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ABSTRACT

Malaria is one of the most harmful diseases on the globe. According to the World Health Organization (WHO), several
million people die every year from malaria, and most of them are children. Hundreds of millions of fresh cases of ma-
laria are registered by the WHO every year, and more than one-third of the earth’s population lives in malaria-endemic
areas. Primaquine is an important antimalarial drug because it has gametocytocidal properties and prevents relapse in
most cases. However, primaquine is a highly toxic substance, especially to the Negroid race (in Africa, Australia and
North, Latin and South America) and some others. Negroid male children are most vulnerable to the toxic effects of
primaquine. The toxicity of primaquine can be enhanced in mixtures with other antimalarial drugs. In the present study,
unprocessed primaquine and primaquine tablets highly contaminated with quinocide (I. Brondz, Historical Overview of
Chromatography and Related Techniques in Analysis of Antimalarial Drug Primaquine (Editor 1. Brondz), Nova Sci-
ence Publishers, Inc. (2011) ISSN 978-1-61761-944-1) are discussed versus monoenantiomeric primaquine as a drug.
The contamination of primaquine with quinocide enhances the toxicity of primaquine by additive or synergistic action.
The use of contaminated primaquine can be harmful. Development of a useful antimalarial vaccine can take a decade or
longer. This paper describes the possibility of preparing antimalarial generic monoenantiomeric primaquine, free of
both quinocide contamination and the ineffective enantiomer of primaquine, using fractionation by supercritical fluid
chromatography equipped with a new experimental High Resolution Isomer Column (HRIC). By this approach, it is pos-
sible to produce a significant amount of pharmacologically active enantiomer of primaquine at relatively low cost for a
broad range of patients sensitive to contaminated primaquine. Leading pharmacopoeias should no longer deny the pre-
sence of the toxic contaminant quinocide in relatively high concentrations in unprocessed primaquine and in prima-
quine tablets. New standards for antimalarial primaquine diphosphate tablets must be adopted in pharmacopoeias and
by the pharmaceutical industry.
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1. Introduction
1.1. The Background to the Problem

Primaquine is a useful antimalarial drug with gametocy-
tocidal activity that is in use to prevent relapse [1]. Pre-
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viously, at the 3rd International Symposium on Separa-
tion in BioSciences (SBS 2003), “100 Years of Chroma-
tography” [2], evidence had been presented about the
contamination of raw primaquine used in industry with
the toxic substance quinocide, in percentages higher than
were allowed in the British Pharmacopoeia (BP) [3-7],
European Pharmacopoeia (EP) [8,9] and United States
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Pharmacopoeia (USP) at the time of the presentation.
Since then, unequivocal evidence has been presented by
the research team of Brondz [10-23]. Some of these pa-
pers were published in well-known journals, such as the
Journal of Chromatography B [10], Asian Journal of Che-
mistry [12], Journal of Pharmaceutical and Biomedical
Analysis [16] and Journal of Chromatography A [18]. The
findings were supported independently by another team
of scientists [24]. Studies [10-23] used High Performance
Liquid Chromatography (HPLC), HPLC-MS, GC, GC-MS
and GC-MS with SMB, SFC and SFC-MS, but in [24],
the contaminant quinocide in primaquine was measured
by capillary electrophoresis. It is very surprising that all
leading pharmacopeias are silent about the contamination
of primaquine with quinocide, and about the presence of
the less potent, or “silent”, isomer of primaquine, which
can constitute up to half the total primaquine dosage. Pri-
maquine is a toxic drug, and the silent isomer is more
toxic than the potent isomer.

1.2. The Toxicity of Primaquine

Primaquine is a toxic substance; its curative dose is not
far from the toxic dose. Primaquine belongs to the 8-
aminoquinoline family of substances. The 8-aminoqui-
nolines and primaquine exhibit several toxic effects [25-
38]. The main concern about the use of 8-aminoquino-
lines is the sensitivity of erythrocytes to primaquine alone
and in combination with other antimalarial drugs. Some
ethnic groups, such as Sardinians, Sephardic Jews, Greeks,
Iranians and general Negroid races demonstrate a hemo-
lytic reaction even to a normal dosage of the drug [39].

In people with a deficit of the enzyme diaphorase I
(NADH methemoglobin reductase), the administration of
a normal dose or even half the normal dose can be life
threatening. A deficiency in cofactor NADPH results in
methemoglobinemia [40].

It was demonstrated that an increased level of con-
tamination of primaquine with quinocide increases the
toxicity in an in vitro model [10]. Quinocide exhibits
additive and synergistic toxicity with other antimalarial
drugs [41].

1.3. Antimalarial and Toxic Effects of
Primaquine

In contrast to the first natural antimalarial drug, quinine,
primaquine is not antipyretic, analgesic or musculotropic.
Primaquine exhibits strong gametocytocidal activity
against all four species of Plasmodium that infect hu-
mans. It is especially active against the gametocytes of P.
falciparum. Much attention has been directed toward
primaquine since it was recognized that chloroquine does
not prevent relapses in patients infected with certain strains
of P. vivax. 8-Aminoquinolines, especially primaquine,
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have become the most valuable drugs in terms of potency
against exoerythrocytic forms of P. vivax and P. falcipa-
rum. The drug is effective against the asexual blood
forms of P. vivax. The ability of primaquine to serve as a
killer drug for Plasmodium hypnozoites and gametocytes
is still under discussion. Primaquine affects the ubi-
quinone function in the respiratory chain [10,42] and
impairs the metabolism of the parasites’ mitochondria.
The ability of primaquine and quinocide to interfere with
the electron transport system (in vitro model) has been
taken as a criterion for the substances’ toxicity [10]. It is
well documented that some drugs strongly potentiate the
toxic effects of primaquine for hemolysis and suppres-
sion of myeloid elements of the bone marrow. The con-
comitant use of quinacrine with primaquine is contrain-
dicated. The mixture of 6.0% quinocide with primaquine
is twice as toxic as the mixture of 0.5% quinocide with
primaquine [10].

1.4. The Difference between Antimalarial and
Toxic Activities of | somers and Enantiomers
of Primaquine

Olenick and Hahn [43] and later Baker et al. [44] de-
scribed the main metabolites in primaquine. The studies
of Baker et al. are very important in understanding the
toxic effects of a mixture of primaquine with quinocide,
because they studied the effects of aliphatic sidechain
substituents on the antimalarial activity and on the meta-
bolism of primaquine. Quinocide is an isomer of prima-
quine with a difference in the aliphatic side-chain. Qui-
nocide is a constitutional isomer of primaquine. Prima-
quine is methyl-substituted at position 1’ in the alipha-
tic side-chain, whereas quinocide is methyl-substituted at
position 4’ in the aliphatic side-chain. This difference in
the aliphatic side-chain contributes to the significant me-
tabolic activity of one of the isomers. In general, the
placement of the methyl group at either position 1’ or
position 4’ slows the rate of metabolism only two- to
three-fold, whereas the rate of attack adjacent to the more
basic nitrogen is one to two orders of magnitude higher,
regardless of the placement of the methyl group [44].
This fact can explain the higher toxicity of quinocide re-
lative to primaquine [10].

Primaquine itself consists of two enantiomers, but it is
not racemic. Pharmacopeias give no information about
the percentage of the (—)-enantiomer and the (+)-enan-
tiomer present in the drug primaquine diphosphate. How-
ever, the (+)-enantiomer is significantly more toxic than
the (—)-enantiomer. In the rodent model described in [45,
46], the (+)-enantiomer was more toxic than the (-)-en-
antiomer. The (—)-enantiomer of primaquine is trans-
formed preferentially by mitochondrial enzymes though
o-oxidation to (—)-carboxyprimaquine, which has a rela-
tively low toxicity [47]. The faster transformation of the
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(-)-enantiomer of primaquine to (—)-carboxyprimaquine
than the (+)-enantiomer of primaquine can be a possible
explanation for the lesser toxic effect of the (—)-enan-
tiomer of primaquine in the study [45]. However, the (+)-
enantiomer of primaquine was found to be 6.7-fold more
potent than the (—)-enantiomer of primaquine against the
non-human-infecting P. yodel parasite [48].

The production of primaquine with less than 0.4% qui-
nocide contamination is needed. The existing level of
contamination allowed by pharmacopoeias is not ac-
ceptable and is indefensible. The only reason for holding
the permissible level of contamination as high as 1.5% is
to allow the pharmaceutical industry to gain unreason-
able profits [23].

The differences between the toxicity and antiplasmo-
dium activity of the (-)-enantiomer of primaquine versus
the (+)-enantiomer of primaquine are obvious and cannot
be overlooked. The methodology for the production of
monoenantiomeric primaquine (a more pharmacologi-
cally active and less toxic enantiomer) with minimal con-
tamination with quinocide would be preferable for pri-
magquine-sensitive patients because of the reduction in
the required dose. An attempt to prepare monoenantio-
meric primaquine has been claimed in a patent by Walker
L., Tekwani B. and Tripathi M. (Patent Application Pub.
No. US 2007/0190188 Al of August 16, 2007). In this
patent, the process previously described by Schmidt et al.
[45] in 1977 and Carroll et al. [49] in 1978 was noted.
Because the process was described and published more
than thirty years earlier, the patent should not be ac-
cepted as original and as a first-hand claim; more details
are given in [23]. However, the most pronounced short-
coming of this technology is the contamination of the
enantiomer with quinocide and the inability of this pro-
cess to produce the uncontaminated substance; more de-
tails of this are given in [23], pp. 177-179. The produc-
tion of monoenantiomeric primaquine free of the toxic
contaminant quinocide is now possible. As was shown by
Schmidt et al. [45] and Baker et al. [46], and even re-
peated by Walker, Tekwani and Tripathi in their 2007
patent application, it is possible to achieve a three- to
five-fold reduction in the pharmacologically active dose
of monoenantiomeric primaquine versus to the prima-
quine used today.

2. Materialsand M ethods
2.1. Sample Preparation

Primaquine diphosphate of pro analysis (p.a.) quality
(batch 16039; Sigma-Aldrich Chemie GmbH, Steinheim,
Germany) and quality standard quinocide dihydrochlo-
ride (batch 17172) were used [11,12]. The following so-
lutions were prepared in 10 mL of organic modifier,
comprising EtOH (Arcus, Oslo, Norway) with 0.4% (v/v)
diethylamine (Merck, Darmstadt, Germany): mixture 1
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was 95% primaquine/5% quinocide (mol/mol) and mix-
ture 2 was 95% quinocide/5% primaquine (mol/mol).

2.2. SFC-M S Instrumentation Used for
High-Speed Separation of Quinocide from
Primaquine and for Resolution of the
Primaquine Enantiomersand Their
Separ ation from Quinocide in One Run

A MiniGram SFC (Berger Instruments Inc., USA) with
SFC-ProNTo software (Berger Instruments Inc.) was
equipped with a K-2501 UV detector (Advanced Scien-
tific Instruments Dr. Ing. Herbert Knauer GmbH, Berlin,
Germany). The MiniGram SFC was equipped with a
fixed splitter that diverted part of the flow stream to feed
the mass spectrometer in proportions 10/1 (UV/MS). The
connecting line to the mass spectrometer was through
T-form tubing equipped with a manually operated mi-
crovalve and a capillary restrictor. The Micromass PLCZ
4190 mass spectrometer equipped with electrospray ioni-
zation (ESI) with MassLynx 4.0 software (Waters-Mi-
cromass, Manchester, UK) was used. The instrument had
been previously calibrated with sodium iodide and ope-
rated in the positive charge mode.

2.3. The Columns Used

A Discovery” HS F5 column (250 mm long with a 4.6
mm i. d. and 6 um particle size; Supelco, Bellefonte, PA,
USA), a YMC-Pack C30 column (250 mm long with a
4.6 mm i. d. and 5 um particle size; YMC Co., Ltd., YMC
Karasuma-Gojo, Kyoto, Japan) and an experimental HRIC
column with high isomer resolution (250 mm long with a
4.6 mm i. d. and 5 pm particle size; Jupiter Ltd., Norway)
were used.

2.4. Mode of Operation of SFC-MSand
Conditions of Detection

Isocratic chromatography was performed using CO, in
the supercritical state with 20% organic modifier (EtOH/
0.4% diethylamine (v/v)) in experiments with a Disco-
very” HS F5 column and an YMC-Pack C30 column.
Isocratic chromatography was performed using CO, in
the supercritical state with 15% organic modifier (EtOH/
0.4% diethylamine (v/v)) in experiments with an experi-
mental HRIC column with high resolution of isomers. At
the end of the analysis, the manually operated microvalve
was closed, thus closing the flow of eluate to the mass
spectrometer; the tubing directing the eluate to the waste
flow restrictor was then opened. The percentage of modi-
fier in the eluate was increased to 50% at a rate of 10%
per min, and then held at 50% for 3 min. It was then re-
duced to the level required for analysis at a rate of 10%
per min, where it was held for 3 min to stabilize the
column. The manually operated microvalve was then re-
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opened to direct the eluate to the mass spectrometer for 3
min before the start of the analysis.

UV detection was performed at a wavelength of 261
nm. The MS conditions were a cone voltage of 60 V,
extractor voltage of 12 V, capillary voltage of 4.5 kV, ion
energy of 1.0 V, multiplier at 400 V, analyzer vacuum of
2.6 kPa and a desolvation gas flow of 495 L-h™'. The
mass-to-charge ratio was scanned automatically in the
range of 80 to 400. The presence of primaquine and qui-
nocide in chromatograms were analytically detected by
MS and compared with the mass spectra of MS spectra
of these substances published in the literature [16,17,19-
23].

3. Results and Discussion

The separation of primaquine from quinocide in mixtures
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1 and 2 on a Discovery” HS F5 column is shown in Fig-
ure 1 as red and blue lines, respectively. For a compari-
son of the effectiveness of separation of these substances,
Figure 1 shows the high-speed separation of primaquine
and quinocide in mixture 1 on an YMC-Pack C30 co-
lumn (black line).

The resolution of enantiomers of primaquine and sepa-
ration of quinocide from them in a single run on HRIC is
shown in Figure 2.

It is obvious that the YMC-Pack C30 column has the
same separation ability for these substances as a Disco-
Very® HS F5 column; however, the time of analysis is much
shorter on the YMC-Pack C30 column. This column has
the advantage in analysis of primaquine in the unpro-
cessed raw state and in tablets (medical form) because of
the shorter time requirement. Neither Discovery” HS F5
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Figure 1. Thered line (the major peak at 8 min is primaquine and the minor peak between 10 and 11 min isquinocide) shows
the separation of primaquine from quinocide in mixtures 1 and the blue line (the minor peak at 8 min is primaquine and the
major peak between 10 and 11 min is quinocide) shows the separation of primaquine from quinocide in mixtures 2 on a Dis-
covery® HS F5 column. The black line shows the high-speed separation of primaquine (major peak) and quinocide (minor

peak) in mixture 1 on an YM C-Pack C30 column.

mAU

0.600

0.500]

0.400]

0.300

0.200]

0.100

0.000]

L

00 20 40 60 80 100 120 140 160 180 200 22.0 24.0 26,0 280 300

Time

Figure 2. Theresolution of the enantiomers of primaquine and their separation from quinocide is shown in one run. The ma-
jor peaks between 14 and 18 min ar e enantiomers of primaquine; the peak at 20 min isquinocide.
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not YMC-Pack C30 column has the ability to resolve the
enantiomers of primaquine.

The experimental HRIC column with high resolution
of isomers is simultaneously resolved the enantiomers of
primaquine and separated the quinocide (which is a sub-
stitutional isomer of primaquine) from these enantiomers,
in one run (Figure 2). This column has a high ability to
resolve enantiomers, with a simultaneous high ability to
separate different isomers in mixtures.

This ability is important for the separation of all iso-
mers in a mixture such as the drug primaquine. This abi-
lity is also important for other mixtures of enantiomers
and isomers of drugs in the pharmaceutical industry, as
well as for pesticides in pesticide-producing industries.

The productivity of the fractionation columns in SFC
is very high, making possible the production of hundreds
of kilograms of pure substances. The HRIC technology
can be upgraded from analytical to semianalytical and
even to industrial production scale.

The introduction discussed the advantages of the
medical use of pure primaquine, free of contamination
from quinocide, and given in the form of a monoenantio-
meric substance that excludes the more toxic silent en-
antiomer. An attempt to produce the monoenantiomeric
primaquine by reacting the primaquine mixture with
chiral acid described by Walker, Tekwani and Tripathi
(Patent Application Pub. No. US 2007/0190188 Al of
August 16, 2007) was criticized in [23], in part because
the patent is not a pure one. It is compromised by earlier
publications such as [45], which not only describes the
phenomenon of different pharmacological activities of
8-aminoquinolines but also gives the process of prepara-
tion of /- and d- enantiomers. In addition to this, analy-
sis of the results of the preparation show clear contami-
nation of the monoenantiomeric product with quinocide
[23]. There is very little to gain from the process described
in this patent because of contamination of the product
with quinocide.

The research conducted and ongoing to prepare anti-
malarial vaccines are important, but it can take a decade
or longer before a useful and safe vaccine is available for
common use. Primaquine is a well-known substance, and
its preparation using SFC equipped with a HRIC column
with high resolution of isomers can be even less expen-
sive than enantiospecific synthesis, since the latter would
still have to be followed by a purification step to remove
quinocide contamination.

Other new and promising antimalarial drugs are needed;
one of them is tafenoquine. Tafenoquine in many ways
resembles primaquine. Analysis of a sample of tafeno-
quine received from GSK on the HRIC column was even
more intriguing than that of primaquine; however, dis-
cussion of the results is beyond the scope of this paper.
Readers who are interested in this subject are directed to
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publication [23].

4. Conclusions

1) Pharmacopoeia committees are incorrect to ignore
the contamination of primaquine with quinocide; it is un-
productive and even in contradiction to these commit-
tees’ duty of care, from a legal point of view.

2) The analytical procedures for measuring quinocide
in primaquine, both qualitatively and quantitatively, are
described in the literature.

3) Monoenantiomeric primaquine is needed and can be
prepared at reasonable cost using SFC equipped with a
HRIC column with high isomer resolution.

4) It is time for pharmacopoeia committees to recog-
nize that the presence of toxic contamination at a level of
1.5% in the drug primaquine phosphate is no longer to-
lerable.
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