0 7 MAR 2007 i Description PROCESS FOR PREPARI NG
WATER SOLUBLE DI TERPENES AND THEI R APPLI CATI ONS
Technical field [0001] The invention describes .the
preparation of aqueous sol utions of -diterpene 7 §4&n2007
as Forskolin, that are sparingly soluble or insoluble
in water, of concentrations up to approxinmately 6%
These sol utions are prepared using suitably
substituted cyclodextrin as a solubilizing agent. In
;heDﬁgﬁﬁﬁgpe of cyclodextrin, Forskolin is alnost

i nsoluble 1n water yielding solutions of only about

0. 00136 500¢8 E@%@%@R]ﬁ%‘ﬁ%ﬁ 304 bl epsratpEN s AKDITHER

and / , contarning higher amunts of

the active ingredient, can topically and
systemcally to provide d%P\Péfé%ﬁﬁggl th benefits.

Background art [0002] Certain active pharmaceuti cal
i ngrechrduat B:=ldre i nherently insoluble or very
sparingly soluble in water or in aqueous vehicles.

Ver 3{0(@1% aieiliehfion dikende the pregaratRy of equebnesdlhiwing of diterpenes
application in water or in aqueous vehicles. To

achi eve L1t APBULIRIA! I3 4 BPRARIL BARLANTE Riucurci
ubl e e p

wat er i nso activ armaceutical ingredients in
stabl e form has

.al ways been actjvel g V\??'é q
the techrfiPBERITEHGIPER ﬂP%PX'@ﬁ'%B’CQ/gT%FS%ﬁ%ﬁ ati &n 5%1[8
the active pharmaceutical ingredient th@t S |
i nsol ubl eusing swkakdy substitied seclodrbipEad, soluRigng seeti'nge
structural features that pronote aqueous solubility
absence of cyclodextrin, Forskolin is almost insoluble in water yielding
solutions of anly about 0.001% concentration. Agueous solutions of
forskolin and /or its congeners, containing higher amounts of the active
ingredient, can be used topically and systemically to provide diverse health

benefits.

Background art

[0002] Certain active pharmaoeutica! ingredients are inherently insoluble or very
sparingly soluble in water or in agueous vehicles. Very often their intended
use may require their application in water of in aqueous vehicles. To
achieve therapeutically active concentrations of such water insoluble
active pharmaceutical ingredients in stable form has always been actively
nursued, While the technique of molecular structural manipulation of the
active pharmaceutical ingredient that is insoluble in water could be

adopted, incorporating structural features that promote aqueous soiubility



0O 7 MAR 2007 2 may result in the attenuation or
nodi fi cation of the intended desired pharnacol ogica
properties. Hence it maybe nost desirable toééﬁv 5
nmet hods of solubilizing the active ingredien AR 2007
their native structural form by other neans. [0003]
Aqueous solubility of drugs is a desirable feature
from many angles. Aqueous fornul ations are
sterilizable by standard techniques such as

filtratip iR & it P HRBH Rk UG ARIERAT A tHaMEndadl deainbce
for syste adm ni stration. Al so aqueous

prepar at b‘%g’g’lco ogie lrpgofé}% 1%%’ P-?enh@lt g!&ﬂ% |2 da%?é fo invent

gynecol 8 f ol gi ca on nucous
menbrane applications. Especially useful are a

opht hal mediodpoEpaY ARG e ShvanasgienBaoBaY TEBFRBrITR o
(CAS no 66575-29-9) is a naturally occurring |abdane

di t er peme othker om0l eus for skohl i (Bhat, S.V.; Bajwa,

B. S.; Dornauer, H ; de Souza, N J.; Fehlabar,

H. 6%3 153 géﬁﬁ%fu%mtﬁ-&td?ugs :s(alc%z;?ébleﬁa&turéﬁ@ﬁ}nany%n@%

severa esi rabl e "‘phar macol ogi cal properties. [00095]

thr ?E; :olé’i*qf‘g‘lhg o g¥ zatxggiar]é SY?llliaB%tbrgs m)rﬁ%ard techni ues such as

Fonch tic ac ty;

(ghat, S.V.; Dohadwall a, A. Dadkar
N Dor e SIS rgacrsgk HepREtors Mﬁ%@ﬁr SRR
(1983), 26, 486). [0006] It | owers intraocular

pr essur ed(ldgiration.iAls, aqsewssnrmafatlpam@r@tpr%f&@s@)m Apr
30; 1(8331):958-60; . Badian Metal.; Klin Mpnatsbl

Augenheidekflatolodid@dgyinb8todic? Giolathiag rBnoledicalbnd damub@:s
Xue Bao (1995);11: 173 176, Lee PY, et al.; Arch

’(A)(f:) Pt hal ol {498 gaplléggng%%pgg?gly useflB¥ebgBldus BbhtBdimicS

preparations of drugs.

[0004} Forskelin {CAS no 66575—29-9) is a naturally occuiring labdane diterpene
from Coleus forskohlii (Bhat, S.V.; Bajwa, B. S.; Dornauer, H.; de Souza,
N. J.: Fehlabar, H.-W.; Tetrahedron Lett., (1977), 18, 1669). it has several
desirable pharmacological properties,

[0005] Forskolin displays positive inotropic, antihypertensive and broncho-
spasmolytic activity; (Bhat, S.V.; Dohadwalla, A. N.; Bajwa, B. S.; Dadkar,
N.: Dornauer, H.; de Souza, N. J.; J Med Chem., {1883), 26, 486).

[0008] It lowers intraocular pressure {Caprioli J, Sears M.; Lancet (1983); Apr
30;1(8331):958-60; . Badian M et al.; Klin Monatsbl Augenheilkd
(1984);185:5226, Zeng S, et al. Yan Ke Xue Bao {1995);11:173-176, Lee

PY , et al.; Arch Ophthalmol (1987);105:249-252, . Meyer BH, et ai. S Afr



0 7 MAR 2007 3 Med J. (1987);71:570-571; Seto C, et
al.; Jpn J Ophthal nol (1986); 30: 238- 244.; Burstein N
et al. Exp Eye Res (1984);39: 745-749; Brubaker RF et

al .  Arch Ophthal nol (1987);105: 637-641). [ Of07f1ARn&007
use of forskolin, a potent nonadrenergi ¢ stinulator of
adenyl ate cyclase, allowed a non-invasive study in

the hunman eye of the effects of adenylate cycl ase
stinmulation; i.e., increased cyclic AMP production

upon aquesus M. saY.BAYIeR. C,Basiedpd cphéalhes toBs); 3k 238-
decreased intraocul ar pressure, decreased inflow, and

unchangesh,au [N 86 I b¥ye RBE (RENRE, BL7 40! BhBaRl et .

post ul at’ed hese o at1ons ‘Support t

that the tivated ciliar L, I.hel i al adenyl ate
cycl ase %@@éﬂ’ﬁ“@}@ﬁj&a@xﬁ)@éﬁgébuce net aqueous
inflow (Sears, M,; AmJ Ophthal nol. 1985 Jul 15;
1000297 182 usead jorskofo @giotant enadicapaicts§m etns af edenylnte
intravitreal injection or topical admnistration of

f or skol i sycbgnalfoivedatiop-invashuestsdy intiredaeidnadye pf e stfees of
in rabbits by reducing aqueous inflow w thout any

i ncr ease,ddaytdt dybgus SdgidibiY.e., Fﬁ@ag@d cyaRPAE b RBtiorlpon

forskolin suspension 1 n normal human vol unteers caused
significant decrease i.n intr | ar_pressure a

Squeous TIERETTH oy aHan gk OF Jtpoul B S e hrmocutar
(Caprioli, J. et al. Lancet. 1983 Apr 30; =

1(8331) : U58:60)ICCEBtRIG oK, arosLicaager Ryt e cdlivh fisAdhpa et
conparison of forskolin eye drops (0.3% 0.6% 1.0%

was donethisrstukly dostalatadihatdiase obsgretives L@ ppr thegderup i the
This study denonstrated that forskolin eye drops

0. 3% 0. 68atil=RfcliayebBheliitdeRats byiiash Fe8sidf Corhplehes felite

mal e subj ects. The reduction of intraocul ar
net aqueous inflow {Sears, ML; Am J Ophthalmol. 1985 Jul 15;100(1):194-
198).

{0008] Other reporis revealed that intravitreal injection or topical administration of
forskolin significantly reduces intraccuiar pressure in rabbits by reducing
aqueous inflow without any increase in outflow facility. Topical application
of forskolin suspeﬁsion in normal human volunteers caused sighificant
d'ec:rease in intraocular pressure and aqueous flow with no change in
outflow facility {Caprioli, J, et al. Lancet. 1983 Apr 30; 1(8331):058-60).

[0009] A double blind intraindividual comparison of forskolin eye drops (0.3%-
0.6%-1.C%) was done in 18 healthy male subjects (6 per group). This

study demonstrated that forskolin eye drops 0.3%-0.6%-1.0% lowers

intraocutar pressure in healthy male subjects. The reduction of intraocular



I MAR 2007 4 pressure was between 23-28% and t he
duration of the effect increased wth the
concentration from3 to 5 hours (Wtte PU I ﬁﬁ%iﬂ@?
Proceedi ngs of the International synp05|un1 ﬁ
forskolin , Bonbay , India , 1985 , 175- 182). [0010]
Anot her group of researchers reported two studies with
forskolin eye drops in adult patients with open angle
gl aucoma. In one study, 26 patlents were included
(wi t h noPigP@tR@MWes é@twa@) 23-P8s ene thesmiign stifie pifect increased
patients received forskolin for glaucoma. In study I
t her e wawittatheabohcentratiomtfroaot tol Stourpiéis BY e imhiPedreniags of
seen fromhour 1 until 4 hours. In study 2, forskolin
reduced {nBtA:3@EkdmAl sPARSEMIR 6RKoliHP Bofby hFHchaS 195%6 rgs.
was no change in intraocular pressure in the placebo
group. In hese studies, forskolin suspension 1 %in
carboxyne@ cel lul ose was used. (Pinto-Pereira L.

0 eed| S of the I nternational s 0Si um on
f or @%‘5 {‘O“B"ffrﬁgw 9 ﬁ%ﬁearchefi9%3@“@%@*!01%%'38'1\?@0‘@@0““ eye drops
Di verse biological activities are observed by raising
t he | evelnsadolt pelEnf, withamen asglagleesma laote staty, 2§ patients were
protein kinase. Such properties have |led to nunerous

uses of nolugddvwith no PuRBOgreuN N IreRE batdoht e8idy, Maritibfan
1500 citations dealing with the physi ol ogl cal

properti ggqipdq %%‘k@lmbil @atﬁﬂﬁlﬁarr’?gﬁﬁ 3/“1 thgfé aa‘tlhli in intraccular

Abstracts 1 n 2001. Hovvever For s
i nsol uble in

been rrad%ref')srw? WE'CWF%% J"?Jﬁmr nJgn‘té’l rsofnségygkgq@lwlm

to make such o[erlvatlves of Forskolin as will be water
sol ubl e. reduced intraocular pressure for up to 8 hours. There was no change in

intraocular pressure in the placebo group. In these studies, forskolin
suspension 1% in carboxymethyl cellulose was used. (Pinto-Pereira L. In:
Proceedings of the International symposium on forskolin, Bombay, India,
1885,183-190).

[0011] Diverse biological activities are observed by raising the levels of cAMP,
and as a result activating protein kinase. Such properties have led {o
numerous uses of Forskolin. Due to such activities, more than 1500
citations dealing with the physiological properties of Forskoiin appeared in
Chemical Abstracts in 2001, However, Forskolin is highly insoluble in
water.

{0012} Intensive efforts have been made on the molecular manipulation of

Forskolin to make such derivatives of Forskolin as will be water soiuble,



5 Such attenpts have always net with m xed success (
Lai, B.; Gangopadhyay, A K.; Rajagopalan, R ; Chate,
A. V.; Bioorganic & Medicinal Chenistry, (H908jARk 2007
6(11), 2061-2073; Lal, B.; Gangopadhyay, A K ;

G dwani, R M Fernandez, M ; Rajagopalan, R ; GChate,
A. V.; Bioorganic & Medicisnal Chem stry, (1998),
6(11), 2075-2083). [0013] As an alternative to

chem cal _mani pul ati ons of the drug nol ecul ar

st r uct ur dUchFfigRipisdene e melewhmmigeresicegssdhbfci ng t he
solubility of the wunderivatized drug in water have
been enpBanygedadiyay,abke Ragghpab . ehatd, el B@ordaer! 8 ar
sol ubilization using surface active ingredients, which

Wil f opeRived e R soayi gpel) %1%‘?@;@.@3!’,‘@(}%5%?%&@!19%, A.
I he dr ug

Anot her related technique is conplexation of

ol ccul gk Rogt -RLES B TG Bast - mleeyl g i s

usual | y ohé has good 5o

host nol.ecul e gg\?s,noﬁ form any coval ent _bonds with
t he dr ug”' P& ifinal poeting (1988k SEdmpéx 288 ough
non-coval ent interactions and the host nol ecul e(s)
k e dPP t3h eAxiarug)tentptive ol abemcal manigitiaions of thie tog. mgGDE4]
Cycl odextrins are cyclic oligosaccharides which have

been r ecsgbiuzL @hascocksBtal kechiglidBs @HbAreRb 118XSIIiIBNSShe
The common cyl codextrins are called a-, 3-, y- and 6-

cycl odextiibAmiderend En%t@rglaﬁlg Seé}"’éfﬁﬁﬁiye FNGLME ?e?bﬁ nol logies

nol ecules in the cyclic i gosacchari de struc

These cycl.odextrins are (a-1, 4)-_ |inked. . , .
o1 gos acaiR degteh polaltt ins a2t Mesadisminy waich wi
relatively hydrophobic central cavity and hydrophilic
out er suPiavater sofde migsllescerainingthe divst Arstastrelgted technique
perfect cylinders due to restriction of conpletely

free 0 T7sMiR20QIAN of the drug molecule with a host molecule. The host

molecuie is usuaily one that has good solubility in water. The host
molecule does not form any covalent bonds with the drug moleculs but
forms a weak complex through non-covalent interactions and the host
molecule(s) keep the drug molecule(s) in water solution.
[0014] Cyclodextrins are cyclic oligosaccharides which have been recognized as
useful pharmaceutical excipients. The common cylcodexirins are called o-,
B-, y- and &- cyclodexirins depending on the number of glucose molecules
in the cyclic oligosaccharide structure. These cyclodextrins are (o-1, 4)-
linked oligosaccharides of a-D-glucopyranose containing a relatively

hydrophobic central cavity and hydrophilic outer surface. These molecules

are not exactly perfect cylinders due to restriction of completely free



6 rotation about their |inking bonds of the units of

t he sugar nol ecule. They assune the shape of a torus
or a truncated cone. The secondary hydroxyl & fibAipgit/
line the wider edge of the rimwhile the primary
hydroxyl groups I|ine the narrow side of the torus.

The solubilities of these rolecules in water and the
di aneter of the central cavity have been knomn and

publ i shed & Loftsson, T.; Brewste

Phar mac e@tatiea rbat ﬂeﬁd@@ng b%ﬂ@@@%‘e U% o mlspger ralpees Kiney
R A; Stella, V. J.; J Pharmaceutical Sciences,

( 1996) , BBymé Ilﬁghapé'hfea wtuswe b imecatdd (Beciid smd&'xdaryi mydroxyl
contai ning seven glucose units is shown as an exanple

0015 fae thaChid6r or thea
G201 HOZC G0 O KO O I 0 CEah oH B R

00 HO O ying the narrow side of the torus. The solubilities of these molecules in
water and the diameter of the central cavity have been known and
published ( Lofisson, T.; Brewster, M. E.; J Pharmaceutical Sciences,
{1996), 85, 1017 & Rajewski, R. A.; Stella, V. J.; J Pharmaceutical

Sciences, (1996), 85, 1142). The structure of B-cyclodextrin containing

seven glucose units is shown as an example

[0015]
C o~ HOH,C
HOH,C oHg ©
HO o
CHo
o OH
HO % CH,OH
HOH,C
OH 9
0 HO
OH on O
0 | CH,OH
0 OH o 4o
HOH,C C 1o 0
CH,OH
0

Structure of Beta-cyclodexirin

[0016] The a-cyclodexirin has six anhydrogiucose molecules in the ring; the y-
and - cyclodextrins have eight and nine respectively. The -, B-, y- and &-

cyclodextrins have their water solubilties at 25° C (g/100 ml) 14.5, 1.85,



H2OH 0 Structure of Beta-cycl odextrin [0016] The
a-cycl odextrin has six anhydrogl ucose nol ecules in the
ring; the y- and b- cycl odextrins have eight i
respectively. The a-, P-, y- and b- cyclodex@ﬁ?ﬁi g%%
their water solubilties at 250 C (g/100 m ) 14.5,

1.85, 0 7 MAR 2007 7 23.27& 8.19 respectively. The
‘a-, {3-, y- and 6- cyclodextrins are sonetines called
natural cyclodextrins and their solubilities in water
are at t @298 respadivef. Tea-desi- rabhbeoyeigagdins are sometimes
Nevert hel ess they proved very..good sol ubilizing agents
for some .gfsdt-aealasddtme khbiheir saliskteh eswatficars BCThe dmesr
t he aqueous solubilities of these natura

cycl odext ri.n ; I [ A i QN -,

eYe! 0dext kB TBL SEHIBloe BAELER HEBONa (9p88e
have mucROHPGHE MEBIUBI T G4V HH IR MRGC dFe oresse
counterparts and they can be classified as Methyl at ed
deri vat i Vesaquebuy Stk oidieseinaiurd crseiesiipropstea ed

[3- and y-cycl odextrins, sulfobutyl ated-

( 3- cycl oggutilchitss obthapche -, gyaldid exdisdensins havwd tEeadasied out
and y- cyclodextrins. [0018] The cycl odextrins can be

nmet hyl at Efr‘f'thgxiteﬁé‘tgl'& Tri schmann net hyl ati on, Wacker's
nmet ho

i ndustri al t with methyl chloride under pressure

Ty N e R R e G

Delivery Reviews, (1996), 36, 17). _
natural counterparts and they can be classified as Methylated derivatives
of B-cyclodextrin, 2-hydroxypropylated - and v—cyclodextrins,'
sulfobutylated- B-cyclodextring, branched cyclodextrins, acylaied B- and y-
cyclodexdrins.

[0018] The cyclodexiring can be methylated by Kuhn-Trischmann methytation,

Wacker's industrial method with methyl chloride under pressure and
Hakamori methylation using methylhalogenide and sodium hydride (
Szente, L.; Szejtli, J.; Advanced Drug Delivery Reviews, (1996}, 36, 1 7).
The first two technologies have.been used fo produce randomly
methylated cyclodextrin mixture. On the other hand Hakamori methylation
is reported to produce a fully methylated heptakis 2,3,6-tri-O-methylated

cyclodextrins, The introduction of methyl substituents in the place of the

hydrogens of the hydroxy group of parent B-cyclodextrin dramatically



The first two technol ogi es have-been used to produce
randomy nethylated cyclodextrin m xture. On the

ot her hand Hakanori nethylation is reporte%y?gﬁﬁggm@?
produce a fully nethyl ated heptakis
2,3,6-tri-Onethylated cyclodextrins. The
|ntroduct|on of methyl substituents in the place of
the hydrogens of the hydroxy group of parent

(3-cyclo ;

the sol u@%&\fesrﬁ go"ﬂi%ﬂl &)oﬁ?ﬂ%@é n§) n?sﬁewfﬁyfa%% aolgdex?ﬁl P& Fad in
cyclodextrin, referred. in_ this invention as RAVEBCD
versus t 5"&)‘@“@?1’% a§ BOMGELE iSRRIt PEreS POy ClatREE- ar e
totally 21 hydroxyl groups (14 secondary hydroxyl

gr dip¥] affeere seaveiallp? | nraxyHyameX 14 segooiapsydraxyl groups and
(3-cyclodextrin. The aqueous solubility of RAMEBCD

| ncr easesevas ptiharymyaey gafupsiet Byl clHe@tpSTHRREBAS solubility of
around 13- 14 and decreases as nethylation approaches

21 netho

exanpl e %Mggmgﬁe&aﬁme?&g{b?a@ %@I\/E%%%)ém 3:‘ m\ﬁa 13-
can be cj he one em e and

mar ket ed {J?{bde “AFHEHE fgﬂ @%W%ﬁ%%ﬁwr‘{@geho
128446- 36-6). Aqueous solubilities of such RAMEBCDs

ar e typi ®@aeryie of Bowdpdedn. Am examplgat @ comBgrlRAVEHBEDS
have an average degree of nethylation -1.7 to 1.9 per
anhydr ogRARESEDumbduct Sudie cRAMEBCHS pardeceaMai WadkeeChemie and
commercially and have very good aqueous solubilities

as not edmarkbRd W@88aR@harsd (ENVAS‘@Q@ o7 ﬁatmﬁrrﬁé\b@?é?% 1568 6.
shown as follows: 0 7 MAR 2001 9 [0020]
36-6). Aqueous solubilities of such RAMEBCDs are typically ~ 220g/100
ml of water, Such RAMEBCDs have an average degree of methylation
~1.7 to 1.9 per anhydroglucose unit, Such RAMEBCDSs are available

commercially and have very good agueous solubilities as noted. The

general structure of stich RAMEBCDs are shown as follows:



0 OH2C o0 RoH2Zc OR 00 R=CN3 or H RCoa ORO0O RO
CF120R RORC OR O 0RO ORORO O CHZOR CRCRo&”
ROH QRO O H2OR 0 Structure of RANIEBCD [ 0QZ1JMAR 2
Reacting cyclodextrins with propyl ene oxide in

al kaline solution results in substitution of the

hydr oxy groups in the cyclodextrins with 2-

hydr oxypropyl derivatives. A higher substitution of
the hydroxyls with propyl ene oxide also results in

t hel®8¥imati on of oligoneric hydroxypropyl ene oxide
side chain formation. Such 2-hydroxy-propyl-[ 3-

cyclodextrin referred in thi.sRomvention as HPBCD i s
represented by theouf g +cOst ruct L%g.%ggﬁ:p{
materials are avail ab corrma\rcﬁiO y.\B) 7 MAR 2
0
o
O/“’E)E o
RO, 3 CH,OR
ROH,C
OR 0
o RQ
CR or O
0 CH,OR
CR OR0g0
ROM.C 0 po a
CH,OR
)
Structore of RAMERBCD

[0021] Reacting cyciodextrins with propylene oxide in aikaline solution results in
substitution of the hydroxy groups in the cyclodextrins with 2-
hydroxypropyl derivat'rves.‘ A higher substitution of the hydroxyls with
propylene oxide also results in the formation of oligomeric
hydroxypropylene oxide side chain formation. Such 2-hydroxy-propyi-B-
cyclodextrin referred in this invention as HPBCD is represented by the

following generic siructure. Such materials are available commercially.



10 [0022] 0 OH,C O O ROHC CRO 0 R_ x+CH, CH(CH3) - QJH
RO ox 0 OR 0 n=t, 1, 2etc ROCHZCRRCHCCRp 0 RO OR
ORO -w; GCHZOR OCR ORONL Op ROO O ?%’?ﬁpi"’}@?
Structure of HPBCD [0023] Simlarly to HPB el
y-cycl odextrin can be hydroxypropylated to glve

hydr oxypr opyl y-cyciodextri'h, referred as HPGCD in
this invention. Such materials are available

con{b%ﬁﬁl ally [0024] ORO R= =--~CH i CH(CH3}0-1 mH
9 . ROHC .
ROH%QXD“\ o% R= *~CHy CH(CH O H
5 a no Of
o e 9] n=1,1,2etc
RO} CH,OR
ROH.C
o
GRO
CH,OR
ORO o
ROK,C
CH OR
Structure of HPBCD

[0023} Similarly to HPBCD, y-cyclodextrin can be hydroxypropylated to give
hydroxypropy! y-cyclodextrin, referred as HPGCD in this invention. Such
-materials are availabie commatrcialty

[0024]

O R= 3—-CH,CHEH-0] 4

m=0,12.etc

n=§

Structure of HPGCD



nD,1,2.st ROO n=6 n=8 Structure of KPGCD 0 7 MAR
2007 Il [0025] A review on the applications of
cyclodextrin in the ophthalnmic field has afpédh ARy 2007
(Loftssona, T.; Jarvinen, T.; Advanced Drug Delivery
Revi ews, (1999), 36, 59 ). A patent, US 6, 346, 273
descri bes the agqueous sol ubilization of forskolin

t hrough t he use of polyvinylpyrrolidone and a
surfactant, polyethyl eneglycol ycery

t r [P35 Mesviewt i th’ﬁephﬁﬁs@nﬁgfrﬁyclggww in |t|"t9y0PchhaF3@i¢ §uehpn
achieved in this patent is 0.2% [0026] US Patent
4476140 appsaei estssonaonpisvitdnom.; Addanred Dad Badivery Reviews,
treatment of @ aucoma by administration of a

t her apeutbaxal dey 56 frasdidny, @@@r@w.@v@ées@nbe@ﬁeeéq@bus
sel ected fromthe group consisting of forskolin

col forsi bda vatives, The
Cotl v BNk MR G B3RS PRV RS el
herelnto be physi ically effective when

adm ni st%ﬁéﬁafﬁsgfiﬁ%‘z&'&%@%{v% HeREALTITERNgRate. H’@eérgpé[mum

[ 0027] US5070209, US4978678, US5023344, US4871764
descri besohbilityl OforSkHaim@lévmtlemé pateikad 9.8%der i vat i ves,

i nternmedi ates and processes for the preparation
t hgd@ef , Usingtene14Ta040 daatribee dwemPasifidH 4ra06ath@ foPiFRESRte

utilizing conpounds or conpositions. [0028] EP0268256

descri begRAKR bylamiabiReenat £ bRERIM Fredfl MR ES:
material selected from the group consisting of forskoilin, colforsin and
polyoxygenated Labdane derivatives. The active agent concentration of
0.1% 4% is reporteﬁ herein to be physiologically effective when
administered as a topical suspension to the eye.

{00271 USB070209, US4978678, US5023344, US4871764 describe novel 12-

halogenated forskolin derivatives, intermediates and processes for the

preparation thereof, and methods for reducing intraocular pressure utilizing

compounds or compositions.

{0028] EP0268256 describes noveal 12-halogenated forskolin derivatives,
intermediates and processes for their preparation, and methods for
reducing intraocular pressure utilizing the compounds or compositions.

[0029] However these prior art references do not describe solubilization of

unmodified forskolin to obtain clear aqueous solutions of concentrations of

1% or greater. The invention describes the preparation of aqueous



i nternmedi ates and processes for their preparation, and
nmet hods for reducing intraocular pressure utilizing _
t he conpounds or conpositions. [0029] Howevdr 7 tHaRB&ti!
prior art references do not describe solubilization of
unnodi fi ed forskolin to obtain clear aqueous sol utions
of concentrations of 1% ori2greater. The invention
descri bes the preparation of aqueous f Y MAR 2001 12
sol uti ons  of di{er enes such _as Forskolin, that are
spar i ngl $P'&BN8B GelEne HEBFRBPENTIR. Bekasr Shasmaly solubie or
concentrations up to approxi mately 6% These

sol ut i onigseirlde prugien eitonesnigtiongiup banpredrately Ut dtese

cycl odextrin as a solubilizing agent. In the absence
of cycl ostextions Bre frepsisd Lising sistablly sRstitutddnSobubl® ik

wat er yielding solutions of only about 0.001 %

concent r @hilling HIHCRUS: SRLH cﬂ@?c[ﬁex{riﬁrﬁ&%{oilh? 'ﬁagam'ﬂos/’i or

its congeners, containing higher  anounts

active ingredient, can,be used topjcall .
Syst eni cPIgo: 6 Gk s Rl Ret BERES cowentaton.
Di scl osure of the Invention [00301 Forskolin has the

f ol | owi nAuRoHEgeluioas oBPrspinCaECPIts corugery eetpiaing fhigher
Forskol'in [0031] A closely related isonmer is called

| sof or skahouniacidhe sctivasgtedent, ohd bwigeg fotaliyatdisstemically to

provide diverse health benefits.
Disclosure of the Invention

[0030] Forskolin has the following structure:

Structure of Forskalin

[0031] A closely related isomer is called Isoforskolin and it has the following

siructure:



01 MAR 2001 13 0 OH OH OH OCOCH3 Structure of

| sof orskolin [0032] |soforskolin also has been "
reported to have many sinilar pharmacol ogi call ¥ MAR 2087
properties as Forskolin. W have used these six
comrerci al Iy avail able cyclodextrins, narely, a-,

(3-, y-cyclodextrins as weli4 as their derivatized
products such as RAMEBCD, HPBCD, HPGCD to sol ubilize
the rather sparingly water sol uble Forskolin. [0033]
To solubilize Forskolin usinng cycd odextrins, the
chosen cycl odextrin and dFors are mxed in water
in specific proportions. :Th us solution is
filtered to renove any -
a cl ear aqueous sol uti %or skolin in water.

[0034] Alternatively, tF extrin and Forskolin
in certain proportions are %£§§o ved in a suitable
sol vent such as ethanol or acétome or et hyl acetate.
The solvent is renoved 9,888 ¢.Behikd a white powder.
Such powder freely dissolves in water as the exanples
will illustrate, Further, additives to the aqueous
solution of Forskolin can also be added. These
additives are usually used for maintaining sterility,

PH [DBa2Nt [E5F3RESIN IR Hak BBaN£B0@dd to BSTEMARY diMil@tharmacological

properties as Forskolin. We have used these six commercially available
cyclodexirins, namely, a-, B~, y-cyclodextring as well as their derivatized
products such as RAMEBCD, HPBCD, HPECD to solubilize the rather
sparingly water soluble Forskolin.

[0033] To solubilize Forskolin using cyclodextrins, the chosen cyclodexirin and
Forskolin are mixed in water in specific proportigns. The aqueous solution
is filtered o remove any undissoved particles to obtain a clear aqueous
solution of Forskolin in water.

[0034] Alternatively, the cyclodextrin and Forskolin in certain proportions are
dissolved in a suitable solvent such as ethanol or acetone or sthyl acetate.
The solvent is removed to leave behind a white powder. Such powder
freely dissolves in water as the examples will ifiustrate. Further, additives
to the aqueous solution of Forskolin can also be added. These additives
are usually used for maintaining sterility, pH maintenance, maintenance of

osmolarity ete.



CJ 7 MAP 2007 14 [0035] A wide variety of choice
exists in the selection of such additives. Wile
benzal koni um chloride is used in the illustr&tf ¢&R 2007
exanpl e for preservative, one could equally choose
from many others such as Benzet honi um chlori de,

chl or obut anol , nethyl paraken, propyl paraben,

Thi merosal etc. [0036] An antioxi dant such as the

di sodiumsalt of EDTA is used to stabilize the,

pr dp@i%atA witle veti¢he pf chwice exisidamihs ssladion a§siwbdiddiives. While
bisulfite, sodium netabisulfite, thiourea could be

used al swnaaRsrguretiheids.is [2837he Bapeaivabkamii@for preservative,
opht hal m ¢ sol utions, viscosity desired for an

ht hal I t
SPSCOSI?ygéﬁ§§ﬁ%g$gQ2%%ﬁm§?FHSB[yVInyﬁﬁ Hgﬁh&ﬁﬁﬂ

I I
P oxy TGP ReleRe! T ety o by, JefTegobe
could be used. [0038] The exanples that are descri bed

bellBW0% etnantiongs sprirgrdbedippiym aaft ofiHNTAs pead testabilize the,

exanples and do not Iimt in anyway the broad scope of
this i nveparation; otMyde(isidahrsucany sddngn bighifite hedium
i nvention [0039] EXAMPLE 1: Determ nation of the

aqueous rs&htiBikts tiioGa EONIS kOLddd-alsoRRiHE Aiehs. ( 300nT)
was dr| ed at 1050C for 6 hours. Dried Forskolin 200ny

Wa?O ch?ﬁ“ytf& o]pﬂ?wr mlg‘@iiﬁ‘cfoné Q4 co%fty@%%ﬂe% fgr?ﬁrgli oeorqﬁaimic

deter Imsi e oaolus
tenperatu Resul& soluté%n was flltered throug

0. 45pm riy/ oG Bile OERAPY 287 ISGPsitIRehRrsRTeHEN 8
Forskolin by HPLC. Content of Forskolin byHPLC
0. 01ny/ rAchEnyiRiabeepiwinyinyrdidches, medndselluRseskol i n has
a solubility of 0.001 %wvVv in water.
hydroxypropyimethy! celiuiose, hydroxyethyl cellulose could be used.
[0038] The examples that are described below serve their purpose only as
flustrative examples and do not limit in any way the ‘broad scope of this
invention.
Mode(s) for carrying out the invention
[0039] EXAMPLE 1: Determination of the aqueous solubility of Forskolin,
Forskolin (300619) was dried at 105°C for 8 hours. Dried Forskolin 200mg
was stirred with 100ml water for 48 hours for the determination of intrinsic
solubility at ambient temperatureResulting solution was fiitered through
0.45um nylon filtter and analyzed for the content of Forskelin by HPLC.

Content.of Forskolin by HPLC 0.01mg/ml or 0.001% w/v; In other words

Forskolin has a solubility of ~0.001% w/v in water.



0 7 MAR 20 i5 [0040] EXAWPLE 2: Forskolin (98.5%
assay, 25 ng) was added to 1 ml water contai.ni iR, .
the di ssolved state 500ng Hydroxy propyl f5 g%rb%ﬁé %%7
cycl odextrin, HPBCD, (-50% Suspension was agitated

at 75 RPMin an isothermal shaker for 60 haqurs_at... ..
tenperature -30C. Resultingssolution was filtered

t hrough 0.45pm nylon filter and anal yzed for the
content of Forskolin by HPLC 1.33ng/m or 0.133%wW v.

[ OOH40] ERAMPPEEZ: FeakslkdP8.n%(883y5 %6 agpays ad@drig) mester
added to 1nml water containing 500ng Hydroxy propyl y-
cycl odextdritdinih@irfthe dbchea s¥asl ssinat 8ydrody RSy clci®@in,
Suspension was agitated at 75 RPMin an i sot her nal
shaker f 1QU¥ ] re .- |t

Skl onfbats, Padhs égépebﬁ%ﬁéﬁgﬁ?a%gﬁfn%ﬁpmﬁ%i“ﬂ%ogr%m&?‘]]d
anal yzed for the content of Forskolin by HPLC )

1. 52my/ nFeger BT 4&bagrmaliemperalsy ~J0%ANRs stiting sevtne vagdHeed
were performed by "changing"the crystallinity of

For skol i thrdsyghCedbtiystyinlfiten ang ahaipradifet thy evientoh Foskade by
and fromethyl acetate. Resulting "anorphous”

For skol i APnas1.gsRe oro. aavplexati on with  Hydroxyropyl
y-cycl odextrin HPGCD. Forskolin (29.3 np)

SRS T LSl 000 O

ass

1. 5gram r.0X opyl . y-cycl odextrin ,HP%D,(-E%%.

Suspensi ‘g%qﬂﬁﬁgégéw%éﬁgﬁ’t f?rsv?mwf}%e@w ip §t5t Hesorvgy state.

shaker for 160 -hour at tenperature 30C. Resulting

sol ut i onthsCR) (&% Susinneian Wae 2disiad aiyE P M fni dntieathermd!

anal yzed for the content of Forskolin by HPLC

1. 74ng/ nbhaber foD6A HdhYe witemperature ~30°C. Resulting soiution was filtered
through 0.45um nylon filter and analyzed for the content of Forskolin by
HPLC 1.52mg/mi or 0.152% wiv.

[0042] EXAMPLE 4: Experiments were performed by "changing"the crystailinity of
Forskolin by recrystallizing from methylene chloride and from ethyl
acetate. Resulting "amorphous” Forskolin was used for complexation with
Hydroxyropyt y-cyclodextrin HPGCD. Forskolin (298.3 mg) recrystallized
with methylene dichioride (Forskolin assay 99.0%) was added to 3ml water
containing 1.5gram Hydroxy propyi y-cyclodexirin, HPGCD (~50%).
Suspension was agitated at 75 RPM in an isothermal shaker for 160 hour
at temperature 30°C. Resulting solution was filtered through 0.45um nylon

filter and analyzed for the content of Forskolin by HPLC 1.74mg/ml or

0.174% wiv.



0 7 MAR ZZV 16 [0043] EXAMPLE 5: Forskolin (30.3 ng)
recrystallized with ethyl acetate (Forskolin assay
98.8% was added to 3n water containing 1.3pydMaR 2007
Hydroxy propyl y-cyclodextrin, HPGCD (-50% .

Suspensi on was agitated at 75 RPM in an i sother nal
shaker for 160 hour at tenperature 300C. Resulting
solution was filtered through 0.45pmnylon filter and
anal yzed for the content of Forskolin by HPLC

3. 3@%3 nFX oM PBE $38s iy (3 Doaspcrplined mib etwbicsiad® i n
(98. 5% assay, 330ng) was added to 10m water

cont ai ni (FgrefglirodssRAMEBGDw s A% to Buisysersiootainmgs!.Sgram
agitated at 75 RPM in an isothermal shaker for 40
hours at %&Bﬂeﬁr%w‘?-%g@r&@mnﬁa%éb 195098 05 b b VRSs agttated

filtered through 0.45pmnylon filter and anal yzed f

w'v. [ ooRe PSP ES S dBie oy g ot of e (i

wat er was determ ned at the dlfferent concentrations
of RANEBCESWEAGPIECT Wanilisraddnraeys O45en nyien Blisy awémqbfza@ for

nearly linear and indicates that the solubility of
For skol i theicantenind Fesgdih HyyHHLOCB.8&wg/My ot MB38% wiv,
concentration of RAMEBCD. S.N. % Concentration of

RAMg Hcamekelst Poritolin loDARAMERCR0RGPRas é’ddb@%{ﬁa@er
0272 15%RANVEBCD 0, 76 4 20%rRANMEB 1.15

40_%_‘)ANEB&Rt£niZ§' Qg oﬁ?éﬁEgéD/%%%% %Beﬁlsm]n%as agitated at 75 RPM

in an isothermal shaker for 40 hours at temperature 30°C. Resulting
solution was fittered through 0.45um nyion fiiter and analyzed for the
content of Forskolin by HPLC 20.46mg/ml or 2.046% wiv.

[0045] EXAMPLE 7: Solubility of Forskolin in water was determined at the
different concentrations of RAMEBCD ranging from 5 t'p 86%. _;The
relationship is nearly linear and indicates that the soiubility of Forskolin is

increased by increasing the concentration of RAMEBCD.

SN, %Concertrafion of RAMEBCD %Forskolin wiv
1 5% RAKEDCH 008
2 1 0% RAMEBCD 0272
3 15% RAMEBCD 0.787%
4 20% RAMEBCD 1458
5 40% RAMEBCD 2,748
5] 53.26% RBMEBCD 4,165
7 66.,6% RAMERCD 5028

[0048] EXAMPLE 8: A typical agueous formulation of Forskolin with a

cyclodexirin is prepared as foliows, RAMEBCD, being used as the



7 66, 69RAMEBCD 5. 029 [ 0046] EXAMPLE 8: A typica

aqueous fornul ati on of Forskolin wth a cyclodextrin

is prepared as follows, RAMEBCD, being used t i

.J 17 exanpl e of cyclodextrin RAMEBCD (100 g??_ﬁﬁﬁﬁﬁﬁﬁ
taken in a one liter flask wwth nechanical or

magnetic stirring facilitys Forskolin (5.5 g) was
charged into the flask. Water (400 m) is charged to
the flask and the contents were agitated at room

t enper at eIl sy detexsib RAMERE D € 00 b} itaked in & bnalityr flask with
undi ssol ved Forskolin particles are seen, they are

r esuspengechaaind or staghete diirriBe fatyk Berskiim <(?$1B Q¥ waecHahékd into
ng) and Di sodi um EDTA (500 ng) are added and

di ssol vegl it Reidr '(%Kni) E*&s rgéh Bfind f Paesk%ﬂﬁﬁr%h”é&%})e%%;{ke%

be adjusted to the desire ange

0. 1N sodi u r oxi.de 3. o 7.5),
Cal cul at%qdlngg%g t?"”B%Ié %%&%6?‘?%*@”%%?’[‘6‘?? &y added
to maintain the osrml arity of the solution equivalent

to that Wisgolved kpehidinpartelevars geen, Ty arsteavspeotieshandof
the solution is made up to 500 m after sterile
filtratisimed/Besphivtriion clidrice (PI epparecDibasura ERTOXE0RNE) e
1% of Forskolin in the dissolved state. O her

cycl odexddded an @Ryl mekﬁgsmﬁ@pﬁeﬂthg%aﬁa 5 R6u14 B 218
cycl odextrin used, the dissolved content o orskoﬁ

in water 4 ;

ng) was *8.”2%% S\ﬁf‘!’;ecgrdcmﬂ‘L 8’%1] ‘%@%ﬁ@"ﬁfﬁa‘“ q?ﬁ deq Q‘“g qiy pH
RAMEBCD was dissolved in 5m acetone separately. Both
the sol UEN#n3® aerk Caiciiagdeayantid podivg cg@ri%mlut@aéﬂt gied
was evaporated under reduced pressure. Residue was

dri ed artd ngiirdso theesmotarifynd theesokition ddpitlant&i it aieof 0.9% sodium

chloride, The total volume of the solution is made up to 500 ml after steriie

filtration. A solution thus prepared has approximately 1% of Forskolin in
the dissélved state. Other cyclodextrins also couid be used and depending
on the cyclodextrin used, the dissolved content of Forskolin in water |
differed.

[0047] EXAMPLE ©: Forskolin (50 mg) was dissolved in 5ml acetone, and 1gram
of RAMEBCD was dissolved in 5m| acetone separately. Both the solutions
were mixed together and solvent acetone was evaporated under reduced
pressure, Residue was dried and dissolved in 5ml water. This residue
dissolved very easily within 1 hour of stirring forming a clear colorless

solution.



di ssol ved very easily within 1 hour of stirring

formng a clear colorless solution. 18 [0048]

EXAMPLE 10: |soforskolin also could be used i -
of Forskolin. In one preparation, I|soforskol F@:? %%@?
was suspended in water containing a suitable anmount

of a cyclodextrin, for exanple, R AVMEBCD (20g) in

about 100 ml water. After agitation at room
tenﬁerature, the solution was filtered and the

r esliP#§! nGXA¥PLE i'Briselarskain aisp zedd by uselicpiane ohF esimiiedn one
the presence of I|soforkolin approximately 0.5% The
anmount opreprsioi, isetbrskbirof50 ns ekt uspended ibeaRt LeTEMinEY
changi ng the amount of RAMEBCD. [0049] EXAMPLE 11: An
|11 ustr adjitdsie xROM £ a @l ciddigrii B 8hER RIGkENES %(ZIO\% %n;enfnut

preparation is presented. The anti-glaucoma ac

of the f ' 0 ition s studied in, al bino
Fabbi v s, TR i R sl heibuoguaS ferea
described in exanple 8 was used for the experinents
[0050] SEUdye eresttighsctaion vis apaiuead: by AFbCrivhighagioived the
Nunber of groups: 4 Nunmber of animals in each group:

6 in trepesawne ofsoumkobmdp@okimamiy.5%] Thegmapt §idEbived
Materials and nmethods: Six al bino rabbits of New

Zeal and istfb@kélin c‘.@ledkb@ta'ﬁere§%%@ﬁang%it%‘érﬂﬁjrﬁ-oﬂ:{AMEBSB.
an

were chosen. The rabbits were housed in clean
welrha n@%&mﬁ@@w Bgﬁ-@. g)i. wa f.eg/ it h
st a{nda d diet da?}%;‘“%n Wt gr%&\%é]i%g fﬁﬁoﬁi@f %‘?I'?—f" %ﬁﬁhe
I/ b/turn_throughout the ST'%Ud%/‘ [0052] Qcul ar )
hyper t en¥PEHEANERLS PRERIERY TBS 2t he2iramsstivivsbiedersisin
Bonom et al (Invest Ophthalnol. 1976 Sep;
15(9) : 78nmpoyitiqheas sfbdipd i aldraeragbitseA 166 Bluton of Forskolin in
subconj unctival injection of Betnesol containing
bet amet hestomn®s deactibemin example 8 was used for the experiments
[0050] Study design:  Animal model: Albine rabbit. Number of groups: 4
Number of animals in each group: 6 in treatment group and 2 in control
aroup
[0051] Materials and methods:  Six albino rabbits of New Zealand strain, of both
sexes, weighing 1.0-1.5 Ib were chosen. The rabbits were housed in clean
and well-ventiiated open space. Each rabbit was fed with standard diet
daily and water was administered ad /ibitum throughout tﬁe study.
[0052] Ocular hypertension was induced by the method reported by Bonomi et al
(Invest Ophthalmol. 1976 Sep;15(9):781-4.} The rabbits were given 0.3 mi

subconjunctival injection of Betnesol containing betamethasone sodium

4mg/mi, every day to each eye for a period of three weeks (the intraccular



4ng/ M, every day to each eye for a period of three
weeks (the Intraocular 03 MAR 2001 19 pressure (10OP)
at third week was nmaxi mum as per literature). Local
anest heti c propracai ne eye drops were used piidriMiib2007
subconj unctival injections. [0053] In each rabbit the
| eft eye was kept as contrat¢ for glaucoma and the
right eye was treated for glaucoma using Forskoiin,
Tinol ol , and the placebo. [0054] For each treatnent,
the | OP PEaHhGSPhatiBirdieskuvasdmaxtminmeepesditesatyre).30cal

m nutes up to 210 m nutes using the non-contact

t ononet eangsNER) propf-B8I66kydRespd wae uged mi} idubceheiEm
zalLn Forskolin 1lla 2i _ e ~_ c~Lts~i 0 14 la~ 14 30
13 $ 7 HhjeQickd. 7 6.5 90 11,5 5 44 120 11 4 5 BS56
FO3 33 6 180 - 1a' 7 210 9 6 7.5 Rvera e f6 d~erru

naf 58] 1nleBOLduBic M el das | BRERFoREY W8 Slhud8ma Sha FESnt
eye was treated for glaucoma using Farskoiin, Timolol, and the placebo.
[0054] For each treatment, the IOP readings were measured ai intervals of 30

minutes up to 210 minutes using the non-contact tonometer (NCT).

[0055] Results:

TFime N iﬁ}‘i_{c;ﬁiug&* {mmElEy
(mins)  Flaeshe | Thoolsl ¢ Tarsheln
Bight eve frented) .
9 14 13 s 14
.1 13 8 : 7
&l : 2 7 45
00 : 15 3 : 4.5
120 it 4
s X 25 %
185 - o “gs = - g
210 o 8 7.5

* Average of § determingtions
IGP of leftaye (eontrol) ranged betwesn 12~ 13 g,
FOP of eontrol growp amimats ranged between 4 = 4.5 mmEG,

[0056] Statistical Analysis: The IOP readings of the placebo, Forskolin and
Timolol were subjected to ANOVA (one way). The p value was 0.0022

which is very significant, indicating that the variation in column means is

not by chance.



TOP of control group animals ranged between 4-4.5
mHG. [ 0056] Statistical Analysis: The |1 OP readi ngs of
the placebo, Forskolin and Tinolol were sulfj2dgaRl 208
ANOVA (one way). The p value was 0.0022 which is very
significanty indicating that the variation in colum
nmeans is not by chance. 02 MAP2007 _ 20 [0057] The
| OP readi ngs of the placebo and forskolin were

subj N LN ether the . =
rediSal ar° B pah R b R B Tl M miectia o e testio
signifi c%nt IH_é The, p val ue was found to be 0.0177

whi ch i s I8GHENGEPeher tae grfiencdierskdinanddie placabeliieop
readi ngs of the placebo and Tinolol had a "p" value

of 0. 008¥ignifigAndi Tihe raghierweasifgni td tamh ot 77 0088k chheaddr&P
readi ngs of Forskolin and Tinolol were al so subjected
to "t" teghificantiBmiarly ahd ©OMREIFGIIGhd Dak®0%n3I8%i0l had a
whi ch is not considered significant., inplying t%at
the acti wjs i N Pr.e L.on is not

signifi caﬂnwyggf[ﬁ'?gar?gﬁ)PfCHFrag%R%?gﬁ@F%]t'. [ 0059]

Con i on: e Forskolin conpg@sition has

ant @05%35%@1@8?[{1% ¢ Or%%‘mﬁg{wséolt“@reraiﬁ@ pejectaditodt” fest.
MAR 2007_ Clainms 1. A nethod of solubilizing at | east
one nat ur8 P BRlUSYAS feend to Hed).3906] which is siof @msiieled Bignificant.,
7-deacetylforskolin in water, the nethod conpri sing:

1) suspengiyirg thatrtskedtivity ofifsreifonh BkBhraflorPk not significantly different
7-deacetylforskolin in water containing a

conpl exi peHy sphaidi 11 zi ng cycl odextrin agent;

[0089] Conclusion: The Forskolin composition has anti-glaucoma activity

1

comparabie to Timolol.



2) agitating at roomtenperature; and 3) filtering to

obtain a clear aqueous solution containing 0.09%to 6%
of forskolin, isoforskolin or 7-deacetylforgkolMiR 2307
The nethod as clained in cldi'm 1, wherein the at |east

one natural forskolin, isoforskolin, or
7-deacetyl forskolin is obtained from Col eus
forskohlii. 3. The nmethod as clained in claima1i,

wherei n the conpl exi ng/ sol ubi l'izing cycl odextrin

Claagent is selected fromthe group consisting of a-,

1.

- and heeeﬁtgwdeeec Umed i gem b

(3-, y-cyclodextrins or their derivatized products,

r andofdtyodrE tsblybintiedat(ISscoyne nade tir dynthétRAMEBED) jsoforskolin,
2- hydr oxy- propyl-(3-cycl odextrin (HPBCD), and

hy d 6ioxyqacopfokskylirciy Glaed ebet mdthod(chRBGED):: 4. The net hod as
claimed in claim3, wherein prior to step 1), the
cyclodespbuding fagksitn, isafecskflor sKedeneefyliosbblor is kaler pomrining
7-deacetyl forskolin are dissolved in a solvent under
agi t ataicomplewihgsodihiidtyeydodevienteging sel ected fromthe
group consisting of ethanol, acetone, ethyl acetate,
and2neginfihesieoohlempedrye; gl | owed by renoval of the
sol vent and suspendi ng and di ssolving the residue in
wat &r .filBringT e obfeinho ¢leat agleatisniolutioptreniniet hedeltedr’s of
aqueous solution is suitable for ophthalmc, topica
and syeskedindsaferaklingr 7-geagey fstkoldt sol ubi | i zi ng at

| east one natural or Sénthetlc forskolin,

i sofl b Bt s Céﬁiqu iy elatietly Vsiegk BEi 4 [past Wag epturap faskolin,
met hod conprising: 1) dissol vi

agﬁforsko;

i sofeleskgIn W?oﬁieavewa@a%@tfw PRRiasoFIH CpRuHRs B ani ¢
solvent selected fron1ethqgg%lW%%g%%ggnyﬁ%mﬁEH%QS&O&KUE
rec taII| orsﬁolln I saf ors

E%fsyf’ 5’ kO e BB Toﬁigéf’tgllgggof"c BéoV"v)écllﬁdethTS or their

| exi.n

7-d %\B’swﬁ’f%qﬁg%t PR DRSS SRy RameseD), 2hwarony-

propyl-p-cyclodextrin (HPBCD), and hydroxypropyl y-cyclodextrin (HPGCD).

The method as claimed in claim 3, wherein prior to step 1), the cyclodextrin agent
and forskolin, isoforskolin or 7-deacetyiforskolin are dissolved in a solvent under
agitation, wherein the solvent is selected from the group consisting of ethanol,
acetone, ethyl acetate, and methylene chloride, followed by removal of the solvent
and euspending and dissolving the residue in water.

The method of claim 1, wherein the clear aqueous solution is suitable for ophthalmic,
topical and systemic uses,

A method of solubilizing at least one natural or synthetic forskolin, isoforskolin, or 7-
deacetylforskolin in water, the method comprising:

1) dissolving forskolin, isoforskolin or 7-deacetylforskolin in an organic solvent

selected from ethanol, acetone, ethyl acetate and methylene chloride;



conpl exi ng/ sol ubi l'i zi ng cycl odextrin agent sel ected

fromthe group consisting of a-, (3-, y-cyclodextrins
or their derivatized products, randon1y nmet hyl at ed %3-
cycl odextrin (RAMEBCD), 22 07 MAR 2007

2- hydr oxy- propyl -[ 3-cycl odextrin (HPBCD), and
hydr oxypropyl y-cyclodextrin (HPGCD); 4) agitating at
roomtenperature for 4 to 160 hours; and 5) filtering

to o t@ér?taﬁﬁz&k?@&oﬁﬂk‘s%@ﬂs%&%ﬂ%&e@&tﬁ%‘s}@i e e &%a{‘ihé 0
6% of forskolin, isoforskolin,

7-deaqgh¥hforskolln 7. A nethod of sol ubi l'i zi ng at
| east one natural or synthetic forskolin,

i sof30r Gkplekig theQbrsilolbeREBI ¥ QL S'Lﬁ@itdeﬂlfbrﬁkdhﬂtheﬁvatei HRitaining a
met hod conprising: 1) suspending forskolin,

i sof or &kplekingSsiutiiARasebydfor ska |s¢1£btddrfro\t‘pat?n€ Eroup consisting of o-,
containing randomy nethylated (3-cyclodextrin

( RAVEBCD)yrcy2loda@tds abti neiatderiofimed ergaesgt tineéomiancheBylated p-
filtering to obtain a clear aqueous sol ution
cont ai aytlngex@ir) IRAMERM)0f 2-hatrekyalropy]-f-cvSafesria kK gHPBRCDDr and
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hydroxypropyl y-cyclodextrin (HPGCD);
4} agitating at room temperature for 4 to 160 hours; and
5} filtering to obtain a clear aqueous solution containing 0.09% to 6% of forskolin,
isoforskolin, or 7-deacetylforskolin.
A method of solubilizing at least one natural or synthetic forskolin, isoforskolin,
or 7-deacetylforskolin in water, the method comprising:
1) suspending forskolin, isoforskolin or 7-deacetylforskolin in water containing
randomly methylated B-cyclodextrin (RAMEBCD);
2) agitating at room temperature; and

3) filtering o obtain a clear aquecus solution containing 0.09% to 6% of forskolin,

isoforskolin, or 7-deacetytforskolin.



