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BACKGROUND TO THE INVENTION

Over half of the world’s population, in some 100
countries, is at risk from malaria, with about 500 million

acuta infections and approximately 1 million deaths recocrded
each year {1, 2). As a whole, the situation with respect to
this disease has shown little improvement in the last 15
years. Vaccine development is proving lengthy and complex
and, at the present time, there is no completely satisfactory
vaccine on the market. The use of antimalarial drugs still
causes major problems due to widespread drug resistance and
the toxicity‘related effects of present chemotherapy.

We have now identified a group of compounds which can
induce killing of malaria and other parasites, bacteria,
viruses, fungi and tumours. These compounds are non-toxic,
and it is unlikely that disease organisms will be able to

develop resistance to them.

. SUMMARY OF THE INVENTION

According to the present invention, there is provided a

pharmaceutical ar veterinary composition, for the prevention
or treatment of malaria and other diseases (as described

below), comprising a polyunsaturated fatty acid, a derivative
thereof or oxidation product in a pharmaceutically or

veterinarily acceptable vehicle.

According to a further aspect of the invention, there is

provided a dietary supplement, for the prevention or

treatment of malaria and other diseases (as described below),
comprising a polyunsaturated fatty acid, a derivative thereof
or oxidation product in an edible vehicle.
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malaria or other diseases (as described below), comprising

the administration of a polyunsaturated fatty acid, a
derivative thereof or oxidation product, either by itself or

in the form of a dietary supplement or a pharmaceutical or

veterinary composition (as described above).

" The term "polyunsaturated fatty acid*, as used
throughout the specificétion and claims, is defined as being
a fatty acid comprising two or more double and/or triple
bonds. That is, the fatty acid may comprise double bonds
only, triple bonds only or a combination of double and triple

bonds. Preferably, the fatty acid comprises two or more
double bonds, in particular, 2 to 6 double bonds.

NON-SPECIFIC IMMUNITY

The term "non-specific immunity" is defined as the
ability of the host defence system to utilize components of
the body which do not require specific recognition factors
such as antibodies and cytotoxic T lymphocytes. Previously
identified mediators of non-specific immunity constitute a
range of different kinds of factors, including oxygen-derived
reactive species, aminoaldehydes, cytokines and various other
factors (at present, incompletely characterized) in the serum

of hosts showing non-specific resistance to disease. These
non-specific defence mechanisms play a valuable role in
defence against infection and malignant diseases. Non-

specific immunity acts as a defence against infection by such
agents as bacteria, fungi, parasites and viruses, and also as

a defence against tumours.

In vivo correlates of non-specific immunity, resulting
from the injection of stimulators of non-specific immunity,
are: (a) activated macrophages which non-specifically kill
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Adcor di ng to a yet further aspect of this |nvent|on there is provided a
¢t hod of prevention or treatnent of nal aria or ot her di seases (as

descri bed bel ow), conprising the adm nistration of a polyunsaturated fatty
id, a derivative thereof or oxidation product, either by itself or
bacteria, fungi, parasites, virus-infected cells and tumour

cells and (b) the appearance of tumour necrosis serum (TNS)
in hosts. TNS has been shown to induce death of parasites and

tumour cells.

Despite an extensive interest in mediators of non-
specific immunity over the last 30 years, there have been few
breakthroughs regarding further candidates which could be
potential mediators of non-specific immunity.

We have now surprisingly discovered that polyunsaturated
fatty acids, derivatives thereof and oxidation products are
mediators of non-specific immunity.

bOMPOUNDS OF THE PRESENT INVENTION

The compounds used in the present invention are
polyunsaturated fatty acids (PUFA), derivatives thereof and .
oxidation products. Many of these compounds are naturally-
occurring, and known to be non-toxic to warm-blooded animals.

Preferred compounds are n-1 to n-10 PUFA, especially n-3
to n-6 PUFA, and in particular n-3 and n-6 PUFA. The
numbering *n-1" etc indicates the position of the first
double bond in the fatty acid molecule, counting from the end
of the molecule distal from the carboxyl group.

Suitable derivatives are esters, preferably C, . esters

and, in particular, methyl or ethyl esters; alcohols and

amides.

Oxidation products include hydroxy fatty acids, hydroxy
alkanals, hydroperoxy and endoperoxide derivatives,

malonaldehyde and malondialdehyde.
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configuration (see Fig 2), have been found to be particularly
effective. It is probable that trans conformation PUFA will

have the same effect.

Most naturally-occurring PUFA found in animals -and
plants are n-3 and n-6 derivatives. The n-3 series PUFA are
found in particularly high concentrations in marine animals.
In the n-3 series, the double bond closest to the omega-end
of the molecule (ie furthest from the carboxyl group) is
located between the 3rd and 4th carbon atoms (counting the
terminal methyl carbon atom as 1). In the n-6 series, the
double bond closest to the omega-end of the molecule is
located between the 6th and 7th carbon atoms.

The carbon chain length of the PUFA of the present
invention may vary significantly, and can be as high as 30
carbon atoms. The preferred PUFA of the present invention are

naturally-occurring PUFA having 15 to 25 carbon atoms, in
particular 18, 20 or 22 carbon atoms, such as linolenic acid,
arachidonic acid, eicosapentaenoic acid and docosahexaenoic

acid.

THERAPEUTIC ACTIVITY

PUFA, their derivatives and their oxidation products are

effective in killing a wide range of bacteria, fungi,
protozoan and helminth parasites, inhibiting replication of

viruses, and killing tumour cells.

In particular, the compounds of the present invention
may be effective in treating or preventing diseases caused

by:
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P. vivax

St §

P. berghei.
P. brasilianum

T. gondii

2 Irypanosomiasis
T.b. gambiense
T?.b. rhudesiense
T.b. bruced

= T.b. congleuse
T.b. vivas

T. cruzi

T. musculi

B L. major
A L. brazilensis
L. donovani

Ameebiasis
E. histolytica

Tricl C .
Primary amoebic meningitis
N. fowleri

. | haliti 3 ) fiti

- A. culbertsoni
Giardiasis
G. intestinalis
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Babesiosis
B. bovis
B. bigemina

B.

MAJOR HELMINTH PARASITES OF HUMANS

Il

Sheet Has Been Reﬂlaced

(]

Organism

Common Name

Nematodes

Ancylostoma duodenale
Ascaris lumbricolides
Enterobius vermicularis

Onchocerca volvulus

* Strongyloides

Trematodes

Cestodes

Trichinella spiralis
Trichuris trichiura
Wuchereria bancrofti

Clonorchis sinensis
Fasciola hepatica
Fasciolopsis buski

Paragonimus westermani
Schistosoma haematobium

Schistosoma japonicum
Schistosoma mansoni

Diphyllobothrium latum
Taenia saginata

Taenia sodium
Echinococcus granulosus

Hookworm

Giant roundworm
Pinworm

River blindness
Strongyloidiasis
Trichinosis
Whipworm
Filariasis

Liver fluke
Liver fluke
Intestinal fluke
Lung fluke

Blood fluke
Blood fluke
Blood fluke

Fish tapeworm
Beef tapeworm
Pork tapeworm
Hydatid cyst
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pounsaturated fatty acids (PUFA), derlvatlves thereof and oxi dation
pr@ucts. Many of these conpounds are najurally- occurring, and known to be
nof@toxic to warm bl ooded animals. Preferred conpounds are n-1 to n-10
PUSA, especially n-3 to n-6 PUFA, and in particular n-3 and n-6 PUPA. The
nufbering "n-1" EPEA} nehedn é@rﬂnetpw tangh cxfldahios imdudsgbheaveond in the

fajy acid m&bﬁaﬂbebtﬁﬁ&”ﬂdtﬂﬁaﬁE@Elii“%dﬁ%@ity against gram-positive
' cocci, gram-positive bacilli, gram-negative cocci, gram-
negative bacilli, spirochetes, anaercbic bacteria and
mycobacteria. Therefore, they can be used therapeutically in

combatting diseases caused by such organisms.

The compounds of the present invention are also
fungicidal and fungistatic against Candida albicans,
Cryptococcus neoformans, Histoplasma capsulatum, Aspergillus
fumigatus and Pneumocystis carinii. Accordingly, they are
effective in preventing or treating mycotic diseases.

PUFA, their derivatives and oxidation products are also
active as antiviral agents. The fatty acids interact with the
virus-infected host cell and may either induce changes in the
cell which inhibit viral replication or, at higher
concentration, damage the virus-infected host cell. This
makes the PUFA, such as C22 6 °F its hydroxy form, suitable
as broadspectrum antiviral agents. They are effective against
diseases caused by the DNA viruses: Poxviridae,
Herpesviridae, Adenoviridae, Papoviridae, Hepadnaviridae and
Pﬁrvoviridae, as well as against diseases caused by the RNA
viruses: Reoviridae, Togaviridae, Flaviviridae,
Coronaviridae, Paramyxoviridae, Rhabdoviridae, Filoviridae,
Ortbomyxoviridae; Bunyaviridae, Arenaviridae, Retroviridae,

Picornaviridae and ‘Caliciviridae.

The compounds of the present invention are effective in

inhibiting the growth of Chlamydia, Mycoplasma and
Rickettsia. These compounds are therefore agents against
chlamydial diseases, mycoplasma diseases and rickettsiosis.

PUFA, their derivatives and oxidation products also have

antitumour properties.-
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BRIEF DESCRIPTION OF THE DRAWINGS

Figs 1 and 2 illustrate the nomenclature used with
respect to the compounds of the present invention;

Fig 3 illustrates the effects of various fatty acids on
Plasmodium falciparum;

Fig 4 illustrates the concentration related anti-P.
falciparum activity of fatty acids;

Fig 5 illustrates the effects of increasing the carbon

chain length of the fatty acid;

Fig 6 illustrates the effects of oxidation of fatty
acids on their ability to damage P. falciparum;

Fig 7 illustrates the effects of incorporation of fatty

acids in various diluents;

Fig 8 illustrates the effect of Cs2.6. n-3 fatty acid on
the morphology of P. falciparum infected human red blood

cells (RBC);

Fig 9 illustrates the effect of sz:s, n-3 fatty acid on

P. berghei-infected mice; and

Fig 10 illustrates the effects of oxidation products of

fatty acids on P. berghei-infected mice.

EXAMPLES

The following Examples are intended to further
illustrate the present invention, and are not intended to
limit the scope of the invention in any way.
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Ca%; positive and negative) were maintained under in vitro
conditions in Group Of human red blood cells (RBC) in RPMI
1640 medium (Cytosystems Pty Ltd, New South Wales, Australia)
< supplemented with 10% heat inactivated Group as’ serum, as

2 described previously (3, 4). Experiments were performed with

synchronized and non-synchronized cultures at losRBC/ml with

3~-5% parasitaemia.

Fatty acids. Docosahexaenvic acid (022:5, n-3)'

. docosahexaenoic acid methyl ester (022:6' n_3_methyl-ester),
eicosapentaenoic acid (C20 .5, n- 3), arachidonic acid (020:4’
n-g) linoleic acid (C,g, .2, n- _g)+ oleic acid (018:1, n-g)
docosanoic acid (C22 0) and Di-f-dipalmitoyl
phosphat;dylcholine (DP-PC) were obtained from Sigma Chemical

= Co, St Louis, MO, USA. Lipids were dissolved in redistilled

- chloroform (10-50mg/5ml) and stored'under N, at -20°C. Thin-

layer chromatography indicated that the lipids were of high

purity. Mixed fatty acid/DP-PC micelles were prepafed as
follows: Fatty acid (8,32 or 80ug) and DP-PC (4-fold the
amount of fatty acid) were dispensed into 10ml glass tubes
and the solvent evaporated under Nz. RPMI 1640 medium (2ml)
was added and the mixture sonicated for 2 minutes with an

k- ultrasonic processor (model W-225; Heat Systems -

Ultrasonics, Inc, Farmingdale, NY, USA) with 40% duty cycle

and output setting 4. The lipid sonicates were clear under

these conditions. Aliquots (50ul) of each sonicate

(containing 4,16 or 40ug/ml fatty acid) were used for assays

unless stated otherwise.

Growth Inhibition Assay. This was carried out as
2 aescribed previously (3, 4}, with the following
- modifications. Experiments were conducted in 96 well flat-
b bottomed microdilution plates (Linbro, Flow Laboratories,
| Inc, McLean, Va), comparing three different treatment groups.
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h@ m nth parasites, inhibiting replication of viruses, and killing tunour
C¢

I's. In partrifityanickb2i €O VEINGS Bh1éNPariRIafbctéy aEd Q1 x 10°/m1,
2-5% parasitaemia) were mixed with 50ul of either fatty acids
-(40ug/ml), diluent (DP-PC) or malaria medium. The plates were
incubated for 2h at 37°C in 5% 002 in air. Then the wells
were pulsed with 1uCi cf [3H1 hypoxanthine (Amersham Corp,
Arlington Heights, Ill) in 50ul RPMI 1640 medium and
incubated for a further 18h at 37°C in 5% CO, air. Individual
well contents were then collected using a semi-automated
sample harvester (Titertek, Flow Laboratories, NSW,
Australia), and the [3H] hypoxanthine incorporation was
measured by a liquid scintillation counter (Beckman model, LS
3801). Percent growth inhibition of the parasite was
calculated by the following formula: Percent inhibition =
{(dpm of pkrasite in diluent) - (dpm of parasite incubated
with fatty acids) x 100}/(dph of parasite in diluent), where
dpm = disintegrations per minute. The results of this assay

are illustrated in Fig 3.

A, Effects of fatty acids and fatty acid structure on
growth inhibition. Fig 3 summarizes the effects of fatty
acids and fatty acid structure on the growth of P.
falciparum. The symbol m indicates the number of different

experiments carried out with each fatty acid. Treatment of

parasites with C,5.¢ .3/ C30.5, n-3' €20:4, n-6 279 Cy3.3,
n-g fatty acids resulted in marked inhibition of P.
falciparum growth, which was significantly higher than the

The highest anti-malarial

effects of C18:1, n-g 204 Coy -
{76%+3.3 growth

activity was always seen with C22:6, n-3
inhibition). The methyl ester of this fatty acid was just as
effective (71%+4.3). Similar results were obtained when

fatty acids were delivered in either albumin or DP-PC (data

not shown on Fig 3).

The anti-malarial activity of the fatty acids was
concentration-dependent (Fig 4). Within the range of 4-40ug/
ml, the fatty acids did not induce haemolysis of parasitized
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or normal RBC, as assessed by haemoglobin release and by
morphological criteria. At these concentrations, DP-PC was
not toxic to P. falciparum and [381 hypoxanthine
incorporation was not affected by the presence of the

phospholipid.

3 Microscopic examination revealed that parasites exposed
2 to fatty acids for 18h underwent degeneration and death (Fig
: 8). Fig 8A illustrates the normal morphology of P. falciparum
b infected RBC, showing various stages of maturation. Fig 8B

3 . illustrates the same culture incubated with 022 .6, n-3 for
18h. (Note: ‘The cytoplasm does not absorb Giemsa stain, the
nucleus is darkly stained and condensed, and the parasites
are devoid of any normal structures.) It appeared that
immature and mature schizonts were more susceptible to the

; fatty acid-induced effects than were the ring forms. However,
- the majority of ring forms were also found to be degenerated.
Different fatty acids had different effects. For example,
c22:6,n—3 caused >90% death of P. falciparum. Almost all of
the surviving parasites (10% parasitaemia) were in the ring
= form. Cpp. 4 p.g Caused 80% death or degeneration of the

e parasite. In addition to rings, a small percentage of
schizonts also survived, but their cytoplasm 4id not stain
with Giemsa and the nuclei were dense and darkly stained,
with a parasitaemia of 15%. With C20 :4, n-6’ approximately
15% mature schlzonts and 70% immature schizonts showed
abnormalities. By way of contrast, sz:o—treated P.
falciparum cultures were very similar to the parasite grown

i;' . in the absence of fatty acids.

Fig 5 illustrates the effect of increasing the carbon
chain length on the anti-malarial activity of PUFaA. (:32:4 and
C34:6 are far less effective than c20:4 and sz:e,
respectively. Increasing the carbon chain length, whilst
maintaining the same number of double bonds, leads to
decreased activity, particularly if the numper of carbon

atoms is greater than 30.
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B. Effects of fish oil on growth of P. falciparum. Using

the growth inhibition assay described above, the effects of
fish oil (MAXEPA, Duncan, Flockhart, UK) containing the
triglycerides of 18% w/w CZO:S, n-3 fatty acid and 12% w/w of
022:6, -3 fatty acid were tested. Fifty ul of fish oil at
concentrations of 4, 16, 20 and 40ug/ml incorporated into
DP-PC were added to 50ul of RBC with 3-5% parasitaemia. The
effects of fish oil were studied after 2h and 20h incubation
with parasitized with RBC (PRBC), before addition of [3H]

hypoxanthine.

Fish o0il (40ug/ml) showed a low inhibition of the
parasite. When fish oil at 40mg/ml was interacted with PRBC
for 2n, tﬁ; parasite inhibition was 20.5%+8.5. However, when
the interaction time was increased to 20h, an increased
parasite inhibhition (41.0%+5.5) was observed.

C. Effects of oxidized fatty acids'ﬁnd anti-oxidants on
growth of P. falciparum. C22:6, n-3 and C20:4' n-6 fatty
acids were dispensed into 10ml glass tubes and the solvent
was evaporated under Nz. The dried residues were auto-
oxidized by exposure to the air at room temperature for 2-4
days. Thin-layer chromatography indicated that more than 95%
of the parent fatty acids had been oxidized by this
procedure. Products included monohydroperoxy derivatives and
other more polar oxygenated compounds (5). These oxidized
fatty acids were compared with freshly prepared fatty acids
using the standard radiometric growth inhibition assay.

The effects of anti-oxidants, catalase and superoxide
dismutase (SOD) on the interaction of P. falciparum and fatty
acids were examined. PRBC (500ul) were mixed with equal
volumes of the following: (i) butylated hydroxytoluene (BHT)
(Sigma) 60uM in 0.5% ethanol, (ii) DL-d -tocopherol (Vitamin
E) 40uM in 0.5% ethanol, (iii) superoxide dismutase (SOD)

from bovine RBC (Sigma) lmg/ml, (iv) catalase from bovine

liver (Sigma) img/ml, (v) 0.5% ethanol (diluent of BHT and

.
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! vitamin E) and (vi) malaria medium, in an 18 well
microdilution plate {(Linbro, Flow Laboratories, Inc, McLean,
va), and incubated for 18h in a candle jar at 37°C (6).
Following incubation, blcod smears were prepared, stained and
parasitaemias determined. The well contents were centrifuged,
the supernatant was replaced with an equal volume of malaria
medium or with medium comprising antioxidants, catalase and
SOD; and the PRBC pellet was resuspended. PRBC were dispensed

| into 96 well microdilution plates, reacted with the fatty

| acids C22:6' n-3 and 020:4{ n~6 for 2 hours, and parasite

; growth inhibition was studied using the standard radiometric

assay described above.

The oxidized forms of these fatty acids showed increased
activity against P. falciparum (Fig 6). Oxidized sz:a' n-3
and 020:4’ n-6 showed significantly more anti-parasitic
activity (P<0.01) than the non-oxidized forms (Fig 6). The
effect of pre-incubation of PRBC with anti-oxidants (Vit E -
Vitamin E, BHT - butylated hydroxytoluene, SOD - superoxide
dismutase and CAT - catalase) on the ability of the fatty
acids to damage P. falciparum was also tested. Anti-parasitic
effects were reduced by about 50% if PRBC were pre-incubated
with BHT or Vitamin E overnight, washed and then exposed to
fatty acids. Anti-parasitic activity was reduced by over 70%
when the pre-incubated PRBC were reacted with fatty acids in
the presence of BHT and Vitamin E (Fig 6). The effects of
fatty acids were also greatly reduced if the PRBC were
treated with SOD or catalase without pre-incubation (Fig 6).
Ethanol (0.5%), the diluent for some of these reducing
reagents, had no effect on parasite growth.

D. Comparison of use of albumin and DP-PC micelles to
incorporate fatty acids. Mixed fatty acid/DP-PC micelles were
compared with fatty acids (40ug/ml) sonicated in the presence
of 3mg/ml fatty acid-free albumin (Sigma) by using the
standard radiometric assay described above.
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Similar results were obtained when fatty acids were
delivered in either albumin or DP-PC, as determined

morphologically and radiometrically.

As a control, self micelles of the fatty acid (c22-6
]

S
£
ra

o
T
58

n-3) were prepared and tested.

Lo palan s

‘ Self micelles are prepared by dispensing 75 ug of fatty |
= acid (stock solution 10-20mg/5ml chloroform stored under N, l
at -20°C) into a 10ml glass tube and evaporating the solvent |
. under N,. 3ml of 0.9% NaCl is then added and the mixture is
ne sonicated for 3 minutes with an ultrasonic processor (mouel
W-225; Heat Systems - Ultrasonics, Inc, Farmingdale, NY, USa)
with oufbut setting 4. Under these conditions, a clear lipid
sonicate is produced. 400 ul aliquots of the sonicate were

used for animal injectionms.

1Y

¥

f§3 As shown in Fig 7, self micelles were most effective in
reducing parasitaemia. However, mixtures of PUFA with both
albumin and DP-PC also had parasitaemia-reducing effect.

t EXAMPLE 2: ACTIVITY AGAINST TRYPANOSOMA MUSCULI

3 The effects of PUFA on the haematoprotozoan T. musculi,
which is an extracellular blood parasite, are shown in Table
1 (below). Both of the fatty acids C22:6 and 020:4 were found
to be very toxic for T. musculdi. The saturated fatty acid
C22.0, on the other hand, had no effect on the parasite.

(el
2
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] Table 1. Effect of polyunsaturated fatty acids of
Trypanosoma musculi, in vitro

Fatty acid Degree of Killing
None -

DP-PC (wvehicle) -
Arachidonic acid (020:4‘ n-6’ tees

Docosahexaenoic acid (C22:6, n__3) tres
Docosanoic acid (022_0) -

Parasites (2x104/we11/100ul) were incubated with 100ul
(10ug of fatty acid incorporated on DP-PC). After 1h
incubation, the parasites were examined. ++++ indicates > 99%

of parasites killed.

EXAMPLE 3: ACTIVITY AGAINST NAEGLERIA FOWLERI
Table 2 (below) shows the effects of PUFA on the
pathogenic free-living amoeba N. fowleri, which is the cause
of primary amoebic meningoencephalitis. The fatty acids
sz:s, C20:4 and c20:5 were found to be very effective in
killing these amoebae. The unsaturated fatty aciad sz:o, on
the other hand, had no effect on the amoebae.

Table 2. Effect of polyunsaturated fatty acids on Naegleria
fowleri, in vitro

Fatty acid Degree of Killing

None No effect

DP-PC ' No effect

Arachidonic acid (02034) All killed

Docosahexaenoic acid (sz:a) All killed

Eicosapentaenoic acid (C,,.¢) _ All killed
No effect

Docosanoic acid (022:0)
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Using 10ug of the fatty acid per well (measurements made

after 1lh).

EXAMPLE 4: IN VIVO ACTIVITY AGAINST MALARIAL INFECTIONS
In vivo experiments relating to the effect of PUFA,

using an experimental mouse model and Plasmodium berghei,
produced similar results to the in vitro findings with the
human malarial parasite P. falciparum (see Example 1). BALB/c
mice were infected with »P. berghei and then, 3 days after
infection, they received daily treatment of 022:6, n-3 (10ug,
intraperitoneally administered). The control groups received
equivalent volumes of physioclogical saline or an eguivalent
concentration of the fatty acid vehicle DP-PC. The
parasitemia profiles are presented in Fig 9 and the data
shows that-DP—Pc had no effect on the parasite growth in mice
-~ the levels of parasitemia were similar to those of mice
that received saline. 6 days after infection, these mice
showed a 60-fold increase in parasitemia (Fig 9). After a -
single injection of the fatty acia C22=6, n-3" the
parasitemia was significantly reduced from 1.65+0.40 to
0.25+0.04% (P<0.001; Fig 9). This suggests that the effect of
the PUFA is directly on the parasites. Throughouﬁ fhe course
of the treatment, the parasitemia was maintained at a lower
level than the initial parasitemia (Fig;9). Compared with the
mice that received DP-PC or saline, the fatty acid-treated
mice showed markedly lower parasitemia (P<0.001). In the mice
treated with DP-PC or saline, the parasites grew rapidly,
showing all different stages of the asexual and sexual

stages. In contrast, in C,,, -treated mice, 70-100% of
22:6, n-3

the surviving parasites had "restricted growth* and appeared
as a “dot" form. C,,., . . Was similarly effective in

14, :
reducing the parasitemia, but sz,o had no effect (data not

included in Fig 9).

On day 4, the mice were killed and the presence of
anemia assessed by determining the heamatocrits. The
hematocrit values for DP-PC-, saline- and C33.5, p.3-treated
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alleviated the anemia normally associated with malarial ¥e
infection. Therefore, it appears that PUFA have a secondary §;~
therapeutic effect, in that they not only kill the parasite %:
but also act on body cells to prevent the release of %
mediators (cytokines), which cause the pathophysiology and ' 3
the illness in malaria. Eo

o

Testing was also carried out to compare the effects of
oxidation products with those of fatty acid C20:4, n-6 Mice
were injected daily (400 ug/kg body weight) with 020:4' n-6’
and its hydroxy and hydroperoxy derivatives. The results are §é
shown in Fig 10. The hydroperoxy derivative was the most

effective. £
=
g
The results of these experiments (Examples 1 to 4) were E@‘
as follows: ' ES
E
i
It was established in vivo that the saturated fatty
acid C22£0 had no effect. ka

Arachidonic acid 020.4 was effective, but not as

effective as sz:s.

The intraperitoneal, as well as the intravenous,
routes of PUFA injection were both effective.

Use of the vehicles DP-PC and albumin, or the
injection of micelles of PUFA, were all effective.

The oxidized form of the fatty acids was even more
effective - namely the hydroperoxy derivative.
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: As shown in Table 3 (below), both C:‘_,z:6 and C20=4 PUFA

kill the tumour cell Bl6 melanoma in vitro. sz.o had no

effect on the tumour cells.

_ﬁi. Table 3. Effect of polyunsaturated fatty acids on the
‘ tumour cell B16 melanoma, in vitro

Treatment Microscopic examination

DP-PC Normal healthy monolayers

C20:4 Monolayers not healthy, but some cells
still attached and viable

022:5 All cells dead and detached

sz:o _ Normal healthy monolayers

Uéihg lodg of fatty acid.

DISCUSSION AND CONCLUSIONS

Example 1 above demonstrates that fatty acids caused
growth inhibition of P. falciparum in culture. The
polyunsaturated fatty acids belonging to the n-3 and n-6
series, in particular, caused marked growth inhibition of the
parasites. These included sz:ﬁ' n-3’ C20:5, n-3° 020:4‘ n-6
and C18:2' n-g ratty acids. However, monounsaturated and
saturated fatty acids, e.g. C18:1, n-9 and sz:o, had little
effect. This result demonstrates that the degree of
antiplasmodial activity of the fatty acids is dependent in
part on the degree of unsaturation (number of double bonds
present). For example, the degree of inhibition for 22 carbon
fatty acids is increased several-fold by the introduction of
six double bonds into the molecule. Similarly, the
o introduction of one further double bond into the
= monounsaturated fatty acid oleic acid (c18:1, n-g)+ more than
tripled the parasiticidal effects (Fig 3).
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At the concentrations tested, the fatty acids did not
appear to be toxic to PRBC and normal RBC and did not induce
haemolysis (determined biochemically). The diluents DP-PC and
albumin had no toxic effects either on the parasite or RBC.

- Similar results were observed between the fatty acids
prepared in either DP-PC or albumin, indicating that the
results were not changed because of the agent used to
dissolve the fatty acids. This is of significance since, in
the body, the fatty acids bind to albumin.

Results of the in vivo experiments (Example 4) confirmed
the antiplasmodial effects of the PUFA. The PUFA sz:s’ n-3
and c20:4, n-g Were capable of inhibiting the growth of P,
berghei in mice, but the saturated fatty acid sz:o had no
effect. Importantly, the PUFA showed no toxic effects in mice

but, in fact, prevented malaria-induced anemia.

Morphological studies confirmed the results obtained
from the radiometric assay and clearly showed that fatty
acids caused intraerythrocytic degeneration and death of P.
falciparum.

’

PUFA are taken up with great avidity by malarial
parasites, which have an absolute requirement for host fatty
acids because of inability to synthesise these lipids.

The mechanism behind the fatty acid induced death of
malaria parasites is not clear at present. However, striking
alterations in lipid metabolism have been reported in

malaria-infected RBC. The usually low lipid metabolism of RBC
rises sharply after invasion and throughout maturation of the
parasite (7, 8). RBC harbouring mature schizonts, for
example, are known to contain 3-5 fold more phospholipids
than normal RBC (8). Incorporation of required ingredients by
pinocytosis or through the RBC membrane pores is markedly
higher in malaria-infected RBC than in normal RBC (9). As the

e the conpounds of the
fedus fatty acids on

Et i ONPCEIAI92LhOATY i -

he ef fects of
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thg n Iength of the fatty acid;, Fig 6 |IJr gies t he effects of oxidation

of §atty acids on thei'r ablllty t ¢ damage edFig 7 illustrates
thg@ef fects ofwd 95@6gaer ati on of fatty aci di | uen ,F*'J%
i| @istrates the effect of [err] n-3 fatty r phol 3 313
fali paruminfected human red bl ood cells RBC) Fig 9 illustrates the
ef gect of C226, n-3 fatty acid on P. bergh ?-lﬁ?ected m ce; ‘and Fig 10
i | @strates the effects of oxidation products of fatty acids on P
beghei -i nfect ega rl Site EXAWRISR of de novo synthesis of fatty acids (7,
8), the infected RBC may take up fatty acids with great
avidity. It is possible that this sudden influx of fatty
acids, their methyl esters or oxidized fatty acids may be
toxic to the parasite, although the basis for the toxicity
probably differs according to the agent. Our morphological
studies (see Fig 8) showed that the fatty acids induced death
of the parasite, and later these dead parasites moved to the
exterior from the RBC via the parasitophorous vacuole
orifice. Although we do not wish to be bound by preliminary
speculations, this observation may suggest that the site of
merozoite invasion, which acts as the orifice of the
parasitophorous vacuole, has been damaged by the fatty acids

or by their derivatives.

The toxicity of fatty acids for parasites probably
occurs at a number of levels and involves their oxidized
derivatives. In the case of extracellular parasites or the
extracellular life cycle stage of a parasite, the lipid may
act directly on the parasite membrane, affecting its normal
function. For intracellular and intraerythrocytic parasites
such as malaria, the lipids may affect the normal function of
the parasite by acting on the host cell membrane (the host
cell being the erythrocyte, hepatocyte, mononuclear
phagocyte, muscle cell, lymphocyte etc). The action of lipids
may either lead to toxicity of the host cells, which could
then limit the replication of the parasite {eg as may occur
for virus-infected cells), but in addition the lipids (at
lower concentrations) may affect host cell scavenging systems
which protect very sensitive parasites against oxidative
damage. This could include systems which lead to the
generation of reduced glutathione. Factors such as the
concentration of the PUFA, the type of parasite and the
specific stage of the parasite life cycle could determine
which of the above three possibilities occurs.
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It is evident from our studies that oxidized fatty acids
are particularly effective in inducing parasiticidal effects
of P, falciparum (see Fig 6). 1t is likely as well that the
effect of the parent non-oxidized fatty acid is related to
its oxidation by the parasite or RBC, which constitute a
highly oxidative environment (containing iron and high
concentrations of oxygen). As might be expected if the
oxidated species is the active form of the PUFA, antioxidants
(such as BHT and Vitamin E) markedly reduce the anti-malarial
activity of the fatty acids. Moreover, saturated and
monosaturated fatty acids, which are more resistant to
oxidative attack, are much less effective than fatty acids
with two or more double bonds (see Fig 3). As yet, the nature
of the oxidation products which induce the effect remains
unclear. Lipid hydroperoxy derivatives (mainly mono- and di-
hydroxy derivatives) are major products of auto-oxidation,
although a variety of other products (including alkanals,
hydroxyalkanals, malonaldehyde, polymerised polar products,
and even volatile carbonyl compounds) are produced as well
(10). Whether some or all of these products are effective at
inducing degeneration of the parasite remains to be
determined. The mechanism of action of the active agents is
clearly dependent on their structure. Thus, although we do
not wish to be bound by preliminary speculations, hydroperoxy
derivatives of fatty acids may act by oxidizing reduced
glutathione and thereby making the parasite more susceptible
to oxidative stress, while malonaldehyde is thought <o
interfere with membrane function through its ability to form
cross linkages between proteins and lipids (11).

Although the mechanism of action is not entirely clear,
at this stage, we believe that fatty acids (such as
docosahexaenoic acid) can act either directly on the
parasites, or indirectly by activating neutrophils (12) for
increased killing of malarial parasites. Macrophages and

neutrophils have been shown to be important effector cells
14, 15). Our

against Plasmodium species {3, 4, 11, 13,
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phagocytic cells since these leukocytes are known to release
arachidonic acid following stimulation (16, 17).

Antimalarial activity of fish oil was found to be
relatively low (see Example 1B). Fish oils are a source of
triglycerides containing omega-3 fatty acids, and the
preparation used in Example 1B contained 18% c20:5, n-3 and
12% C22:6, n-3° It is possible that the remaining
constituents of the fish oil counteracted the effects of the
PUFA. Alternatively, the triglycerides containing the PUFA
may not have been available to the parasite, because of the
relatively- larger size of the molecule.

The polyunsaturated fatty acids of the present invention
can either be administered in the form of a pharmaceutical or
veterinary composition, or in the form of a dietary

supplement. Parenteral administration, e.g. by
intraperitoneal administration or intravenous infusion, gives
the best results, but oral administration is also possible.
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1. A pharmaceutical or veterinary composition, for the
prevention or treatment of a disease caused by protozoan or
helminth parasites, bacteria, fungi, Chlamydia, Mycoplasma,

Rickettsia or viruses, comprising a fatty acid having a
carbon chain length of up to 30 carbon atoms, including two
or more double and/or triple bonds, a derivative thereof or
oxidation product, in a pharmaceutically or veterinarily
acceptable vehicle.

2. An anti-tumour pharmaceutical or veterinary composition,
comprising a fatty acid having a carbon chain length of up to
30 carbon atoms, including two or more double and/or triple
bonds, a derivative thereof or oxidation product, in a

pharmaceutically or veterinarily acceptable vehicle. f§

3. A composition according to claim 1 or claim 2, wherein
said fatty acid cOmprises two or more double bonds.

4. A composition according to claim 3, wherein said fatty
acid comprises 2 to 6 double bonds.

5. A composition according to any one of claims 1 to 4,
wherein said fatty acid comprises 15 to 25 carbon atoms.

6. A composition according to claim 5, wherein said fatty
acid is linolenic acid, arachidonic acid, eicosapentaencic
acid or docosahexaenoic acid. '

7. A composition according to any one of claims 1 to 5,
wherein said fatty acid is an n-1 to n-10 fatty acid (as
herein defined).

8. A composition according to claim 7, wherein said fatty
acid is an n-3 to n-6 fatty acid. T e
' ' This Sheet Has Been

T

’




Pat eo LA Effects of fatty acids and fatty acid
f ructure on grow h inhibition. Fig 3 summari zes the effects of fatty acids

Wmﬁfgﬁmlw S s

id. Treatnent “Hefr]* and [err]
6 fatty acids rked |nh|b|t|on of P. falciparum grow h,
ich was significantly higher t hakSt he effects of [err] n-9 and [err] The
ghest anti-malarial activity was always seen with C2:6 n-3 (76%3.3

A0, B,y 9, 2 bt as o

wherein sald derivative is an ester, alcohol or amide.

10. A composition according to claim 9, wherein said ester
is a C;_, ester.

11. A composition according to claim 10, wherein said ester
is a methyl or ethyl ester.

12. A composition according to any one of claims 1 to 8,

wherein said oxidation product is a hydroxy fatty acid,
hydroxy alkanal, hydroperoxy or endoperoxide derivative,
malonaldehyde or malondialdehyde.

13. A composition according to claim 12, wherein said

oxidation product is a hydroperoxy derivative.

14. A compoéition according to any one of claims 1 and 3 to
13, wherein the disease caused by protozoan or helminth
parasites is malaria, toxoplasmosis, trypanosomiasis,
leishmaniasis, amoebiasis, trichomoniasis, primary amoebic
meningitis, chronic acanthamoebic encephalitis and keratitis,
babesiosis, or a disease caused by a nematode, trematode or
cestode.

15. A composition according to claim 14, wherein the disease
is malaria, amoebiasis or trypanosomiasis.

16. A composition according to claim 15, wherein the disease
is malaria. '

17. A composition according to any one of claims 2 to 13,
wherein the tumour is a melanoma.

18. A dietary supplement, for the prevention or treatment of
a disease caused by protozoan or helminth parasites,
bacteria, fungi, Chlamydia, Mycoplasma, Rickettsia or



I e-- 7ﬂﬂﬂ?§r"_rbun1n of DP-PC (data not'shomn on
The anti - '

3). : L of the fatty acids Mﬁg - o
trat -
vl sfongs | né o pEHIlLII AT ARl 16
y 1996 11 or n assessed By haelogt obi n re B§

phol ogi cal criteria. At these coggentratlons DP- PC was not toxic to P
ci parum and [err] hypoxant hi ne :

viruses, comprising a fatty acid having a carbon chain length
of up to 30 carbon atoms, including two or more double and/or
triple bonds, a derivative thereof or oxidation product, in
an edible vehicle. :

19. An anti-tumour dietary supplement, comprising a fatty
acid having a carbon chain length of up to 30 carbon atdms,
including two or more double and/or triple bonds, a
derivative thereof or oxidation product, in an edible
vehicle.

20. A dietary supplement according to claim 18 or claim 19,
wherein said fatty acid comprises two or more double bonds.

21. A dietary supplement according'to claim 20, wherein said
fatty acid comprises 2 to 6 double bonds.

22. A dietary supplement according to any one of claims 18
to 21, wherein said fatty acid comprises 15 to 25 .carbon
atoms.

23. A dietary supplement according to claim 22 wherein said
fatty acid is linolenic acid, arachidonic acid,
eicosapentaenoic acid or docosahexaenoic acid.

24, A dieﬁary éupplement according to any one of claims 18
to 22, wherein said fatty acid is an n-~1 to n-10 fatty acid
(as herein defined).

25. A dietary supplement according to claim 24, wherein said
fatty acid is an n-3 to n-6 fatty acid.

26. A dietary supplement according to any one of claims 18
to 25, wherein said derivative is an ester, alcohol or amide.

27. A dietary supplement according to cLaim 26, wherein said

ester is a Cj.g ester.




orporation was not affected by the prese &:@SIQLP& phosphol [ p| d

T

roscopi c exannmgghgﬂmk% e hat paraS|tes exposed to fatty acids for

]r;gr p%erv\ent degmM mf ﬁﬁ‘ét teg (Rm““ﬂmlu\i" "ﬁﬂl Ilul ust rat es t he nor mal

maturation. Fig 8 esmm*mmunewnmmmedvmth[eH] [err]
for 18h. (Note: The cytopl asm does re® absorb G ensa stain, the nucleus is
darkly stained and condensed, and the parasites are devoid of any nornal

structures.) It appeared that |nnature .and nat re s ts e
SUSCepBBhl o X & eRR I PRIERET t ARAAF D % AT \ihe MHRESTh AT s
Howevegtlee il¥Rja0 methyaf dglgkﬁyyrggﬁuﬁeeajso found to be degenerat ed.

29. A dietary supplement according to any one of claims 18
to 25, wherein said oxidation product is a hydroxy fatty
acid, hydroxy alkanal, hydroperoxy or endoperoxide
derivative, malonaldehyde or malondialdehyde.

30. A dietary supplement according to claim 29, wherein said
oxidation product is a hydroperoxy derivative.

31. A dietary supplement according to any one of claims 18
and 20 to 30, wherein the disease caused by protozoan or
helminth parasites is malaria, toxoplasmosis,
trypanosomiasis, leishmaniasis, amoebiasis, trichomoniasis,
primary amoebic meningitis, chronic acanthamoebic
encephalitis and'keratitis, babesiosis, or a disease caused
by a nematode, trematode or cestode.

32. A dietary supplement according to claim 31, wherein the
disease is malaria, amoebiasis or trypanosomiasis.

33. A dietary supplement according to claim 32, wherein the
disease is malaria.

34. A dietary supplement according to any one of claims 19
to 30, wherein the tumour is a melanoma.

35. A method of prevention or treatment of a disease caused
by protozoan or helminth parasites, bacteria, fungi,
Chlamydia, Mycoplasma, Rickettsia or viruses, comprising the
administratioh of a fatty acid having a chain length of up to
30 carbon atoms, including two or more double and/or triple
bonds, a derivative thereof or oxidation product, either by
itself or in the form of a dietary supplement according to
any of claims 18 to 34 or a pharmaceutical or veterinary

ﬂ composition according to any one of claims ! to 17.




cath of P. fal ci gﬁ'ﬂﬁﬂﬁﬁﬁ% ‘fdl of the surviving parasites (10%

' orm d 80% death or
E oot AL .. AR MLIMEBE5o Gin o
sthi zonts al so survived, but their cyf op asm di d*nof stain with G ensa and
the nuclei were dense and darkly st2#@i ned, with a parasitaem a of 15% Wth
[err] [err] approximately 15% mat ure schizonts and 70% i mmature schizonts
showed abnormalities. By way of contrast, C22 O-treated P. falciparum

cul t uB6s wAr BeEBog SifriNRavens inge OFa taASatd ngr SNWROUFSLhE QRPRIRIAD! fatty

aci ds¢nbi gaRinklstsatalos dfha Falteet aefid marvaay A0 R LAY th of
up to 30 carbon atoms, including two or more double and/or
triple bonds, a derivative thereof or oxidation product,
either by itself or in the form of a dietary supplement
according to any of claims 18 to 34 or a pharmaceutical or
veterinary composition according to any one of claims 1 to
17.

37. A method according to claim 35 or claim 36, wherein said
fatty acid comprises two or more double bonds.

38. A method according to claim 37, wherein said fatty acid
comprises 2 to 6 double bonds.

39. A method according to any one of claims 35 to 38,
wherein said fatty acid comprises 15 to 25 carbon atoms.

40. A method according to claim 39, wherein said fatty acid
is linolenic acid, arachidonic acid, eicosapentaenocic acid or
docosahexaenoic acid.

41. A method according to any one of claims 35 to 39,
wherein said fatty acid is an n-1 to n-10 fatty acid (as
herein defined).

42. A method according to claim 41, wherein said fatty acid
is an n-3 to n-6 fatty acid.

43. A meﬁhod according to any one of claims 35 to 42,
wherein said derivative is an ester, alcochol or amide.

44. A method according to claim 43, wherein said ester is a

C ester.

1-6

45. A method accoiding to claim 44, wherein said ester is a
methyl or ethyl ester.

fferent fatty acids had diff rent effects Fpr_exanple,_[err] caused >90%)




chain length on “the anti - nalarlal actTVTiy“df“PUFA —€32:4 and [err] are far

| ess effective tmmsSQﬂH reaS|ng t he carbon
chai woepasgosd wWhi I the samﬂﬂﬂ@ ﬂ Rf$8/003§80S tO
decr eased act|V|ty i f the=nu n atons 'S greater

than 30. Date: '19w Substliutnana-heet.......la. July 1996 12 B.
Ef fects of fish 0|I on grow h of P. Talciparum Usi ng

46. A method according to any one claims 35 to 42, wherein
said oxidation product is a hydroxy fatty acid, hydroxy
alkanal, hydroperoxy or endoperoxide derivative,
malonaldehyde or malondialdehyde.

47. A method according to claim 46, wherein said oxidation
product is a hydroperoxy derivative.

48. A method according to any one of claims 35 and 37 to 47,
wherein the disease caused by protozoan or helminth parasites

is malaria, toxoplasmosis, trypanosomiasis, leishmaniasis,
.amoebiasis, trichomoniasis, primary amoebic meningitis,
chronic acanthamoebic encephalitis and keratitis, babesiosis,
or a disease caused by a nematode, trematode or cestode.

49. A method according to claim 48, wherein the disease is b
malaria, amoebiasis or trypanosomiasis. ’

50. A method according to claim 49, wherein the disease is
malaria.

51. A method according to any one of claims 36 to 47,
wherein the tumour is a melanoma.

52. A method according to any one of claims 35 to 51,
wherein the compound or pharmaceutical or veterinary
composition is administered parenterally.

53. A pharmaceutical or veterinary composition according to
any one of claims 1 to 17, substantially as described herein.

54. A dietary supplement according to any one of claims 18
to 34, substantially as described herein.

. 55. A method according to any one of claims 35 to 52,
substantially as described herein.



t hellgrowt h i nhibition assay described above, the effectg of fish oil

( MAKEPA, Q?mcan, Fl ockhart, UK) containing the triglycerides of 18% w w
[erf] [erTP %2098 acid and 12% w w of [err] [err] fatty apCIVAMSR®OBBSt ed.
Fifdy ul of fish oil at concentrations of 4, 16, 20 and 40ug/ m

i ngbrporated into DP-PC were added to 50ul of RBC with 3-5% parasitaem a.
Theg effects of fish oil were studied _after 2h and 20h incubation with
parggsiti zed with RBC (PRBC), before &gaption of [ 3H hypoxant hine. Fish
oi I§ (40ug/ M) showed a low inhibition of the parasite. Wen fish oil at
40/ M was interacted with PRBC for 2h. {he parasite inhibition was
20%8.5. However, when the interaction tine was increased to 20h, an

i ngr eased (a)
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H- -C-C-C-C-T = C=-C~-C = T- -T = C~-C-C = C-C-C~-C~ COCH
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vl bttt el el
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DOCOSAHEXAENOIC ACID (022:6’ n-3)




pafBsite.-inhibition (41.0%5.5) was observed. C. Ef fects of oxidized
fa@y acids and anti-oxidants on growth of P. falciparum [err] n-3 and
[eil] n6 fwbOby/eds8sds were di spensed into 10m gl ass tubes lL,vent
wa@ evaporated under [err]. The dried residues were auto- @Qﬁéﬁ@gﬁﬁ%V
ex@osure to the air at roomtenperature for 2-4 days. Thin-layer. ... ..
chigomat ogr aphy i ndicated that nore tgz 95% of the parent fatty aci ds had
be@n- oxi di zed by this procedure. Pro CP i ncl uded noribis eplaced
dei@ vatives and other nore pol ar oxygeagtgd conpounds ( ﬂized
fal®y acids were conpared with freshly prepared fatty a

stgndard radionetric growmh inhibition assay. The effects of anti-oxidants,
cafpl ase and superoxi de T

cis - configuration

trans - configuration
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/
nmut ase (SOD) on the interaction of P. falci parum and fatty acids were
m ned. PRBC (500ul) were m xed with equal volunes of the follow ng: (i)

Byl at edwbyedropes4 ol uene (BHT) (Sigma) 60uMin 0.5% et hanpﬁ_-rm(d,&)oon;

[err]-tocopherol (Vitamin E) 40uMin 0.5%ethanol, (iil) superoxide

nmut ase (SOD) from bovine RBC (Sigma) 1nmg/m, (iv) catal ase from bovine

er (Sigma) 1ng/m, (v) 0.5%ethanol (diluent of BHT and This is the
| acenent sheet Substitute sheef;yg 16 July 1996 13
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in E) and (vi) maldria medium in an 18 well nicrodilution plate

ro, Flow Laboratories, Inc, MLean, Va), and incubated for 18h in a

e jar wo93/00e84 | C (6). Foll owi ng i ncubation, bl ood sma%f:é_mvg

red, stained and parasitaemnm as determ ned. The wel |
i fuged, the supernatant was replaced with an equal
mor w th nmedi um conprising anti oxi dants,

vol une of mal ar| a
cat al ase- and SOD, ..and_t he

pel l et was resuspended. PRBC Wer&@aspensed [ nt m crodilution

s, reacted with the fa_tty aci ds
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vity against P. falciparum (Fig 6). Oxidized [err] n-3 and [err] n-6
led significantly nore anti-parasitic activity (P<O Ol) than the

oxi di Q93,0008 (Fig 6). The effect of pre-incubation oﬁcﬁﬁﬁgz)%jxlg
-oxidants (Vit E - Vitamin E, BHT - butyl ated hydroxytol uene, SOD

br oxi de di snutase and CAT - catal ase) on the ability of the fatty aC|ds
llanage P. falciparumwas al so tested. Anti-parasitic effects were

ced by about 50%if PRBC were pregypgcubated with BHT or Vitamn E

ni ght, washed and then exposed to fatty acids. Anti-parasitic activity
4 r educed by over 70% when the pre-incubated PRBC were reacted with fatty
s in the presence of BHT and Vitamn E (Fig 6). The effects of fatty
s were also greatly reduced if the PRBC were

FIG 5
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ed with SOD or cathlase without pre-incubation (Fi'g 6). Ethanol

the diluent for sonme of these reducing reagents, had no effect on
Site gWDN$3700084 Conparison of use of al bumin and DP- BETiAgeass t O
rporate fatty acids. M xed fatty acid/ DP-PC micelles were conpared wth
y acids (40ug/ m) sonicated in the presence of 3ng/nm fatty acid-free
mn (Sigma) by using the standard radi onetric assay descri bed above.
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lar results were obtained when fatty acids were delivered in either
mn or DP-PC,  as determned norphol ogically and radionmetrically. As a
rol, sg) 9 les of the fatty acid [err] n 3) were pipepilgsh/eu3
ed. Seltf-mcelles are prepared by dispensing 75 ug of fatty acid (stock
tion 10-20ng/ 5m chlaroform stored under N2 at -20[err]C) into a | Om
s tube and evaporating the solvent under [err] 3m of 0.9% NaCl is then
d and the mxture is sonicated fo /iﬁlﬁ nutes with an ultrasonic
essor (nodel W225; Heat Systens - trasonics, Inc, Farm ngdale, NY,
Wi th output setting 4. Under these conditions, a clear |ipid sonicate
roduced. 400 ul aliquots of the sonicate were

FIG 7
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or animal injections. As shown in Fig 7, self mcelles were nost

Ive in reducing parasitaem a. However, m xtures of PUPA with both
n and WD9BMoadsso had parasitaem a-reduci ng effect. EXAA@I, ,

TY AGAI NST TRYPANOSOKA MJSCULI The effects of PUPA on t eﬁuaz/oo.n:;
oprotozoan T. nusculi, which is an extracellular bl ood parasite,

in Table 1 (below). Both of the f&tX% acids [err] and [err] were

to be very toxic for T. nusculi. FH& Saturated fatty acid [err],

her hand, had no effect on the parasite. Date;1 JUL mm-
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Sl‘,l titute sheet - 16 Jﬂly 1996 15 Table 1. Effect of ;ol yunsaturated fatty

acis of Trypanosoma nusculi, in vitro Fatty acid ,
Deg@ee of Wa%veng8dNone DP- PC (vehicle) Arachidonic acid [ergdr/Ru$s00313 ++
Dog@@sahexaenoic acid [err] n-3) + Docosanoic acid (C220) Parasites [err]

/wel|/100ul) were incubated with | Qul (10ug of fatty acid incorporated on
DPEC). After |h
3 : 9/10
FIG 9

Parasitemia (%)

e 10 pg of PUFA in DP-BC

-8 DP-PC (diluent)
normal saline
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ation, the parasi tés were exanined. ++++ indicates > 99% of parasites
d. EXAMPLE 3: ACTIVITY AGAI NST NAEGLERI A FOALERI Table 2 (bel ow) shows
ffect swei 932684 on t he pat hogenic free-1iving anpbeba N. pcgyhB$aseg3gki Ch
e cause of primary anoebi ¢ neni ngoencephalitis. The fatty acids [err]

I S 3
[erl@ and [err] were found to be very effective in killing these anpebae.
Thagnsaturated fatty acid [err] on the other hand, had no effect on the

a r" pae. Table. 2. Effect of polyunsatugateed fatty aci ds on Naegleria
fovgeeri, in vitro Fatty acid Degree of Killing
Nor3 ' No effect
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DP- PC No effect Arachidonic acid [err]

~Al'l killed Docosahexaenoic acid [err] Al killed

Ei cosapentaenoic acid [err] Al'l Kkilled Docosanoic acid [err]
No effect Substitute sheet - 16 July 1996 16 Using | Qug of the fatty
acid per well (nmeasurenents made after |h). EXAMPLEA: IN VIVO ACTIVITY

AGAI NST MALARI AL | NFECTI ONS ABSTRACT

METHODS AND COMPOSITIONS FOR TREATING
MALARIA AND OTHER DISEASES

It has been found that fatty acids having a carbon chain length of up to
30 carbon atoms, including two or more double and/or triple bonds, derivatives
thereof and oxidation products have activity against protozoan and helminth
parasites, bacteria, fungi, Chlamydia, Mycoplasma, Rickeltsia and viruses.

These compounds also have anti-tumour activity.



I'n vivo experlnents relatlng to the effect of PUFA ugrhg an experinent al
nouse nodel Hlm ml,mlmlmm hei, produced simlar results to the in
vitro findings lari al parasite P. falciparum (see Exanple
~1). BALB/c mice were Y nf'ected” with P. berghgt and then, 3 days after

I nfection, they received daily treatnment of C226 n-3 (I Cug,
|ntraper|toneally adnlnlstered) The control groups recelved eqU|vaIent

vol unes of physi QLA §\&3 E E§

acid vehicle DP-@& %Qeugﬁra3|ten1a‘proflles ar e pfesented in Fig 9‘and t he
data shows t hat - no effect on the Parasite growth in mce - the

| evel s of parasitem a were simlar to those of mce that received saline. 6
days after infecyion, phheggeNbe€a fatty acid having a chain length of up

5 to 30 carbon atoms, including two or more double and/or
triple bonds, a derivative thereof or oxidation product
thereof in the preparation of a medicament for use in the

prevention or treatment of tumours or a disease caused by
protozoan or helminth parasites, bacteria, fungi,
10 Chlamydia, Mycoplasmai, Rickettsia or viruses.

2. The use as claimed in claim 1, wherein said fatty
acid comprises two or more double bonds.

15 3. The use as claimed in claim 2, wherein said fatty

acid comprises 2 to 6 double bonds.

4. The use as claimed in any one of claims 1 to 3,
wherein said fatty acid comprises 15 to 25 carbon atoms.

20
5. The use as claimed in claim 4, wherein said fatty
acid is linolenic acid, arachidonic acid,
eicosapentaenoic acid or docosahexaenoic acid.

25 6. The use as claimed in any one of claims 1 to 4,
wherein said fatty acid is an n-1 to n-10 fatty acid.
7. The use as claimed in claim 6, wherein said fatty
acid is an n-3 to n-6 fatty acid.

30

8. The use as claimed in claim 7, wherein the fatty

acid is an n-3 fatty acid.

Aonded
ot (3)



v

shovved a 60- folﬂlncrease mnigmitem'a_(ﬁ g9). Aft«g a single injection

of the fatty aci (“num““u “ parasitem a was significantly reduced
from1.650.40 to 1, Fig 9). This suggests that the effect

of the PUFA is d|rEcﬁiy on the par asi t es- B#®roughout the course of the
treatnment, the parasitem a was nmaintained at a lower level than the initia
par asi tem a (Fig 9). Conpared with the mce that received DP-PC or saline,
the fatty acid-t%eat &then useshowetlaimeacedly AbYeonsarehi edains(R<C®08). In

the mce treated; xtéh?P%?(c‘icﬁexsﬂ e R PAARILES 20BN B )i gelow ng
es of t

all different stag asexual and sexual stages. In contrast, in
[err] -3-treated mce, 70-100% of the surviving parasites had "restricted

grow h" and appegj €d The use as claimed in claim 8, wherein said ester is
' 5 a C,_s ester, for example a methyl or ethyl ester.

11. The use as claimed in any one of claims 1 to 7,

wherein said oxidation product is a hydroxy fatty acid,

hydroxy alkanal, hydroperoxy or endoperoxide derivative,
10 malonaldehyde, malondialdehyde.

12. The use as claimed in any one of claims 1 to 11,
wherein the disease caused by protozoan or helminth
parasites comprises malaria, toxoplasmosis,

15 trypanosomiasis, leishmaniasis, amoebiasis,
trichomoniasis, primary amoebic meningitis, chronic
acanthamoebic encephalitis and keratitis, babesiosis, or
a disease caused by a nematode , trematode or cestode.

20 13. The use as claimed in any one of claims 1 to 11,

wherein the tumour is a melanoma.

14. The use as claimed in any one of claims 1 to 13
wherein the medicament is suitable for parenteral

25 administration.
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vﬂqy(? The' results showed that the injection of

ETS SG
as a ‘dqt” ;F MC&%EI{{T SHE'6tdA@§ i.aH prly effective in reducing the
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METHODS AND COMPOSITIONS FOR
TREATING MALARIA AND OTHER DISEASES

BACKGROUND TO THE INVENTION

Over half of the world'’'s population, in some 100
countries, is at risk from malaria, with about 500 million
acute infections and approximately 1 million deaths recorded
each year (1, 2). As a whole, the situation with respect to
this disease has shown little improvement in the last 15
years. Vaccine development is proving lengthy and complex
and, at the present time, there is no completely satisfactory-
vaccine on the market. The use of antimalarial drugs still
causes major problems due to widespread drug resistance and
the toxicity related effects of pPresent chemotherapy.

We have now identified a group of compounds which can
induce killing of malaria and other parasites, bacteria,
viruses, fungi and tumours. These compounds are non-toxic,
and it is unlikely that disease .organisms will be able to

develop resistance to them.
SUMMARY OF THE INVENTION

According to the present invention, there is provided a
pharmaceutical or veterinary composition, for the prevention
or treatment of malaria and other diseases (as described
below), comprising a polyunsaturated fatty acid, a derivative
.thereof or oxidation product in a‘pharmaceutically or
veterinarily acceptable vehicle.

According to a further aspect of the invention, there is
provided a dietary supplement, for the- preventlon or
treatment of malaria and other dlseases (as descrlbed below), -
comprising a polyunsaturated fatty acid, a dérivative thereof

or oxidation product in an edible vehicle.

' et
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all evikated the anem a normally associated with malarial infection.
Therefore, it appears that PUFA have a secondary therapeutic effect, in

that they not only kill the parasite but also act on body cells to prevent
the rel ease of nediators (cytokines), which cause the pathophysiol ogy and
the illness in malaria. Testing was also carried out to conpare the effects

of oxidation products with those of fatty aéid [err] n-6. Mce were
injected, daily (400 ug/kg body weight) with C[err] n-6' and its hydroxy
and hydroperoxy deriyadd g Ibearf&vlﬁu&:ﬁaﬁ s&w& gt khds1@nvdi€ion,

hydr oper oxy derLXaﬁé\Qi\g¥%vE c ngsget 6%68 preventxon or treatment of

malaria or other diseases (as described below), comprising
the administration of a polyunsaturated fatty acid, a
derivative thereof or oxidation product, either by itself or
in the form of a dietary supplement or a pharmaceutical or
veterinary composition (as described above).

The term *polyunsaturated fatty acid®", as used
throughout the specification and claims, is defined as being
a fatty acid comprising two or more double and/or triple
bonds. That is, the fatty acid may comprise double bonds
only, triple bonds only or a combination of double and triple
bonds. Preferably, the fatty'acid comprises two or more
double bonds, in particular, 2 to 6 double bonds.

NON-SPECIFIC IMMUNITY

The term "non-specific immunity* is defined as the
ability of the host defence system to utilize'cqmpcnents of
the body which do not :equife specific recognition factors
such as antibodies and cytotoxic T lymphocytes. Previously
identified mediators of non-gpecific immunity constitute a
range of different kinds of factors, including oxygen-derived
.reactive species, aminoﬁldehydes, cytokines and various other
factors (at present, incompletely characterized) in the serum
of hosts showing non-specific resistance to disease. These
non-specific defence mechanisms play a valuable role in
defence against infection and malignant diseases. Noa-
specific immunity acts as a defence against infection by such
agents as bacteria, fungi, parasites and viruses, and also as

a defence against tumours.

In vivo correlates of non-specific immunity,'resulting
from the injection of stimulators of non-specific immunity,

are: (a) activated macrophages which non-specifically kill

This is the replacement sheet
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The results of these experinments (Exanples 1 to 4) were as follows: It was
established in'" vivo that the saturated fatty acid [err] had no effect.
Arachidonic acid [err] was effective, but not as effective as [err] The
intraperitoneal, as well as the intravenous, rSubstituté shesn- 16 delyi bR9Ger €
both effective. Use of the vehicles [err] and al bum n, or the injection of
m celles of PUFA, were all effective. The_oxidized formof the fatty acids
was even nore effective - nanely the hydr%peroxy derivati ve.

bacteria, fungi, parasites, virus-infected cells and tumour
_cells and (b) the appearance of tumour necrosis serum (TNS)
in hosts. TNS has been shown to induce death of parasites and

tumour cells.

Despite an extensive interest in mediators of non-
specific immunity over the last 30 years, there have been few
breakthroughs regarding further candidates which could be
potential mediators of non-specific immunity.

We have now surprisingly discovered that polyunsaturated
fatty acids, derivatives thereof and oxidation products are
mediators of non-specific immunity.

COMPOUNDS OF THE PRESENT INVENdeN

The compounds used in the present invention are
polyunsaturated fatty acids (PUFA), derivatives thereof and
oxidaticn'products. Many of these compounds are naturally-
occurring, and known to be non-toxic to warm-blooded animals.

Preférred compounds are n-1 to n-10 PUFA, especially 5-3
€0 n-6 PUFA, and in particular n-3 and n-6 PUFA. The
numbering ®"n-1" etc indicates the position of the first
double bond in the fatty acid molecule, counting from the end
of the molecule distal from the carboxyl group.

.

Suitable derivatives are esters, preferably C esters

1-6
and, in particular, methyl or e;hyl esters; alcohols and

amides.

Oxidation products include hydroxy fatty acids, hydroxy
alkanals, hydroperoxy and endoperoxide derivatives,
malonaldehyde and malondialdehyde.

... s tne replacement sheet
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Substictute sheet - 16 July 1996 18 EXAMPLE 5: IN VI TRO ACTIVITY AGAI NST
TUMOUR CELLS As shown in Table 3 (below), both [err] and [err] PUFA kill
the tunour cell B16 nelanoma in vitro. [err] had no effect on the tunour
cells. Table 3. Effect of polyunsaturated fattSubstitute sheethre16uivr1 9956 |

B16 nmel anoma, in vitro Treatnent M croscopi ¢ exam nati on DP-PC
Nor mal heal t hy nonol ayers [err] Monol ayers not heal t hy, but
sone cells - 4

PUFA, wherein the double bonds are methylene-interrupted
(eg the compounds illustrated in Fig 1) and/or have a cis
configuration (see Fig 2), have been found to be particularly
effective. It is probable that trans conformation PUFA will

have the same effect.

Most naturally-occurring PUFA found in animals and
plants are n-3 and n-6 derivatives. The n-3 series PUFA are
found in particularly high concentrations in marine animals.
.In the n-3 series, the double bond closest to the omega-end
of the molecule (ie furthest from the carboxyl group) is
located between the 3rd and 4th carbon atoms (counting the
terminal methyl carbon atom as 1l). In the n-6 series, the
double bond closest to thée omega-end of the molecule is
located between the 6th and 7th carbon atoms.

The carbon chain length of the PUFA of the present
invention may vary significantly, and can be as high as 30
carbon atoms. The preférred PUFA of the present invention are
naturally-occurring PUFA having 15 to 25 carbon atoms, in
particular 18, 20 or 22 carbon atoms, such as linolenic acid,
arachidonic acid, eicosapentaenoic acid and docosahexaenoic

acid.
THERAPEUTIC ACTIVITY

PUFA, théir‘derivatives and their oxidation products are
effective in killing a wide range of bacteria, fungi,
protozoan and helminth parasites, inhibiting replication of
viruses, and killing tumour célls.

In particular, the compounds of the present invention
~may be effective in treating or preventing diseases caused
by:

This is the replacement sheet
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still rattached and viable [err] Al'l cells dead and detached
[err] Nor mal heal t hy nonol ayers Using 10ug of fatty acid.

DI SCUSSI ON AND CONCLUSI ONS Exanpl e 1 above denonstrates that fatty acids
caused growth inhibition of P. falciparumin Substitete gheetpol § uhdnt1 @98 ed
fatty acids belonging to the n-3 and n-6 series, in particular, caused

mar ked growth inhibition of the parasites. These included [err] n-3.

[err] n-3 [err] n-6 and [err] n-6 falty acids. However, nonounsaturated
and saturated fatty acids, e.g. Cl18:1, n-9 and C22:0' had little effect.

Thi s resul_tAplerrtgkf&roazt()«;gN ﬂ%s&ggsdegree of
Malaria

falciparum
vivax

berghei

Mo on

brasilianum

Toxoplasmosis
T. gondii

T s
T.b. gambiense
T.b. rhudesiense
T.b. bruceli

T.b. congleuse
T.b. vivas

T. cruzi
T. musculi

Leis] . i _ ‘
L. major

L. brazilensis

L. donovani

2 biasi
E. histolytica

Trict iasi

Pri bi ingiti

N. fowleri

] . thamoebi haliti 1 keratiti

A. culbertsoni
Giardiasis
G. intestinalis
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anti pkasnodi al activity of the fatty acids is dependent in part on the
degree of unsaturation (nunber of double bonds present). For exanple, the
degree of inhibition for 22 carbon fatty acids is increased several-fold by
the introduction of six double bonds into the Substitute shéeti 16 Jyly 1926

I ntroduction of one further double bond into the nonounsaturated fatty acid
oleic acid (C181 n-9 ), nore than tripled the parasiticidal effects (Fig
3). Substitute sheet - 16 July 1996

Babesiosis
B. bovis

B. bigemina

B. MAJOR HELMINTH PARASITES OF HUMANS

Organism

Common Name

Nematodes
Ancylostoma duodenale
Ascaris lumbricoides
Enterobius vermicularis
Onchocerca volvulus
Strongyloides
Trichinella spiralis
Trichuris trichiura
Wuchereria bancrofti

Trematodes
Clonorchis sinensis:
Fasciola hepatica
Fasciolopsis buski
Paragonimus westermani
Schistosoma haematobium
Schistosoma japonicum

Schistosoma mansoni
Cestodes
Diphyllobothrium latym
Taenia saginata
Taenia sodium
Echinococcus granulosus

Hookworm

Giant roundworm
Pinworm

River blindness
Strongyloidiasis
Tiichinosis
Whipworm
Filariasis

Liver fluke
Liver fluke
Intestinal fluke
Lung fluke

Blood fluke
Blood fluke
Blood_fluke

Fish tapeworm
Beef tapeworm
Pork tapeworm
Hydatid cyst

This is the replacement sheet
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At~ the concentrations tested, the fatty acids did not appear to be toxic to
PRBC and normal RBC and did not induce haenol ysis (determ ned

bi ochemi cally). The diluents DP-PC and al bum n_had no toxic effects either-
on the parasite or RBC. Sinilar results were oPdestittie shedke 6 ey 29§
acids prepared in either DP-PC or albumn, indicating that the results were
not changed:because of the agent used to .;li ssolve the fatty acids. This is
of significance since, in the body, the fatty acids bind to al bum n.
Results of the in vivo experinents (Exanple 4) confirmed the antipl asnodi al

effects of the PUifra ThthdWPAelevhlives Jambitbtlof-Sro@ictLanall e of

I nhi biting tge g&oth'{:of P. b%r el ip mcee,. but the saturated fatty acid

[err] had no roadspectrum antibactterial activity against gram-positive
cocci, gram-positive bacilli, gram-negative cocci, gram-
negative bacilli, spirochetes, anaerobic bacteria and
mycobacteria. Therefore, they can be used therapeutically in

combatting diseases caused by such organisms.

The compounds of the present invention are also
' f.ungicidal and fungistatic against Candida albicans,
Cryptococcus neoformans, Histoplasma capsulatum, Aspergillus
fumigatus and Pneumocystis carinii. Accordingly, they are
effective in preventing or treating mycotic diseases.

PUFA, their derivatives and oxidation products are also
-active as antiviral agents. The fatty acids interact with the
virus-infected host cell and may either induce changes in the
cell which inhibit viral replication or, at higher
concentration, damage the virus-infected host cell. '.l‘_his
makes the PUFA, such as 022:5 or its hydroxy form, suitable
as broadspectrum antiviral agents. They are effective against
diseases caused by the DNA viruses: Poxviridae, ;
Herpesviridae, Adenoviridae, Papoviridae, quadnaviridéé and
Parvoviridae, as well as against diseases caused by the RNA
viruses: Reoviridae, Togaviridae, Flaviviridae, .
Corohaviridae, Paramyxoviridae, Rhabdoviridae, Filoviridae,
Orthomyxoviridae, Bunyaviridae, Arenaviridae, Ret.;:ov.iridae,

Picornaviridae and Caliciviridae.

The compounds of the present ‘ipvention are effective in
inhibiting the growth of Chlamydia, Mycoplasma and
Rickettsia. These compounds are therefore agents &gainst
chlamydial diseases, mycoplasma diseases and rickettsiosis.

PUFA, their derivatives and oxidation products also have

antitumour -properties.
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effect. Inportantly, the PUPA showed no toxic effects in mce but, in fact,
pr.evented mal ari a-i nduced anem a. Morphol ogi cal studies confirnmed the
results obtained fromthe radionetric assay and clearly showed that fatty
aci ds caused intraerythrocytic degeneration andMbRifute sheet - {18 dilpak9H
PUFA are taken up with great avidity by malarial parasites, which have an
absolute requirenent for host fatty acids because of inability to

synt hesi se these |ipids. The mechani sm beghind the fatty acid i nduced death
of malaria parasites is not clear at present. However, striking alterations
in lipid netabolismhave been reported in malaria-infected RBC. The usually
| ow |i pi d metabol i sm of RBBIEF DESCRIPTION OF THE DRAWINGS

Figs 1 and 2 illustrate the nomenclature used with
respect to the compounds of the present invention;

Fig 3 illustrates the effects of various fatty acids on
Plasmodium falciparum;

Fig 4 illustrates the concentration related anti-P.
falciparum activity of fatty acids;

Fig 5 illustrates the effects of increasing the carbon
chain length of the fatty acid;

Fig 6 illustrates the effects of oxidation of fatty
acids on their ability to damage P. falciparum;

Fig 7 illustrates the effects of incorporation of fatty
acids in various diluents;

‘ A
Fig 8 illustrates the effect of 022.6 n-3 fatty acid on
the morphology of P. falciparum infected human red blood

cells (RBC);

Fig 9 illustrates the effect of C22_6 n-3 fatty acid on
P. berghei~infected mice; and ’

Fig 10 illustrates the effects of oxidation products of
fatty acids on P. berghei—infectﬁg mice.

EXAMPLES

The following Examples are intended to further
illustrate the present invention, and are not intended to

limit the scope of the invention in any way.
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rises sharply after invasion and throughout maturation of the parasite (7,
8) ¢ RBC harbouring mature schizonts, for exanple, are known to contain 3-5
fol d nore phospholipids than normal RBC (8). Incorporation of required

i ngredi ents by pinocytosis or through the RBC rfttstidute shaets 18 July Kods/

hi gher in malaria-infected RBC than in normal RBC (9). As the Substitute
sheet - 16 July 1996 20 parasite is devoi & of de novo synthesis of fatty
acids (7, 8), the infected RBC may take up fatty acids with great

EXAMPLE 1: ACTIVITY AGAINST PLASMODIUM FALCIPARUM

Parasite. Six isolates of Plasmodium falciparum (knob
positive and negative) were maintained under in vitro
conditions in Group o* human red blood cells (RBC) in RPMI
1640 medium (Cytosystems Pty Ltd, New South Wales, Australia)
supplemented with 10% heat inactivated Group aB” serum, as
described previously (3, 4). Experiments were performed with
synchronized and non~synchronized cultures at 108RBC/ml with

3-5% parasitaemia.

FPatty acids. Docosahexaenoic acid (c22:6, n—3)'
docosahexaenoic acid methyl ester (sz:s’ n-3 Bethyl ester),
eicosapentaenoic acid (c20:5, n_3), arachidonic acid (020:4’
n-g)» linoleic acid (C18:2, n-g)+ ©leic acid (018:1, a-9) -
docosanoic acid (C,,.,) and Di-¢d-dipalmitoyl
phosphatidylcholine (DP-PC) were obtained from Sigma Chemical
Co, St Louis, MO, USA., Lipids were dissolved in redistilled
chloroform (10-50mg/5ml) and stored under N, at -20°C. Thin-
layer chromatography indicated that the lipids were of high
purity. Mixed fatty acid/DP-PC micelles were prepared as
follows:  Fatty acid (8,32 or 80ug) and DP-PC (4-fold the
amount of fatty acid) were dispensed into 10ml glass tubes.
and the solvent evaporated under NZ’ RPMI 1640 medium (2ml)
was added and the mixture sonicated for 2 minutes with an
ultrasonic processor (model W-225; Heat Systems -
Ultrasonics, Inc, Farmingdale, NY, USA) with 40% duty cycle
and output setting 4. The lipiﬁ sonicates were clear under
these conditions. Aliquots (50ul) of each sonicate
(containing 4,16 or 40ug/ml fatty gcid) were use§ for assays

unless stated otherwise.

Growth Inhibition Assay. This was carried out as

described previously (3, 4}, with the following
modifications. Experiments were conducted in 96 well flat-

bottomed microdilution plates (Linbro, Flow Laboratories,
Inc, MclLean, Va), comparing three different treatment groups.

This is the replacement sheet
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avidity. It is possible that this sudden influx of fatty acids, their

nmet hyl esters or oxidized fatty acids may be toxic to the parasite,

al though the basis for the toxicity probably differs according to the
agent. Qur norphol ogi cal studies (see Fig 8) s@uhetitutesgheete T&uly 1906

I nduced death of the parasite, and |ater these dead parasites noved to the
exterior fromthe RBC via the parasitophorous vacuole orifice. Al though we
do not wish to be bound by prelimnary sp&cul ations, this observation may
suggest that the site of nerozoite invasion, which acts as the orifice of

thei | deri vaPReEE MFESLENAA OF o FALCIPREFS s tagr BoFt € b Loy
2-5% parasitaemia) were mixed with S0ul of either fatty acids
(40ug/ml), diluent (DP-PC) or malaria medium. The plates were
incubated for 2h at 37°C in 5% CO2 in air. Then the wells
were pulsed with 1uCi of [3H] hypoxanthine (Amersham Corp,
Arlington Heights, Ill) in 50ul RPMI 1640 medium and
incubated for a furthexr 18h at 37°C in 5% CO2 air. Individual
well contents were then collected using a semi-automated
sample harvester (Titertek, Flow Laboratories, NSW,
Australia), and the [SH] hypoxanthine incorporation was
measured by a liquid scintillation counter (Beckman model, LS
3801). Percent growth inhibition of the parasite- was
calculated by the following formula: Percent inhibition =
. {{(dpm of parasite in diluent) -~ (dpm of'parasite incubated
with fatty acids) x 100}/(dpm of parasite in diluent), where
dpm = disintegrations per minute. The results of this assay

are illustrated in Fig 3.

Al Effects of fatty acids and fatty acid structure on
growth inhibition. Fig 3 summarizes the effects of fatty
acids and fatty acid structure on the growth of P. .
falciparum. The symbol m indicates the number of different
experiments carried out with each fatty acid. Treatment of
parasites with C,,.5 p-3¢ ©20:5, n-3¢ €20:4, n-6 272 C13
fatty acids resulted in marked inhibition of 2.

12,

n-6
falciparum growth, which was significantly higher than the

effects of C18:1, n-g 38é C,,. 4. The highest anti-malarial
activity was always seen with sz:a' n-3 (76%+3.3 growth
inhibition). The methyl ester of this fatty acid was just as
effective (71%+4.3). Similar results were obtained when
fatty acids were delivered in either albumin or DP-PC (data

not shown on Fig 3).

The anti-malarial activity of the fatty acids was
concentration-dependent (Fig 4). Within the range of 4-40ug/
ml, the fatty acids did not induce haemolysis of parasitized

This is the replacemen’g.aheet
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octurs at a nunber of levels and involves their oxidized derivatives. In
the case of extracellular parasites or the extracellular life cycle stage

of a parasite, the lipid nay act directly on t%b%%éﬁél%raerg?ﬁ %1996

affecting its normal function. For intracellular

parasites. such as malaria, the |ipids affect the normal function of
the parasite by acting on the host cell nmenbrane (the host cell being the
erythrocyte, hepatocyte, nononucl ear phagocyte, nuscle cell, |ynphocyte

3}1 c). A TheI gctd'rfomo;zhahi RBdS aﬁya?ﬁééwd tb@aﬁa'ﬁﬁobﬂ)dbﬁﬂx t¥e 1¥fasleh@nfosl cell Sf
ich could then. limt i cation arasite (eg y occur for
vi rus-i nf ect EPEECLEF1°H gtcﬁ: aalc? t |qu ?‘ese gogﬁgnfxéitll%\ﬁe %§6ﬁ§ef‘ﬁfat i ons)
may affect hastt ¢ekiicstavBngfadrigatummend [ H hypoxanthine

incorporation was not affected by the presence of the

phospholipid.

Microscopic examination revealed that parasites exposed
to fatty acids for 18h underwent degeneration and death (Fig
8). Fig 8a illustrates the normal morphology of P. falciparum
infected RBC, showing various stages of maturation. Fig 8B
illustrates the same culture incubated with c22:5, n-3
18h. (Note: The cytoplasm does not absorb Giemsa stain, the
nucleus is darkly stained and condensed, and the parasites
are devoid.gf any normal structures.) It appeared that

for

immature and mature schizonts were more susceptible to the
fatty acid-induced effects than were the ring forms. However,
the majority of ring forms were also found to be degenerated.
Different fatty acids had different effects. For example,
c22:6,n-3 caused >90% death of P. falciparum. Almost all of
‘the surviving parasites (10% parasitaemia) were in the ring
form. Ch4.4. n-6 caused 80% death or degeneration of -the
parasite. In addition to rings, a small percentage of
schizonts also survived, but their cytoplasm d4id not stain
with Giemsa and the nuclei were dense and darkly stained;
with a pa:asitaepia of 15%. With C2°:4’ n-6’ approximately
15% mature schizonts and 70% immature schizonts showed
abnormalities. By way of contrast, sz:o-treqted P.
falciparum cultures were very similar to the parasite grown
in the absence of fatty acids.

Fig 5 illustrates the effect of increasing the carbon
chain length on the anti-malarial activity of PUFA. C32 and
C34 g are far less effective than C20 4 and sz 6"

respectively. Increasing the carbon chain length, whilst

: 4

maintaining the same number of double bonds, leads to
decreased activity, particularly if the number of carbon
atoms is greater than 30.
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whi ch.-protect very sensitive parasites agai nst oxidative danage. This could
I ncl ude systens which lead to the generation of reduced gl utathione.

Factors such as the concentration of the PUFA, the type of parasite and the
specific stage of the parasite life cycle couI%UQﬁiité¥ heethilénlyly 1936
above three possibilities occurs. Substltute sheet - 16 July 1996 21 It
is evident fromour studies that oxidized? fatty acids are particularly
effective in inducing parasiticidal effects

B. Effects of fish oil on growth of P. falciparum. Using
the growth inhibition assay described above, the effects of
fish oil (MAXEPA, Duncan, Flockhart, UK) containing the
triglycerides of 18% w/w c20:5, n-3 fatty acid and 12% w/w of
C22:6, n-3
concentrations of 4, 16, 20 and 40ug/ml incorporated into
DP-PC were added to S0ul of RBC with 3-5% p;rasitaemia. The

fatty acid were tested. Fifty ul of fish oil at

effects of fish o0il were studied after 2h and 20h incubation
with parasitized with RBC (PRBC), before addition of [3H]

hypoxanthine.

Fish oil (40ug/ml) showed a low inhibition of the
parasite. When fish o0il at 40mg/ml was interacted with PRBC
for 2h, the parasite inhibition was 20.5%+8.5. However, when
the interaction time was increased to 20h, an increased
parasite inhibition (41.0%+5.5) was observed.

C. Effects of oxidized fatty acids and anfi-oxidants on
growth of P. falciparum. c22:6, a-3 and 020:4’ n-6 fatty
acids were dispensed into 10ml glass tubes and the soclvent
was evaporated under Nz. The dried residues were auto-
oxidized by exposure to the air at room temperature for 2-4
days. Thin-layer chromatography indicated that more than 95%
of the parent fatty acids had been oxidized by this
procedure. Products included monochydroperoxy derivatives and
other more polar oxygenated compounds (5). These oxidized
fatty acids were compared with freshly prepared fatty acids
using the standard radiometric growth inhibition assay.

The effects of_anti-oxidants, catalase and superoxide
dismutase (SOD) on the interaction of P. falciparum and fafty
acids were examined. PRBC (500ul) were mixed with equal
volumes of the following: (i) butylated hydroxytoluene (BHT)
(Sigma) 60uM in 0.5% ethanol, (ii) DL-d -tocopherol (Vitamin
E) 40uM in 0.5% ethanol, (iii) superoxide dismutase (SOD)
from bovine RBC (Sigma) img/ml, (iv) catalase from bovine
liver (Sigma) 1mg/ml, (v) 0.5% ethanol (diluent of BHT and

This is the replacement sheet
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of P..falciparum(see Fig 6). It is likely as well that the effect of the
parent non-oxidized fatty acid is related to its oxidation by the parasite
or RBC, which constitute a highly oxidative environnent (containing iron
and hi gh concentrations of oxygen). As night bRubstifeta sheet- 4ReJWyiRI&d
species is the active formof the PUFA, antioxidants (such as BHT and
Vitamin E) markedly reduce the anti-nal atsal activity of the fatty acids.
Mor eover, saturated and nonosaturated fatty acids, which are nore resistant
to oxidative attack, are much less effectjive than fatty acids with tw or
more doubl e BOFRLIR Fe 384y (1) melpeia mediumy dme 29 18hwedki dati on products
whi ch i nduceniéeodf futcitorr qrinites (Bhabea| . Fldwirhboydtopes X YIS inaldakes

(mainly nDnOVa?pCLﬁH_incubated for 18h in a candle jar at 37°C (6).
Following incubation, blood smears were prepared, stained and
parasitaemias determined. The well contents were centrifuged,
the supernatant was replaced with an equal volume of malaria
medium or with medium comprising antioxidants, catalase and
SOD; and the PRBC pellet was resuspended. PRBC were dispensed
into 96 well microdilution plates, reacted with the fatty
acids Cy5.6, n-3
growth inhibition was studied using the standard radiometric

and 020:4‘ n-6 for 2 hours, and parasite
assay described above.

The oxidized forms of these fatty acids showed increased
activity against P. falciparum (Fig 6). Oxidized c22:6, n-3
~and 020:4, n-g Showed significantly more anti-parasitic
activity (P<0.01) than the non-oxidized forms (Fig 6). The
effect of pre-incubation of PRBC with anti-oxidants (Vit E -
Vitamin E, BHT - bupylated hydroxytoluene, SOD - superoxide
dismutase and CAT - catalase) on the ability of the fatty
acids to damage P. falciparum was also tested. Anti-parasitic
effects were reduced by about 50% if PRBC were pre-incubated
with BHT or Vitamin E overnight, washed and then exposéd to
fatty acids. Anti-parasitic activity was reduced by over 70%
when the pre-incubated PRBC were reacted with fatty acids in
the presence of BHT and Vitamin E (Fig 6). The effects of .
fatty acids were also greatly reduced if the PRBC were
treated with SOD or catalase without pre-incubation (Fig 6).
Ethanol (0.5%), the diluent for some of these reducing
reagents, had no effect on parasite growth.

D. Comparison of use of albumin and DP-PC micelles to
incorporate fatty acids. Mixed fatty acid/DP-PC micelles were
compared with fatty acids (40ug/ml) sonicated in the presence
of 3mg/ml fatty acid-free albumin (Sigma) by using the
standard radiometric assay described above.
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hydr oxy derivatives) are major products of auto-oxidation, although a
variety of other products (including al kanals, hydroxyal kanal s,

mal onal dehyde, pol ynmeri sed pol ar products, and even vol atile carbonyl
conpounds) are produced as well (10). Wether Substitote sheetof 16hiide HBWluct s
are effective at inducing degeneration of the parasite remains to be
determ ned. The nechani sm of action of the active agents is clearly
dependent on their structure. Thus, although we do not wi sh to be bound by
prelimnary specul ati ons, hydroperoxy ddmivatives of fatty acids may act by
oxi di zi ng reduced gl utathione and thereby nmaking the parasite nore
susceptible to oxidative stress, while nmal onal dehyde is thqught to
interfere with néﬂﬂ?éﬁé Fﬁﬁ&?giﬁw?ﬁﬁ ined HBF?if%Fﬁx)aFdﬁﬁ1were

delivered in either albumin or DP-PC, as determined

morphologically and radiometrically.

As a control, self micelles of the fatty acid (C22-6
n-3) were prepared and tested. '

Self micelles are prepared by dispensing 75 ug of fatty
acid@ (stock solution 10-20mg/5ml chloroform stored under N2
at -20°C) into a 10ml glass tube and evaporating the solvent
undexr Nz. 3ml of 0.9% NaCl is then added and the mixture is
sonicated for 3 minutes with an ultrasonic processor (model
W-225; Heat Systems - Ultrasomics, Ind, Farmingdale, NY, USA)
with output setting 4. Under these conditions, a clear lipid
sonicate is produced. 400 ul aliquots of the sonicate were

used for animal injections.

. As shown in Fi§ 7, self micelles were most effective in
reducing parasitaemia. However, mixtures of PUFA with both
albumin and DP-PC also had parasitaemia-reducing effect.

EXAMPLE 2: ACTIVITY AGAINST TRYPANOSOMA MUSCULI
The effects of PUFA on the haematoprotozoan T. musculi,
which is an extracellular blood parasite, are shown in Table
1 (below). Both of the fatty acids 022:6 and 020:4 were found
to be very toxic for T. musculi. The saturated fatty acid

C22.0. on the other hand, had no effect on the parasite.
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cross -l inkages between proteins and lipids (11). Al though the nechani sm of
action is not entirely clear, at this stage, we believe that fatty acids
(such as docosahexaenoic acid) can act either directly on the parasites, or
indirectly by activating neutrophils (12) for SubsétgesheettilfyJuly h8PE6ri a
parasites. Macrophages and neutrophils have been shown to be inportant
effector cells against Plasnodi um specilds (3, 4, 11, 13, 14, 15). CQur
Substitute sheet - 16 July 1996 22

Table 1. Effect of polyunsaturated fatty acids of
Trypanosoma musculi, in vitro

Fatty acid Degree of Killing
None -

DP-PC (vehicle) : -
Arachidonic acid (C20:4l n-6’ +H++

Docosahexaenoic acid (sz:s' n_3) ++dt
Docosanoic acid (022‘0) -

Parasites (2x104/well/100ul) were incubated with 100ul
(10ug of fatty acid incorporated on DP-PC). After ih
incubation, the parasites were examined. +++4 indicates > 99%
of parasites killed.

EXAMPLE 3: ACTIVITY AGAINST NAEGLERIA FOWLERI
Table 2 (below) shows the effects of PUFA on the
pathogenié free-living amoeba N. fowleri, which is the cause
of primary amoebic meningoencephalitis. The fatty acids
Cos.6¢ Cog.4 @04 Cyg 5 Were found to be very effective in
killing these amoebae. The unsaturated fatty acid Cy2.0¢ ©OR
the other hand, had no effect on the amoebae.

Table 2. Effect of polyunsatur;ted fatty acids on Naegleria
fowleri, in vitro )

Fatty acid '! Degree of Killing
None No effect
DP-PC No effect
Arachidonic acid'(C20:4) All killed
Docosahexaenoic acid (022:5) All killed
Eicosapentaenoic acid (020:5) All killed
Docosanoic acid (CZZ:O) No effect
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fi ndi ngs suggest that polyunsaturated fatty acids (such as arachi donic
acid) could be nediators of the effects of these phagocytic cells since
these | eukocytes are known to release arachidonic acid follow ng

stinmulation (16, 17). Antirmalarial activity of Supbsttupishegs - flﬁlddlw 4986
relatively |l ow (see Exanple 1B). Fish oillks are a source of triglycerides
contai ning onega-3 fatty acids, and the preparation used in Exanple 1B
contained 18% [err] and [err] -and 12@6Eerr% n-3'" It is possible that the
remai ni ng const i tY&N% 199t RE FReFRY A5dft BRECHEd Ut Haeashoementé ndrte
PUFA. Alternatteelsh).the triglycerides containing the PUFA may not have
been available to the parasite, because of the

EXAMPLE 4: IN VIVO ACTIVITY AGAINST NALARIAL INFECTIONS
In vivo experiments relating to the effect of PUFA,

using an experimental mouse model and Piasmodium berghei,
produced similar results to the in vitro findings with the
human malarial parasite P. falciparum (see Example 1). BALB/c
mice were infected with P. berghei and then, 3 days after
infection, they received daily treatment of sz 6, n-3 (10ug,
intraperitoneally administered). The control groups received
equivalent volumes of physiological saline or an equivalent
concentration of the fatty acid vehicle DP-pC. The
parasitemia profiles are presented in Fig 9 and the data
shows that DP-PC had no effect on the Parasite growth in mice
- the levels of parasitemia were similaxr to those of mice
that received saline. 6 days after infection, these mice
showed a 60~-fold increase in parasitemia (Fig 9). After a
single injection of the fatty acid 022 6, n-3° the
parasitemia was significantly xeduced from 1.65+0.40 to
0.25+0.04% (P<0.001; Fig 9). This suggests that the effect of
the PUFA is directly on the parasites. Throughout the course
of the treatment, the parasitemia was maintained at a 1°weg
level than the initial parasitemia (Fig 9). Compared with the
mice that received DP-PC or saline, the fatty acid-treated
mice showed markedly lower parasitemia (P<0.001). In the mice
treated with DP-PC or saline, the parasites grew rapidly,
showing all different stages of the asexual and sexual
stages. In contrast, in C,, . p-3~treated mice, 70-100% of
the surviving parasites had “restricted growth* and appeared
as a 'dot“_form.'czozd' n-g Was similarly effective in
reducing the parasitemia, but C,, , had no effect (data not
included in Fig 9). |

On day 4, the mice were killed and the presence of

anemia assessed by determining the heamatocrits. The
hematocrit values for DP-PC-, saline- apg C22.6. n-3-treated
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relati'vely larger size of the nolecule. The polyunsaturated fatty acids of
the present invention can.either be admnistered in the formof a

phar maceutical or veterinary conposition, or in the formof a dietary
suppl ement. Parenteral administration, e.g. bySubstityershesteal® July 1996
adm nistration or intravenous infusion, gives the best results, but oral
admnistration is al so possible. Subsyitute sheet - 16 July 1996 23
REFERENCES :

groups were 26.3+2.3, 25.9+2.5 and 40.7+6.9, respectively.
The results showed that the injection of C22:6, n-3
alleviated the anemia normally associated with malarial
infection. Therefore, it appears that PUFA have a secondary
therapeutic effect, in that they not only kill the parasite
but also act on body cells to prevent the release of
mediators (cytokines), which cause the pathophysioclogy and

the illness in malaria.

Testing was also carried out to compare the effects of
oxidation products with_those of fatty acid c20:4' n-g- Mice
were injected daily (400 ug/kg body weight) with Co5.4, n-s*
and its hydroxy and hydroperoxy derivatives. The results are
shown in Fig 10. The hydroperoxy derivative was the most

effective.

The results of these experiments (Examples 1 to 4) were
as follows:

It was established in’' vivo that the saturated fatty
acid Coa:0 had no effect.

Arachidonic acid 020_4 was effective, but not as
effective as C,, ..

The intraperitoneal, as well as the intravenous,
routes of PUFA injection were both effective.

Use of the vehicles DP-PC and albumin, or the
injection of micelles oﬁ PUFA, were all effective.

The oxidized form of the fatty acids was even more
effective - namely the hydroperoxy derivative.
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1.~ Anon. Mal aria. In: Tropical D seases Progress in International

Research, 1987-1988. Ninth Progranme Report, UNDP/Wrld Bank/WHO, Geneva

(1989), pp. 43- 49. 2. Stevenson MM Preface In; Stevenson MM ed.

Mal ari a: Host Responses to Infection. CRC Pres3ubstifyte sheet- ki by 99 i da

(1990). 3. Kumarati|l ake LM Ferrante A, Rzepczyk CM Tunor necrosis

factor enhances neutrophil-nedi ated kildg hg of Pl asnodi um fal ci parum

I nfect |nmun (1990) 58:788- 793. 4. Kunmaratil ake LM Ferrante A Rzepczyk

CM The role of T |lynphocytes in immunity to Plasnodi um fal ci parum
EXAMPLE 5: IN VITRO ACTIVITY AGAINST TUMOUR CELLS

As shown in Table 3 (below), both C,, . and C,g.4 PUFA
kill the tumour cell B1l6 melanoma in vitro. C,,.0 had no

effect on the tumour cells.

Table 3. Effect of polyunsaturated fatty acids on the
tumour cell B16 melanoma, in vitro

Treatment Microscopic examination
DP-PC Normal healthy monolayers
C2°.4' Monolayers not healthy, but some cells

still attached and viable
2All cells dead and detached
Normal healthy monolayers

0

22:6
C22:0

Using 10ug of fatty acid.
DISCUSSION AND CONCLUSIONS

Example 1 above demonstrates that fatty acids caused
growth inhibition of P. falciparum in culture. The
polyunsaturated fatty acids belonging to the n-~3 and n-6
series, in particular, caused marked growth inhibition of the
parasites. These included sz:s' n-37 c20:5, n-3* C2°:4' n-6
and 018:2, n-g rfatty acids. However, monounsaturated and
saturated fatty acids, e.g. C18:1, n-9 and 02230, had little
effect. This result demonstrates  that the degree of
antiplasmodial activity of the f;tty acids is dependent in
part on the degree of unsaturation (nﬁmber of double bonds
present). For example, the degree of inhibition for 22 carbon
fatty acids is increased several-fold by the introduction of
six double bond;”;nto the molecule. Similarly, the
introduction of one further double bond inteo the

monounsaturated fatty acid oleic acid (C 9), more than

18:1, n-
tripled the parasiticidal effects (Fig 3).
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enhancenment of neutrophil-nedi ated parasite killing by |ynphotoxin and

i nterferon gamm, conparisons with tunmor necrosis factor effects. J | nmunol
(1991) 146:762-767. 5. KimRS, LaBella FS. Comparison of analytical

met hods for monitoring antioxidation profiles Subsgtitytentheet|-iH dyly 3986
Res (1987) 28:1110-1117. 6. Trager W Jensen JB. Human mal aria parasites
I n continuous culture. Science (1976) 193:673-675. 7. Hol z GG Jr. Lipids
and the malarial parasite. Bulletin WHO @8977) 55:2-3. 8. Sherman | W :
Bi ochem stry of Plasnodium (nmal arial parasites). Mcrobiol Rev (1979)

43: 453-495. At the concentrations tested, the fatty acids did not

appear to be toxic to PRBC and normal RBC and did not induce
haemolysis (determined biochemically). The diluents DP-PC and
albumin had no toxic effects either on the parasite or RBC.
Similar results were observed between the fatty acids
prepared in either DP-PC or albumin, indicating that the
results were not changed because of the agent used to
dissoclve the fatty acids. This is of significance since, in
the body, the fatty acids bind to albumin. '

Results of the in vivo experiments (Example 4) confirmed
the antiplasmodial effects of the PUFA. The PUFA C,, . . .
and C20:4' n-g Were capable of inhibiting the growth of P.
berghei in mice,.but the saturated'fatty.acid sz:o had no
effect. Importantly, the PUFA showed no toxic effects in mice
but, in fact, prevented malaria-induced anemia.

Morphological studies confirmed the results obtained
from the radiometric assay and clearly showed that fatty
acids caused intraerythrocytic degeneration and death of P. '

falciparum.

PUFA are taken up with great avidity by malarial
parasites, which have an absolute requirement for host fatty
acids because of inability to synthesise these lipids.

The mechanism behind the fatty acid. induced death of
malaria parasites is not clear at present. However, striking
alterations in lipid metaboligm have been reported in
malaria—infected RBC. The usually low lipid metabolism of RBC
rises sharply after invasion and throughout ﬁaturation of the
parasite (7, 8). RBC harbouring mature schizonts, for
example, are known to contain 3-5 fold more phospholipids
than normal RBC (8). Incorporation of required ingredients by
pinocytosis or throcugh the RBC membrane pores is markedly
higher in malaria-infected RBC than in normal RBC (9). As the
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9. Burns E, Pollack S. P. falciparuminfected erythrocytes are capabl e of
endocytosis. In Vitro Cellular and. Devel op Biol (1988) 2A: 481-486. 10.
Est er bauer H, Cheeseman KH, Dianzani M, Poli G Slater TF. Separation and
characterization of the al dehyde products of | Spbatipge®hiegstildnhJuty HBP8t ed
by ADP- 2+ Fe inrat liver mcrosones. BiochemJ (1982) 208:129-140.

Substitute sheet - 16 July 1996 20

parasite is devoid of de novo synthesis of fatty acids (7,
8), the infected RBC may take up fatty acids with great
avidity. It is possible that this sudden influx of fatty
acids, their methYl esters or oxidized fatty acids may be
toxic to the parasite, although the basis for the toxicity
probably differs according to the agent. Our morphological
studies (see Fig 8) showed that the fatty acids induced death
of the parasite, and later these dead parasites moved to the
exterior from the RBC via the parasitophorous vacuole
orifice. Although we do not wish to be bound by preliminary
speculations, this observation may suggest'that the site of
merozoite invasion, which acts as the orifice of the
parasitophorous vacuole, has been damaged by the fatty acids
or by their derivatives.

The toxicity of fatty acids for parasites probably
occurs at a number of levels and involves their oxidized
derivatives. In the case of.extracellular parasites or the
extracellular life cycle stage of a parasite, the- lipid may
act directly on the parasite membrane, affecting its normal
function. For intracellular and intraerythrocytic parasites.
such as malaria, the lipids may affect the normal function of
the parasite by acting on the host cell membrane (the host
cell being the erythrocyte, hepatocyte, mononuclear
phagocyte, muscle cell, lymphocyte etc). The action of lipids
may either lead to toxicity of the.host cells, which could
then limit the replicatioh of the parasite (eg as may occur
for virus-infected cells), but in addition the lipids (at
lower concentrations) may affect host cell scavenging systems
which protect very sensitive parasites against oxidative
damage. This could include systems which lead to the
generation of reduced glutathione. Factors such as the
concentration of the PUFA, the type of parasite and the
specific stage of the parasite life cycle could determine
which of the above three possibilities occurs.
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24- 11, Allison AC, Eugui E. The role of cell-nediated i nmune responses in
resistance to malaria, wth special reference to oxidant stress. Annu Rev
| munol (1983) 1:361-32. 12. Poulos A, Robinson BS, Ferrante A, Harvey DP,
Hardy SJ, Murray AW Effect of 22 to 32 car bonSobStipge \sheett liGajaly T996y
aci ds on superoxide formation in human neutrophils. Synergi sm of
docosahexaenoi ¢ acid with phorbol nyristgye acetate and f-net-1leu- phe.

| munol (1991) 73:102-108. 13. Taliaferro WH, Taliaferro LG The effect of

i mmunity on the asexual reproduction of Plasnmodium brasilianum
It is evident from our studies that oxidized fatty acids

are particularly effective in inducing parasiticidal effects
of P. falciparum (see Fig 6). It is likely as well that the
effect of the parent non-oxidized fatty acid is related to
its oxidation by the parasite or RBC, which constitute a
highly oxidative environment (containing iron and high
concentrations of oxygen). As might be éxpected if the
oxidated species is the active form of the PUFA, antioxidants
(such as BHT and Vitamin E) markedly reduce the anti-malarial
activity of the fatty acids. Moreover, saturated and
monosaturated fatty acids, which are more resistant to
oxidative attack, are much less effective than fatty acids
with two or more double bonds (see Fig 3). As yef, the nature
of the oxidation products which induce the effect remains
unclear. Lipid hydroperoxy derivatives (mainly mono- and di-
hydroxy derivatives) are major products of auto-oxidation,
although a variety of other products (including alkanals,
hydroxyalkanals, malonaldehyde, polymerised polar products,
and even volatile carbonyl compounds) are produced aé well
(10). Whether some or all of these products are effective at
inducing degeneration of the parasite remains to be
determined. The mechanism of action of the active agents is
clearly dependent on their structure. Thus, although we do
not wish to be bound by preliminary speculations, hydroperoxy

_ derivatives of fatty acids may act by oxidizing reduced
glutathione and thereby making the parasite more susceptible
to oxidative stress, while mélonaldehyde is_thought to
interfere with membrane function through its ability to form
cross linkages between proteiys epd lipids (11).

Although the mechanism of action is not entirely clear,
at this stage, we believe that fatty acids (such as
docosahexaenoic acid) can act either directly on the
parasites, or indirectly by activating neutrophils (12) for
increased killing of malarial parasites. Macrophages and
neutrophils have been shown to be important effector cells

against Plasmodium species (3, 4, 11, 13, 14, 15). Our
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J tnfect Dis (1944) 75:1-32. 14. Jensen JB. Malaria crisis forns,

I ntraerythrocytic devel opnent derangenent. In: Malaria: Host Responses to
Infection. CRC Press, Inc., Boca Raton, Florida. (1990) pp. 109-127. 15.
Ferrante A, Kunmaratilake LM Rzepczyk CM DayeSubBstitut&isheeng 1@ J&lya$808i um
fal ci parum by cytoki ne activated effector cells (neutrophils and

macr ophages). I nmunol Letters (1990) 25:179-88. 16. D Persio JF, Billing
P, Wllians R, Gasson JC. Human granul ocyt e- macrophage col ony-sti nmul ati ng
factor and ot her cytokines prinme human neutrophils for .enhanced arachi donic
acid rel ease and | eukotriene 22

findings suggest that polyunsaturated fatty acids (such as
arachidonic acid) could be mediators of the effects of these
phagocytic cells since these leukocytes are known to release
arachidonic acid following stimulation (16, 17).

Antimalarial activity of fish oil was found to be
relatively low (see Example 1B). Fish oils are a source of
triglycerides containing omega-3 fatty acids, and the
preparation used in Example 1B contained 18% 020:5’ and
12% c22 6, n-3° It is possible that the remaining
constltuents of the fish oil counteracted the effects of the
PUFA. Alternatively, the triglycerides containing the PUFA

may not have been available to the parasite, because of the

n-3

.relatively larger size of the molecule.

The polyunsaturated fatty acids of the present invention
can.either be administered in the form of a pharmaceutical or.
veterinary composition, or in the form of a dietary
supplement. Parenteral administration, e.g. by
intraperitoneal administration or‘intravenous infusion, gives
the best results, but oral administration is also possible.
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B-synthesis. J Immunol (1988) 140:4315-4322. 4 17. Hope WC, Patel EJ,
Fiedler-Nagy C, Wttreich. Retinoids inhibit phospholipase A2 in human
synovial fluid and arachidonic acid rel pase fromrat peritoneal [er rJ

| nfl am (1990) 14:543-561. See al so Kunarat i | akBubstitutmsheeion 1BSJulvck9t e
A, Poulos A Antimcrot-al Properties of n-3 and n-6 Pol yunsaturated Fatty
Acids: In Vitro Effects on Plasnodiumfalciparumand In Vivo Effects on P.
berghei. J din Invest (1992) 89:961-967.23
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1.- A method of preventing or treating nmalaria, trypanosom asis,
| ei shmani asi's, anpebiasis, trichononiasis, primry anoebic neningitis,
chroni c acant hanoebi ¢ encephalitis and keratitis, babesiosis, or a disease

caused by a nematode, trematode or cestode in gubstiugsishee®M'8 JuO1996
adm nistering to the subject a fatty acid having a chain length of up 30
carbon atons, including two or nore doulyge and/or triple bonds, a
derivative thereof or oxidation product 2. A met hod according to claim
2, wherein said fatty acid conprises two or nore double bonds. 3. A

met hod accondi.ng Aldisbai AC3, Engre: &8 n Be doflgt of eel-rashintesedmuupng ¢

doubl e bonds. 4. A TRbBAde 8CEOT £l 1k acANXoORLL D i L) AbiEh kpeeidl wherein
sai d fatty acid ConprL%%%r%gcgotgegéfgig¥1s Egggl Annu Rev Immunol
_ (1983) 1:361-32.

12. Poulos A, Robinson BS, Ferrante A, Harvey DP, Hardy SJ,
Murray AW. Effect of 22 to 32 cérbon n-3
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phe. Immunol (1991) 73:102-108.
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14. Jensen JB. Malaria crisis forms, intraerythrocytic
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15. Ferrante A, Kumaratilake LM, Rzepczyk CM, Dayer J-M.
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See also Kumaratilake LM, Robinson BS, Ferrante A, Poulos A.
Antimicrok.al Properties of n-3 and n-6 Polyunsaturated Fatty
Acids: In Vitro Effects on Plasmodium falciparum and In Vivo
Effects on P. berghei. J Clin Invest (1992) 89:961-967.
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5. A nethod according to claim4 wherein said fatty acid is linolenic

acid, arachidonic acid, e eﬂCld or docosahexaenoic acid. 6

A et hod according to any to 5, wherein said fatty acid is
an n-1 to n-10 fatty acid. accosdbﬁﬂtdte shleat M 16 Juhet1 908
said fatty acid is an n-3 to n- 6 fatty acid. 8. A nmet hod according to
claim7, wherein the fatty ‘acid is an n-3 fatty acid. 9. A net hod
according to -any one of clains 1 to 8, vdferein said derivative is an ester,
al cohol or am de. 10. A nmet hod according to claim9. wherein said ester

's a CL. 6 eshff crhQus®h2iing MRE Vvilr I AreCRE Forrows :

1. A pharmaceutical or veterinary composition, for the
prevention or treatment of a disease caused by protozoan or
helminth parasites, bacteria, fungi, Chlamydia, Mycoplasma,
Rickettsia or viruses, comprising a fatty acid having a
carbon chain length of up to 30 carbon atoms, including two
or mere double and/or triple bonds, a derivative thereof or
oxidation product, in a pharmaceutically or veterinarily
acceptable vehicle. '

2. An anti-tumour pharmaceutical or veterinary composition,
comprising a fatty acid having a carbon chain length of up to
30 carbon atoms, including two or more double and/or triple
bonds, a derivative thereof or oxidation product, in a
pharmaceutically or veterinarily acceptable vehicle.

3. A composition according to claim 1 or claim 2, wherein
said fatty acid comprises two or more double bonds.

4

4. A composition according to claim 3, wherein said fatty
acid comprises 2 to 6 double bonds.

5. A composition according to any one of claims 1 to 4,
wherein said fatty acid comprises 15 to 25 carbon atoms.

6. A composition according to claim 5, whereln said fatty
acid is linolenic acid, arachidonic aczd, e1cosapentaenozc

acid or docosahexaenoic acid.
4

7. A composition according to any one of claims 1 to 5,
wherein said fatty acid is an n-1 to n-10 fatty acid (as

herein defined).

8. A composition according to claim 7, wherein said fatty
acid is an n-3 to n-6 fatty acid.
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26 Substitute sheet - 17-August 1998 11. A met hod according to any one of
clainms 1 to 9, mhereln sald pf oduct is a hydroxy fatty acid,
eml lac

ﬁ‘{ mal onal dehyde

hydr oxy al kanal , hydro
mal ondi al dehyde. 12.

oxi dation product is a

roNi de derivati ve,
ing to clSubstifute stietei 16 Jaiyd 1996

any one of clainms 1 to 12, mhereln t he. fatty acid is adm ni stered
parenteral ly. 14, A et hgd “accor di ng t%f any one of clainms 1 to 13,

wherein the di sease being prevented or treated is nalaria, anoebiasis or

or

I vative. 13. A nmet hod according to

trypanoson agis. A%ompoditRoROHcBSERIA NS tahyC babMbi 4o 1 MRS & Ned N, di sease

bei ng

wherein said derivative is an ester, alcohol or amide.

10. A composition according to claim 9, wherein said ester

is a 01_6 esterx.

11. A composition according to claim 10, wherein said ester

is a methyl or ethyl ester.

12, A compbsition according to any one of claims 1 to 8,
wherein said oxidation product is a hydroxy fatty acid,

- hydroxy alkanal, hydroperoxy or endoperoxide derivative,

malonaldehyde or malondialdehyde.

13. A composition according to claim 12, wherein said

oxidation product is a hydroperoxy derivative.

14. A composition accord;ng to any one of claims 1 and 3 to
13, wherein the disease caused by protozoan or helminth
parasites is malaria, toxoplasmosis, trypanosomiasis,
leishmaniasis, amoebiasis, trichomoniasis, primary amoebic
meningitis, chronic acanthamoebic encephalitis and keratitié
babesiosis, or a disease caused by a nematode, trematode or

cestode.

. 15. A composition according to claim 14, wherein the diseasge

is malaria, amoebiasis or trypanosomiasis.

16. A composition according to clalm 15, wherein the diseage

_is malaria.

17. b\ coﬁposition according to any one of claims 2 to 13,

wherein the tumour is a melanoma.
18. A dietary supplement, for the prevention or treatment of
a disease caused by protozoan or helminth parasites,

bacteria, fungi, Chlamydia, Mycoplasma, Rickettsia or
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prevented or treated is mal aria. 16, t hod of preventing or treating
tunours or a di sease caused 151}15 m I, Chlanydia, Mycoplasmi,
Rickettsia or viruses in a su j u adn1n|ster|ng to the subject
an oxidised fatty acid havi ng oiuhﬁiltutﬁ sheetar b6 uly J8L
i ncl uding two or nore double and/or. triple bonds, or a derivative thereof.

17. A met hod according to clarmTe: e n sald fatty acid conprises two
or nore doubl.-e bonds. 18. A et hod accordlng to claim17, wherein said
fatty acid conprises two to six doubl e bonds. A et hod according to

any one of cYhFwgesls AFPFASinkc ef??‘ts?alad”'flaf"ﬁylﬁﬁlﬂ @RS sbaipslepabl
carbon atonsof 28p to A0Tekkbdnaztomsli Nghdimddhngi twd Sor wirerecidoudaedahayséy acid
IS ||n0|enlctriple bonds, a derivative thereof or oxidation product, in

an edible vehicle.

19. An anti-tumour dietary supplement, comprising a fatty
acid having a carbon chain length of up to 30 carbon atoms,
including two or more double and/or triple bonds, a
derivaiive thereof or oxidation product, in an edible

vehicle.

20. A dietary supplement according to claim 18 or claim 19,
wherein said fatty acid comprises two or more double bonds.

21. A dietary supplement according to claim zog'wherein said
fatty acid comprises 2 to 6 double bonds.

22. A dietary supplement according to any one of claims 18
to 21, wherein said fatty acid comprises 15 to 25-carbon

atoms. P

23. A dietary supplement according to claim 22 wherein said
fatty acid is linolenic acid, arachidonic acid,
eicosapentaenocic acid or docosahexaenoic acid.

24. 2 diefary bgpplement according to any one of claims 18
to 22, wherein said fatty acid is an n~1 to n~-10 fatty acid
(as herein defined).

. §
25. A dietary supplement according to claim 24, wherein said

fatty acid is an n-3 to n-6 fatty acid.

26. A dietary supplement according to any one of claims 18
to 25, wherein said derivative is an ester, alcochol or amide.

27. A dietary supplement according to claim 26, wherein said

ester is a Cj-.5 ester. o
| | This is the rep‘a“‘“e“" she
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aci d.- arachidonic acid, gifgsa 1.GqaCi d or docosahexaenoic acid. 21.
A net hod according to any ?% to 20. wherein said fatty acid .
i's annltonlOfattya ,luwm tltute sheet - 17 August 1998 22.
A nmet hod according to cl ai sai d fSudsyita® shdeét -an6 Yudy 1996 6

fatty acid. 23. A net hod according to claim22, wherein the fatty acid is

an n-3 fatty acid. 24. A nethod accorging to any one of clains 16 to 22,
wherein said derivative is- an ester, aIcohoI or ani de.

28. A dietary supplement according to claim 27, wherein said
ester is -a methyl or ethyl ester.

29, A dietary sﬁﬁplemenﬁ.according to any one of claims 18
to 25, wherein said oxidation product is a hydroxy fatty
acid, hydroxy alkanal, hydroperoxy or endoperoxide
derivative, malonaldehyde or ﬁalondialdehyde.

30. A dietary supplement according to claim 29, wherein said
oxidation product is a hydroperoxy derivative.

31. A dietary supplement according to any one of claims 18
and 20 to 30, wherein the disease caused by protdzoan or
helminth parasites is malaria, toxoplasmosis,
trypanosomiasis, leishmaniasis, amoebiasis, trichomoniasis,
primary amoebic meningitis, chronic acanthamoebic
encephalitis and keratitis, babesiosis, or a disease caused
by a nematode, trematode or cestode.

32. A dietary supplement accoxding to claim 31, wherein the
disease is malaria, amoebiasis or trypanosomiasis.

33. A dietary supplement accoxding to claim 32, wherein the

disease is malaria.

34. A dietary supplement according to any one of claims 19
to 30, wherein the tumour is a2 melanoma. ’

35. A method of prevention or freatment of a disease caused
by protozoan or helminth parasites, bacteria, fungi,
Chlamydia, Mycopiasma, Rickettsia or viruses, comprising the
administration of a fatty acid having a chain length of up to
30 carbon atoms, including two or more double and/or triple
bonds, a derivative thereof'or oxidation product, either by
itself or in the form qf a ﬂiet&ry supplement according to
any of claims 18 to 34 or a pharmaceutical or veterinary
composition according to any one of claims 1 to 17.

This is the replacement sheet T —
o R

Date: 13 JUL 1996



25. ‘A nmet hod according to cIa|m24 erein said ester is a [err] ester,

for exanple a nethyl owmes A net hod according to any one of
claims 16 to 25, mherel n product is a hydroxy fatty acid,
hydr oxy al kanal , hydr,op roxi de déubstitutessheetl-crildbhy 866 or
mal ondi al dehyde. 27. A rret hod accordl ng to cl a| m 26, wherein said

oxi dation product is a hydroperoxy derivafive. A net hod according to
any one of ctainms 16 to 27, wherein the tunour |s a nel anoma. 29. A

met hod according to any one of clains 16 to 28, wherein the fatty acid is
admi ni st er edéfpar anmetholyof preventing or treating tumours, comprising

the administration of a fatty acid having a chain length of
up to 30 carbon atoms, including two or more double and/or
triple bonds, a derivative thereof or oxidation product,
either by itself or in the form of a dietary supplement
according to any of claims 18 to 34 or a pharmaceutical or
veterinary composition according to any one of claims 1 to

17.

37. A method according to claim 35 or claim 36, wherein said
fatty acid comprises two or more double bonds.

38. A method according to claim 37, wherein said fatty acid
comprises 2 to 6 double bonds.

39. A method according to any one of claims 35 to 38,
wherein said fatty acid comprises 15 to 25 carbon atoms.

40. A method according to claim 39, wherein said -fatty acid
is linolenic acid, arachidonic ‘acid, eicosapentaenoic acid or

docosahexaenoic acid.

41. A method according to any one of claims 35 to 39,
wherein said fatty acid is an n-1 to n-10 fatty acid (as

herein defined).

42. A method according to claim 41, wherein said fatty acid
is an n-3 to n-6 fatty acid.

. s _
43. A method according to any one of claims 35 to 42,
wherein said derivative is an ester, alcohol or amide.

44. A method according to claim 43, wherein said ester is a

C,_g ester.

45. A method according to claim 44, wherein said ester is a

methyl or ethyl ester.

This is the replacement sheet __ .
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cl.aim 27, wherein I d S or ethyl ester. 29. A dietary
suppl ement according to a ns 18 tqo 25, wherein said oxidation
product is a hydroxy atty al kanaﬁu siitnteshesty B Juhtd886oxi d
derivative, mnal onal dehyde or mal ond| al dehyde. A dietary suppl enent
according to claim29, wherein said oxidation product I s a hydroperoxy
derivativ e. 31. A dietary supplenent adxording to ny one of clains 18 and
20 to ‘30, wherein the disease caused by protozoan or

Substitute sheet - 17 Au ust 1998 ﬁ)ﬁz A dietary supplenment according to

46. A method according to any one claims 35 to 42, wherein
said oxidation product is a hydroxy fatty acid, hydroxy
alkanal, hydroperoxy or endoperoxide derivative,
malonaldehyde or malondialdehyde.

47. A method according to claim 46, wherein said oxidation

product is a hydroperoxy derivative.

48. 2 method according to anf one of claims 35 and 37 to 47,
wherein the disease caused by protozoan or helminth parasites
is malaria, toxoplasmosis, trypanosomiasis, leishmaniasis,
amoebiasis, trichomoniasis, primary amoebic meningitis,
chronic acanthamoebic encephalitis and keratitis, babesiosis,
‘or a disease caused by a nematode, trematode or cestode.

4%9. A method according to claim 48, wherein the disease is

malaria, amoebiasis or trypanosomiasis.

50. A method according to claim 49, wherein the disease is

malaria. s

51. A method according to any one of claims 36 to 47,

wherein the tumour is a melanoma.

$2. A method according to any one of claims 35 to 51,
wherein the compound or pharmaceutical or veterinary

composition is administered parenferallyt

53. A pharmaceutical or véter}nary composition according to
any one of claims 1 to 17, suﬁstantially as described herein.

54. A dietary supplement according to any one of claims 18

to 34, substantially as described herein.

55. A method according to any one of claims 35 to 52,

substantially as described herein.

This is the replacement sheet
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hel m nth parasites is nmalaria, toxo asnobsis, trypanosom asis,

| ei shmani asi s, anoebi asis, trichononiasis, primary anoebic nmeningitis, chro
c acant hanoebi ¢ encephalitis and keratitis, babesiosis, or a disease caused
by a nenat ode, trenatode or stode. 32. A dietary supplenent according to
claim 31, wherein the disease is nalaria, ano iSihstitute shegtand6ahilusil96 33.
A dietary supp ent according to claim 32, wherein the disease is nmalaria
34. A dietary upplenent according to any one of clains 19 to 30, where
the tunour is a nelanoma. 35. A nme od &/kPevention or treatnment of a

di sease caused by protozoan or helmnth parasites, bacteria, fungi,

FIG 2
-C=¢C - - T = C - cis - configuration
YT T
H H H H H
H H H
} ([ [ | -
-C=C - - f = C - trans - configuration
I
H H H
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Chl ampdi a, Mycopl asma, Rickettsia or viruses, conprising the adm nistration
of. a fatty acid having a chain length of up to 30 arbon atons, including
two or nore double and/or triple bonds, a derivative thereof or oxidation
product, either by itself or in the formof a dietary supplenent according
to any of clainms 18 to 34 or a pharmaceutical oSubstitaté BRest I8P 996
according to any one of clains 1 to 17. Substitute sheet - 17 August
1998 29 36. A method of preventing or treating tunours, conprising

4/10
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the adm nistration of a fatty acid having a chain length f up to 30 carbon
atons, including two or nore double and or triple bonds, a derivative

t hereof or oxidation produc either by itself or in the formof a dietary
supplemt according to any of clainms 18 to 34 or a pharnmaceut cal or
veterinary composition according to any one of Subsigute sheatr- 167July A 988 hod
according to claim35 or claim 6, wherein said fatty acid conprises two or
nore doubl e bonds. 38. A nethod according to claim37, wherein said fatty
acid conprises 2 to 6 double bonds. 39 / f method according to any one
clainms 35 to 38, wherein said fatty acid conprises 5 to 25 carbon atons.

FIG 6
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arachﬂd
A nethod acdorl

an n-1 to n- 1@5 FabesFtaci o8
claimA41l,

' cad B ANV AN 3 TR AR e
2 aged .. 10 n(‘fﬂi = _ o . .
COrfng Qn |@5t O VEr£in said fatty acid is linolenic
) ed 52 O pREs DR
L d’l ‘ hci d or docosahexaenm c acid. 4.1.
ﬁ%w‘?e Uan)g % ..... ? |

A St f 1208
I hed 42 A rret hod acco ding to

rein said fatt a,gl d fggn N{3 to n-6 atty acid. 43. A
met hod accordi D4TR éredas followrsel N sai d derivative is

a! c¢oho] or ggég.ee ._ Avenx]xl;]x(n)gdoa&eoﬁng g]to P@b&os%m\ﬁ’gﬁre' n

an ester,
sai d ester

leishmaniasis, amoeblasls. trichomoniasis, primary amoebic meningitis,
chronic acanthamoebic encephalitis and keratitis, babesiosis, or a disease

- caused by a nematode, trematode or cestode in a subject, comprising

' administering to the subject a fatty gdid having a chain length of up 30
carbon atoms, including two or more double and/or triple bonds, a derivative
thereof or oxidation product. -

2. A method according to claim 2, wherein said fatty acid comprises
two or more double bonds.

3. A method according to claim 3, wherein said fatty acid comprisés 2
to 6 double bonds.
4. A method according to any one of claims 1 to 3, wherein said fatty

acid comprises 15 to 25 carbon atoms.

5. A method according to claim 4, wherein said fatty acid is linolenic
acid, arachidonic acid, eicosapentaenoic acid or docosahexaenoic acid.

6. A method according to any one of claims 1 to 5, wherein said fatty
acid is an n-1 to n-10 fatty acid. '

7. A method accordmg to clalm 6, wherein said fatty acid is an n-3 to n-
6 fatty acid.

8. A method according to claim 7, wherein the fatty acid is an n-3 fatty
acid. 2 |

9. A niethbd accoi‘ding to any one (.)_lf claims 1 to 8, wherein said

derivative is an ester, alcohol or amide.

10. A method according to claim 9. wherein said ester is a C, ester. for
example a methyl or ethyl ester. '

T s e replecsmnt g umm mm mn nm n w

Bain:: 19 Aug 1998



45. A net hod accor di ng to claim44, wherein said ester is a ne yl or
et hyl* ester. 30 46. A nethod according to any one clainms 35 to 42,

wherei n said oxidation product is a hydroxy fz’ﬁ.SMb%htbsﬁUéﬂ-@WAQ#%ﬂﬁ?ﬁ

hydr oper oxy or endoperoxi de derivative, mal onaldehyde or mal ondi al dehyde.

47. A nmethod according to claim46, wherein said oxidation product is a

hydr oper oxy derivative.A fiibthod\abBérddsl Br &0y 6he of chiiaisyl &8, whefdia safid 35 and

37 to 47, oxidation product is a hydroxy fatty acid, hydroxy alkanal, hydroperoxy or
endoperoxide derivative, malonaldehyde, or malondialdehyde.

12. A method according to claim 11, wherein said oxidation product is a
hydroperoxy derivative.

13. A method according to any one of claims 1 to 12, wherein the fatty
acid is administered parenterally.

14. A method according to any one of claims 1 to 13, wherein the
disease being prevented or treated is malaria, amoebiasis or trypanosomiasis.

15. A method according to claim 14, wherein the disease being
prevented or treated is malaria.

16. A method of preventing or treating tumours or a disease caused by
bacteria, fungi, Chlamydia, Mycoplasmai, Rickettsia or viruses in a subject
comprising administering to the subject an oxidised fatty acid having a chain
length of up to 30 carbon atoms, including two or more double and/or triple
bonds, or a derivative thereof. |

17. A meihod according to claim 16, wherein said fatty acid comprises
two or more double bonds. ' '

18. A method according to claim 17, wherein said fatty acid comprises
two to six double bonds.

19. A method according to any one of claims 16 to 18, wherein said fatty
acid comprises 15 to 25 carbon atoms.

20. A method éccording to claim 19, wherein said fatty acid is linolenic
acid. arachidonic acid, eicosapentaenoic acid or docosahexaenoic acid.

21, A method according to any one of claims 16 to 20, wherein said fatty
acid is an n-1 to n-10 fatty acid.

(AR o
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wher ei h the di sease caused by protozoan or helmnth parasites is malari a,

t oxopl asnosi s,
pri mary anopebi c

trypanosom asi s, |eishmani asis, anoebiasis, trichononiasis,

' ic meningitis, chronic acanthamgebg %%ﬁﬂmétuﬁ Au%ggt--:laaﬁ
keratitis, babesiosis, or a disease caused by & na ,_Lrenmat ode or
cestode. 49. A nethod according to.clai m 48, wherein the disease is
mal ari a, anoebi asis or trypanosom asis. A net hod according to claim49

ol'ai e 36 Lo 47, Hner Zﬁ”ﬁ%ﬁ@feﬁ%%m%?w&? Ahoisreth Wid Bl € B ma o,

to any one of cl a:-&rfatﬁﬁamd 51, wherein the onpound or pharnmaceutical or

vet eri nar Yy

23. A method according to claim 22, wherein the fatty acid is an n-3
fatty acid.

24. A method according to any one of claims 16 to 22, wherein said
derivative is an ester, alcohol or amide.

25. A method according to claim 24, wherein said ester is a C, 4 ester, for
example a methyl or ethyl ester. '

26. A method according to any one of claims 16 to 25, wherein said

oxidation product is a hydroxy fatty acid, hydroxy alkanal, hydroperoxy or
endoperoxide derivative, malonaldehyde, or malondialdehyde.

27. A method according to claim 26, wherein said oxidation product is a
hydroperoxy derivative. '

28. A method according to any one of claims 16 to 27, wherein the
tumour is a melanoma.

29. A method according to any one of claims 16 to 28, wherein the fatty
acid is administered parenterally. '

H|I\I|| l\\l\\ |||\\ \\l\l \\ \Il\ | © This s the roplacement sheet
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conposiiio I's adm ni stered parenterally. 53. A harmaceutical or
veterinary conposition according to any one of clains 1 to 17,

substantially as described herein. 54. A dietar ¥S%§§%¥%ffggﬂhggﬁ%%L
any one of clains 18 to 34, substantially_as deé%&#@@ : .
met hod according to any one of clains 35 % 52, substantially as descrisjed

her ei n. - :
28. A dietary sﬁpplement according to claim 27, wherein id

ester is ‘a methyl or ethyl ester.

acid, hydroxy alkanal, hydroperoxy or endoperoxid
derivative, malonaldehyde or malondialdehyde.

30. A dietary supplement according to claim/29, wherein said
oxidation prodﬁct is a hydroperoxy derivatjve.

31. A dietary supplement according to Any one of claims 18 .
and 20 to 30, wherein the disease cauged by protozoan or -
helminth parasites is malaria, toxoplasmosis,
trypanosomiasis, léishmaniasis, apbebiasis, trichomoniasis,
primary amoebic meningitis, chrofic acanthamoebic
encephalitis and keratitis, bapesiosis, or a disease caused
by a nematode, trematode or gestode.

32. A dietary supplement/according to claim 31, wherein the
disease is malaria, amoghiasis or trypanosomiasgis.

bpnds, a derivative thereof or oxidation product, either by

itself or in the form of a dietary supplement according to
any of claims 18 to 34 or a pharmaceutical or veterinary
composition according to any one of claims 1 to 17.

—
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36. A méthod.of ﬁrevénting or treating tumours, comprisin
the administration of a fatty acid having a chain length ¢f
up to 30 carbon atoms, including two or more double and/Ar
triple bonds, a derivative thereof or oxidation producy,
either by itsélf or in the form of a dietary supplemeft
according to ény of claims 18 to 34 or a pharmaceutical or
veterinary composition #dco:ding to.ény one of claims 1 to
. ’ s _ _

37. A method according to claim 35 or claim Z6, wherein said
fatty acid comprises two or more double bo

38. a method according to claim 37, whepein said fatty acid'
comprises 2 to 6 double bonds. '

claims 35 to 38,
5 to 25 carbon atoms.

39. A method according to any one
wherein said fatty acid comprises

39, wherein said-fatty acid
‘acid, eicosapentaenoic acid or

40. A methed according to cla
is linolenic acid, arachidoni
docosahexaenoic acid.

41. A method according o any one of claims 35 to 39,
wherein said fatty acid/is an n-1 to n-10 fatty acid (as

herein defined).

42. 2 method accoding to claim 41,:ﬁherein said fatty acid
is an n-3 to n-6 A£atty acid.

43. A method/according to any one of claims 35 to 42,
wherein sai derivative is an ester, alcohol or amide.

44. A mefhod according to claim 43, wherein said ester is a

C esker.

1-6

45.
me

A method'according to claim 44, wherein said ester is a
vyl or ethyl ester. '

Thig is the raplacement sheet
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46. A métﬁbé £ccbrdihg to any oné claims 35 to 42, whe ein
said oxidafion_product is a hydroxy fatty acid, hydro
alkanal,'hydtoperoxy'or endoperoxide derivative,
‘malonaldehyde or malondialdehyde.

47. A métho&.iccording to claim 46, wherein said oxidation

product is a hydroperoxy derivative.

48. A methoafaccording to any one of clajms 35 and 37 to 47,
wherein the'aiéeasefcaused by protozoan Ar helminth parasites

is malaria, toxoplasmosis, trypanosomidsis, leishmaniasis,

amoebiasis,_trichomoniasis, Primary @moebic meningitis,
chronic acanthamoebic encephalitis And keratitis, babesiosis,
or a disease caused by a nematode/ trematode or cestode.

49. A method abcording to clyim 48, wherein the disease is

malaria, amoebiasis or tryp

50. A methdafaccétding o clainm 49, wvherein the disease is

malaria. - ¢ . .

51. 2 methbd'acco ing to any one of claims 36 to 47,

wherein the tumour is a melanoma.

52. A-methéd”_cébfding to any one of claims 35 to 51,
wherein the ompound or pharmaceutical or veterinary
compositioy is administered parenterally.
53. a harmaceutiCAl or véte:}nary composition according to
any o e of claimsf;-to 17, substantially as described herein.

A dietary suppiement according to any one of claims 18
© 34, substantially as described herein.

55. & methdd:éccording to any one of claims 35 to 52,
substantially as described herein.

R
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