus monkeys

Quinine treatment

Table 18 DA ehedule Dl 5 ‘:{;SZ‘: Rl
125 QDY 14 - 3 3 4
160 BID¥ 4 2 1 1
* Sce Table ’
10D, vnce da!i‘y BID, one<half of total daily dose admin-

isiered ueice daily.



NDA# 21-799 (N-000) 'Page 29
Quinine
Mutual Pharmaceuticals

3.4.2. Correlation between in vitro susceptibility and genotyping:

The sponsor provided 5 publications that describe the correlation between in vitro susceptibility
of strains and/or isolates to quinine and mutations in the pfmdr/ gene (encodes for multidrug
resistant transporter) or genes of other transporters.

P. falciparum is known to have 49 transporters based on its genome sequence. These transporter
genes lie within a 113 kb (99 kb coding region and 14 kb non coding region) DNA region. To
identify the genes that contribute to quinine resistance in P. falciparum, DNA sequences of the 49
transporters were amplified from 97 culture adapted P. falciparum isolates and analyzed for
single nucleotide polymorphisms (SNPs)*'. The 97 isolates were obtained from malaria patients
in different geographical areas, namely, Africa, Asia, Americas and Papua New Guinea. In
addition, sequences of the 49 transporter genes from 4 strains (Hb3 strain from Central America,
Dd2 strain from South-east Asia, D10 strain from Papua New Guinea, and 7G8 strain from South
America) were used as controls. The SNPs and polymorphic microsatellite (MS) regions in the
culture adapted isolates were identified after alignment of DNA sequences of the isolates with
DNA sequences of the control strains. The authors identified 67 MS and 164 SNPs in 42 of the 49
transporter genes. The presence of SNPs was correlated with the in vitro susceptibility of the
isolates to quinine and chloroquine. Fifteen SNPs from 6 transporter genes (pfcrt, G2, G7, G25,
G30 and G49) and 4 SNPs from pfindrl, G47, and G70 were associated with increase in the ICsp
values for CQ and Q against the 97 isolates (Table 19). These associations were not uniform for
isolates from all geographical areas and the clinical significance of such a finding is not known.

Table 19: SNPs from 11 P. falciparum putative transporter encoding genes associated with in vitro susceptibilities to
chloroquine and quinine.

AdoD ojqissod jseg

Informaliveness index® <Q (P-valuo) QN (Pvaiue)
Predited AA
Gene  produels Locus change Al Asia Africa Americas Al Asia Atrica  Americas Al Asia Afica  Americas Comments
Pfert Putatvo transporter 72 C-S 061 0 1] 0.94 0087 NI N 0.19 02 N NI 017 No assodiation
10 TN segments 74 M- 086 058 088 O 9.6E-10 39E-7 25E-7 NI 16E-8 14E-4 0001 NI CO/ON Africa and Asia
with CEGA motif 75 N-E 086 058 086 037 SOE~1Q 3.4E-7 2567 NI 1364 0001 NI COQ/ON Africa and Asia
7% KT 089 058 0.84 066 LIE=19 3.1€-7 1JE-7 49E-4 §3E-6 14E-4 00077 0.28 CQVall araas; QN/Asia
and Alrica
220 A-S 085 058 086 066 23E-18 3.9E-7 25E-7 49E4  1.8E-9 14E-§ 0001 028 CQrail areas; QN/Asia
and Africa
21 F-Q 086 058 085 0 9$E=10 39E-7 25E=1 NI 26E-8 1JE-4 0001 NI CQ/ON Africa and Asia
326 N-D/S 087 056 083 039 1269 3.1E-7 GZE-L M 23E-8 ME4 00011 026 CQ/QN Africa and Asla
356 - 09 077 021 0.39 AIE-6 0.0012 NI NI 1.8E-5 0044 NI NI CQ/Asia
37 Rt 087 058 085 D0.18 956-10 3.1E-7 2SE-? M §28-8 14E-4 0001 M CQ/QN Alrica and Asia
Pfmdrf  ABC tansporior 86 N-Y 077 074 082 O 0.065 0.02 00048 NI 038 0.29 0.091 NI CQ/Alrica and Asta
1034 S-C* 063 048 0.1 088 00066 NI NI 00073 001 N Nt 0.12 CQ/Americas, may be
gacgraphical
1042 N-D 08 079 O 037 0001 019 NI N 27E-4 0084 NI NI May be geograghical
G2 ABG tansporier 191 Y-H 0B 07 036 099 2BE=7 00075 Ni ooes G5E=7 0067 NI 0.024 Weak CQrAsla; wea<
QAN'Americas
437 A-S 085 068 047 097 126cT Q0076 NI o931 43E-§ 0 N1 Q.029 Weak CQ/QN,
Amaricas
74 ABG tansparter 1390 &1 074 04 087 052 18E-8 N 001 032 00032 NI 018 037 CO/Alrica
G2s Suiphite pefmease inton G-A 084 083 036 O Z8E4 0014 N1 N A2E-5 0077 N NI Weak CQiAsia, may be
gaographical
G30 GTPase Intron C-G 065 0.22 094 037 22E-8 NI 00048 M 2.5E-5 NI 001t NI CQ/OOgIAtrica
G47 Qlycina trangporler 241 L=V 083 054 075 037 00033 0075 04 N ZJE-§ 00058 0068 NI QN/Asia, low, may be
geographical
G49 ABC/ATPase 146 Q-E 082 088 0 [ 108-8 0018 NI N 2IE-6 Q625 NI Nt Weak CQION/ASB.
may be geographical
1046 L~} 082 078 036 0.2 0076 023 NI 2021 035 0312 NI 0.14 Woak QNiAmaricas,
: may be geographical
LA RU . £ 083 05 073 08 16€-7 00053 024 0.16 68E-6 0.029 0.7 0.24 Weak CQrON/Asia,
may be geographical
G54 Membsane protein 141 Y-¥ 03 087 087 066 0.063 0041 Q.19 0.083 0.0099 00047 035 0.2t QN/Asia
144 T-T 09 087 087 065 0063 004t 019  0.089 0.0099 Q07 035  0.2% QN/Asta
G@ss ABC Innsporier - a2 09t 079 082 0 0.05% 0.38 Q.0049 NI 23 0.3 0.056 NI CQ/Africa
G70 Choline transportar 165 E-K 0.85 095 055 © 0014 0055 032 N 15E-5 GO7 016 NI QN/Asia
P-values are i it signil was by ion analysis {bold) or hnear vegressncn ANOVA analysis (P <0.05, i see i ) for
these two independent statistica! strategles. Some strong P-values lor "All' rogions may reflecl geograp: in the column) rather than 2Q or QN associalicns,
as by Sirect fests {data not shown). in these cases, only weak ot non-significant P-values were obiaineo for isolates from individual sontinents,

8. informativeness index (/, see Experimental procedures) was used 1o exchide SNPs wilh low minor allele frecuency: loci with /< 0.5 are dencted non-informative (NI) Cases whh marginal £
values of 0.5-0.7 shoutd also be viewed with care because of relatively low minor allele frequency or parasite sample slzos. & 1 represents a frinuciealide insertion and &1 is aiso & microsatelile
polymorphism 7(0 bp downstream of the stop codon.

b. Indicates a sirgleton third allele.
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In another study®?, the association of pfmdrl gene mutations with in vitro susceptibility of 61 P.
falciparum isolates from Thailand, Myanmar, Vietnam, and Bangladesh was examined. The
genetic mutations within the pfimdrl gene  were characterized by PCR. The isolates were
categorized into 4 groups depending on the mutations at codon position 86, 184, 1034, and 1042
(Table 20). In addition, increase in copy number of the pfindrl gene was determined by PCR
using dilutions of parasite DNA and the /dh gene (single copy lactate dehydrogenase gene) as
control. The in vitro susceptibility of the isolates to quinine and other antimalarials was measured
using the [*H]-hypoxanthine uptake and method of Webster (1985)'°. The cut-off values for
resistance to the different antimalarials were as follows: mefloquine ICso >20 ng/ml or ICgy >80
ng/ml; quinine ICso >500 ng/ml or ICqy >1,000 ng/ml; chloroquine ICso >80 ng/ml. Please note
the basis for choosing the cut-off value was not specified in the publication.

Table 20: Patterns of mutations observed in pfindrl.

Cidon at position”

Cinegory No. of isolutes
&0 184 1034 1042
! Asn Tyr Ser Asn 17
i Tyr Tyr Ser Asn 23
111 Asn Phe Ser Asn 15
1A% Asn Phe Cys Asp 10
Asn ¥'he Cys Asn
Asn Phe Ser Asp -

“ The muLaied aming acids (in boldtace} and the aumber of isolates in each
chtegory are shown,

No association was observed between the quinine ICsy values and mutations in the pfmdr]
gene (Table 21).

Table 21: Median ICsps and percent resistance for isolates in 4 categories.

i i e as saris s e

Metoqguine Quinine Chloroquine Median 1C, tinterquartile range)*

Category Mcdian 1Cs, Median IC,
% R* (inter uariie %R Median 1G5, o, e isini
. n:\‘gt.) (interquartile range) b R ("“::";‘_';"k Ar Art

V{n=17) X .68 (49.64-69.90) 35 188,62 ( 104.44-271.88) 76 56.40 (47.08-73.92) 172 €1.10-2.04) 4.5 (2.97-4.84)
H {n =23} ) 1579 (11.43-19.56) 4 94,68 (77.79-107.83) 91 88.19 (73.00-107.83) .73 (1).54-1.40) 1.43 (1.06-2.6Y)
T e = 15) B 59.51 (30.87-73.96) 31 T4R8.47 (70.07-239.8%) 1 TOU2 (19.38-92.08) 2.57 (1.80-3.85) 2.57 (1LB0-3.85)
V(o = i) 20 19.44 (10.01-24.70) H £84.36 (141 .28-233.41) 89 T0.10 (63,69-98.97) 097 (NB1-1.30) 0.85 (0.64-01,93)
P value for <01 <8001 .26 4§02 <R} .07 <o 0.6 1

difference”

“ G R, percemtage of resistant isolates,
® For arlemisinin and artesunate, there are no established in vitro cut offs For resistance and scositivity.

“ $values were desermined by chi-square analysis tor percentage of resistant isolates and analysis of variance for 155

An increase in copy number of pfindr] was observed in all isolates with high quinine ICso values

(median ICsy values of 289.31 ng/ml; see Table 22). However, the number of isolates tested was

small (n = 8). Also, the correlation between pfindrl gene amplification and treatment failure with
quinine was not examined.

AdoD a[qssod 1se4
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Table 22: Median ICss and percent resistance for isolates categorized by pfindrl gene amplification.

Melloquine Quinine Chloraquine Mediun 3Cyg, (intcrguartile range)
Category Medion 1Ca Mediun (C Median IC, .
% R (interquartile R (mcrqunmle Tange) %R (intcsquaritc range)  Artemisinin Artesunate

rangc)
1 and 1V, no amplification 6.1  1686(11.13-2045) 152 11201 (80.98-143.74) 100 8437 (68.22-107.12) 0.82(0.64-1.00) 132(083-2.13)
{

(= 37
1 and 11, no amplification B1.5  S$3.01(34.15-62.79) 167 144.35 (71.96-199.15) 91.7 6006 (50.87-86.92) 118 (0.74-1.92) 2.48(1.71-4.60)

(n=24
Tand 11, n)mplirunﬁon 00 T213(6477-9921) 375 28931 (253.44-36007) 100 STS5(43.51-64.92) 189(1.28-276) 563 (333-8.33)

P value for difference” <000 <0.0001 (.3280 0.0010 0.3654 0.0029 0.0008 <0,0001

2 9% R, percentage of resistant isolates.
- * P yalucs were determined by Fisher's exact chi-square test for percentage of resistant isolates and the Wilcoxon rank sum test for JCyox.

In another stud}; ? the relationship between in vitro susceptibility, genotype and copy number of
pfmdrl gene was analyzed using isolates from patients in the Amazon region in Brazil. These
patients participated in a clinical trial with quinine/tetracycline. However, additional details on
treatment dose, duration, and clinical outcome were not included. Blood samples were obtained
from patients with confirmed P. falciparum infection. Of the 46 samples collected, 26 were
successfully cultured in vitro. Strain W2 (chloroquine resistant strain) and D6 (mefloquine
resistant chloroquine sensmve strain) were used as controls. In vitro activity was measured using
the method of Desjardins'’. All isolates had chloroquine ICso value >100 nM (range:103 - 620
nM) and were considered resistant. In the case of quinine, the isolates had ICso >30 nM i.e.
>0.07ug/ml (range: 74 — 280 nM or 0.17 - 0.66 pg/ml) and were classified by the authors as
having reduced susceptibility to quinine. Sequence analysis of the pfmdrl gene was performed
using PCR. The pfmdrl gene of all isolates showed Asn, Phe, Cys, Asp and Tyr at positions 86,
184, 1034, 1042 and 1246, respectively. These mutations have been associated with chloroquine
resistance in P. falciparum strains and isolates from South America. Isolates with high quinine
ICso did not differ in sequences (Table 23). The pfindrl gene copy number was analyzed using
southern blot in 12 of the 26 isolates. All isolates carried a single copy of pfindrl gene. Overall,
mutations in pfindrl gene that correlated with high quinine ICso values could not be determined in
this study.

Plasmodium falcparum mmultidrug resistance (pfindr ) point mutations and gene copy analysis®

cho Amiog sds Pfwdel

Itwes orgin »S 3 ] 1034 s D kg
HB3 S. America s Asn Phe Ser Asp Asp
7G8 S. America [3 Asn Phe Cys Asp Tyr
306 S. America R Asn Phe Cys Asp Ty
0z S. America 3 Asn Phe Cys Asp Tyr {w.e)
1EC 55i84 S. America R Asn Phe Cys Asp Tyr
1EC 56/84 5. America R Asn Phe Cys Asp Tyr (D
IEC 54/84 S. America R Asn Phe Cys Asp Tyr w
1EC 64/44¢ S. Ametica R Asn Phe Cys Asp Tyr v
leg: Peixtto R Asn Phe Cys Asp Tyr )
Px102 Peixoto R Asn Phe C; As Tyr )

Table 23 rxi03 Peixoio K Asn Phe b e Tor 1 LY
Pr104 Peixoto [ Asa Phe Cys Asp Tyr ! O
Patos Peixoto R Asn Phe Cys Asp Tye 1
Pxi0s Peixoto R Asn Phe Cys Asp Tyr 1 (7]
Pxio? Peixoo R Asn Phe Cys Asp Tyt 1 [d,]
Pxing Peixoio R Asn Phe Cys Asp Tye i e
Px109 Peixoto R Asn Phe Cys Asp Tyr 1
Px1t0 Peixato R Asn Phe Cys Asp Tyr ND U.
Prifs Peixoto R Asn Phe Cys Asp Tyr ] o
Prii2 Peixoto & Aso Ce Asp Tyr 1 (D
Pxil3 Peixato R Asn Phe Cys Asp Tyr ND
Pxtiq Peixoio R Asn Phe Cys Asp Tyr 1
Petls Peixoto R A The Cys Asp Tyr ND
Pxlls Penrota R Asn Phe Cys Asp Tyr ND
Pxll7 Peixow R Asn Phe Cys Asp Tye ND
Peiin Peixote R Asn Phe Cys Asp Tyt ND O
Plls Peixoto R Asn Phe Cys Asp Tyr ND
Pxl26 Peixon R Asn Phe Cys Asp Ty ND 'c
PxI2i Peixoto R Asn Phe Cys Asp Tyr ND
P22 Peixota R Asn Fhe Cys Asp Tyr NI <
ral2i Peixow R Asn Phe Cys Asp Tyr ND
Pr12e Peixoln R Asn Phe Cys Asp Tyr ND
rarzs Peixato R Asn Phe Cys Asp Tyr ND
Pri2g Peixotn R Asn Phe Cys Asp Ty ND
w7 Indochina 3 Tyr Ty Ser Asn Asp t
D6 Africa R Asn Tyr Ser Asn Asp 1

e 1 30 (e o port ki ey pedic »,nrm DX seence mayais T R oied muapions o he 103, 205, 3% o IFeoae TECSt, IFCSVh, md

W e s Srer by Foote and ore s Tor 4 from 1he 1ol e S pood vidh £ K1 o the Sevchern blon e
e with
(cseongmensied fapmiet of the e genc eonewencing to e s S o o i egion srtaneousl wilh Gw exsamiomroisi pocein sent P Do hobsierhiogd
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In another study®, the association between pfindrl mutation and quinine susceptibility was
analyzed in fresh field isolates from Gambia. Sequence polymorphisms in the pfmdrl gene were
detected by PCR. In vitro susceptibility was measured using the Desjardins method'’. The
increase in quinine ICsy of the isolates correlated with presence of the Tyr-86 mutation of the
pfmdrl gene (Figure 18). The authors have stated that the results suggest cross-resistance between
chloroquine and quinine. Here again, the correlation between pfindrl mutation and clinical
outcome with quinine was not examined.

Figure 18: In vitro activities of chloroquine and quinine of the Gambian isolates with the asn-86 and tyr-86 pfindrl
mutations. Median ICsgs are shown.
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In another study, the relationship between transporter genes and in vitro susceptibility of P.
Jalciparum isolates from Thai-Burma border was examined. In vitro susceptibility was measured
by the method of Desjardins'’. PCR and sequencing were used to identify SNPs in the pfmdrl
gene or genes for other transporters. Weak associations were observed between the pfindrl-184
mutation and in vitro susceptibility to qunine (Table 24). Also, association was seen between
mutation in the G7 gene and activity of quinine against P. falciparum in vitro.

In summary, a study showed that P. falciparum with resistance to quinine can be selected in vivo.
Variable results were obtained in the 5 studies that evaluated the correlation between in vitro
susceptibility of strains and/or isolates from different regions and mutations in the pfmdrl gene.
Some studies showed an association between mutations in the pfindr! gene and reduced
susceptibility to quinine in vitro while others did not. No attempt was made to correlate mutation
changes or copy number changes in pfimdr] gene with clinical outcome of patients treated with
quinine.
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Table 24: Association between SNPs in 10 putative transporter genes and ICs;s for eight antimalarial drugs.

Aming Freq. P sihie
CGicne Prodicied product Pasition Aucid . Vultk‘l)lldc N uuluulnr’\
change” change vinant? <O ON AQ AS tUM  bHA DON MFO
phndr ABC transportes Hb N-Y AAT-TAT 108 104 0357 080 DN ETe 039 OSS 17IT ony
134 Y-k TALTTT s 1 (405 RO 0374 0023 D3 0870 0568 5020
T3 S-¢ ,‘\(Jl l(;l 07 107 Ni NI Nt N1 Nt Nt NI NI
042 N-D 10N N 0.7 0062 0635 a4l 0.000 11270 0.763 0.000
1246 D-y 100 103 hY] N1 Ni Ni NI NJ NI IN]
G2 ABC transporter 191 ¥-H 7 wri N Nt NI NI Ni NI N Nt
437 A 1> v .14y [IA] [IT14] {Hyus 0.304 [IXIDX) 0420 0,768
G7 ABC trimsporter 1396 &1 1134 Pl Q06 0015 D22 042 0330 25K 072 (e
G2 Sulfate rransportes Intron G-A 1y 7 U770 GX3R% 0 02230 07020 4L13NS Dels 007 H.579
G30 (FI'Pasc Intron -G [0 1 0,289 (.870) (L85 [TV [IXIRH [iXt01 Y77 [y
G47 Glyeine 241 Y T l/\ GTA tus RS 036 OORS  O3ES DASO 028 0702 09es gy
transporter
G ABCATPase 146 Ok CAN-GAA 1 {23 oY D937 (711 Qoo 02wy 0117 (R
{15733 K-l AAA-ATA 1y 2 1).260 0.3 0.638 [ERITY u.4du} R3] (s17?
LR T I | TTAATA 108 o Q063 DT Q435 G203 051 0o k7
G54 Membraue protein 14] vy TACTAT 102 34 1.2y 0194 QRIK l6s  1)75] 0,963
- T-1 ALG-ACA HIM 34 0.209 0193 08N naed 23] Y3
(53 ABC transporter Intron &2 NA 117 &t 0227 0475 04 ntel D6BS 0429 o3y
G Choline 105 E-K GAAN-AAA 102 32 (L3355 H86h (022 Y7 0865 Y5 0557

mmsporler

ate examined. Drug, abbreviamions ace ws described i the text. We used 1 tests (o
compare JCqs in purasites with polymorphisms, and significant results (£ - are shown i bold, Both polvmarphiism dases and 1, s are listed in the supplemental
m.m.ndl online. Comparisons that were significant in Mu ¢ al.'s sowtheast Asinn dati sct (14) are shown anderlined FCO and ON columns onlyvy.
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196, Some Jovi showed insufticient variation (<2 alleles with one aliehe state): (hese are labeled Ni.
© NAL not apphicable.
“ Frequency of common variant,

“ Plert is not inchided in the tubly hecause it waus monamarphic in all hut one i

3.5. CROSS-RESISTANCE: ‘

Cross-resistance between quinine and mefloquine was observed in Plasmodium species in. vitro
and in vivo.

3.5.1. In vitro:

The development of cross-re31stance between mefloquine and quinine was examined in 2 strains
of P. falczparum in vitro®®. The K1 and W2mef strains of P. Jfalciparum were exposed to
increasing concentrations of mefloquine to select for isolates with reduced susceptibility to
mefloquine. In vitro susceptibility of isolates was measured. However, details of the method used
for susceptibility testing were not included in the publication. A correlation was observed
between mefloquine and quinine ICsp values (Table 25). Expression of PghlA, the protein
product of pfmdrl, was measured by western blotting and the protein signal quantified using a
phosphoimager. The correlation between Pghl expression and in vitro susceptibility to quinine
and mefloquine was variable. For example, in the K1mef strain, an increase in quinine ICs, value
by 2.3 fold correlated with a 2-fold increase in Pghl expression while in the W2mef strain, a 1.5-
fold increase in quinine ICsp value resulted in a 2.6 fold increase in Pghl expression. These
results should be interpreted with caution as only 2 strains were tested and the clinical
significance of this finding is not known.

Table 25: Summary of drug sensitivity of isolates selected after mefloquine drug pressure.

ICso, mg/ml . - Pght
Strain Mefloqui Hadofantrine  Chloroqui Quinine  Amodiaguine  expression®
X1 24 7.8 446.9 127.1 199 1x01
Klmef 50.1 12 2461 295.3 16.2 2x03
Klmef? 9.2 1.2 316.3 288.4 199 26 > 04
W2mef 58.88 129 194.98 239.9 i2.3 19+ 04
W2mef? 1.2 129 125.89 190.6 129 2605
W2mef? 83.18 268 9%.8 309 15.1 42 =06

‘;’hese figures are from five independ peri s and are lized 10 Pghl expression in strain
D7.

AdOD 9jqissOd 1584
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In another study®’, the FCN strain of P. falciparum was exposed to mefloquine concentration of
4.68 ng/ml and then re-exposed to mefloquine 2.34 ng/ml or 9.37 ng/ml. After 11 weeks of
exposure, the mefloquine ICsp values increased above threshold for resistance (30 — 40 nmol/L).
The basis for this threshold was not specified. The parasites were then cultured in drug free
media for 4 weeks and ICso determined. For in vitro susceptibility paras1te cultures were exposed
to drug and [*H]-hypoxanthine in RPMI medium and incubated in a candle jar at 37°C for 48
hours. Incorporation of radiolabel was measured and ICso determined.

The results in Figure 19 show that isolates with high mefloquine ICsy values also showed increase
in halofantrine ICso and quinine ICs values. However, the quinine ICsq values were not above the
threshold for quinine resistance (quinine ICso = 600 nmol/L). Please note that the basis for the
resistance thresholds was not specified. This study suggests that there is no cross-resitance
between mefloquine and quinine against the P. falciparum FCN strain in vitro.

Figure 19: Evolution of the drug sensitivity profile of the FCN1 strain of P. falciparum after 11 weeks of mefloquine
pressure. ICsy = 50% inhibitory concentration.
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In another study’®, the correlation between the in vitro activity of quinine and mefloquine or
halofantrine against clinical isolates from Afrlca was examined. The in vitro activity was
measured using a modified method of Des;ardms . The incubation period was modified. Cultures
were incubated for 42 hours before addition of [ H]-hypoxanthine. The results in Table 26 show
that the activity of quinine correlated with the activity of mefloquine (r = 0.086) or halofantrine (r
= 0.028). However, the correlation was not significant. Thus, the clinical significance of the in
vitro correlation between quinine and mefloquine is not known.

Table 26. Correlation of in vitro responses of African isolates of Plasmodium falciparum to quinoline compounds, halofantrine,
and artemisinin.

Brog par R s
Ch!aroqumz Quinine 0,651 <0.001
Chloroquine  Mefloquine -0.405 0.02%
Chlorogquine  Halofantrine  —0.352 0.037
Quinine Mefloquine D086 N8
Quinine Halofanirine D028 N§
Mefloquine Halofantrine 0.863 <000}
Arternisinin - Chloroquine —0,399 HEG T
Artemisinin Quining —0.065 NS
Anemisinin - Mefloguine 0,424 0.022
Arwemisinin Halofanirine .569% "‘G.G‘Oi

* Seormzan s cank-order sorrelation coellitions (n = 36},
1 NS = nooaignilieany,

3.5.2: In vivo:
The in vivo cross-resistance between quinine and mefloquine was examined using a mefloquine-

resistant P. berghei strain in mice (see section 3.3.1). There was a 4-fold increase in the SDsy
value for quinine against the mefloquine-resistant strain compared to the sensitive strain,
suggesting a likelihood of cross-resistance between these drugs (Table 15).

3.5.3. Clinical significance of cross-resistance to mefloquine:

The clinical significance of cross-resistance between quinine and mefloquine was examined®’.
Twenty-four patients who showed either a RI (n = 22) or RII (n = 2) response to treatment with
600 mg quinine administered orally every 8 hours for 7, 10 or 14 days alone or in combination
with standard dose of sulfadoxine-pyrimethamine were treated with mefloquine (1000 to 1250
mg). All patients had a successful parasitological outcome with mefloquine at 28 days.
Evaluation of patients with RII responses to quinine would be useful to better understand the
clinical significance of decrease in the in vitro susceptibility of clinical isolates to mefloquine and
quinine.

In summary, mefloquine appears to be effective in the treatment of patients with RI and RII
responses to quinine therapy even though a correlation between quinine and mefloquine ICso
values against some clinical isolates has been observed in vitro. However, data evaluating the
effectiveness of mefloquine in patients with RIII responses to quinine therapy were not available.
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3.6. DRUG COMBINATION:

The activity of quinine in combination with other antimalarials (for example, clindamycin,
chloroquine, artesiminin, artesunate or quinidine) was examined in vitro or in vivo.

3.6.1. In vitro:

The activity of quinine in combination with other antimalarial drugs was measured using
chloroquine-sensitive and chloroquine-resistant strains of P. falciparum in 4 studies. The criteria
for classifying the strain as chloroquine-resistant were not specified. The checkerboard titration
using either the Desjardins radiolabelled hypoxanthine uptake assay or the Reickman’s schizont
maturation method was used to measure activity. The fractional inhibitory concentration (FIC)
was provided in one study and was calculated as follows:

FIC = (ICso ofdrug A+B/IC50 ofdrug A) + (IC50 ofdrug A+B/IC50 ofdrug B)

A FIC value of >1.0 but <2.0 represents additivity, a value of <1.0 represents synergy, and a value
of >2.0 represents antagonism between the two drugs that were used in combination. The activity
of quinine plus chloroquine was additive against the chloroquine-resistant strain and antagonistic
against the chloroquine-sensitive strain (Table 27). The activity of quinine in combination with
clindamycin was synergistic against both the falciparum strains. The activity of quinine in
combination with artemisinin varied from antagonistic to synergistic against different strains. The
activity of quinine in combination with quinidine was additive.
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3.6.2. In vivo:

The activity of quinine in combination with chloroquine or clindamycin was examined in mice
using the NF54 (chloroquine-sensitive) and K1 (chloroquine-resistant) strains of P. chaubaudi®’.
Mice were infected by intravenous inoculation of parasitized erythrocytes (107) and administered
different doses of the drugs by the subcutaneous or intraperitoneal route on the day of infection
and for 3 additional days. Blood smears were prepared on day 5 to determine parasite count and
SDso values calculated. The ratio of the SDsg values of the drug combination relative to the SDsg
values of individual drugs were determined and plotted as an isobologram. The raw data was not
provided. The combination of quinine with clindamycin was synergistic in vivo and similar to
that observed in vitro (Tables 27 and 28). However, unlike the observation in vitro, quinine in
combination with chloroquine was antagonistic against the chloroquine-resistant strain K1 and
additive against the chloroquine-sensitive strain NF54.

Table 28: Drug combination response against P. chaubaudi strain in vivo.

Study Animal/ Inoculum of | Drug route/ | Strain Resistant to Drug Activity#
Plasmodium parasitized duration drug* combination
species erythrocytes
(route)
Rahman Mice/ 107 (IV) IP or SC for | NF54 none Quinine + Additive
(1997 | P. chabaudi ‘ 3 days chloroquine
NF54 none Quinine + Synergism
clindamycin
K1 chloroquine Quinine + Antagonism
chloroquine
Kl chloroquine Quinine + Synergism
clindamycin

* stated by author; interpretive criteria not specified
#based on 4 day suppressive test

4. CLINICAL MICROBIOLOGY:

The sponsor included data from 11 publications that describe randomized studies evaluating the
efficacy of oral quinine for the treatment of uncomplicated P. falciparum malaria (Table 29). The
comparators in these studies were chloroquinine, mefloquinine, sulfadoxin-pyrimethamine,
artesunate or a combination of these antimalarials with or without quinine. Of the 11 studies,
only one study by Watt (1988)41 was blinded. The study was conducted in the Philippines and
compared the efficacy of quinine to chloroquine in 20 patients with P. falciparum malaria and
did not evaluate recrudescence. In addition, there were 5 studies that evaluated the efficacy of
quinine in combination with tetracycline, chloroquine, clindamycin or sulfadoxin-pyrimethamine
for the treatment of uncomplicated P. falciparum malaria (Table 30). These publications were
identified by searching OLDMEDLINE, MEDLINE®, EMBASE®, JICST-Eplus and Biosis
Previews for the period 1951 to date of NDA submission. A total of 382 patients from
Philippines, Thailand, Congo, Venezuela, Bangladesh, Vietnam, and Gabon received oral
quinine for 7 days. Please note that the DeVries study (2000)** was an extension of the Bich
study (1996)*.
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The quinine dose used in these studies was 10 mg (sulfate salt)/kg TID for 7 days. Two studies
used a 650 mg quinine sulfate TID for 5 or 6 days and one study used 3 doses of 12 mg/kg.
Studies that evaluated the 3 day regimen of quinine sulfate were only tested in combination with
other drugs. ‘

4.1. Description of clinical studies:

Inclusion criteria in the clinical studies were uncomplicated P. falciparum malaria diagnosed by
Giemsa stained thin and/or thick smears and/or a specified P. falciparum parasite density. The
parasite densities in these studies ranged from 32 to 569,722 parasites/pLl. Patients with severe
malaria or who are unable to take oral drugs or who used antimalarials 2 to 7 days prior to study
start, and patients with mixed infections were excluded. Patients underwent parasitological
evaluations up to 28 days after initiation of therapy in 9 of the 11 studies. In the remaining 2
studies, parasitological evaluations were performed until parasite clearance or until day 63. The
parasitological response at day 28 was defined as:

Sensitive (S) = Clearance of parasite within 7 days and no recrudescence within 28 days
Resistant (RI) = Clearance of parasite within 7 days but recrudescence by day 28
Resistant (RII) = Marked reduction of parasitemia and no clearance by day 7

Resistant (RIII) = No marked reduction in parasitemia within first 48 hours

The primary endpoint of these studies was parasitological cure (ie., a sensitive response).
Clinical outcome was not measured. The cure rates at day 28 ranged from 79 to 100% in these
studies (Table 29). The recrudescence rate or level of RI resistance was up to 16%. The level of
RII and RIII resistance was <3% and <6%, respectively. The fever clearance time (FCT) and
parasite clearance time (PCT) were determined in 7 of the 11 studies. The FCT was defined as
the interval from the start of treatment until body temperature returned to normal and remained
in the normal range for 24 to 48 hours. The FCT in patients treated with quinine ranged from 4 to
152 hours. The PCT was defined as the interval from start of treatment to first of 2 or 3
consecutive negative blood smears. The PCT for quinine treated patients ranged from 24 to 128
hours.

Gametocyte counts using Giemsa stained thick smear was determined in the study by
Pukrittayakamee (2004)44. The results of the gametocyte clearance time were shown graphically
for the different treatment groups (Figure 20). The median gametocyte clearance time (200
hours) was longer than the median asexual parasite clearance time (80 hours) in patients treated
with quinine.
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Besides microscopic examination, genotying of the merozoite surface protein 1 (MSP1),
merozoite surface protein 2 (MSP2), and §lutamine rich protein (GLURP) using PCR was
performed in a study by McGready (2000)*. The genotyping of baseline and post-treatment
isolate was used to differentiate recrudescence from new infection. However, details of the
method used for performing the assay, its validation for the purpose of detection of new
infections, and actual results were not included in the publication. Based on the genotypic
analysis in this study, 9 patients who received quinine had recrudescence and 1 patient had a new
infection. For the purpose of this review, all patients who developed parasitemia at day 28 were
considered failures due to limited information regarding genotyping and phenotyping.

Quinine in combination with tetracycline or clindamycin was more effective then quinine alone
in two studies performed in Thailand by the same investigators** *®. Five additional studies
evaluated the efficacy of quinine in combination with tetracycline, chloroquine, sulfadoxin-
pyrimethamine or clindamycin (Table 30). These studies did not have a quinine monotherapy
arm. The parasitological cure rates for quinine plus tetracycline, and quinine plus clindamycin
were >95%, and 88%, respectively. The efficacy of quinine (12 mg/kg, 3 doses) with
clindamycin (5 mg/kg, 3 doses) or doxycycline (2 mg/kg, 3 doses) was evaluated in one study
where the combinations with either clindamycin or doxycycline were more effective than quinine
alone”’. However, please note that the dose of quinine in this study was lower than most other
studies. The combination of quinine with tetracycline may be useful in areas were quinine

resistance is reported.

4.2. Interpretive criteria:

There are no standardized methods for measuring in vitro susceptibility of antimalarial drugs
against Plasmodium and no interpretive criteria have been established.
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5. DISCUSSION:

The sponsor has requested approval of quinine sulfate capsule (2 x 648 mg/kg TID for 7
days) for the treatment of uncomplicated P. falciparum malaria.

Quinine is an alkaloid derived from the cinchona bark. 3-Hydroxyquinine is the major
metabolite of quinine in the body.

Mechanism of action:

Quinine can interact with hemazoin in parasitized erythrocytes. Inhibition of nucleic acid and
protein synthesis in P. falciparum parasitized erythrocytes was observed within 4 hours of
exposure to quinine and inhibition of glycolysis within 9 hours. A concentration of quinine (18.7
ug/ml) that was 27-fold higher than that required for inhibition of parasite growth in vitro was
shown to inhibit heme polymerase activity in lysates of parasitized erythrocytes. In vitro,
quinine-hemazoin complex can lead to lipid peroxidation in liposomes. However, quinine did not
have an effect on degradation of heme or accumulation of hemoglobin. The drug was also shown
to inhibit release of tumor necrosis factor-alpha from macrophages, which may prevent
progression of the disease. However, the precise mechanism by which quinine exhibits
antiplasmodial activity is not well understood.

Activity in vitro:

Quinine and its metabolite, 3-hydroxyquinine, was active against the erythrocytic stages of P.
Jalciparum. The activity of quinine was measured against laboratory strains (n = 13) and several
clinical isolates (n = 129) from Thailand, Bangladesh, and Africa. Please note that methods to
evaluate in vitro susceptibility of P. falciparum to antimalarial drugs are not standardized. The
antiparasitic activity was measured by incorporation of [3H]-hyp0xanthine or by microscopic
observations. A majority of these studies were done by incubating the asynchronous parasites
with the drug for 24 to 72 hours. The results expressed as 50% inhibitory concentration (ICsq)
show the quinine ICso values against the laboratory strains or clinical isolates to < 0.68 pg/ml.
The metabolite (ICso <1.03 pg/ml) was less active than the parent drug. The activity of
metabolites other than 3-hydroxyquinine, was not examined in vitro. Quinine was less active
than its isomer, quinidine, and other antimalarials such as chloroquine and mefloquine.

Quinine was more active against the schizont stage than the trophozoite or ring stages. The in
vitro activity of quinine against the gametocyte stage of P. falciparum was not examined. The
quinine ICso values against strains that were freeze thawed and culture adapted were 2 to 5 fold
higher than that against fresh cultures.

No studies were done to demonstrate the in vitro activity of quinine against the hepatic stages of
the Plasmodium species.
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Activity in vivo:

The activity. of quinine was measured against the erythrocytic forms of P. berghei, P. yoelii, P.
chaubaudi, and P. cynomolgi in mice or monkeys.

In mice infected intraperitoneally with P. berghei (chloroquinine-resistant or -sensitive strain)
and treated at the time of infection with oral quinine or quinidine, a 50% reduction in parasitemia
was observed at a dose of < 35.44 + 13.77 mg/kg, and <24.81 £ 6.55 mg/kg, respectively. A 4-

.fold higher concentration of quinine was required against the mefloquine-resistant strain,
suggesting cross-resistance between quinine and mefloquine. Higher concentrations were also
required against a quinine-resistance strain. However, details of how the quinine-resistant strain
was derived were not provided.

The quinine SDsp in mice infected with a multi drug-resistant P. yoelii strain was similar to that
observed with the P. berghei chloroquine-resistant strain.

In another study, the intraperitoneal or subcutaneous quinine doses for suppression of
parasitemia in mice infected intravenously with P. chaubaudi chloroquine-resistant and
chloroquine-sensitive strains were similar to that seen in the P. berghei and P. yoelii murine
models.

Recrudescence was not examined in any of the studies using the mouse model. Also, no
mformation was available on parasite clearance times.

Oral quinine (31.6 mg/kg for 7 days) administered 4 days after infection was effective in curing
2 monkeys infected with P. cynomolgi. No recrudescence was observed in the 30 day follow-up
period after splenectomy. A lower dose of chloroquine (10 mg/kg for 7 days) was required to
achieve the same effect. The time to parasite clearance was not specified in this study.

The activity of quinine against hepatic stages of the Plasmodium species was not examined in
Vivo.

Resistance:

A potential for resistance development by P. falciparum to quinine was examined in vivo. Serial
passage of the erythrocytic forms of P. falciparum Panama II strain in Aotus monkeys treated
with subcurative doses of quinine resulted in a strain with uniform resistance to quinine.
Monkeys infected with the resistant strain showed RII and RIII type responses when treated with
125 mg/kg dose of quinine for 14 days.

In patients with uncomplicated malaria, the level of RI, RII, and RIII resistance reported in
patients treated with quinine (10 mg/kg TID for 7 days) from different areas of South America,
Southeast Asia and Bangaldesh was <16%, <3%, and <6%, respectively. In the absence of
genotyping and phenotyping, it is unclear whether the recrudescence is due to resistance.
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Cross-resistance:

Cross-resistance between quinine and mefloquine was observed in 2 strains of P. falciparum
when exposed to mefloquine pressure. In contrast, no cross-resistance was observed between the
2 drugs against strains selected after exposure of the FCN strain of P. falciparum to mefloquine
pressure in another study. Although, a positive correlation was observed between the in vitro
activity of quinine and mefloquine or halofantrine, suggesting a likelihood of development of
cross-resistance between the two drugs, mefloquine was successful in the treatment of patients
who showed RI or RII response to quinine.

Drug combination

The in vitro activity of quinine in combination with other drugs against P. falciparum was
measured. A combination of quinine with clindamycin was synergistic against P. falciparum.
The activity of quinine in combination with quinidine was additive against P. falciparum. The
activity of quinine in combination with artemisinin varied from antagonistic to synergistic
against different strains. The combination of quinine with chloroquine was additive against the
chloroquine-resistant P. falciparum strain and antagonistic against the chloroquine-sensitive P.
Jalciparum strain.

The activity of quinine in combination with chloroquine or clindamycin was examined in mice
using the NF54 (chloroquine-sensitive) and K1 (chloroquine-resistant) strains of P. chaubaudi. A
combination of quinine with clindamycin was synergistic. Quinine in combination with
chloroquine was antagonistic against the chloroquine-resistant K1 strain of P. chaubaudi and
additive against the chloroquine-sensitive NF54 strain of P. chaubaudi. This result was in
contrast to that observed in vitro using the P. falciparum strain

Clinical Microbiology

Eleven randomized studies evaluated the efficacy of quinine (10 mg/kg TID for 7 days) in 382
patients with P. falciparum malaria. These studies were conducted in Philippines, Thailand,
Congo, Venezuela, Bangladesh, Vietnam, and Gabon. The cure rates at day 28 ranged from 79 to
100% in these studies (Table 29). The recrudescence rate or level of RI resistance was up to
16%. The level of RII and RIII resistance were <3% and <6%, respectively. Only one study
performed genotyping of the MSP1, MSP2 and GLURP genes to differentiate recrudescence
from new infection. However, no details regarding methodology used, method validation, and
raw data were included in the publication. Based on limited data, recrudescence cannot be
differentiated from new infections or resistant parasites.

In a study that determined gametocyte counts, the median gametocyte clearance time (200 hours)
was longer than the median asexual parasite clearance time (80 hours) in patients treated with
quinine.
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Studies that evaluated the efficacy of 3 day regimen of quinine monotherapy were not included.
The 3 day regimen of quinine was examined in combination with other drugs. Quinine in
combination with tetracycline or clindamycin was more effective then quinine alone in two
studies performed in Thailand by the same investigator. Other studies that evaluated the
combination of quinine with tetracycline or quinine with clindamycin did not have a quinine
monotherapy arm for comparison. The parasitological cure rates in patients treated with quinine
plus tetracycline was >95% and in those treated with quinine with clindamycin was 88%.
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This NDA is approvable with respect to Microbiology pending an accepted version of the label.
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