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Description

This invention relates 1o a new process for extracting and purifying insecticidal materials from the seeds of the
neem tree (Azadirachta indica Juss.), compositions containing such extracts and methods of their use as insecticides.

The search for compositions which have a combination of axcellent insecticidal activity and desirable low toxicity to
plants and mammals is a continuing one because of factors such as the desire for compounds exhibiting greater insec-
ticidal activity, better selectivity, low environmental impact, low production cost and effectiveness against insects resist-
ant to many known insecticides.

Various parts of the nesm (or nim) tree have iong been used in India for their reputed medicinal or insecticidal prop-
ertigs. This subtropical tree is native to the arid regions of India, Pakistan, Sri Lanka and parts of Southeast Asia and
Africa.

Although all parts of the neem tree appear o have natural resistance to pests and diseases, the seeds appear to
have the greatest resistance. Formulations and exdracts of the seeds have been shown 1o be effective against many
species of crop pests including gypsy moths, Japanese beetles, aphids, tobacco budworms and boll weevils. For exam-
ple, see Chem. and Engineering News, May 27, 1985, pp. 46-51 and U.S. Dep. Agric., Agric. Rev. Man., ARM-NE-4.
Neem seed extract is considered to be a broad-spectrum insecticide.

Azadirachtin and other insecticidally active neem seed components can be extracted from ground neem seeds
using polar solvents such as water, meathancl or ethanol. On a dry weight basis, such extracts contain typically less than
5% of azadirachtin. Due to decomposition of the active ingredients, the potency of such extracts as insecticides rapidly
decreases. Thus, the utility of such neem seed extracts as useful plant protection materials is severely limited.

As disclosed in U.S. 4,556,562, longer shelf stability is possible to achieve by formulating crude extracts as dilute
alcoholic solutions, typically containing about 0.3% of azadirachtin, and adjusting the pH of those extracts to about 3.5
- 6. Alternatively, as disclosed in U.S. 4,946,681, a method is describad for stabilizing an alcoholic neem seed extract
by removing water with molecular sieves.

There are several known procedures for obtaining extracts of high purity, typically containing 10 - 100% of aza-
dirachtin. The common feature of all these procedures is the use of polar organic solvents, such as methanoi, to obtain
crude axtracts from which azadirachtin is separated in a succession of process steps involving liquid-liquid extractions,
phase separations, solvent strips and sometimes chromatography on silica gels. Typically, the most hydrophobic impu-
rities such as triglycerides are removed by extracting dry crude extracts or crude extracts dissolved in 50 - 100% aque-
ous methanol with a non-polar solvent such as hexane {Journal of Liquid Chromatography, 10 (6), 1151 (1987)).
Following this procedure, the extract is partitioned betwaen water and a polar organic solvent which is immiscible with
water, such as ethyl acetate, and the organic solvent phase stripped to yield a semi-pure extract, typically containing
less than 15 to 25% of azadirachtin, having a limited storage stability. Chromatography on silica gel, florasil and the like
is typically required in order to obtain higher purity compositions of azadirachtin.

This known methodology is impractical and costly when it is scaled-up because it requires the handling of large vol-
umes of flammable solvents relative to the quantity of azadirachtin that is recovered. The problems are aggravated by
the fact that polar organic solvents such as methanol extract a great many accompanying impurities which subse-
quently need to be separated in order to prevent rapid decomposition of azadirachtin in such extracts.

Replacement of the alcohol extraction solvent with water would significantly reduce the extractability of many hydro-
phobic impurities and, in addition, would eliminate the flammability issue. However, despite the knowledge of the ability
of water to extract azadirachtin from ground neem seeds, there are no published mathods which take advantage of this
fact. The reason for this is that separation of & clear agqueous extract from the exiracted neem cake is very slow if it is
done by commonly used filtration methods. Additionally, all attempts to extract azadirachtin from the aqueous filtrate
with a polar organic soivent such as ethyl acetate fail due to the formation of stable emulsions which are difficult to break
down.

Therefore, there exists a need for a practical, scalable and economical method that yields & solvent free composi-
tion in which azadirachtin is ideally present in over a 15% concentration. Such a composition should possess a suffi-
cient stability that would allow it to be used in a wide variety of insecticidal applications or, i necessary, would be
amenabile to further stabilization by simplie chemical methods.

The present invention provides a process for preparing an azadirachtin-containing extract which comprises:

a) contacting a clarified aqueous neem seed extract with a macroporous polymeric adsorbent which adsorbs aza-
dirachtin and
b) removing the azadirachtin from the macroporous polymeric adsorbent with a solvent.

In ancther aspeact the invention comprises the use of such a process to obtain an azadirachtin-containing extract.

Clear aqueous extracts from neem seeds containing azadirachtin can be obtained by stirring ground neem seeds
or deciled neem cake with water and then separating the liquid phase by centrifugal separation, or by diluting crude
methanolic neem seed axtracts with water {the term "aqueous” as used herein includes alcohol/water solutions). From
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such clarified aqueous extracts, an azadirachtin-rich fraction can be obtained by contacting such a clarified aqueous
neem seed extract with a macroporous polymeric adsorbent. As used herein, macroporous polymeric adsorbents
include macroporous or macroreticular copolymers prepared by known methods in the presence of & precipitant, such
as those disclosed in Meitzner et al., U.S. 4,256,840 and copolymers into which large pores have been introduced by
other methods, such as the technique described in U.S. 3,122,514, Examples of macroporous polymeric adsorbents
include a polymaer from divinylbenzene, a divinylbenzene/styrene copolymer, an acrylic (ester) polymer, a phenolfor-
maldehyde copolymer and the like. The extract containing azadirachtin is then desorbed from the resin with a solvent
such as an alcohol, for exampie methanol, an ester, for example ethyl acetate, a ketone, for example methyl isobutyl
ketone, other polar organic solvents, for example N,N-dimethytformamide (DMF) and dimethylsulfoxide (DMSO), an
aromatic hydrocarbon, for example toluene, water and mixtures thereof. This procedure results in exiracts containing
over 15% of azadirachtin.

Preferred desorption solvents are alcohols, esters or ketones and mixtures thereof. A more preferred solvent is
ethyl acetate.

If a column procedure is employed, the column may be regenerated by passing from about 20 to about 25 column
volumes of water at about 6 column volumas per hour through the column to remove the desorption solvent. For exam-
ple, when ethyl acetate was used as the desorption solvent, this regeneration procedure brought the ethyl acetate level
in the water washings to less than 100 ppm which is sufficiently low to start a new cycle.

In one embodiment of the invention, neem cake obtained by mechanical extrusion of oil from crushed neem seeds
is ground and stirred with water in a ratio of about 1/6 cake/water on a weight/weight (w/w) basis. The light liquid phase
is then separated from the heavy solid phase {(wetcake) by centrifugation. The wetcake is re-slurried with more water at
a ratio of about 1/3 wetcake/water {w/w) and the light liquid phase separated as before. The combined clear water
extracts, typically containing less than 0.6¢ of azadirachtin per litre (L), are then passed through a column packed with
a macroporous polymeric adsorbent, for example a resin composed of polymeric divinylbenzene such as Amberlite®
XAD-16 resin, Amberlite XAD-4 resin, Amberchrom® CG-161 resin and Amberchrom CG-162 resin, a divinylben-
zene/styrens copolymer such as Amberlite XAD-2 resin and Duolite® S-861 resin, an acrylic (ester) polymer such as
Amberlite XAD-7 resin and Amberchrom CG-71 resin, a phenolformaldehyde copolymer such as Duolite XAD-761
resin, and the like, at a rate of about 10 column volumes per hour for as long as is necessary to saturate the resin with
azadirachtin. For example, one litre of Amberlite XAD-16 resin is capable of adsorbing approximately 20 to 40g of aza-
dirachtin. Following the resin saturation, about three column volumes of a solvent such as ethyl acetate are passed
through the resin at a rate of about three column volumes per hour. The solvent phase ¢an be dried, if necessary, and
the solvent removed under reduced pressure 1o yield an azadirachtin-rich extract in which the azadirachtin is present in
over 15% concentration.

In another embodiment of this invention, a crude methanolic extract from neem seeds as is known in the art is
diluted with water to a final ratio of between about 55/45 water/methanol on a volume/fvolume (v/v) basis to about 95/5
water/methanol (vi), preferably to about 65/35 water/methanol (v/v) basis. The c¢lear liquid phase is then passed
through a column packed with a polymeric resin, for example a resin composed of polymeric divinylbenzene such as
Amberlite XAD-16 resin, and the extract desorbed from the column as described above. If desired, the stability of the
resulting azadirachtin-rich extract can be enhanced by further freatment with a mild oxidizing agent as described above.

if desired, the stability of the resulting azadirachtin-rich extract can be enhanced further by treatment with a mild
oxidizing agent such as an alkaline solution of hydrogen peroxide, an alkyl peroxide, for example di-n-butyl peraxide,
an acid peroxide, for example perbenzoic acid, sodium percarbenate or the like. Preferred solvents for this reaction are
polar organic solvents such as ethyl acetate or butyl acetate. A preferred oxidizing agent is hydrogen peroxide. A pre-
ferred base used with the hydrogen peroxide is saturated sodium bicarbonate solution.

The resulting extracts can contain from up to about 80% azadirachtin, more usually from about 15% to about 45%
of azadirachtin.

The resulting extracts of this invention are also advantageously used in the preparation of formulations and com-
positions, and in a further aspect the invention provides an insecticidal composition which comprises an agronomically
acceptable carrier and an insecticidally effective amount an azadirachtin-containing extract obtained by a process as
defined above. Examples of the preparation of compositions and formulations can be found in the American Chemical
Society publication "Pesticidal Formulation Research,” {1969), Advances in Chemistry Series, 86, and "Pesticide For-
mulations,” (1973), Wade Van Valkenburg editor. in these compositions and formulations, the active substance is mixed
with conventional inert agronomically acceptable (i.e. plant compatible and/or pesticidally inert) diluents or extenders
such as solid types usable in conventional compositions or formulations as is well known in the art. It desired, adjuvants
such as surfactants, stabilizers, antifoam agents and antidrift agents may also be added.

Examples of compositions and formulations according to this invention are those known to one skilled in the art and
include aqueous solutions and dispersions, oily solutions and oil dispersions, pastes, dusting powders, wettable pow-
ders, emulsifiable concentrates, flowables, granules, baits, invert emulsions, aerosol compositions and fumigating can-
dles.




~—

10

15

25

30

35

50

55

EP 0 561 469 B1

The compositions and formulations are prepared in a known manner to one skilled in the art. For example, the
active compounds are extended with conventional dispersible liquid diluent carriers and/or dispersible solid carriers. If
desired, carrier vehicle assistants can be used such as conventional surface-active agents including emulsifying agents
and/or dispersing agents whereby, for example, organic solvents may be added as auxillary solvents in the case where
water is used as a diluent.

Adhesives such as carboxymethyl cellulose and natural and synthetic polymers, for example gum arabic, polyvinyl
alcohol, polyvinyl cellulose and polyviny! acetate, in the form of powders, granules or latices can be used in the formu-
lations to improve the adherence of the pesticide. Furthermoare, a lubricant such as calcium stearate or magnasium
stearate may be added to a wettable powder or to a mixture to be granulated.

The extract of the present invention may be employed alone and/or with such solid and/or liquid dispersible carrier
vehicles and/or with other known compatible active agents, especially plant protection agents such as other insecti-
cides, arthropodicides, nematicides, fungicides, bactericides, rodenticides, hemicides, fertilizers, growth-regulating
agents, synergists and the like, if desired, or in the form of particular dosage preparations for specific applications made
therefrom, such as solutions, emulsions, suspensions, powders, pastes and granules which are thus ready for use.

As concerns commercially marketed preparations, these generally contemplate carrier composition mixtures in
which the stabilized extract is present in an amount substantially between 0.1% and 99% by weight and preferably
between about 1% and 75% by weight of the mixiure.

Some formulations are capable of conferring a stabilizing effect on azadirachtin in the formulated form, possibly due
to dispersion, protection from humidity, sunlight and the like.

The extract formulations can be applied as sprays by methods commonly employed such as conventional high-gal-
lonage hydraulic sprays, low gallonage sprays, ulira low volume sprays, airblast sprays, aerial sprays and dusts.

Furthermore, the present invention contemplated methods of selectively killing, combatting or controlling pests
which comprise contacting insects with a cerrespondingly combative or toxic amount {i.e., an insect controlling or an
insecticidally effective amount) of the stabilized extract of the invention alone or together with a carrier vehicle (compo-
sition or formulation) as noted above. The term "contacting” as used here is to be construed as applying to at least one
of {(a) such insects and (b) the corresponding habitat thereof {i.e., the locus to be protected, for example a growing crop
or an area where a crop is to be grown) the active compound of this invention alone, as a constituent of a composition
or formulation or as a constituent of a composition ¢ formulation containing other insecticides or fungicides.

It will be realized, of course, that the concentration of the particular extract utilized in admixture with the carrier vehi-
cle will depend upon such factors as the type of equipment emplayed, methed of application, area to be treated, types
of pests to be controlled and degree of infestation. In addition to the aforementioned ingredients, the preparations
according to the invention may also contain other substances commonly used in preparations of this kind.

The following examples are presented to illustrate the invention and are not to be construad as limiting in scope. All
parts and percentages are by weight unless otherwise indicated.

EXAMPLE 1: Extract 1 (40% Azadirachtin)

Neem seeds, 1282 kilograms (kg), were partially dehulled and deoiled by standard methodology involving machan-
ical oil extrusion. The 586 kg of deoiled neem cake was ground in 3150 kg of water and the wetcake separated by cen-
trifugal sedimentation. The wetcake was reslurried with 2100 kg of water and the separation repeated. The combined
liquid phase, 3618 kg, was further clarified by filtration and then passed at 600 kg/hour through a stainless stesl column
containing 60 liters (L) of Amberlite XAD-16. The resin in the column was subsequently washed with 180 L of ethyl ace-
tate and the resulting ethyl acetate phase was concentrated under reduced pressure to 25kg. The ethyl acetate con-
centrate was then stirred with 10 kg of aqueous saturated sodium bicarbonate solution and 300 milliliters (mL) of 30%
hydrogen peroxide at 55°C for 20 minutes. The upper organic phase was separated, dried over sodium sulfate, filtered
and the ethyl acetate stripped to yield 4.25 kg of Extract 1 containing 40% of azadirachtin.

EXAMPLE 2: Extract 2 (27% Azadirachtin)

A crude methanolic extract, 144 kg, containing azadirachtin was prepared by extracting 200 kg of deoiled neem
cake three succesive times with fresh 200 L portions of methanol. The methanol extracts were combined and partially
stripped. To this resulting concentrate, 280 kg of water was added, the resulting precipitate was removed and the aque-
ous methanolic extract was passed through a column containing 30 L of Amberlite XAD-16 resin at a rate of 2 L per
minute. The resin then was washed with 90 L of methanol. The methanol was then stripped, the resulting residue taken
up in ethyl acetate and treated with an aqueous saturated solution of sodium bicarbonate containing hydrogen peroxide
in the manner as described in Example 1 to yield 1.66 kg of Extract 2 containing 27% of azadirachtin.
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EXAMPLE 3: Blological Actlvity

The extract 1 from Exampla 1 containing 40% of azadirachtin was tested for biological activity. For the test, lima

bean {Phaseolus limensis var. Woods' Prolific) plants, 2-3 weeks old, were sprayed to run-oft with the test solution. After
drying, the treated leaves were detached and infested with second instar larvae of Mexican Bean Beetles (MBB; Epil-
achna varivestis) and Southern Armyworms (SAW,; Spodoptera eridania) at doses of 20, 10, 5 and 2.5 parts per million
{ppm) using 5 insects/dose. The percent mortality was determined at 3 days and at 6 days.

The results obtained are as shown:

Claims

Dosage, ppm PERCENT MORTALITY
MBB (3 Day) | MBB (6 Day) | SAW (3 Day) | SAW (6 Day)
20 23 67 100 100
10 6 73 93 73
5 15 45 93 93
25 6 48 53 60

1.

A process for preparing an azadirachtin-containing extract which comprises:

a) contacting a clarified aqueous neem seed exiract with a macroporous polymeric adsorbent which adsorbs
azadirachtin and
b) removing the azadirachtin from the macroporous polymeric adsorbent with a solvent.

Process according to claim 1 wherein the macroporous polymeric adsorbent is a polymer of divinylbenzene, a
copolymer of divinylbenzene/styrene, an acrylic polymer or a phenolformaldehyde copolymer; preferably a poly-
mer of divinylbenzene.

Process according to claim 1 or 2 wherein the solvent is an alcohol, an ester or a ketone, preferably ethyl acetate,
methanol or methyl isobutyl ketone.

Process according to any preceding claim, wherein the clarified aqueous extract is obtained by sfirring ground
neem seeds or deciled neem cake with water and then saparating the liquid phase by centrifugal separation, pref-
erably by mechanically extruding neem oil from crushed neem seeds to form a cake, grinding and stirring said cake
with water in a weight ratio of 1/6, separating the light liquid phase from the heavy solid phase (wetcake) by centrif-
ugation, reslurrying the wetcake with water at & weight ratio of 1/3, and separating the light liquid phase as before.

Process according to any of claims 1 to 3 wherein the clarified aqueous extract is obtained by diluting crude meth-
anolic neem seed exiracts with water, preferably by diluting a crude methanolic extract from neem seeds with water
to a final water/methanol ratio of from 55/45 to 95/5 (viv), preferably of 65/35.

Process according to any preceding claim wherein the extract is subsequently treated with an oxidizing agent, pref-
erably with an alkaline solution of hydrogen peraxide, which solution is preferably a sodium bicarbonate solution.

Process according to claim 6 which employs a solvent in the treatment with an oxdising agent, said solvent prefer-
ably being ethyl acetate.

Process according to any preceding claim, wherein the azadiratchtin-containing extract contains at least 15% aza-
dirachtin.

An insecticidal composition which comprises an agronomically acceptable carrier and an insecticidally effective
amount an azadirachtin-containing extract obtained by & process as defined in any preceding claim.
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10. The use of a process according to any one of claims 1 to 8 to obtain an azadirachtin-containing extract.

Patentanspriiche

5§ 1. Verfahren zur Herstellung eines Azadirachtin enthaltenden Extrakds, dadurch gekennzeichnet, daf man
—
a) einen gekiarten waABrigen Neem-Samen-Extralt mit einem makropordsen polymeren Adsorbens in Kontakt
bringt, das Azadirachtin adsorbiert und
b) das Azadirachtin aus dem makropordsen polymeren Adsorbens mit einem Losungsmittel entfernt.
10
2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB das makropordse polymere Adsorbens ein Polymeres
von Divinylbenzol, ein Copolymeres von Divinylbenzol/Styrol, ein Acrylpolymeres oder ein Phenol/Formaldehyd-
Copolymeres ist, vorzugsweise ein Polymeres von Divinylbenzol.

15 3. Verfahrennach Angpruch 1 oder 2, dadurch gekennzeichnet, daB das | 8sungsmittel ein Alkohol, ein Ester oder ein
Keton ist, vorzugsweise Ethylacetat, Methanol oder Methylisobutylketon.

4. Verfahren nach irgendeinem der vorhergehenden Anspriiche, dadurch gekennzeichnet, da3 der geklarte wiBrige
Extrakt erhaiten wird durch Verrlhren von vermahlenen Neem-Samen oder entdltem Neem-Kuchen mit Wasser
20 und dann Abtrennung der flissigen Phase durch Zentrifugaltrennung, vorzugsweisa durch mechanisches Auspres-
sen von Neem-Ol aus gequetschten Neem-Samen unter Bildung eines Kuchens, Vermahlen und Rihren dieses
Kuchens mit Wasser in einem Giewichtsverhdltnis von 1:6, Ablrennung der leichten flissigen Phase von der schwe-
ren festen Phase (NaBkuchen] durch Zentrifugieren, Wiederaufschl&mmen des NaBkuchens mit Wasser bei einem
Gewichtsverhéltnis von 1:3 und Abtrennen der leichten flissigen Phase wie vorher.
25
5. Verfahren nach irgendeinem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dai der gekiérte waBrige Extrakt
erhalten wird durch Verddnnen von rohen methanolischen Neem-Samen-Extrakten mit Wasser, vorzugsweise
durch Verdiinnen eines rohen methanolischen Exirakts von Neem-Samen mit Wasser zu einem Wasser-/Metha-
nol-Endverh&itnis von 55:45 bis 95:5 (Vol./Vol.), vorzugsweise von 65:35.
30
6. Verfahren nach irgendeinem der vorhergehenden Anspriche, dadurch gekennzeichnet, dai der Extrakt anschlie-
Bend mit sinem Oxidationsmittel behandelt wird, vorzugsweise mit einer alkalischen Lésung von Wasserstoffper-
oxid, wobei die Lésung vorzugsweise eine Natriumbicarbonatltsung ist.

3 7. Verfahren nach Anspruch 6, dadurch gelkennzeichnet, daB man gin Losungsmitiel bei der Behandlung mit einem
Oxidationsmittel verwendet, wobei dieses Losungsmittel vorzugsweise Ethylacetat ist.

8. Verlahren nach irgendeinem der vorhergehenden Anspriche, dadurch gekennzeichnet, daB der Azadirachtin-hal-
tige Extrakt wenigstens 15% Azadirachtin enthatt.
40
9. Insektizide Zusammensetzung, dadurch gekennzeichnet, daB sie einen landwirtschafilich annehmbaren Trager
und eine insektizide wirksame Menge an Azadirachtin enthaltenden Extrakt erhalt, der nach einem Verfahren
gem#B irgendeinem der vorhergehenden Ansproche erhalten ist.

45 10. Anwendung des Verfahrens gemaB irgendeinem der Anspriiche 1 bis 8 zur Erzielung eines Azadirachtin-haltigen
Exirakis.

Revendications
s0 1. Procédé de préparation d'un extrait contenant de I'azadirachtine, qui comprend les étapes consistant &:
a) mettre en contact un extrait aqueux clarifié de graine de margousier avec un adsorbant polymére macropo-
reux qui adsorbe l'azadirachtine et
b) séparer I'azadirachtine de I'adsorbant polymére macroporeux avec un solvant.
2. Procédé selon la revendication 1, dans lequel 'adsorbant polymére macroporeux est un polyméra de divinylben-

zéne, un copolymare de divinylbenzéne/styréne, un polymeére acrylique ou un copolymeére phénolformaldéhyde;
de préférence un polyméare de divinylbenzéne.
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Procédé selon la revendication 1 ou 2, dans lequel le solvant est un alcool, un ester ou une cétone, de préférence
l'acétate d'éthyle, le méthanol ou la méthylisobutylcétone.

Procédé selon 'une quelconque des revendications précédentes, dans lequel 'extrait aqueux clarifié est obtenu
par agitation de graines de margousier broyées ou de tourteau de margousier déshuilé avec de 'eau, puis sépara-
tion de la phase liquide par centrifugation, de préférence par extrusion mécanique de I'huile de margousier des
graines de margousier broyées pour former un tourteau, broyage et agitation de ce tourteau avec de I'eau, dans un
rapport pondéral de 1/6, séparation da la phase liquide légére d'avec la phase solide lourde (tourteau mouillé) par
centrifugation, remise en suspension du tourteau mouillé avec de I'eau dans un rapport pondérat de 1/3, et sépa-
ration de ia phase liquide légére comme ci-dessus.

Procédé selon l'une quelconque des revendications 1 & 3, dans laquel I'extrait aqueux clarifié s'obfient par dilution
des extraits méthanoliques bruts de graines de margousier avec de |'eau, de préférance par dilution d'un extrait
méthanolique brut de graines de margousier avec de I'eau jusqu'a un rapport eau/méthanol final de 55/45 &4 95/5
{en volumeivolume), de préférence de 65/35.

Procédé selon l'une quelconque des revendications précédentes, dans lequel I'extrait est ensuite traité avec un
agent oxydant, de préférence avec une solution alcaline de peroxyde d'hydrogéne, cette solution étant de préfé-
rence une solution de hicarbonate de sodium.

Procédé selon la revendication 6, qui emploie un solvant dans le traitement avec un agent oxydant, ledit solvant
étant de préférence l'acétate d'éthyle.

Procédé selon 'une quelconque des revendications précédentes, dans lequel I'extrait contenant de I'azadirachtine
contient au mpins 15% d'azadirachtine.

Composition insecticide qui comprend un véhicule acceptable en agronomie et une quaniité efficace en tant
quiinsecticide d'un extrait contenant de I'azadirachtine obtenu par un procédsé tel que défini dans l'une quelconque
des revendications précédentes.

Utilisation d'un procédé selon 'une quelcongue des revendications 1 & 8 pour obtenir un extrait contenant de l'aza-
dirachtine.
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