
METHODS AND COMPOSITIONS FOR MODULATING PLANT GROWTH
AND SENESCENCE FIELD OF THE INVENTION THIS INVENTION
relates generally to methods and compositions for
treating plants, for enhancement of plant growth, crop
yield and general well being of the plant, and for
reducing the rate of senescence associated with
perishable horticultural produce. BACKGROUND OF THE
INVENTION Bacopa monnieri L (Syn: Herpestis monnieri
L., HB & K), Brahmi has been used for many years as a
potent nerve tonic in the traditional Indian system of
medicine (Chopra et al, 1956, In: Glossary of Indian
Medicinal Plants, Council of Scientific and Industrial
Research, New Delhi, page 32). Various extracts of
this perennial creeping plant have been used to
enhance memory retention and to treat epilepsy and
insomnia (Pandey et al 1961, Bhav Prakasah Nighantu,
page 461). The activity associated with memory
retention has been localised to the saponincontaining
fraction of this plant (Chatteqee et al, 1963, Indian
Journal of Chemistry 1: 212; Singh et al, 1988,
Phytother. Res. 2: 70). The active saponin
constituents have been designated bacopasaponins A, B,
C and D (Chatteqee et al, 1965, Indian J. Chemistry 3:
24; Chatteqee et al, 1963, Indian J. Chemistry 1: 212;
Basu t al, 1967, Indian J. Chemistry 5: 84; Rastogi et
al, 1994, Phytochemistry 36: 133-137; Garai et al,
1996, Phytochemistry 42: 815-820; Garai et al, 1996,
Phytochemistry 43: 447-449). On acid hydrolysis, these
constituents yield a mixture of aglycones, bacogenin A
(Kulshreshtha et al, 1973, Phytochemistry 12: 887;
Kawai et al, 1973, Acta Cryst 829: 2947), bacogenin A
(Kulshreshtha et al, 1974, Phytochemistry 12: 1205),
bacogenin A (Chandel et al, 1991, Phytochemistry 16:
141) and bacogenin (Kulshreshtha et al, 1913,
Phytochemistry 12: 2074). In work leading up to the
present invention, it was unexpectedly discovered that
one or more saponins, particularly bacopasaponins
including their analogues and derivatives enhance the
production of nitric oxide in plant cells and tissues.
Nitric oxide has been shown to inhibit ethylene
formation, which plays an important role in
virtuallyevery phase of plant development including
seed germination, fruit ripening, leaf and flower
senescence, and abscission. It is well know that
endogenous ethylene is often deleterious to plant
produce. In particular, increased ethylene production
due to trauma caused by mechanical wounding of fruits
and vegetables, and the cutting of flowers greatly
diminishes their post harvest quality and storage
life. Endogenous ethylene production is also
associated with acceleration of loss of green colour
and/or the development of yellowing. It can also
result in the increase of microbial growth, induction
of physiological disorders and/or the development of
undesirable flavours and textures. It may also cause
the promotion of leaf petal damage in the case of
flowers. Accordingly, reduction of endogenous ethylene
concentrations by increasing nitric oxide
concentrations in plant cells and tissues has been
found to decrease or delay senescence and maturation
of plants and plant parts. It has also been suggested
that nitric oxide is a significant component of the
General Adaptation Syndrome (GAS) response to
environmental stress (Leshem et al, 1996, Biol. Plant.
38: 1-18) and has been shown to increase accumulation
of phytoalexins, which have been correlated with
resistance in many plant-pathogen interactions (Smith,
1996, New Phytol 132: 1-45). Increased nitric oxide
levels has also been shown to increase the
biosynthesis of pathogenesis-related proteins which
are associated with increased resistance to invading
pathogens (Durner et al, 1998, Proc. Natl. Acad. Sci.
USA 95: 10328-10333) and have also been shown to
inhibit the production of cyclic GMP which plays a
central role in various facets of plant growth
including resistance to environmental stress,
bacterial and fungal infection and seed growth (Caro
et al, 1998, Physiol. Plant. 104: 357-364; Delledonne
et al, 1998, Nature 394: 585-588; Durner et al, 1998,
Supra; Pfeiffer et al, 199A, Phytochemistry 36:
259-262). Having regard to the various beneficial
effects produced either directly or indirectly by
nitric oxide, the present discovery of enhancing the
level of nitric oxide through use of the aforesaid
saponin-related compounds has been reduced to practice
in novel compositions and methods for treating plants
and plant parts, for enhancing plant growth and crop
yield, for increasing resistance to plant diseases and
for generally increasing the well being of a
plant.SUMMARY OF THE INVENTION Accordingly, in one
aspect of the present invention, there is provided a
method for regulating the growth of a plant, said
method comprising applying to said plant a growth
regulating effective amount of a compound selected
from a dammarane-type triterpenoid saponin or
derivative or agronomically acceptable salt thereof or
combinations of these. The dammarane-type triterpenoid
saponin is suitably a pseudojujubogenin glycoside. In
a preferred embodiment, the dammarane-type
triterpenoid saponin is a compound represented by a
general formula selected from the group of consisting
of:wherein: R1 and R3 are individually and
independently selected from H or any other cation,
preferably a metallic cation, more preferably an
alkaline metallic cation (such as K+, Na+ and the
like) or alkaline earth metallic cation (such as Mg ,
Ca and the like), lower alkyl including linear and
branched alkyl (such as methyl, ethyl, propyl,
isopropyl, isobutyl, isopentyl and the like), lower
alkene including linear or branched alkenes (such as
vinyl, propenyl, isopropenyl, n-butenyl, isobutenyl,
isopentenyl, allyl and the like), lower alkanoyl (such
as acetyl, propionyl and butyryl), benzyl, a
carbohydrate moiety comprisingat least one
carbohydrate monomer, modified or unmodified, branched
or unbranched, the carbohydrate moiety preferably
comprising five membered ring structures, six membered
ring structures or both, the carbohydrate monomer
preferably selected from b-Oglucopyranosyl,
jS-L-glucopyranosyl, -L-arabinopyranosyl, and
-L-arabinofuranosyl; and R is H or any other cation,
preferably a metallic cation, more preferably an
alkaline metallic cation (such as K+, Na+ and the
like) or alkaline earth metallic cation (such as Mg ,
Ca and the like), lower alkyl including linear and
branched alkyl (such as methyl, ethyl, propyl,
isopropyl, isobutyl, isopentyl and the like), lower
alkene including linear or branched alkenes (such as
vinyl, propenyl, isopropenyl, n-butenyl, isobutenyl,
isopentenyl, allyl and the like), lower alkanoyl (such
as acetyl, propionyl and butyryl), benzyl, a
carbohydrate moiety comprising at least one
carbohydrate monomer, modified or unmodified, branched
or unbranched, the carbohydrate moiety preferably
comprising five membered ring structures, six membered
ring structures or both, the carbohydrate monomer
preferably comprising -L-arabinopyranosyl. The
compound is preferably in the form of a composition
comprising an agronomically acceptable carrier or
diluent. Suitably, the compound is derived from a
plant of the genus Bacopa. Preferably, said plant is
Bacopa monnieri (Brahmi). Accordingly, in another
aspect, the invention provides a method for regulating
the growth of a plant, said method comprising applying
to said plant a growth regulating effective amount of
a saponin-containing extract or fraction of Bacopa
monnieri (Brahmi) optionally together with an
agronomically acceptable carrier or diluent.
Preferably, the saponin-containing extract or fraction
is in the form of a composition comprising an
agronomically acceptable carrier or diluent.
Preferably, the saponin-containing extract or fraction
comprises at least one bacopasaponin selected from the
group consisting of bacopasaponin A, bacopasaponin B,
bacopasaponin C and bacopasaponin D or analogue or
derivative thereof. In another aspect, the present
invention provides a method for reducing the
deterioration of horticultural produce, said method
comprising applying to said produce asenescence
regulating effective amount of the compound as broadly
described above optionally together with an
agronomically acceptable carrier or diluent In yet
another aspect, the invention features a method of
improving the health of a plant or plant part, said
method comprising applying to said plant or plant part
a healthimproving effective amount of the compound as
broadly described above optionally together with an
agronomically acceptable carrier or diluent. According
to another aspect, the invention resides in a method
for treating or preventing a condition associated with
reduced nitric oxide levels in a plant or plant part,
said method comprising applying to said plant or plant
part an effective amount of the compound as broadly
described above, optionally together with an
agronomically acceptable carrier or diluent,
sufficient to inhibit or ameliorate said condition. In
a preferred embodiment, the condition is associated
with environmental stress. In another embodiment, the
condition is associated with a pathogenic organism. In
yet another aspect, the invention encompasses a method
for the treatment or prophylaxis of a condition
associated with increased ethylene levels in a plant
or plant part, said method comprising applying to said
plant or plant part an effective amount of the
compound as broadly described optionally together with
an agronomically acceptable carrier or diluent
sufficient to inhibit or ameliorate said condition. In
a further aspect, the invention provides a method for
enhancing the nutritional content of a plant or plant
part, said method comprising applying to said plant or
plant part a nutritionally enhancing effective amount
of a compound as broadly described above optionally
together with an agronomically acceptable carrier or
diluent. a preferred embodiment, the nutritional
content relates to the Vitamin C content of the plant
or plant part. According to yet another aspect, the
invention contemplates use of the compound as broadly
described above in the preparation of a composition
for treating plants, plant parts or horticultural
produce.BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is
a photographic representation showing increased rate
of growth in tomato plants treated with a composition
comprising a saponin-containing extract of Bacopa
monnieri (Brahmi) as compared to control plants.
Figure 2 is a photographic representation showing
increased rate of growth in corn plants treated with a
composition comprising a saponin-containing extract of
Bacopa monnieri (Brahmi) as compared to control
plants. Figure 3 is a graphical representation showing
increased tiller numbers in rice plants treated with a
composition comprising a saponin-containing extract of
Bacopa monnieri (Brahmi) as compared to control
plants. Figure 4 is a photographic representation
showing significantly reduced pest infection of rice
plants treated with a composition comprising a
saponin-containing extract of Bacopa monnieri (Brahmi)
as compared to control plants. Figure 5 is a graphical
representation showing increased shoot, root biomass
and yield in groundnut treated with a composition
comprising a saponin-containing extract of Bacopa
monnieri (Brahmi) as compared to control plants.
Figure 6 is a graphical representation showing
increased yield in groundnut treated with a
composition comprising a sapomn-containing extract of
Bacopa monnieri (Brahmi) as compared to control
plants. Figure 7 is a graphical representation showing
increased yield of tomato from plants treated with a
composition comprising a sapomn-containing extract of
Bacopa monnieri (Brahmi) as compared to control
plants. Figure 8 is a graphical representation showing
increased yield of eggplant from plants treated with a
composition comprising a saponin-containing extract of
Bacopa monnieri (Brahmi) as compared to control
plants. Figures 9A and 9B are photographic
representations showing increased growth of Crosandras
treated with a composition comprising a
saponin-containing extract oi Bacopa monnieri (Brahmi)
as compared to control plants.Figures 10A and 10B are
photographic representations showing increased growth
of Hibiscus treated with a composition comprising a
saponin-containing extract oi Bacopa monnieri (Brahmi)
as compared to control plants. Figure 11 is a
photographic representation showing increased rate of
flowering in corn plants treated with a composition
comprising a saponin-containing extract oi Bacopa
monnieri (Brahmi) as compared to control plants.
Figure 12 is a photographic representation showing
increased numbers of fruit in tomato plants treated
with a composition comprising a saponin-containing
extract of Bacopa monnieri (Brahmi) as compared to
control plants. Figure 13 is a photographic
representation showing increased resistance to whiting
disease in sugarcane plants treated with a composition
comprising a saponincontaining extract oi Bacopa
monnieri (Brahmi) as compared to control plants.
Figure 14 is a photographic representation showing
markedly reduced rate of deterioration in various
fruits and vegetables treated with a composition
comprising a saponin-containing extract oi Bacopa
monnieri (Brahmi) as compared to control
plants.DETAILED DESCRIPTION OF THE INVENTION 1.
Definitions Unless defined otherwise, all technical
and scientific terms used herein have the same meaning
as commonly understood by those of ordinary skill in
the art to which the invention belongs. Although any
methods and materials similar or equivalent to those
described herein can be used in the practice or
testing of the present invention, preferred methods
and materials are described. For the purposes of the
present invention, the following terms are defined
below. The articles "a " and "an " are used herein to
refer to one or to more than one (i.e. to at least
one) of the grammatical object of the article. By way
of example, "an element" means one element or more
than one element. The term "about" is used herein to
refer to values or amounts that vary by as much as
30%, preferably by as much as 20%, and more preferably
by as much as 10% to a reference value or amount. By
"agronomically acceptable carrier" is meant any
substance or mixture of substances which can be
utilised to dissolve, disperse or diffuse the compound
incorporated therein without impairing the
effectiveness of the compound and which does not
create permanent damage to soil, equipment, and
agronomic crops when utilised according to
recommendations. Throughout this specification, unless
the context requires otherwise, the words "comprise",
"comprises" and "comprising" will be understood to
imply the inclusion of a stated step or element or
group of steps or elements but not the exclusion of
any other step or element or group of steps or
elements. As used herein, "plant" and
"differentiatedplant" refer to a whole plant or plant
part containing differentiated plant cell types,
tissues and/or organ systems. Plantlets and seeds are
also included within the meaning of the foregoing
terms. Plants included in the invention include
angiosperms, gymnosperms, monocotyledons and
dicotyledons.By "plant tissue" is meant differentiated
and undifferentiated tissue derived from roots,
shoots, pollen, seeds, tumour tissue, such as crown
galls, and various forms of aggregations of plant
cells in culture, such as embryos and calluses. 2.
Compositions and methods of the invention The
compositions and methods of the present invention may
be applied to virtually any variety of plants. In
particular, the compositions and methods of the
present invention may be advantageously applied to
higher plants including, but not restricted to, all
species having true stems, roots and leaves, thus
excluding "lower plants" such as bacteria, yeasts and
moulds. Plants which may benefit according to the
present invention include, but are not limited to, all
crop plants, such as alfalfa, anise, asparagus, bach
ciao, barley, basil, blueberry, breadfruit, broccoli,
brussels sprouts, cabbage, cassava, cauliflower,
celery, cilantro, coffee, coltsfoot, corn, cotton,
cranberry, cucumber, dill, eggplant, fennel, grape,
garlic, kale, leek, legume, lettuce, mint, mustard,
melon, millet, oat, onion, parsley, parsnip, peanut,
pepper, peppermint, potato, pumpkin, radish, rice,
saffron, squash, sesame, sorghum, soy, spinach,
squash, stevia, strawberry, sunflower, sweet potato,
sugar beet, sugar cane, tea, tobacco, tomato, turnip,
wheat, yam, zucchini and the like; pomes and other
fruit-bearing plants, such as apple, avocado, banana,
breadfruit, cherry, citrus, cocoa, fig, grape, guava,
macadamia, mango, mangosteen, nut, olive, papaya,
passionfruit, pear, pepper, persimmon, plum, peach,
strawberry and the like; floral plants such as
achillea, ageratum, alyssum, anemone, aquilegia,
aster, azalea, begonia, bird-of-paradise, bleeding
heart, borage, bromeliad, bougainvillea, buddleia,
cactus, calendula, camellia, campanula, carex,
carnation, celosia, chrysanthemum, clematis, cleome,
coleus, cosmos, crocus, croton, cyclamen, dahlia,
daffodil, daisy, day lily, delphinium, dianthus,
digitalis, dusty miller, euonymus, forget-me-not,
fremontia, fuchsia, gardenia, gazania, geranium,
gerbera, gesneriad, ginkgo, gladiolus, hibiscus,
hydrangea, impatiens, jasmine, lily, lilac,
lisianthus, lobelia, marigold, mesembryanthemum,
mimulus, myosotis, New Guinea Impatiens, nymphaea,
oenothera, oleander, orchid, oxalis, pansy,
pentstemon, peony, petunia, poinsettia, polemonium,
polygonum, poppy, portulaca, primula, ranunculus,
rhododendron, rose, salvia, senecio, shooting star,
snapdragon, solanum, solidago, stock, Ti, torenia,
tulip, verbena, vinca, viola, violet, zinnia and the
like; leafy plants such as ficus, fern, hosta,
philodendron and the like; trees such as Abies, birch,
cedar, Cornus, cypress, elm, eucalyptus, ficus, fir,
juniper, magnolia, mahogany,maple, oak, palm, Picea,
Pinus, Pittosporum, Plantago, poplar, redwood, Salix,
sycamore, Taxus, teak, willow, yew and the like;
grasses such as bent grass, calamogrostis, carex,
elymus, festuca, helictotrichon, imperata, miscanthus,
molina, pennisetum, phalaris, panicum, turf, and the
like and thalloid plants such as algae and seaweeds
such as kelp, Eucheuma, laver, nori, kombu and wakame.
Other plants that may benefit by application of the
compositions and methods of the present invention will
be readily apparent to those of skill in the art. The
methods of the present invention, for the treatment of
plants and plant parts and for the enhancement of
growth in plants, are carried out by applying to the
plant or plant part a compound selected from a
dammarane-type triterpenoid saponin or derivative or
agronomically acceptable salt thereof or combinations
of these. The triterpenoid saponin is preferably a
pseudojujubogenin glycoside. h a preferred embodiment,
the dammarane-type triterpenoid saponin is a compound
represented by a general formula selected from the
group of consisting of:wherein: R1 and R3 are
individually and independently selected from H or any
other cation, preferably a metallic cation, more
preferably an alkaline metallic cation (such as K+,
Na+ and the like) or alkaline earth metallic cation
(such as Mg +, Ca2+ and the like), lower alkyl 



including linear and branched alkyl (such as methyl,
ethyl, propyl, isopropyl, isobutyl, isopentyl and the
like), lower alkene including linear or branched
alkenes (such as vinyl, propenyl, isopropenyl,
n-butenyl, isobutenyl, isopentenyl, allyl and the
like), lower alkanoyl (such as acetyl, propionyl and
butyryl), benzyl, a carbohydrate moiety comprisingat
least one carbohydrate monomer, modified or
unmodified, branched or unbranched, the carbohydrate
moiety preferably comprising five membered ring
structures, six membered ring structures or both, the
carbohydrate monomer preferably selected from
b-Dglucopyranosyl, /3-L-glucopyranosyl,
-L-arabinopyranosyl, and -L-arabinofuranosyl; and R2
is H or any other cation, preferably a metallic
cation, more preferably an alkaline metallic cation
(such as K+, Na+ and the like) or alkaline earth
metallic cation (such as Mg +, Ca2+ and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl, isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprising at least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably
comprising -L-arabinopyranosyl. Agronomically
acceptable salts include, for example, metal salts
such as sodium, potassium, calcium and magnesium
salts, ammonium salts such as isopropyl ammonium salts
and trialkylsulfonium salts such as triethylsulfonium
salts. In a preferred embodiment of compound (I)
including derivatives thereof, R1 is 3- O-
-L-arabinopyranosyl and R2 is 20-O-
-L-arabinopyranosyl. In a preferred embodiment of
compound (II) including derivatives thereof, R1 is
selected from the group consisting of
3-O-[ce-L-arabinopyranosyl (1-2) - arabinopyranosyl],
3-O-[/3-D-glucopyranosyl (1-3) { -L-arabinbfuranosyl
(1-2)} c -Larabinopyranosyl] and 3-O-[
-L-arabinofuranosyl (1-2) /3-D-glucopyranosyl]
pseudojujubogenm and R is H. In a preferred embodiment
of compounds (III), (IV) and (V) including derivatives
respectively thereof, R is H and R is H. Derivatives
of the above compounds include, but not restricted to,
ethoxylate derivatives, propoxylate derivatives,
hydrates, aldehyde derivatives, ester derivatives,
ether derivatives, alcohol derivatives, phenol
derivatives, amine derivatives, other biologically
orchemically equivalent substances, and any
combination of two or more of the foregoing. In
another embodiment, one or more compounds as broadly
described above are derived from a plant of the genus
Bacopa and preferably from Bacopa monnieri (Brahmi) or
a botanical or horticultural relative thereof. Thus,
for the practice of the present invention, the
invention contemplates the use of a chemical fraction
comprising at least one dammarane-type triterpenoid
saponin from a plant of the genus Bacopa or a
derivative or analogue of said triterpenoid saponin
having a structure as defined above wherein said
triterpenoid saponin or its derivative or chemical
analogue modulates nitric oxide production in a plant.
Reference herein to a plant of the genus Bacopa
includes reference to Bacopa caroliniana, Bacopa
egensis, Bacopa eisenii, Bacopa innominata, Bacopa
monnieri, Bacopa procumbens, Bacopa repens, Bacopa
rotundifolia and Bacopa stricta. Preferably, the
chemical fraction is obtained from Bacopa monnieri. In
another embodiment, one or more of the aforementioned
compounds may be purified from a plant of the genus
Bacopa by any suitable method including the methods
described for example by Chatteqee et al. (1963,
Indian Journal of Chemistry 1: 212), Singh et al.
(1988, Phytother. Res. 2 : 70), Rastogi et al. (1994,
Phytochemistry 36: 133- 137) Garai et al. (1996,
Phytochemistry 42: 815-820), Garai et al. (1996,
Phytochemistry 43: 447-449), Kulshreshtha et al.
(1973, Phytochemistry 12: 887), Kawai et al. (1973, A
a Cryst 829: 2947), Kulshreshtha et al. (1974,
Phytochemistry 12: 1205), Chandel et al. (1997,
Phytochemistry 16: 141) and Kulshreshtha et al. (1973,
Phytochemistry 12: 2074). An especially preferred
chemical fraction of Bacopa monnieri (Brahmi) is
described in Example 1. The compounds of the present
invention are preferably in the form of a composition
comprising an agronomically acceptable carrier or
diluent. Thus, the compounds of the present invention
may be applied in solid form. Typically, one or more
compounds according to the invention are formulated in
a conventional solid or liquid preparation form (e.g.
powders, granules, solutions, suspensions and
emulsions) together with any carrier or diluent with
or without a surfactant. Examples of the solid carrier
or diluent are botanical materials (e.g. flour,
tobacco stalk powder, soybean powder, walnut shell
powder, wooden powder, saw dust, bran, bark powder,
cellulose powder, vegetable extract residue), fibrous
materials (e.g. paper, corrugated cardboard, old
rags), synthesisedplastic powders, clays (e.g. kaolin,
bentonite, fuller's earth), talcs, other inorganic
materials (e.g. pyrophyllite, sericite, pumice, sulfur
powder, active carbon) and chemical fertilisers (e.g.
ammonium sulfate, ammom'um phosphate, ammonium
nitrate, urea, ammonium chloride). Examples of the
liquid carrier or diluent are water, alcohols (e.g.
methanol, ethanol), ketones (e.g. acetone, methyl
ethyl ketone), others (e.g. diethyl ether, dioxane,
cellosolve, tetraliydrofuran), aromatic hydrocarbons
(e.g. benzene, toluene, xylene, methyl naphthalene),
aliphatic hydrocarbons (e.g. gasoline, kerosene, lamp
oil), esters, nitriles, acid amides (e.g.
dimethylformamide, dimethylacetamide), halogenated
hydrocarbons (e.g. dichloroethane, carbon
tetrachlori.de), etc. Suitable surfactants include
anionic, cationic, nonionic, and zwitterionic
detergents, amine ethoxylates, alkyl phenol
ethoxylates, phosphate esters, PEG, polymerics,
polyoxyethylene fatty acid esters, polyoxyethylene
fatty diglycerides, sorbitan fatty acid esters,
alcohol ethoxylates, sorbitan fatty acid ester
ethoxylates, ethoxylated alkylamines, quaternary
amines, sorbitan ethoxylate esters, alkyl
polysaccharides, block copolymers, random copolymers,
trisiloxanes, CHELACTANTS(tm) and blends. Surfactant
preference is for polyalkylene oxides, polyalkylene
glycols, and alkoxylate-fatty acids. Blends are highly
effective such as our organosiloxane/nonionic
surfactant SILWET(r) Y14242 (Y14242) blend which use
is demonstrated in our examples. Preferred commercial
aqueous surfactants include Hampshire LED3A;
HAMPOSYL(r); TEEPOL(r); TWEEN(r); TRITON(r);
LATRON(tm); PLURONIC(r); TETRONIC(r); SURFONIC(r);
SYNPERONIC(r); ADMOX(r); DAWN(r), and the like.
Commercial emulsifiers for combination with organic
solvent formulations include WITCANOL(r),
RHODASURF(r), TERGITOL(r) and TWEEN(r). The compounds
of the invention may also be formulated together with
a spreader in an amount sufficient to promote even
distribution and penetration of the active compounds
of the invention. Spreaders are typically organic
alkanes, alkenes or polydimethylsiloxanes that provide
a sheeting action of the treatment across the
phylloplane. Suitable spreaders include paraffin oils
and polyalkyleneoxide polydimethylsiloxanes.
Commercial spreaders include TEGOPREN(r), AGRFMAX(r),
DOW CORNING(r) 211, X-77(r), SILWET(r) and the like.
Penetrants such as sodium dodecylsulphate, formamides
and lower aliphatic alcohols, may be used.
Alkoxylation of an active component or otherwise
chemically modifying the active components by
incorporating a penetrant substance is useful because
formulation without additional surfactant is
achieved.One or more active compounds of the invention
are applied to a plant or plant part in an effective
amount to achieve an intended purpose. The amount of
said compound(s) applied to a plant or plant part
should be sufficient to effect a beneficial response
in the plant or plant part over time such as, for
example, enhanced growth of the plant, or a reduction
in the rate of senescence of a harvested plant or
plant part. The amount of active compound(s) applied
to the plant or plant part will depend upon the
particular compound or compounds selected and the
method of application. In any event, those of skill in
the art may readily determine suitable amounts of the
compounds of the invention, as well as the interval
and number of applications, required to produce a
beneficial effect as for example described herein. The
compound(s) may be solubilised in a carrier by adding
the compound(s) to the carrier and allowing the
compound(s) to dissolve. In some instances, the
application of stirring, agitation, or even heat may
facilitate the dissolution of the compound(s) in the
carrier. Typically, the compound(s) of the invention
is/are included in an aqueous or organic solution at a
concentration of between about 0.05% by weight and
about 25% by weight inclusive, preferably between
about 0.1% and about 20% by weight. For example, the
active compounds of the present invention are
typically applied to roots or shoots or seeds as an
aqueous solution at a concentration in the range from
about 0.1% to 20%, preferably from about 0.1% to 3%.
Typically, when using an extract oi Bacopa monnieri
(Brahmi), preferably prepared as described herein, the
final dried extract is used at a concentration in the
range of between about 0.001 g per litre and 50 g per
litre, preferably between about 0.01 g per litre and
about 5 g per litre, more preferably between about
0.02 g per litre and about 0.5 g per litre. When
desired, the compounds of the invention may be
provided in combination with any other active
ingredient(s) such as other plant growth regulators
(e.g. gibberelhns), herbicides, insecticides and
fertilisers. Generally, the compounds of the invention
may be reapplied to the plant at about weekly or
fortnightly intervals but such reapplication may be
more frequent or less frequent depending on the plant
and the intended purpose. Typically, concentrations in
the range of about 0.1-20 g/L of a Bacopa monnieri
extract prepared according to Example 1 have been
found to be effective for seed and root treatment with
application intervals for root treatment in the range
of 2-30 days.The compounds employed in the methods of
the present invention may be applied to the plants or
plant parts using conventional application techniques.
Plants nearing or at maturity may be treated at any
time before and during seed development. Fruit bearing
plants may be treated before or after the onset of bud
or fruit formation. Improved growth, increase in the
rate and/or percentage of germination, acceleration of
height and/or thickening of plants, acceleration of
flowering, release from dormancy, increase tolerance
to environmental stress, increased resistance to
disease and reduced deterioration of perishable
horticultural produce including harvested fruits,
vegetables and flowers, occurs as a result of the
exogenous application of one or more of the active
compounds of the present invention. The compounds of
the invention may be applied to the plant at a
location including leaves, shoots, root, seed, stem,
flowers, and fruit. The compounds may be applied to
the leaves, seed or stem by spraying the leaves with
the solution containing the active compound(s).
Preferably, the compound(s) are applied to the shoot
or root by spraying the shoot or root, or dipping the
shoot or root in a bath containing one or more of the
active compounds of the invention (preferably in the
form of a solution), or drenching the growing medium
or soil in which the plant is being cultivated with
the solution containing the said compound(s), or
spray-drenching the leaves and stem of the plant such
that the growing medium in which the plant is being
cultivated becomes soaked or saturated with the
solution containing the said compound(s). The method
of application preferably comprises root application
of the active compound(s) of the invention. In this
instance, the active compound(s) are typically applied
to the roots of the plant using a spray although side
dressing is also contemplated. Foliar application
(i.e., application to one or more leaves of the plant)
may also be employed. Spray drenching is preferred in
this respect. However, other means of foliar
application such as dipping, brushing, wicking,
misting, electrostatic dispersion and the like of
liquids, foams, gels and other formulations may also
be employed. Foliar sprays can be applied to the
leaves of the plant using commercially available spray
systems, such as those intended for the application of
foliar fertilisers, pesticides, and the like, and
available from commercial vendors such as FMC
Corporation, John Deere, Valmont and Spraying Systems
(TEEJET(r)). If desired, oxidant and reductant
compounds may be applied to plants in rapid sequence
from separate nozzles in separate
reservoirs.Chemically compatible combined mixtures may
be preferred for many applications to produce improved
plant growth. In a preferred embodiment, the active
compound(s) of the invention are applied to seeds such
as, for example, by adding the compound(s) to a medium
in which the seeds are being cultivated, by spray
drenching the seeds or by dipping the seeds in a bath
containing the said compound(s). When using a dipping
application, the dipping period may be from about 1
minute to 192 hours, generally from about 12 hours to
72 hours, typically from about 16 hours to 48 hours,
more typically from about 6 hours to 24 hours. Those
of skill in the art will appreciate that the optimal
period of contacting the seeds with the compound(s) of
the invention will vary depending upon the
concentration of the compound(s) and the plant from
which the seeds are derived. Typically, concentrations
in the range of about 0.1-20 g/L of a chemical
fraction or extract of a Bacopa species (e.g., Bacopa
monnieri) prepared according to the method of Example
1 have been found to be effective. For example, for
effective treatment of thick-coated seeds such as palm
seeds, these seeds are placed in contact with an
aqueous solution of a Bacopa species (e.g., Bacopa
monnieri) extract prepared according to Example 1 (5 g
extract/L) for about 8 days. By contrast, for
effective treatment of thin-coated seeds such as most
vegetable seeds, these seeds are placed in contact
with the same concentration of extract for between
about 4 and 12 hours. The active compound(s) of the
present invention may also be applied to plant
tissues, such as cell suspensions, callus tissue
cultures, and micropropagation cultures. Such plant
tissues may be treated by adding the said compound(s)
to the culture medium in which the plant tissues are
being cultivated. In the methods of the present
invention, the active compound(s) is/are typically
applied to the plant or plant part at a concentration
ranging from about 0.05% by weight to about 25% by
weight. Shoot applications will preferably be in the
range from 0.3% to 3% by weight. Hydroponic
applications will preferably be in the range of 0.3%
to 1.2%, preferably by a pulsed exposure for up to an
hour. Foliar applications of shoots by spray drenching
will preferably be in the range of 0.1 to 25 kilograms
per hectare. Root applications by side dressing into
soil near the root zone will preferably be in the
range of 0.1 to 10 kilograms per hectare. Ornamentals
and other tender nursery plants meant forindoor
horticulture will frequently require lower
concentrations and perhaps more frequent application
than outdoor agricultural crops. The active
compound(s) of the present invention may also be
applied to harvested fruits, vegetables and/or
flowers. Ideally, such perishable horticultural
produce should be treated with said compound(s) within
a few hours after harvest before any undesirable
postharvest changes have occurred. Suitably, the
horticultural produce is treated with said compound(s)
by dipping or spraying at a concentration ranging from
about 0.05% by weight to about 25% by weight for each
compound. Periods of 1-24 hours with compound
concentrations of between about 0.3% to 3% by weight
have been found to be effective. The application of an
extract of a Bacopa species (e.g., Bacopa monnieri
(Brahmi)) prepared for example as described herein at
a rate of between about 0.01 g per litre and about 5 g
per litre, more preferably between about 0.02 g per
litre and about 0.5 g per litre for 2-6 hours is an
effective treatment combination for many types of
produce while for some produce a 12-24 hour exposure
is acceptable. Optionally, the horticultural produce
may be treated with chitosan or carboxyl
methylcellulose every 24-36 hours post-harvest. The
concentration of active compound(s) and the time of
exposure can be varied by raising the compound
concentration and reducing the exposure times and vice
versa. It has also been found that horticultural
produce including fruits and vegetables harvested from
plants treated with the compound(s) of the present
invention remain fresh for as much as 8-12 days
without additional application of said compound(s)
compared to fruits and vegetables harvested from
untreated plants. The active compounds of the present
invention may be tailored for specific uses, including
enhanced performance or tolerance under environmental
stress (e.g. caused by increased salinity, by drought,
by radiation, or by pesticides) and enhanced
resistance to disease and to infection by pests;
enhanced yield; enlianced nutritional content
including Vitamin C content, optimising growing
seasons; aftermarket caretaking; flower retention;
fruit optimisation; and in all areas of agriculture in
which optimal growth is beneficial. The active
compounds may also be used to reduce the rate of
deterioration of horticultural produce and may be
modified according to targeted natural products
enhancement, activity enhancement of plant growth
regulators and general yield enhancement of crops.In
order that the invention may be readily understood and
put into practical effect, particular preferred
embodiments will now be described by way of the
following nonlimiting examples.EXAMPLES EXAMPLE 1
Preparation ofbacosaponin extract from Bacopa monnieri
(Brahmi) A sample oi Bacopa monnieri (Brahmi) (l.Og)
was macerated in 3 x 25-mL of dry acetone (dried over
potassium carbonate). The macerate was
filter/centrifuged each time and the residue was dried
under vacuum. Ten milligrams of powdered extract was
heated with 5 drops of orthophosphoric acid in a test
tube (or until filter paper kept moist on the mouth of
the test tube with aniline acetate turns pink). Two
hundred and fifty milligrams of powdered extract was
hydrolysed by boiling with 4N; 50% (v/v) aqueous
ethanolic sulphuric acid (5 mL). The ethanol was
subsequently removed under vacuum. The aqueous
suspension was extracted with two quantities, 5 mL
each of freshly washed (phosgene free) chloroform. The
combined chloroform layer was neutralised by washing
with 0.1% (v/v) aqueous solution of ammonia, followed
by 2 washes with water, followed by drying over
anhydrous sodium sulphate and evaporating the solvent
to dryness. The 0.001% (w/v) solution of the residue
in methanol exhibited characteristic maxima at 269,
278 and 289 nm. EXAMPLE 2 Chromatoeraphic fingerprint
ofbacosaponin extract Thin layer chromatography was
carried out using silica gel G plates of 0.2-mm
thickness and a mixture of 8 parts of ethylacetate, 1
part methanol and 1 part water as the mobile phase.
One mL of test solution containing the extract of
Example 1 at about 1 mg/mL is then added to 1mL 4N
aqueous sulphuric acid (A.R.). This mixture was
refluxed on a water-bath for 4 hours, allowed to cool
and diluted with 4 mL distilled water before the
methanol was removed under vacuum. The aqueous
solution was then extracted four times with chloroform
(G.R., phosgene free) and the combined chloroform
extract was washed with 0.1% solution of a base (e.g.
ammonia), followed by twice with distilled 



water. The extract was dried over anhydrous sodium
sulphate and the chloroform removed under vacuum. The
residue was dissolved in methanol (A.R.) up to a final
volume of 10mL. The optical density (O.D.) of the
solution was then determined at 278 nm against a
blank. The content of bacopasaponin in the extract was
calculated by running reference standard bacosaponins
side by side, or by using the following linear
regression curve formula: C = K X O.D. + B (where, C =
concentration ofbacosaponin in /xg/mL: K = 50.957 and
B = 1.2974 EXAMPLE 3 Promotion of growth An extract
prepared according to Example 1 (which is also
referred to in the Figures as Nambi or Nambi 2000) was
mixed in water at room temperature to a final
concentration of 5 g/L. The mixture was then heated at
90 C until the extract was dissolved. Seeds were
placed in contact with this aqueous solution by
dipping for about 12 to 48 hours. The treated seeds
were then sowed in prepared soil and watered in the
usual manner to promote growth of the plant.
Additionally, 100 mL of the above solution was applied
to roots of plants grown from the treated seeds at
weekly intervals. The growth of plants obtained from
treated or control seeds was measured at developmental
stages including the germination stage at the tip of
the seeds and in subsequent growth stages of the
plant. Stem thickness and height as well as leaf
number and size were measured at 15-day intervals. The
daytime temperature of the growth experiments ranged
from about 25 to 30 C. The data from experiments on
tomato plants have revealed that the foregoing seed
treatment enhances the rate of growth of the plant by
about two-fold relative to control plants. The central
stem diameter of treated tomato plants also increases
at about twice the rate of control plants (i.e., the
stem diameter of treated tomato plants at about 45
days postsowing was about 1 cm whereas that of control
plants was about 0.5 cm (see for example Figure 1).
The growth of corn plants from treated seeds was also
markedly increased relative to control plants as for
example shown in Figure 2.Preliminary data obtained
from experiments on banana plants has shown that when
the central stem of a banana plant is cut and spray
drenched with the abovementioned solution, the treated
stem grows about twice as fast as the control. EXAMPLE
4 Release from dormancy and promotion of germination
Ten litres of solution prepared according to Example 3
was added to 20 kg of rice seeds and the seeds were
allowed to germinate for about 24 to 36 hours,
(typically about 36 to 48 hours for other plant seeds)
in darkness. The germinated seeds were packed in a
cloth bag for another 24 hrs. Ninety-five percent of
the treated seeds germinated compared to only about 60
to 65% of the control seeds. The treated germinated
seeds (which have 2-mm longer germinated ends than the
control) were sowed to already prepared land. Root
growth in seedlings from treated germinated seeds was
faster relative to control seedlings, which permits
shortening the seedling period by about 25% to 30% for
faster replanting. For example, the normal seedling
period for rice seedlings is about 36 days, whereas a
seedling period of about 26 to 30 days is possible
using the above seed treatment. EXAMPLE 5 Rice field
trial A field trial was carried out on rice (Oryza
sataiva) to assess the effect of the extract of
Example 1 on yield parameters. Rice seeds of the
variety Savitry were soaked in water containing 0.5
parts per thousand (ppt) of the extract for about 12
hours. Soaked seeds were sowed and the excess solution
was drizzled on the top soil. After 120 days, the
following parameters were recorded. Total yield was 32
bags per acre. In general, the yield from this
particular rice variety ranged from 20 to 23 bags per
acre. Application of the extract increased the yield
by 10 bags of rice per acre. The number of tillers
bearing panicles ranged from 1 to 30, a 48% increase
over untreated plants (Figure 3). An average of
101-105 filled grains and 18-2 1 unfilled grains were
obtained per panicle. The grain weight per panicle
ranged from 101-105 with the average weight of 0.0228
g per grain of rice. Another field trial was conducted
on the rice variety ADT-43 to assess the effect of the
above extract on yield parameters. Seeds of this
variety were processed as described above with the
exception that the extract was used at a concentration
of 1000 ppt. General observation after 30 days were
made to assess the seedling vigour parameter. The
seedlings treated with the extract appeared to be
healthier than the control plants in terms of their
leaf colour, shoot, root bio-mass and height. More
strikingly, the extract-treated plots were completely
devoid from pest infection whereas the control plots
were infected with pests (see Figure 4). From this
observation it was proposed that the extract of the
invention would be useful for effecting disease
resistance in plants. EXAMPLE 6 Ground nut field trial
#1 A field trial was carried out to assess the
performance of the extract of Example 1 on yield
parameters of the oil seed crop, groundnut (Arachis
hypogeae). Initially, a seed treatment method was
employed by soaking the seeds in water containing 1000
ppt of extract. The seedlings were then sprayed 35
days after germination. The results recorded after 65
days showed that shoot and biomass (dry wt) of treated
plants increased by 42% and 50% respectively over
control plants. The number of fully formed groundnuts
in control plants ranged from 12 to 16 whilst in
treated plants it ranged from 16 to 27. The overall
increase in yield of treated plants was 33% over
untreated plants (Figure 5). Foliar application of
extract on rice plants (approximately 2 1 cents.) at
the stage of flowering was also performed. Ten days
after application, it was observed that the number of
grains in the treated plants was 120 to 130 whereas in
control plants it was 70 to 75. Further a remarkable
variation in the leaf colour (dark green in treated
plants) was also observed related to control
plants.EXAMPLE 7 Ground nut field trial #2 Seeds of
groundnut were also treated with the above extract at
different concentration (500, 100, 1500, 2000 and 5000
ppt) by soaking the seeds for about 30 minutes and
drying the seeds in the absence of light before
sowing. Half an acre of land was divided into six
equally sized plots and the seeds freated with
different concentration of extract were sowed along
with control (untreated) seeds. Initial observation
revealed that the percentage of germination was 100%
and the leaf colour was dark green (much healthier
than that of control plants). Compared to untreated
plants, an increase in yield of between 38 and 49% was
observed in treated plants (Figure 6). Further,
preliminary analysis of groundnut samples revealed
that there were remarkable increases in weight and oil
content in treated groundnut over control plants.
EXAMPLE 8 Tomato and eggplant field trials Two
vegetable crops namely Tomato (Lycopersicon esculentum
Mill.) and Brinjal/Egg plant (Solanum melongena L.)
were tested with the extract of Example 1. The
objective of this trial was to evaluate the effect of
the extract on final yield output. The seeds were
treated with an aqueous solution containing extract at
1000 ppt and raised in the nursery and subsequently
transferred to the field. The control and treated
plants were planted in split plot method (randomised).
The plants were given foliar spray with the above
solution periodically (once a month). The final yields
were recorded in terms of quantity (kilogram) from the
control and treated plots. Significant increases in
the yield were recorded (Figures 7 and 8) In general,
diseases incidence was higher in the control plots
whereas the treated plots were totally free from
diseases, strongly indicating the potential
antagonistic activities of the subject compounds
against disease.EXAMPLE 8 Effect on growth performance
of certain flower varieties Crosandras is a flower
species popularly known as Kanagambaram (in Tamil).
One week old seedlings derived through tissue culture
were sprayed with an extractcontaining solution
prepared according to Example 7 and subsequently
periodic foliar application of this solution was given
once a month. A one hundred fold increase in growth of
these plants was obtained two months post treatment.
It was observed that the treated plants were much
healthier in terms of their seedling vigour than that
of control plants (see Figures 9A and 9B). Similarly,
another flower species, Hibiscus, popularly known as
Semparuthy (Tamil), was also treated with the above
extract-containing solution in similar manner.
Increased seedling vigour (leaf colour, plant growth
and number of flowers) was also noticed in these
treated plants over control plants (see Figures 10A
and 10B). EXAMPLE 9 Acceleration of flowering Dry
extract prepared in accordance with Example 1 or a
solution prepared in accordance with Example 3 was
used to treat the roots of flowering plants to
accelerate the rate of flowering. Typically, the roots
were freated 30 days before natural flowering
occurred. An example of enhanced rate of flowering in
treated corn plants is shown in Figure 11. During
flowering, the plants were sprayed with said solution
at 15-day intervals. For example, in trees that were
already fruiting such as mango and guava trees,
powdered extract was applied at a rate of between
about 5 to 100 mg per free or was dissolved in water
and applied to the roots. A 5-g/L solution prepared
according to the protocol in Example 3 was used to
spray drench the flowers, which significantly
increased the proportion of flowers converting to
fruit. For vegetable plants (e.g., tomatoes and
chillies), grains (e.g., rice, wheat and corn), and
tubers (e.g., carrot and beetroot), powdered extract
produced according toExample 1 was diluted in water at
a rate of 5 g/L and used to spray drench the roots
during the flowering stage and every 30 days
thereafter. An example of enhanced fruit numbers in
treated tomato plants is shown in Figure 12. EXAMPLE
10 Increasing resistance and treatment of whiting
disease in sugarcane Ten mL of a 5-g/L solution
prepared according to Example 3 was sprayed onto
diseased areas of the plant as well as the root at
15-day intervals. Diseased areas were substantially
ameliorated and chlorophyll was restored to the
diseased tissue about 30 days after the initial
treatment (Figure 13). EXAMPLE 11 Reducing
deterioration of horticulturalproduce The shelf-life
or fruits, vegetables and ornamental flowers can be
markedly increased by about 30 to 35% or more by
treating the seeds of the plants from which fruits or
vegetables were derived, and/or by further treatment
of the plants during different stages of flowering
and/or fruiting, according to protocols described for
example in Examples 3 to 5. Alternatively, a 5-g/L
solution prepared according to Example 3 may be
sprayed on the surfaces of cultivated fruits,
vegetables and ornamental flowers. A selection of
fruits and vegetables treated in this manner and
exposed to the atmosphere containing airborne microbes
including fungus increases their shelf lif& by more
than 8 to 12 days when compared to untreated control
fruits and vegetables (see Figure 14). The disclosure
of every publication cited herein is hereby
incorporated herein by reference in its entirety. The
citation of any reference herein should not be
construed as an admission that such reference is
available as "Prior Art" to the instant
applicationThroughout the specification the aim has
been to describe the preferred embodiments of the
invention without limiting the invention to any one
embodiment or specific collection of features. Those
of skill in the art will therefore appreciate that, in
light of the instant disclosure, various modifications
and changes can be made in the particular embodiments
exemplified without departing from the scope of the
present invention. All such modifications and changes
are intended to be included within the scope of the
appended claims.CLAIMS 1. A method for regulating the
growth of a plant, said method comprising applying to
said plant a growth regulating effective amount of a
compound selected from a dammaranetype triterpenoid
saponin or derivative or agronomically acceptable salt
thereof or combinations of these. 2. The method of
claim 1, wherein said dammarane-type triterpenoid
saponm is a pseudojujubogenin glycoside. 3. The method
of claim 1, wherein said dammarane-type triterpenoid
saponin is a compound represented by a general formula
selected from the group of consisting of:wherein: R1
and R3 are individually and independently selected
from H or any other cation, preferably a metallic
cation, more preferably an alkaline metallic cation
(such as K+, Na+ and the like) or alkaline earth
metallic cation (such as Mg +, Ca + and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl, isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprisingat least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably selected
from b-Dglucopyranosyl, /?-L-glucopyranosyl,
ce-L-arabinopyranosyl, and ce-L-arabinofuranosyl; and
R is H or any other cation, preferably a metallic
cation, more preferably an alkaline metallic cation
(such as K+, Na+ and the like) or alkaline earth
metallic cation (such as Mg +, Ca + and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl, isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprising at least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably
comprising -L-arabinopyranosyl. 4. The method of claim
3, wherein the compound has the general formula (I),
R1 is 3-O- - L-arabinopyranosyl and R2 is
20-O-QkL-arabinopyranosyl. 5. The method of claim 3,
wherein the compound has the general formula (II), R1
is selected from the group consisting of 3-O-[
-L-arabinopyranosyl (1-2) - arabinopyranosyl],
3-O-[/3-D-glucopyranosyl (1-3) { -L-arabinofuranosyl
(1-2)} -Larabinopyranosyl] and 3-O-[
-L-arabinofuranosyl (1-2) /3-D-glucopyranosyl]
pseudojujubogenin and R2 is H. 6. The method of claim
3, wherein the compound has the general fonnula (III),
R1 is H and R3 is H. 7. The method of claim 3, wherein
the compound has the general formula (IV), R1 is H and
R3 is H. 8. The method of claim 3, wherein the
compound has the general formula (V), R1 is H and R3
is H. 9. The method of claim 1, wherein the derivative
is selected from ethoxylate derivatives, propoxylate
derivatives, hydrates, aldehyde derivatives, ester
derivatives, ether derivatives,alcohol derivatives,
phenol derivatives, amine derivatives, other
biologically or chemically equivalent substances, or
any combination of two or more of the foregoing. 10.
The method of claim 1, wherein the compound is in the
form of a composition comprising an agronomically
acceptable carrier or diluent. 11. The method of claim
1, wherein the compound is in the form a chemical
fraction derived from a plant of the genus Bacopa. 12.
The method of claim 11, wherein said plant is selected
from Bacopa caroliniana, Bacopa egensis, Bacopa
eisenii, Bacopa innominata, Bacopa monnieri, Bacopa
procumbens, Bacopa repens, Bacopa rotundifolia and
Bacopa stricta. 13. The method of claim 12, wherein
said plant is Bacopa monnieri (Brahmi). 14. The method
of claim 1, wherein the compound is applied in a plant
growth promoting composition comprising about 0.05% to
about 25% by weight of saponin. 15. The method of
claim 1, wherein the compound is applied dissolved or
dispersed in an aqueous carrier. 16. The method of
claim 1, wherein the compound is applied at a location
of said plant selected from root, shoot, stem, one or
more leaves, one or more flowers or fruit. 17. The
method of claim 1, wherein the compound is applied to
the root of said plant. 18. The method of claim 1,
wherein the compound is applied to seed of said plant.
19. The method of claim 1, wherein the compound is
applied to plant tissue selected from cell
suspensions, callus tissue cultures, and
micropropagation cultures. 20. A method for regulating
the growth of a plant, said method comprising applying
to said plant a growth regulating effective amount of
a saponin-containing chemical fraction derived from a
plant of the genus Bacopa, optionally together with an
agronomically acceptable carrier or diluent.21. The
method of claim 20, wherein said plant is selected
from Bacopa caroliniana, Bacopa egensis, Bacopa
eisenii, Bacopa innominata, Bacopa monnieri, Bacopa
procumbens, Bacopa repens, Bacopa rotundifolia and
Bacopa stricta. 22. The method of claim 21, wherein
said plant is Bacopa monnieri (Brahmi). 23. The method
of claim 20, wherein said chemical fraction comprises
at least one dammarane-type triterpenoid saponin. 24.
The method of claim 21, wherein said dammarane-type
triterpenoid saponm is a pseudojujubogenin glycoside.
25. The method of claim 20, wherein said chemical
fraction comprises a compound , or derivative or
chemical analogue thereof, wherein said compound is
represented by a general formula selected from the
group of consisting of:wherein: 



R1 and R3 are individually and independently selected
from H or any other cation, preferably a metallic
cation, more preferably an alkaline metallic cation
(such as K+, Na+ and the like) or alkaline earth
metallic cation (such as Mg2+, Ca + and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl, isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprisingat least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably selected
from b-Dglucopyranosyl, /3-L-glucopyranosyl,
-L-arabinopyranosyl, and -L-arabinofiiranosyl; and R2
is H or any other cation, preferably a metallic
cation, more preferably an alkaline metallic cation
(such as K+, Na+ and the like) or alkaline earth
metallic cation (such as Mg2+, Ca2+ and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl, isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprising at least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably
comprising -L-arabinopyranosyl. 26. The method of
claim 25, wherein the compound has the general formula
(I), R1 is 3-O- -L-arabinopyranosyl and R2 is 20-O-
-L-arabmopyranosyl. 27. The method of claim 25,
wherein the compound has the general formula (II), R1
is selected from the group consisting of 3-O-[
-L-arabinopyranosyl (1-2) - arabinopyranosyl],
3-O-[/3-D-glucopyranosyl (1-3) { -L-arabinofuranosyl
(1-2)} c -L - arabinopyranosyl] and 3-O-[
-L-arabinofuranosyl (1-2) /3-D-glucopyranosyl]
pseudojujubogenin and R2 is H. 28. The method of claim
25, wherein the compound has the general formula
(III), R1 is H and R3 is H. 29. The method of claim
25, wherein the compound has the general formula (IV),
R1 is H and R3 is H. 30. The method of claim 25,
wherein the compound has the general formula (V), R1
is H andR 3 is .31. The method of claim 20, wherein
the saponin-containing fraction comprises at least one
bacopasaponin selected from the group consisting of
bacopasaponin A, bacopasaponin B, bacopasaponin C and
bacopasaponin D or analogue or derivative thereof. 32.
The method of claims 25 or 31, wherein the derivative
is selected from ethoxylate derivatives, propoxylate
derivatives, hydrates, aldehyde derivatives, ester
derivatives, ether derivatives, alcohol derivatives,
phenol derivatives, amine derivatives, other
biologically or chemically equivalent substances, or
any combination of two or more of the foregoing. 33.
The method of claim 20, wherein the saponin-containing
fraction is in the form of a composition comprising an
agronomically acceptable carrier or diluent. 34. The
method of claim 20, wherein the saponin-containing
fraction is applied in a plant growth promoting
composition comprising about 0.05% to about 25% by
weight of saponin. 35. The method of claim 20, wherein
the saponin-containing fraction is applied dissolved
or dispersed in an aqueous carrier. 36. The method of
claim 20, wherein the saponin-containing fraction is
applied at a location of said plant selected from
root, shoot, stem, one or more leaves, one or more
flowers or fruit. 37. The method of claim 20, wherein
the saponin-containing fraction is applied to the root
of said plant. 38. The method of claim 20, wherein the
saponin-containing fraction is applied to seed of said
plant. 39. The method of claim 20, wherein the
saponin-containing fraction is applied to plant tissue
selected from cell suspensions, callus tissue
cultures, and micropropagation cultures. 40. A method
for reducing the deterioration of horticultural
produce, said method comprising applying to said
produce a senescence regulating effective amount of a
compound selected from a dammarane-type triterpenoid
saponin or derivative or agronomically acceptable salt
thereof or combinations of these.41. The method of
claim 40, wherein said dammarane-type triterpenoid
saponin is a pseudojujubogenin glycoside. 42. The
method of claim 40, wherein said dammarane-type
triterpenoid saponin is a compound represented by a
general formula selected from the group of consisting
of:wherein: R and R are individually and independently
selected from H or any other cation, preferably a
metallic cation, more preferably an alkaline metallic
cation (such as K , Na and the like) or alkaline earth
metallic cation (such as Mg2+, Ca2+ and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl, isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprising at least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably selected
from b-Dglucopyranosyl, /3-L-glucopyranosyl,
-L-arabinopyranosyl, and -L-arabinofuranosyl; and R2
is H or any other cation, preferably a metallic
cation, more preferably an alkaline metallic cation
(such as K+, Na+ and the like) or alkaline earth
metallic cation (such as Mg +, Ca2+ and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl,isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprising at least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably
comprising -L-arabinopyranosyl. 43. The method of
claim 42, wherein the compound has the general formula
(I), R1 is 3-Ooi- L-arabinopyranosyl and R2 is 20-O-
-L-arabinopyranosyl. 44. The method of claim 42,
wherein the compound has the general formula (II), R1
is selected from the group consisting of 3-O-[
-L-arabinopyranosyl (1-2) - arabinopyranosyl],
3-O-[j8-D-glucopyranosyl (1-3) {ce-L-arabinofuranosyl
(1-2)} c -L - arabinopyranosyl] and 3-O-[
-L-arabinofuranosyl (1-2) /3-D-glucopyranosyl]
pseudojujubogenin and R2 is H. 45. The method of claim
42, wherein the compound has the general formula
(LTI), R is H and R3 is H. 46. The method of claim 42,
wherein the compound has the general formula (IV), R
is H andR 3 is H. 47. The method of claim 42, wherein
the compound has the general formula (V), R1 is H and
R3 is H. 48. The method of claim 40, wherein the
derivative is selected from ethoxylate derivatives,
propoxylate derivatives, hydrates, aldehyde
derivatives, ester derivatives, ether derivatives,
alcohol derivatives, phenol derivatives, amine
derivatives, other biologically or chemically
equivalent substances, or any combination of two or
more of the foregoing. 49. The method of claim 40,
wherein the compound is in the form of a composition
comprising an agronomically acceptable carrier or
diluent. 50. The method of claim 40, wherein the
compound is in the form a chemical fraction derived
from a plant of the genus Bacopa.51. The method of
claim 50, wherein said plant is selected from Bacopa
caroliniana, Bacopa egensis, Bacopa eisenii, Bacopa
innominata, Bacopa monnieri, Bacopa procumbens, Bacopa
repens, Bacopa rotundifolia and Bacopa stricta. 52.
The method of claim 51, wherein said plant is Bacopa
monnieri (Brahmi). 53. The method of claim 40, wherein
the compound is applied in a plant growth promoting
composition comprising about 0.05% to about 25% by
weight of saponin. 54. The method of claim 40, wherein
the compound is applied dissolved or dispersed in an
aqueous carrier. 55. The method of claim 40, wherein
the compound is applied directly to said fruit. 56. A
method for reducing the deterioration of horticultural
produce, said method comprising applying to said
produce a senescence regulating effective amount of a
saponin-containing chemical fraction derived from a
plant of the genus Bacopa, optionally together with an
agronomically acceptable carrier or diluent. 57. The
method of claim 56, wherein said plant is selected
from Bacopa caroliniana, Bacopa egensis, Bacopa
eisenii, Bacopa innominata, Bacopa monnieri, Bacopa
procumbens, Bacopa repens, Bacopa rotundifolia and
Bacopa stricta. 58. The method of claim 57, wherein
said plant is Bacopa monnieri (Brahmi). 59. The method
of claim 56, wherein said chemical fraction comprises
at least one dammarane-type triterpenoid saponin. 60.
The method of claim 56, wherein said dammarane-type
triterpenoid saponin is a pseudojujubogenin glycoside.
61. The method of claim 56, wherein said chemical
fraction comprises a compound, or derivative or
chemical analogue thereof, wherein said compound is
represented by a general formula selected from the
group of consisting of:USE OF DAMMARANE-TYPE
TRITERPENOID SAPONINS FIELD OF THE INVENTION THIS
INVENTION relates generally to agents useful in the
preparation of animal feed and pharmaceutical
compositions for treating animals. More particularly,
the invention relates to a feed additive, to animal
feed, and to pharmaceutical compositions comprising a
dammarane-type triterpenoid saponin or derivative or
pharmaceutically acceptable salt thereof. The
invention further relates to the use of the
pharmaceutical composition or the feed inter alia for
immunopotentiating and protecting an animal against
infectious diseases, for promoting growth and
development of an animal, for improving the production
rate, weight and quality of poultry eggs, for
improving the quality and yield of milk in livestock
animals, for increasing the survival rate of aqueous
animals or for" enhancing the hatch rate of eggs
produced by aqueous animals. BACKGROUND OF THE
INVENTION Bacopa monnieri L (Syn: Herpestis monnieri
L., HB & K), Brahmi has been used for many years as a
potent nerve tonic in the traditional Indian system of
medicine (Chopra et al, 1956, In: Glossary of Indian
Medicinal Plants, Council of Scientific and Industrial
Research, New Delhi, page 32). Various extracts of
this perennial creeping plant have been used to
.enhance memory retention and to treat epilepsy and
insomnia (Pandey et al 1967, Bhav Prakas h Nighantu,
page 461). The activity associated with memory
retention has been localised to the saponincontaining
fraction of this plant (Chatterjee et al, 1963, Indian
Journal of Chemistry 1: 212; Singh et al, 1988,
Phytother. Res. 2: 70). The active saponin
constituents have been designated bacopasaponins A, B,
C, D, E and F (Chatterjee et al, 1965, Indian J.
Chemistry 3: 24; Chatterjee et al, 1963, Indian J.
Chemistry 1: 212; Basu et al, 1967, Indian J.
Chemistry 5: 84; Rastogi et al, 1994, Phytochemistry
36: 133-137; Garai et al, 1996, Phytochemistry 42:
815-820; Garai et al, 1996, Phytochemistry 43:
447-449; Mahato et al, 2000, Phytochemistry 53(6): 7 1
1-714). Acid hydrolysis of the active
saponin-containing fraction yields a mixture of
aglycones, bacogenin A (Kulshreshtha et al, 1973,
Phytochemistry 12: 887; Kawai et al, 1973, Acta Cryst
829: 2947), bacogeninA (Kulshreshtha et al, 1974,
Phytochemistry 12: 1205), bacogenin A3 (Chandel et al,
1997, Phytochemistry 16: 141) and bacogenin
(Kulshreshtha et al, 1973, Phytochemistry 12: 2074).
In work leading up to the present invention, it was
unexpectedly discovered that one or more saponins,
particularly bacopasaponins including their analogues
and derivatives enhance the production of nitric oxide
in animal cells and tissues. Nitric oxide has been
shown to exert beneficial effects, by acting as an
anti-bacterial, anti-parasitic, anti-viral agent or as
a tumoricidal agent (e.g. Colasanti & Suzuki, 2000,
Trends Pharmocol. Sci. 21(7): 249-252; Wallace &
Miller, 2000, Gastroenterology 119(2) 512- 520); Pfaff
et al, 2000, Parasite Immunol. 22(8): 397-405; Sherry
et al, 2000, Mol Med. 6(6): 542-549; Pinelli et al,
2000, Vet. Parasitol 92(3): 181-189; Nappi et al,
2000, Nitric Oxide 4(4): 423-430; Shinde et al, 2000,
Indian J Exp Biol 38(3): 201-210; Gobert et al,
Infect. Immun. 68(8): 4653-4657; Taylor-Robinson,
2000, Med. Hypotheses 54(4): 638- 641). Apart from
their nitric oxide producing property, the
bacopasaponin compounds have also been found, quite
unexpectedly, to improve the general well being of
animals including reducing stress levels and to
accelerate growth of animals. It has also been
discovered that administering these compounds to
poultry enhances their rate of egg production and the
weight and quality of their eggs including enhanced
eggshell strength. The bacopasaponin compounds have
also been found to improve milk quality and milk yield
and meat produced by livestock animals, to enhance the
growth and quality of wool produced by wool producing
animals such as sheep and goats and to improve the
quantity and quality of silk produced by worms. It has
also been discovered that these compounds have utility
in enhancing the conversion, growth and survival rate
of aqueous animals including farmed fish and
crustaceans as well as the hatch rate of eggs produced
by aqueous animals. Having regard to the various
beneficial effects produced either directly or
indirectly by nitric oxide, and to the various other
unexpected properties of the bacopasaponin compounds,
the present discoveries have been reduced to practice
in novel feed additives, feeds, pharmaceutical
compositions and methods as described
hereinafter.SUMMARY OF THE INVENTION Accordingly, in
one aspect of the present invention, there is provided
a feed additive for animals comprising a compound
selected from a dammarane-type triterpenoid saponin or
derivative or pharmaceutically acceptable salt thereof
or combination of these. Suitably, the dammarane-type
triterpenoid saponin is a pseudojujubogenin glycoside.
In a preferred embodiment, the darmnarane-type
triterpenoid saponin is a compound represented by a
general formula selected from the group of consisting
of:wherein: R and R are individually and independently
selected from H or any other cation, preferably a
metallic cation, more preferably an alkaline metallic
cation (such as K+, Na+ and the like) or alkaline
earth metallic cation (such as Mg2+, Ca + and the
like), lower alkyl including linear and branched alkyl
(such as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl, isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprisingat least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably selected
from b-Dglucopyranosyl, /3-L-glucopyranosyl,
c.-L-arabinopyranosyl, and -L-arabinofuranosyl; and R2
is H or any other cation, preferably a metallic
cation, more preferably an alkaline metallic cation
(such as K+, Na+ and the like) or alkaline earth
metallic cation (such as Mg +, Ca2+ and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl, isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprising at least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably
comprising -L-arabinopyranosyl. In a preferred
embodiment, the compound is selected from
bacopasaponin A, bacopasaponin B, bacopasaponin C and
bacopasaponin D, bacopasaponin E, bacopasaponin F, or
analogue or derivative thereof. Suitably, the compound
is derived from a plant of the genus Bacopa.
Preferably, said plant is Bacopa monnieri (Brahmi). In
a preferred embodiment, the compound is provided in
the form of a saponincontaining extract or fraction of
a plant of the genus Bacopa. Preferably, the
saponin-containing extract or fraction comprises at
least one bacopasaponin selected from the group
consisting of bacopasaponin A, bacopasaponin B,
bacopasaponin C and bacopasaponin D, bacopasaponin E,
bacopasaponin F, or analogue or derivative thereof. In
another aspect, the invention contemplates an animal
feed comprising the feed additive as broadly described
above.In yet another aspect, the invention features a
method of increasing the egg laying rate of a bird,
comprising feeding to the bird an animal feed
comprising an egg laying rate enhancing effective
amount of the compound as broadly described above. In
still yet another aspect, the invention encompasses a
method of increasing the weight of eggs produced from
a bird, comprising feeding to the bird an animal feed
comprising an egg weight enhancing effective amount of
the compound as broadly described above. According to
another aspect, the invention contemplates a method of
enhancing the quality of eggs produced from a bird,
comprising feeding to the bird an animal feed
comprising an egg quality enhancing effective amount
of the compound as broadly described above. In a
preferred embodiment, the improvement in the egg
quality preferably relates to an increase in the omega
fatty acid content of said eggs and/or the eggshell
strength of said eggs. In a related aspect, the
invention resides in an egg produced by a bird which
has been fed according to the method as broadly
described above. According to another aspect, the
invention encompasses a method of increasing milk
yield in an animal, comprising feeding to the animal
an animal feed comprising a milk yield increasing
effective amount of the compound as broadly described
above. In another aspect, the invention envisions a
method of improving milk quality in 



an animal, comprising feeding to the animal an animal
feed comprising a milk quality improving effective
amount of a compound as broadly described above. h a
preferred embodiment, the improvement in the milk
relates to an increase in the protein content of said
milk. In another embodiment, the improvement in the
milk relates to an increase in the Vitamin content of
said milk, wherein the vitamin is selected from
Vitamins A, D or E or combination of these. In a
preferred embodiment, the vitamin is selected from
Vitamins A orD.n a related aspect, the invention
extends to animal products obtained or derived from an
animal which has been fed according to the method as
broadly described above. In one embodiment, the animal
products are dairy products produced or derived from a
milk-producing animal which has been fed with the
animal feed as broadly described above. In a preferred
embodiment of this type, the dairy product is selected
from milk, butter, ghee, cheese, cream and yoghurt. In
yet another aspect, the invention provides a method of
improving the quality of animal meat, comprising
feeding to the animal an animal feed comprising a meat
quality improving effective amount of the compound as
broadly described above. In a preferred embodiment,
the improvement in the meat relates to an increase in
the vitamin content of said meat, wherein the vitamin
is selected from Vitamins A, D or E or combination of
these. In a preferred embodiment, the vitamin is
selected from Vitamins A or D. In an especially
preferred embodiment, the vitamin is Vitamin A. In a
related aspect, the invention extends to meat obtained
from an animal which has been fed according to the
method as broadly described above. In a preferred
embodiment, the animal is selected from cattle, sheep,
pigs, goats and poultry. In an especially preferred
embodiment, the meat is liver. According to another
aspect, the invention contemplates a method of
enhancing the quality and/or quantity of wool,
comprising feeding to a wool producing animal an
animal feed comprising a wool quantity/quality
enhancing effective amount of the compounds as broadly
described above. In a related aspect, the invention
extends to wool obtained from a wool producing animal
which has been fed according to the method as broadly
described above. Suitably, the wool producing animal
is selected from sheep, goats, alpacas and llamas.In
another aspect, the invention features a method of
improving the quality and/or quantity of silk produced
by a silk producing animal, comprising feeding to said
animal an animal feed comprising a silk
quantity/quality improving effective amount of the
compound as broadly described above. In a related
aspect, the invention extends to silk obtained from an
animal which has been fed according to the method as
broadly described above. In a further aspect, the
invention contemplates a method of enhancing the
growth, conversion and/or survival rate of an aqueous
animal, comprising feeding to the aqueous animal an
animal feed comprising a growth, conversion and/or
survival rate enhancing effective amount of the
compound as broadly described above. n another aspect,
the invention encompasses a method of enhancing the
hatch rate of eggs produced by an aqueous animal,
comprising feeding to the aqueous animal an animal
feed comprising an egg hatch rate enhancing effective
amount of the compound as broadly described above. In
still a further aspect, the invention provides a
pharmaceutical composition comprising the compound as
broadly described above together with a
pharmaceutically acceptable carrier or diluent. In yet
another aspect, the invention resides in a method for
treating or preventing a condition associated with
reduced nitric oxide levels in an animal, said method
comprising administering to said animal an effective
amount of the compound as broadly described above,
optionally together with a pharmaceutically acceptable
carrier or diluent, sufficient to inhibit or
ameliorate said condition. In a preferred embodiment,
the condition is a stress-associated condition. In
another embodiment, the condition is associated with
infection by a pathogenic organism. In still yet
another aspect, the invention features a method of
improving the health of an animal, said method
comprising administering to said animal a
health-improving effective amount of the compound as
broadly described above, optionally together with
apharmaceutically acceptable carrier or diluent. In a
further aspect, the invention provides a method for
enhancing the immune response of animal against
infection by a pathogenic organism, said method
comprising administering to said animal an immunity
enhancing effective amount of the compound as broadly
described, optionally together with a pharmaceutically
acceptable carrier or diluent. According to yet
another aspect, the invention contemplates use of the
compound as broadly described above in the preparation
of compositions for treating or preventing a condition
which is associated with reduced nitric oxide levels,
or which is ameliorable or preventable by enhanced
nitric oxide levels, within the body of an animal, or
for promoting a response requiring enhanced nitric
oxide levels within the body of an animal, for
improving animal produce or for increasing the growth,
conversion and/or survival rate of aqueous
animals.DETAILED DESCRIPTION OF THE INVENTION 1.
Definitions Unless defined otherwise, all technical
and scientific terms used herein have the same meaning
as commonly understood by those of ordinary skill in
the art to which the invention belongs. Although any
methods and materials similar or equivalent to those
described herein can be used in the practice or
testing of the present invention, preferred methods
and materials are described. For the purposes of the
present invention, the following terms are defined
below. The articles "a " and "an " are used herein to
refer to one or to more than one (i.e. to at least
one) of the grammatical object of the article. By way
of example, "an element" means one element or more
than one element. The term "about" is used herein to
refer to the amount, weight or concentration of an
active or substance that vary by as much as 30%,
preferably by as much as 20%, and more preferably by
as much as 10% to a reference amount, weight or
concentration. By "animal" is meant livestock animals
(eg. sheep, cows, goats, horses, donkeys, pigs),
laboratory test animals (eg. rabbits, mice, rats,
guinea pigs, hamsters), companion animals (eg. cats,
dogs), captive wild animals (eg. foxes, deer, minks,
dingoes), poultry (e.g. fowls, turkeys, wild ducks,
quails, guinea fowls, ducks, geese and pigeons), and
aqueous animals particularly farmed aqueous animals
(e.g. crustaceans and vertebrate fish, such as salmon,
catfish, lobster, shrimp and the like, both from fresh
and salt water) Throughout this specification, unless
the context requires otherwise, the words "comprise",
"comprises" and "comprising" will be understood to
imply the inclusion of a stated step or element or
group of steps or elements but not the exclusion of
any other step or element or group of steps or
elements. By "effective amount", in the context of
improving a quality of an animal or a quality or
quantity of an animal product or the growth,
conversion and survival rate of an aqueous animal or
treating or preventing a condition in an animal, is
meant the administration of that amount of active to
an animal, either in a single dose or as part of a
series, that is effective for that improvement,
treatment or prevention. The effectiveamount will vary
depending upon the health and physical condition of
the animal to be treated, the taxonomic group of the
animal to be treated, the formulation of the
composition, the assessment of the condition, and
other relevant factors. It is expected that the amount
will fall in a relatively broad range that can be
determined through routine trials. By
"pharmaceutically acceptable carrier" is meant a solid
or liquid filler, diluent or encapsulating substance
that can be safely used in topical or systemic
administration to a animal, preferably a mammal
including humans. 2. Compositions and methods of the
invention The present invention is generally directed
to feed additives, feed and compositions comprising a
compound selected from a dammarane-type triterpenoid
saponin or derivative or pharmaceutically acceptable
salt thereof or combination of these. Surprisingly,
these saponin compounds have been found to accelerate
growth of animals, to improve the rate of egg
production and to increase egg weight, egg quality of
poultry, to enhance the quality and quantity of meat,
milk quality and yield produced by livestock animals,
to improve the quality and quantity of wool and silk
produced respectively by wool producing and silk
producing animals, and to enhance the conversion,
growth and survival rate of aqueous animals, including
farmed fish and crustaceans. Thus, the invention
provides, in one aspect, a method for accelerating
growth of an animal or for improving the egg laying
rate, egg weight and egg quality of poultry, or for
enhancing the meat and/or milk quality and quantity of
livestock animals or for improving the quality and
quantity of wool and silk produced respectively by
wool producing and silk producing animals, or for
enhancing the conversion, growth and survival rate of
aqueous animals, or for enhancing the hatch rate of
eggs produced by aqueous animals, by feeding to an
animal an effective amount of an animal feed
comprising a compound as described herein. The
dammarane-type triterpenoid saponin compounds of the
invention have been found unexpectedly to enhance the
production of nitric oxide in animal cells and
tissues, which renders them useful for treating
conditions associated with reduced nitric oxide levels
in an animal or for producing beneficial effects in an
animal which are ameliorable by increasing the nitric
oxide levels in the animal. Thus, the invention also
encompasses use of triterpenoid saponin compounds as
described herein, optionally together with
apharmaceutically acceptable carrier or diluent, for
treating or preventing a condition associated with
reduced nitric oxide levels in an animal, or for
improving the health or general well being of an
animal, or for enhancing the immune response of an
animal against infection by a pathogenic organism. The
dammarane-type triterpenoid saponin is suitably a
pseudojujubogenin glycoside. In a preferred
embodiment, the dammarane-type triterpenoid saponin is
a compound represented by a general formula selected
from the group of consisting of:wherein: R and R3 are
individually and independently selected from H or any
other cation, preferably a metallic cation, more
preferably an alkaline metallic cation (such as K+,
Na+ and the like) or alkaline earth metallic cation
(such as Mg2+, Ca2+ and the like), lower alkyl
including linear and branched alkyl (such as methyl,
ethyl, propyl, isopropyl, isobutyl, isopentyl and the
like), lower alkene including linear or branched
alkenes (such as vinyl, propenyl, isopropenyl,
n-butenyl, isobutenyl, isopentenyl, allyl and the
like), lower alkanoyl (such as acetyl, propionyl and
butyryl), benzyl, a carbohydrate moiety comprising at
least one carbohydrate monomer, modified or
unmodified, branched or unbranched, the carbohydrate
moiety preferably comprising five membered ring
structures, six membered ring structures or both, the
carbohydrate monomer preferably selected from
b-Dglucopyranosyl, -L-glucopyranosyl,
-L-arabinopyranosyl, and -L-arabinofuranosyl; and R2
is H or any other cation, preferably a metallic
cation, more preferably an alkaline metallic cation
(such as K+, Na+ and the like) or alkaline earth
metallic cation (such as Mg2+, Ca2+ and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl,isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprising at least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably
comprising -L-arabinopyranosyl. In a preferred
embodiment of compound (1) including derivatives
thereof, R1 is 3- O- -L-arabinopyranosyl and R2 is
20-O- -L-arabinopyranosyl. In a preferred embodiment
of compound (II) including derivatives thereof, R1 is
selected from the group consisting of 3-O-f
-L-arabinopyranosyl (1-2) - arabmopyranosyl], 3-O-[
-D-glucopyranosyl (1-3) { -L-arabinofuranosyl (1-2)}
-Larabinopyranosyl] and 3-O-[ -L-arabinofuranosyl
(1-2) /3-D-glucopyranosyl] pseudojujubogenin and R is
H. In a preferred embodiment of compounds (III)
including derivatives respectively thereof, R is H and
R3 is H. In a preferred embodiment of compounds (IV)
and (V) including derivatives respectively thereof, R1
is H. In an especially preferred embodiment, the
compound is selected from bacopasaponin A,
bacopasaponin B, bacopasaponin C and bacopasaponin D,
bacopasaponin E, bacopasaponin F, or analogue or
derivative thereof. Derivatives of the above compounds
include, but not restricted to, ethoxylate
derivatives, propoxylate derivatives, hydrates,
aldehyde derivatives, ester derivatives, ether
derivatives, alcohol derivatives, phenol derivatives,
amine derivatives, other biologically or chemically
equivalent substances, and any combination of two or
more of the foregoing. In another embodiment, one or
more compounds as broadly described above are derived
from a plant of the genus Bacopa and preferably from
Bacopa monnieri (Brahmi) or a botanical or
horticultural relative thereof. Thus, for the practice
of the present invention in another embodiment, the
invention contemplates the use of a chemical fraction
comprising at least one dammarane-type triterpenoid
saponin from a plant of the genus Bacopa or a
derivative or analogue of said triterpenoid saponin
having a structure asdefined above wherein said
triterpenoid saponin or its derivative or chemical
analogue modulates nitric oxide production in an
animal. Reference herein to a plant of the genus
Bacopa includes reference to Bacopa caroliniana,
Bacopa egensis, Bacopa eisenii, Bacopa innominata,
Bacopa monnieri, Bacopa procumbens, Bacopa repens,
Bacopa rotundifolia and Bacopa stricta. Preferably,
the chemical fraction is obtained from Bacopa
monnieri. In another embodiment, one or more of the
aforementioned compounds may be purified from a plant
of the genus Bacopa by any suitable method including
the methods described for example by Chatterjee et al.
(1963, Indian Journal of Chemistry 1: 212), Singh et
al. (1988, Phytother. Res. 2 : 70), Rastogi et al.
(1994, Phytochemistry 36: 133- 137) Garai et al.
(1996, Phytochemistry 42: 815-820), Garai et al.
(1996, Phytochemistry 43: 447-449), Kulshreshtha et
al. (1973, Phytochemistry 12: 887), Kawai et al.
(1973, A a Cryst 829: 2947), Kulshreshtha et al.
(1974, Phytochemistry 12: 1205), Chandel et al. (1997,
Phytochemistry 16: 141) and Kulshreshtha et al. (1973,
Phytochemistry 12: 2074). An especially preferred
chemical fraction of Bacopa monnieri (Brahmi) is
described in Example 1. The compounds of the present
invention can be included as an additive to feed which
suitably comprises a basal diet for feeding an animal.
When the feed additive of the present invention is
added to feed, it may be formulated along with feed
components at the time of feed formulation, or may be
added to feed at the time of feeding to animals. There
is no limitation on the method and time of addition to
feed. The arbitrary basal diet for animals, which is
used for preparing the feed according to the
invention, is not particularly limited. Examples of
raw materials, which may constitute a basal diet
include, but are not limited to, grains such as corn,
milo and wheat flour, brans such as defatted rice bran
and wheat bran, animal substances such as fish meal
and skim milk, vegetable oil cake such as soybean oil
cake, and additives such as calcium carbonate, calcium
phosphate, common salt, DL-methionine, choline
chloride, manganese sulfate, dry iron sulfate, calcium
iodate, copper sulfate, dry zinc sulfate and sodium
saccharin. The basal diet can be prepared by blending
together such raw materials. Carbohydrates are also
suggested for addition to the basal diet as a source
of energy and as a filler, preferably in amounts
ranging from 1% to 35% by weight of the total feed.
The basal diet may also comprise a small amount of
fat, such as fish oil, as an additional source of
energy preferably in amounts ranging from 1% to 5% by
weight of the total feed. The formulation of the basal
diet will vary depending onthe animal to which the
diet is fed. The feed may be in solid or liquid form.
Supplemental vitamins, including additional ascorbic
acid and Vitamin B2, minerals and trace elements
sufficient to meet the daily nutritional requirements
of the animal may be included in the feed as well as
other compounds such as anti-microbiles and
antibiotics registered for use with animals for
consumption. The novel feed formulation may be
processed by any means now known or later developed in
the art, including extrusion or pelleting techniques.
Extrusion generally adds an amount of air to the final
product, such that the flakes prepared by extrusion
usually float when added to water. Pelleting, on the
other hand, generally provides a dense pellet that
sinks upon addition to water. The desired form of the
final feed formulation will depend upon the species
and feeding habits of the fish being cultivated. It is
preferred that the final processed feed has a moisture
content ranging from 1 to 20% and preferably 3 to 12%
by weight of the total feed to assure proper cohesion
of the feed components. In general, the feed
ingredients may have a sufficient natural moisture
content to meet this objective, however additional
water may be added to the feed mixture prior to
processing if needed. In such event and according to
conventional techniques, any excess moisture may then
be removed from the processed feed by drying or by
other means. Other additives or adjuvants may also be
added to the final processed feed as a coating where
desired. For instance, it is known to coat processed
feed pellets with an amount of oil or fat to enhance
the water stability and cohesion of the pellets. The
improved feed of the present invention can be
administered to various animals including, but not
restricted to, livestock animals such as pig, cattle,
horse, goat, sheep rabbit, llamas and alpacas, poultry
such as chicken, quail, pigeon, guinea fowl, turkey,
geese and duck, companion animals such as cats and
dogs, silk producing animals such as worms and spiders
as well as aqueous animals farmed in commercial
fisheries, including vertebrate fish such as
barramundi, carp, salmon, yellowtail, sea bream,
flatfish, globefish, hardtail, amberjack, sweetfish
and trout, and crustaceans such as lobster, crayfish,
king prawn, Oriental shrimp, giant tiger shrimp,
oriental river prawn, swimming crab, offshore greasy
back prawn, green tiger prawn, stone crab, etc..The
feed additive and the animal feed of the present
invention are useful for 



accelerating growth of animals, for improving the
quality (e.g., protein content, vitamin content) and
quantity of fresh milk and meat produced by livestock
animals such as cattle, goats and sheep, for improving
the rate of egg production and to increase egg weight,
egg quality of poultry, for improving the quality and
quantity of wool and silk produced respectively by
wool producing and silk producing animals, and for
enhancing the conversion, growth and survival rate of
aqueous animals. For such improvements or
enhancements, the triterpenoid saponin compounds of
the subject invention are present in said feed
additive between about 0.05% by weight and about 25%
by weight inclusive, preferably between about 0.1% and
about 20% by weight. Typically, when using an extract
or chemical fraction of a plant of the genus Bacopa
(e.g., Bacopa monnieri (Brahmi)), preferably prepared
as described herein, the final dried extract is used
at a concentration in the range of between about 0.001
g per kg or feed and 50 g per kg of feed, preferably
between about 0.01 g per kg of feed and about 5 g per
kg of feed, more preferably between about 0.02 g per
kg of feed and about 0.5 g per kg of feed. When
desired, the compounds of the invention may be
provided in combination with any other active
ingredient(s) such as vitamins and minerals.
Typically, concentrations in the range of about 0.1-20
g of or chemical fraction of a plant of the genus
Bacopa (e.g., Bacopa monnieri (Brahmi)) prepared
according to Example 1 per kg of feed have been found
to be effective for said improvements and
enhancements. The actives of the invention are
typically fed to animals at a daily dose of between
about 0.02 and about 25 mg per kg body weight,
preferably between about 0.02 and about 3 mg per kg
body weight, more preferably between about 0.2 and
about 1.5 mg per kg of body weight. Typically, when
using an extract or chemical fraction of a plant of
the genus Bacopa (e.g., Bacopa monnieri (Brahmi)),
preferably prepared as described herein, the final
dried extract is fed to an animal at a daily dose of
between about 0.2 and about 250 mg per kg body weight,
preferably between about 0.2 mg and about 30 mg per kg
of body weight, more preferably between about 2 mg and
about 15 mg per kg of body weight. With regard to
feeding aqueous animals, these can be fed one or more
times per day to satiation by manually broadcasting
the novel triterpenoid saponin supplemented feed
formulation or the feed additive itself, comprising
essentially at least one triterpenoid saponin compound
of the invention, across the surface of the water or
automatically frommechanical feeders. In order to
achieve maximum growth, conversion and survival rates
in accordance with this invention, the daily nutrient
requirements of the aqueous animals must be met. In
addition, disease and water quality management
techniques should be utilised to provide a healthy and
stress free environment for normal growth and
development. The compounds of the present invention
can also be used as active(s) for treating conditions
associated with reduced nitric oxide levels in an
animal or for producing beneficial effects in an
animal which are ameliorable by enhancing the nitric
oxide levels in an animal. In a preferred embodiment,
the condition is a stress-related condition. In this
respect, the stress-related condition may be caused
for example, by placing an animal in a confined space
(e.g. cage, hatchery etc). The actives of the present
invention also have the effect of enhancing the immune
function of an animal, and serve as preventive and
therapeutic agents for various maladies and infectious
diseases by virtue of this effect and thus the
diseases against which this composition or agent is
efficacious are not particularly limited. The actives
can be administered to an animal either by themselves
or in pharmaceutical compositions where they are mixed
with a suitable pharmaceutically acceptable carrier.
Accordingly, the invention also provides a composition
for effecting the above treatments, improvements and
enhancements comprising dammarane-type triterpenoid
saponin as broadly described above, together with a
pharmaceutically acceptable carrier. Depending on the
specific conditions being treated, the active(s) may
be formulated and administered systemically or
locally. Techniques for formulation and administration
may be found in "Remington's Pharmaceutical Sciences,"
Mack Publishing Co., Easton, Pa., latest edition.
Suitable routes may, for example, include oral,
rectal, transmucosal, or intestinal administration;
parenteral delivery, including intramuscular,
subcutaneous, intramedullary injections, as well as
intrathecal, direct intraventricular, intravenous,
intraperitoneal, intranasal, or intraocular
injections. For injection, the therapeutic agents of
the invention may be formulated in aqueous solutions,
preferably in physiologically compatible buffers such
as Hanks' solution, Ringer's solution, or
physiological saline buffer. For transmucosal
administration, penetrants appropriate to thebarrier
to be permeated are used in the formulation. Such
penetrants are generally known in the art.
Intra-muscular and subcutaneous injection is
appropriate, for example, for administration of
immunogenic compositions and vaccines. The agents can
be formulated readily using pharmaceutically
acceptable carriers well known in the art into dosages
suitable for oral administration. Such carriers enable
the compounds of the invention to be formulated in
dosage forms such as tablets, pills, capsules,
liquids, gels, syrups, slurries, suspensions and the
like, for oral ingestion by a patient to be treated.
These carriers may be selected from sugars, starches,
cellulose and its derivatives, malt, gelatine, talc,
calcium sulphate, vegetable oils, synthetic oils,
polyols, alginic acid, phosphate buffered solutions,
emulsifiers, isotonic saline, and pyrogen-free water.
Pharmaceutical compositions suitable for use in the
present invention include compositions wherein the
active ingredients are contained in an effective
amount to achieve its intended purpose. The dose of
agent administered to an animal should be sufficient
to effect a beneficial response in the animal over
time such as an increase in nitric oxide levels in the
animal or an increase in the health of the animal, a
decrease in the symptom(s) associated with stress or
with infection by a pathogenic organism. The quantity
of the active(s) to be administered may depend on the
animal to be treated inclusive of the age, sex, weight
and general health condition thereof. In this regard,
precise amounts of the active(s) for administration
will depend on the judgement of the practitioner. In
determining the effective amount of the active to be
administered in a said treatment, improvement or
enhancement, the practitioner may evaluate the
progression of a condition to be treated. In any
event, those of skill in the art may readily determine
suitable dosages of the active(s) of the invention.
Pharmaceutical formulations for parenteral
administration include aqueous solutions of the active
compounds in water-soluble form. Additionally,
suspensions of the active compounds may be prepared as
appropriate oily injection suspensions. Suitable
lipopbilic solvents or vehicles include fatty oils
such as sesame oil, or synthetic fatty acid esters,
such as ethyl oleate or triglycerides, or liposomes.
Aqueous injection suspensions may contain substances
that increase the viscosity of the suspension, such as
sodium carboxymethyl cellulose, sorbitol, or dextran.
Optionally, the suspension may also containsuitable
stabilisers or agents which increase the solubility of
the compounds to allow for the preparation of highly
concentrated solutions. Pharmaceutical preparations
for oral use can be obtained by combining the active
compounds with solid excipient, optionally grinding a
resulting mixture, and processing the mixture of
granules, after adding suitable auxiliaries, if
desired, to obtain tablets or dragee cores. Suitable
excipients are, in particular, fillers such as sugars,
including lactose, sucrose, mannitol, or sorbitol;
cellulose preparations such as., for example, maize
starch, wheat starch, rice starch, potato starch,
gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium
carboxymefhylcelllose, and/or polyvinylpyrrohdone
(PVP). If desired, disintegrating agents may be added,
such as the cross-linked polyvinyl pynolidone, agar,
or alginic acid or a salt thereof such as sodium
alginate. Such compositions may be prepared by any of
the methods of pharmacy but all methods include the
step of bringing into association one or more
therapeutic agents as described above with the carrier
which constitutes one or more necessary ingredients.
In general, the pharmaceutical compositions of the
present invention may be manufactured in a manner that
is itself known, e.g., by means of conventional
mixing, dissolving, granulating, dragee-making,
levigating, emulsifying, encapsulating, entrapping or
lyophilising processes. Dragee cores are provided with
suitable coatings. For this purpose, concentrated
sugar solutions may be used, which may optionally
contain gum arabic, talc, polyvinyl pyrrolidone,
carbopol gel, polyethylene glycol, and/or titanium
dioxide, lacquer solutions, and suitable organic
solvents or solvent mixtures. Dyestuffs or pigments
may be added to the tablets or dragee coatings for
identification or to characterise different
combinations of active compound doses. Pharmaceutical
which can be used orally include push-fit capsules
made of gelatin, as well as soft, sealed capsules made
of gelatin and a plasticiser, such as glycerol or
sorbitol. The push-fit capsules can contain the active
ingredients in admixture with filler such as lactose,
binders such as starches, and/or lubricants such as
talc or magnesium stearate and, optionally,
stabilisers. In soft capsules, the active compounds
may be dissolved or suspended in suitable liquids,
such as fatty oils, liquid paraffin, or liquid
polyethylene glycols. In addition, stabilisers may be
added.Dosage forms of the therapeutic agents of the
invention may also include injecting or implanting
controlled releasing devices designed specifically for
this purpose or other forms of implants modified to
act additionally in this fashion. Controlled release
of an agent of the invention may be effected by
coating the same, for example, with hydrophobic
polymers including acrylic resins, waxes, higher
aliphatic alcohols, polylactic and polyglycolic acids
and certain cellulose derivatives such as
hydroxypropylmethyl cellulose. In addition, controlled
release may be effected by using other polymer
matrices, liposomes and/or microspheres. The active(s)
of the present invention may be provided as salts with
pharmaceutically compatible counterions.
Pharmaceutically compatible salts may be formed with
many acids, including but not limited to hydrochloric,
sulfuric, acetic, lactic, tartaric, malic, succinic,
etc. Salts tend to be more soluble in aqueous or other
protonic solvents that are the corresponding free base
forms. For any compound used in the method of the
invention, the therapeutically effective dose can be
estimated initially from cell culture assays. For
example, a dose can be formulated in animal models to
achieve a circulating concentration range that
includes the IC50 as determined in cell culture (e.g.,
the concentration of active(s), which achieves a
half-maximal enhancement in immune effector
concentrations or a half-maximal inhibition is stress
markers). Such information can be used to more
accurately determine useful doses in animals. Toxicity
and therapeutic efficacy of such therapeutic agents
can be determined by standard pharmaceutical
procedures in cell cultures or experimental animals,
e.g., for determining the LD50 (the dose lethal to 50%
of the population) and the ED50 (the dose
therapeutically effective in 50% of the population).
The dose ratio between toxic and therapeutic effects
is the therapeutic index and it can be expressed as
the ratio LD50/ED50. Compounds that exhibit large
therapeutic indices are preferred. The data obtained
from these cell culture assays and animal studies-can
be used in formulating a range of dosage for use in
animals. The dosage of such compounds lies preferably
within a range of circulating concentrations that
include the ED50 with little or no toxicity. The
dosage may vary within this range depending upon the
dosage form employed and the route of administration
utilised. The exact formulation, route of
administration and dosage can bechosen by the
individual practitioner in view of an animal's
condition. (See for example Fingl et al, 1975, in "The
Pharmacological Basis of Therapeutics", Ch. 1pi).
Dosage amount and interval may be adjusted
individually to provide plasma levels of the active(s)
which are sufficient to maintain immune effector
enhancement or stress reducing effects. Stated in
terms of body weight, usual dosages range from between
about 0.02 and about 25 mg per kg per day, commonly
between about 0.02 and about 3 mg per kg per day,
typically between about 0.2 and 1.5 mg per kg per day.
Alternately, one may administer the compound in a
local rather than systemic manner, for example, via
injection of the compound directly into a tissue often
in a depot or sustained release formulation.
Furthermore, one may administer the active in a
targeted drug delivery system, for example, in a
liposome coated with tissue-specific antibody. The
liposomes will be targeted to and taken up selectively
by the tissue. In cases of local administration or
selective uptake, the effective local concentration of
the active may not be related to plasma concentration.
In order that the invention may be readily understood
and put into practical effect, particular preferred
embodiments will now be described by way of the
following nonlimiting examples.EXAMPLES EXAMPLE 1
Preparation of bacopasaponin extract from Bacopa
monnieri (Brahmi) A sample of Bacopa monnieri (Brahmi)
(l.Og) was macerated in 3 x 25-mL of dry acetone
(dried over potassium carbonate). The macerate was
filter/centrifuged each time and the residue was dried
under vacuum. Ten milligrams of powdered extract was
heated with 5 drops of orthophosphoric acid in a test
tube (or until filter paper kept moist on the mouth of
the test tube with aniline acetate turns pink). Two
hundred and fifty milligrams of powdered extract was
hydrolysed by boiling with 4N; 50% (v/v) aqueous
ethanolic sulphuric acid (5 mL). The ethanol was
subsequently removed under vacuum. The aqueous
suspension was extracted with two quantities, 5 mL
each of freshly washed (phosgene free) chloroform. The
combined chloroform layer was neutralised by washing
with 0.1% (v/v) aqueous solution of ammonia, followed
by 2 washes with water, followed by drying over
anhydrous sodium sulphate and evaporating the solvent
to dryness. The 0.001% (w/v) solution of the residue
in methanol exhibited characteristic maxima at 269,
278 and 289 nm. EXAMPLE 2 Chromatographicfingerprint
of bacopasaponin extract Thin layer chromatography was
carried out using silica gel G plates of 0.2-mm
thickness and a mixture of 8 parts of ethylacetate, 1
part methanol and 1 part water as the mobile phase.
One mL of test solution containing the extract of
Example 1 at about 1 mg/mL is then added to 1mL 4N
aqueous sulphuric acid (A.R.). This mixture was
refmxed on a water-bath for 4 hours, allowed to cool
and diluted with 4 mL distilled water before the
methanol was removed under vacuum. The aqueous
solution was then extracted four times with chloroform
(G.R., phosgene free) and the combined chloroform
extract was washed with 0.1% solution of a base (e.g.
ammonia), followed by twice with distilled water. The
extract was dried over anhydrous sodium sulphate and
the chloroform removed under vacuum. The residue was
dissolved in methanol (A.R.) up to a final volume of
10mL. The optical density (O.D.) of the solution was
then determined at 278 nm against a blank. The content
of bacopasaponin in the extract was calculated by
running reference standard bacopasaponins side by
side, or by using the following linear regression
curve formula: C = K X O.D. + B (where, C =
concentration of bacopasaponin in g/mL: K = 50.957 and
B = 1.2974 EXAMPLE 3 Enhancing hatch rate offish eggs
Five hundred milligram of an extract prepared
according to Example 1 containing 45 wt.%
bacopasaponins was dispensed into 10 L of water
containing 300 common carp (Cypnnus carpi o) eggs. The
water was continuously aerated. The results presented
in Table 1 show a significant increase in the
percentage of eggs that hatched in the
bacopasaponin-supplemented water (about 87%) relative
to the control (about 57%). This represents an
increase in egg hatchings of 65.4%. TABLE 1 Number of
eggs treated 300 Number of eggs in control 300 Number
of hatchings in control 170 Number of hatchings in the
bacopasaponin-supplemented water 260 Percentages of
hatchings in control 56.67% Percentage of hatchings in
the bacopasaponin-supplemented 86.67% water Further
treatment of the fries for four weeks by addition of
the same amount of extract with their normal solid
fish feed increased the percentage survival of the
fries to theadult stage by about 35% relative to
untreated fries (i.e., 80% of treated fries survived
to the adult stage compared to 45% of untreated
fries). EXAMPLE 4 Enhancing growth rate offish Extract
prepared according to Example 1 was incorporated at a
level of 0.5 mg/kg (feed-1) and 1 mg kg (feed-2) in a
standard feed containing 40% protein. The feed was
powdered and fed to common carp fish fries. The
feeding trials were carried out in a trough with 10
litres of water. Ten fries were introduced in the
trough. The water was aerated continuously and the
faecal matters were cleaned daily. The fries were fed
ad libitum. The experiment was carried out for a penod
of 30 days. The results of the experiment are
presented in Table 2: TABLE 2 These results indicate
that fish fed with the extract-containing feeds gained
significantly more weight than fish fed with the
control feed. In this regard, the mean weight gain
offish per day was 0.0021 g for feed-1, 0.0046 g for
feed-2 and 0.0008 g forthe control. Accordingly, a
greater than two-fold increase in growth of fish was
obtained with feed-1 and a six-fold increase was
obtained with feed-2 when compared to the control
feed. ! EXAMPLE 5 Enhancing quality and quantity of
milkproduced by cows Twenty weeks after parturition
200 Indian Jersey cows were divided into the 



following 2 groups of 100 cows and fed a designated
feed for 12 weeks: Group A where the basic feed as
listed in Table 3 was given; Group B where 500 mg per
day of an extract prepared according to Example 1,
containing 45 wt.% bacopasaponins, mixed with a basic
feed listed in Table 3, was given. The animals took
water ad libitum. TABLE 3 The Group B (treated) cows
produced 16% more milk compared to Group A (control)
cows. Milk obtained from the treated cows had 17% more
protein (3.77 g/100 mL compared to 3.22 g/100 mL of
milk for control cows), 23% more fat and 93% more b-
carotene (150 g/mL compared to 285 g/mL of milk for
control cows). When the supply of extract-containing
feed to the Group B treated cows was withdrawn, milk
yields reduced to normal levels after 15 days. It was
also found quite unexpectedly that use of the
bacopasaponin extract as a feed additive could
substantially reduce the fodder intake per cow by
about 20-25% without significantly reducing the amount
or quality of the milk produced.It was also found that
milk obtained from Group B cows after five days of
treatment comprised about 5 times more Vitamin A,
about 2 to 9 times more Vitamin D, and about 4 to 7
times more Vitamin E compared to milk obtained from
Group A cows (Table 4). TABLE4 Dairy products (e.g.,
butter and ghee) produced from Group B cow milk
contained significantly higher levels of Vitamin A as
compared to dairy products produced from Group A cow
milk (Table 5). TABLE 5 EXAMPLE 6 Increasing the rate
of weight gain in Broiler chickens Twenty-five
millilitres of a stock solution containing 5 mg/mL of
an extract comprising 45 wt.% bacopasaponins prepared
according to Example 1 was added twice daily to the
common drinking water of 100 Broiler chickens. A
control group of 100 chickens was given water only.
The animals took water ad libitum. The treated
chickensattained their market weight of 1.5 kg at day
42 as compared to day 46-48 for control chickens. This
resulted in a saving of 4-6 days of feed, which
correlates to a 15-20% increase in economic gain. The
treated chickens also showed a 50% reduction in the
rate of mortality (4%) compared to control chickens
(8-10%). It was also observed that the meat of treated
chickens was appreciably leaner relative to control
chickens. EXAMPLE 7 Enhancing quantity an quality of
poultry eggs Twenty-five millilirres of a stock
solution containing 5 mg/mL of an extract comprising
45 wt.% bacopasaponins (prepared according to Example
1) was added twice daily to the common drinking water
of 100 first cycle egg-laying chickens (i.e, chickens
laying eggs for the first time). A control group of
100 first cycle-laying chickens was given water only.
The animals took water ad libitum. Bacopasaponin
treatment increased the number of chickens producing
eggs by about 6% (i.e. 90% of control chickens as
compared to 96% of treated chickens), increased egg
weight by about 4% (i.e. from 55 to 57 g), increased
/3-carotene of the egg yolk by about 3%, increased egg
shell strength and reduced yolk cholesterol. The
treatment also reduced feed consumption by about 3%
and the rate of chicken mortality by about 50% as
compared to control chickens. A similar bacopasaponin
treatment of 100 second cycle chickens ("culled
chickens") increased the number of chickens producing
eggs by about 31% (i.e. 65% of control chickens as
compared to 85% of treated chickens). EXAMPLE 8
Sericulture Three hundred silk worms (treated group )
were fed mulberry leaves sprayed with glucose water
containing 0.05 mg/mL of an extract comprising 45 wt.%
bacopasaponins (prepared according to Example 1) three
times daily from the fifth day after hatching until
the end of their life cycle (about the twenty-fifth
day after hatching). Three hundred control silk worms
(control group) were fed mulberry leaves sprayed with
glucose water only. The nest weight of the treated
group (1.47 g) was about 34% higher relative to thatof
the control group (1.20 g). Further, the thread
produced by the treated silk worms was of a higher
quality in that it was longer, darker and had more
lustre (i.e. shine). The percentage of worms that
progressed to cocoon building was also higher in the
treated group (93%) relative to the control group
(67%). Mortality and nonproductivity was also
significantly reduced in the treated group. EXAMPLE 9
Increasing VitaminA content of beef The basic feed
listed in Table 3 supplemented with 500 mg of an
extract prepared according to Example 1, containing 45
wt.% bacopasaponins was given daily to cattle for 15
days prior to slaughter. Beef, especially liver,
obtained from these animals had a significantly higher
Vitamin A content as compared to control animals fed
with the basic feed alone. The disclosure of every
publication cited herein is hereby incorporated herein
by reference in its entirety. The citation of any
reference herein should not be construed as an
admission that such reference is available as "Prior
Art" to the instant application Throughout the
specification the aim has been to describe the
preferred embodiments of the invention without
limiting the invention to any one embodiment or
specific collection of features. Those of skill in the
art will therefore appreciate that, in light of the
instant disclosure, various modifications and changes
can be made in the particular embodiments exemplified
without departing from the scope of the present
invention. All such modifications and changes are
intended to be included within the scope of the
appended claims.CLAIMS 1. A feed additive for animals,
comprising a compound selected from a dammarane-type
triterpenoid saponin or derivative or pharmaceutically
acceptable salt thereof or combination of these. 2.
The feed additive of claim 1, wherein said
dammarane-type triterpenoid saponin is a
pseudojujubogenin glycoside. 3. The feed additive of
claim 1, wherein said dammarane-type triterpenoid
saponin is a compound represented by a general formula
selected from the group of consisting of:wherein: R
and R are individually and independently selected from
H or any other cation, preferably a metallic cation,
more preferably an alkaline metallic cation (such as
K+, Na+ and the like) or alkaline earth metallic
cation (such as Mg2+, Ca2+ and the like), lower alkyl
including linear and branched alkyl (such as methyl,
ethyl, propyl, isopropyl, isobutyl, isopentyl and the
like), lower alkene including linear or branched
alkenes (such as vinyl, propenyl, isopropenyl,
n-butenyl, isobutenyl, isopentenyl, allyl and the
like), lower alkanoyl (such as acetyl, propionyl and
butyryl), benzyl, a carbohydrate moiety comprisingat
least one carbohydrate monomer, modified or
unmodified, branched or unbranched, the carbohydrate
moiety preferably comprising five membered ring
structures, six membered ring structures or both, the
carbohydrate monomer preferably selected from
/3-Dglucopyranosyl, -L-glucopyranosyl,
ce-L-arabinopyranosyl, and ce-L-arabinofuranosyl; and
R2 is H or any other cation, preferably a metallic
cation, more preferably an alkaline metallic cation
(such as K+, Na+ and the like) or alkaline earth
metallic cation (such as Mg +, Ca + and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl, isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprising at least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably
comprising -L-arabinopyranosyl. 4. The feed additive
of claim 3, wherein said compound has the general
formula (I), R1 is 3-O- -L-arabinopyranosyl and R2 is
20-O- -L-arabinopyranosyl. 5. The feed additive of
claim 3, wherein said compound has the general formula
(II), R1 is selected from the group consisting of
3-O-[ -L-arabinopyranosyl (1-2) - arabinopyranosyl],
3-O-[j3-D-glucopyranosyl (1-3) { -L-arabinofuranosyl
(1-2)} -Larabinopyranosyl] and
3-O-[ce-L-arabinofuranosyl (1-2) /3-D-glucopyranosyl]
pseudojujubogenin and R2 is H. 6. The feed additive of
claim 3, wherein said compound has the general formula
(HI), R1 is H and R3 is H. 7. The feed additive of
claim 3, wherein said compound has the general formula
(TV) and Rl is H. 8. The feed additive of claim 3,
wherein said compound has the general formula (V), R
is H.9. The feed additive of claim 1, wherein said
dammarane-type triterpenoid saponin is a bacopasaponin
selected from bacopasaponin A, bacopasapomn B,
bacopasaponin C, bacopasaponin D, bacopasaponin E,
bacopasaponin F, or analogue or derivative thereof.
10. The feed additive of claim 1, wherein said
derivative is selected from ethoxylate derivatives,
propoxylate derivatives, hydrates, aldehyde
derivatives, ester derivatives, ether derivatives,
alcohol derivatives, phenol derivatives, amine
derivatives, other biologically or chemically
equivalent substances, or any combination of two or
more of the foregoing. 11. The feed additive of claim
1, wherein said compound is in the form of a chemical
fraction derived from a plant of the genus Bacopa. 12.
The feed additive of claim 11, wherein said plant is
selected from Bacopa caroliniana, Bacopa egensis,
Bacopa eisenii, Bacopa innominata, Bacopa monnieri,
Bacopa procumbens, Bacopa repens, Bacopa rotundifolia
and Bacopa stricta. 13. The feed additive of claim 11,
wherein said plant is Bacopa monnieri (Brahmi). 14.
The feed additive of claim 11, wherein said chemical
fraction comprises at least one bacopasaponin selected
from bacopasaponin A, bacopasaponin B, bacopasaponin
C, bacopasaponin D, bacopasaponin E, bacopasaponin F,
or analogue or derivative thereof. 15. Use of a
compound selected from a dammarane-type triterpenoid
saponin or derivative or pharmaceutically acceptable
salt thereof or combination of these in the
preparation of a feed additive for preparing animal
feed or for improving animal produce or for increasing
the growth, conversion and/or survival rate of aqueous
animals. 16. The use of claim 15, wherein said
dammarane-type triterpenoid saponin is a
pseudojujubogenin glycoside. 17. The use of claim 15,
wherein said dammarane-type triterpenoid saponin is a
compound represented by a general formula selected
from the group of consisting of:USE OF DAMMARANE-TYPE
TRITEPENOID SAPORINS FIELD OF THE INVENTION THIS
INVENTION relates generally to agents useful in the
preparation of pharmaceutical compositions for
preservation of good health and amelioration of
various conditions affecting humans. More
particularly, the present invention relates to
pharmaceutical compositions comprising a
dammarane-type triterpenoid saponin or derivative or
pharmaceutically acceptable salt thereof for treating
or preventing conditions, which are related to reduced
nitric oxide levels, or which are ameliorable or
preventable by augmentation of nitric oxide levels,
within the human body, or for promoting responses
requiring enhanced nitric oxide levels within the
human body. BACKGROUND OF THE INVENTION Bacopa
monnieri L (Syn: Herpestis monnieri L., HB & K),
Brahmi has been used for many years as a potent nerve
tonic in the traditional Indian system of medicine
(Chopra et al, 1956, In: Glossary of Indian Medicinal
Plants, Council of Scientific and Industrial Research,
New Delhi, page 32). Various extracts of this
perennial creeping plant have been used to enhance
memory retention and to treat epilepsy and insomnia
(Pandey et al 1967, Bhav Prakasah Nighantu, page 461).
Traditional Indian preparations of Bacopa monnieri
have also been used for treating anxiety, stress,
constipation, small boils and diabetes. The activity
associated with memory retention has been localised to
the saponincontaining fraction of this plant
(Chatterjee et al, 1963, Indian Journal of Chemistry
1: 212; Singh et al, 1988, Phytother. Res. 2 : 70).
The active saponin constituents have been designated
bacopasaponins A, B, C, D, E and F (Chatterjee et al,
1965, Indian J. Chemistry 3: 24; Chatterjee et al,
1963, Indian J. Chemistry 1: 212; Basu et al, 1961,
Indian J. Chemistry 5: 84; Rastogi et al, 1994,
Phytochemistry 36: 133-137; Garai et al, 1996,
Phytochemistry 42: 815-820; Garai et al, 1996,
Phytochemistry 43: 447-449; Mahato et al, 2000,
Phytochemistry 53(6): 711-714). Acid hydrolysis of the
active saponin-containing fraction yields a mixture of
aglycones, bacogenin A (Kulshreshtha et al, 1913,
Phytochemistry 12: 887; Kawai et al, 1973, Acta Cryst
829: 2947), bacogeninA (Kulshreshtha et al, 1974,
Phytochemistry 12: 1205), bacogenin A3 (Chandel et al,
1997, Phytochemistry 16: 141) and bacogenin
(Kulshreshtha et al, 1973, Phytochemistry 12: 2074).
In work leading up to the present invention, it was
unexpectedly discovered that one or more saponins,
particularly bacopasaponins including their analogues
and derivatives, enhance the production of nitric
oxide within the human body. Nitric oxide is an
important physiological regulator of functions such as
vasodilation and neurotransmission. In the body,
nitric oxide is generated from L-arginine by nitric
oxide synthases (NOSs) that are differentially induced
by cell-specific (endothelium, neutrophils, adrenal
tissue, cerebellum) cofactors such as Ca +-dependent
calmodulin, tumour necrosis factor, and other
cytokines (Ignarro, L.J., 1990, Hypertension 16:
477-483; Moncada, S., 1999, J. R. Soc. Med. 92:
164-169.). There are three isoforms of this enzyme:
type I (neuronal nitric oxide synthase, nNOS; NOS-1),
type II (inducible nitric oxide synthase, iNOS;
NOS-2), and type in (endothelial nitric oxide
synthase, eNOS; NOS-3). Type I and III are usually
constitutively present in the cell (cNOS); however,
under certain conditions, their expression can also be
induced. These isoenzymes are activated by an increase
in intracellular calcium, which facilitates the
binding of calmodulin to NOS, thus activating the
enzyme (Stuehr et al, 1995, Adv. Phannacol.34:
207-213). The second class of NOS, the so-called
"inducible" form, is expressed in cells after exposure
to certain cytokines; however, some tissues express
this isoform of NOS even under basal conditions. The
major difference between the "constitutive" and
"inducible" isoforms is the amount and duration of
nitric oxide produced by either NOS. All three
isoforms have similar specific activities when
purified to homogeneity; however, the total amount of
nitric oxide generated per cell by cNOS is low as
compared to that generated by iNOS. The flux of nitric
oxide generated by cNOS is of short duration, while
iNOS generates considerably higher concentrations of
nitric oxide for periods of hours to days. Therefore,
physiological versus potentially toxic actions of
nitric oxide might be dictated by the presence and
activity of specific isoforms of NOS. It appears that
the main function of nitric oxide as cell messenger is
to stimulate cell guanylate cyclase to elevate cyclic
guanosine monophosphate, which in turn activates
smooth muscle relaxation, platelet stability, and
neurochemical potentiation (Moncada et al, 1993, New
Engl J. Med. 329: 2002-2012; Schmidt et al, 1994, Cell
78: 919-925).Nitric oxide reacts strongly in
biological systems with other metal-proteins and
thiols, as well as with molecular oxygen and
superoxide free radical (Stamler et al, 1994, Cell 78:
931-936). It also serves as a free radical scavenger
by rapidly reacting with free radicals involved in
lipid peroxidation and perhaps in aged-related
modifications of proteins (Kanner et al, 1992, Lipids
27: 46-49; Stadrman, 1988, Gerontol. 43: B112-B120).
In tissues, generated nitric oxide seems normally to
be an anti-oxidant (Kanner et al, 1991, Biochem.
Biophys. 289: 130-136). Consistent with these
properties, it has been suggested that enhancement of
nitric oxide levels can promote greater local
scavenging of reactive oxygen species during oxidative
stress in ischaemic injury, diabetes mellitus, and
aging (Waugh, W.H., US Patent No. 6,028,907). Nitric
oxide has been used therapeutically to treat certain
diseases characterised by nitric oxide insufficiency,
including hypertension, angina and male sexual
dysfunction. There is evidence that the endogenous
production of nitric oxide via the L-arginine-nitric
oxide pathway is defective in patients with
hypertension and possibly angina. Nitric oxide has
been used to treat angina for over 100 years in the
form of nitroglycerine and, in this regard, it has
recently been shown that the release of nitric oxide
by nitroglycerine in the vascular wall is responsible
for its activity. Augmentation of vascular nitric
oxide levels has been suggested as a therapeutic
strategy for the prevention and/or amelioration of
vascular degenerative diseases (e.g., atherogenesis,
restenosis, transient ischaemic attack, ischaemic
stroke, and lacunar infarction; coronary artery and
peripheral atherosclerotic disease; coronary artery
and peripheral angiospastic disease and the like) and
for the attenuation of neointimal formation after
endothelial injury (Lloyd-Jones et al, 1996, Annu.
Rev. Med. 47: 367-375, Cooke et al. in US Patent No
5,945,452). In this regard, it has been shown that
nitric oxide is important for vascular integrity and
for the prevention of atherosclerotic lesions by
promoting vasodilation (Palmer et al, 1987, Nature
327: 524-526; Ignarro et al, 1987, Proc. Natl. Acad.
Sci. USA 84: 9265-9269), inliibiting platelet
adherence and aggregation (Radomski et al, 1987, Br.
J. Pharmocol. 92: 639-646), inhibiting vascular smooth
muscle (Nunokawa et al, 1992, Biochem. Biophys. Res.
Com. 188: 409-415) and fibroblast (Werner-Felmayer et
al, 1990, J. Exp. Med. 172: 1599-1607) cellular
proliferation. Cardiovascular risk factors, including
hypercholesterolemia, hypertension, diabetes and
smoking as well as established cardiovascular disease,
are associated with impairment ofvarious nitric oxide
systems, which may contribute to limitations in
exercise capacity through inadequate or peripheral
blood delivery and via metabolic effects. Exercise
training in individuals with elevated cardiovascular
risk or established disease can increase nitric oxide
bioavailability and may represent an important
mechanism by which exercise training provides benefit
in the setting of secondary prevention (Kingwell, BA,
2000, Clin. Exp. Pharmocol Physiol. 27(4): 239-250;
Lewis et al, 1999, Arterioscler. Thromb. Vase. Biol.
19(1 1): 2782-2787). Enhancement of nitric oxide
bioavailability may, therefore, have clinical
potential in treating and or preventing cardiovascular
disease and reducing blood pressure. Studies by Taylor
et al. (1998, Biochemistry (Mosc) 63(7): 766-781),
investigating the effects of nitric oxide in the
liver, demonstrate that induced nitric oxide 



synthesis plays an important role in hepatocyte
function and protects the liver during sepsis and
ischaemia reperfusion. Addition of nonspecific NOS
inhibitors significantly increases hepatic damage.
Nitric oxide exerts a protective effect through its
ability to prevent intravascular thrombosis by
inhibiting platelet adhesion and neutralising toxic
oxygen radicals. Nitric oxide also exerts protective
effects both in vivo and in vitro by blocking TNF-
-induced apoptosis and hepatotoxicity, in part by a
thiol-dependent inhibition of caspase-3-like protease
activity. These studies demonstrate the cytoprotective
effects of nitric oxide in the liver and suggest
hepatic iNOS expression functions as an adaptive
response to minimise inflammatory injury. Enhancement
of hepatic nitric oxide levels may, therefore, be
beneficial in protecting the liver during sepsis and
ischaemia reperfusion and in minimising inflammatory
injury. Basal whole body nitric oxide production has
been shown by Wever et al. (1999, Arterioscler.
Thromb. Vase. Biol. 19(5): 1168-1172) to be reduced in
patients with chronic renal failure. These
investigators proposed improving of nitric oxide
production as a therapeutic intervention to
endothelial dysfunction in patients afflicted with
chronic renal failure. It has been shown that nitric
oxide participates in the tumoricidal activity of
macrophages (Hibbs et al, 1987, J Immunol. 138:
550-565) and that large amounts of nitric oxide
derived from iNOS expressed in other cell types such
as Kupffer cells, natural killer cells (NK),
microglial and endothelial cells participates in the
tumoricidal activityagainst many types of tumours (Yim
et al, 1995, J. Immunol. 155: 4382-4390; Kurose et al,
1993, Cancer Res. 53: 2676-2682; Fukumura, et al,
1996, Hepatology 24: 141-149; Curley et al, 1993, J.
Leukoc Biol 53: 715-721; Jiang et al, 1992, J.
Immunol. 149: 2137- 2146; Leu et al, 1991, J. Immunol.
147: 1816-1822). The combined findings of these cell
culture experiments imply that nitric oxide has a
cytostatic or cytotoxic effect on tumour cells. In
vivo studies suggest that nitric oxide plays an
important role in the control of tumour growth.
Macrophages harvested from tumour-bearing animals
exhibit reduced capacity to produce nitric oxide as
well as diminished tumoricidal activity (Gardner et
al, 1995, J Surg. Res. 59: 305-310; Lejeune et al,
1994, J Immunol 152: 5077-5083; Dinapoli et al, 1996,
J. Exp. Med. 183: 1323-1329). Studies have shown that
tumourbearing patients have elevated levels of IL-10
and TGF-bet l (Alleva et al, 1994, J Immunol. 153:
1674-1686; Vodovotz, Y., 1997, Nitric Oxide: Biol
Chem. 1: 3-17; Maeda et al, 1995, J. Immunol. 155:
4926-4932) supporting the notion that there is a
relationship between these suppressive factors,
reduction of nitric oxide production, and tumour
burden. In addition to these agents, other agents such
as phosphatidylserine secreted from mammary tumours
also decrease NOS activity in leucocytes (Calderon et
al, 1994, J. Exp. Med. 180: 945-958). The relationship
between reduction of nitric oxide and increased tumour
burden indicates that the presence of this free
radical is an integral part of the antitumour response
of the immune system. The generation of high levels of
nitric oxide in vivo by the nitric oxide donor sodium
nitroprusside (SNP) and by lipopolysaccharide (LPS)
has been shown to reduce pancreatic tumour growth,
which suggests that high level nitric oxide
generation, with potential production of endogenous
reactive nitrogen intermediates, may contribute to the
induction of apoptosis and tumour growth inhibition
(Hajri et al, 1998, Br. J. Cancer 78(7): 841-849).
Nitric oxide generating agents, Snitroso-
N-acetyl-penicillamine (SNAP) or SNP, have been shown
in vitro by Kurimoto et al. (1999, JNeurooncol 42(1):
35-44) to inhibit the growth of, and to radiosensitize
glioma cells. Nitric oxide has also been found to
reduce gastric carcinoma metastasis (Zhao et al, 1998,
World Journal of Gastroenterology 10: 4-10). Nitric
oxide has also been shown to exert beneficial effects,
by acting as an antibacterial, anti-parasitic, or as
an anti-viral agent (e.g., anti-HTV agent) (e.g.
Colasanti & Suzuki, 2000, Trends Pharmocol Sci. 21(7):
249-252; Wallace & Miller, 2000, Gastroenterology
119(2) 512-520); Pfaff et al, 2000, Parasite Immunol.
22(8): 397-405;Venturini et al, 2000, Biochem Biophys
Res Commun. 267(1): 190-193; Sherry et al, 2000, Mol.
Med. 6(6): 542-549; Pinelli et al, 2000, Vet.
Parasitol 92(3): 181-189; Nappi et al, 2000, Nitric
Oxide 4(4): 423-430; Shinde et al, 2000, Indian J Exp
Biol 38(3): 201- 210; Gobert et al, Infect. Immun.
68(8): 4653-4657; Taylor-Robinson, 2000, Med.
Hypotheses 54(4): 638-641; Kuritomo et al. 1999, J.
Neurooncol 42(1): 35-44; Perichini et al, 1999, Int.
J. Mol. Med. 4(4): 365-368; ibid, Biophys. Biochem.
Res. Commun. 258(3): 624-627; Sehajpal et al, 1999,
Biochemistry 38(40):13407-13413; Mannick et al, 1999,
J. Acquir. Immune Defic Syndr. 22(1): 1-9). It has
also been shown to be useful in treating sickle cell
disease (Space et al, 2000, Am JHematol 63(4):
200-204; Sullivan et al, 1999, Crit Care Med 27(1 1):
2563-2568; Nagel, R.L., 1999, J Clin Invest 104(7):
847-848); and Head et al, 1997, J Clin Invest 100(5):
1193-1198) and in wound healing (Carter et al, 1994,
Biochem J. 304: 201-204; see also Shabani et al, 1996,
Wound Healing Repair and Regeneration 4(3): 353-362;
and Billiar et al. in US Patent No. 6,103,230). It
also appears that endogenous production of nitric
oxide is important for relaxing smooth muscle tone
during pregnancy. Basal release of nitric oxide in
human umbilical arteries and veins appears to be
important in normal pregnancies and deliveries
(Chaudhuri et al, 1993, Am. J Physiol. 265:
2036H-2043H). Inhibition of constitutive nitric oxide
synthase activity during the latter part of pregnancy
produces a preeclampsia-like syndrome and retardation
of foetal growth in rats (Molnar et al, 1994, Am. J.
Obst. Gynecol. 170: 1458-1466). Some evidence suggests
that preeclampsia and eclampsia are diseases, typified
by vasoconstriction, which are endothelial cell
disorders with endothelial injury involving the
fetoplacental vessels (Roberts et al, 1989, J. Obstet.
Gynecol. 161: 1200-1204). Accordingly, it has been
suggested that augmentation of nitric oxide levels may
be used as a therapeutic strategy for enhancing
relaxation of smooth muscle tone during normal
pregnancy and for treating or preventing conditions
such as preeclampsia, spontaneous preterm labour and
the like (Waugh, W.H., supra). Nitric oxide has also
been found to play a role in the secretion of human
breast milk (Iizuka et al, 1998, Pediatr. Res. 44(2):
197-200) and may thus have utility in enhancing
lactation post partum. Hormone replacement therapy has
been shown to decrease the oxidative stress level and
to increase the nitric oxide derivative metabolites in
menopausal women with andwithout hot flushes
(Hernandez et al. 2000, Med. Clin. (Bare) 114(2):
41-45). Enhancement of nitric oxide levels may,
therefore, have clinical potential in treating or
preventing symptoms associated with menopause.
Oligemic vasoconstriction that follows induced
cortical spreading depression in rats is reduced by
L-arginine induced production of nitric oxide and
raises the possibility that low nitric oxide levels
contribute to reduced cerebral blood flow in migraine
patients Fabricius et al, 1995, Am. J. Physiol. 269:
H23-H29; Lauritzen, 1996, Sci. Med. 3: 32-41).
Increasing nitric oxide levels has, therefore, been
postulated as being useful for treating migraine and
migraine syndrome. Consistent with this hypothesis, it
has been shown that inhalation of small amounts of
amyl nitrite, a well-known donor of nitric oxide,
temporarily reversed migraine aura in some cases
(Silberstein et al, p. 115 in: Wolffs Headache and
Other Head Pain, 6th ed., 1993). The promotion of
vascular nitric oxide production by intake of
arginine, potassium, sex hormone replacement,
anti-oxidants and fish oils has also been suggested as
a therapeutic strategy for Alzheimer's disease
(McCarty, M.F., 1998, Med. Hypotheses 51(6): 465-476;
ibid, 1999, Med. Hypotheses 53(6): 369-476-374).
Although a variety of studies has shown that nitric
oxide is proinflammatory, there is a conflicting
notion that nitric oxide may be protective during an
inflammatory insult h this regard, Paul-Clark et al
(2001, J Immunol 166(2): 1169-1177) have shown
recently that local production of nitric oxide
protects against inflammation by virtue of its ability
to regulate the release of typical proinflammatory
mediators and, importantly, that NOS inhibitors have
differential anti-inflammatory effects depending on
their route of administration. Accordingly,
enhancement of nitric oxide levels may have clinical
potential in treating or preventing inflammation
associated conditions. Nitric oxide has also been
shown to activate telomerase and to delay cell
senescence (Vasa et al, 2000, Circ Res 87(7):
540-542). Telomerase is an enzyme that adds
telomeric-repeated sequences to the ends of human
chromosome DNA. Human telomeres undergo progressive
shortening with cell division, and critical shortening
of telomeres with cellular aging triggers a signal for
cells to stop dividing and senesce. Thus,the promotion
of nitric oxide has been suggested as a strategy for
inhibiting senescence mechanisms to thereby extend the
lifespan of cells and entire organisms. Increased
nitric oxide synthase activity and enhanced apoptosis
are features of gastric mucosa infected with
Helicobacter pylori and a causative relation has been
suggested. However, although nitric oxide can promote
apoptosis, its actions vary with cell type and in
tliis regard, Potter et al. (2000, Gut 46(2): 156-162)
have found recently that exogenous nitric oxide
inhibits apoptosis in gastric mucosal cells and it may
counter the proapoptotic effects of this H. pylori.
Nitric oxide has also shown to be essential for
maximal ovulation and a lack of nitric oxide during
the periovulatory period results in severe defects in
oocyte maturation (Jablonka-Shariff et al, 1999, J.
Soc. Gynecol Investig. 6(2): 95-101) and may
contribute to female infertility (Klein et al, 1998,
Mol Med. 4(10): 658-664). There is also evidence
showing a correlation between sporadic limb reduction
defects and abrogation of normal nitric oxide
production in endothelial cells. Early postnatal
mitochondrial maturation in the brain has also been
shown to be a nitric oxide-mediated process (Almeida
et al, 1999, FEBS Lett 452(3): 290-294). Accordingly,
exogenous nitric oxide may be useful in promoting
normal oocyte maturation, in reducing the incidence of
congenital defects and/or in enhancing female
fertility. Treatment of semen samples obtained from
fertile and asthenozoospermic infertile patients with
SNP-generated nitric oxide has revealed that it is
beneficial to sperm viability and motility in both
fertile and infertile individuals, and that reduction
of lipid peroxidative damage to sperm membranes and
increase of intracellular cGMP may be involved in
these benefits (Zhang et al, 1996, Free Radic. Res.
25(4): 347-354). Increasing nitric oxide levels may
therefore also represent a therapeutic strategy for
male infertility. Despite evidence that nitric oxide
contributes to the pathogenesis of osteoporosis in the
presence of proinflammatory cytokines, several studies
have shown that in the absence of inflammatory
disease, high nitric oxide levels can inhibit
osteoclast-mediated bone resorption and promote bone
formation in vivo and in vitro. Conversely, it has
been found that decreased nitric oxide production
potentiates osteoclast-mediated bone resorption in
vitro and is associated with in vivo bone loss in rats
and humans (CollinOsdoby et al, 1998, J Bone Miner Res
13(1): 67-78; ibid, 2000, J Bone Miner Res 15(3):
474-488). For example, it has been shown that
nitroglycerine prevents ovariectomyinduced bone loss,
counteracts prednisolone-induced bone loss, and
restores ovariectomyinduced osteopenia (Wimalawansa et
al, 1996, Bone 18(4): 301-304; ibid, 1991, Bone 21(3):
275-280; Wimalawansa, S.J., 2000, Calcif. Tissue Int.
66(1): 56-60). It has also been found that
intermittent administration of nitrates to
postmenopausal women can protect against
estrogen-deficient bone loss and enhance bone mineral
density (Jamal et al, 1998, J Bone Miner. Res. 13(11):
1755-1759) . Having regard to the various beneficial
effects produced either directly or indirectly by
nitric oxide, and to various other unexpected
properties of the bacosaponin compounds described
herein, the present discoveries have been reduced to
practice in novel pharmaceutical compositions and
methods as described hereinafter.SUMMARY OF THE
INVENTION Accordingly, in one aspect of the present
invention, there is provided a pharmaceutical
composition for treating or preventing a condition
which is associated with reduced nitric oxide levels,
or which is ameliorable or preventable by enhanced
nitric oxide levels, within the human body, or for
promoting a response requiring enhanced nitric oxide
levels within the human body, said composition
comprising a compound selected from a dammarane-type
triterpenoid saponin or derivative or pharmaceutically
acceptable salt thereof or combination of these and
optionally a pharmaceutically acceptable carrier and
or diluent. Suitably, the dammarane-type triterpenoid
saponin is a pseudojujubogenin glycoside. In a
preferred embodiment, the dammarane-type triterpenoid
saponin is a compound represented by a general formula
selected from the group of consisting of:wherein: R1
and R3 are individually and independently selected
from H or any other cation, preferably a metallic
cation, more preferably an alkaline metallic cation
(such as K , Na+ and the like) or alkaline earth
metallic cation (such as Mg2+, Ca2+ and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl, isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprisingat least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably selected
from /3-Dglucopyranosyl, -L-glucopyranosyl,
a-L-arabinopyranosyl, and a-L-arabinofuranosyl; and R2
is H or any other cation, preferably a metallic
cation, more preferably an alkaline metallic cation
(such as K+, Na+ and the like) or alkaline earth
metallic cation (such as Mg2+, Ca2+ and the like),
lower alkyl including linear and branched alkyl (such
as methyl, ethyl, propyl, isopropyl, isobutyl,
isopentyl and the like), lower alkene including linear
or branched alkenes (such as vinyl, propenyl,
isopropenyl, n-butenyl, isobutenyl, isopentenyl, allyl
and the like), lower alkanoyl (such as acetyl,
propionyl and butyryl), benzyl, a carbohydrate moiety
comprising at least one carbohydrate monomer, modified
or unmodified, branched or unbranched, the
carbohydrate moiety preferably comprising five
membered ring structures, six membered ring structures
or both, the carbohydrate monomer preferably
comprising a-L-arabinopyranosyl. In a preferred
embodiment, the compound is selected from
bacopasaponin A, bacopasaponin B, bacopasaponin C and
bacopasaponin D, bacopasapomn E, bacopasaponin F, or
analog or derivative thereof. Suitably, the compound
is derived from a plant of the genus Bacopa.
Preferably, said plant is Bacopa monnieri (Brahmi). In
a preferred embodiment, the compound is provided in
the form of a saponincontaining extract or fraction of
a plant of the genus Bacopa. Preferably, the
saponin-containing extract or fraction comprises at
least one bacopasaponin selected from the group
consisting of bacopasaponin A, bacopasaponin B,
bacopasaponin C, bacopasaponin D, bacopasaponin E,
bacopasaponin F, or analog or derivative thereof. In
another aspect, the invention resides in a
pharmaceutical composition for treating or preventing
a condition which is associated with reduced nitric
oxide levels, or which is ameliorable or preventable
by enhanced nitric oxide levels, within the human
body, or for promoting a response requiring enhanced
nitric oxide levels within the humanbody, said
composition comprising a saponin-containing extract or
fraction of a plant of the genus Bacopa and optionally
a pharmaceutically acceptable carrier and/or diluent.
In yet another aspect, the invention resides in a
method for treating or preventing a condition which is
associated with reduced nitric oxide levels, or which
is ameliorable or preventable by enhanced nitric oxide
levels, in a patient, said method comprising
administering to said patient an effective amount of a
compound selected from a dammarane-type tritef enoid
saponin or derivative or pharmaceutically acceptable
salt thereof or combination of these, and optionally a
pharmaceutically acceptable carrier and/or diluent,
sufficient to treat or prevent said condition. a
further aspect, the invention provides a method for
treating or preventing a condition which is associated
with reduced nitric oxide levels, or which is
ameliorable or preventable by enhanced nitric oxide
levels, in a patient, said method comprising
administering to said patient an effective amount of a
saponin-containing extract or fraction of a plant of
the genus Bacopa and optionally a pharmaceutically
acceptable carrier and/or diluent, sufficient to treat
or prevent said condition. a preferred embodiment, the
condition is Alzheimer's disease. another preferred
embodiment, the condition is a vascular associated
condition (e.g., a vascular degenerative disease). h
another preferred embodiment, the condition is
inflammation. In another preferred embodiment, the
condition is a cancer or tumour. In an alternate
embodiment, the condition is suitably a kidney
disorder (e.g., nephritis, renal calculus associated
nephritis, etc). another embodiment, the condition is
involuntary muscle movement or muscle cramp. In a
further preferred embodiment, the condition is a
pathogenic infection. In a further aspect, the
invention contemplates a method for promoting in a
patient a response requiring enhanced or elevated
nitric oxide levels, said method
comprisingadministering to said patient an effective
amount of a compound selected from a dammarane-type
triterpenoid saponin or derivative or pharmaceutically
acceptable salt thereof or combination of these, and
optionally a pharmaceutically acceptable carrier
and/or diluent, sufficient to promote said condition.
In another aspect, the invention resides in a method
for promoting in a patient a response requiring
enhanced or elevated nitric oxide levels, said method
comprising admimstering to said patient an effective
amount of a saponin-containing extract or fraction of
a plant of the genus Bacopa, and optionally a
pharmaceutically acceptable carrier and/or diluent,
sufficient to promote said condition. In a preferred
embodiment, the response is vasodilation. In another
preferred embodiment, the response is reduced blood
pressure. In another preferred embodiment, the
response is reduced amyloid b peptide production. In
another preferred embodiment, the response is
increased bone formation. In another preferred
embodiment, the response is reduced osteoclastic bone
resorption. In another preferred embodiment, the
response is increased or continuing brain or neural
activities. h yet another preferred embodiment, the
response is enhanced wound healing. h a further
preferred embodiment, the response is enhanced
neuronal growth. 



In still yet another preferred embodiment, the
response is enhanced or augmented immunity. In yet
another preferred embodiment, the response is
increased anti-oxidant levels. In yet another
preferred embodiment, the response is reduced
oxidative stress levels.i another preferred
embodiment, the response is enhanced lactation. In
another prefened embodiment, the response is improved
nutritional quality (e.g., enhanced vitamin content)
of breast milk. In another prefened embodiment, the
response is improved fertility. In another prefened
embodiment, the response is inhibition of
tumorigenesis. h a further prefened embodiment, the
response is increased telomerase activity. h yet
another prefened embodiment, the response is enhanced
hepatic cytoprotection or amelioration of liver
damage. h another prefened embodiment, the response is
improved health or maintenance of well being. In yet
another prefened embodiment, the response is weight
loss. In yet another aspect, the invention encompasses
a method for enhancing or otherwise promoting
vasodilation in a patient, said method comprising
administering to said patient an effective amount of a
compound selected from a dammarane-type triterpenoid
saponin or derivative or pharmaceutically acceptable
salt thereof or combination of these, or of a
saponin-containing extract or fraction of a plant of
the genus Bacopa, and optionally a pharmaceutically
acceptable carrier and/or diluent, sufficient to
enhance or promote vasodilation. h still yet another
aspect, the invention contemplates a method for
reducing or otherwise inhibiting amyloid b peptide
production in a patient, said method comprising
administering to said patient an effective amount of a
compound selected from a dammarane-type triterpenoid
saponin or derivative or pharmaceutically acceptable
salt thereof or combination of these, or of a
saponin-containing extract or fraction of a plant of
the genus Bacopa, and optionally a pharmaceutically
acceptable carrier and/or diluent, sufficient to
reduce or inhibit said production. According to
another aspect, the invention provides a method for
enhancing or otherwise promoting neuronal growth in a
patient, said method comprising administeringto said
patient an effective amount of a compound selected
from a dammarane-type triterpenoid saponin or
derivative or pharmaceutically acceptable salt thereof
or combination of these, or of a saponin-containing
extract or fraction of a plant of the genus Bacopa,
and optionally a pharmaceutically acceptable carrier
and or diluent, sufficient to enhance or promote said
growth. In another aspect, the invention provides a
method for preventing or otherwise inhibiting
infection of a patient by a pathogenic organism, said
method comprising administering to said patient an
infection inhibiting effective amount of a compound
selected from a dammarane-type triterpenoid saponin or
derivative or pharmaceutically acceptable salt thereof
or combination of these, or of a saponin-containing
extract or fraction of a plant of the genus Bacopa,
and optionally a pharmaceutically acceptable carrier
and/or diluent. In yet another aspect, the invention
encompasses a method for preventing or otherwise
inhibiting tumorigenesis in a patient, said method
comprising administering to said patient a
tumorigenesis inhibiting effective amount of a
compound selected from a dammarane-type tritef enoid
saponin or derivative or pharmaceutically acceptable
salt thereof or combination of these, or of a
saponin-containing extract or fraction of a plant of
the genus Bacopa, and optionally a pharmaceutically
acceptable carrier and/or diluent. In a further
aspect, the invention provides a method for enhancing
the immune response of a patient against infection by
a pathogenic organism, said method comprising
administering to said patient an effective amount of a
compound selected from a dammarane-type tritef enoid
saponin or derivative or pharmaceutically acceptable
salt thereof or combination of these, or of a
saponin-containing extract or fraction of a plant of
the genus Bacopa, and optionally a pharmaceutically
acceptable carrier and/or diluent, sufficient to
enhance the immune response against said pathogenic
organism. In another aspect, the invention provides a
method for enhancing the immune response of a patient
against a cancer, said method comprising administering
to said patient an effective amount of a compound
selected from a dammarane-type tritef enoid saponin or
derivative or pharmaceutically acceptable salt thereof
or combination of these, or of a saponin-containing
extract or fraction of a plant of the genus Bacopa,
and optionally aphannaceutically acceptable carrier
and/or diluent sufficient to enhance the immune
response against said cancer. In still yet another
aspect, the invention features a method for reducing
or otherwise inhibiting the rate of ageing of a
patient, said method comprising administering to said
patient an ageing-inhibiting effective amount of a
compound selected from a dammarane-type tritef enoid
saponin or derivative or pharmaceutically acceptable
salt thereof or combination of these, or of a
saponin-containing extract or fraction of a plant of
the genus Bacopa, and optionally a pharmaceutically
acceptable carrier and/or diluent. In a further
aspect, the invention resides in a method for
increasing telomerase activity in a cell, said method
comprising contacting said cell with a telomerase
activity increasing effective amount of a compound
selected from a dammarane-type tritef enoid saponin or
derivative or pharmaceutically acceptable salt thereof
or combination of these, or of a saponin-containing
extract or fraction of a plant of the genus Bacopa,
and optionally a pharmaceutically acceptable carrier
and/or diluent. In still yet another aspect, the
invention features a method for improving the health
or maintaining the well-being of a patient, said
method comprising administering to said patient an
effective amount of a compound selected from a
dammarane-type tritef enoid saponin or derivative or
pharmaceutically acceptable salt thereof or
combination of these, or of a saponin-containing
extract or fraction of a plant of the genus Bacopa,
and optionally a pharmaceutically acceptable carrier
or diluent, sufficient to improve said health or to
maintain said well-being. According to another aspect,
the invention provides a method of enhancing lactation
in a female patient, said method comprising
administering to said patient an effective amount of a
compound selected from a dammarane-type tritef enoid
saponin or derivative or pharmaceutically acceptable
salt thereof or combination of these, or of a
saponin-containing extract or fraction of a plant of
the genus Bacopa, and optionally a pharmaceutically
acceptable carrier or diluent, sufficient to enhance
lactation. In yet another aspect, the invention
features a method for enhancing bone formation in a
patient, said method comprising administering to said
patient an effective amount of a compound selected
from a dammarane-type tritef enoid saponin or
derivativeor pharmaceutically acceptable salt thereof
or combination of these, or of a saponincontaining
extract or fraction of a plant of the genus Bacopa,
and optionally a pharmaceutically acceptable carrier
or diluent, sufficient to enhance said bone formation.
In still yet another aspect, the invention
contemplates a method for reducing or otherwise
inhibiting osteoclastic bone resof tion, said method
comprising administering to a patient in need of such
treatment an effective amount of a compound selected
from a dammarane-type tritef enoid saponin or
derivative or pharmaceutically acceptable salt thereof
or combination of these, or of a saponin-containing
extract or fraction of a plant of the genus Bacopa,
and optionally a pharmaceutically acceptable carrier
and/or diluent, sufficient to reduce said resof tion.
In another aspect, the invention provides a method for
enhancing the rate of wound healing, said method
comprising administering to a patient in need of such
treatment an effective amount of a compound selected
from a dammarane-type tritef enoid saponin or
derivative or pharmaceutically acceptable salt thereof
or combination of these, or of a saponin-containing
extract or fraction of a plant of the genus Bacopa,
and optionally a pharmaceutically acceptable carrier
and/or diluent, sufficient to enhance the rate of
wound healing. According to another aspect, the
invention encompasses a method for improving male
fertility, said method comprising administering to a
patient in need of such treatment an effective amount
of a compound selected from a dammarane-type tritef
enoid saponin or derivative or pharmaceutically
acceptable salt thereof or combination of these, or of
a saponin-containing extract or fraction of a plant of
the genus Bacopa, and optionally a pharmaceutically
acceptable carrier and/or diluent, sufficient to
improve said fertility. In yet another aspect, the
invention resides in a method for improving female
fertility, said method comprising administering to a
patient in need of such treatment an effective amount
of a compound selected from a dammarane-type tritef
enoid saponin or derivative or pharmaceutically
acceptable salt thereof or combination of these, or of
a saponin-containing extract or fraction of a plant of
the genus Bacopa, and optionally a pharmaceutically
acceptable carrier and/or diluent, sufficient to
improve said fertility. According to another aspect,
the invention provides a method for enhancinghepatic
cytoprotection or ameliorating liver damage, said
method comprising administering to a patient in need
of such treatment an effective amount of a compound
selected from a dammarane-type tritef enoid saponin or
derivative or pharmaceutically acceptable salt thereof
or combination of these, or of a saponin-containing
extract or fraction of a plant of the genus Bacopa,
and optionally a pharmaceutically acceptable carrier
and/or diluent, sufficient to enhance said
cytoprotection or to ameliorate said damage. In
another aspect, the invention envisions a method of
improving the quality of human breast milk, comprising
administering to a subject post partum a milk quality
improving effective amount of a compound selected from
a dammarane-type tritef enoid saponin or derivative or
pharmaceutically acceptable salt thereof or
combination of these, or of a saponin-containing
extract or fraction of a plant of the genus Bacopa,
and optionally a pharmaceutically acceptable carrier
and/or diluent, sufficient to improve said quality .
In a prefened embodiment, the improvement in the
breast milk relates to an increase in the protein
content of said milk h another embodiment, the
improvement in the milk relates to an increase in the
vitamin content of said milk, wherein the vitamin is
selected from Vitamins A, D or E or combination of
these. In a prefened embodiment, the vitamin is
selected from Vitamins A or D. According to yet
another aspect, the invention contemplates use of a
compound selected from a dammarane-type tritef enoid
saponin or derivative or phannaceutically acceptable
salt thereof or combination of these, or of a
saponin-containing extract or fraction of a plant of
the genus Bacopa, in the preparation of compositions:
for treating or preventing a condition which is
associated with reduced nitric oxide levels, or which
is ameliorable or preventable by enhanced nitric oxide
levels; or for promoting a response requiring enhanced
nitric oxide levels; or for treating or preventing
Alzheimer's disease; or for treating or preventing a
vascular associated condition; or for treating or
preventing a cancer or tumour; or for treating or
preventing a kidney disorder; or for treating or
preventing inflammation; or for inhibiting infection
by a pathogenic organism; or for inhibiting ageing; or
for promoting vasodilation; or for reducing blood
pressure; or for reducing or otherwise inhibiting
amyloid b peptide production; or for enhancing bone
formation; or for reducing or otherwise inhibiting
osteoclastic bone resof tion; or forincreasing or
continuing brain and neural activities; or for
promoting wound healing; or for promoting neuronal
growth; or for inhibiting tumorigenesis; or for
enhancing the immune response (e.g., against infection
by a pathogenic organism or against a cancer or
tumour); or for enhancing lactation; or for improving
fertility; or for increasing telomerase activity; or
for promoting weight loss; or for enhancing hepatic
cytoprotection or for ameliorating liver damage; or
for improving health or maintaining well being of a
patient.BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is
a representation showing four isometric strain gauge
tracings of aortic rings contracted with phenylephrine
and the bacopasaponin solution and treated as follows:
A, control; B, LNMMA; C, ODQ; D, haemoglobin. Figure 2
is a photographic representation of control
neuroblastoma cells after seeding. Figure 3 is a
photographic representation showing neuroblastoma
cells treated with 1 mg/mL bacopasaponins for 48
hours. Figure 4 is a photographic representation
showing neuroblastoma cells treated with 100 mg/mL
bacopasaponins for 48 hours. Figure 5 is a
photographic representation showing neuroblastoma
cells treated with 200 mg/mL bacopasaponins for 48
hours.DETAILED DESCRIPTION OF THE INVENTION 1.
Definitions Unless defined otherwise, all technical
and scientific terms used herein have the sanie
meaning as commonly understood by those of ordinary
skill in the art to which the invention belongs.
Although any methods and materials similar or
equivalent to those described herein can be used in
the practice or testing of the present invention,
prefened methods and materials are described. For the
puf oses of the present invention, the following terms
are defined below. The articles "a " and "an " are
used herein to refer to one or to more than one (i.e.
to at least one) of the grammatical object of the
article. By way of example, "an element" means one
element or more than one element. The term "about" is
used herein to refer to the amount, weight or
concentration of an active or substance that vary by
as much as 30%, preferably by as much as 20%, and more
preferably by as much as 10% to a reference amount,
weight or concentration. Throughout this
specification, unless the context requires otherwise,
the words "comprise ", "comprises " and "comprising"
will be understood to imply the inclusion of a stated
step or element or group of steps or elements but not
the exclusion of any other step or element or group of
steps or elements. By "effective amount", in the
context of treating or preventing a condition which is
associated with reduced nitric oxide levels, or which
is ameliorable or preventable by enhanced nitric oxide
levels, in a patient, or for promoting a response
which requires augmentation of nitric oxide levels in
a patient, is meant the administration of that amount
of active(s) to the patient, either in a single dose
or as part of a series, that is effective for that
treatment, prevention, or promotion. The effective
amount will vary depending upon the health and
physical condition of the patient to be treated, the
formulation of the composition, the assessment of the
condition, and other relevant factors. It is expected
that the amount will fall in a relatively broad range
that can be determined through routine trials.The term
"patient" refers to human patient and includes any
individual it is desired to examine or treat using the
methods of the invention. However, it will be
understood that "patient" does not imply that symptoms
are present. By "pharmaceutically acceptable carrier
and/or diluent" is meant a solid or liquid filler,
diluent or encapsulating substance that can be safely
used in topical or systemic administration to a
patient. 2. Compositions and methods of the invention
The present invention is generally directed to
pharmaceutical compositions comprising at least one
dammarane-type tritef enoid saponin, which is
preferably a pseudojujubogenin glycoside, or
derivative or analogue or pharmaceutically acceptable
salt thereof. Saponin compounds of this type have been
found unexpectedly to enhance the production of nitric
oxide in human cells and tissues, which renders them
useful for treating conditions associated with reduced
nitric oxide levels within the human body which
conditions are ameliorable or preventable by
augmentation of nitric oxide levels, or for treating
or preventing conditions which are ameliorable or
preventable by enhanced nitric oxide levels within the
human body, or for promoting responses which requires
augmentation of nitric oxide levels within the human
body. Thus, the invention also encompasses use of the
at least one dammarane-type tritef enoid saponin or
derivative or analogue or pharmaceutically acceptable
salt thereof as described herein, and optionally a
pharmaceutically acceptable carrier and/or diluent,
for treating or preventing a condition which is
associated with reduced nitric oxide levels, or which
is ameliorable or preventable by augmentation of
nitric oxide levels, within a patient, or for
promoting a condition which requires elevation of
nitric oxide levels within a patient. The
dammarane-type tritef enoid saponin is suitably a
pseudojujubogenin glycoside. In a prefened embodiment,
the dammarane-type tritef enoid saponin is a compound
represented by a general formula selected from the
group of consisting of:TRANSPARENTDIVING HELMET FIELD
OF THE INVENTION The present invention relates to a
diving helmet, and in particular to a diving helmet of
the type that has a constant supply of breathable air
pumped to it during use. BACKGROUND Any discussion of
the prior art throughout the specification should in
no way be considered as an admission that such prior
art is widely known or forms part of common general
knowledge in the field. It is known for divers to use
a goggle and snorkel arrangement for underwater
exploring. Typically the diver periodically rises to
the surface of the water and takes large breadth
before returning to continue his/her exploration.
Alternatively, if a diver does not wish to
periodically rise to the surface to breathe, a body
mounted air storage tank may be employed with
breathable air supplied to the diver via a mouthpiece.
This arrangement requires at least some level of prior
training and is typical of divers who which to explore
lower depths and therefore not very practical for
beginner divers, who only wish to explore the
shallows. Another method of diving has been employed
over recent years. This method involves the
utilisation of a diving helmet that has breathable air
continually supplied to it from a remote air supply.
The helmet is open ended such that it resembles an
inverted dome when submerged with a transparent face
on the front side, which allows the diver to see
outwardly. An air supply connection in the helmet
provides access to breathable air, which is supplied
via a hose from said remote air supply unit.
Typically, the helmet rests on a diver's shoulders
with the excess air being expelled via gaps formed
between the lower 



periphery of the helmet and the body of the diver.
Diving helmets such as these are becoming exceedingly
popular for novice divers who wish to get under the
water quickly with minimal training, and thereby
ideally suited to the tourist industry. One problem
with diving helmets of this type is the amount of
buoyant force that is produced by having such a large
amount of air contained within the submergedenclosed
volume. Typically, this problem is overcome by the
attachment of lead weights. Unfortunately this leads
to the helmet being so heavy out of the water that it
requires at least two people to transport. Another
problem associated with these type of diving helmets
is that there is a tendency for this type of helmet to
move around once they are placed onto a diver's
shoulders. Often this results in the helmet tipping
forward or backward during use because it is not
located sufficiently enough in position over the head
of the diver. Yet another problem with diving helmets
of this configuration is the unavailability of any
rearward vision by the diver. This is because such
helmets are only designed for forward vision, having
only a transparent front viewing visor. Yet a further
problem with diving helmets of this configuration is
the high cost of manufacture. Typically helmets of
this type are moulded from a plastic material and
since the shape required is typically complex,
multiple moulds and moulding operations are required.
It is therefore an object of the present invention in
its preferred form to provide a diving helmet of the
type that has breathable air constantly supplied to it
that overcomes or ameliorates at least one of the
disadvantages of the prior art, or at least provides a
useful alternative. SUMMARYOF THE INVENTION According
to a first aspect of the invention there is provided a
diving helmet of the type having an air supply pumped
to it during use, said helmet including: a head
portion substantially formed from a transparent
material such that a user can see both forwardly and
rearwardly; and a body contacting collar portion
extending from the head portion, said collar portion
having a shoulder engaging portion adapted to prevent
said helmet from tipping during use. Preferably, the
shoulder engaging portion comprises an inverted
U-shaped section substantially extending along a first
axis of the collar portion, the U-shaped section
adapted to engage the shoulders of a user thereby
positively locating the helmet during use.Preferably,
the first axis is coincident with the centre of the
collar portion. Preferably, infill pads are placed
within the U-shaped section to ideally size the helmet
for the user. According to a another aspect of the
invention, there is provided a diving helmet of the
type having an air supply pumped to it during use,
said helmet including: a head portion substantially
formed from a transparent material which allows a user
to see both forwardly and rearwardly; and a body
contacting collar portion extending from the head
portion, wherein said collar portion has at least one
open ended cavity disposed therein, said cavity
adapted to fill with water once said helmet is
submerged thereby to reduce the buoyant force acting
on the helmet. Preferably, the cavity is adapted to
fill with water via at least two apertures disposed in
the outer periphery of the collar portion. According
to yet another aspect of the invention, there is
provided a diving helmet of the type having an air
supply pumped to it during use, the helmet including:
a head portion substantially formed from a transparent
material which allows a user to see both forwardly and
rearwardly; and a body contacting collar portion
extending from the head portion; wherein the head
portion is substantially made from two identically
moulded half faces, and wherein the body contacting
collar portion is substantially made from two
identically moulded half collars. Preferably, the half
faces are joined using removable fasteners.
Preferably, the half collars are joined using
removable fasteners. Preferably, a fastening means is
used to join the half faces to the half collars.
Preferably, at least one spacer plate and at least one
gasket member separate the half faces, and wherein the
spacer plate and the gasket member separate the half
collars. Preferably, the helmet further includes an
air flow port located at the top rear of the head
portion, the port adapted to be connected to the air
supply thereby providing breathing air to the
user.Preferably, the helmet further includes two
opposed lifting handles, the handles disposed between
the head portion and the collar portion. Preferably,
the opposed lifting handles are affixed to the spacer
plate. Preferably, the helmet is substantially formed
from an injected moulded plastic. According to yet
another aspect of the invention there is provided, a
diving helmet of the type having an air supply pumped
to it during use, the helmet having a head portion
adapted to fit the head of a user, wherein the head
portion is formed from two substantially identically
moulded halves. BRIEF DESCRIPTION OF THE DRAWINGS A
preferred embodiment of the invention will now be
described, by way of example only, with reference to
the accompanying drawings in which: Fig. 1 s a front
perspective view of a diving helmet according to a
preferred embodiment of the present invention; Fig. 2
is a rear perspective view of the diving helmet shown
in Fig. 1; Fig. 3 is an underside perspective view of
the diving helmet shown in Fig. 1; Fig. 4 is a side
sectional view of the diving helmet shown in Fig. 1
through II-IL; and Fig. 5 is a view of the diving
helmet of Fig. 1 shown in use. DESCRIPTION OF THE
PREFERRED EMBODIMENTS Figs. 1 to 5 show diving helmet
10 according to a preferred embodiment of the present
invention. Helmet 10 comprises a head portion 12 and a
collar portion 18, with the head and collar portions
each being formed by the assembly of substantially
identical moulded parts joined along join plane 100.
Helmet 10 therefore comprises a front section 11,
which includes front face 14 and front collar 20, and
a rear section 13, which includes rear face 16 and
rear collar 22. Typically each face is joined to its
respective collar using rivets, although any semi
permanent fastening means may be used. Advantageously,
forming helmet 10 from two substantially identical
moulded parts 11,13 saves significantly on
manufacturing costs. This is due to only one set of
moulding dies being required to make both parts. One
moulding die is used to mould thefront and rear faces
and one moulding die is used to mould the front and
rear collars. Prior art diving helmets in comparison,
may require two or more sets of moulding dies to mould
their helmets. Diving helmet 10 is of the type that
has breathing air constantly pumped to it during use.
Fig. 5 shows how diving helmet 10 is used in practice.
Typically, diving helmet 10 is placed over the head of
a diver 60 who is submerged in a body of water.
Breathable air is constantly pumped to helmet 10 via
supply hose 62 from an air supply generator 64. The
pressure of the air within helmet 10 keeps the water
out and allows the diver 60 to breathe. If the
orientation of helmet 10 is reversed such that it
fills with water, it simply needs to be corrected and
the pressure of the airflow from air supply generator
64 will displace the water within. In this way, diving
helmet 10 is advantageously safe to use by
inexperienced divers and, for example, allows them to
easily walk on the seabed. Air supply generator 64 is
located on platform 66, which may or may not be
permanently anchored. Supply hose 62 is connected to
helmet 10 via air connector assembly 44, which is
shown in more detail on Figs. 2 and 4. Referring now
to Figs. 1 to 3 both the front and rear halves 14, 16
of the head portion 12 are moulded from a transparent
material. This allows the diver to have an almost
uninterrupted field of view. Also, this extra viewing
range makes the diving helmet 10 more comfortable and
desirable to use as it almost makes the wearing
totally unobtrusive. This is a significant improvement
over the prior art diving helmets, which do not
provide such an extent of view. Also, having the rear
face 14 transparent assists other divers or
instructors to monitor the physical condition of the
diver from behind. The requirement of air connector
assembly 44 represents the main structural difference
between the two moulded faces 14, 16 in that, after
moulding is complete a hole 42 must be placed in rear
face 16. But since front face 14 is identical to rear
face 16, the hole 42 only needs to be placed in half
of the moulded parts during manufacture. The
manufacturer is therefore unconcerned with
differentiating between front and rear faces 14, 16,
which advantageously represents a further cost saving.
Referring to Fig. 4, which is a sectional view through
axis II-II of Fig. 1, we can clearly see a more
detailed view of the air connector assembly 44. In
this preferredembodiment, item 46 acts as both a
filter and diffuser, but in other not shown
embodiments, two separate items may be utilised to
perform the same function. The air connector assembly
44 is advantageously located in the top section of the
rear face 16. This location allows the air to enter
the diving helmet 10 above the rear of the diver's
head. This is so that the air entry is unobtrusive to
the diver and also diffuser 46 gives a desirable quiet
air supply. As mentioned earlier, diving helmet 10 is
assembled from two substantially identical moulded
parts 11,13 each of which has a face and a collar.
Moulded parts 11,13 are joined along a join plane 100,
which is coincident with the centre of spacer plate
32. Spacer plate 32 provides a separation between
moulded parts 11,13 as well functioning as a uniform
sealing surface for both front and rear gasket seals
34, 36. Also, the spacer plate 32 provides anchor
points for opposed lifting handles 26 and lifting
aperture 48. In this preferred embodiment items 32-36
are integrally formed with spacer plate 32
alternatively, items 32-36 may be affixed to diving
helmet 10 using some fastening means. Front and rear
support plates 38, 40 provide surfaces for screw
fasteners 56 to abut against such that the moulded
parts 11, 13 are positively joined. Collar portion 18
is moulded such that it accommodates the shoulders of
the diver by providing a shoulder engaging portion 24.
Shoulder engaging portion 24 is shaped to resemble an
inverted U and extends along axis I-I, which is
coincident with join plane 100. It is provided to more
positively secure diving helmet 10 to the body of the
diver. It also stops diving helmet 10 from tipping
forward and backward during use, which is a common
problem with prior art diving helmets. Infill pads
(not shown) may also be placed inside the shoulder
engaging portion 24, such that all size divers may be
ideally accommodated. The volume of air contained
within the head portion 12 of diving helmet 10 plus
the volume of the water displaced by the collar
portion 18 creates a significant buoyant force. This
buoyant force has to be overcome if the diving helmet
10 is to be easily manipulated once submerged. This is
a common problem with prior art diving helmets of this
type and it is well known by persons skilled in the
art to affix lead weights somehow so as to counteract
this force. As a result, diving helmets of this type
aretypically very heavy out of the water and usually
require two people or even special lifting devices to
carry. Diving helmet 10 reduces the buoyant force due
to volume displaced by the collar portion 18, by
providing cavities 52, 50 within the collar portion
18. Fig. 4 clearly shows these cavities 50, 52 in
section. Cavities 50, 52 fill with water once diving
helmet 10 is submerged utilising drain holes 54, which
are positioned around the collar portion's 18 lower
periphery to allow water to freely enter and leave
cavities 50, 52. Once cavities 50, 52 begin to fill
with water, the buoyant force will begin to reduce.
The provision of cavities 52, 50 allows for less
weighting to be attached to diving helmet 10 then in
the prior art diving helmets without any loss of
structural integrity. In turn, this translates to the
diving helmet 10 being lighter and easier to move
around when not submerged, since cavities 50, 52 are
empty. - Although the buoyant force has been reduced
it is still substantial and therefore needs to be
overcome by adding a counteracting load to diving
helmet 10. Fig. 3 shows lead weights 28, 30 flush
mounted to the lower periphery of collar portion 18
and within recesses 29, 31. Providing recesses 29, 3 1
(Figs. 3 and 4) further acts to reduce the buoyant
force on the collar portion 18 by not allowing the
lead weights 28, 30 to create any extra volume. In
comparison to the prior art, the combination of all
the abovementioned features allows for diving helmet 1
to be easier to manipulate above water, safer to use,
be more diver comfortable and desirable, be cheaper to
manufacture and have a greater viewing range. Although
the invention has been described with reference to a
specific example, it will be appreciated by those
skilled in t e art that the invention can be embodied
in many other forms.CLAIMS 1. A diving helmet of the
type having an air supply pumped to it during use,
said helmet including: a head portion substantially
formed from a transparent material such that a user
can see both forwardly and rearwardly; and a body
contacting collar portion extending from the head
portion, said collar portion having a shoulder
engaging portion adapted to prevent said helmet from
tipping during use. 1. A diving helmet according to
claim 1, wherein said shoulder engaging portion
includes an inverted U-shaped section substantially
extending along a first axis of said collar portion,
said U-shaped section adapted to engage the shoulders
of a user thereby positively locating said helmet
during use. 2. A diving helmet according to claim 2,
wherein said first axis is coincident with the centre
of said collar portion. 3. A diving helmet according
to claim 2 or 3, including infill pads located within
said U-shaped section to ideally size said helmet for
said user. 4. A diving helmet of the type having an
air supply pumped to it during use, said helmet
including: a head portion substantially formed from a
transparent material which allows a user to see both
forwardly and rearwardly; and a body contacting collar
portion extending from the head portion, wherein said
collar portion has at least one open ended cavity
disposed therein, said cavity adapted to fill with
water once said helmet is submerged thereby to reduce
the buoyant force acting on the helmet. 5. A diving
helmet according to claim 5, wherein said cavity is
adapted to fill with water through least two apertures
disposed in the outer periphery of said collar
portion. 6. A diving helmet of the type having an air
supply pumped to it during use, said helmet including:
a head portion substantially formed from a transparent
material which allows a user to see both forwardly and
rearwardly; anda body contacting collar portion
extending from the head portion; wherein said head
portion is substantially made from two identically
moulded half faces, and wherein said body contacting
collar portion is substantially made from two
identically moulded half collars. 7. A diving helmet
according to claim 7, wherein said half faces are
joined using removable fasteners. 8. A diving helmet
according to claim 7 or claim 8, wherein said half
collars are joined using removable fasteners. 9. A
diving helmet according to in any one of claims 7 to
9, wherein a fastening means is used to join said half
faces to said half collars. 10. A diving helmet
according to in any one of claims 7 to 10, wherein at
least one spacer plate and at least one gasket member
separate said half faces, and wherein said spacer
plate and said gasket member separate said half
collars. 11. A diving helmet according to any one of
the preceding claims, wherein said helmet further
includes an air flow port located at the top rear of
said head portion, said port adapted to be connected
to said air supply thereby providing breathing air to
said user. 12. A diving helmet according to any one of
the preceding claims, wherein said helmet further
includes two opposed lifting handles, said handles
disposed between said head portion and said collar
portion. 13. A diving helmet according to claim 13,
wherein said opposed lifting handles are affixed to
said spacer plate. 14. A diving helmet of the type
having an air supply pumped to it during use, said
helmet having a head portion adapted to fit the head
of a user, wherein said head portion is formed from
two substantially identically moulded halves. 15. A
diving helmet as claimed in claim 15, wherein each of
said halves are substantially formed from a
transparent material. 16. A diving helmet as claimed
in any one of the previous claims, wherein said helmet
is made substantially from an injected moulded
plastic.17. A diving helmet substantially as herein
described with reference to any one of the embodiments
of the invention illustrated in the accompanying
drawings and/or examples. 


